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RECORD OF DECISION 
 

OPERATION OF GLEN CANYON DAM 
FINAL ENVIRONMENTAL IMPACT STATEMENT 

 
I. INTRODUCTION 
 
This record of decision (ROD) of the Department of the Interior, Bureau of Reclamation 
(Reclamation), documents the selection of operating criteria for Glen Canyon Dam, as analyzed in 
the final Environmental Impact Statement (EIS), dated March 21,1995 (FES 95-8). The EIS on the 
operation of Glen Canyon Dam was prepared with an unprecedented amount of scientific research, 
public involvement, and stakeholder cooperation. 
 
Scientific evidence gathered during Phase I of the Glen Canyon Environmental Studies (GCES) 
indicated that significant impacts on downstream resources were occurring due to the operation of 
Glen Canyon Dam. These findings led to a July 1989 decision by the Secretary of the Interior  
for Reclamation to prepare an EIS to reevaluate dam operations. The purpose of the reevaluation 
was to determine specific options that could be implemented to minimize, consistent with law, 
adverse impacts on the downstream environment and cultural resources, as well as Native American 
interests in Glen and Grand Canyons.  Analysis of an array of reasonable alternatives  
was needed to allow the Secretary to balance competing interests and to meet statutory 
responsibilities for protecting downstream resources and producing hydropower, and to protect 
affected Native American interests. 
 
In addition, the Grand Canyon Protection Act of 1992 was enacted on October 30, 1992. Section 
1802 (a) of the Act requires the Secretary to operate Glen Canyon Dam: 
 

"...in such a manner as to protect, mitigate adverse impacts 
to, and improve the values for which Grand Canyon National Park 
and Glen Canyon National Recreation Area were established, 
including, but not limited to natural and cultural resources and 
visitor use." 

 
Alternatives considered include the No Action Alternative as well as eight operational alternatives 
that provide various degrees of protection for downstream resources and hydropower production. 
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II.  DECISION 
 
The Secretary's decision is to implement the Modified Low Fluctuating Flow Alternative (the 
preferred alternative) as described in the final EIS on the Operation of Glen Canyon Dam with a 
minor change in the timing of beach/habitat building flows (described below). This alternative was 
selected because it will reduce daily flow fluctuations well below the no action levels (historic 
pattern of releases) and will provide high steady releases of short duration which will protect or 
enhance downstream resources while allowing limited flexibility for power operations. 
 
The Modified Low Fluctuating Flow Alternative incorporates beach/habitat-building flows which are 
scheduled high releases of short duration designed to rebuild high elevation sandbars, deposit 
nutrients, restore backwater channels, and provide some of the dynamics of a natural system. In the 
final EIS, it was assumed that these flows would occur in the spring when the reservoir is low, with a 
frequency of 1 in 5 years. 
 
The Basin States expressed concern over the beach/habitat-building flows described in the final EIS 
because of the timing of power plant by-passes. We have accommodated their concerns, while 
maintaining the objectives of the beach/habitat-building flows. Instead of conducting these flows in 
years in which Lake Powell storage is low on January 1, they will be accomplished by utilizing 
reservoir releases in excess of power plant capacity required for dam safety purposes. Such releases 
are consistent with the 1956 Colorado River Storage Project Act, the 1968 Colorado River Basin 
Project Act, and the 1992 Grand Canyon Protection Act. 
 
Both the Colorado River Management Work Group and the Transition Work Group, which 
participated in the development of the Annual Operating Plan and the EIS, respectively, support this 
change as it conforms unambiguously with each member's understanding of the Law of the River. 
These groups include representatives of virtually all stakeholders in this process. 
 
The upramp rate and maximum flow criteria were also modified between the draft and final EIS. The 
upramp rate was increased from 2,500 cubic feet per second per hour to 4,000 cubic feet per second 
per hour, and the maximum allowable release was increased from 20,000 to 25,000 cubic feet per 
second. We made these modifications to enhance power production flexibility, as suggested by 
comments received. These modifications were controversial among certain interest groups because of 
concerns regarding potential impacts on resources in the Colorado River and the Grand Canyom 
However, our analysis indicates that there would be no significant differences in impacts associated 
with these changes (“Assessment of Changes to the Glen Canyon Dam EIS Preferred Alternative 
from Draft to Final EIS", October 1995). 
 
The 4,000 cubic feet per second per hour upramp rate limit will be implemented with the 
understanding that results from the monitoring program will be carefiXy considered. If impacts 
differing from those described in the final EIS are identified, a new ramp rate criterion will be 
considered by the Adaptive Management Work Group and a recommendation for action forwarded to 
the Secretary. 
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The maximum flow criterion of 25,000 cubic feet per second will be implemented with the 
understanding that actual maximum daily releases would only occasionally exceed 20,000 cubic 
feet per second during a minimum release year of 8.23 million acre-feet. This is because the 
maximum allowable daily change constraint overrides the maximum allowable release and because 
monthly release volumes are lower during minimum release years. If impacts differing from those 
described in the final EIS are identified through the Adaptive Management Program, the 
maximum flow restriction will be reviewed by the Adaptive Management Work Group and a 
recommendation for action will be forwarded to the Secretary. 
 
III. DESCRIPTION OF ALTERNATIVES 
 
Nine alternative methods of operating Glen Canyon Dam (including the No Action Alternative) 
were presented in the final EIS. The eight action alternatives were designed to provide a 
reasonable range of alternatives with respect to operation of the dam. One alternative would 
allow unrestricted fluctuations in flow (within the physical constraints of the power plant) to 
maximize power production, four would impose varying restrictions on fluctuations, and three 
others would provide steady flows on a monthly, seasonal, or annual basis. The names of the 
alternatives reflect the various operational regimes. In addition, the restricted fluctuating flow and 
steady flow alternatives each include seven elements which are common to all of them. These 
common elements are: 1) Adaptive Management, 2) Monitoring and Protecting Cultural 
Resources, 3) Flood Frequency Reduction Measures, 4) Beach/Habitat-Building Flows, 5) New 
Population of Humpback Chub, 6) Further Study of Selective Withdrawal, and 7) Emergency 
Exception Criteria. A detailed description of the alternatives and common elements can be found 
in Chapter 2 of the final EIS. A brief description of the alternatives is given below. 
 
UNRESTRICTED FLUCTUATING FLOWS 
 

No Action: Maintain the historic pattern of fluctuating releases up to 31,500 cubic feet per 
second and provide a baseline for impact comparison. 

 
Maximum Power plant Capacity: Permit use of full power plant capacity up to 33,200 
cubic feet per second. 

 
RESTRICTED FLUCTUATING FLOWS 
 

High: Slightly reduce daily fluctuations from historic levels. 
 

Moderate: Moderately reduce day fluctuations from historic levels; includes habitat 
maintenance flows. 

 
Modified Low (Preferred Alternative): Substantially reduce daily fluctuations from 
historic levels; includes habitat maintenance flows. 

 
Interim Low: Substantially reduce daily fluctuations from historic levels; same as interim 
operations except for addition of common elements. 
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STEADY FLOWS 
 

Existing Monthly Volume: Provide steady flows that use historic monthly release 
strategies. 

 
Seasonally Adjusted:   Provide steady flows on a seasonal or monthly basis; includes 
habitat maintenance flows. 

 
Year-Round: Provide steady flows throughout the year. 

 
Table I shows the, specific operational criteria for each of the alternatives. 
 
IV. SIGNIFICANT ISSUES AND ALTERNATIVES 
 
The Glen Canyon Dam EIS scoping process was initiated in early 1990 and the public was invited to 
comment on the appropriate scope of the EIS. More than 17,000 comments were received 
during the scoping period, reflecting the national attention and intense interest in the EIS. 
 
As a result of the analysis of the oral and written scoping comments, the following were 
determined to be resources or issues of public concern: beaches, endangered species, ecosystem 
integrity, fish, power costs, power production, sediment, water conservation, rafting/boating, air 
quality, the Grand Canyon wilderness, and a category designated as "other" for remaining 
concerns. Comments regarding interests and values were categorized as: expressions about the 
Grand Canyon, economics, nonquantifiable values, nature versus human use, and the complexity 
of Glen Canyon Dam issues. 
 
The EIS team consolidated and refined the public issues of concern, identifying the significant 
resources and associated issues to be analyzed in detail. These resources include: water, 
sediment, fish, vegetation, wildlife and habitat, endangered and other special status species, cultural 
resources, air quality, recreation, hydropower, and non-use value. 
 
Further meetings were held with representatives from the cooperating agencies and public interest 
groups who provided comments on the criteria for development of reasonable alternatives for the 
EIS. The public also had an opportunity to comment on the preliminary selection of alternatives at 
public meetings and through mailings. The final selection of alternatives took into consideration 
the public's views. 
 
V. COMMENTS RECEIVED ON THE FINAL EIS 
 
Many comments and recommendations on the final EIS were received in the form of pre-printed 
postcards and letters that addressed essentially the same issues. The comments are summarized 
below along with Reclamation’s responses. 
 
COMMENT: Maintain Draft EIS flows. Modifying the upramp, rate and maximum flows 
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Table 1.—Operating limits of alternatives identified for detailed analysis 
 Unrestricted Fluctuating Flows Restricted Fluctuating Flows  Steady Flows 

  
 
No Action 

Maximum 
Powerplant 
Capacity 

 
 
High 

 
 
Moderate 

 
 
Modified Low 

 
 
Interim Low 

Existing 
Monthly 
Volume 

 
Seasonally 
Adjusted 

 
 
Year-Round 

Minimum 
releases 
(cfs)1 

1,000 Labor 
Day-Easter 
 
23,000 
Easter-Labor 
Day 

1,000 Labor 
Day-Easter 
 
23,000 
Easter-Labor 
Day 

3,000 
 
5,000 
 
8,000 
depending on 
monthly 
volume, firm 
load, and 
market 
conditions 

5,000 8,000 
between 
7a.m. and  
7 p.m. 
 
5,000 at night 

8,000 
between 
7a.m. and  
7 p.m. 
 
5,000 at 
night 

8,000 38,000 Oct-Nov 
8,500 Dec 
11,000 Jan-Mar 
12,500 Apr 
18,000 May-Jun 
12,500 Jul 
9,000 Aug-Sep 

Yearly 
volume 
prorated4 

Maximum 
releases 
(cfs)5 

31,500 33,200 31,500 31,500 (may 
be exceeded 
during habitat 
maintenance 
flows) 

25,000 
(exceeded 
during habitat 
maintenance 
flows) 

20,000 Monthly 
volumes 
prorated 

18,000 
(exceeded 
during habitat 
maintenance 
flows) 

Yearly 
volume 
prorated4 

Allowable 
daily flow 
fluctuations 
(cfs/24 hours) 

30,500 Labor 
Day-Easter 
28,500 
Easter-Labor 
Day 

32,200 Labor 
Day-Easter 
30,200 
Easter-Labor 
Day 

15,000 to 
22,000 

±45% of 
mean flow for 
the month not 
to exceed 
±6,000 

 

65,000  
6,000 or  
8,000 

65,000  
6,000 or  
8,000 

7±1,000 7±1,000 7±1,000 

Ramp rates 
(cfs/hour) 

Unrestricted Unrestricted Unrestricted 
up, 5,000 or 
4,000 down 

 
4,000 up 
2,500 down 

 
4,000 up  
1,500 down 

2,500 up 
1,500 down 

2,000 
cfs/day 
between 
months 

2,000 cfs/day 
between 
months 

2,000 
cfs/day 
between 
months 

Common 
elements 

None None Adaptive management (including long-term monitoring and research) 
Monitoring and protecting cultural resources 
Flood frequency reduction measures 
Beach/habitat-building flows 
New population of humpback chub 
Further study of selective withdrawal 
Emergency exception criteria 

1 In high volume release months, the allowable daily change would require higher minimum flows (cfs). 
2 Releases each weekday during recreation season (Easter to Labor Day) would average not less than 8,000 cfs for the period from 8 a.m. to midnight. 
3 Based on an 8.23-million-acre-foot (maf) year; in higher release years, additional water would be added equally to each month, subject to an 18,000-cfs maximum. 
4 for an 8.23-maf year, steady flow would be about 11,400 cfs. 
5 Maximums represent normal or routine limits and may necessarily be exceeded during high water years. 
6 Daily fluctuation limit of 5,000 cfs for monthly release volumes less than 600,000 acre-feet; 6,000 cfs for monthly release volumes of 600,000 to 800,000 acre-feet; and 8,000 cfs for 
monthly volumes over 800,000 acre-feet. 
7 Adjustments would allow for small power system load changes.  
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between the draft and final EIS has neither been open for public review nor subjected to serious 
scientific scrutiny. These changes should have been addressed in the draft EIS and made available for 
public comment at that time. Credible proof, based on the testing of a specific scientific hypothesis, 
that alterations in operating procedures at Glen Canyon Dam follow the spirit and    intent of the 
Grand Canyon Protection Act needs to be provided. The burden of proof that there    will be no 
impact on downstream resources rests with those proposing changes. 
 
RESPONSE: The modification of the preferred alternative, which incorporated changes in the 
upramp rate and maximum flows, was made after extensive public discussion. The new preferred 
alternative was discussed as an agenda item during the May, June, August, and November 1994 
public meetings of the Cooperating Agencies who assisted in the development of the EIS. A wide 
range of public interest groups received advance mailings and agendas and were represented at      
the public meetings. The environmental groups attending these meetings included: America 
Outdoors, American Rivers, Desert Flycasters, Environmental Defense Fund, Friends of the 
River, Grand Canyon River Guides, Grand Canyon Trust, Sierra Club, and Trout Unlimited.  
Meeting logs indicate that representatives from at least some of these groups attended all but the May 
meeting. In addition, approximately 16,000 citizens received periodic newsletters 
throughout the EIS process. This included a newsletter outlining the proposed changes issued 
several months prior to the final EIS. The environmental groups mentioned above were included 
on the newsletter mailing list. 
 
Reclamation's research and analysis has been thorough with regards to changes in flows and 
ramping rates and potential impacts upon downstream resources. A complete range of research 
flows was conducted from June 1990 to July 1991. These included high and low fluctuating 
flows with fast and slow up and down ramp rates. Glen Canyon Environmental Studies Phase II 
identified cause and effect relationships between downramp rates and adverse impacts to canyon 
resources. However, no cause and effect relationships between upramp rates and adverse impacts 
to canyon resources were identified. The draft EIS, (a public document peer reviewed by GCES 
and the EIS Cooperating Agencies) states that upramp rates have not been linked to sandbar 
erosion (page 95) and that "Rapid increases in river stage would have little or no effect on 
sandbars." (page 190). 
 
With respect to potential impacts occurring with the change in flows, it should be noted that sand in 
the Grand Canyon is transported almost exclusively by river flows. The amount of sand transported 
increases exponentially with increases in river flow. Maintaining sandbars over the long term 
depends on the amount of sand supplied by tributaries, monthly release volumes, range of flow 
fluctuations, and the frequency and distribution of flood flows. Conversely, occasional flows 
between 20,000 and 25,000 cubic feet per second may cause minor beach building, and may provide 
water to riparian vegetation. 
 
As part of the EIS, the effects of each alternative on long-term sand storage in Marble Canyon (river 
miles 0 to 61) were analyzed. The Marble Canyon reach was chosen for analysis because it is more 
sensitive to impacts from darn operations than downstream reaches. For each fluctuating flow 
alternative, the analysis used 20 years of hourly flow modeled by Spreck Rosekrans of the 
Environmental Defense Fund and 85 different hydrologic scenarios (each representing 50 years of 
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monthly flow data). This analysis was documented in the draft EIS on page 182, and Appendix 
D, pages 4-5. The analyses relating to the probability of net gain in riverbed sand for each 
alternative is documented in the draft EIS on pages 54-55, 184, 187, and 194. 
 
Specific peer reviewed studies relating to the above analyses are listed in Attachment 1. 
 
COMMENT:   Do not change the upramp rate and maximum flow criteria at the same 
time.  While acknowledging Reclamation's good efforts to identify and establish optimum operating 
criteria for all users of Glen Canyon Dam, changing two flow criteria (upramp rate and maximum 
flow criterion of preferred alternative) does not make prudent scientific sense. It will not result in 
reliable data. Not enough information is at hand to predict the outcome of these proposals. 
 
RESPONSE: Viewed from the purely scientific viewpoint, it would be preferable to change 
variables one at a time in a controlled experiment. However, many uncontrolled variables already 
exist, and from a resource management standpoint the interest lies in measuring the possible 
resource impact, if any, which might result from jointly changing both criteria. The best available 
information suggests that the long-term impact of changing both criteria at once will be difficult, if 
not impossible to detect. 
 
Even though both parameters would change, for 8 months of an 8.23 million acre foot year 
(minimum release year), only the upramp rate will be used. The ability to operationally exceed 
20,000 cubic feet per second only exists in months in which releases are in excess of 900,000 acre 
feet. In a minimum release year, flows above 20,000 cubic feet per second will most likely occur 
in December, January, July, and August. Evaluation of the upramp rates can be initiated 
immediately with the evaluation of the increase in maximum flow relegated to the months with the 
highest volumes. New upramp and maximum flow criteria would be recommended through the 
Adaptive Management Program should monitoring results indicate that either of these criteria are 
resulting in adverse impacts to the natural, cultural, or recreational (human safety) resources of 
the Grand Canyon differing from those shown in the final EIS. 
 
COMMENT: "Habitat/Beach Building Floods" designed to redeposit sediment and reshape the 
river's topography much like the Canyon's historic floods should be conducted.  
An experimental release based on this premise is critical to restore some of the river's historic 
dynamics; without it, any flow regime will result in continued loss of beach and backwater habitat. 
This "spike" should be assessed and implemented for the spring of 1996, subject to a critical 
evaluation of its flow size, timing, impact on fisheries, and completion of a comprehensive 
monitoring plan. Recent side-canyon floods underscore the need for restoring natural processes. 
 
RESPONSE: Reclamation and the Cooperating Agencies continue to support this concept. The 
preferred alternative supports such a flow regime. A test flow was conducted this spring. The results 
of this flow are currently being analyzed. We expect to conduct more of these flows in the future. 
 
COMMENT: Endorse the Fish & Wildlife Service's Biological Opinion and implement 
 



9 

experimental steady flows to benefit native fishes, subject to the results of a risk/benefit analysis now 
in progress. 
 
RESPONSE: The preferred alternative provides for experimental steady flows through the 
Adaptive Management Program for the reasons put forth in the Biological Opinion. 
 
COMMENT: Fund and implement immediately an Adaptive Management Program. This is the 
appropriate forum to address important issues. It is imperative that resource management 
rely on good science to monitor, and respond to possible adverse effects resulting from changes in 
dam operations. 
 
RESPONSE: The preferred alternative provides for implementation of an Adaptive Management 
Program. 
 
COMMENT: Interior Secretary Babbitt should issue a Record of Decision by December 31, 
1995, and conduct an efficient and timely audit by the General Accounting Office as mandated by 
the Grand Canyon Protection Act. 
 
RESPONSE: In compliance with the Grand Canyon Protection Act, Interior Secretary Babbitt could 
not issue the Record of Decision until considering the findings of the General Accounting Office. 
Those findings were issued on October 2, 1996. 
 
OTHER COMMENTS: Another set of comments were received from municipalities and other 
power user groups. These letters made up about 3 percent of the total received and were 
essentially identical in content. Although the authors were not totally in agreement with the 
preferred alternative because of the reduction in peaking power, they believe it is a workable 
compromise. These letters characterized the final EIS as ". . a model for resolving complex 
environmental issues among divergent interests." They also urged the government to protect the 
integrity of the process, resist efforts to overturn the FEIS, and allow the scientists' assessment to 
stand, in as much as the Adaptive Management Process will give Reclamation an opportunity to 
evaluate the effects of operational changes over time and make modifications according to 
scientific findings. 
 
RESPONSE: While the preferred alternative may not satisfy all interests, Reclamation believes it is 
a workable compromise and meets the two criteria set out in the EIS for the reoperation of the dam, 
namely restoring downstream resources and maintaining hydropower capability and flexibility. 
 
A letter of comment from the Environmental Protection Agency (EPA) indicates that EPA!s 
comments on the draft EIS were adequately addressed in the final EIS. It also expresses their support 
for the preferred alternative. 
 
Samples of the comment letters and cards, and a copy of EPA’s comment letter are included as 
Attachment 2. 
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VI.  ENVIRONMENTAL COMMITMENTS AND MONITORING 
 
The following environmental and monitoring commitments will be carried out under the preferred 
alternative or any of the other restricted fluctuating or steady flow alternatives described in the 
final EIS. A detailed description of these commitments can be found on pages 33 - 43 of that 
document. All practicable means to avoid or minimize environmental harm from the preferred 
alternative have been adopted. 
 
1. Adaptive Management: This commitment includes the establishment of an Adaptive 
Management Workgroup, chartered in accordance with the Federal Advisory Committee Act; and 
development of a long-term monitoring, research, and experimental program which could result in 
some additional operational changes. However, any operational changes will be carried out in 
compliance with NEPA. 
 
2. Monitoring and Protection of Cultural Resources: Cultural sites in Glen and Grand 
Canyons include prehistoric and historic sites and Native American traditional use and sacred 
sites. Some of these sites may erode in the future under any EIS alternative, including the no 
action alternative. Reclamation and the National Park Service, in consultation with Native 
American Tribes, will develop and implement a long-term monitoring program for these sites.  
Any necessary mitigation will be carried out according to a programmatic agreement written in 
compliance with the National Historic Preservation Act. This agreement is included as  
Attachment 5 in the final EIS. 
 
3. Flood Frequency Reduction Measures: Under this commitment, the frequency of unanticipated 
floods in excess of 45,000 cubic feet per second will be reduced to an average of once in 100 years. 
This will be accomplished initially through the Annual Operating Plan process and eventually by 
raising the height of the spillway gates at Glen Canyon Dam 4.5 feet. 
 
4. Beach/Habitat-Building Flows: Under certain conditions, steady flows in excess of a given 
alternative’s maximum will be scheduled in the spring for periods ranging from I to 2 weeks. 
Scheduling, duration, and flow magnitude will be recommended by the Adaptive Management 
Work Group and scheduled through the Annual Operating Plan process. The objectives of these 
flows are to deposit sediment at high elevations, re-form backwater channels, deposit nutrients, 
restore some of the natural system dynamics along the river corridor, and help the National Park 
Service manage riparian habitats. 
 
5. New Population of Humpback Chub: In consultation with the U.S. Fish and Wildlife 
Service (FWS), National Park Service, and Arizona Game and Fish Department (AGFD), 
Reclamation will make every effort (through funding, facilitating, and technical support) to ensure 
that a new population of humpback chub is established in the mainstem or one or more of the 
tributaries within Grand Canyon. 
 
6. Further Study of Selective Withdrawal: Reclamation will aggressively pursue and support 
research on the effects of multilevel intake structures at Glen Canyon Dam and use the results of  
this research to decide whether or not to pursue construction. FWS, in consultation with AGFD, 
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will be responsible for recommending to Reclamation whether or not selective withdrawal should be 
implemented at Glen Canyon Dam. Reclamation will be responsible for design, NEPA compliance, 
permits, construction, operation, and maintenance. 
 
7. Emergency Exception Criteria: Operating criteria have been established to allow the 
Western Area Power Administration to respond to various emergency situations in accordance 
with their obligations to the North American Electric Reliability Council. This commitment also 
provides for exceptions to a given altemative's. operating criteria during search and rescue 
situations, special studies and monitoring, dam and power plant maintenance, and spinning 
reserves. 
 
VII. BASIS FOR DECISION 
 
The goal of selecting a preferred alternative was not to maximize benefits for the most resources,  but 
rather to find an alternative dam operating plan that would permit recovery and long-term 
sustainability of downstream resources while limiting hydropower capability and flexibility only to 
the extent necessary to achieve recovery and long-term sustainability. 
 
Based on the impact analysis described in the final EIS, three of the alternatives are considered to   
be environmentally preferable. They are: the Moderate Fluctuating Flow Alternative, the  
Modified Low Fluctuating Flow Alternative, and the Seasonally Adjusted Steady Flow 
Alternative. Modified Low Fluctuating Flow is selected for implementation because it satisfies 
the critical needs for sediment resources and some of the habitat needs of native fish, benefits the 
remaining resources, and allows for future . hydropower flexibility, although there would be 
moderate to potentially major adverse impacts on power operations and possible decreases in 
long-term firm power marketing. Nearly all downstream resources are dependent to some extent 
on the sediment resource. This alternative meets the critical requirements of the sediment 
resource by restoring some of the pre-dam variability through floods and by providing a long-term 
balance between the supply of sand from Grand Canyon tributaries and the sand-transport 
capacity of the river. This, in turn, benefits the maintenance of habitat. The critical requirements for 
native fish are met by pursuing a strategy of warming releases from Glen Canyon Dam,  
enhancing the sediment resource, and substantially limiting the daily flow fluctuations. 
 
The decision process for selecting the preferred alternative for the EIS followed a repetitive 
sequence of comparisons of effects on downstream resources resulting from each alternative. 
Alternatives resulting in unacceptable adverse effects on resources (such as long-term loss of 
sandbars leading to the destruction of cultural resource sites and wildlife habitat) were eliminated 
from further comparisons. Comparisons continued until existing data were no longer available to 
support assumed benefits. 
 
All resources were evaluated in terms of both positive and adverse effects from proposed 
alternatives. Once it was determined that all alternatives would deliver at least 8.23 million acre feet 
of water annually, water supply played a minor role in subsequent resource evaluations. (One  
of the objectives of the "Criteria for Coordinated Long-Range Operation of Colorado River 
Reservoirs" is a minimum annual release of 8.23 million acre feet of water fforn Glen Canyon 
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Dam.) The alternatives covered a range of possible dam operations from maximum utilization of 
peaking power capabilities with large daily changes in downstream river levels (Maximum Power-
plant Capacity Alternative) to the Year-Round Steady Flow Alternative that would have 
eliminated all river fluctuations and peaking power capabilities. Within this range, the Maximum 
Powerplant Capacity, No Action, and High Fluctuating Flow alternatives were eliminated from 
consideration as the preferred alternative because they would not meet the first criterion of 
resource recovery and long-term sustainability. Data indicated that while beneficial to 
hydropower production, these alternatives would either increase or maintain conditions that 
resulted in adverse impacts to downstream resources under no action. For example, under these 
alternatives, the sediment resource would not likely be maintained over the long-term. 
 
At the other end of the range, the Year-Round Steady Flow Alternative was also eliminated from 
consideration as the preferred alternative. This alternative would result in the greatest storage of 
sand within the river channel, the lowest elevation sandbars, the largest potential expansion of 
riparian vegetation, and the highest white-water boating safety benefits. However, it would not 
provide the variability on which the natural processes of the Grand Canyon are dependent (e.g. 
beach building, unvegetated sandbars, and backwater habitats). A completely stable flow regime 
would encourage the growth of vegetation thereby reducing bare-sand openings and patches of 
emergent marsh vegetation. This would limit beach camping and reduce the habitat value of these 
sites. With respect to other resources, this alternative did not provide any benefits beyond those 
already provided by other alternatives. Steady flows could also increase the interactions between 
native and non-native fish by intensifying competition and predation by non-natives on native fish. 
Such interactions would reach a level of concern under steady flows. Finally, this alternative 
would have major adverse impacts on hydropower (power operations and marketing). 
 
The Existing Monthly Volume Steady Flow Alternative was eliminated from selection as the 
preferred alternative for reasons similar to those discussed above for the Year-Round Steady Flow 
Alternative. 
 
Although the Interim Low Fluctuating Flow Alternative performed well over the interim period 
(August 1991 to the present), long-term implementation of this alternative would not restore some of 
the pre-dam variability in the natural system. The selected Modified Low Fluctuating Flow 
Alternative is an improved version of the Interim Low Fluctuating Flow Alternative because it would 
provide for some pre-dam variability through habitat maintenance flows. 
 
The three remaining alternatives-the Moderate Fluctuating, Modified Low Fluctuating, and 
Seasonally Adjusted Steady Flow Alternatives-- provide similar benefits to most downstream 
resources (e.g.. vegetation, terrestrial wildlife, and cultural resources) with respect to increased 
protection or improvement of those resources (see Table 11-7 in the EIS). The Moderate 
Fluctuating Flow Alternative provided only minor benefits to native fish over no action conditions 
because of the relative similarity in flow fluctuations; and the benefits from the Seasonally 
Adjusted Steady Flow Alternative were uncertain given the improvement in habitat conditions for 
non-native fish this alternative would provide. Seasonally adjusted steady flows also would create 
conditions significantly different from those under which the current aquatic ecosystem has 
developed in the last 30 years and would adversely affect hydropower to a greater extent than the 
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other two alternatives. The Modified Low Fluctuating Flow could substantially improve the 
aquatic food base and benefit native and non-native fish. The potential exists for a minor increase in 
the native fish population. 
 
Although the Moderate Fluctuating, Modified Low Fluctuating, and Seasonally Adjusted Steady 
Flow Alternatives provide similar benefits to most downstream resources, the Modified Low 
Fluctuating Flow Alternative was selected as the preferred alternative because it would provide 
the most benefits with respect to the original selection criteria, given existing information. This 
alternative would create conditions that promote the protection and improvement of downstream 
resources while maintaining some flexibility in hydropower production. Although there would be a 
significant loss of hydropower benefits due to the selection of the preferred alternative (between V 5. 
1 and $44.2 million annually) a recently completed non-use value study conducted under the Glen 
Canyon Environmental Studies indicates that the American people are willing to pay much more than 
this loss to maintain a healthy ecosystem in the Grand Canyon. The results of this nonuse value study 
are summarized in Attachment 3 of the ROD. 
 
The results of a General Accounting Office (GAO) audit mandated by the Grand Canyon 
Protection Act are in Attachment 4 of the ROD. This audit generally concludes that Reclamation 
used appropriate methodologies and the best available information in determining the potential 
impact of various dam flow alternatives on important resources. However, GAO identified some 
shortcomings in the application of certain methodologies and data, particutarly with respect to the 
hydropower analysis. Reclamation's assumptions do not explicitly include the mitigating effect of 
higher electricity prices on electricity demand (price elasticity). GAO also determined that 
Reclamation's assumptions about natural gas prices were relatively high and that two computational 
errors were made during the third phase of the power analysis. According to GAO, these limitations 
suggest that the estimated economic impacts for power are subject to uncertainty. GAO also found 
limitations with some of the data used for impact analysis. Certain data was incomplete or outdated, 
particularly data used in assessing the economic impact of alternative flows on recreational activities. 
Nevertheless, the National Research Council peer reviewed both the Glen Canyon Environmental 
Studies and the EIS, and generally found the analysis to be adequate. The GAO audit concluded that 
these shortcomings and limitations are not significant and would not likely alter the findings with 
respect to the preferred alternative and usefulness of the document in the decision-making process. 
The audit also determined that most of the key parties (83 percent of respondents) support 
Reclamation's preferred alternative for dam operations, although some concerns remain. 
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Colorado River Studies Office
Bureau of Reclamation
Attn:UC1512
PO Box 11568
Salt Lake City, UT 84147

Dear Sirs,

I am deeply concerned with the Final Glen Canyon EIS document and would like my
concerns attached to the Record of Decision you are sending to Secretary Babbitt.

1 Maintain interim flows. I ask for credible proof, based on
the testing of a specific scientific hypothesis, that
alterations in operating procedures at Glen Canyon Dam follow
the spirit and intent of the Grand Canyon Protection Act.

2 Do not change two parameters at once. Changing two flow criteria
does not make prudent scientific sense; it will not result in
reliable data. There is not enough information at hand to
predict the outcome of these proposals.

3 Habitat/Beach Building Floods. Periodic "spike flows" are
critical to restore some of the river's historic dynamics;
without them any flow regime will result in continued loss
of beach and backwater habitat. This "spike" should be
assessed and implemented for the spring of 1996.

4 Fish & Wildlife Service's Biological Opinion. I call for
experimental steady flows to benefit native fishes, subject
to the results of a risk/benefit analysis now in progress.

5 Adaptive Management Program. I urge immediate funding and
implementation of the AMP. It is imperative that reasoned
judgment monitor over, and respond to, possible adverse
effects resulting from changes in dam operations.

6 1 urge Interior Secretary Babbitt to issue a Record of
Decision by December 31, 1995 and, to this end, I ask
for an efficient and timely audit by the General
Accounting Office as mandated by the Grand Canyon
Protection Act.

7 Keep me posted as to the progress and changes to the EIS

Sincerely,

Jon Porter, M.D.
501 7th Street
Manhattan Beach CA 90266



CITY OF ENTERPRISE
P.O. Box 340

ENTERPRISE, UTAH 84725
(801) 878-2221

FAX (801) 878-2223

APRIL 12, 1995

MR. RICK GOLD
COLORADO RIVER STUDIES OFFICE
BUREAU OF RECLAMATION
ATTN: UC1512
BOX 11568
SALT LAKE CITY, UT 84147

DEAR MR. GOLD:

THE FINAL IMPACT STATEMENT (FEIS), WHICH WAS RELEASED ON MARCH
22, 1995, REFLECTS YEARS OF RESEARCH, STUDY AND DISCUSSION AMONG
DIVERSE GROUPS. POWER USERS HAVE BORNE SOME $100 MILLION IN STUDY
COSTS TO ASCERTAIN THE EFFECT OF POWER OPERATIONS ON THE
ENVIRONMENT IN THE GRAND CANYON. WE PLEDGED AT THE OUTSET TO ACCEPT
THE FINAL RECOMMENDATION, PROVIDED THAT IT COULD BE SUPPORTED BY
CREDIBLE, THOROUGH SCIENCE.

NOW THAT THE FEIS IS OUT, SOME GROUPS ARE CHALLENGING THE
RECOMMENDATION. IT IS UNDERSTANDABLE THAT NO PARTICULAR GROUP IS
FULLY SATISFIED WITH THE RESULT, INCLUDING POWER USERS. THE FEIS IS
TRULY A COMPROMISE, A RECOGNITION THAT THE BENEFITS OF THIS PUBLIC
RESOURCE MUST BE SHARED AMONG MANY--AND SOMETIME COMPETING--
INTERESTS. FOR US, IT MEANS THE LOSS OF VALUABLE PEAKING CAPACITY
FROM GLEN CANYON, WHICH WE MUST REPLACE AT HIGHER COST.

SCIENCE SUPPORTS THE RECOMMENDED WATER RELEASE PATTERNS
CONTAINED IN THE FEIS. ACCORDING TO INFORMATION RELEASED BY THE
BUREAU, "the GCES senior scientist and the advisory
group....determined there would be no significant impact to
downstream resources if the maximum flow was raised to 25,000 cfs
and the upramp to 4,000 cfs per hour."

I COMMEND THE BUREAU OF RECLAMATION AND THE PARTICIPANTS OF THE
COOPERATING AGENCIES FOR THEIR DEDICATION TO SOUND SCIENTIFIC
METHODS AND CAREFUL CONSIDERATION OF THE FINDINGS. THE GCEIS IS A
MODEL FOR RESOLVING COMPLEX ENVIRONMENTAL ISSUES AMONG DIVERGENT
INTERESTS. I URGE YOU TO PROTECT THE INTEGRITY OF THE PROCESS AND
RESIST EFFORTS TO OVERTURN THE FEIS. ALLOW THE SCIENTISTS'
ASSESSMENT TO STAND, KNOWING THAT THE ADAPTIVE MANAGEMENT PROCESS
WILL GIVE THE BUREAU AN OPPORTUNITY TO EVALUATE THE EFFECTS OF
OPERATIONAL CHANGES OVER TIME AND MAKE MODIFICATIONS ACCORDING TO
SCIENTIFIC FINDINGS.



Dear Sirs,
I am deeply concerned with the Final Glen Canyon EIS document and would like my

concerns attached to the Record of Decision you are sending to Secretary Babbitt.

• Maintain Draft EIS flows. I ask for credible proof, based on the testing of a specific sci-
entific hypothesis, that alterations in operating procedures at Glen Canyon Dam fol-
low the spirit and intent of the Grand Canyon Protection Act

• Do not change two parameters at once. Changing two flow criteria does not make pru-
dent scientific sense; it will not result in reliable data. There is not enough informa-
tion at hand to predict the outcome of these proposals.

• I support Habitat/Beach Building Floods. Periodic "spike flows" are critical to restore
some of the river's historic dynamics; without them any flow regime will result in con-
tinued loss of beach and backwater habitat. This "spike" should be assessed and
implemented for the spring of 1996.

• Fish & Wildlife Service's Biological Opinion. I call for experimental steady flows to bene-
fit native fishes, subject to the results of a risk/benefit analysis now in progress.

• Adaptive Management Program. I urge immediate funding and implementation of the
AMP. It is imperative that reasoned judgement monitor over, and respond to, possible



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION DC

75 Hawthorne Street

San Francisco, CA 94105-2901

June 20, 1995

Charles Calhoun
Regional Director
Upper Colorado River Region
Bureau of Reclamation • •
P.O. Box 11568
Salt Lake City, UT 84147

Dear Mr. Calhoun:

The U.S. Environmental Protection Agency (EPA) has reviewed
the Final Environmental Impact Statement (Final BIS) for
Operation of Glen Canyon Dam/ Arizona. Our comments are provided
to the National Environmental Policy Act (NEPA), the Council on
Environmental Quality's NEPA Implementation Regulations at 40 CFR
1500-1508, and EPA's authorities under Clean Air Act §309.

EPA continues to support the preferred alternative, and we
are pleased that the Final BIS addresses the issues we raised in
our April 11, 1994, comment letter on the Draft EIS. We had.
expressed concerns regarding ehe impacts of raising the spillway
gates and recommended that flood frequency reduction measures be
evaluated in greater detail before an option was selected. We
are pleased that a more detailed analysis of the flood frequency
reduction measures will be conducted, in compliance with NEPA,
before a decision is made on this issue, Furthermore, since the
Draft EIS was released to the public last year, much progress has
been made among all of the interested parties regarding future
research and adaptive management.

We applaud the efforts made by all of the agencies, tribes,
organizations, and individuals involved in the research, scoping,
and preparation Qf this BIS. Their dedication to sound science
and cooperative relations have been critical to developing a
preferred alternative (including adaptive management) , which we
believe will protect and enhance environmental and cultural
resources downstream from Glen Canyon—Dam.

000218
cc: mailing list

Printed on Recycled Paper
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CHAPTER 1
OVERVIEW AND SUMMARY

The operation of Glen Canyon Dam has been the focus of an ongoing controversy.
Operations that increase the value of electric power produced at the dam tend to result in
substantial daily fluctuations in'river levelsbeIow the dam. These fluctuations have been
found to decrease the size and number of beaches and change the habitat of terrestrial and
aquatic species including endangered fish species. In addition, daily fluctuations tend to
reduce the quality of recreation on the river downstream from Glen Canyon Dam.

Changes made in operations to penefit the downstream environment and the quality of
recreation will reduce the value of power produced at the dam, resulting in a conflict
between the type, level. and availability of environmental amenities and recreational
opportunities along the Colorado River versus dam operations. This conflict can be partially
evaluated by measuring the relative economic value placed on electric power, recreation, and
preservation of river-related resources downstream from Glen Canyon Dam. In 1983, the
Bureau of Reclamation established the Glen Canyon Environmental Studies (GCES) to
explore these relationships between dam operations and downstream resources. As part of
the GCES, the Bureau of Reclamation authorized and funded a series of economic studies to
measure these three values in a theoretically consistent way. Previous studies resulted in
estimates of the econom ic value of downstream recreation (Bishop et aI., 1987) and the value
of power produced at the dam (GCES Power Resources Committee, 1995). The Glen
Canyon Non-Use \'alue Study is the third component of the GCES Economic Studies.

This report describes the GeES Non-Use Value Study, a study of values associated with
preserving the river-related resources on the Colorado River downstream from Glen Canyon
Dam. The value associated with environmental preservation is often referred to as "non-use
value."l While the concept may be unfamiliar to non-economists, it has been a part of
economic theory for over 30 years. Beginning with an article written by John Krutilla
(1967), economists have come to recognize that economic values for public resources may
not be limited to direct use values. For a variety of reasons, people may value environmental

The tenn non-use value will be used in this report to denote a value placed on a resource in the absence of
any direct or indirect use of the resource. This type ofvalue is sometimes referred to as passive use value.
The tenn total value denotes the value placed on a resource regardless of the motivation for the value.
While the study presented in this report technically measured total values, because very few respondents
have use values for resources affected by dam operations, the measured total values are likely to consist
primarily of non-use values.
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resources even though they do not benefit from directly consuming produced goods or
recreational opportunities. They may, for example, be sympathetic toward animals, altruistic
toward others in the current generation or future generations, or be concerned about
maintaining the resource for future personal use. It is now widely agreed among economists
(see, for example, Freeman, 1993) that the value of a public resource may include non-use
values in addition to the more traditionally measured use values. It follows that a full
accounting of the values associated with changes in dam operations will include the non-use
values, if they are present, as well as direct use values.

In this study, non-use values were measured using a contingent valuation mail survey. This
chapter provides an overview of the study and a summary of the survey results. A more
detailed presentation of the study, implementation, and results is provided in the chapters
that follow. Chapter 2 provides a detailed discussion of the conceptual basis of the study.
This is followed by a discussion of the study process, including the research plan, the
qualitative research conducted in the early stages of the study, and the pilot test implemented
to test the field-readiness of the survey instruments. Chapter 4 provides information on the
design and implementation of the final survey. Results are presented and discussed in
Chapter 5. A discussion of the validity of these results is provided in Chapter 6.

1.1 BACKGROUND ON THE RELATIONSHIP BETWEEN POWER PRODUCTION

AND DOWNSTREAM RESOURCES

Glen Canyon Dam is an energy-constrained hydroelectric facility. This means that in a
typical year, the annual release from the dam is not sufficient to sustain peak generation for
the entire year. The economic benefits of energy-constrained hydroelectric facilities are
maximized by concentrating water releases during periods of highest electrical demand.
Historically, Glen Canyon Dam has been operated in this way. The consequence of this type
of operation has been substantial daily fluctuations in the river flows below Glen Canyon
Dam. These daily fluctuations tended to result in a net loss of sediment in the Colorado River
below Glen Canyon Dam, resulting in a decrease in the size and number of beaches, as well
as changes in habitat for terrestrial and aquatic animals, including endangered species of fish.
Daily fluctuations in water levels were also documented as having decreased the quality of
rafting and fishing on the Colorado River below Glen Canyon Dam (Bishop et aI., 1987).

These linkages form the basis for the conflicts that have resulted over issues of dam
operation. A change in dam operations that decreases the range of daily fluctuations is likely
to reduce impacts to the downstream resources and to increase the quality of recreation. On
the other hand, such a change will also reduce the value of the power produced at Glen
Canyon Dam. From an economic perspective, this problem can be addressed by measuring
the relative values placed on power, recreation, and the protection of resources affected by
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the operations of Glen Canyon Dam. To this end, GCES has carried out a series of economic
studies designed to measure each of these values. This report summarizes the GCES effort to
measure the non-use values associated with alternative dam operations.

1.2 RESEARCH PLAN, QUALITATIVE RESEARCH, PILOT TEST

Each step in the evolution of this study was guided by the GCES Non-Use Value Committee.
The committee consisted of representativ..es.of federal agencies, American Indian tribes, and
power consumer groups. A peer review panel consisting of four nationally prominent
resource economists reviewed research plans and results at each key stage in the research. In
addition, the Office of Management and Budget (OMB), which is required to approve all
federally sponsored surveys, provided insightful suggestions during the approval process.

The initial step in the GCES Non-Use Value Study was the completion of a report assessing
the feasibility of estimating total values associated with the preservation of environmental
resources in and along the Colorado River below Glen Canyon Dam. This effort was
initiated in 1990 and completed in 1991. The report concluded that a total value study,
including the measurement of non-use values, should be a component of the GCES economic
studies (Bishop and Welsh, 1992). The report further concluded that although the prospects
appeared favorable, such a study should proceed in phases and be subjected to a peer review
process at the conclusion of each phase. Subsequent phases would be recommended only
with the approval of committee members and peer reviewers.

The Non-Use Value Study was initiated with a qualitative research effort involving focus
groups and in-depth personal interviews. The qualitativeresearch phase had several
objectives. These included:

~ Exploring whether potential survey respondents could focus on affected resources as
distinct from the Grand Canyon in its entirety;

~ Exploring whether potential survey respondents care about the status of the affected
resources;

~ Exploring whether individuals geographically distant from Glen Canyon Dam care
about the status of the affected resources;

~ Exploring alternative methods for describing the environmental effects of dam
operations; and

~ Evaluating the performance of prototype survey instruments.
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Results from the qualitative research reinforced the conclusion of the feasibility report. The
results suggested that many citizens across the United States were concerned about the status
of the resources affected by the operation of Glen Canyon Dam. Issues of particular concern
included beaches and vegetation, archeological sites, American Indian traditional use areas,
native fish, trout, and price impacts to consumers of power produced at Glen Canyon Dam.
Furthermore, the qualitative research also suggested that the study could be implemented
using a mail survey instrument for primary data collection. In the summer of 1993, the
results of the qualitative research phase and prototype mail survey instruments were
reviewed by the both the GeES Non-Use Value Committee and an external peer review
panel. The decision was made to proceed with a pilot test.

The fall of 1993 was devoted to finalizing the design of survey instruments to be used in the
pilot test and securing clearance from OMB to proceed with implementation of a pilot test.
Implementation of the pilot test began in January 1994. Purposes of the pilot test included
evaluating the performance of mail survey instruments, examining methodological concerns
related to the validity of the contingent valuation method, and testing survey implementation
procedures. The results of the pilot test suggested that the survey instrument and
implementation procedures would result in valid estimates of non-use values associated with
resources affected by the operation of Glen Canyon Dam. After review by the committee and
external peer review panel, a decision was made to proceed with a final study.

The final study design was the end product of an extensive research process that has been
overseen at every step by the GCES Non-Use Value Committee. Review by the committee
provided valuable insights from a broad range of perspectives. In addition, members of the
committee worked closely with members of the GCDEIS team to ensure that the survey
instruments contained accurate descriptions of the expected consequences of each dam
operation alternative. We believe the input from the committee, peer reviewers, and OMB
has greatly enhanced the quality and overall validity of the GCES Non-Use Value Study.

1.3 FINAL SURVEY DESIGN AND IMPLEMENTATION

The GCES Non-Use Value Study was designed to evaluate three of the alternatives assessed
in the Glen Canyon Dam Environmental Impact Statement (GCDEIS). In the survey, the no
action alternative was defined as the baseline (or current) dam operation condition. This
baseline condition consisted of maintaining the maximum daily fluctuation in flows, ranging
from 3,000 cubic feet per second (cfs) to 31,500 cfs between Easter and Labor Day and from
1,000 cfs to 31,500 cfs between Labor Day and Easter. Given the similarities in resource
impacts between several of the remaining eight alternatives and the depth of detail required
to describe them, the GCES Non-Use Value Committee recommended that only three main
alternatives be considered for the final study:
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1. Moderate fluctuating flow alternative - featuring a moderate reduction in the
magnitude of the daily fluctuations;

2. Low fluctuating flow alternative - featuring reductions in the magnitude of the daily
fluctuations; and

3. Seasonally adjusted steady flow alternative - providing steady flows on a seasonally
adjusted or monthly basis.

These three alternatives covered most of the range of alternative dam operations being
examined and were considered to include the set of alternatives most likely to contain the
eventual preferred alternative.2 Therefore, the experimental design was planned around these
three alternatives.

The experimental design included two samples, seven versions of a mail questionnaire, and a
follow-up telephone interview with nonrespondents. Because water releases from Glen
Canyon Dam affect resources located in the Grand Canyon National Park, the sampling
frame included all residents of the United States. Two separate random samples were
identified within this frame: a national sample and a marketing area sample. The national
sample consisted of residents of the United States. The marketing area sample was a subset
of the national sample whose energy needs were serviced by Salt Lake City Area Integrated
Projects (SLCA/IP). This design ensured that estimates of non-use values reflected both the
values held by United States residents as well as the values held by individuals who would be
directly affected by increases in utility bills. Samples were purchased from Survey Sampling,
Inc., an independent firm that specializes in maintaining national marketing databases.

There were two primary differences between surveys administered to the marketing area
sample and those administered to the national sample. First, the surveys differed in the
payment vehicle used to solicit non-use values in the contingent valuation question. For the
national sample, the payment vehicle consisted of an annual payment in increased taxes. For
residents of the marketing area, increases in utility bills were used as a payment vehicle.
Surveys administered to each sample also differed in the description of resources included in
the dam operation alternative. In the national sample, the survey contained a description of
the environmental and power cost impacts of the dam operation alternative. In contrast, the
marketing area survey described only the environmental impacts of the dam operation
alternative.

Separate survey versions were designed in order to address the three water release
alternatives chosen, resulting in a total of six survey versions (three for the national sample
and three for the marketing area sample). One additional survey version was developed for

2 For more detailed information on alternative dam operations, refer to the GCDEIS (U.S.
Bureau of Reclamation, 1995).
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the national sample to examine in more detail the effects on the study of including the
impacts that water flow alternatives would have on power costs. Table 1-1 identifies the
differences between questionnaire versions.

Table 1-1
Identification of Glen Canyon Studies Non-Use Mail Questionnaire Versions

Questionnaire Version Water Release Alternative

National Sample

Version 1

Version 2

Version 3

Version 4

Marketing Area Sample

Version 5

Version 6

Version 7

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Seasonally Adjusted Steady Flow with Moderate
Fluctuating Flow Impact Costs to Power

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Four of the seven questionnaire versions were administered to the national sample, and three
were administered to the marketing area sample. Each version was administered to 850
sample points (Table 1-2). The sample for the follow-up telephone survey consisted of the
portion of national and marketing area samples for which no final mail disposition had been
reached. Interviews were attempted with 1,708 individuals: 1,102 from the national sample
and 606 from the marketing area sample.
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Table 1-2
Sample Sizes for the Glen Canyon Studies Mail Surveys

and Follow-up Telephone Interviews

Sample Size

Questionnaire Version

National Sample

Moderate Fluctuating Flow (Version 1)

Low Fluctuating Flow (Version 2)

Seasonally Adjusted Steady Flow (Version 3)

Seasonally Adjusted Steady Flow with Moderate
Flow Price Impacts (Version 4)

Total

Marketing Area Sample

Moderate Fluctuating Flow (Version 5)

Low Fluctuating Flow (Version 6)

Seasonally Adjusted Steady Flow (Version 7)

Total

Overall Total

Mail Survey

850

850

850

850

3,400

850

850

850

2,550

5,950

Telephone Survey

286

267

272

277

1,102

207

205

204

606

1,708

Mail questionnaires were administered using the Dillman (1978) method, which consisted of
the following procedures:

1. An advance, introductory letter on U. S. Bureau of Reclamation letterhead, signed by
the GeES manager. The letter explained the study and advised that a questionnaire
would be sent within the week.

2. A survey mailing package containing a copy of the questionnaire, background
information materials, a cover letter on U.S. Bureau of Reclamation letterhead, a
stamped return envelope, and a $3 cash incentive.
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3. A thank you/reminder postcard sent to all respondents, thanking those who had
already responded to the survey and encouraging those who had not responded to
please do so.

4. A second survey package containing a second copy of the questionnaire and
background materials, a different cover letter, and a stamped return envelope.

5. A third survey package delivered via certified mail. This package also contained a
copy of the questionnaire and background materials,.a different cover letter, and a
stamped return envelope.

Mail survey implementation began in October 1994 and was concluded in early January
1995. All mail survey versions were administered concurrently.

Follow-up telephone interviewing began on January 19, 1995, four weeks after the final
survey mailing. Telephone interviews were attempted for all nonrespondents for whom
telephone numbers could be obtained. All telephone interviews were conducted by
experienced interviewers using Computer Assisted Telephone Interviewing (CAT!) software
at an in-house telephone laboratory in Madison, Wisconsin.

Response rates for completed mail surveys were calculated as a percentage of deliverable
questionnaires. The study achieved a response rate of 66 percent for the national sample, and
75 percent for the marketing area sample (Table 1-3).
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Table 1-3
Glen Canyon Studies Non-Use Mail Survey Response Rates

Sample Size Out of Completed Response
Scopea Surveys Rateb

National Sample

Moderate Fluctuating Flow' - 850'-- 188 426 64%
(Version 1)

Low Fluctuating Flow (Version 2) 850 202 431 66%

Seasonally Adjusted Steady Flow 850 1,196 439 67%
(Version 3)

Seasonally Adjusted Steady Flow 850 190 432 65%
with Moderate Flow Price Impacts
(Version 4)

Total 3,400 776 1,728 66%

Marketing Area Sample

Moderate Fluctuating Flow 850 219 467 74%
(Version 5)

Low Fluctuating Flow (Version 6) 850 226 467 75%

Seasonally Adjusted Steady Flow 850 200 489 75%
(Version 7)

Total 2,550 645 1,423 75%

a Includes cases where the addressee was deceased or the survey mailing was returned as undeliverable.
b Calculated as a percentage of deliverable questionnaires (sample size minus out-of-scope cases).

Response rates to the telephone survey ofnonrespondents are shown in Table 1-4.
Telephone interviews were completed with 35 percent ofnonrespondents from the national
sample, and with 46 percent of nonrespondents to the marketing area sample.
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Table 1-4
Glen Canyon Studies Non-Use Telephone Survey Response Rates

Sample Out of Withdrawn Completed Response
Size Samplea from Interviews RateC

Sampleb

National Sample

Moderate Fluctuating Flow 286 90 9 66 35%
(Version 1)

Low Fluctuating Flow 267 92 6 53 31%
(Version 2)

Seasonally Adjusted Steady 272 79 9 69 37%
Flow (Version 3)

Seasonally Adjusted Steady 277 80 14 63· 34%
Flow with Moderate Flow
Price Impacts (Version 4)

Total 1,102 341 38 251 35%

Marketing Area Sample

Moderate Fluctuating Flow 207 57 7 62 43%
(Version 5)

Low Fluctuating Flow 205 63 7 58 43%
(Version 6)

Seasonally Adjusted Steady 194 42 -..Q 74 51%
Flow (Version 7)

Total 606 62 20 194 46%

a Includes disconnected, no listing available, wrong phone numbers, and cases where the identified respondent
was unavailable for the study duration, unable to participate due to physical or mental impairment, deceased,
or had moved.

b Includes cases pulled from the sample before a fmal disposition was :t:eached because a mail questionnaire
was received during implementation of the telephone survey.

c Calculated as a percentage of available (reachable) respondents.
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1.4 RESULTS

Non-use values were measured using the contingent valuation method. In a contingent
valuation survey, respondents are asked questions about how much they would be willing to
pay to either maintain or acquire a preferred level of an environmental good. In this survey,
respondents were first asked if they would vote in favor of a proposal to change dam
operations if it cost them nothing. Those in favor of the proposal were then asked how they
would vote if passage of the proposal cost them a specified amount of money. Responses to
this second question .were used..to. make. inferences about thevalue,. or willingness-to-pay,
placed by respondents on the proposal being evaluated.

Proposals evaluated by members of the national sample included descriptions of the impacts
the proposal would have on the number and size of beaches, archaeological sites and
American Indian traditional uses, native fish, trout, electric bills for consumers of power
produced at Glen Canyon Dam, and farm incomes. In the national sample, willingness-to
pay was measured by asking respondents whether they would vote for a proposal to change
dam operations if passage meant they would have to pay increased taxes. Proposals evaluated
by members of the marketing area sample included descriptions of the proposal's impacts on
the number and size of beaches, archaeological sites and American Indian traditional uses,
native fish, and trout. In the marketing area sample, willingness-to-pay was measured by
asking respondents how they would vote on a proposal to change dam operations if passage
increased their monthly electric utility bil1.3

Estimates of average willingness-to-pay in the national sample for each of the three
alternatives evaluated are shown in Table 1-5. These numbers reveal substantial non-use
values for each of the three alternatives. The low fluctuating flow alternative and the
seasonally adjusted steady flow alternative would result in non-use values that are
approximately 50 percent greater than the non-use values associated with the moderate
fluctuating flow alternative.

3 Copies of survey instruments are found in Appendix E.
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Table 1-5
Summary of Estimated Willingness-to-Pay -- National Sample

Average Annual
Water Release Alternative Value

Per Household?!

Moderate fluctuating flow (Version 1) $13.56

Low fluctuating flow (Version 2) $20.15

Seasonally adjusted steady flow (Version 3) $20.55

Aggregate Annual
Valueb

(Millions of Dollars)

$2,286.4

$3,375.2

$3,442.2

a

b

Best estimates based on "Defmitely Yes" models, adjusted to reflect values of nonrespondents and to reflect
the belief that the respondent would actually have to pay if the proposal passed. For details see Chapter 5.

Levelized annual values extrapolated to the national population. See Chapter 5 for additional details on the
procedures used to calculate these numbers.
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Estimates of average willingness-to-pay in the marketing area sample for each of the three
alternatives evaluated are shown in Table 1-6. Survey respondents in the marketing area are
individuals who will likely bear the costs of any changes in dam operations, and this may
give their responses added importance in decisions regarding the future operations of Glen
Canyon Dam. Residents of the marketing area also expressed significant non-use values for
each of the three alternatives evaluated. Non-use values were approximately equal for the
moderate and fluctuating flow proposal and were about one-third higher for the seasonally
adjusted steady flow alternative.

Table 1-6
Summary of Estimated Willingness-to-Pay -- Marketing Area Sample

Average Annual
Water Release Alternative Value

Per Householda

Moderate fluctuating flow (Version 5) $22.06

Low fluctuating flow (\'ersion 6) $21.45

Seasonally adjusted steady flow (Version 7) $28.87

Aggregate Annual
Valueb

(Millions of Dollars)

$62.2

$60.5

$81.4

a

b

Best estimatt."S ba..;cd on . Defuutely Yes" models, adjusted to reflect values of nonrespondents and to reflect
the belief that the: rcspondc:nt "ould actually have to pay if the proposal passed. For details see Chapter 5.

Levelized annual \ ,lues c\.tupolatcd to the population of households residing in areas served by utilities
with fInn po\\t:r ..onlr ....h for power produced at Glen Canyon Dam. See Chapter 5 for additional details on
the procedurc:s u.;cd to .:,.].. ul;ate: the:se numbers.
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The non-use values contained in this report are just one of many factors that might be
considered in making decisions regarding future operations of Glen Canyon Dam. The extent
to which these values might be considered will depend, at least in part, on the perceived
validity of the values. Given the substantial controversy among economists regarding the
validity of the non-use values measured using contingent valuation method, we conclude this
chapter with some observations about the validity of the study results.

As discussed in Chapter 6, the validity of a contingent valuation study can be assessed in
terms of content validity (how well the_study was designed and implemented), and construct
validity (the consistency of the results with economic theory).

A contingent valuation study with a high level of content validity would have many
characteristics. For example, a content valid study would be based on a clear theoretical
definition of the value to be measured. Based on well-documented evidence of the
respondent-relevant effects of the intervention, a sound study effectively communicates the
potential effects of the intervention to respondents. The scenario describing the intervention
must include whatever information respondents might need regarding potential substitutes
for the environmental resources in question and reminds them of their context for valuation.
The scenario also includes a fully specified and incentive-compatible context for valuation.
A sound study will do all of this in ways that potential respondents can accept and, if
possible, believe. Beyond the scenario, a content-valid survey instrument also includes well
designed questions to support construct validity testing and achieve other goals. The mode
chosen for administering the survey must be appropriate for the complexity of the scenario
and the ultimate goals of the study. Prior to administration, the instrument must be subjected
to sufficient qualitative investigation, pretesting, and, if needed, pilot testing to eliminate as
many problems as possible. Econometric analysis of the results must be adequately
performed and the final results effectively reported. We believe that the GeES Non-Use
Value Study meets these standards well.

A contingent valuation study with high construct validity is one that would pass both
rudimentary and advanced theoretical validity tests. The valuation equations estimated in
this study showed a high degree of consistency between study results and prior expectations.
Furthermore, subject to a few caveats discussed in Chapter 6 regarding the marketing area
surveys, we were able to achieve considerable success in passing scope tests.

Our conclusion, then, is that the GeES Non-Use Value Study has demonstrated sufficiently
high levels of content and construct validity to be used in choosing the criteria for operating
Glen Canyon Dam in the future. Integrating the results of this study with recreation
valuation studies should help to judge the economic implications of alternative criteria for
operation of Glen Canyon Dam.
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CHAPTER 2
CONCEPTUAL CONTEXT

Glen Canyon Dam has been producing electric power for over 30 years. For most ofthis
time, typical power operations resulted in large daily fluctuations in the level of the Colorado
River downstream from the dam;-Concern about the environmental consequences of these
daily fluctuations resulted in the initiation of the Glen Canyon Environmental Studies
(GCES) in 1982. The initial phase of GCES demonstrated a link between the operation of the
dam and downstream environmental conditions. This link, and continued concern about the
effects of dam operations on the Grand Canyon River environment, led then Secretary of the
Interior Lujan, in 1989, to order the preparation of an environmental impact statement for the
operations of Glen Canyon Dam. At that time, the GCES were directed to further document
effects of dam operations on the downstream environment for use in the preparation of the
Glen Canyon Dam Environmental Impact Statement (GCDEIS).

From the early days, the GCES recognized that in addition to affecting the natural
environment, the operations of Glen Canyon Dam also affect the human environment. The
initial phase of the GCES targeted the effects of dam operations on downstream recreation,
including whitewater rafting and fishing. In a review of the initial GCES research, the
National Academy of Sciences identified two additional aspects of the human environment
for future study. These areas included the impact of changes in dam operations on the value
of power produced at that dam and the existence, or non-use, values that would be placed on
resources affected by dam operations. Each of these topics has been the subject of additional
research in subsequent phases of GCES.

2.1 THE RELATION BETWEEN POWER PRODUCTION AND DOWNSTREAM

RESOURCES

Glen Canyon Dam is an energy-constrained hydroelectric facility. This means that in a
typical year, the annual release from the dam is not sufficient to sustain peak generation for
the entire year. The economic benefits of energy-constrained hydroelectric facilities are
maximized by concentrating water releases during periods of highest electrical demand.
Historically, Glen Canyon Dam has been operated in this way. The consequence ofthis type
of operation has been substantial daily fluctuations in the river flows below Glen Canyon
Dam. These daily fluctuations tended to result in a net loss of sediment in the Colorado River
below Glen Canyon Dam. This resulted in a decrease in the size and number of beaches, and
changes in habitat for both terrestrial and aquatic animals, including endangered species of
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fish. Daily fluctuations in water levels were also shown to decrease the quality of rafting and
fishing on the Colorado River below Glen Canyon Dam (Bishop et aI., 1987).

These linkages form the basis for conflicts over dam operation. A change in dam operations
that decreases the amount of daily fluctuations is likely to reduce impacts on the downstream
resources and increase the quality of recreation. On the other hand, such a change will also
reduce the value of the power produced at Glen Canyon Dam. From an economic
perspective, this problem can be addressed by measuring the relative values placed on power,
recreation, and the protection of resources affected by the operations of Glen Canyon Dam.
To achieve this, GCES has carried out a series of economic studies designed to measure each
of these values.

The value associated with environmental preservation is often referred to as "non-use value."
While the concept may be unfamiliar to non-economists, it has been a part of economic
theory for over 30 years. Beginning with an article written by John Krutilla (1967),
economists have come to recognize that economic values for public resources may not be
limited to direct use values For a variety of reasons, people may value environmental
resources even though they do not benefit from directly consuming produced goods or
recreational opportunities They may, for example, be sympathetic toward animals, altruistic
toward others in the current generation or future generations, or be concerned about
maintaining the resource for future personal use. Economists now widely agree that the value
of a public resource may include non-use values in addition to the more traditionally
measured use values (see. for example, Freeman, 1993). It follows that a full accounting of
the values associated with changes in dam operations will include the non-use values, if they
are present, as well as direct use values.

It should be noted that the value of a resource, regardless of the motivation for the value, is
commonly referred to as a "total value." The values measured in this report are total values
in that respondents are asked about their willingness-to-pay for a change in dam operations.
Theoretically, the values expressed by survey respondents could arise from anyone (or all)
of the following motivations' a direct use of the resource (for example, rafting the Colorado
River or hiking along the river below Glen Canyon Dam), a desire to preserve the option for
future direct uses, and a desire to preserve the resources even in the absence of current or
future use. This latter type of value is typicatly referred to as non-use value. Practically
speaking, we suspect that non-use value is likely to be the primary motivation for total value
of the resources affected by the operation of Glen Canyon Dam. For this reason, although the
survey technically measures a total value, it is referred to in this report as a non-use value.
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CHAPTER 3
NON-USE VALUE STUDY PROCESS

The Glen Canyon Non-Use Value Study is the third component of the GCES Economic
Studies. Previous studies have resulted in estimates of the economic value of downstream
recreation (Bishop et al., 1987) and the value ofpower produced at the dam (GCES Power
Resources Committee, 1995). The GCES Non-Use Value Study is the product ofa series of
research steps carried out over the last five years.

At each step, the study was guided by the GCES Non-Use Value Committee. The committee
consisted of representatives of federal agencies, American Indian tribes, and power consumer
groups. A peer review panel consisting of four nationally prominent resource economists
reviewed research plans and results at each key stage in the research. In addition, the Office
of Management and Budget (OMB), which is required to approve all federally sponsored
surveys, provided insightful suggestions during the approval process.

3.1 THE RESEARCH PLAN

The initial step in the GCES Non-Use Value Study was the completion of a report assessing
the feasibility of estimating total values associated with the preservation of environmental
resources in and along the Colorado River below Glen Canyon Dam. This effort was initiated
in 1990 and completed in 1991. The report concluded that a total.-value study; including the
measurement of non-use values, should be a component of the GCES economic studies
(Bishop and Welsh, 1992). The report further concluded that although the prospects appeared
favorable, such a study should proceed in phases and be subjected to a peer review process at
the conclusion of each phase. Subsequent phases would be recommended only with the
approval of committee members and peer reviewers.

3.2 QUALITATIVE RESEARCH

The Non-Use Value Study was initiated with a qualitative research effort involving focus
groups and in-depth personal interviews. The qualitative research phase had several
objectives. These included:
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Exploring whether potential survey respondents could focus on affected
resources as distinct from the Grand Canyon in its entirety;

Exploring whether potential survey respondents care about the status of the
affected resources;

Exploring whether individuals geographically distant from Glen Canyon Dam
care about the status of the affected resources;

Exploring alternative methods for describing the environmental effects of dam
operations; and

• Evaluating the performance of prototype survey instruments.

The qualitative research reinforced the conclusion of the original research plan. Specifically,
the results suggested that many citizens across the United States were concerned about the
status of the affected resources. Issues of particular concern included beaches and vegetation,
archeological sites, American Indian traditional use areas, native fish, trout, and price impacts
to consumers of power produced at Glen Canyon Dam. Furthermore, the qualitative research
also suggested that the study could be implemented using a mail survey instrument as the
primary data collection tool. 1 In the summer of 1993, the results of the qualitative research
phase and prototype mail survey instruments were reviewed by both the GCES Non-Use
Value Committee and an external peer review panel, and a decision was made to proceed
with a pilot test.

3.3 PILOT TEST

The summer and fall of 1993 were spent on finalizing the design of survey instruments and
obtaining clearance from OMB to proceed with the implementation of a pilot test. In addition
to obtaining information required to assess implementation issues for a possible final study,
the pilot test was designed to test several methodological issues. A primary methodological
issue was whether the pilot test instruments could provide willingness-to-pay estimates that
were sensitive to details of the water release alternatives being evaluated. A second
methodological issue was whether the pilot test instruments could provide estimates of
willingness-to-pay that were not sensitive to minor changes in wording. Implementation of
the pilot test began in January of 1994. Like the final study described in the next chapter, the
pilot test involved a series of survey instruments, each administered to a separate sample.

More detailed discussion of the qualitative research plan can be found in Appendix B.
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The pilot test consisted of nine survey versions, each administered to an initial sample of 250
in the pilot test.2

Three of these survey versions, each addressing different water flow alternatives, were
administered to samples ofU. S. residents (national samples). Respondents were asked to
evaluate the moderate fluctuating flow alternative, the low fluctuating flow alternative, and
the seasonally adjusted steady flow alternative. Two surveys were administered to a sample
of individuals residing in areas served by utilities receiving power produced at Glen Canyon
Dam (the marketing area). The marketing area versions asked respondents to evaluate the
moderate fluctuating flow alternative and the seasonally adjusted steady flow alternative.
Comparisons of mean willingness-to-pay derived from these five versions revealed that
among the national samples, mean willingness-to-pay was significantly lower for the
moderate fluctuating flow alternative than for the seasonally adjusted steady flow alternative.
In the marketing area, willingness-to-pay was highest for the seasonally adjusted steady flow
alternative. However in the marketing area samples, this difference was not statistically
significant.

The remaining four versions of the survey were administered to national samples and all
represented variations on the seasonally adjusted steady flow alternative. These variations
allowed the exploration ofadditional methodological issues. For example, the scenario in one
of the additional versions was modified so that the respondents were asked to evaluate only a
small subset of the resources actually affected by a change in dam operations. This version
resulted in a significantly lower estimate ofmean willingness-to-pay. Another version was
developed by making small changes in the wording of the survey. This version produced
estimates of mean willingness-to-pay that were statistically indistinguishable from estimates
derived from the original seasonally adjusted steady flow version. Another survey version
differed in the format of the contingent valuation question format used. Eight of the nine
survey versions used in the pilot test used a multiple-bounded contingent valuation question
format. This particular format is relatively new. At the time of the pilot test its performance,
relative to more traditional question formats, had not been evaluated. Therefore, one survey
version was modified so that it used a standard single-bounded dichotomous choice
contingent valuation question. The estimates ofmean willingness-to-pay produced by this
version were consistent with estimates of willingness-to-pay developed using data collected
using the multiple-bounded questioning format.

These results indicated favorable prospects for implementing a final study. Pilot test results
indicated a positive willingness-to-pay for all three of the alternative dam operations
evaluated. Furthermore, estimated willingness-to-pay was higher for operations providing

2 A more detailed discussion of the pilot test, including implementation and results, can be
found in Appendix C.
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higher levels of environmental benefits. In the national sample, willingness-to-pay was
significantly higher for the seasonally adjusted steady flow alternative than for the moderate
fluctuating flow alternative. Estimates ofwillingness-to-pay dropped significantly when the
range of the environmental benefits was reduced, and were stable with respect to minor
changes in the wording of the survey materials. In light of these results, members of the
GCES Non-Use Value Committee and the external peer review panel recommended
implementation of the final study discussed in the next two chapters.
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CHAPTER 4
DESIGN AND IMPLEMENTATION OF THE NON-USE VALUE STUDY

The final study design was the end product of an extensive research process overseen at every
step by the GCES Non-Use Value Committee. Review by the committee provided valuable
insights from abroad range of perspectives. In addition, members of the committee worked
closely with members of the GCDEIS team to ensure that the survey instruments contained
accurate descriptions of the expected consequences of each dam operation alternative. The
input from the committee, peer reviewers, and OMB greatly enhanced the quality and overall
validity of the GCES Non-Use Value Study.

The GCDEIS evaluated nine different dam operations alternatives in detail, including a
no-action alternative. For the non-use survey, the no-action alternative was defined as the
baseline (or current) dam operation condition. This baseline condition consisted of flows
ranging from 3,000 cubic feet per second (cfs) to 31,500 cfs between Easter and Labor Day
and from 1,000 cfs to 31,500 cfs between Labor Day and Easter. Given the similarities in
resource impacts for several of the alternatives and the depth of detail required to describe
them, the GCES Non-Use Value Committee recommended that only three main alternatives
be evaluated in the final study. These three alternatives included:

1. Moderate fluctuating flow alternative - featuring a moderate reduction in the
magnitude of the daily fluctuations;

2. Low fluctuating flow alternative - featuring large reductions in the magnitude
of the daily fluctuations; and

3. Seasonally adjusted steady flow alternative - providing steady flows on a
seasonally adjusted or monthly basis.

These three alternatives covered most of the range of alternative dam operations being
studied and were considered to include the set ofalternatives most likely to contain the
eventual preferred alternative. For more detailed information on alternative dam operations,
refer to the GCDEIS (U.S. Bureau of Reclamation, 1995).

4.1 EXPERIMENTAL DESIGN

The experimental design included seven versions of a mail questionnaire, two samples, and a
follow-up telephone interview with nonrespondents. Because any alternative water release
from Glen Canyon Dam would affect resources found in the Grand Canyon National Park,
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the sampling frame included all residents of the United States. Two separate random samples
were identified within this frame: a national sample and a marketing area sample. The
national sample consisted of residents of the United States. The marketing area sample was a
subset of the national sample consisting of households receiving power from the Salt Lake
City Area Integrated Projects (SLCA/IP). There were two primary differences between
surveys administered to the marketing area sample and those administered to the national
sample. First, the surveys differed in the payment vehicle used to solicit non-use values in
the contingent valuation question between the national sample and the marketing area
sample. For the national·sample~ the·payment vehicle consisted of an annual payment in
increased taxes. For residents of the marketing area, increases in utility bills were used as a
payment vehicle. Surveys administered to each sample also differed in the description of
resources affected by the dam operation alternative. In the national sample, each survey
contained a description of the environmental and power cost impacts associated with a
particular dam operation alternative. In contrast, the marketing area surveys described only
the environmental impacts of the dam operation alternative.

Separate survey versions were designed in order to evaluate the three dam operation
alternatives chosen for detailed study. This resulted in a total of six survey versions (three
for the national sample and three for the marketing area sample).

One additional survey version was developed for the national sample. The purpose of this
version was to examine in more detail the effects on the study of including the impacts of
alternatives on power costs in the national sample versions.

Thus a total of seven versions of the Glen Canyon Studies non-use value mail questionnaire
were developed to be administered to two samples. Table 4-1 identifies the differences
between questionnaire versions.
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Table 4-1
Identification of Glen Canyon Studies Non-Use Mail Questionnaire Versions

Questionnaire Version

National Sample

Version 1

Version 2

Version 3

Version 4

Marketing Area Sample

Version 5

Version 6

Version 7

4.2 SAMPLING

Water Release Alternative

Moderate Fluctuating Flow

Low Fluctuating- Flow

Seasonally Adjusted Steady Flow

Seasonally Adjusted Steady Flow with Moderate
Flow Price Impacts to Power

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

The sampling frame included all residents of the United States. Two separate random
samples were identified within this frame: a national sample and a marketing area sample.
This design was chosen to reflect the values held by United States residents as well as values
held by the individuals who would be affected by changing power prices.

Both the national sample and the marketing area sample were purchased from Survey
Sampling, Inc. (SSI), an independent firm that specializes in maintaining national marketing
databases. A sample of 5,950 individuals was selected: 3,400 for the national sample and
2,550 for the marketing area sample (Table 4-2).

Prior to selecting a sample of households, SSI screens all samples to exclude nonresidential
addresses. The national sample was drawn from a list of total households where the number
of households was proportional to the number of households in each state, not from listed
households only, and supplemented with motor vehicle records and postal additions in states
which release such records. (Postal additions refer to address changes that are available on
postal tapes.) The marketing sample was drawn to be proportional to the total number of
households in a predetermined sample of ZIP code areas. As with the national sample, the
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marketing area sample was drawn from SSI's data base, supplemented with motor vehicle
records and postal additions where available.

All sample points were submitted to a "deduping" process in which all sample points were
compared to the sample used for the pilot test to ensure that there would be no overlap of
cases. This process is done by comparing the telephone numbers of each case. Since a :10rtion
of the sample purchased did not have telephone numbers (sample points from motor vehicle
records or postal additions), there is a very small possibility that there could be some overlap
between the two samples. However, given the size ofSS.I's data base and the total number of
households that exist, the likelihood of overlap between the pilot sample and the final sample
is remote.

Four of the seven questionnaire versions were administered to the national sample, and three
were administered to the marketing area sample. Each version was administered to 850
sample points.

An attempt was made to contact all nonrespondents to the mail survey via telephone. Thus,
the sample for the follow-up telephone survey consisted of the portion of national and
marketing area samples for which no final mail disposition had been reached. Interviews
were attempted with 1,708 individuals: 1,102 from the national sample and 606 from the
marketing area sample (Table 4-2).
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Table 4-2
Sample Sizes for the Glen Canyon Studies Mail Surveys

and Follow-up Telephone Interviews

Sample Size

Questionnaire Version Mail Survey Telephone Survey

National Sample

Moderate Fluctuating Flow (Version 1) 850 286

Low Fluctuating Flow (Version 2) 850 267

Seasonally Adjusted Steady Flow (Version 3) 850 272

Seasonally Adjusted Steady Flow with Moderate
Flow Price Impacts (\'crsion 4) 850 277

Total 3,400 1,102

Marketing Area Sample

Moderate Fluctuating Flow (Version 5) 850 207

Low Fluctuating Flow (Version 6) 850 205

Seasonally Adjusted Steady Flow (Version 7) 850 194

Total 2,550 606

Overall Total 5,950 1,708

4.3 SURVEY IMPLEMENTATION PROCEDURES

Mail questionnaires were administered using the Dillman (1978) method, which included the
following procedures:

1. An advance, introductory letter on U.S. Bureau of Reclamation letterhead,
signed by the GCES manager was sent via U.S. first class mail. The letter
explained the study and advised that a questionnaire would be sent within the
week.
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2. A survey package containing a copy of the questionnaire, background
information materials, a cover letter on U.S. Bureau of Reclamation
letterhead, a stamped return envelope, and a $3 cash incentive was mailed via
U.S. first class mail.

3. A thank you/reminder postcard was sent to all respondents, thanking those
who had already responded to the survey and encouraging those who had not
responded to please do so. This mailing was sent first class through the U.S.
postal service.

4. A second survey package containing a second copy of the questionnaire and
background materials, a different cover letter, and a stamped return envelope,
was sent using U.S. first class mail.

5. A third survey package was delivered via certified mail. This package also
contained a copy of the questionnaire and background materials, a different
cover letter, and a stamped return envelope.

The mail survey implementation began in October 1994 and was concluded in early January
1995. All mail survey versions were administered concurrently.

Follow-up telephone interviewing began on January 19, 1995, four weeks after the final
survey mailing. Telephone interviews were attempted for all nonrespondents for whom
telephone numbers could be obtained. All telephone interviews were conducted by
experienced interviewers using Computer Assisted Telephone Interviewing (CATI) software
at an in-house telephone laboratory.

A complete description of mail and telephone survey materials can be found in Appendix E.

4.4 DATA PROCESSING

The disposition of all mail questionnaires was entered into a tracking database. The
categories consisted of a completed questionnaire, an undeliverable questionnaire, a deceased
individual, or a refusal. Completed questionnaires went through three stages of data
processing: editing, data entry, and cleaning. Completed questionnaires were coded and
prepared for data entry by data editors. Open-ended responses were coded, missing data were
checked, and all fields were checked to ensure that invalid codes were not included. Missing
data were studied to determine if the correct skip patterns had been followed. After editing,
data entry personnel entered the completed questionnaires into an SPSS database. All data
were subjected to 100 percent verification. All verified data were subject to a cleaning
process. Data cleaning was carried out using a series of computer programs that identify out-
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of-range data points for each variable and cross-check related questions. A survey research
supervisor also inspected missing data for each of the survey variables.

All responses to the telephone survey were directly entered into computer files as the
interview was carried out. Upon completion of the telephone survey, the CATI system was
used to clean the data. A data editor reviewed each completed interview, provided response
codes to open-ended questions, and conducted consistency checks. Upon completion of the
cleaning and coding process, the data were exported from the CATI system and imported to
an SPSS data file.

4.5 RESPONSE RATES

Response rates for completed mail surveys are calculated as a percentage of deliverable
questionnaires. The study achieved a response rate of 66 percent for the national sample, and
75 percent for the marketing area sample (Table 4-3).

Response rates to the telephone survey of nonrespondents are shown in Table 4-4. Telephone
interviews were completed with 35 percent ofnonrespondents from the national sample, and
with 46 percent of nonrespondents to the marketing area sample.

Finally, Table 4-5 shows an overall response rate for the entire study. A combined response
rate for the mail and telephone surveys shows that data was collected from 74 percent of the
national sample and 83 percent of the marketing area sample who could be contacted.
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Table 4-3
Glen Canyon Studies Non-Use Mail Survey Response Rates

Out of Completed
Sample Size Scope3 Surveys

Response
Rateb

National Sample

Moderate Fluctuating Flow (Version 1) 850 188 426 64%

Low Fluctuating Flow (Version 2) 850 202 431 66%

Seasonally Adjusted Steady Flow
(Version 3) 850 196 439 67%

Seasonally Adjusted Steady Flow
with Moderate Flow Price Impacts
(Version 4) 850 J2.Q 432 65%

Total 3,400 776 1,728 66%

Marketing Area Sample

Moderate Fluctuating Flow (Version 5) 850 219 467 74%

Low Fluctuating Flow (Version 6) 850 226 467 75%

Seasonally Adjusted Steady Flow
(Version 7) 850 200 489 75%

Total 2,550 645 1,423 75%

a

b
Includes cases where the addressee was deceased or the survey materials were returned as undeliverable.
Calculated as a percentage of deliverable questionnaires (sample size minus out-of-scope cases).
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Table 4-4
Glen Canyon Studies Non-Use Telephone Survey Response Rates

Sample
Size

Out of
Sample3

Withdrawn
from

Sampleb
Completed
Interviews

Response
RateC

National Sample

Moderate Fluctuating Flow
(Version 1) 286 90 9 66 35%

Low Fluctuating Flow
(Version 2) 267 92 6 53 31%

Seasonally Adjusted Steady
Flow (Version 3) 272 79 9 69 38%

Seasonally Adjusted Steady
Flow with Moderate Flow
Price Impacts (Version 4) 277 80 J1 63 34%

Total 1,102 341 38 251 35%

Marketing Area Sample

Moderate Fluctuating Flow
(Version 5) 207 57 7 62 43%

Low Fluctuating Flow
(Version 6) 205 63 7 58 43%

Seasonally Adjusted Steady
Flow (Version 7) 194 42 --.Q 74 51%

Total 606 162 20 194 46%

a Includes disconnected, no listing available, wrong phone numbers, and cases where the identified
respondent was unavailable for the study duration, unable to participate due to physical or mental
impairment, deceased, or had moved.

b Includes cases pulled from the telephone survey sample before a final disposition was reached because a
mail questionnaire was received during implementation of the telephone survey.
Calculated as a percentage of available (reachable) respondents.
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Table 4-5
Glen Canyon Studies Non-Use Survey Response Rates for the

Mail and Telephone Surveys Combined

Out of Completed
Sample Size Scopea Surveys

Response
Rateb

National Sample

Moderate fluctuating flow 850 197 480 74%

Low fluctuating flow 850 211 472 74%

Seasonally adjusted steady flow 850 198 491 75%

Seasonally adjusted steady flow
with moderate fluctuating flow
impact costs to power 850 196 485 74%

Total 3,400 802 1,928 74%

Marketing Area Sample

Moderate fluctuating flow 850 224 521 83%

Low fluctuating flow 850 233 508 82%

Seasonally adjusted steady flow 850 207 543 84%

Total 2,550 664 1,572 83%

a Includes cases identified as out of scope in either the mail or the telephone survey.
b Calculated as a percentage of deliverable questionnaires (sample size minus out of scope).
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CHAPTERS

RESULTS

In the analyses that follow, percentages are calculated to represent all cases for which data
exist for the variable being reported. The number of valid cases, shown in parentheses in
most tables, excludes cases with user-missing codes (where respondents did not answer a
given question): .

5.1 BACKGROUND CHARACTERISTICS OF RESPONDENTS

Selected socioeconomic characteristics were collected in both the mail and telephone surveys
and then compared across the two surveys. Characteristics included the respondent's age,
sex, and education, as well as household size and 1993 household income. Results are
reported in Table 5-1 and discussed below.

Some differences were observed between mail survey respondents in the national sample and
mail survey respondents in the marketing area sample. Mail survey respondents in the
national sample averaged 49 years of age, whereas respondents from the marketing area
sample were slightly older, averaging 52 years of age. In both samples, just over half of the
respondents to the mail survey were male (54 percent in the national sample versus 57
percent in the marketing area sample). Average education of mail survey respondents also
differed between samples, with respondents from the national sample reporting a slightly
higher educational level than respondents from the marketing area. Household size in the
national sample averaged 2.69 people per household. In contrast, household size for
marketing area respondents was significantly higher, averaging 2.85 people per household.
Respondents in the national and marketing area samples also differed in average household
income. National-sample respondents reported an average household income of
approximately $43,400, whereas respondents from the marketing area had an average
household income of approximately $39,000. 1

Fewer differences existed between the two samples in the telephone survey. In fact, the only
socioeconomic characteristic that differed was the percent of respondents who were male.

Note that age and income figures reported for the national sample are higher than those
reported for the u.s. population by the Census Bureau. This result is an artifact of sampling
that cannot be avoided. As a consequence, even with high quality samples such as those
purchased for this study, some groups will be under represented. For a more in-depth
comparison of sample demographics with U.S. Census data, see Appendix D .
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Telephone survey results for the national sample show that 44 percent of respondents were
male in comparison to 53 percent in the marketing area sample. Although the average age of
respondents was lower in the national sample than in the marketing area sample (46 years
versus 49 years, respectively), this difference was not significant.

Comparing the national sample mail survey responderts to telephone survey respondents
shows that on average telephone survey respondents were younger, more likely to be female,
and more likely to have a lower education level. In contrast, national respondents did not
differ significantlywith respect to average household size, (2.69 pe0ple in the mail survey
versus 2.74 people in the telephone survey) or average household income ($43,460 versus
$41,797). Marketing area sample respondents also differed between the mail and telephone
surveys with respect to average age and education. Telephone survey marketing area
respondents were slightly younger and had less education in comparison to mail survey
respondents. However, the percent of male respondents did not differ significantly between
the survey types, nor did household size or income.
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Table 5-1
Socioeconomic Characteristics of Mail and Telephone Survey Respondents

Mail Survey Telephone Survey
National Marketing National Marketing
Sample Area Sample Sample Area Sample

Average Age (years)8,c,d 49 52 46 49
(1,630) (1,353) (243) (189)

Percent Maleb,c 54% 57% 44% 53%
(1,647) (1,361) (247) (193)

Average Education8,C,d
Less than 8 years 2% 3% 6% 4%
Some high school 5 4 9 5
High school graduate 20 19 27 28
Some college or technical school 27 32 26 31
College or technical school graduate 27 25 20 19
Post graduate work ~ -.lZ -ll ..-ll

100% 100% 100% 100%
(1,642) (1,353) (243) (191)

Average Household Sizea 2.69 people 2.85 people 2.74 people 2.94 people
(1,535) (1,258) (245) (193)

Average 1993 Household Incomea $43,460 $39,180 $41,797 $36,918
(1,540) (1,292) (217) (176)

a Significant differences exist between the national sample and the marketing area sample in the mail survey.
b Significant differences exist between the national sample and the marketing area sample in the telephone

interview.
Significant differences exist between the mail survey and the telephone interviews in the national sample.

d Significant differences exist between the mail survey and the telephone interview in the marketing area
sample.

( ) Numbers in parentheses indicate the number ofvalid cases.

Both the mail and the telephone surveys included several questions that addressed
respondents' familiarity with Glen Canyon Dam and Grand Canyon National Park. First,
respondents were asked if they had ever visited Glen Canyon Dam and whether they had
heard of the dam prior to receiving the questionnaire (Table 5-2). In both surveys, marketing
area respondents were more likely than national respondents to have either visited the dam or
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heard of it. Only 11 percent of mail survey respondents from the national sample reported
they had visited Glen Canyon Dam, and less than 30 percent said they had heard of it prior to
receiving the survey. In contrast, 45 percent of mail survey respondents from the marketing
area sample said they had visited the dam, and 72 percent had heard of the dam.

Results from the telephone interviews also show that a higher percentage of respondents
from the marketing area sample had heard of, or visited, the Glen Canyon Dam compared to
the national telephone sample. Only seven percent of the telephone survey respondents from
the national sample reported they-had-visited Glen Canyon Dam compared to 23 percent of
respondents from the marketing area sample. When asked if they had heard of the dam
before receiving the survey, 25 percent of national sample respondents said yes in contrast to
54 percent of marketing area respondents.

Table 5-2
Visitation of Glen Canyon Dam

Mail Survey
National Marketing
Sample Area Sample

Telephone Survey
National Marketing
Sample Area Sample

Visited Glen Canyon Dama,b,c,d

Heard of Glen Canyon Dam
before receiving the surveya,b,d

11%
(1,661)

29%
(1,652)

45%
(1,351)

72%
(1,351)

7%
(246)

25%
(246)

23%
(192)

54%
(192)

a Significant differences exist between the national sample and the marketing area sample in the mail survey.
b Significant differences exist between the national sample and the marketing area sample in the telephone

inten-jew.
Signiticant differences exist between the mail survey and the telephone interviews in the national sample.

d Significant differences exist between the mail survey and the telephone interview in the marketing area
sample.

( ) Numb'Ts in parentheses indicate the number ofvalid cases.

Regardless of sample, higher percentages of mail survey respondents reported having visited
the dam in comparison with the telephone survey respondents. This result could indicate that
for mail survey nonrespondents (telephone survey respondents), the survey topic was less
salient than for mail survey respondents. This salience could be one factor that influenced
survey response rates.
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A similar set of questions was asked about Grand Canyon National Park. For the mail
survey, comparison of the national and marketing area samples shows that respondents in
the national sample were less likely to have visited Grand Canyon National Park than
respondents from the marketing area sample (Table 5-3). Only 34 percent of respondents in
the national sample reported they had visited the park compared to 66 percent of respondents
from the marketing area. This is not surprising given that the marketing area respondents are
geographically closer to the park than the majority of the national respondents. Among the
mail survey respondents who had visited the park, the percentage who saw the Colorado
River or went down to the river did not differ significantly between national and marketing
area samples: 92 percent of mail survey respondents in both samples said they saw the
Colorado River while at the park. Substantially fewer respondents in either sample reported
going down to the river.

When asked about their expected likelihood of visiting Grand Canyon National Park in the
future, approximately one-third of the national mail survey sample said it was not at all
likely or was somewhat unlikely. The remainder were divided between being somewhat
likely (35 percent) or very likely (34 percent) to visit it. In comparison, respondents from the
marketing area were significantly more likely to say they will visit the park in the future: 80
percent of respondents from this sample said they were either somewhat or very likely to
visit Grand Canyon National Park in the future.
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Table 5-3
Visitation of Grand Canyon National Park

Mail Survey Telephone Survey
National Marketing
Sample Area Sample

National Marketing
Sample Area Sample

Visited Grand Canyon National Parka,b,c,d

Saw the Colorado River while in
Grand Canyon National Parkb,c

Went down to the Colorado River while
in Grand Canyon National Parkd

Expected likelihood ofvisiting Grand
Canyon National Park in the futures,b,c,d

34%
(1,638)

92%
(553)

19%
(510)

66%
(1,354)

92%
(884)

22%
(819)

18% 41%
(246) (192)

80% 92%
(45) (78)

14% 12%
(36) (72)

Not at all likely
Somewhat unlikely
Somewhat likely
Very likely

16%
15
35
34

(1,635)

9%
11
34
46

(1,353)

34%
14
36
16

(244)

29%
10
33
28

(189)

a Significant differences exist between the national sample and the marketing area sample in the mail survey_
b Significant differences exist between the national sample and the marketing area sample in the telephone

interview.
Significant differences exist between the mail survey and the telephone interviews in the national sample.

d Significant differences exist between the mail survey and the telephone interview in the marketing area
sample.

( ) Numbers in parentheses indicate the number of"alid cases.

Results to the telephone survey show a similar pattern: A higher percentage of marketing
area respondents report having visited the park than national sample respondents. However,
the percentages for most of these questions were substantially lower than for the mail survey.
Of the telephone survey respondents who had visited the park, 80 percent from the national
sample and 92 percent from the marketing area sample said they saw the Colorado River
while at the park. Less than 15 percent of either sample reported going down to the river.
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The self-reported likelihood of visiting Grand Canyon National Park in the future followed a
pattern similar to the mail survey. National telephone respondents are less likely to visit the
park than those from the marketing area. National respondents were almost evenly split
between being not likely to visit the park in the near future (34 percent "not at all likely" and
14 percent "somewhat unlikely) and likely to visit (36 percent "somewhat likely" and 16
percent "very likely"). A similar split existed in the marketing area sample: 39 percent said
they are not at all or somewhat unlikely to visit the park in the future, and 61 percent said
they were somewhat or very likely to visit it. Overall, these results suggest that respondents
who reside nearer to Grand Canyon National Park are more likely to have visited it in the
past and are more likely to visit it in the future.

Attitudinal and belief differences between the two types of surveys and the two types of
samples were also examined. It was hypothesized that the attitudes that people hold affect
their willingness-to pay.

The mail survey instruments included a total of 46 attitude and belief items. These items
measured attitudes toward the environment, trade-offs between economic issues and the
environment, national parks, Native Americans, and hydroelectric power. Respondents were
asked whether they agreed or disagreed with each attitude statement using a scale of 1 to 5,
where 1 meant strongly agree and 5 meant strongly disagree. The distribution of responses to
these items is shown In the appendices. Time constraints in the telephone survey prevented
the inclusion of all 46 attitudinal and belief items from the mail survey. However, 19 of the
attitude items were mcluded in the telephone survey. Factor analysis is used to identify a
number of factors that represent relationships between groups of related variables, such as
the attitude items included here Factor analysis was used to aggregate these 19 items from
both surveys into 5 factors Factor loadings provide a measure of how heavily each attitude
item contributes to the 0\ erall factor score (Table 5-4). Attitude items with factor loadings
greater than 0.60 arc conSIdered to be the most influential items contributing to the factor
score, and these attitude Items are referred to for deriving explanatory labels for the factors.
The five factors that were identified include: impacts of human intervention on nature,
economic security, limits to growth, human ingenuity will ensure balance, and human
dominance over nature
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Table 5-4
Factor loadings for attitude statements used in factor analysis

Factor 1 Factor 2 Factor 3 Factor 4
Impacts of human Economic Limits to Human ingenuity

intervention on nature security growth will insure balance

Factor 5
Human dominance

over nature

When humans interfere with nature,
it often produces disastrous consequences

The balance of nature is very delicate
and easily upset.

If things continue on their present course,
we will soon experience a major ecological
catastrophe.

Humans are severely abusing the environment.

Plants and animals have just as much right
as humans to exist.

Despite our special abilities, humans are still
subject to the laws of nature.

.70725

.67526

.66676

.66303

.59958

.54960

-.01213

-.13834

-.12286

-.11003

-.20075

-.17622

.08691

.16032

.18103

.15319

.03649

-.06756

-.17461

-.00832

.01435

-.03096

.13781

-.28471

-.13564

-.08305

-.16856

-.07308

-.33425

.43616

(Continued)

"
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Table 5-4
Factor loadings for attitude statements used in factor analysis (Continued)

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Impacts of human Economic Limits to Hwnan ingenuity Hwnan dominance

intervention on nature security growth will insure balance over nature

If business is forced to spend a lot of money -.18189 .70266 -.00587 .05908 .03529
on environmental protection, it won't be able to
invest in research and development to keep us
competitive in the international market

The decision to develop resources should be -.25300 .68206 -.08831 .17278 .13007
based mostly on economic grounds rather than
environmental or archeological grounds.

Economic security and well-being should be -.06704 .67120 -.09893 .13315 .06640
considered first, then we can worry about
environmental problems.

Some pollution is inevitable if we are going .03025 .63347 -.02762 -.01126 .07527
to continue to improve our standard of living.

The so-called ecological crises facing humankind -.37544 .45750 -.24539 .12213 .27374
has been greatly exaggerated.

The balance of nature is strong enough to cope -.26556 .42551 -.32269 .34084 .16267
with the impacts of modern industrial nations.

(Continued)
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Table 5-4
Factor loadings for attitude statements used in factor analysis (Continued)

Factor I Factor 2 Factor 3 Factor 4 Factor 5
IlI1l'a~ts of hUlIlan Ecollomic Limits to Hwnan ingenuity Human dominance

inlcn'cnljon on Ilahuc s~~urity growth will insure balance over nature

The earth is like a spaceship with very limited J1727 -07844 .80195 .01377 .02462
room and resources.

We are approaching the limit of the number ,32131 -.01760 .77736 .04217 -.04968
of the people the earth can support.

The earth has plenty of natural resources, .17046 .25478 -.61498 .34287 .14653
if we just learn how to develop them.

Humans will eventually learn enough about -.01900 .05749 .03451 .81147 .03782
how nature works to be able to control it.

Human ingenuity will ensure that we do not -.06821 .19476 -.12949 .66908 .16488
make the earth unlivable.

Humans were meant to rule the rest of nature. -.29391 .18148 -.10946 .16806 .68549

Humans have the right to modify the -.28098 .24396 .00557 .22323 .67654
natural environment to suit their needs.

"
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The average responses to attitude and belief items that were most influential (items that
loaded heavily) in the factor analysis are shown in Table 5-5. Responses to the mail survey
show that the opinions of the respondents in the national sample differ significantly from
those in the marketing area sample for many of the statements shown. However, these
differences are not from completely opposite ends of the scale. For example, the results do
not show that one sample "strongly agreed" with a statement while another "strongly
disagreed." Instead, it appears that both samples have similar attitudes but of differing
intensity. Likewise, the differences observed between samples for the telephone survey are
not extreme. That is, the average scores do not reveal polar differences in opinions between
the two samples.
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Table 5-5
Mean Response to Attitude Questions Included in Factors'"

Mail Survey Telephone Survey
National Marketing National Marketing
Sample Area Sample Sample Area Sample

Factor 1: Impacts of human intervention on nature

When humans interfere with nature,
it often produces disastrous ..

2.08 2.21 2.13 2.24consequences.a

(1,654) (1,346) (239) (187)

The balance ofnature is very delicate
and easily upset.a 1.89 2.00 1.87 1.86

(1,648) (1,352) (237) (189)

If things continue on their present
course, we will soon expenence a
major ecological catastrophe.a,c,d 2.58 2.70 2.35 2.42

(1,649) (1,350) (235) (186)

Plants and animals have as much
right as humans to exist.a,c 1.07 2.19 1.78 2.00

(1,652) (1,348) (243) (189)

Humans are severely abusing the
environment.a 2.10 2.19 2.02 2.14

(1,656) (1,349) (242) (188)

Factor 2: Economic security

Economic security and well-being
should be considered first; then we can
worry about environmental problems.8,c 3.62 3.48 3.44 3.41

(1,656) (1,372) (241) (187)

Ifbusiness is forced to sfend a lot of
money on environmenta protection, it
won't be able to invest in research and
development to keep us competitive in
the international market.8,C 3.46 3.30 3.11 3.18

(1,658) (1,360) (230) (188)

Some pollution is inevitable if we are
going to improve our standard ofliving.c 2.79 2.80 2.56 2.67

(1,657) (1,367) (237) (186)

The decision to develop resources
should be based mostly on economic
grounds rather than environmental or
archeological grounds.8 ,c,d 3.79 3.64 3.55 3.44

(1,653) (1,363) (232) (186)

(Continued)

------------- Hagler Bailly Consulting



RESULTS ~ 5-13

Table 5-5
Mean Response to Attitude Questions Included in Factors* (Continued)

Mail Survey
National Marketing
Sample Area Sample

Telephone Survey
National Marketing
Sample Area Sample

Factor 3: Limits to growth

We are approaching the limito£the. .
number ofpeople the earth can support. 2.73

(1,650)
2.78

(1,350)
2.66
(232)

2.61
(185)

The earth is like a spaceship with very
limited room and resources.d 2.60

(1,646)
2.64

(1,345)
2.61
(237)

2.37
(185)

3.49
(1,655)

Factor 4: Human ingenuity will ensure balance

Humans will eventually learn enough
about how nature works to be able to
control it.d 3.58

(1,352)
3.31
(244)

3.21
(188)

Human ingenuity will ensure that we
do not make the earth unlivable.b,d

Factor 5: Human dominance over nature

Humans have the right to modify the
natural environment to suit their needs.

Humans were meant to rule the rest
ofnature.

3.03
(1,649)

3.61
(1,652)

3.91
(1,650)

3.09
(1,338)

3.51
(1,352)

3.77
(1,348)

2.92
(235)

3.43
(237)

3.78
(242)

2.63
(186)

3.34
(188)

3.76
(186)

* Ratings represent the average response based on a 5-point scale where I meant strongly agree and 5 meant
strongly disagree.
Significant differences exist between the national sample and the marketing area sample in the mail survey.

b Significant differences exist between the national sample and the marketing area sample in the telephone
interview.
Significant differences exist between the mail survey and the telephone interviews in the national sample.

d Significant differences exist between the mail survey and the telephone interview in the marketing area
sample.

( ) Numbers in parentheses indicate the number ofvalid cases.
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Factor scores were calculated for each respondent. Factor analysis uses a standardized
regression-like procedure to predict factor scores for each observation. For this study, factor
scores were created using an orthogonal rotation to eliminate multicollinearity between
factor scores. Scores range from +1 to -1. Mean scores for orthogonally rotated factors are
shown in Table 5-6. The predicted sign of the coefficient for each factor in subsequent
discrete choice models on willingness to pay is also shown. Factors 2, 4, and 5 were expected
to show a positive effect on willingness-to-pay, while Factors 1 and 3 were expected to show
a negative effect. Another way to view these results is to consider that for Factors 1 and 3,
lower factor scores indicate attitudes that favor the environment oyer economic development.
For Factors 2, 4, and 5, higher values indicate attitudes that favor economic development
over the environment. In many cases, the mean factor scores reported in Table 5-6 suggests
that nonrespondents to the mail survey expressed attitudes that are less favorable toward the
environment than did the respondents to the mail survey.

Table 5-6
Mean Factor Scores Calculated for Combined Mail and Telephone Survey Data

Factor (predicted sign)

Factor 1 (_)a,b

Factor 2 (+)a,b

Factor 3 (-)

Factor 4 (+)a,b

Factor 5 (+)a

Mail Survey Telephone Survey
National Marketing National Marketing
Sample Area Sample Sample Area Sample

-.0193 .0914 -.3106 -.1621
(1,545) (1,257) . (208) (173)

.1111 .0155 -.5873 -.5306
(1,545) (1,257) (208) (173)

-.0035 -.0013 .0630 -.0413
(1,545) (1,257) (208) (173)

-.0264 .0978 -.1712 -.3644
(1,545) (1,257) (208) (173)

.0482 -.0830 .1484 .0153
(1,545) (1,257) (208) (173)

Significant differences exist between the national sample and the marketing area sample in the mail survey.
b Significant differences exist between the mail survey and the telephone interviews in the national sample.
( ) Numbers in parentheses indicate the number ofvalid cases.

------------- Hagler Bailly Consulting -------------



RESULTS ~ 5-15

5.2 RESPONDENTS' UNDERSTANDING OF THE BACKGROUND INFORMATION

The complexity of the contingent valuation scenarios required a substantial amount of
information be conveyed to the survey respondent. Prior to completing the survey booklet,
respondents were asked to review a background information packet. The background
information packet described the study area, the resources in the study, the current status of
these resources; concerns about these resources and a discussi'On of how these concerns could
be addressed by changing the operations of Glen Canyon Dam. Because of the amount of
information contained in the background material there was some concern that survey
respondents would not read or be able to comprehend these materials.

To address this issue, the survey booklet began with a series of true or false questions. The
series included a total of 16 statements that referred to facts presented in the background
materials. Respondents were asked to indicate whether the statements were correct (true) or
not (false). The statements and the percentages of correct responses to them are shown in
Table 5-7. Although the statements are grouped by topic in Table 5-7, in the surveys they
appeared in a random order.

Results of the "quiz" lend confidence to the conclusion that, overall, respondents not only
read the background materials, but understood them as well. With only one exception, 90
percent or more of all respondents correctly answered the quiz questions pertaining to
beaches along the river. Responses to quiz questions about fish showed similar results: 85
percent or more of all respondents were able to correctly indicate whether these questions
were true or false. Three of the statements addressed issues concerning the effects of
fluctuating flows on Native American or cultural sites along the river. Like the other
categories, almost all respondents were able to correctly answer these questions.

Finally, three additional statements were included in the quiz to address (1) present in-stream
flow conditions, (2) the definition of the study area, and (3) the effects of reducing
fluctuations on the production of hydroelectricity. The majority of respondents were again
able to correctly indicate whether the statements addressing these issues were true or false.
Nearly all respondents (93 percent in the national sample and 95 percent in the marketing
area sample) correctly indicated that water levels are not constant throughout the day under
current dam operations. Most respondents correctly said that the study area consists only of
the area in and along the Colorado River between Glen Canyon Dam and Lake Mead (88
percent in the national sample and 89 percent in the marketing area sample). Finally, the quiz
question describing the effects of reducing fluctuations on production of hydro electricity
was also answered correctly by a majority of respondents in both samples, although the
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percentage of correct responses was somewhat lower than for the other questions (68 percent
and 71 percent for the national and marketing area samples, respectively).

Overall, it is clear from the quiz results that most respondents read the background materials
prior to beginning the survey and understood the issues described. Almost all respondents
answered the quiz questions correctly: only one question was answered correctly by less than
85 percent of respondents.

To provide a more comprehensive .picture,of respGndents',·grasp.of the issues, a quiz score
was calculated for each respondent. Scores were calculated by summing the number of
correct responses to the quiz questions, dividing by the total number of questions
(statements), and multiplying by 100. Item nonresponse was considered to represent an
incorrect response. There were 35 cases where respondents did not answer any of the quiz
questions: these cases were not included in this analysis. Average quiz scores are shown in
Table 5-8 for each sample and by survey version. Results show the average quiz scores are
stable across both samples and survey versions. National sample respondents received an
average score of 89, while those in the marketing area achieved an average score of 90.
Looking at average scores by survey version shows similar results, with national sample
respondents ranging from 89 to 90 compared to 90 for marketing area respondents regardless
of survey version. This lack of fluctuation across survey versions was not unexpected,
because the quiz questions only addressed current conditions of the resources and all survey
versions contained identical descriptions of the current conditions.
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Table 5-7
Percent of Correct Responses to True or False Questions

Percent of Respondents

National Marketing
Sample Area Sample

Beaches

There are now many more beaches along the
Colorado River than there were 20 years ago.

The decrease in the number and size of beaches
is most severe along wide sections of the river.

None of the beaches along the river have vegetation.

Nearly all visitors to the Grand Canyon National Park
use the beaches along the river.

The shoreline in the study area consists only of beaches.

Vegetation on beaches provides habitat for birds
and other wildlife.

Fish

Native fish populations in the Colorado River have declined.

Trout are not native to the study area.

All native fish species have disappeared from the Grand Canyon.

Two of the native fish species are in danger ofextinction.

------------- Hagler Bailly Consulting

92% 92%
(1,673) (1,362)

86% 86%
(1,649) (1,336)

96%b 98%
(1,660) (1,357)

90%a 92%
(1,654) (1,365)

96% 96%
(1,605) (1,321)

98%b 99%
(1,634) (1,336)

96% 95%
(1,670) (1,364)

85% 86%
(1,662) (1,356)

96% 97%
(1,664) (1,358)

89% 91%
(1,630) (1,325)

(Continued)
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Table 5-7
Percent of Correct Responses to True or False Questions (Continued)

Percent of Respondents

National Marketing
Sample Area Sample

98%b 99%
(1,652) (1,365)

95% 96%
(1,662) (1,359)

95% 96%
(1,634) (1,324)

Archeological sites are not being affected by erosion.

American Indian traditional-use areas are affected by erosion.

Native American Sites

There are American Indian traditional-use areas and sacred sites
located along the Colorado River below Glen Canyon Dam.

Other Issues

Water levels are constant throughout the day. 93%b
(1,631)

95%
(1,327)

The Study Area consists only of the area in and along the
Colorado River between Glen Canyon Dam and Lake Mead. 88%

(1,612)
89%

(1,317)

Reducing daily fluctuations in the amount of water released from
the dam will reduce the total amount ofhydroelectricity produced. _ .. 68%a

(1,619)
71%

. (1,318)

b
Significant at a = 0.10.
Significant at a = 0.05.

() Numbers in parentheses is the number ofvalid cases.
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Table 5-8
Quiz Scores

National
Sample

Marketing
Area Sample

Overall average score 89% 90%
(1,679) (1,374)

Average Score by Survey Version

Moderate fluctuating flow (Versions 1, 5) 89% 90%
(416) (455)

Low fluctuating flow (Versions 2, 6) 89% 90%
(416) (441)

Seasonally adjusted steady flow (Versions 3, 7) 90% 90%
(423) (478)

Seasonally adjusted steady flow with moderate
fluctuating flow price impacts (Version 4) 90% NA

(424)

() Numbers in parentheses indicate the number ofvalid cases.
NA = Not applicable

5.3 SUPPORT OF DAM OPERATION ALTERNATIVES

After completing the quiz, survey respondents were presented with a proposal to change dam
operations. The proposal described how dam operations would be changed and the
consequences, or impacts, of these changes for downstream resources. Descriptions of the
environmental impacts were designed to be consistent with the ones used in the GCDEIS. In
the national sample, the consequences of the proposed change also included a description of
expected impacts to users of power produced at Glen Canyon Dam.
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Immediately following the description of the alternative, or proposal, respondents were
asked (Question 2) how they would vote on a proposal to change the operations of Glen
Canyon Dam if passage of the proposal cost them nothing ($0).

The first column in Table 5-9 shows the distribution of responses to alternative proposals at
no cost. In the national sample, the proportion of respondents who would support the no
cost proposal was lowest for the moderate fluctuating flow proposal (Version 1) and highest
for the low fluctuating flow proposal (Version 2). Support for the seasonally adjusted steady
flow proposal (Version 3) was lower than forthelowfluctuatingflo.w.proposal (Version 2).
Although Version 3 is more favorable than Version 2 for trout and native fish, it has much
higher price impacts to consumers of power produced at Glen Canyon Dam. Focus groups
conducted during the survey design process indicated that potential survey respondents
would be concerned about price impacts to power users (indeed, this result was an important
factor in the decision to include power impacts as part of the description of impacts). The
lower level of support for the Version 3 proposal might reflect a judgment by survey
respondents that the higher price impacts of Version 3 more than offset any additional
environmental gains.

This interpretation is further strengthened by the level of support shown for Version 4.
Version 4 contained a description of the environmental impacts of the seasonally adjusted
steady flow alternative but with the lower price consequences of the moderate and low
fluctuating flow alternatives. The proposal in Version 2 and the proposal in Version 4 differ
only in environmental consequences. Support for Versions 2 and 4 are virtually identical,
indicating that respondents found these two proposals equally acceptable.
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Table 5-9
Support of Water Release Alternatives

Yes, Would No, Would Would
Support the Not Support Choose

Survey Version Proposal at the Proposal not to Number
No Cost at No Cost Vote of Cases

National Sample

Moderate Fluctuating Flow 71%a 17% 12% 402
(Version 1)

Low Fluctuating Flow 83b 9 8 408
(Version 2)

Seasonally Adjusted Steady Flow 77C 12 11 414
(Version 3)

Seasonally Adjusted Steady Flow 81 b,c 9 10 411
with Moderate Flow Price Impacts
(Version 4)

Marketing Area Sample

Moderate Fluctuating Flow 76%a 17% 7% 434
(Version 5)

Low Fluctuating Flow 85b 8 7 437
(Version 6)

Seasonally Adjusted Steady Flow 85b 9 6 467
(Version 7)

a,b,c The percentages of "yes" responses were compared within the national and marketing area samples; they
were not compared between the two samples. Within the sample, percentages that share the same
superscript are not significantly different (Z < 1.64).

A similar support pattern can be observed in the marketing area sample. Support for the
proposal at no cost was lowest for the moderate fluctuating flow (Version 5) and
significantly higher for the low fluctuating and seasonally adjusted steady flows (Versions 6
and 7, respectively).

These results indicate that mail survey respondents were sensitive to the details contained in
the proposals, and that these details determined whether they would support the proposal at
no cost.
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5.4 CONSIDERATION OF BUDGET CONSTRAINTS AND CHANGES IN VOTES

All respondents voting in favor of a proposal at zero cost were asked how they would vote if
passage of the proposal increased their taxes (national sample) or utility bills (marketing area
sample) by a specified amount (Question 3). Figure 5-1 presents the wording for Question 3
in the national sample versions of the survey.

Figure 5-1
Willingness-to-Pay Question Format (NationaISample) .

The higher electric rates described earlier cannot make up for all the revenue lost as a
result of this proposal. Taxpayers would have to make up the difference. How would
you, as a taxpayer, vote on this proposal? As vou think about your answer. please
remember that if this propoc;al passes. you would have less money for household
expenses or to spend 00 other environmental issues.

3. Would you vote for this proposal if passage of the proposal would cost your household
$ __ in increased ta,,;es ~\'ery year for the foreseeable future? (CIRCLE ONE
NUlv1BER)

1 Definitel~ ~o

2 Probabl~' ~o

3 ~ot Sure
4 Probabl~ Y~s

5 Definilrl~' Yes

I would definitelv vote against the proposal.
I would probably vote against the proposal.
I am not sure if ~ would vote for the proposal.
I would probably vote for the proposal.
I would definitely vote for the proposal.

Responses to Question 3 by dollar amount are shown in Table 5-10 for both the national and
the marketing area samples. As expected, across all proposals, responses to the cost of the
proposal follow a general trend. The percentage of respondents voting "Definitely No"
increased as the cost of the proposal increased. Likewise, the percentage of respondents
voting "Definitely Yes" decreased as the cost of the proposal increased. For both the national
and marketing area samples, the percentages of respondents choosing the "Not Sure"
category fluctuated somewhat, tending to be highest in the middle dollar amounts ($60 to
$150) for the national sample and highest in the higher dollar amounts ($120 to $200) for the
marketing area sample.
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Members of the marketing area sample appeared to have more definite opinions about
whether they would support the proposal than the national sample. This was shown by the
lower percentages of the marketing area sample choosing the "Not Sure" category and the
correspondingly higher percentages choosing "Definitely Yes" or "Definitely No."

Table 5-10
Results of Initial Vote on Alternative Proposals by Dollar Values for

Respondents Who Supported a Change in Dam Operationsa

Annual Dollar Amount

$5 $15 $30 $60 $90 $120 $150 $200 Total

National Sample

Definitely no ·5% 4% 7% 12% 11% 19% 19% 19% 12%
Probably no 2 10 13 18 22 25 24 21 17
Not sure 12 10 16 20 22 16 21 17 17
Probably yes 44 47 41 35 33 26 28 31 35
Definitely yes .J1 2.2 21 J2 .l2 .H ~ .l2 ...l2

100% 100% 100% 100% 100% 100% 100% 100% 100%
(154) (164) (165) (157) (145) (175) (157) (149) (1,266)

Marketing Area Sample

Definitely no 4% 7% 9% 13% 20% 18% 22% 23% 14%
Probably no 4 8 11 13 22 18 27 27 16
Not sure 4 9 13 10 14 17 18 23 13
Probably yes 40 42 43 43 28 35 29 18 35
Definitely yes ..±a ~ 24 .2.l -lQ .l2 ---A ---2 22

100% 100% 100% 100% 100% 100% 100% 100% 100%
(145) (142) (127) (133) (129) (133) (133) (142) (1,084)

Reported results represent cases where respondents supported a change in dam operations. Percentages are
rounded to sum to 100 percent.

() Numbers in parentheses indicate the valid number of cases.

After voting on the proposal at a specific cost, respondents were asked to indicate the items
they would give up to pay for the proposal if it passed. The items most commonly cited by
members of both the national and marketing area samples included food and drink (for

------------ Hagler Bailly Consulting ------------



RESULTS ~ 5-24

example, take-out food, eating out, and "junk" food), entertainment (such as video rental,
cable T.V., subscriptions, and movies), recreation and hobbies, and clothing (Table 5-11).
Approximately 13 percent of the national sample and 12 percent of the marketing area
sample indicated that passage of the proposal would have no perceptible effect on their
expenditure patterns. No other categories were listed by more than IO percent of either
sample.

Table 5-11
Items That Would be Given Up to Pay for the Proposal if the Proposal Passeda,b

National Sample
Marketing

Area Sample

Food and drink
Entertainment
The stated amount would have no effect
Recreation and hobbies
Clothing
Needless items

30%
28
13
13
12
12

(1,107)

31%
26
12
13
12
7

(939)

b
Reported results represent cases where respondents supported a change in dam operations.
Percentages may sum to more than 100 percent because respondents could list more than one response.

() Numbers in parentheses indicate the valid number of cases.

Mter considering the impact to their budget if the proposal passed, respondents were asked if
they would like to change their vote on the proposal. Very few respondents chose to change
their vote (Table 5-12). Only six percent of the national sample respondents and five percent
of marketing area respondents elected to change their votes.
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Table 5-12
Percentage of Respondents Who Supported a Change in Dam Operations

but Elected to Change Their Initial Votes on Alternative Proposalsa

Annual Dollar Amount

Sample $5 $15 $30 $60 $90 $120 $150 $200 Total

National 3% 1% 6% 7% 4% 9% 8% 8% 6%
(153) (161) (164) (157) (142) (172) (156) (147) (1,252)

Marketing Area 2% 4% 7% 4% 5% 8% 6% 6% 5%
(141) (139) (124) (132) (127) (129) (133) (140) (1,065)

Reported results represent cases where respondents supported a change in dam operations and responded to
the initial vote question (Question 3).

() Numbers in parentheses indicate the valid number of cases on which the percentage is based.

Vote changes were observed in both directions. Mter considering the impacts to their
budgets, some respondents were more likely to vote in favor of the proposal while others
were less likely to vote in favor of the proposal (Tables 5-13, 5-14, and 5-15). However, in
both samples, the majority of respondents electing to change their vote changed it to be more
favorable to passage of the proposal (74 percent in the national sample and 69 percent in the
marketing area). (Given the small number of valid cases available for analysis, we emphasize
that these results should only be used for suggestive purposes.)
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Table 5-13
Initial and Changed Votes for Respondents Electing to Change
Their Initial Votes on Alternative Proposals by Dollar Values

for the National and Marketing Area Samplesa

Annual Dollar Amount

$5 $15 $30 $60 $90 $120 $150 $200 Total

National Sample

INITIAL VOTEb

Definitely no 25% 0% 0% 27% 0% 20% 8% 33% 17%
Probably no 0 50 22 46 33 66 17 25 35
Not sure 50 0 45 18 50 7 50 42 33
Probably yes 25 50 22 9 17 7 25 0 14
Definitely yes -.Q -.Q ..ll -.Q -.Q -.Q -.Q -.Q _1

100% 100% 100% 100% 100% 100% 100% 100% 100%
(4) (2) (9) (11 ) (6) (15) (12) (12) (71)

CHANGED VOTEc

Definitely no 0% 0% 14% 18% 0% 8% 9% 10% 9%
Probably no 25 50 29 18 0 15 8 0 14
Not sure 50 50 0 28 33 31 17 40 28
Probably yes 25 0 43 27 67 38 58 50 43
Definitely yes -.Q -.Q ..l4 --.2 -.Q ~ ~ -.Q .-Q

100% 100% 100% 100% 100% 100% 100% 100% 100%
(4) (2) (7) (11) (6) (13) (12) (10) (65)

Marketing Area Sample

INITIAL VOTEb

Definitely no 0% 20% 22% 50% 16% 40% 0% 22% 23%
Probably no 0 0 22 33 17 40 12 45 25
Not sure 0 60 56 0 67 10 50 33 36
Probably yes 100 0 0 17 0 10 38 0 14
Definitely yes -.Q 20 -.Q -.Q -.Q -.Q -.Q -.Q --2.

100% 100% 100% 100% 100% 100% 100% 100% 100%
(3) (5) (9) (6) (6) (10) (8) (9) (56)

(Continued)
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Table 5-13
Initial and Changed Votes for Respondents Electing to Change
Their Initial Votes on Alternative Proposals by Dollar Values
for the National and Marketing Area Samplesa (Continued)

Annual Dollar Amount

$5 $15 $30 $60 $90 $120 $150 $200 Total

CHANGED VOTEc

Definitely no
Probably no
Not sure
Probably yes
Definitely yes

0%
o
o
o

100
100%

(3)

0%
25
o

75

-.Q
100%

(4)

22%
34
11
33

-.J!
100%

(9)

40%
40
o
o

20
100%

(5)

0%
34
33
33

-.J!
100%

(6)

11%
34
33
22

-.J!
100%

(9)

13%
12
12
38

.12
100%

(8)

12%
25
25
38

-.J!
100%

(9)

13%
27
20
31

n
100%
(52)

b
Percentages are rounded to sum to 100 percent.
Reported results represent cases where respondents supported a change in dam operations and responded to
the initial vote question (Question 3), but elected to change their vote.
Reported results represent cases where respondents supported a change in dam operations, responded to the
initial vote (Question 3), and indicated what their changed vote would be.

( ) Numbers in parentheses indicate the valid number of cases.
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Table 5-14
Direction of Vote Changes for Respondents Electing to Change Their

Initial Votes on Alternative Proposals by Dollar Values for the National Samplea

Annual Dollar Amount
Initial Vote --->

Final Vote $5 $15 $30 $60 $90 $120 $150 $200 Total

Definitely no --->
Probably no 0% 0% 0% 0% 0% 15% 0% 0% 3%

Definitely no --->
Not sure 25 0 0 9 0 7 0 20 8

Definitely no --->
Probably yes 0 0 0 19 0 0 9 10 6

Probably no --->
Definitely no 0 0 0 18 0 8 8 0 6

Probably no --->
Not sure 0 50 0 18 16 23 0 20 14

Probably no --->
Probably yes 0 0 15 9 17 31 8 0 12

Not sure --->
Definitely no 0 0 14 0 0 0 0 10 3

Not sure --->
Probably no 25 0 14 18 -0 0 8 0 8

Not sure --->
Probably yes 25 0 29 0 50 8 42 40 25

Probably yes --->
Probably no 0 50 14 0 0 0 0 0 3

Probably yes --->
Not sure 25 0 0 0 17 0 17 0 6

Probably yes --->
Definitely yes ---.Q ---.Q ..H --.2. ---.Q ~ ~ ---.Q ~

100% 100% 100% 100% 100% 100% 100% 100% 100%
(4) (2) (7) (11) (6) (13) (12) (10) (65)

a Reported results represent cases where respondents supported a change in dam operations, responded to the
initial vote (Question 3), and indicated what their changed vote would be. Percentages are rounded to sum to
100 percent.

() Numbers in parentheses indicate the valid number of cases.
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Table 5-15
Direction of Vote Changes for Respondents Electing to Change Their Initial Votes

on Alternative Proposals by Dollar Values for the Marketing Area Sample3

Annual Dollar Amount
Initial Vote --->

Final Vote $5 $15 $30 $60 $90 $120 $150 $200 Total

Definitely no --->
Probably no 0% 0% 11% 40% 0% 23% 0% 13% 11%

Definitely no --->
Not sure 0 0 11 0 17 11 0 12 8

Definitely no --->
Probably yes 0 25 0 0 0 0 0 0 2

Probably no --->
Definitely no 0 0 22 40 0 11 0 12 12

Probably no --->
Not sure 0 0 0 0 17 11 13 13 8

Probably no --->
Probably yes 0 0 0 0 0 22 0 12 6

Not sure --->
Definitely no 0 0 0 0 0 0 12 0 2

Not sure --->
Probably no 0 25 22 0 33 11 0 13 13

Not sure --->
Probably yes 0 50 34 0 33 0 38 25 23

Probably yes --->
Probably no 0 0 0 0 0 0 12 0 2

Probably yes --->
Not sure 0 0 0 0 0 11 0 0 2

Probably yes --->
Definitely yes 100 --0. --0. 20 --0. --0. 25 --0. n

100% 100% 100% 100% 100% 100% 100% 100% 100%
(3) (4) (9) (5) (6) (9) (8) (8) (52)

a Reported results represent cases where respondents support a change in dam operations, responded to the
initial vote (Question 3), and indicated what their changed vote would be. Percentages are rounded to sum to
IOOpercent

() Numbers in parentheses indicate the valid number of cases.
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Regardless of the sample, the majority of respondents choosing to change their votes had
originally voted "Definitely No," "Probably No," or "Not Sure" (Table 5-14). No votes were
changed from "Defmitely No," "Probably No," or "Not Sure" to a "Definitely Yes." Only
respondents who had already voted "Probably Yes" changed their vote to "Definitely Yes."
For both samples, no respondent changed a "Definitely Yes" vote to another. (In each sample,
only one respondent chose to change from a "Defmitely Yes" vote to something else.
However, neither of these answered the subsequent question asking how their vote would
change.) Finally, a majority of respondents who originally voted "Not Sure" changed their
votes to "Probably Yes."

In summary, very few respondents chose to change their votes after consideration of their
budget constraints. Those changing their votes were slightly more likely to vote in favor of
the proposal. However, since the number of vote changes was small, subsequent analysis in
this report was based on the initial vote to the contingent valuation question.

5.5 RESPONDENT SELF-REpORTS ON DATA QUALITY

Some would argue that quality of responses to contingent valuation questions are improved to
the extent that respondents understand the valuation scenario and take the valuation task
seriously. Several questions in the survey were designed to collect data on the potential
quality of the data collected in the survey.

Quality of contingent valuation responses might be higher if respondents find the payment
vehicle to be credible. Payment vehicles differed between the national and marketing area
samples. For the national sample, taxes were used as the payment vehicle. In the marketing
area sample, utility bills were used as the payment vehicle. Following the contingent
valuation question in the survey, respondents.who voted to support the proposal at $0 cost
were asked whether they had believed their taxes (or utility bills) would increase if the
proposal passed (Figure 5-2).
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Figure 5-2
Payment Vehicle Questions

National Sample Survey:

7. Do you believe your taxes will increase if this proposal passes? (CIRCLE ONE
NUMBER)

1 No
2 Yes

Marketing Area Sample Survey:

7. Do your believe your utility bill will increase if this proposal passes? (CIRCLE ONE
NUMBER)

1 No
2 Yes

In both samples, the majority of respondents indicated they believed their taxes (or utility
bills) would have increased if the proposal had passed (Table 5-16). Fully 72 percent of the
national sample and 83 percent of the marketing area sample said they believed their bills
(tax or utility) would have increased if the proposal had passed. In the national sample,
across survey versions, the average percentage of respondents who believed their taxes would
have increased ranged from 70 to 75 percent. Respondents from the marketing area
apparently found the payment vehicle to be more believable than did respondents from the
national sample: 81 to 85 percent believed their utility bills would have increased.

------------ Hagler Bailly Consulting ------------



RESULTS ~ 5-32

Table 5-16
Believability of the Payment Vehiclea

Percent of Respondents
National Marketing
Sample Area Sample

All respondents 72% 83%
(1255) (1076)

Survey Versions

Moderate fluctuating flow (Versions 1,5) 75% 81%
(280) (328)

Low fluctuating flow (Versions 2,6) 70% 83%
(229) (299)

Seasonally adjusted fluctuating flow (Versions 3,7) 70% 85%
(221) (331)

Seasonally adjusted fluctuating flow with
moderate fluctuating flow price impacts (Version 4) 72% NA

(240)

a This question was asked only of respondents who supported a change in dam operations at zero cost.
e) Numbers in parentheses indicate the valid number of cases.
NA =not applicable

A second method of examining the validity of the payment vehicle is to determine whether
the selected vehicle is binding on the respondents. There has been some concern that
individuals might express a large willingness-to-pay when it is measured using a payment
vehicle that is not binding on the respondent. For example, in the marketing area, a
respondent might be willing to vote in favor of a change in dam operations regardless of the
impact to utility bills if they are not responsible for paying the utility bills.

To determine whether the payment vehicles were binding, respondents in the national sample
were asked whether they had taxes withheld from their 1993 earnings and whether they had
filed a 1993 federal income tax form. Marketing area survey versions contained questions
asking if respondents owned or rented their homes and whether they were responsible for
paying the utility bills.

Eighty-three percent of all national sample respondents reported paying taxes in 1993, and 93
percent reported filing a Federal income tax form (Table 5-17). This result suggests that for
the national sample, taxes represented a binding payment vehicle since nearly all these
respondents either paid taxes or filed a federal income tax form. Looking only at those
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national sample respondents who supported the proposal at zero cost shows slightly higher
percentages: 87 percent reported they paid taxes and 95 percent reported they filed federal
income tax forms in 1993. Responses from members of the marketing area sample shows
similar patterns. Almost all respondents either owned or rented their homes and paid utility
bills (85 percent and 98 percent, respectively). These results did not differ for marketing area
respondents who voted to support the proposal only at $0 cost.

Table 5-17
Binding Effects of the Payment Vehicle

Percent of Respondents
National Marketing
Sample Area Sample

All respondents

Taxes were withheld from 1993 earnings

Filed a 1993 federal income tax form

Own or rent residence

Responsible for paying utility bills

83%
(1,619)

93%
(1,620)

NA

NA

NA

NA

85%
(1,354)

98%
(1,357)

Respondents who support a change in dam operations at zero cost

Taxes were withheld from 1993 earnings 87% NA
(1,236)

Filed a 1993 federal income tax form

Own or rent residence

Responsible for paying utility bills

95%
(1,238)

NA

NA

NA

85%
(1,073)

98%
(1,075)

() Numbers in parentheses indicate the number of valid cases.
NA =not applicable
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All respondents were asked whether they felt public officials should consider study results in
deciding how Glen Canyon Dam should be operated, and whether they felt public officials
will consider the results in such decisions. Clearly, the majority of respondents feel study
results should be considered when deciding how Glen Canyon Dam should be operated in the
future (Table 5-18). In contrast, substantially fewer people feel the results actually will be
used. These results hold even when examining only the responses of the individuals who
supported a change in dam operations.

Table 5-18
Respondent Opinions on the Use of Study Results in

Future Decisions About the Operation of Glen Canyon Dam

Percent of Respondents
National Marketing
Sample Area Sample

All respondents

Public officials should consider study results
in deciding how Glen Canyon Dam
should be operated in the future.

Believe public officials will consider study
results in deciding how Glen Canyon Dam
will be operated in the future.

95%
(1,646)

61%
(1,633)

95%
(1,337)

58%
(1,331)

Respondents who support a change in dam operations

Public officials should consider study results
in deciding how Glen Canyon Dam should
be operated in the future. 97%

(1,262)
96%

(1,071)

Believe public officials will consider study
results in deciding how Glen Canyon Dam
will be operated in the future. 63%

(1,250)
59%

(1,065)

() Numbers in parentheses indicate the number of valid cases.
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In summary, respondents generally believed they would have to pay if the proposal was
passed. The payment vehicle appeared to be binding on nearly all respondents. Respondents
felt that the results of the survey should be considered by public officials when making
decisions about the operation of Glen Canyon Dam. Taken together, these results suggest that
respondents took the valuation exercise seriously and felt their responses provided valuable
information that should be considered in the decision-making process, even though they were
not confident that results would be used.

5.6 DISCRETE CHOICE MODELS OF WILLINGNESS-TO-PAY

Responses to Question 3 (Figure 5-1) were evaluated using two different approaches. In the
first approach, respondents choosing the "Definitely Yes" category in Question 3 were
considered to have voted "YES." Respondents choosing the "Definitely No," "Probably No,"
"Unsure," and "Probably Yes" categories were classified as having voted against the proposal
("NO"). Under the second approach, respondents choosing either the "Definitely Yes" or the
"Probably Yes" category were considered to have voted in favor of the proposal and those
choosing "Unsure," "Probably No," and "Definitely No" were considered to have voted
against the proposal.

Question 3 data were analyzed using a discrete choice model based on a logistic cumulative
density function:

Eq. (1) prob (vote in favor) =(l + exp - D. Xyl

In Equation 1, X represents a vector of explanatory variables and prepresents the parameters
to be estimated.

For this study, the logistic regression model estimated the probability that a respondent would
vote in favor of a proposal as a function of several variables. These variables reflect the
perceived reality and validity of the valuation process, and respondents' understanding of the
critical features of the proposal. Also included was a dummy variable reflecting which
proposal was being evaluated, a series of environmental attitude items, respondent education
and income, and the cost to the respondent if the proposal were to pass. Cases with missing
data for any variable included in the model were excluded from this analysis. Results are
presented in Table 5-19 for the models used with the national sample, and in Table 5-20 for
the marketing area. Variable definitions are found in Table 5-21.
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Positive coefficients in Tables 5-19 and 5-20 indicate that respondents are more likely to vote
in favor of a proposal when the value of the associated variable is increased. The variable
"score" for example, reflects the score respondents received on a set of true or false questions
asked about the components of the survey materials. The coefficient on "score" is positive
and significant for all the econometric models shown in Tables 5-19 and 5-20, indicating that
respondents who achieved higher scores were more likely to vote "Yes" for the proposed dam
operation alternative. The probability of voting in favor of a proposal was typically
increased by:

~ Higher expectations of visiting the Grand Canyon in the future;
~ Better understanding of the survey materials;
~ A belief that the study results would be used to determine future dam operations;
~ Attitudes favoring the environment;
~ Higher levels of income; and
~ Higher levels of education.

The probability of voting against the proposal was typically increased by:

~ A belief that the respondent would actually pay money if the proposal passed; and
~ The cost to respondent if the proposal passed.

------------- Hagler Bailly Consulting -------------



RESULTS ~ 5-37

Table 5-19
Estimated Logistic Regression Model Parameters for the National Samplea

Variable Definitely Yes Models Definitely I Probably Yes Models
constant -3.8933 -2.4317

(0.9670) (0.7142)
P=O.OOO P=O.OOl

score

taxincrease

useresults

futuregc

factor!

factor2

factor3

factor4

school

1.4920
(0.9489)
P=O.116

·0.3774
(0.1761)
P=O.032

0.1801
(0.0948)
P=O.058

-0.2954
(0.1095)
P=O.007

0.6938
(0.1124)
P=O.OOO

-0.1530
(0.0903)
P=O.090

0.1892
(0.0964)
P=O.050

0.1946
(0.0814)
P=O.017

2.4681
(0.6729)
P=O.OOO

·0.3698
(0.1557)
P=O.018

0.2239
(0.1458)
P=O.125

0.1521
(0.0763)
P=0.046

-0.3585
(0.0823)
P=O.OOO

0.5070
(0.0861)
P=O.OOO

·0.1169
(0.0747)
P=O. 11 8

income

D2

D3

D4

annbid1

-2 * Log Likelihood

Chi-squared

Correctly predicted responses

Number of observations

0.000008
(0.000003)

P=O.004

0.2355 0.3266
(0.2493) (0.2024)
P=O.345 P=O.107

0.3360 0.2316
(0.2477) (0.2031)
P=O.175 P=O.254

0.4552 0.3855
(0.2432) (0.2006)
P=O.062 P=O.055

·0.0101 -0.01111
(0.0015) (0.0011)
P=O.OOO P=O.OOO

919.6081 1203.4691

158.9979 223.6875
P=O.OOO P=O.OOO

82.45% 70.16%

1,094 1,039

• Standard errors are reported in parentheses. Reponed probabilities are associated with a 2-tailed test. Appropriate probabilities
for a I-tailed test are calculated by dividing reported probabilities by 2.
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Table 5·20
Estimated Logistic Regression Model Parameters for the Marketing Area Samplea

Variable Definitely Yes Models Definitely I Probably Yes Models
constant -4.0312 2.5619

(0.9989) (0.8281)
p=o.ooo P=o.002

score

utilityincrease

useresults

futuregc

factor1

factor2

factor3

factor4

income

D6

D7

annbid1

-2 *Log Likelihood

Chi-squared

Correctly predicted
responses

Number of observations

1.3772
(0.9191)
P=O.134

0.6777
(0.1919)
p=o.ooo
0.2556

(0.1210)
P=O.035

-0.5568
(0.1143)
p=o.ooo
0.5250

(0.1081)
p=o.ooo
-0.2864
(0.0888)
P=o.ool
0.3942

(0.1037)
p=o.ooo
0.000009

(0.000004)
P=O.029

-0.1796
(0.2297)
P=O.434

0.1936
(0.2194)
P=O.378

-0.0163
(0.0018)
p=o.ooo
765.8547

213.8576
p=o.ooo

80.18%

908

1.7688
(0.7490)
P=O.018

-0.5393
(0.2194)
P=O.014

0.6125
(0.1642)
p=o.ooo
0.5445

(0.0940)
p=o.ooo
-0.3542
(0.0878)
p=o.ooo
0.5919

(0.0904)
p=o.ooo
-0.3008
(0.0793)
p=o.ooo
0.1722

(0.0899)
P=O.056

0.4786
(0.2017)
P=O.018

0.3045
.(0.1919)
p=o.113
-0.0161
(0.0013)
p=o.ooo
962.2454

328.1274
p=o.ooo

74.47%

948

a Standard errors are reported in parentheses. Reported probabilities are associated with a 2-tailed test. Appropriate
probabilities for a I-tailed test are calculated by dividing reported probabilities by 2.
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Table 5-21
Model Variable Definitions

Variable Definition

constant constant = 1

score Quiz score computed from mail survey true/false questions. Maximum score =l.

taxincrease Question 7 in the national version of the mail survey. (Do you believe your taxes will
increase ifthis proposal passes?) 0 = no, 1-=.yes, '

utilityincrease Question 7 in the marketing area version of the mail survey. (Do you believe your
utility bills will increase if this proposal passes?) 0 =no, 1 =yes

useresults Question 8 in the mail survey. (Do you think public officials will consider the results
of this study, along with other evidence, in deciding how Glen Canyon Dam should
be operated in the future?) 1 = no, 2 = yes

futuregc Question 23 in the mail survey and question 13 in the phone survey. (How likely do
you think it is that you will visit the Grand Canyon National Park in the future?) 1 =
not at all likely, 4 =very likely

factor1 Factor score created from combined mail and telephone survey data. Heavy loading
items include: question 12 (nep scale), items 1,3,5,8, and 10. Labeled "Impacts of
human intervention on nature." Expected sign: -

factor2 Factor score created from combined mail and telephone survey data. Heavy loading
items include: question 13 (economic/environmental issues), items 1,3,4, and 6.
Labeled "Economic security." Expected sign: +

factor3 Factor score created from combined mail and telephone survey data. Heavy loading
items include: question 12 (nep scale), items 12 and 13. Labeled "Limits to growth."
Expected sign: -

factor4 Factor score created from combined mail and telephone survey data. Heavy loading
items include: question 12 (nep scale), items 2 and 9. Labeled "Human ingenuity will
ensure balance."
Expected sign: +

school Question 26 in the mail survey and question 17 in the telephone survey. Respondent
education, coded in categories where 1 = eight years or less and 6 = post graduate
work.

income Question 30 in the mail survey and question 19 in the telephone survey. House hold
income. Recoded from categories to midpoint values.

(Continued)
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Table 5-21
Model Variable Definitions

Variable Definition

D2 Dummy variable for national survey version. 1 = low fluctuating flow (Version 2), 0
= other

D3 Dummy variable for national survey version 1 = seasonally adjusted steady flow
(Version 3), 0 = other

D4 . Dummy variable for national survey version. 1 = seasonally adjusted steady flow with
moderate flow price impacts (Version 4),0 = other

D6 Dummy variable for marketing survey version. 1 = low fluctuating flow (Version 6),
0= other

D7 Dummy variable for marketing survey version. 1 = seasonally adjusted steady flow
(Version 7), 0 = other

annbidl Annual cost of proposal.

5.7 ESTIMATED WILLINGNESS-TO-PAY

The estimated logistic regression parameters reported in Tables 5-19 and 5-20 specify the
cumulative density function for willingness-to-pay. Estimates of average, or mean,
willingness-to-pay can be calculated using the following formula:

Eq. (2)
WTP

In Equation 2, B} represents the constant; B2 through Bn.} represent coefficients on all the
variables except the cost of the proposal; and Bn is the coefficient on the cost of the proposal.
In calculating the mean willingness-to-pay, all of the non-cost variables must be set at
appropriate levels. In carrying out this calculation, the relevant national-sample averages and
marketing-area sample averages from the mail survey data were used. The one exception was
the variable that measured whether respondents really believed they would have to pay if the
proposal passed. This variable was set at a level that indicated respondents believed they
would have to pay if the proposal passed. This step served to correct for the upward bias that
would otherwise have been present because some respondents indicated they did not really
believe they would have to pay the stated amount if the referendum passed. Dummy
variables representing the various proposals were set at appropriate levels in order to
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determine mean willingness-to-pay for the different proposals. Mean willingness-to-pay
values are reported in Table 5-22 for the national sample, and in Table 5-23 for the marketing
area sample.

Table 5-22
Annual Estimated Mean WiIIingness-to-Pay for a Change in Dam Operations

for the National Samplea

Water Release Alternative

Moderate Fluctuating Flow
(Version 1)

Low Fluctuating Flow (Version 2)

Seasonally Adjusted Steady Flow
(Version 3)

Seasonally Adjusted Steady Flow
with Moderate Flow Price Impacts
(Version 4)

Definitely Yes
Models

$23.96

$29.45

$32.11

$35.52

Definitely I Probably Yes
Models

$107.31

$128.75

$122.32

$132.82

a Reported values were calculated for all cases where respondents supported a change in dam operations at
zero cost and believed their tax bills would increase with the passage of the referendum.

Table 5-23
Annual Estimated Mean WiIIingness-to-Pay for a Change in Dam Operations

for the Marketing Area Samplea

Water Release Alternative

Moderate Fluctuating Flow
(Version 5)

Low Fluctuating Flow (Version 6)

Definitely Yes
Models

$32.43

$28.14

Definitely I Probably Yes
Models

$100.11

$124.93

a

Seasonally Adjusted Steady Flow $37.59 $115.68
(Version 7)

Reported values were calculated for all cases where respondents supported a change in dam operations at
zero cost and believed their utility bills would increase with the passage of the referendum.
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5.8 THE ROLE OF POWER PRICE INCREASES IN THE SCENARIOS

The qualitative research indicated that some members of the national sample were likely to
feel empathy toward individuals who would experience increases in their electric rates as a
result of changes in the operation of Glen Canyon Dam. As a result, these increases were
included as a part of the contingent valuation scenarios in surveys sent to members of the
national sample. Furthermore, inclusion of these price impacts posed a potential problem.
Specifically;'protectioIl' forthe-'envircmment"increases as dam operations move from moderate
fluctuating flows to seasonally adjusted steady flows. Furthermore, as environmental
protection increases, so do the price impacts to power consumers. Table 5-24 summarizes
these relationships. While many of the environmental improvements were described in
qualitative terms (for example, "a major improvement in conditions for native fish," or "a
substantial reduction in the risk of erosion"), the power price impacts were described in
quantitative terms (dollars per month). Some concern was expressed during the OMB
approval process that the higher degree of specificity for power price impacts might serve as
a cue that would affect responses to the contingent valuation question in an undesirable
manner. It was argued that respondents might reason along the following lines, "If the power
price impacts are high, then the problem must be serious, and I should be willing to pay a lot
to solve a serious problem." Reasoning along these lines would produce a pattern of higher
willingness-to-pay for the seasonally adjusted steady flow alternative and lower willingness
to-pay for the moderate and low fluctuating flow alternatives.

This issue of power price anchoring can be partially addressed by examining the average
willingness-to-pay expressed for the moderate and low fluctuating flow scenarios. Recall
that the power price impacts were identical for these two proposals, but the environmental
improvements were greater for the low fluctuating flow proposal (Table 5-24). If
respondents are paying attention to the environmental benefits; we would expect a higher
willingness-to-pay for the low fluctuating flow proposal. Table 5-22 shows that in the
national sample, willingness-to-pay for the low fluctuating flow proposal exceeds
willingness-to-pay for the moderate fluctuating flow proposal. This result indicates that,
given constant power price impacts, respondents in the national sample tended to place
higher value on the proposal that had larger environmental improvements.

Survey Version 4 was designed to provide a further examination of the role of power price
impacts. The proposal in Version 4 combined the environmental improvements of the
seasonally adjusted steady flow alternative with the power price impacts of the low and
moderate fluctuating flow alternative. If respondents used the power price impacts as a cue
for answering the contingent valuation question, we would expect to see a lower willingness
to-pay for the proposal in Version 4 than for the seasonally adjusted steady flow proposal
(Version 3). One the other hand, if respondents felt empathy for power consumers, a higher
willingness-to-pay would be expected for the proposal in Version 4 than for Version 3. Table
5-22 shows that in the national sample, willingness-to-pay for the seasonally adjusted steady
flow proposal is less than the willingness-to-pay for the proposal in Version 4. This result
supports the hypothesis that responses to the contingent valuation question were partially
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motivated by feelings of empathy toward power consumers and did not seem to suffer from
the power price anchoring issue raised during the OMB approval process.

Table 5-24
Overview of Environmental Improvements and

Power Price Impacts in the National Sample Surveys

Cost to Power
Consumers

Environmental
Survey Version Improvementsa Average Maximum

Moderate Fluctuating Flow (Version 1) Smallest $3/month $9/month

Low Fluctuating Flow (Version 2) Moderate $3/month $9/month

Seasonally Adjusted Steady Flow (Version 3) Largest $9/month $21/month

Seasonally Adjusted Steady Flow
with Moderate Flow Price Impacts (Version 4) Largest $3/month $9/month

a For complete descriptions used in the survey instruments, see Appendix E.

5.9 CALCULATION OF POPULATION AVERAGE WILLINGNESS-TO-PAY

The means reported in Table 5-22 represent the average willingness-to-pay only for those
respondents in the national sample to the mail survey who voted in favor of the proposal at
no cost. Equivalent values for marketing area sample respondents are reported in Table 5-23.
Determining an average value that can be aggregated across relevant populations requires
taking account of the values held by three additional groups: (1) respondents to the mail
survey who indicated they would vote against the proposal at zero cost; (2) respondents to the
mail survey who would choose to not vote on the proposal, and; (3) non-respondents to the
mail survey.

Mail survey respondents who voted against a proposal even at zero cost provided a clear
. indication that they did not place a positive value on the proposal. In the analysis that
follows, these individuals are assigned a willingness-to-pay amount of zero.
Mail survey respondents who chose not to vote either for or against the proposal may have
been expressing a protest against the valuation process. It could be argued that these
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individuals should be excluded from the analysis, since they chose not to participate in the
valuation process. On the other hand, if these respondents had been forced to vote on the
proposal, it is very likely that some would have voted in favor of the proposal and expressed
a positive value. However, in the absence of any information about the potential values the
individuals might have, a willingness-to-pay of zero is assumed in the analysis that follows.

Accounting for nonrespondents to the mail survey raises more complex issues. Recall that
telephone interviews were carried out with these nonrespondents. The results of this
telephone survey indicated that nonrespondents tended to have lower incomes, lower
educational.attainment,.lower probabilitiesof~future,visits·tothe Grand Canyon, and slightly
less environmentally oriented attitudes than respondents to the mail survey. While it might
be reasonable to assume that some nonrespondents would have expressed a positive
willingness-to-pay if they had completed the mail survey.itis also reasonable to assume that
the average willingness-to-pay for nonrespondents would have been less than the average
willingness-to-pay for the mail survey respondents.

Assigning willingness-to-pay values to nonrespondents was carried out in two ways. The fIrst
approach used the mail survey data to estimate a model predicting whether a respondent
would vote in favor of the proposal at zero cost. This model was then applied to data
collected during the telephone interview with mail survey nonrespondents to estimate the
probability that they would have voted in favor of the proposal at zero cost.2 Next, an
average willingness-to-pay for nonrespondents was estimated using the models reported in
Tables 5-19 and 5-20 but evaluated at relevant average values from the telephone survey of
nonrespondents. The second approach simply assumed that all nonrespondents to the mail
survey had a zero willingness-to-pay.

The population average willingness-to-pay was calculated as a weighted average of the
estimated or assumed willingness-to-pay values for four groups:

~ Mail survey respondents who would vote for the proposal at zero cost;

~ Mail survey respondents who would either not vote for the proposal at zero cost or
who would choose not to vote;

Nonrespondents to the mail survey estimated, or assumed, to support the proposal
at zero cost; and

Nonrespondents to the mail survey estimated, or assumed, to either not support the
proposal at zero cost or not vote.

The weight for each component of population average willingness-to-pay is the proportion of
each of these groups in the sample. Details of the calculation of population average

2 The model used to predict the percentage of nonrespondents who would support the proposal
at zero cost is discussed in Appendix G.
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willingness-to-pay are presented in Tables 5-25 and 5-26 for the national and marketing area
"Definitely Yes" models, and in Tables 5-27 and 5-28 for the national and marketing area
"Definitely/ Probably Yes" models. A summary of population average willingness-to-pay is
presented in Tables 5-29 and 5-30 for the national and marketing area tables, respectively.
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Table 5-25

Weighted Mean Values for Willingness-to-Pay for a Change in Dam Operations
N 0 ISID f" °t I Y M d IsatIona amPle e 1m e v es o e

Population

Response Estimated Contribution Weighted Average
Rate Support Total Mean to Weighted Willingness

Weights Weight Weight Willingness to Pay Mean to Pay

~oderate .Fluctuating .Flow Alternative (Version 1)

Mail Respondents 0.6435
Support at $0 cost 0.71 0.456885 S23.96 $10.95
Not support I not vote 0.29 0.186615 SO.OO SO.OO

Nonrespondents 0.3565
Support at SO cost 0.65 0.230377 $11.75 $2.71
Not support Inot vote 0.35 0.126123 $0.00 SO.OO

OOסס1.00 $13.65

Low .Fluctuating .Flow Alternative (Version 2)

Mail Respondents 0.6651
Support at $0 cost 0.83 0.552033 $29.45 $16.26
Not support Inot vote 0.17 0.113067 $0.00 $0.00

Nonrespondents 0.3349
Support at $0 cost 0.79 0.265388 $14.65 $3.89
Not support I not vote 0.21 0.069512 $0.00 $0.00

OOסס1.00 $20.15

Seasonally Adjusted Steady .Flow Alternative (Version 3)

Mail Respondents 0.6713
Support at $0 cost 0.77 0.516901 $32.11 $16.60
Not support I not vote 0.23 0.154399 SO.OO $0.00

~onrespondents 0.3287
Support at $0 cost 0.75 0.245912 $16.08 S3.95
Not support Inot vote 0.25 0.082788 SO.OO $0.00

1.o00ooo $20.55

~easonally Adjusted Steady .Flow Alternative With Moderate .Flow Price Impacts (Version 4 )

iMail Respondents 0.6545
Support at $0 cost 0.81 0.530145 $35.52 $18.83
Not support I not vote 0.19 0.124355 $0.00 $0.00

~onrespondents 0.3455
Support at $0 cost 0.80 0.276606 $17.94 $4.96
Not support Inot vote 0.20 0.068894 $0.00 $0.00

OOסס1.00 $23.79
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Table 5-26

Weighted Mean Values for Willingness-to-Pay for a Change in Dam Operations
Mak· AS IDti·l)': Mdlsr etJru! rea iarnnle e IDItelv es o e

Population

Response Estimated Contribution Weighted Average
Rate Support Total Mean to Weighted Willingness

Weil!hts Weil!ht Weil!ht Willi.n!!ness to Pay Mean to Pay

Moderate Fluctuating Flow Alternative (Version 5)

Mail Respondents 0.7401
Support at $0 cost 0.76 0.562476 $32.43 $18.24
Not support Inot vote 0.24 0.177624 $0.00 SO.OO

Nonrespondents 0.2599
Support at $0 cost 0.75 0.195211 $19.54 $3.81
Not support Inot vote 0.25 0.064689 SO.OO SO.OO

1.000000 S22.06

Low Fluctuating Flow Alternative (Version 6)

Mail Respondents 0.7484
Support at $0 cost 0.85 0.636140 $28.14 $17.90
Not support Inot vote 0.15 0.112260 $0.00 SO.OO

Nonrespondents 0.2516
Support at $0 cost 0.84 0.212124 $16.73 S3.55
Not support Inot vote 0.16 0.039476 SO.OO SO.OO

oo00סס.1 $21.45

Seasonally Adjusted Steady Flow Alternative (Version 7)

M ail Respondents 0.7523
Support at $0 cost 0.85 0.639455 $37.59 S24.04
Not support Inot vote 0.15 0.112845 SO.OO SO.OO

Nonrespondents 0.2477
Support at $0 cost 0.85 0.209951 $23.01 S4.83
Not support I not vote 0.15 0.037749 SO.OO $0.00

1.000000 $28.87
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Table 5-27
Weighted Mean Values for Willingness-to-Pay for a Change in Dam Operations

National Sample DefmitelylProbably Yes Models

Population

Response Estimated Contribution Weighted Average
Rate Support Total Mean to Weighted Willingness

Weil!hts Weil!ht Weil!ht Willingness to Pav Mean to Pay

Moderate Fluctuating Flow Alternative (Version 1)

Mail Respondents 0.6435
Support at $0 cost 0.71 0.456885 $107.31 $49.03
Not support Inot vote 0.29 0.186615 $0.00 $0.00

Nonrespondents 0.3565
Support at $0 cost 0.65 0.230377 $80.45 $18.53
Not support I not vote 0.35 0.126123 $0.00 $0.00

1.000000 $67.56

fLow Fluctuating Flow Ahemal"e ("enion 2)

Mail Respondents 06651
Support at SO cost 083 0.552033 $128.75 $71.07
Not support I not \ orr 017 0.113067 $0.00 $0.00

Nonrespondents 03349
Support at SO con 079 0.265388 $98.95 $26.26
Not support Inot \ orr 021 0.069512 $0.00 $0.00

1.000000 $97.33

Seasonally Adjusled Slud, Flo. Alte naathe (Version 3)

Mail Respondents 0671'
Support at SO cost 077 0.516901 $122.32 $63.23
Not support Inot \orr 0.23 0.154399 $0.00 $0.00

Nonrespondents 03:87
Support at $0 cost 075 0.245912 $93.34 $22.95
Not support Inot vote 0.25 0.082788 $0.00 $0.00

1.000000 $86.18

Seasonally Adjusted Steady Flow Alternative With Moderate Flow Price Impacts (Version 4)

[Mail Respondents 0.6545
Support at $0 cost 0.81 0.530145 $132.82 $70.41
Not support Inot vote 0.19 0.124355 $0.00 $0.00

Nonrespondents 0.3455
Support at $0 cost 0.80 0.276606 $102.52 $28.36
Not support Inot vote 0.20 0.068894 $0.00 SO.OO

1.000000 $98.77
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Table 5-28
Weighted Mean Values for Willingness-to-Pay for a Change in Dam Operations

Marketing Area Sample DefInitely I Probably Yes Models

Population

Response Estimated Contribution Weighted Average
Rate Support Total Mean to Weighted Willingness

Weil!htS Weil!ht Well!ht willirurriess to Pav Mean to Pay

Moderate Fluctuating Flow Alternative (Version 5)

Mail Respondents 0.7401
Support at $0 cost 0.76 0.562476 $100.11 $56.31
Not support / not vote 0.24 0.177624 $0.00 $0.00

Nonrespondents 0.2599
Suppon at $0 cost 0.75 0.195211 $67.53 $13.18
Not support / not vote 0.25 0.064689 $0.00 $0.00

1.000000 $69.49

Low Fluctuating Flow Alternative (Version 6)

Mail Respondents 0.7484
Suppon at $0 cost 0.85 0.636140 $124.93 $79.47
Not suppon / not vote 0.15 0.112260 $0.00 $0.00

Nonrespondents 0.2516
Suppon at $0 cost 0.84 0.212124 $88.73 $18.82
Not suppon / not vote 0.16 0.039476 $0.00 $0.00

1.o00ooo $98.29

Seasonally Adjusted Steady Flow Alternative (Version 7)

Mail Respondents 0.7523
Suppon at $0 cost 0.85 0.639455 $115.68 $73.97
Not suppon / not vote 0.15 0.112845 $0.00 $0.00

Nonrespondents 0.2477
Suppon at $0 cost 0.85 0.209951 $80.69 $16.94
Not suppon / not vote 0.15 0.037749 $0.00 $0.00

1.000000 $90.91
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Table 5-29
Summary of National Sample Population Average Willingness-to-Pay

Water Release Alternative
Defmitely Yes Defmitely I Probably Yes

Models Models

Values Imputed for Nonrespondentsa

Moderate Fluctuating Flow
(Version 1)

Low Fluctuating Flow (Version 2)

Seasonally Adjusted Steady Flow
(Version 3)

Seasonally Adjusted Steady Flow
with Moderate Flow Price Impacts
(Version 4)

$13.65

$20.15

$20.55

$23.79

$67.56

$97.33

$86.18

$98.77

Adjusted to reflect values of nonrespondents and to reflect a belief that respondents would actually pay if
the proposal passed.
Adjusted to reflect a zero dollar value for nonrespondents and to reflect a belief that respondents would
actually pay if the proposal passed.

$49.03$10.95

Zero Values Assumed for Nonrespondentsb

Moderate Fluctuating Flow
(Version 1)

Low Fluctuating Flow (Version 2) $16.26 $71.07

Seasonally Adjusted Steady Flow
(Version 3) $16.60 $63.23

Seasonally Adjusted Steady Flow
with Moderate Flow Price Impacts $18.83 $70.41
(Version 4)

a

b
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Table 5-30
Summary of Marketing Area Sample Population Average Willingness-to-Pay .

Water Release Alternative
Defmitely Yes Defmitely I Probably Yes

Models Models

a

b

Values Imputed for Nonrespondentsa

Moderate Fluctuating Flow $22.06 $69.49
(Version 5)

Low Fluctuating Flow (Version 6)
.-

$21.45 $98.29

Seasonally Adjusted Steady Flow
(Version 7) $28.87 $90.91

Zero Values Assumed for Nonrespondentsb

Moderate Fluctuating Flow $18.24 $56.31
(Version 5)

Low Fluctuating Flow (Version 6) $17.90 $79.47

Seasonally Adjusted Steady Flow
(Version 7) $24.04 $73.97

Adjusted to reflect values of nonrespondents and to reflect a belief that respondents would actually pay if
the proposal passed.
Adjusted to reflect a zero dollar value for nonrespondents and to reflect a belief that respondents would
actually pay if the proposal passed.

5.10 STATISTICAL VARIABILITY IN WILLINGNESS-TO-PAY ESTIMATES

The values reported in Tables 5-29 and 5-30 represent point estimates of per household
population average willingness-to-pay for the national and marketing area samples,
respectively. These point estimates are a function of the parameters of the models presented
in Tables 5-19 and 5-20 and assumptions made about the values held by non-respondents to
the mail survey. Both the assumptions made, and the statistical uncertainties about the
estimated parameters introduce some uncertainty about the point estimates. The variability
introduced by making different assumptions is explored in more detail in Appendix I. This
section explores the statistical uncertainty associated with the point estimates of population
average willingness-to-pay derived from the "Definitely Yes" models.
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Since the parameters reported in Tables 5-19 and 5-20 are subject to statistical uncertainty,
the point estimates reported in Tables 5-29 and 5-30 are also subject to statistical uncertainty.
However, given the process used to calculate the population average willingness-to-pay, it
would be difficult to analytically derive variance estimators~ As an alternative, a monte-carlo
technique was used to construct empirical distributions for the estimated (as opposed to
assumed) components of the population average willingness-to-pay point estimates. This was
accomplished by repeated sampling from the estimated distribution of parameters reported in
Tables 5-19 and 5-20 (Krinsky and Robb, 1986). A total of three thousand random draws was
made, and estimates of mean willingness-to-pay for one alternative were constructed for each
of the three thousand sets of parameters. This resulted in 3000 estimates of mean willingness
to-pay for each alternative which were then arranged in order from lowest to highest.
Empirical 95 percent confidence intervals were then constructed by dropping the lowest 25
and the highest 25 willingness-to-pay estimates. This process was repeated for each
alternative and was carried out for both respondents and non-respondents. Lower 95 percent
confidence limits for population average willingness-to-pay were estimated by recalculating
the estimate using lower 95 percent confidence limits for respondents and non-respondent
willingness-to-pay estimates (Table 5-31). Likewise, upper 95 percent confidence limits were
estimated by using the upper 95 percent confidence limits for willingness-to-pay estimates
(Table 5-32).
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Table 5-31
Percent Change in Mean Willingness-to-Pay between Definitely Yes Models with Values

Imputed for Nonrespondents and the Lower 95 Percent Confidence Interval for the
Same Model '

National Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Seasonally Adjusted Steady Flow
with Moderate Flow Price
Impacts

Market Area Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Values ..
Imputed for

Nonrespondents

$13.65

$20.15

$20.55

$23.79

$22.06

$21.45

$28.87

Lower
95% CI

$9.27

$14.22

$14.57

$17.17

$16.68

$15.84

$22.50

Percent Change
from Base

-32.09%

-29.43%

-20.10%

-27.83%

-24.39%

-26.15%

-22.06%
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Table 5-32
Percent Change in Mean Willingness-to-Pay between Definitely Yes Models with Values

Imputed for Nonrespondents and the Upper 95 Percent Confidence Interval for the
Same Model

National Sample- .

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady
Flow

Seasonally Adjusted Steady
Flow with Moderate Flow Price
Impacts

Market Area Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady
Flow

Values
Imputed for

Nonrespondents

$13.65

$20.15

$20.55

$23.79

$22.06

$21.45

$28.87

Upper
95% CI

$20.39

$29.29

$29.84

$33.39

$29.39

$29.28

$37.24

Percent Change
from Base

49.38%

45.36%

45.21%

40.35%

33.23%

36.50%

28.99%
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5.11 AGGREGATION

The household average willingness-to-pay values were aggregated across relevant
populations. At the time the sample was purchased, Survey Sampling, Inc. estimated there
were 94,836,300 households in the United States.3 A total of 1,500,000 households were
estimated to reside in the marketing area (Energy Information Administration, 1991).

The procedures used to aggregate the population average household willingness-to-pay are
consistent with the aggregation procedures :used to' develop' the estimates of recreational
values and power values reported in the GCDEIS. Aggregation was carried out using a fifty
year time period from 1991 to 2040. The gross national product (GNP) price deflator series
reported by the GCES Power Resources Committee was used to construct estimates of
average household willingness-to-pay for each year from 1991 to 2040. Since projections of
the future number of U.S. households were not readily available, increases in the number of
households were based on the rate of increase in the population. For the national sample, the
rate of increase in the number of households was calculated using U.S. Census estimates of
the total U.S. population. In the marketing area, the rate of increase in the number of
households was estimated using U.S. Census estimates of total population for the states of
Wyoming, Utah, Colorado, New Mexico, Arizona, and Nevada.

Household series were constructed so that the 1994 estimated number of households was
94,836,300 for the nation, and 1,500,000 from the marketing area. Consistent with the work
of the GCES Power Resources Committee, population growth was assumed to occur only
during the first 20 years of the 50-year aggregation period.4

For each proposal analyzed, the estimated annual value per household was multiplied by the
corresponding estimated number of households to arrive at an estimate of the annual total
value associated with the alternative. Present value and levelized annual value estimates were
calculated using a discount rate of 8.50 percent. The interest rate used by the federal water
agencies in economic analyses is specified by the Water Resources Council in accordance
with Section 80(a) Public Law 93-251. That rate reflects the average yield during the
preceding fiscal year on United States interest-bearing securities which have terms of 15
years or more remaining to maturity rounded to the nearest one-eight percent. Changes in the
rate are limited to no more than one-forth percent per year. This is intended to eliminate the
effects of short-term changes, and thus more appropriately reflects the relatively long-term

3

4

The estimate of the total number of U.S. households from SSI is slightly lower than estimates provided
by U.S. Census Bureau. For example, in 1993 the Census Bureau estimated a total of 96,391,000
households in the United States.

This assumption was made to reflect the fact that while the GCES Power Resources Committee
escalated costs throughout the 50-year period, electrical loads were held constant after the twentieth
year.
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period of economic analysis for water resource projects. The rate is provided annually by the
Treasury Department for each fiscal year based on the average yield for the preceding fiscal
year. For fiscal year 1992 (beginning with October of 1991) the rate is 8.50 percent. This
rate is used for all economic analyses in the Glen Canyon Dam EIS. Levelized annual values
are presented in Tables 5-33 and 5-34 for the national and marketing area samples.
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Table 5-33
Aggregate Levelized Annual Willingness-to-Pay for Changes in Dam Operations

for the National Sample (Millions of Dollars)

i
~
tP
el.
~

~e.
::to
::l

(JQ

Water Release Alternative

Values Imputed for Nonrespondent,8

Moderate Fluctuating Flow
(Version 1)

Low Fluctuating Flow (Version 2)

Seasonally Adjusted Steady Flow
(Version 3)

Seasonally Adjusted Steady Flow with
Moderate Flow Price Impacts
(Version 4)

Zero Values Assumed for Nonrespondentsb

Moderate Fluctuating Flow
(Version 1)

Low Fluctuating Flow (Version 2)

Seasonally Adjusted Steady Flow
(Version 3)

Seasonally Adjusted Steady Flow with
Moderate Flow Price Impacts
(Version 4)

Definitely Yrs I\lodcls

S2.:!R64

$3,375.2

$3,442.2

$3,984.8

$1,834.1

$2,723.6

$2,780.5

$3,154.0

Definitely I Probably Yes Models

$11,316.4

$16,302.9

$14,435.2
I I

@'
$16,544.1 I IUl

~Ul
...
V\
I
V\-:a

I I
$ 8,212.6

$11,904.3

$10,591.1

$11,793.8

a

b
Adjusted to reflect values of nonrespondents and to reflect respondents' stated belief that they would actually pay if the proposal passed.
Adjusted to reflect a zero dollar value for nonrespondents and to reflect respondents' stated belief that they would actually pay if the proposal
passed.



Table 5-34
Aggregate Levelized Annual Willingness-to-Pay for Changes in Dam Operations

for the Marketing Area Sample (Millions of Dollars)

Water Release Alternative Definitely Yes Models Definitely I Probably Yes Models

Values Imputed for Nonrespondentsa

Moderate Fluctuating Flow $62.2 $196.1
(Version 5)

::r: Low Fluctuating Flow (Version 6) $60.5 $277.3~
O'Q

~Sf
Seasonally Adjusted Steady Flow $81.4 $256.5to

tJ')

~. (Version 7) ~--< tJ')

() T
0 VI='Vl

Zero Values Assumed for Nonrespondentsb I

c:: VI- 00-.....='O'Q
I Moderate Fluctuating Flow $51.5 $ 158.9

(Version 5)

Low Fluctuating Flow (Version 6) $50.5 $224.2

Seasonally Adjusted Steady Flow $67.8 $208.7
(Version 7)

a

b
Adjusted to reflect values of nonrespondents and to reflect respondents' stated belief that they would actually pay if the proposal passed.
Adjusted to reflect a zero dollar value for nonrespondents and to reflect respondents' stated belief that they would actually pay if the proposal
passed.
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5.12 DISCUSSION OF ASSUMPTIONS USED

The values reported in Tables 5-33 and 5-34 span a relatively large range. A substantial
portion of this range is a direct result of various assumptions that could be made during the
process of calculating population average willingness-to-pay. We believe that the best
estimates of willingness-to-pay are those that are based on the "Definitely Yes" models and
for which values were imputed for nonrespondents. These best estimates for the national
sample are presented in Table 5-35. Best estimates for the marketing area sample follow in
Table 5-36. A largenumbeH)f decisions,were-made during survey "design,-implementation,
and data analysis. In this section we discuss these decisions, the justification for them, and
their implications.

Table 5-35
Best Estimates of Willingness-to-Pay for Changes in the Operation

of Glen Canyon Dam -- National Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Population Weighted
Willingness-to-Pay

Per Household

$13.65

$20.15

$20.55

Levelized
Annual
Value3

$2,286.4

$3,375.2

$3,442.2

3 Millions of dollars

Table 5-36
Best Estimates of Willingness-to-Pay for Changes in the Operation of

Glen Canyon Dam -- Marketing Area Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Population Weighted
Willingness-to-Pay

Per Household

$22.06

$21.45

$28.87

Levelized
Annual
Value3

$62.2

$60.5

$81.4

3 Millions of dollars
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Proposed federal regulations governing contingent valuation studies of non-use values
strongly support the use of a single-bounded dichotomous choice framework. The GCES
Non-Use Values Study used a modified version of the single-bounded dichotomous choice
question format. Instead of asking respondents to simply vote "Yes" or "No" to a proposal,
they were asked to indicate how they would vote on a five-point scale. The five-point scale
ranged from "Definitely No" to "Definitely Yes." This decision was based partially on early
results from a criterion validity study (Champ, 1994) showing that individuals who are more
sure of their preferences seem to provide "better" contingent valuation responses.

Respondents were also given a chance to "opt out" of the contingent valuation question.
Respondents were first asked if they would vote in favor of the proposal if passage of the
proposal cost them nothing. They were provided with three response categories: "No," "Yes,"
and "I would choose not to vote on this proposal." All individuals choosing the first category
("No") were assigned a willingness-to-pay of zero. Some might argue that respondents
voting against the proposal at zero cost were actually indicating they held a negative value for
the proposal. There is no easy way to investigate this issue in a quantitative manner short of
contacting these individuals and asking about their willingness-to-pay to avoid
implementation of the proposal. \Ve suspect that such an effort would reveal very small, if
not zero, willingness-to-pay to maintain current dam operations. During the qualitative
research, we saw no indication that respondents felt that they would experience a decrease in
utility as a result of a change in the operations of Glen Canyon Dam. Results clearly indicated
that, with the possible ex.ception of impacts to power consumers, respondents in the national
sample were either indifferent to or in favor of changes in the operations of Glen Canyon
Dam. This finding did not support assigning negative values to individuals who voted against
the proposal at zero cost and we feel justified in assigning zero willingness-to-pay to these
respondents.

Making assumptions about willingness to pay for respondents choosing the third category
("Choose not to vote") was more problematic. Based on the qualitative research, we suspect
that at least a portion of these respondents elected not to vote because they did not want to
vote in favor a proposal that increased electricity prices for residents of the marketing area,
not because they felt the proposal had no value. In fact, the results of the qualitative research
led us to believe that it's probable that some respondents who objected to the payment
vehicle may have a positive value for changes in dam operations. However, in the absence of
information about these values, these respondents were assigned a willingness-to-pay of zero.

The logistic regression equations reported in Tables 5-19 and 5-20 were used to estimate
willingness-to-pay values for survey nonrespondents. Some might argue that all
nonrespondents to the mail survey should be assigned a zero value, thereby decreasing the
estimated average willingness-to-pay by approximately 20 to 30 percent. However, a
substantial effort was made to contact nonrespondents to the mail survey via telephone and
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collect data that would address issues of potential nonresponse bias. These data were
combined with the models estimated from the mail survey data to provide our best estimate
of the willingness-to-pay of nonrespondents. Thus, in the presence of a model and sufficient
data from nonrespondents to the mail survey, it would be inappropriate to simply assume that
all nonrespondents to the mail survey had a willingness-to-pay of zero.

Finally, the portion of the sample identified as out-of-scope was excluded from the analysis
for this report. The calculation of aggregate willingness-to-pay implicitly assumed that the
distribution of willingpess-to-pay among .out.,of.escope-individuals is identical to the estimated
distribution of willingness-to-pay for respondents to the mail and telephone surveys. The
only other feasible assumption would be that all out-of-scope sample points have a
willingness-to-pay of zero. We are not aware of any precedent for assigning a zero
willingness-to-pay to out-of-scope members of the original sample. In fact, a strong argument
could be made that some of these individuals would express a positive willingness-to-pay if
they could have been contacted. Consequently, it seemed more appropriate to exclude the
out-of-scope cases as was done in the analysis contained in this report.
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CHAPTER 6
VALIDITY OF RESULTS

This chapter discusses the accuracy, or validity, of the study's results. We start by admitting
that validity is not a simple issue. Willingness-to-pay (WTP) is defined as the amount of
money that theidealized·consumer in-econorni:ctheory could'giveup before he or she would
be indifferent about changes in dam operations. As such, WTP is unobservable in the real
world. We cannot measure it directly to assess the accuracy of valuation techniques,
including contingent valuation (CV). Less direct forms of evidence must be used to evaluate
the validity of economic values. This measurement problem is confronted in the first section
of this chapter. Fortunately, the problem is not unique to economics. Drawing on the efforts
of psychologists and other social scientists to address similar measurement problems,
economists are developing a theory of measurement that is described in the second section.
Based on the validity criteria described and applied in early parts of this chapter, we will
argue later in this chapter that values estimated in this study have sufficient validity to
warrant their use in economic analysis of Glen Canyon Dam operating alternatives for
purposes of public decision making.

6.1 THE MEASUREMENT PROBLEM

The goal of economic valuation studies is to measure WTP for some change in people's
economic circumstances.! Such changes are brought about by "interventions." These
interventions can take the form of public projects, changes in governmental policies or
regulations, and intentional or unintentional releases of pollutants into the environment.2 In
theory, consumers are willing to pay to obtain "interventions" that increase their utility and to
avoid interventions that reduce their utility. WTP for an intervention represents just the right
amount of money paid to make consumers indifferent about it.

In applied studies, we can estimate WTp using revealed preference methods or stated
preference methods. Revealed preference methods typically involve estimating a demand
function. The theory of consumer behavior leads economists to expect that the area below
the estimated demand function and above the price line (the so-called welfare triangle) will,

Alternatively, willingness to accept compensation might be the ideal measure for some studies. Most
of what is said in this chapter also applies to measurement of willingness-to-accept, but is not discussed
directly because this study deals exclusively with WTP.

2 Indeed, the operational alternatives for Glen Canyon Dam are examples of such interventions.
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after adjusting for the income effect, equal aggregate WTP for consumption of that good.
WTP represents a payment that, if collected, would lead real-world consumers to be
indifferent about consuming the good at its current price as opposed to not consuming it at
all. If an intervention causes the welfare triangle to change, thus changing aggregate WTP
for the good, then the change in the welfare triangle (again after proper allowance for the
income effect) is taken to represent aggregate WTP for the intervention.

Stated preference methods, of which CV is the most widely applied example, are more direct.
Rather than estimating welfare triangles, people are asked to reveal their WTP values for the
intervention diIring a survey:

Regardless of whether revealed preference or stated preference methods are used, judging the
accuracy of WTP estimates is difficult. The problem stems from the fact that WTP cannot be
observed directly. It is an abstraction. It exists only in the idealized theory of the consumer.
If it is unobservable, then it cannot be measured and used as a standard to evaluate the
accuracy of estimated values from either revealed preference or stated preference studies.
Less direct methods to assess the accuracy or "validity" of value measures are required.

Historically, revealed preference methods dominated in valuation studies. The market
transactions used in these studies were (rightly or wrongly) considered highly credible
indicators ofWTP. It is not apparent why market transactions should be considered credible
indicators. How do economists know that changes in welfare triangles are indicative of the
amount of money required to make consumers indifferent about interventions? Unfortunately,
this question did not attract much attention from researchers applying revealed preference
methods.

On the other hand, responses to stated preference questions have lacked the presumed
credibility of market transactions and have been widely questioned. Throughout CV's history,
numerous doubts have been raised about whether people are willing and able to reveal their
WTP values in this way. Respondents might be unwilling to reveal their values if they see
strategic advantages to giving misleading answers. For example, if the intervention is
favorable to them and they realize that they will not really have to pay, then they may answer
CV questions in ways that imply larger WTP values than they would really pay. On the other
hand, even if they were willing to reveal their values, respondents may be unable to judge
how much they really would pay simply because they have no past experience with buying or
selling the environmental resources being valued.

Alternative views on the overall validity of the CV method will be examined more closely
later in this chapter. The point to be made here is that the validity of alternative methods of
measuring values is now on the economic agenda.
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If such questions are raised about CV and other stated preference methods, they must be
raised about revealed preference methods as well. Ultimately, consistent standards of validity
will need to be applied across the full range of methods.

Fortunately, this sort of measurement problem is not unique to economic valuation.
Throughout the social sciences, observable potential indicators of unobservable constructs
must be evaluated for accuracy. In psychology, for example, tests have been devised to try to
measure such concepts as intelligence and self-esteem. Intelligence and self-esteem are
ultimately abstract theoretical.constructs.not unlike.WTP,.at least up-to a point. To the extent
that they exist at all in reality, intelligence, self-esteem, and payments sufficient to produce
indifference about interventions exist only inside the minds of people and cannot be observed
directly. Instead, evidence must be acquired using IQ tests, personality tests, and either
market data or stated preference surveys to attempt to estimate their magnitudes. Economics
can draw on psychology in developing its own theory of measurement.

6.2 TOWARD A THEORYOF ECONOMIC MEASUREMENT

Psychologists (e.g., Bohrnstedt, 1983) have applied three strategies to assess the accuracy of
their methods. These are content validity, construct validity, and criterion validity -- the
"Three Cs." Environmental economists have already begun to adapt the Three Cs to
contingent valuation (Mitchell and Carson, 1989; Champ, 1994; Bishop et al., 1994; Bishop
and McCollum, 1995). Although CV is the focus of this discussion, all three strategies for
validity assessment should be of interest for a full range of measurement issues within
economics.

Content validity has to do with whether the design and execution of astudy were conducive
to revealing theoretical WTP. Assessing content validity involves examining the "content" of
the study procedures.

Construct validity -- the second of the Three Cs -- looks at the degree to which the measure
under scrutiny (in this case CV estimates of WTP) relates to other measures as predicted by
theory and intuition. Mitchell and Carson (1989) discuss two forms of construct validity-
convergent and theoretical. Tests of convergent validity consider the relationship between
the CV-measure and alternative measures of the value of the same intervention. For
example, convergent validity could be assessed by comparing values estimated from a CV
study to values estimated using revealed preference methods such as a travel cost model or an
hedonic pricing model.
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Because non-use values are not fully reflected in revealed preference measures, convergent
validity will not playa direct role in evaluating the validity of the results of the current
study.3 Nevertheless, convergent validity studies will prove interesting in discussing the
overall validity of CV.

Theoretical validity--the other form of construct validity--is assessed by testing theory-based
hypotheses about relationships between WTP and other variables. In CV, it is often assessed
by considering the relationship between the CV measure and independent variables that are
thought to be potential determinants of WTP. A common example is a test to see if income
and WTP are positively related. Assessing the theoretical validity of a measure may involve
simple contingency table analyses. Or, more sophisticated multivariate regression procedures
may be applied and coefficients on potentially important independent variables scrutinized
for statistical significance, appropriate signs, and relative magnitudes.

Diamond et al. (1993), among others, have recently advocated a different form of the
theoretical validity test. They advocate testing theory-based hypotheses about relationships
between two or more CV values from the same study. For example, one would expect WTP
to be greater when a larger environmental amenity is provided or when a larger
environmental insult is avoided. CV estimates of values should, if they are measuring
theoretical WTP, exhibit relative magnitudes consistent with this hypothesis. Tests of
hypotheses about expected variations in estimated values associated with changes in the
scope of environmental improvements or insults have come to be known as "scope tests."
Within the taxonomy being followed here, scope tests are theoretical validity tests. Many
other such tests are conceivable.

The third of the Three Cs is criterion validity. To assess criterion validity, Mitchell and
Carson (1989) point out that "It is necessary to have in hand a criterion which is
unequivocally closer to the theoretical construct than the measure whose validity is being
assessed." The closer the contingent value is to the criterion, the more valid it is judged to
be.

Given the credibility of market choices as indicators of true values, actual market prices
would be a criterion to use in evaluating contingent values; however, because such market
prices are rare for environmental amenities (especially when non-use values come into play),

3 Revealed preference approaches to valuation by definition infer consumer preferences from
the actual behavior of people, usually as a result of buying and selling things in markets. Non
use values may not fully manifest themselves in easily observable behavior. People who value
oil spill prevention in coastal environments they never visit or endangered fishes even though
they have no hope of benefiting personally from preservation, cannot express those
preferences directly by buying oil spill prevention or endangered fish preservation in markets.
Joining an environmental organization or writing to one's congressional representatives are
forms of behavior that are more subtle and difficult to interpret in a valuation study.
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so~called "simulated market" values are perhaps a more promising alternative for judging the
criterion validity of contingent values. Simulated markets involve creating situations in the
field or laboratory where subjects have the opportunity to actually pay for the good or service
or receive compensation for it. The same good or service is also valued using CV, and the
simulated market value is used as a criterion for assessing criterion validity.

An example will illustrate both the potential usefulness of criterion validity studies and their
limitations in evaluating the validity of individual CV studies like the one under review here.
Champ et al. (1995) conducted a criterion validity study involving removal of some old dirt
roads from the North Rim of the Grand Canyon. These old roads allow unauthorized public
access using motor vehicles into some remote areas there. Removal of the roads would
reduce disturbance to wildlife and those attempting to enjoy wilderness recreation in these
areas. Removal would also fulfIll one of the requirements for designating the area as an
official Wilderness Area. For these reasons, removal of the roads is a National Park Service
goal. However, the Park Service lacks money to provide support for volunteers to carry out
the work. Champ et al. asked a random sample of Wisconsin residents if they would actually
donate money for road removal. Members of a second sample drawn from the same
population were asked CV questions about their willingness to donate money. The actual
donations then served as simulated market-like criteria for evaluating the validity of the CV
donations. This study found a large potential upward bias in the CV responses. That is,
people expressed willingness to donate more money for this purpose in the CV exercise than
they would actually have donated.

Now, on the surface, Champ et al. appears to raise serious questions about the current study.
Both studies dealt with environmental resources of Grand Canyon National Park. Both
employed CV methods. Both involved values that were heavily weighted toward non-use
values. If they found a substantial bias in an upward direction, would.it not follow that our
results as presented in Chapter 5 are also likely to be biased?

The answer to this question is not so clear as it might seem at first glance, however. The
Champ et al. study differed from this one in that they used a donation framework while we
used a referendum framework with taxes (or utility bills) as the payment vehicle. The
donation vehicle invites underestimation of the economic value of the resource, especially
when actual donations will be collected. Donations encourage people to engage in "free
rider" behavior. That is, respondents in simulated markets using donation vehicles may have
positive values for the resource and yet hold back from actually paying in the hope that other
will donate enough to assure the intervention. In theoretical terms, donation vehicles are
"incentive incompatible" with revelation of theoretical WTP.4 In fact, one might argue that
values based on donation vehicles ought not be considered satisfactory criteria for purposes

4 Recall that theoretical WTP is taken to be an amount of money paid by a respondent sufficient
to make that respondent indifferent about the intervention.
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of validity testing. On the other hand, referenda with tax vehicles are "incentive compatible."
They provide respondents with incentives to vote according to their preferences. The
conclusions regarding bias of Champ et al. may only apply to CV studies employing donation
payment vehicles. Based on theory, we would expect incentive compatible formats to work
better than donation vehicles. How much better is impossible to judge from the Champ et al.
study.

We nevertheless did draw on the Champ et al. study in choosing to offer respondents an
opportunity to express various degrees of uncertainty about how they would vote in a real
referendum, from"definitely yes todefiniteIy no. Champ et al. found that allowing
respondents to express their uncertainty in such ways could be used to predict who would
really donate money and who would not. If "Definitely Yes" models predict well for
incentive incompatible donations, then there was reason to hope that they would also predict
at least as well who would really vote yes in an incentive compatible referendum. Given that
such models predict well for donations, they ought, if anything, to err on the low side, all else
equal, in predicting the positive votes in a real referendum.

In the broader context, criterion validity studies will nearly always have limited direct
applicability in evaluating the validity of individual CV studies. As the comparison of the
road removal study and the current effort illustrates well, the "match" between one study that
was able to develop a criterion and another that was not will rarely be perfect. If a method of
valuation superior to CV (i.e., valuation methods capable of yielding values for criterion
validity tests of CV) could be applied in most situations where CV is applied, there would be
much less need for CV.

Still, criterion validity tests, in those instances where they are feasible, are capable of yielding
useful insights. Support for the definitely yes models in the current study is one example. In
general, criterion validity tests should help to improve content validity criteria.

In applying the Three Cs, an important, although often overlooked, distinction must be made
between the validity of individual studies and the overall validity of the CV method.
Content validity assessment is exclusively applicable at the level of the individual study. It
would be nonsense to ask whether the CV method as a whole has content validity. Some
studies will be more content-valid than others. Construct validity testing also occurs at the
level of the individual study. However, as such testing is done in more and more studies, the
results can have implications for the overall validity of the method. If, for example, CV
studies consistently fail construct validity tests, this would raise questions about whether the
method as a whole is capable of producing valid value estimates. As we just saw, criterion
validity tests are likely to have limited applicability in evaluating the validity of individual
studies. Criterion validity studies are mainly relevant to the overall assessment of CV's
validity.
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Before we turn to a detailed assessment of the content and construct validity of this study, we
will first briefly consider the available evidence about the overall validity of the CV method.

6.3 OVERALL VALIDITY OF THE CV METHOD

The question of whether CV is capable of yielding valid economic values is among the most
hotly contested issues in economics today, with distinguished economists lining up on both
sides. This controversy is all the more confusingto.outsiders because some of the most
vehement opponents of CV are econometricians from among America's best universities.
Much of the body of this criticism is found in various chapters of the book edited by
Hausman (1993). Further discussion of the critique may be found in a paper by McFadden
(1994). We will attempt only a sketch of the dimensions of the debate here.

Those most critical of CV begin from the standard presupposition that only revealed
preference data hold reliable information about economic values. Many economists are
dubious about the credibility of verbal reports about economic preferences. That verbal
reports f1"e untrustworthy goes back at least Samuelson's (1954) classic theoretical article on
public goods. Critics of CV nevertheless agree that ultimately empirical evidence should be
consulted to determine whether CV data might also provide valid information about values.
However, they believe that there is a major impediment to empirical research on the problem.
They reason that revealed preference methods, and most notably market valuation methods,
are subject to external validation by comparing market behavior to predictions from
econometric models. The problem with CV, as they see it, is that it is not subject to external
validation. If people hold non-use values, they will not leave such market or other behavior
based evidence to use for el(temal validation of CV. Hence the critics reason that CV will,
even at best, remain inferior to revealed preference measures;· They do recognize the
possibility of internal validation, though they consider it less potent than external validation.
That is, critics of CV do recognize that CV might gain some economic credibility if it could
produce results consistent with prior expectations based on economic theory. In the
terminology of this report, critics have proposed that CV results be subjected to strict
theoretical validity testing. To this end, they carried out a few CV studies, found that the
results failed scope tests and other tests based on theory, and concluded that CV cannot even
stand up to internal validity tests.

Proponents of CV have been less than convinced by these arguments. In-print support for the
method can be found in many places including Mitchell and Carson (1989) and Hanemann
(1994). At least lukewarm support has also come from the NOAA Panel on Contingent
Valuation, a panel of distinguished scholars co-chaired by Nobel Laureates in Economics
Kenneth Arrow and Robert Solow (U.S. Department of Commerce, 1993). We will not
attempt to do justice to all the counter arguments, but will attempt to summarize, from our
own point of view, the current state of knowledge about the overall validity ofCV.
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On the conceptual side, we would argue that CV and revealed preference methods have more
in common than the critics are admitting. The alleged external testability of revealed
preference methods seems to us to be largely an illusion. Theoretically speaking, the welfare
triangles from revealed preference valuation studies do not constitute the true values of the
commodity being valued. As we have already stressed, the true value of any intervention is
the amount of money paid or received that would leave the people affected by the
intervention indifferent about it. As we have also stressed already, indifference is an internal
mental state that cannot be observed directly. Relationships between estimated welfare
triangles and states of indifference must be inferred through theory. Based on theory, we are
led to expect that demand functions (in particular; HicksiaiJ. compensated demand functions)
are determined by consumers in such a way as to make the area under them and above the
price line indifference-producing amounts of money, but there is no way to externally
validate this theoretical result. Instead, the validity of revealed preference measures of value,
like the validity of stated preference measures, can only be addressed using strategies that we
have attempted to capture in the Three Cs.

Now, from the standpoint of the Three Cs, one might observe that, for economists, revealed
preference data have a high level of content validity a priori. Stated preference data do not.
We accept this as a starting point for the debate over CV.5 Nevertheless, this does not
obviate the need to test for validity at the level of the individual study.

It is interesting to consider the theoretical validity of modem market demand studies. Despite
the fact that theory clearly points to systems of demand equations where the quantity
demanded of each good is a function of all prices and income, it is still not unusual, even
today, to find applied studies that estimate a single demand equation. Those studies that do
estimate systems of equations generally estimate only a limited subset of the full demand
system. Estimation of the subset is justified using separability assumptions that are rarely
tested. Furthermore, researchers sometimes impose the fundamental structural requirements
of demand theory econometrically, by assuming that functional forms meeting theoretical
requirements hold and imposing them on the data. Attempts to estimate flexible functional
forms have met with mixed success at best.

Though it has not been referred to explicitly as theoretical validity testing, such testing does
normally occur in market demand studies. Demand studies routinely examine regression
coefficients for expected signs and statistical significance. More sophisticated studies may
test for more complex theoretical prior expectations, such as additivity or whether the Slutzky
matrix is negative semi-definite. As might be expected, theoretical validity tests in market
demand studies frequently reveal violations of prior expectations.

5 One caveat might be inserted at this point In our view, economists would do well to worry a
bit more about the content validity of market data. However, this point is not central here and
will not be pursued.'"
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The manner in which failures of validity tests are dealt with in market valuation studies is
rather interesting in light of the criticisms being leveled at CV. In market studies, a wrong
sign or insignificant coefficient here or there is not taken as a serious problem. The real
world has its imperfections, after all. Furthermore, many studies do not do very much
validity testing beyond an examination of signs and significance once the functional form that
"fits best" is determined. Where systems of demand equations are estimated and the
structural requirements of demand theory have not simply been imposed on the data a priori,
the inability of demand studies to meet theoretical prior expectations is certainly viewed with
concern. However, such failures are not necessarily considered to be grounds for rejecting a
study outright." Certainly, outright failures of some studies to successfully meet a minimum
set of theoretical priors would not be considered grounds for throwing out market demand
studies in general.

How economists view validity in market studies has important implications for CV validity
assessment. First, given that CV lacks a priori content validity, it is especially incumbent on
the investigators in CV studies to give careful attention to the content validity of their
procedures. At a minimum, in other words, it is incumbent on researchers to measure values
well. Otherwise, progress in determining whether resulting values ought to have economic
credibility will be hampered. Secondly, estimation of valuation equations and theory-driven
hypothesis testing to establish or reject the theoretical validity of CV results seems very much
in keeping with normal practice in market demand studies. Basically, this requirement boils
down to asking whether there is evidence to indicate that market behavior and responses to
CV questions appear to be rooted in mental processes like those modeled in economic theory.
The more such evidence one sees, the stronger the foundation for interpreting market values
and contingent values as economic values. However, following the same sort of approach as
is normal in market studies, one should not be surprised or overly upset to find that not all
theoretical expectation are fulfilled all the time. Empirical work is a messy business whether
one is dealing with market data or CV data. Finally, and now we return to the question of the
overall validity of CV, attempts to draw sweeping conclusions about the validity of CV from
a few studies, as the more vociferous critics of CV have done, cannot be justified
scientifically. They may have shown that their CV studies are invalid, but judgments about
the overall validity of the method must be based on the preponderance of evidence across a
full range of studies.

Given the credibility of revealed preference data in economics, comparisons of values from
applications of revealed preference methods with CV values for the same interventions are
particularly potent evidence. In a recent paper, Carson et al. (forthcoming) considered 83
separate studies that supported 616 comparisons of contingent values to revealed preference
values for the same interventions. Some of the revealed preference results came from
criterion validity studies in which simulated market or actual market comparisons were
feasible. Other studies involved comparisons of CV values with hedonic price, travel-cost,
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and averting expenditure studies and would probably be more properly considered convergent
validity comparisons.

All 83 studies involved WTP. Summary statistics of the ratios of contingent values to
revealed preference values were constructed for the full set of studies, for a 5 percent
trimmed set of studies, and for a data set that gave equal weight to each study rather than to
each CV-revealed preference comparison. For the full set of comparisons, the ratios of
contingent values to revealed-preference values averaged 0.89 with a 95% confidence
interval of [0.81-0.96] and a median of 0.75. Comparable statistics for the trimmed and
weighted comparisons were 0.77 [0.74-0.81] and 0.75 and 0.92 [0.81':'1.03] and 0.94,
respectively. The Spearman rank correlation coefficients for contingent values and
associated revealed-preference values were 0.78,0.88, and 0.92, respectively.

These results would support the conclusion that CV studies are capable of producing value
estimates that are rather close to those that would be obtained from revealed-preference
studies in cases where both approaches are possible. If anything, the work by Carson et al.
suggests that CV tends to err on the low side compared to revealed-preference valuation
procedures. These are rather encouraging results, although more evidence regarding non-use
values, where revealed-preference methods are more difficult to apply, would be helpful.

Although the debate over CV continues, many economists have concluded that CV studies, if
carried out well, are capable of producing estimates of WTP that are sufficiently accurate to
be useful in estimating WTP for environmental interventions like the ones in this study. This
was the overall conclusion of the NOAA Panel on Contingent Valuation (U.S. Department of
Commerce, 1993), for example. In summary, well-done CV studies have considerable
credibility and poorly-done studies may have none at all. This leads us to a more detailed
examination of the content and construct validity of the current study. _.
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6.4 CONTENT VALIDITY ASSESSMENT OF THE GCES NON-USE VALUE

STUDY

Assessing content validity involves four dimensions. First, the study design must be
reviewed for consistency with the underlying economic theory of value. IfCV values are to
be interpreted as economic values, they must be estimated in ways that are compatible with
theory. Among the issues that have to be considered here are those associated with budget
constraints, the availability of substitutes and complements, and the incentive compatibility
of the valuation mechanism..Second; the extentto which the study communicates effectively
to potential respondents must be evaluated. These first two dimensions might be summarized
by saying that a valid CV study must deal with both Homo economicus and Homo sapiens in
ways that are conducive to value revelation. Third, whether various facets of study execution
were adequate must be considered. Such matters as sampling and response rates are
examined here. Fourth, procedures followed as the study results were analyzed and reported
must be considered. Here, attention is focused on econometrics and quality of reporting.

In an attempt to flesh out these principles, Bishop and McCollum (1995) have proposed the
rating form presented as Figure 6-1. The form is composed of 12 detailed questions about
study procedures plus additional related questions. Certain parts of the form are specifically
designed for use by outside reviewers of CV studies. For example, the rating form suggests
that points be assigned for each of the 12 detailed questions depending on how well the study
did in addressing the issues raised in each question. It also asks for a total score (Question
13) and for a qualitative rating of the study (Question 15) on a scale ranging from Excellent
to Unacceptable. While it would make little sense for us as the researchers to assign points or
qualitative ratings to our own study, we can use the 12 detailed questions to organize our
reasons for believing that our study was designed and executed in ways that give it high
content validity.
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Figure 6.1
Content Validity Rating Form for Contingent Valuation Studies

1. Was the theoretical true value clearly and correctly defined? (5 points) ........ _--

2. Were the environmental attributes relevant to potential subjects fully
identified? (10 points) _

3. Were the potential effects of the intervention on environmental
attributes and other economic parameters adequately documented
and communicated? (10 points) _

4. Were respondents aware of their budget constraints and of the existence
and status of environmental and other substitutes? (5 points) _

5. Was the context for valuation fully specified and incentive compatible? (10 points),__

6. Did survey participants accept the scenario? Did they believe the
scenario? (10 points) _

7. How adequate and complete were survey questions other than those
designed to elicit values? (10 points) ' _

8. Was the survey mode appropriate? (10 points) _

9. Were qualitative research procedures, pretests, and pilots sufficient
to find and remedy identifiable flaws in the instrument and associated
materials? (5 points) _

10. Given study objectives, how adequate were procedures employed to
choose study subjects, assign them to treatments (if applicable), and
encourage high response rates? (10 points) _

11. Was the econometric analysis adequate? (10 points) _

12. How adequate are the written materials from the study? (5 points) _

13. Total points _

(continued)
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Figure 6.1 (continued)
Content Validity Rating Form for Contingent Valuation Studies

14. Are there other concerns relating to the design and execution of the
study that have not already been addressed? _

15. Considering the issues raised in Question 1 through 12, your total score
as calculated for Question 13, and any additional issues raised under
Question 14, how would you rate this study overall?

Excellent
Good
Fair
Poor
Unacceptable (Study Fatally Flawed)

(1) Was the theoretical true value clearly and correctly dermed? Soon after the GCES
Non-Use Value Study was conceived in general terms, the values to be estimated were
defined in theoretical terms and presented in a report along with a discussion of various
theoretical issues and a review of the literature on total value (Bishop et aI., 1991). This
work was subjected to a peer review by four experts in the field of environmental economics
who provided numerous comments and suggestions.

(2) Were the environmental attributes relevant to potential subjects fully identified?
Eight focus groups were conducted early in the process of designing the study. To probe in a
preliminary way for relevant regional differences among potential future survey respondents,
these groups were held in New York State, Tennessee, Nebraska, Arizona, and Utah. The
groups were evenly split between urban and rural participants. An additional seven focus
groups were later held at various locations and six observed personal interviews using the
draft survey instrument were conducted in Madison, WI. Results from the focus groups and
interviews are presented in Appendix B of this report. Throughout this process, a great deal
of attention was devoted to investigating which of the potential effects of changing dam
operations were relevant to people and why. We incorporated what we learned into the
survey instruments.

(3) Were the potential effects of the intervention on environmental attributes and other
economic parameters adequately documented and communicated? Potential effects of
changing dam operations on environmental and cultural resources were tailored to correspond
to the effects identified in the GCDEIS (U.S. Bureau of Reclamation, 1995). Effects of
changes in dam operations on power costs were studied by the Power Resources Committee
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under the auspices of the Glen Canyon Environmental Studies and associated agencies. Their
estimates of power cost impacts were translated into potential effects on retail power rates
with the help of the Western Area Power Administration. Drafts of the survey instruments
were repeatedly revised for effective communication through the process of focus groups,
observed interviews, pretests, and the pilot study. Throughout this process the researchers
worked with the Non-Use Value Committee. This committee, as described above, was
composed of representatives from relevant federal and state agencies, Indian tribes, and
interest groups. Much attention was devoted during committee meetings to the accuracy of
the infonnation presented to respondents as well as effectiveness and neutrality of
communication.

Respondents' understanding of the infonnation provided about potentially affected resources
and the effects of dam operations were investigated within the survey through a set of true
false questions. In the final survey, respondents in the national sample averaged 89 percent
correct in answering these questions, and respondents in the marketing area sample averaged
90 percent correct.

(4) Were respondents aware of their budget constraints and of the existence and status
of environmental and other substitutes? We addressed this issue by including the
following statement just prior to the valuation question in the national survey (emphasis in
original):

The higher electric rates described earlier cannot make up for all the revenue lost as a
result of this proposal. Taxpayers would have to make up the difference. How would
you, as a taxpayer, vote on this proposal? As you think about your answer. please
remember that if this proposal passes. you would have less money for household
expenses or to spend on other environmental issues.' .

The comparable statement in the marketing area survey was (emphasis in original):

How would you vote on this proposal if passage meant your utility bill would increase?
As you think about your answer. please remember that if this proposal passes. you
would have less money for household expenses or to spend on other environmental
~.
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The budget constraint was further emphasized by asking respondents to list the items on
which they would spend less money if the proposal passed. After explicitly considering their
expenditure alternatives, respondents were offered the opportunity to change their vote on the
proposal.

(5) Was the context for valuation fully specified and incentive compatible? Context
refers to all dimensions of the possible transactions posed in the CV question: how decisions
about implementing the intervention will be made and how money referred to in the CV
question will be paid. Examples. may include. the timing of-payments, who else will be
paying (the "extent of the market," see Smith, 1993), and the payment vehicle (e.g., taxes,
prices of goods and services, user fees). A context is "complete" when respondents have
enough such details to feel that they understand the terms of the transaction proposed in the
valuation exercise (Fischoff and Furby, 1988). For example, if respondents feel that they do
not have adequate information about the timing of the payment or the decision process that
determines whether the intervention will be implemented, then the context would be
incomplete.

Throughout the focus groups and other steps in instrument design reported in Appendix B,
we probed for possible incompleteness of the context and corrected the instruments
accordingly. Respondents were told that government officials who would be deciding how to
operate the dam in the future needed to know, among other things, whether the proposal
presented in the survey would be worthwhile to people like them. Specific payment
mechanisms in the form of federal taxes for the national sample and electric utility bills for
the marketing area sample were specified. The extent of the market was taxpayers for the
national sample and electric power consumers for the marketing area. If proposals were
passed, payments were to last for the indefinite future. A referendum format with single
bounded discrete choice responses was adopted. Such a format is widely consideredto be
incentive-compatible (Hoehn and Randall, 1987; Mitchell and Carson, 1989).

(6) Did survey participants accept the scenario? Did they believe the scenario? A study
subject accepts the scenario when he or she at least implicitly agrees to proceed with the
valuation exercise based on the information and context provided. Scenario rejection can
lead either to poor quality valuation data or item non-response for CV questions. Thus, a
valid CV study will strive to develop an acceptable scenario. Study subjects believe the
scenario to the extent that they are convinced that their responses to the CV question will
actually affect the availability and/or quality of the environmental amenity being evaluated
and how much they will actually payor receive in compensation. Although not a requirement
for a content-valid study, belief in the scenario is highly desirable.
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One purpose of the focus groups and observed personal interviews was to develop
respondent-acceptable survey materials. For example, the use of utility bills as a payment
vehicle for the national sample was ruled out because focus group participants outside the
West found this vehicle implausible.

Further evidence on acceptance and belief is provided by the survey respondents themselves.
Nearly all survey respondents felt that the results of the study should be considered when
making decisions about future operations of Glen Canyon Dam (97 percent in the national
sample and 96 percent in the marketing area sample). Furthermore, a large proportion of
these respondents believed they would actually have to pay if the proposal passed. In the
national sample, 72 percent of individuals answering the CV question believed their taxes
would increase if the proposal passed. In the marketing area sample, 83 percent of
respondents believed their utility bills would increase if the proposal passed. In summary,
respondents tended to believe they would have to pay if the proposal passed and that their
vote on the proposal ought to be a factor in determining future dam operations. We believe
this indicates a high degree of belief in and acceptance of the contingent valuation scenario.

However, one source of some concern about the believability of the scenario did arise from
our analysis. For the national sample, those who did not believe that their taxes would rise if
the proposal passed were more likely to vote definitely yes than those who thought their taxes
would rise (see Table 5-19). One possible interpretation ofthis result is that these people
might have answered the CV question with strategic intentions. That is to say, desiring to see
the proposal in question instituted, those who figured they would not have to actually pay,
may have answered definitely yes to amounts larger than they would really be willing to pay.
If accepted, this interpretation would reduce the validity of the study results. In response to
this concern, the values for the national sample were adjusted as explained in Chapter 5.
Furthermore, other interpretations of this result are possible. For one, rather than responding
to the CV question strategically, it is conceivable that those who tended to answer definitely
yes may have also been sufficiently sophisticated in their understanding of government to
have realized that their taxes would not really rise. Comparisons of the socioeconomic
characteristics of those who did and did not believe that their taxes would rise did not identify
any significant differences. Thus, further support for these and other alternative
interpretations of the result in question are not forthcoming. Beyond the adjustment for
beliefs about taxes just mentioned, more drastic steps to somehow correct for possible
strategic influences did not seem warranted.

(7) How adequate and complete were survey questions other than those designed to
elicit values? Questions other than the valuation questions provide data to support construct
validity testing and may also provide decision makers with useful information of a non
economic nature. Our survey contained standard environmental attitude questions, as well as
questions on attitudes toward cultural resources, American Indians, and national parks.
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Demographic data were also gathered. Pilot study results were used to select questions that
were most promising in predicting WTP.

The questions discussed in the preceding paragraph regarding whether survey respondents
felt the results ought to be used and would be used, as well as those asking whether
respondents believed their taxes or utility bills would increase were adopted for the final
survey to help assess the validity of the exercise.

(8) Was the survey mode appropriate? Except for telephone interviews with
nonrespondents to the mail survey, this study was conducted entirely by mail. This survey
method is a potential source of trouble in a study of this type. It is probable that in a sample
of U.S. residents or even in the marketing area sample, many people would not be familiar
with the environmental and cultural resources at the bottom of the Grand Canyon or how
those resources would be affected under alternative dam operations. Thus, a great deal of
information had to be communicated to survey recipients at the beginning of the survey.
Informing potential respondents of all the relevant issues through written information and
related material required a substantial effort to ensure that the materials conveyed the correct
information. The NOAA Panel and the proposed rules for damage assessment (U.S.
Department of Commerce, 1993; U.S. Department of the Interior, 1994; U.S. Department of
Commerce, 1994) recognize the potential for such problems by recommending that CV
studies be conducted using personal interviews.

Although we do not want to minimize the potential problems of mail surveys for non-use
value studies, we have some evidence that indicates our mail survey performed well. First,
there were the relatively high scores on the true-false questions, as previously reported. The
scores indicated that most respondents had an excellent grasp of the information we provided.
Second, our pilot results showed that responses were not sensitive to minor changes in how
the information was worded (Appendix C). Third, nearly all respondents felt that the results
of the study should be used in future decision making, which can be interpreted as a vote of
confidence that respondents felt they had participated in a sound survey. Fourth, a further
vote of confidence from respondents came in the high response rates both nationally and
especially in the market area. Low response rates can be indicative of poor communication in
the survey and other design problems. Finally, as we shall see below, the results of the
construct validity testing were quite positive. Poor data due to an overly complex survey that
failed to communicate would not have faired so well.

(9) Were qualitative research procedures, pretests, and pilots sufficient to find and
remedy identifiable flaws in the instrument and associated materials? As already
discussed, this study involved extensive efforts to refine the survey instruments. Focus
groups, observed one-on-one interviews, and a large pilot study all contributed to the
evolution of the surveys. The study was scrutinized at each step in its design and execution
by the Non-Use Value Committee. The design process and the survey instruments at various
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stages of development were also reviewed by our panel of peer reviewers. Pilot and final
instruments were approved by the Office of Management and Budget.

(10) Given the study objectives, how adequate were the procedures for choosing study
subjects, assigning them to treatments (if applicable), and encouraging high response
rates? Our samples were purchased from a firm that is widely recognized for the quality of
its mail survey samples. Potential respondents were carefully assigned at random to the
various cells for both the pilot and final surveys. The marketing area sample was selected
from households with ZIP codes in areas served by utilities holding long-term firm-power
contracts with "the Salt Lake CitY office ofthe Westerri Area Power Administration (WAPA).
The contracts held by these utilities represented approximately one-half of the firm power
marketed from the Salt Lake City Area integrated projects, of which Glen Canyon represents
approximately 80 percent of all the power generated. Although power from Glen Canyon
Dam is marketed from several other WAPA offices, representatives from WAPA felt that the
areas served by the Salt Lake City office would be typical of other areas served by power
produced at Glen Canyon Dam. The ZIP codes list provided by WAPA included ZIP codes
in Utah, New Mexico, Arizona, Nevada, Colorado, and Wyoming.

Samples provided by the sampling flI1Il typically identify a head of household (usually a
male). To avoid a potential bias associated with surveying only heads of households, the
survey was addressed to the entire household in care of the identified sample point. For
example, if John Smith was the sampled individual, the survey was sent to the John Smith
household in care of John Smith. Instructions in the cover letter and on a post-it note
attached to the survey materials requested that the survey be completed by the adult member
of the household with the latest birthday in the calendar year. This method allowed us to
more randomly select adult members of the household to complete the survey and thus
resulted in a nearly even gender split among the respondents.

Two sources of concern arise with respect to mail surveys. First, mail surveys samples are
assembled using telephone directory listings. Such samples are subject to potential non
coverage errors, to the extent that households either have no telephone or have an unlisted
telephone number. For this particular study, the potential for non-coverage errors was
reduced by augmenting telephone directory listings with drivers license records in the three
states where Department of Motor Vehicles license records were available. The second
concern with the mail survey methodology is that non-response to the survey may mean that
respondents are not representative of the initial sample. High response rates minimize the
potential bias resulting from survey non-response. As described in Chapter 4 and
Appendix C, several steps, including the use of a prepaid monetary incentive and extensive
follow up contacts of nonrespondents, were used to increase the survey response rate.
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While we believe this study achieved as high a rate of coverage and as high a response rate as
was possible given the resources available, coverage and response rate are a matter of degree.
Unless one achieves a 100 percent coverage and response rate, there remains a possibility of
bias. To help assess the adequacy of the sample coverage and the response rate, we compare
basic background characteristics of the U.S. population with estimates of these same
characteristics for the sampling frame and the respondents to the mail and telephone surveys
(Table 6.1).6

6 Additional infonnation regarding sampling and sources of data for Table 6-1 are found in
AppendixD.
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Table 6-1
Characteristics of the Population, Sample Frame, and Survey Respondents

National National Sample
Population Sample Frame Respondent

Characteristicsa Characteristicsb CharacteristicsC

Age:

18 - 24 Years
25- 34 Years
35 - 44 Years
45 - 54 Years
55 - 64 Years
65 Years or older

Percent Male:

13.4% 14.4% 4.1%
22.0 22.0 17.5
21.4 20.7 22.7
15.0 14.5 19.8
11.0 11.3 12.5
17.2 17.1 23.4

(190,674,000) (190,282,531) (1,913)

47.9% NA 52.8%
(190,674,000) (1,878)

Education:d

High school graduate
or higher

Bachelors degree
orhighere

Average Household Size:

Household Income:

80.2% NA 91.6%
(165,012,000) (1,789)

21.9% NA 43.8%
(165,012,000) (1,789)

2.6 people NA 2.7 people
(96,391,000) (1,765)

$0 - $9,999
$10 - $14,999
$15 - $24,999
$25 - $34,999
$35 - $49,999
$50 - $99,999
$100,000 or more

NA 14.2%
8.4

16.5
15.3
17.9
21.9

5.7
(94,705,985)

7.1%
7.2

15.1
18.0
19.4
26.9

6.3
(1,741)

(continued)
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Table 6-1
Characteristics of the Population, Sample Frame, and Survey Respondents

(Continuetl)

Income: f

Average household

Median household·

Median family

NA

$30,786
(96,391,000)

$36,950
(68,100,000)

$41,911
(94,705,985)

NA

NA

$42,856
(1,741)

$37,250
(1,741)

NA

a

b

d

e

()
NA

U.S. Census projected estimates for 1993.
Information provided by SSI, projected forward from the 1990 U.S. Census.
To more fully represent the portion of the national sample contacted, results are reported for the
combined mall and telephone survey data. For cases where respondents might be represented in both
data sets. the mall survey data is excluded.
Education is reporte.:1 for mdividuals 25 years old or older.
Information reported for national sample respondent characteristics represents respondents who
reported bemg a collefe or technical school graduate or having completed post graduate work.
Median household Income reported for the population is projected for 1992, in 1992 dollars, and the
median famlly Income IS projected for 1993, in 1993 dollars.
Numbers in parent~ses indicate the number of valid cases.
Information IS not avaIlable.

Respondents to the survey appear to be slightly older and have a higher level of educational
attainment than the population at large. The average household income of respondents is
close to the estimated average household income for the sampling frame. Furthermore, the
median household income of respondents is very close to the median family income as
estimated by the U.S. Census Bureau. In summary, while the characteristics of survey
respondents do not exactly replicate those of the population, the differences are not
substantial. In combination with the procedures used to extrapolate the survey data to the
population to calculate an average willingness-to-pay for the relevant population, we believe
the procedures used in this study have been successful in minimizing the potential biases
associated with non-coverage and non-response.

(11) Was the econometric analysis adequate? We endeavored to be thorough and
statistically sound in the econometric procedures applied. Econometric suggestions from our
peer review panel and the Non-Use Value Committee were implemented to the extent
practical.
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(12) How adequate are the written materials from the study? We fully agree with and
have attempted to meet, the reporting requirements set by the NOAA Panel (U.S. Department
of Commerce, 1993):

Every report of a CV study should make clear the definition of the
population sampled, the sampling frame used, the sample size, the
overall sample non-response rate and its components (e.g., refus31s),
and item non-response on all important questions. The report
should also reproduce the exact wording and sequence of the
questionnaire and of-other comrnunicationsto respondents (e.g:;,
advance letters). All data from the study should be archived and
made available to interested parties ...

In addition, we have described the qualitative research done as part of instrument
development and the results of those efforts; the pilot study results; how the survey
instrument was modified after the pilot study; and the final study results. Procedures for
estimating aggregate values were explained. Finally, and here we believe our study is
unusual, we have attempted to explicitly and systematically assess the validity of the study's
procedures and results.

6.5 CONSTRUCT VALIDITY ASSESSMENT

Construct validity assessment offers another strategy for judging the accuracy of contingent
values. Given the potential role ofnon-use values in this study, convergent validity
comparisons were not relevant. However, theoretical validity testing was a high priority from
the beginning. To re-emphasize a basic point of this chapter, the stronger the linkages are
between a study's results and economic theory, thefirmer the foundation-is for interpreting
CV values as economic values. Weaknesses identified during theoretical validity testing
could indicate flaws in study design that were not detected when content validity was
assessed or they could be symptomatic of unknown factors outside the theory that are
influencing results. In either case, the link between observed CV values and the theoretical
ideal is weakened.

Bishop et al. (1994) proposed that a distinction be made between "rudimentary" and
"advanced" theoretical validity tests. Rudimentary tests use regression analyses, contingency
tables, and other such procedures to explore whether prior expectations about the
relationships between responses to CV questions and other types of data were met by the
study's results. For rudimentary tests, it is worth explicitly recognizing that an important role
exists for common knowledge and intuition as well. An example from market demand
estimation would be the commonly made assumption that meats like beef and pork are
substitutes for each other. There is no reason in theory for this hypothesis, but it would
certainly be supported by introspection and casual observation. Likewise, one might
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hypothesize that members of environmental organizations would have higher values for
environmental improvements than non-members. Thus, relationships between CV question
responses and income, socioeconomic characteristics, self-reported past behavior (e.g.,
having visited the area where the environmental resource is located), and attitudinal measures
are often evaluated in rudimentary tests. To the extent that such relationships are significant
and accompanied by expected signs, the study is judged to have higher construct validity.

In contrast to the rudimentary tests, advanced theoretical validity tests involve prior
expectations about the relationships between contingent values, most oftenfrom the same
study. Scope tests, one example of advanced tests, have been much discussed lately. The
credibility ofthe advanced tests is enhanced if the survey instrument (or instruments) has
high content validity and the values to be compared come from independent samples.
Passing advanced tests is potent evidence that CV survey responses are rooted to a significant
degree in decision processes consistent with economic theory.

Bishop et al. (1994, pp. 22-23) suggest that results from rudimentary and advanced tests
should be interpreted in the following way:

We propose that studies be categorized into a three-level hierarchy
expressing increasing degrees of construct validity. At the lowest
level would be studies that either have not included any construct
validity tests or have failed to pass rudimentary tests. .. Such
studies may still be useful for scientific purposes or as exercises
involving the training of students, but should be used in policy
analysis and litigation only with the heaviest caveats. The second
level of the hierarchy would involve studies that have achieved a
fair amount of success in the rudimentary tests, but that either do not
have the budget to support advanced testing or have not succeeded
in passing advanced tests. Second-level studies may be usable in
cost-benefit analyses, since normally such analyses are simply
interested in determining whether the benefits of an intervention
exceed the costs. Of course, suitable caveats would need to be
introduced into such studies. Unless benefits exceed costs by a
fairly wide margin or vice versa, potential imprecision in second
level studies may mean that the issue of whether benefits exceed
costs remains open. Second level studies may be less useful for
litigation, where relatively precise estimates of value are needed to
assess damages, but they may still be useful in preliminary damage
assessments. .. Third level studies are studies that have conducted
and achieved substantial success in sophisticated rudimentary tests
and/or have conducted and passed advanced tests. Provided that
such studies are judged to have a high degree of content validity as
well, they would have the highest level of credibility for benefit-cost
analysis and litigation.
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To consider the level of the current study in this hierarchy, consider fIrst how well the study
performed in rudimentary tests. Logistic equations presented in Tables 5-19 and 5-20
indicate that willingness to pay is strongly related to factors like income, education,
environmental attitudes, and expectations of future visits to the Grand Canyon in ways that
are quite consistent with prior expectations.

Several advanced tests were passed as well. First, theory would lead one to expect that
responses to CV questions should not be sensitive to seemingly innocuous wording changes.
Pilot test results confIrmed (Appendix C) that values did not change in statistically signifIcant
ways when minofwording changes and changes in the order ofthe infomiation were
introduced.

A second advanced test relates to prior expectations about how electricity price impacts
would affect WTP estimates. Recall that for the national sample in the fInal study, each
version contained descriptions of the environmental benefits and electricity price impacts for
a specifIc alternative dam operation. Furthermore, for increasingly severe restrictions on
power generation--from the moderate fluctuating flow alternative to the low fluctuating flow
alternative and then the seasonally adjusted steady flow alternative--increasing levels of
environmental improvements were associated with increasing power price impacts. Based on
the focus groups results, we were confIdent that environmental improvements were viewed
by many potential respondents as positive attributes of the alternatives, whereas increasing
price impacts were often viewed as negative impacts. In the pilot study, values increased as
more stringent constraints on dam operations were introduced. We tended to interpret this as
evidence that environmental concerns were outweighing empathy for power consumers.
However, an alternative interpretation arose in reviewing the pilot results. It was suggested
that higher contingent values expressed for the seasonally adjusted steady flow alternative
may have resulted because respondents used the power price impacts as a cue to the value
they should express for that proposal. This concern was addressed by including Version 4 in
the fInal study. Version 4 contained the environmental impacts of Version 3 (the seasonally
adjusted steady flow alternative) but the power impacts of Version 2 (the low fluctuating
flow alternative). That is, the environmental effects in Version 3 and Version 4 were
identical, while the power price impacts in Version 4 were lower than in Version 3. If
respondents were weighing environmental positives against power price impact negatives in a
theoretically consistent way then Version 4 ought to generate higher values than Version 3. If
the price impacts were providing a cue for respondents then, contrary to what would be
expected based on theory and the focus groups, Version 4 ought to have had a lower value.
As we saw in the preceding chapter, Version 4's value was larger, supporting the theoretical
validity of the study.

Finally, several scope tests were applied using the pilot and fInal survey results. In both the
pilot test and the fmal survey, the portion of respondents who would support proposals if the
cost to them were zero varied signifIcantly across proposals in ways that were consistent with
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prior expectations. In the pilot survey for the national sample, among those who would vote
for the proposals at zero cost to them, mean WTP for the seasonally adjusted steady flow
alternative was rather consistently more than the mean WTP for the moderate fluctuating
flow alternative based on the various statistical tests performed. Furthermore, in the national
sample pilot test, Version 8, which was identical to Version 3 except that impacts to Native
Americans, trout, and native fish were deleted, produced a lower value than Version 3. This
lower value was marginally significant in the definitely-yes models and quite significant in
the combined definitely-yes and probably-yes models. This outcome confirmed prior
expectations.

Interpretation of the scope tests was somewhat more complicated in the final survey. Some
changes made to the scenarios between the pilot survey and the final survey reduced the
likelihood of finding significantly different values for the seasonally adjusted steady flow
alternative compared to the modified fluctuating flow alternative. For example, the
description of the seasonally adjusted steady flow alternative was modified to make it less
environmentally beneficial. In particular, the pilot version indicated that endangered native
fish populations would increase. To conform to more recent conclusions in the GCDEIS, the
final version said that "Native fish ... would most likely increase in numbers. However,
competition from non-native species may still limit the growth of native fish populations."
(See Appendix C for additional changes in the scenario between the pilot and final surveys.)
Also, the statistical tests performed during the pilot study had the benefit of the greater
statistical precision associated with the multiple-bounded CV questions; the final study did
not. Because the multiple-bounded approach is still relatively new and unproven, a decision
was made to implement the final survey using the traditional single-bounded approach. This
reduced the statistical precision of the final estimates, making scope more difficult to
demonstrate.

Tables 5-19 and 5-20 list the dummy variables for the different survey versions (variables
D2-D7). Tests of significance of these dummy variables can be interpreted as scope tests. D3
has the expected sign but is not significant. In other words, for the national sample, the
estimated distribution of values for the seasonally adjusted steady flow alternative was not
significantly different from the distribution for the moderate fluctuating flow alternative.
However, the difference is close to significant with P=0.175 and P=0.254 for the definitely
yes and the definitely/probably yes models, respectively.

It is also worth noting that these two alternatives are less than perfect as scope tests because
the environmental improvements are counterbalanced by heavier power price impacts. Not
only does the dummy variable D4 stand counter to the hypothesis that respondents were
basing their values on cues provided by the power impacts (as we learned above), it also
serves as a clearer scope test because it combines the environmental improvements of the
seasonally adjusted steady flow alternative with the power impacts of the low fluctuating
flow alternative. And D4 is statistically significant (P=0.062 for the definitely yes model and
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P=0.055 for the definitely/probably yes model). Thus, based on both the pilot study results
and the significance of D4, we conclude that our study passes scope tests for the national
survey.

For the marketing area, results of the final study also show some signs of passing scope tests,
but the evidence is somewhat less compelling. The positive result is for D6 which is
significant at P=0.018 for the definitely/probably yes model. For that model, the estimated
WTP for the low fluctuating flow alternative is significantly larger than for the moderate
fluctuating flow alternative. However, that result does not carry over to the definitely yes
model. There, D6 is not only insignificant, but has the wrong sign. D7, the dummy variable
for the seasonally adjusted steady flow alternative, is not significant in either model, but
comes close in the definitely/probably yes model (P=O.I13). Combined with the lack of
demonstrated sensitivity to scope for the marketing area in the pilot survey, the case for
stating that the marketing area study has passed advanced tests is somewhat weaker than for
the national survey.

Of course, as with many empirical data sets, anomalies can be present. In this data set, for
example, one would expect, all else equal, that the percentage of "Yes" votes would decrease
as the dollar value of the bid amount increases. In actuality, the percentage of "Yes" votes
(when aggregated across all survey versions) appears to be too low for the $150 bid amount
when judged against the percentage of "Yes" votes at the $120 and $200 bid amounts.
Furthermore, this anomaly appears to be present for female respondents, but absent for male
respondents.7 We have been unable to find an explanation for this anomaly and have simply
accepted it for the present analysis as a quirk of this particular data set. However, as reported
in Tables 5-19 and 5-20, even in the presence of this anomaly the coefficient for the bid
amount still has the expected (negative) sign.

We conclude that the national survey should be categorized as a Level 3 study in the
framework proposed above. That is, the national sample results are of sufficient validity to be
used in decision making with minimal reservations. Though the scope test results are mixed
for the marketing area sample, its strong showing in the rudimentary tests and the one
positive scope test is encouraging. In terms of construct validity, it should probably be placed
toward the bottom of Level 3 or at the very top of Level 2.

7 Appendix H provides a discussion of this issue.
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6.6 CONCLUSION

A content-valid CV study is rooted throughout in a clear theoretical definition of the true
value of the intervention. Using well-documented evidence of the respondent-relevant
effects of the intervention, a sound study will effectively communicate the potential effects of
the intervention to respondents. It includes whatever information respondents might need
regarding substitutes for the environmental resources in question and reminds them of their
budget constraints if necessary.. It also includes .a fully .specified and incentive-compatible
context for valuation. The sound study does all this in ways that potential respondents will
accept and, if possible, believe. Looking beyond the scenario, a content-valid survey
instrument includes well-designed questions to support construct validity testing and achieve
other goals. The mode chosen for administering the survey must be appropriate for the
complexity of the scenario and the ultimate goals of the study. Prior to administration, the
instrument must be subjected to sufficient qualitative investigation, pretesting, and, if needed,
pilot testing to eliminate as many problems as possible. Econometric analysis of the results
must be adequately performed and the final results effectively reported. We believe that the
GCES Non-Use Value Study meets these standards well.

A construct-valid CV study has passed both rudimentary and advanced theoretical validity
tests. The valuation equations estimated in this study showed a high degree of consistency
between study results and prior expectations. Furthermore, with the caveats expressed at the
end of the last section about the marketing area surveys, we were able to achieve considerable
success in passing scope tests.

Our conclusion, then, is that the GCES Non-Use Value Study has demonstrated sufficiently
high levels of content and construct validity to be used in choosing the criteria for operating
Glen Canyon Dam in the future. Integrating the results of this study with results of the power
and recreation valuation studies should help to judge the economic implications of alternative
criteria for operation of Glen Canyon Dam.
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GeES Non-Use Value Study Timeline

December, 1990

April, 1991

July, 1991

January, 1992

September, 1992

January, 1993

July, 1993

January, 1994

May, 1994

June, 1994

May-June, 1994

GCES authorizes study on conceptual framework and prospects
for a successful Non-Use Value Study

Conceptual framework proposed and submitted for peer review

Submit final report on conceptual framework and prospects for a
successful study . .. - .

Begin qualitative research on instrument design

Submit preliminary report on findings from qualitative research

Conduct additional qualitative research on instrument design.
Submit description ofwater release alternatives to EIS members
for review

Receive approval to proceed with study plan for a pilot test

Finalize pilot test survey and experimental design

Receive OMB approval ofproposed pilot test and study plan

Pilot test implementation and analysis

Submit results of pilot test for peer review, and discuss prospects
for a successful final study

Review of pilot test results by Non-Use Value Committee

OMB review of pilot test study and approval of final study plan
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July, 1994

August, 1994

October, 1994

January, 1995

March, 1995

May, 1995

July, 1995

August, 1995

ApPENDIX A ~ GeES Non-Use Value Study Timeline ~ A-2

Submit results of pilot test to cooperating agencies for review
and recommendation for final study

Finalize experimental design and survey materials in
coordination with non-use value committee and OMB

Field mail survey

Field telephone survey

Present preliminary results to Non-Use Value Committee.
Receive recommendations for additional analyses

Present a draft summary report for review

Submit a draft report of the final study results for review

Final study results subjected to peer review and
recommendations

September, 1995 Submit Final Report ofNon-Use Value Study Results to GCES
Non-Use Values Committee
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B.I INTRODUCTION AND INTERPRETATION OF QUALITATIVE RESEARCH

Many features of the final GCES (Glen Canyon Environmental Studies) non-use value
survey were the result of a substantial qualitative research program that began in early 1992
and continued for twq years. The GCES Non-Use Value qualitative research program
included focus groups and in-depth personal interviews. This appendix provides an
overview of this research. Before discussing the research program, however, it is important
to reiterate several general points about the appropriate use and reporting of qualitative data.
In this study, qualitative research provided valuable insights into the ways that people
thought about the Grand Canyon and clarified how to best present the technical infornation
about dam operations and the consequences of changes in dam operations. These insights
were then used to help design better questionnaires for the quantitative general population
surveys.

It is important to remember that the results from qualitative research are not generally used
to make quantitative estimates of the proportion of people who hold a certain attitude or
belief. One reason is because participants in focus groups and in-depth personal interviews
may not represent the population from which they are selected. Furthermore, the sap~ pie
sizes for qualitative research are generally small. These two characteristics of qualitative
research usually make it inappropriate to report quantitative type results, such as "65 percent
of the participants said this." Rather, the results of qualitative research are usually reported
by using qualitative terms, such as "some people said this," or "most people said this."

Although the results from qualitative research are not generally used to estimate the
percentage of individuals who hold a certain attitude or belief, they are frequently used to
determine the range of attitudes and beliefs that different people hold about a topic, as well
as the degree to which potential survey respondents comprehend the potential survey
materials.

B.2 RECRUITING PARTICIPANTS FOR THE QUALITATIVE RESEARCH

Even if participants are selected from a random sample of residents near the focus group site,
many factors can result in a set of participants that is not representative sample of the
population. For instance, it can often be difficult to get a sufficient number of people to
attend a focus group meeting. Even though participants were offered $25 to $35 to
participate in this study, it was difficult to get individuals to agree to come to a discussion (or
an interview) at a specific time and place. A second important factor is the salience of the
topic to be discussed. If the topic is specifically identified during recruitment and if is of
special interest to a subgroup of the population, there is a risk that only those individuals
most interested will agree to attend. If this happens, participants will be more representative
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of people who are interested in the topic than of the population from which they were
selected. To avoid this second type of problem, potential participants were told during
recruitment only that the discussion would involve issues related to national parks or to
trade-offs between economics and the environment. They were also told that even if they felt
they had very little information about the topic, they would still be able to participate.
Recruiting scripts were designed to sound interesting to a wide range of potential participants
without telling them the specific topic that was to be addressed.

B.3 DECISION RULES FOR EVALUATING QUALITATIVE RESEARCH RESULTS

Because qualitative research provides data on the range of attitudes and beliefs (and the
degrees of comprehension) rather than on the proportion of people holding these attitudes
and beliefs, the criteria used to evaluate the results of the non-use value focus group
discussions did not take the form of quantitative decision rules. As the name suggests,
qualitative research results in data that are qualitative in nature and that require the
application of qualitative decision criteria. For example, in this study a target percentage of
participants who felt that the alternative dam operations had value did not have to be
specified in order to proceed with general population surveys. Rather, the observation that
alternative dam operations had value to some of the participants was sufficient evidence for
proceeding to the quantitative research phase of the study. Only the general population
surveys in the quantitative phase can indicate the percentage of people for whom the
alternative dam operations have value, or estimate the aggregate values across respondents.
Similarly, as long the qualitative research program indicated that the technical information
on dam impacts was understandable to at least some of the participants, the decision could be
made to proceed with the quantitative research phase to determine the actual percentage of
people who could understand this technical information.

Practically speaking, these rather gross decision criteria suggest that the chances of
proceeding to a quantitative research phase were quite high. Only if the qualitative research
had indicated that virtually no one understood the impacts of various alternative dam
operations or saw value in the environmental changes that might occur if dam operations
were changed, would we have recommended not proceeding with the design and pretesting
of a contingent valuation survey. Because of this, the qualitative research program was
primarily viewed by the research team as an aid to survey design.

The qualitative research program for the GCES Non-Use Value study was carried out in two
steps. The first step consisted of a series of eight focus groups held in various locations
around the country. The purpose of these focus groups was to explore the feasibility of
designing and implementing a study of the non-use values associated with resources affected
by the operation of Glen Canyon Dam. The first step of the program was carried out in
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different parts of the country to help ensure that we would hear most (or all) of the different
attitudes and beliefs about the impacts of dam operations on the Colorado River environment
in the Grand Canyon. Upon successful completion of the first step, the second step was
carried out. The purpose of the second step was to evaluate and refine various drafts of
potential survey instruments.

B. 4 INITIAL Focus GROUP DISCUSSIONS

The first step in the program was initiated with a series of eight focus group discussions held
at various locations around the country. The locations were chosen to represent a broad
geographic spectrum of U.S. citizens and to include residents in both urban and
suburban/rural areas. Four geographic areas were chosen: New York, Tennessee, Nebraska,
and Arizona/Utah. Two focus groups discussions were held in each location, one in an urban
area and one in a suburban or rural location nearby. In New York, participants in the urban
discussion groups were chosen at random from the metropolitan area of Buffalo, New York.
Participants in the suburban/rural discussion group were chosen from the city of Batavia. In
Tennessee, the urban group was recruited from the metropolitan Nashville area, and
participants in the suburban/rural group were chosen from the area around Murfreesboro. In
Nebraska, the urban group was recruited from the city of Omaha, while the participants in
the suburban/rural group were chosen from the Columbus area. The urban group in the
Arizona/Utah area was held in Phoenix and the suburban/rural group was held in S1. George,
Utah. In addition to being a smaller town, S1. George was also chosen because electric
utilities serving the city have firm power contracts for power generated at Glen Canyon
Dam. Table B-1 summarizes the dates and locations of the initial round of focus group
discussions.
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Table B-1
Dates and Locations of the Focus Group Discussions

Presentation
Number of of Contingent Valuation

Location Date Participants Information Vehicle

Buffalo, NY February 5, 1992 10 OralNisual Monthly Utility Bill

Batavia, NY February 6, 1992 6 OralNisual Monthly Utility Bill

Nashville, TN March 18, 1992 10 OralNisual Monthly Utility Bill

Murfreesboro, TN March 19,1992 10 OralNisual Monthly Utility Bill

Omaha,NE August 20, 1992 10 Written Monthly Utility Bill

Columbus, NE August 31, 1992 12 Written Lump Sum Tax Increase

Phoenix,AZ September 9, 1992 10 Written Monthly Utility Bill

St. George, UT September 10, 1992 10 Written Monthly Utility Bill

B.4.1 Focus Group Discussion Topics

Focus group discussions are typically controlled by an agenda summarizing the major topics
to be covered during the discussion. In these eight initial focus groups, the agenda centered
around four major topics:

1. A general discussion of information, knowledge, attitudes, and beliefs about
the Grand Canyon that participants brought with them to the focus group
discussion.

2. Presentation and evaluation of information describing how Glen Canyon Dam
has altered the flows of the Colorado River in the Grand Canyon. Participants
were also asked to predict how these changes in flow patterns might have
affected the ecosystem associated with the Colorado River in the Grand
Canyon.

3. Presentation and evaluation of information describing how the construction
and operation of Glen Canyon Dam has affected the ecosystem associated
with the Colorado River in the Grand Canyon.

4. A contingent valuation exercise to determine whether participants could
express, in monetary terms, values for various dam operation alternatives.
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B.4.2 Participants' Knowledge, Attitudes, and Beliefs About the Grand Canyon

To introduce the first topic listed above, participants were asked, "What do you think of
when you think of the Grand Canyon?" Participants mentioned a wide variety of items,
including scenic qualities, wilderness values, threats from pollution and overuse, a desire to
see the Grand Canyon, and mule rides to the bottom of the Grand Canyon. In all of the focus
groups in which this question was asked, at least one participant mentioned either the
Colorado River or rafting in the Grand Canyon. Although the above question was not asked
at the two locations' closesttothe'Grand Canyon"(Phoenix 'and St. George), it was obvious
that awareness of the Colorado River as part of the Grand Canyon ecosystem was higher at
these locations, which are closer to the Grand Canyon. Thus, the data from the initial focus
groups indicated that at least some of the general population in all locations were aware that
the Colorado River is at the bottom of the Grand Canyon.

Participants in all of the initial focus groups were also asked if they were aware of any recent
controversies surrounding the Grand Canyon. The most frequently mentioned included
problems with pollution, problems with aircraft overflights, and problems stemming from
releases of water from Glen Canyon Dam. Identification of problems associated with the
operations of Glen Canyon dam occurred in Batavia, New York; Phoenix, Arizona; and St.
George, Utah. '

B.4.3 Information on Operations of Glen Canyon Dam

Participants were provided with information about how the construction and operation of
Glen Canyon Dam had changed the pattern of flows of the Colorado River in the Grand
Canyon. This information was presented in slightly different ways in different groups.
Participants in the first three focus groups (Buffalo, New York; Batavia, New York; and
Nashville, Tennessee) were provided with a short visual and oral presentation describing the
human and natural environment along the Colorado River in the Grand Canyon. This
presentation identified trout, trout fishing, archeological sites, native fish, rafting, wildlife,
and birds as parts of the natural and human environment along the Colorado River in the
Grand Canyon. Following this presentation, participants were provided with a short visual
and oral discussion of how Glen Canyon Dam had changed the flow patterns of the Colorado
River in the Grand Canyon. Participants in the Murfreesboro discussion group were not
provided with the information about the resources at the bottom of the Canyon, but were
provided with information about how the dam had altered the flow patterns of the Colorado
River. Participants in the Nebraska, Arizona, and Utah groups were provided with only
written information. Furthermore, this written information related only to how the Glen
Canyon Dam had altered the flow patterns of the Colorado River.

In each of the eight initial focus group discussions, participants were first presented with the
"background" information and then asked if they thought the changes in flow patterns might
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have caused any changes along the Colorado River in the Grand Canyon. If so, participants
were asked what they thought these changes might have been. At each of the focus groups,
participants identified changes in the rate of erosion, changes in vegetation, and impacts to
fish and wildlife as possible consequences of the construction and operation of Glen Canyon
Dam. Some participants identified the affected resources and the type of change that has
resulted from dam operations. Others correctly identified those resources that have been
affected, but incorrectly identified the direction of the change. For instance, while erosion
was frequently mentioned as a result of the construction and operation of Glen Canyon Dam,
several participants thought that rates of ero~ionwould be lower after completion of the dam
than before. These participants reasoned that the pre-dam spring floods were much higher
than typical daily peaks resulting from power operations. As a result, these participants felt
that erosion should be less with the dam than without it.

In spite of the slightly flawed logic of some participants, the initial focus groups indicated
that some members of the general public were able to identify many of the environmental
impacts of Glen Canyon Dam operations. This was an important result. Because some
participants were able to predict the types of changes that have actually been observed, it was
reasoned that at least a portion of the general population would be familiar with, or be able to
identify, the types of changes that would have to be conveyed as part of a contingent
valuation survey of the non-use values of the Colorado River-related resources in the Grand
Canyon.

Participants were generally able to understand how the Glen Canyon Dam has changed flow
patterns on the Colorado River. They required very little clarification of the information that
was presented. Some felt the description of how the dam had changed flow patterns may
have been biased "in favor of the dam." They cited the elimination of spring floods,
improvements in water clarity, and reductions in water temperature as being good, but
perhaps not the whole story of what had occurred as a result of the construction and
operation of Glen Canyon Dam.

BAA Understanding and Evaluating the Impacts of Dam Operations

Although it was encouraging that some participants were already familiar with the process
through which the operation of Glen Canyon Dam affects downstream resources, this was
not a necessary condition for the successful completion of a contingent valuation study of
non-use values. What was required was for survey respondents to feel they could understand
the impacts that are occurring and could evaluate them in a contingent valuation question.

To assess whether participants could understand and evaluate the impacts, respondents were
provided with information on the actual impacts of the operations of Glen Canyon Dam.
Impacts to native fish, archeological sites, sites of cultural importance to Native Americans,
erosion of beaches, vegetation and associated birds and wildlife, and impacts on the
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recreational use of the Colorado River in the Grand Canyon were presented. For example,
participants were told that rates of erosion had increased so that some beaches, archeological
sites, and Native American cultural sites were being affected. Participants were also told that
large daily fluctuations had a negative impact on the quality of white water rafting trips in
the Grand Canyon and that the long-term reduction in the number of beaches could adversely
affect the quality of rafting trips. In addition, participants were told that native fish
populations, including some federally endangered species had been reduced as a result of the
dam. While these impacts were not described as negative impacts (they were described in a
factual and neutral manner), .we expected that these impacts would be evaluated as negative
by participants in the focus groups. Participants were also provided information about other
impacts that we expected would be evaluated as positive or good changes. For example,
participants were told that elimination of the large spring floods had allowed increases in
vegetation, which in turn had resulted in increases in the number of birds and wildlife.
Participants were also told that construction and operation of the dam had allowed for the
establishment of a high-quality sport fishery for rainbow trout.

After presenting this information, participants were asked if they had questions about the
impacts that had been described and if the impacts seemed believable. Participants did not
report difficulty in either understanding or believing the description of the changes that had
resulted from the construction and operation of Glen Canyon Dam. This result indicated that
the impacts of the operation of Glen Canyon Dam could be described within the context of a
general population survey.

After discussing the impacts that have resulted from the construction and operation of Glen
Canyon Dam, participants were asked for a personal evaluation of the impacts that had just
been described. As expected, most participants typically evaluated the increase in erosion
and associated impacts to beaches, archeological sites, and Native American cultural sites,
and reductions in native fish populations as being negative changes. The changes most often
cited as being positive included increases in bird populations and the establishment of a trout
fishery. Many of the participants indicated that impacts to white water rafters were not a
large concern. In addition, several participants indicated that they did not rate the increase in
bird populations or the establishment of a trout fishery as positive changes. The reason most
often offered for this point of view was that these species were not native to the Grand
Canyon. Consequently, establishment of these populations was not viewed in a favorable
light if it occurred at the expense of native species.

B.4.5 Contingent Valuation Questions

In the final portion of the focus group discussion, participants were asked to complete a
contingent valuation exercise for various changes in operations at Glen Canyon Dam. They
were first told that changes in operations at Glen Canyon Dam could reduce some of the
negative downstream effects. They were then asked to imagine that these changes would
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result in some economic impacts such as higher electric bills, either because a reduction in
peak power would have to be met by using more expensive sources of power, or because the
value of power would be reduced, requiring the federal government to find other sources of
revenue to repay the expense of building the dam.

The contingent valuation exercise asked participants to imagine that they could vote on
whether to change operations at Glen Canyon Dam. They were told that if a majority voted
to change operations, either their taxes or their monthly utility bill would go up (depending
upon the specific focus group), but that dam operations. would.be changed so that
downstream impacts would be reduced. If a majority voted no, participants were told their
taxes or utility bills would remain the same, but that operations would also remain the same.

One of the focus groups (Columbus, Nebraska) was carried out using increases in taxes as
the contingent valuation vehicle. Although most participants in this group were able to deal
with this payment vehicle, at least some indicated they would not be willing to pay any
additional amount in taxes to change operations at Glen Canyon Dam. These participants
indicated that concerns about the general level of taxes was more important to their response
than their evaluation of the benefits of changing operations at Glen Canyon Dam. For the
remainder of the focus groups, an increase in the monthly utility bill was used as the
payment vehicle Some participants in the New York and Tennessee focus groups had minor
difficulties with the utlhty bill vehicle. Some of these indicated that although they tried to
reflect in their vote their own personal evaluation of the changes in operations, they also
thought about how much money would be raised if all utility bills in the United States were
increased by a small amount

At some groups, after diSCUSSIng the motivations for their responses to the contingent
valuation questions. particIpants were asked why they thought these questions had been
asked. In several of the focus groups, participants said they thought the contingent valuation
questions had been a~ked to find out how important they felt it was to change operations at
Glen Canyon Dam Some participants reported that we were asking them "to put our money
where our mouth is ..

B.4.6 Initial Focus Group Results

These general results from the initial focus groups were evaluated in terms of four specific
criteria. These criteria included:

1. Could most participants' attention be directed to the Colorado River
environment, rather than to the Grand Canyon as a whole?

2. Can at least some people understand the impacts that they were asked to
evaluate?
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3. Do at least some of the participants have enough information on the potential
impacts of current and alternative dam operations to determine the value for
them?

4. Do at least some people express non-zero values for alternative dam
operations, and are they unwilling to lower these values under direct
questioning by the focus group moderator?

For the first criterion, the initial focus group discussions indicated that participants were able
to direct their attention to the Colorado River environment and away from the Grand Canyon
as a whole. Prior to receiving information about the effects of operations at Glen Canyon
Dam, participants typically mentioned scenic vistas and unspoiled wilderness as thoughts
that came to mind when they thought of the Grand Canyon. Near the end of the focus
groups, they were asked to discuss the motivations for their responses to the contingent
valuation questions. Participants typically cited how the proposed alternatives would affect
rates of erosion, loss of beaches and archaeological sites, and impacts to native fish and trout.
Because participants cited this different set of factors as reasons for their contingent
valuation responses, we believe they were able to focus on the described impacts to river
related resources and not on their general feelings about the Grand Canyon as a whole.

In Criterion 2, the focus group discussions also demonstrated that a significant portion of the
participants were able to understand the impacts they were asked to evaluate. This conclusion
was based on two factors. First, at least some of the participants possessed a basic
knowledge of the mechanisms by which dams can affect downstream river-related resources
prior to the presentation of information on the impacts of dam operations. Second, most
participants did not appear to have difficulty understanding or believing the oral, visual, and
written descriptions of how the construction and operation of Glen Canyon Dam affects
downstream resources.

For the third criterion, participants generally felt they had sufficient information to evaluate
the downstream impacts of dam operations. This conclusion was based on the ability of
participants to evaluate whether they felt the impacts to various resources were either
positive or negative. Some issues were discovered that may require additional research. For
example, some participants expressed frustration with the use of phrases such as "are likely
to cause" or "may result" in the descriptions of the impacts of changes in dam operations.
For at least some participants, the uncertainty associated with the impacts of changes in dam
operations may have reduced the amount they said they would be willing to pay for various
alternatives. A few participants also expressed a desire for more details in the description of
the impacts of changes in dam operations. Notably absent from their requests for additional
information were requests for information about impacts to individuals using power
produced at Glen Canyon Dam or requests for additional details on how dam operations
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would be changed under the various alternatives. Taken together, the above results indicated
that survey respondents would be able to respond to a well-designed contingent valuation
scenario that focussed on impacts to river-related resources.

In Criterion 4, majority of participants expressed non-zero dollar values for their alternative
operations. Among those individuals expressing a zero willingness-to-pay for specific
alternatives, one of two reasons was typically offered. Some participants in the focus groups
that used taxes as the contingent valuation vehicle indicated they would not agree to a tax
increase for any reason. The others typically indicated that the described impacts of the
alternative dam operations were simply not worth anything to them. This ability to
successfully deal with the contingent valuation questions as part of the focus group
discussion indicated that participants in a general population survey that was designed to
measure the non-use values of various dam alternatives would also be able to respond to
well-designed contingent valuation questions.

The initial focus group discussions indicated that certain areas, such as the choice of a
contingent valuation vehicle and the descriptions of the impacts of various alternative dam
operations, would require additional work. However, the bulk of the evidence from the
initial focus groups provided support for continuing research into the non-use values
associated with dam operation alternatives. Participants in focus groups held at locations far
from the Grand Canyon, near the Grand Canyon, and even in locations that obtain power
from the Glen Canyon Dam all indicated that they would like to see something done to
reduce the impacts of the operations of Glen Canyon Dam on downstream resources.
Participants in all of these groups seemed to be able to understand and believe descriptions of
how various alternative operations would affect downstream resources. Finally, a majority
of participant$ seemed to be able to provide valid responses to the contingent valuation
questions that were designed to measure the non-use values of alternative operations.

Subsequent to the initial focus groups, a decision was made to proceed with the design of a
contingent valuation instrument using a mail survey format and to subject this survey to an
additional round of qualitative research.

B.5 SECOND PHASE OF QUALITATIVE RESEARCH

Several members of the GCES Non-Use Value Committee expressed concern that the survey
materials used in that the initial focus groups did not solicit values for the loss of
hydropower capacity that would occur as a result of changes in the operation of Glen Canyon
Dam. Consequently, the first additional focus group dealt with potential non-use values for
hydro-power and was held in Albuquerque on June 17, 1993. A total of 10 individuals
attended this discussion. At the beginning of the discussion, participants were handed an
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information sheet describing the traditional operation of Glen Canyon Dam for generating
on-peak electricity. Hypothetical changes in the ability to produce on-peak power were
attributed to the age of the power plant. The information sheet indicated that, as the dam and
power plant had aged, conditions had developed that would soon reduce the ability of the
power plant to produce on-peak electricity. If these conditions were not remedied, three
consequences would occur: (1) some power consumers would experience increases in their
power bills; (2) patterns of electricity production would change; and (3) a small number of
farmers in areas heavily dependent on power from Glen Canyon Dam would see their
incomes decrease. No mention was made of the downstream environmental effects of dam. .. ,.. ' ", ." , .. '., \ " .. - -".

operations.

After reading this information, participants were asked to discuss how they felt about the
above-described impacts. While participants expressed concern about all three impacts, they
tended to be confused about the changes in patterns of electrical generation. Furthermore,
they expressed a great deal of interest in knowing more about the conditions that would
cause a loss of on-peak capacity at the Glen Canyon Dam power plant. The absence of this
information made them feel that perhaps there had been an engineering or design problem
during the construction of the dam, and that the responsible party should be identified and
required to fix the problem

Three conclusions were rcached after this group. First, that it would be difficult to make
survey respondents understand and then value a loss in hydro-power capacity. Second, that
participants expressed empathy for residential and agricultural users of power from Glen
Canyon Dam. Third, it would be difficult (if not impossible) to design a survey that
focussed solely on changes In power production.

After the Albuquerque focus group. a preliminary survey instrument was developed. This
instrument contained many of the features eventually included in the pilot test and final study
surveys. The background information consisted of two sheets. One sheet identified how the
construction and operation of Glen Canyon Dam had affected the characteristics of in-stream
flow in the Colorado River belov.' Glen Canyon Dam. The second sheet identified the
impacts of the construction and operation of the dam. Information on this second sheet
identified both negative impacts (loss of beaches and reductions in native fish, for example)
and positive impacts (establishment of a trout fishery and increases in bird populations along
the river corridor).

This preliminary survey draft was tested in a focus group held in Milwaukee, Wisconsin, on
July 14, 1993. Eight individuals participated in the discussion. After reading the
background materials, participants were asked to complete a draft mail survey instrument.
This instrument included a true-false quiz covering the important points presented in the
background material, as well as four contingent valuation questions, one for each of four
alternative dam operations, These four scenarios were developed in cooperation with the
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physical and biological scientists who were preparing the draft GCDEIS (Glen Canyon Dam
Environmental Impact Statement). The scenarios did not include descriptions of price
impacts to consumers of electric power.

Several issues were explored during the July 14 focus group. First, the question was asked
whether potential survey respondents would be able to deal with multiple scenarios and
perceive differences between them? Second, would potential survey respondents be "put
off' by the quiz? Finally, how would potential survey respondents react in general to the
draft mail survey instrument?

Results from this group indicated that potential respondents were able to deal with four
scenarios in one survey and that they were able to perceive differences between the
scenarios. Second, this group indicated that potential survey respondents would not react
negatively to the quiz as long as it was introduced as a way to determine whether the
designers of the survey had effectively communicated important facts to the respondents.
Finally, the group did not identify any major obstacles that would prohibit the
implementation of this study using a mail survey format.

Up to this point in the qualitative research, the background materials had been developed in
order to highlight the changes that had occurred as a result of the construction and operation
of Glen Canyon Dam. This was done on the assumption that many respondents would want
to evaluate the consequences of a change in dam operations relative to the conditions that
existed prior to construction of the dam. Some members of the GCES Non-Use Value
Committee were concerned that a discussion of the impacts of the construction of and
operation of Glen Canyon Dam would predispose potential survey respondents to vote in
favor of changes in dam operations. Furthermore, these members of the committee pointed
out that the Glen Canyon Environmental Impact Statement explored the operations, not the
existence of the dam.

To address these concerns, a new version of the survey instrument was developed. In this
new version, the background information was modified to remove references to pre-dam
conditions, as well as to remove any indication that either the operation or the construction
of the dam had resulted in any downstream impacts. Instead, the background material
defined the study area (including a map), identified trends in downstream resources, and
indicated that the operations of the dam could be modified to benefit these resources.
Several modifications were also made to the survey. An informational box was added to the
survey pointing out that changes in the operation of the dam would change the pattern of
electricity production, increase electric bills for some individuals, and decrease the income of
a few farmers.

Performance of the new background information sheets and the new survey was evaluated in
a focus group held in Milwaukee, Wisconsin, on August 5, 1993, and in-depth personal
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interviews on the evenings of August 9 and 11, 1993, in Madison, Wisconsin. Ten
individuals participated in the Milwaukee focus group, and six individuals were interviewed
in Madison. In the draft of the survey used for this round of qualitative research, each
respondent was asked to evaluate only one contingent valuation scenario. The contingent
valuation question following the scenario was modified to first ask respondents how they
would vote on the proposal if passage would not cost them anything. Respondents voting in
favor of the proposal were asked how they would vote if passage cost them various amounts.

Although several participants> expressed~a desire for more information about pre-dam
conditions and the relationship between dam operations and downstream resources, these
concerns did not seem to have a significant effect on their responses. Many participants
reported that the impacts on power consumers and farmers were factors they considered
when deciding how to vote on the proposal. Probing on the descriptions of impacts to Native
American sites revealed that use of the phrase "sacred sites" conveyed an image of burial
grounds to many of the respondents.

Based on the results of this round of qualitative research, it was concluded that future survey
versions would include references to price impacts to consumers of power produced at Glen
Canyon Dam. Furthermore, the background information would focus only on the current
status of the affected resources and mention only that changes in the operations of the dam
could benefit some of these resources.

Two more focue: groups were conducted in Grem, Utah, on the evening of August 25, 1993.
These groups k j two purposes. First, it was important to test the survey in the marketing
area. This was accomplished by recruiting participants for the focus group from two
communities in which the local utility received a large percentage of its power from Glen
CanyonDam.

A second purpose was to explore how respondents with differing levels of education and
income would react to the survey instrument This topic was explored because of a concern
that in a typical focus group, individuals with lower educational attainment might be
embarrassed to admit they were having trouble understanding the survey. This issue was
addressed by restricting participation in one of the focus groups to non-stu~ients without
college degrees and a lower level of income. Five individuals participated in the lower
educational attainment and lower-income group. None of the five participants had college
degrees, and four of the five had household incomes of less than $15,000. Nine individuals
participated in the higher educational attainment/income group.

The survey instrument used in Grem was identical to those used in Milwaukee and Madison
with one exception. The Grem survey reminded participants that they lived in areas served
by power produced at Glen Canyon Dam and that if dam operations were changed, they
would have to pay higher utility bills. The contingent valuation questions were framed as a
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referendum on changes in dam operations, and increased utility bills were used as the
payment vehicle.

Participants in the lower educational attainment group generally comprehended most aspects
of the background information and were able to complete the survey. Participants in both
groups expressed a positive willingness-to-pay for the changes in the operation of Glen
CanyonDam.

Up to, and including the Orem focus g~oups, the program of qualitative research consisted of
a total of 13 focus groups and two evenings of in-depth personal interviews involving a total
of 126 participants. The result of this qualitative research was a survey instrument that was
submitted to OMB (Office of Management and Budget) for approval. OMB approval was
granted with the condition that a final round of focus groups be carried out to document that
respondents correctly understood the key portions of the contingent valuation scenarios. To
satisfy this requirement, two additional focus groups were conducted in Phoenix, Arizona, on
February 22 and February 23, 1994. Phoenix was chosen in order to make it possible for
GCES physical and biological researchers to observe the focus group discussion. After
observing the groups, these GCES researchers were satisfied that participants' interpretation
of the contingent valuation scenarios was consistent with their own.

In addition to performing a final check on participants' understanding of the survey
materials, the Phoenix focus groups were used to make a final attempt to explain the concept
oflost hydroelectric capacity. This issue was raised because some members of the GCES
Non-Use Value committee felt that hydroelectric capacity lost as a result of changes in dam
operations might have a non-use value. The results of previous focus groups had indicated
that the concept of hydroelectric capacity was extremely difficult to explain in a survey
context. Most survey respondents erroneously assumed that if hydroelectric capacity was
lost, hydroelectric energy would also be lost. A significant effort was made to explain how
hydroelectric energy could remain the same while capacity decreased. Some participants
were simply unable to understand the concepts as presented. Those who did understand
indicated that the loss of hydroelectric capacity was not a major concern.
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This appendix presents a discussion of the pilot test conducted for this study prior to the
implementation ofthe final study. This is not intended to provide the reader with complete
documentation of the pilot test, but rather to provide an overview of it, its purpose, and
results. Study objectives and experimental design for the pilot test are discussed, followed by
an explanation of the distribution of the dollar amounts used in the contingent valuation
question. Sampling and survey implementation procedures are reviewed, and results of the
pilot test are presented. The final two sections include the results of hypotheses tests that
address study objectives and a summary of the pilot test results overall. The appendix
concludes with an overview of-changes- made to-experimental design and survey materials
subsequent to the pilot test but prior to the final study.

C.l STUDY OBJECTIVES AND EXPERIMENTAL DESIGN

Upon completion of the qualitative research program, a draft research plan and survey
instruments were developed for a pilot by the GCES Non-Use Value Committee and
submitted to the Office of Management and Budget (OMB) for approval. After further review
by the committee and OMB, the final study plan and survey instruments were prepared for
the pilot test.

Two sets of objectives were explored during the pilot test. The first set related to
methodological issues relevant to assessing the eventual performance of the survey
instrument in a final study. A second set of objectives was to further evaluate the survey
design and to test survey implementation procedures.

Methodological issues explored during the pilot tests included a determination of whether the
survey instrument was sensitive to what we shall term the "scale" and "scope" of the resource
impacts of alternative operating regimes for Glen Canyon Dam.1 The term "scale" is used to
refer to the degree or extent of resource impacts relative to the baseline or "No action"
alternative. Changing dam operations will affect beaches, American Indian cultural and
religious sites, conditions for both native and non-native fish, and other characteristics of the
environment in the Grand Canyon. Some alternatives will have small effects on these
resources compared to the "No Action" alternative and other alternatives will have larger
impacts. The term "scope," on the other hand, refers to the array of resources considered. An

The definitions of scope and scale used in this appendix evolved during evaluation of the proposed
pilot study by the Office of Management and Budget. More specifically, we wish to acknowledge
Richard Belzer and Richard Theroux for suggesting the concepts. Scope has been used by the
National Oceanic and Atmospheric Administration (NOAA) Panel on Contingent Valuation and
appears in the proposed NOAA damage assessment regulations, but to our knowledge, the concept of
scale and the useful distinction between scope and scale which we applied here have not been
previously discussed in the literature.
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instrument that is narrow in scope might cover only beaches and vegetation while a
instrument with broader scope would include American Indian sites, native fish, and other
resources as well. In addition, one would expect a valid survey instrument to produce
statistically indistinguishable values when the order in which information is presented to
respondents is changed, provided that the nature of the information is invariant. Likewise, the
survey instrument should produce values that are stable with respect to minor changes in
wording. Thus, the technical testing of the instrument was designed to achieve three
objectives:

Objective 1: To determine whether non-use value estimates for Glen Canyon Dam
Environmental Impact Statement (GCDEIS) alternatives are sensitive to the
scale of resource impacts under those alternatives.

Objective 2: To determine whether non-use values for GCDEIS alternatives would be
sensitive to the scope of the resources impacted by those alternatives.

Objective 3: To determine whether estimates of non-use values based on the draft
instruments would be affected by seemingly innocuous changes in the
wording and order of presentation of background information.

These objectives are central to evaluating the scientific credibility of results from a final
survey using those instruments. Lack ofvalue differences relating to scale and scope would
raise doubts about whether the researchers had correctly identified resource impact relevant
to respondents and communicated those impacts to respondents effectively to support
meaningful economic valuations. If values are sensitive to the order in which information is
presented, or to minor changes in wording, then doubts would arise about whether resulting
non-use value estimates are sufficiently stable and otherwise meaningful to be used in policy
analysis.

In addition to the methodological objectives, the pilot tests had three additional objectives.
These objectives related to information needed for planning a possible final survey. The
additional objectives included:

Objective 4: To determine whether non-use values for GCDEIS alternatives differ between
the marketing area and the nation as a whole.

Values expressed by residents ofthe market area may have special significance for this study.
These individuals will actually have to pay higher prices if dam operations are changed.
Documentation of significant values for marketing area residents would lend validity to the
ultimate study results. If values in the marketing area are indistinguishable from zero, the
expense of a separate survey in the marketing area could be avoided in a final study.
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Objective 5: To determine whether non-use values measured using a multiple-bounded
format for contingent valuation questions would be significantly different than
non-use values measured using a single-bounded contingent valuation
question.

The multiple-bounded contingent valuation questioning format was the primary question
format used in the pilot test. The multiple-bounded technique was chosen to increas~ the
precision of the results given the relatively small sample sizes available. However, the
multiple-bo~d~d technique ,had not previously been tested against the more widely applied,
and more widely accepted single-bounded framework. Both formats involve a referendum
where respondents vote to say whether they are willing to pay specified amounts to support a
water flow alternative. The multiple-bounded format allows respondents to give a range of
responses from "Definitely Yes" to "Definitely No" for a wide range of dollar amounts. The
single-bounded format allows respondents to give only a "Yes" or "No" response to one
dollar amount. Concerns about the performance of the multiple-bounded technique prompted
a decision to include a traditional single-bounded, dichotomous choice contingent survey
version as part of the pilot test. Concerns about the multiple-bounded technique included a
concern that the range and/or the increment ofvalues presented in a multiple-bounded
question may have an undesired influence on the survey responses. Information regarding the
performance of the multiple-bounded technique relative to the dichotomous choice single
bounded technique could be used to assist in the choice of a valuation questioning technique
in the final study.

Objective 6: To determine whether empathy for the effects of the alternatives on the
amounts paid by consumers of power from Glen Canyon Dam has significant
effects on overall non-use values for the alternatives.

The qualitative research phase had determined that survey respondents were likely to feel
empathy towards individuals who would experience increases in utility bills as a result of
changes in dam operations. Theoretical issues arise regarding the appropriateness of
including interpersonal empathy as a motivation for non-use values. If empathy does not
affect values then these issues would become less relevant for this particular application.

Accomplishing these study objectives required an experimental design consisting of nine
survey versions. Table C-I identifies the differences between each questionnaire version.
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Table C-l
Identification of Glen Canyon Studies Non-Use Questionnaire Versions

Questionnaire Water Release CV Question Background Information/
Version Alternative3 Format Scenario

National Sample
Version 1 MFF Multiple Bounded Base Background
Version 2. LFF Multiple-Bounded· Base Background
Version 3 SASF Multiple Bounded Base Background
Version 6 SASF Multiple Bounded Changed Background
Version 7 SASF Single Bounded Base Background
Version 8 SASF Multiple Bounded Scope Test
Version 9 SASF Multiple Bounded Empathy Impact Test

Marketing Area Sample
Version 4
Version S

MFF
SASF

Multiple Bounded
Multiple Bounded

Base Background
Base Background

MFF = Moderate fluctuating flow alternative.
LFF = Low fluctuating flow alternative.
SASF = Seasonally adJu~t ~tead)' flow alternative.

C.2 DISTRIBUTIOS OF DOLLAR AMOUNTS

Survey versions with the multiple-bounded format (all versions except 7) contained the
following dollar amounts. "hlCh respondents were asked to consider in the contingent
valuation question: lOco 50c. $1. $S, $10, $20, $30, $40, $SO, $7S, $100, $IS0, and $200.
For each amount. respondents were requested to indicate ifthey would definitely pay,
probably pay, were unsure. probably not pay, or definitely not pay the stated amount. In
Version 7, respondents were asked to consider only one dollar amount in the contingent
valuation question. In this version, a dichotomous choice, yes/no response, was required. A
uniform distribution of the following amounts was used: $S, $10, $20, $30, $40, $SO, $7S,
$100, and $lS0 (Table C-2). One randomly selected amount was assigned to each
respondent.
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Table C-2
Distribution of Dollar Amounts Used in Questionnaire Version 7

Percent of
Dollar Value ($) Frequency Sample

5 28 11.2%
10 28 11.2
20 29 11.6
30 28 11.2
40 28 11.2
50 28 11.2
75 28 11.2

100 26 lOA
150 27 10.8

Total Sample 250 100.0%

C.3 SAMPLING

Two separate random samples were constructed for the pilot test. A national sample was
drawn from a sampling frame consisting of residential telephone directory listings. A
marketing area sample was drawn from a sampling frame consisting of residential telephone
directory listings for ZIP codes of areas served by utilities holding Salt Lake City Area
Integrated Projects (SLCAlIP) firm power contracts with the Salt Lake City Office of
Western Area Power Administration.2 A total sample of2,250 individuals was selected:
1,750 for the national sample and 500 for the marketing area sample. Individuals residing in
the marketing area were eligible for inclusion in either the national sample or the marketing
area sample, but not both. The sample was split into nine subsamples of 250 respondents
each. Each subsample was administered one version of the questionnaire that contained a
specific combination of background information and a scenario description of a proposed
flow alternative as described in Table C-l.

2 Glen Canyon Dam represents nearly 80% of the total power marketed as the SLCA/lP.
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C.4 IMPLEMENTATION

The pilot test was carried out in January through March of 1994. Survey procedures included
an advance letter, an initial survey copy with a $2 incentive, a reminder postcard, and up to
two additional survey copies sent to non-respondents. The final survey copy was sent via
certified mail. Response rates to the pilot test are summarized in Table C-3. Response rates
for completed surveys and refusals are calculated as a percent of deliverable questionnaires.

Table C-3
Glen Canyon Studies Non-Use Survey Response Rates -- Pilot Testa

Sample Out of Completed Response
Size Scopeb Questionnaire RateC

National Sample
Version 1 250 24 138 61%
Version 2 250 39 131 62
Version 3 250 30 127 58
Version 6 250 35 126 59
Version 7 250 42 118 57
Version 8 250 28 133 60
Version 9 250 -.11 126 -28.
TOTAL 1,750 232 899 59%

Marketing Area Sample
Version 4 250 46 149 73%
Version 5 250 32 168 78
TOTAL 500 81 317 76%

a Response rates shown are calculated from the final day that completed questionnaires were included in the data

b
set, April 12, 1994.
Includes cases where the addressee was deceased or the survey mailing was returned as undeliverable.

c Calculated as a percentage of deliverable questionnaires (sample size minus out of scope).
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c.s PILOT TEST RESULTS

Statistical analyses performed to test the study hypotheses are presented below. First, for each
survey version, mean willingness-to-pay is estimated using multiple-bounded logistic regression
analysis. These results are then compared with results from models estimating multiple-bounded
data as though it were single-bounded. Additional mean willingness-to-pay estimates were
derived by treating the multiple-bounded data as though it were a payment card. Following these
results is the analysis of mean willingness-to-pay for survey Version 7, which received the
single-bounded question Jormat. Results Jrom.Version. 7 are compared.with the multiple
bounded analysis of Version 3. (Both Versions 3 and 7 addressed the seasonally adjusted steady
flow alternative.) Hypothesis tests were performed for each type of analyses and are discussed at
the conclusion of this section.

Mean willingness-to-pay values, reported in Table C-4, were derived from a multiple-bounded
logistic regression analysis of the pilot test data. Results are reported for simple models in which
the dependent variable is the response to the contingent valuation question, and the independent
variable is the amount of money asked about. A separate logistic regression model was estimated
for each survey version. The results reported in Table C-4 are not based on the set of all
completed questionnaires. Just prior to the willingness-to-pay question, respondents were asked
how they would vote on the proposal if passage of the proposal would cost them nothing.
Respondents could answer that they would (1) vote "No," (2) vote "Yes," or (3) choose not to
vote. The means are based only on those respondents who indicated they would vote for the
proposal. In addition. a small percentage of respondents indicating they would support the
proposal at zero cost did not go on to complete the valuation question. Individuals not
completing not completing the valuation question are not included in the analysis logistic
regression analysis. As a consequence, the mean willingness-to-pay values reported in Table C-4
cannot be directly extrapolated to national or marketing area populations.

Discrete choice analysis requires assigning a yes or no response to each dollar amount asked
about in the multiple-bounded question. The mean values reported in Table C-4 are calculated in
two ways. First, analysis was carried out by coding "Definitely Yes" as a "Yes" and "Probably
Yes," "Unsure," "Probably No:' and "Definitely No" as a "No." A second analysis was
performed by coding "Definitely Yes" and "Probably Yes" as a "Yes" and "Unsure," "Probably
No," and "Definitely No" as a "No." The values reported in the three left-hand columns are based
on a multiple-bounded logistic regression analysis. A second set of logistic regression models
were estimated using data from the multiple-bounded question fonnat, but analyzed as though
the data had been generated by a single-bounded question fonnat. The results of this analysis is
shown in the three right-hand columns of Table C-4. In the single-bounded analysis of the
multiple-bounded data, each row (dollar amount) in the multiple-bounded question fonnat is
treated as an independent single-bounded response to a willingness-to-pay question. Admittedly,
this approach ignores the potential interdependence of the responses given to various dollar
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amounts in multiple-bounded contingent valuation questions. The usefulness of the single
bounded analysis approach was that it allows estimation of discrete choice models in which the
implied sample size is much larger, making it possible to tentatively explore the implications of
larger sample sizes combined with single-bounded question fonnats which are planned for the
final study. This increased effective sample size also increases the precision of the estimated
parameters. Our confidence that this practice was justified was bolstered by finding that mean
willingness to pay changes by only a small amount between the two approaches, with the single
bounded approach providing slightly higher estimates of willingness-to-pay.

As expected, mean willingness-to-pay increases as we move from moderate fluctuating flows
(Versions 1 and 4) to seasonally adjusted steady flows (Versions 3 and 5) in both the national
and the marketing area samples. Mean values for the marketing area are lower than mean values
for the national sample for identical scenarios. Small changes in the wording of the background
infonnation and changes in the order of presentation of the impacts within the seasonally
adjusted steady flow alternative (Version 3 versus Version 6) induced a small decrease in
willingness-to-pay. Dropping impacts to Native American cultural sites, trout, and native fish
from the seasonally adjusted steady flow alternative (Version 3 versus Version 8) resulted in a
substantial decrease in mean willingness-to-pay. Finally, contrary to prior expectations,
dropping electricity price impacts from the seasonally adjusted steady flow alternative (Version 3
versus Version 9) decreased mean willingness-to-pay.
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Table C-4
Mean Willingness-To-Pay for Stated Proposal -- Discrete Choice Analysis of Data Collected

Using Multiple Bounded Questioning Format3

Multiple-Bounded Single-Boundedb

Mean Willingness-To-Pay Mean Willingness-To-Pay

Definitely! Definitely!
Definitely Probably . Definitely Probably

Yesc Yesd . ne Yesc Yesd ne

National Sample
Version 1 $42.3 $69.2 85 $45.6 $72.4 1,105
Version 2 $45.9 $73.6 83 $49.0 $77.2 1,079
Version 3 $58.2 $95.5 73 $62.7 $97.0 949
Version 6 $53.4 $91.9 67 $56.5 $92.3 871
Version 8 $42.0 $66.1 66 $45.2 $69.1 858
Version 9 $33.3 $57.0 80 $37.2 $62.0 1,040

Marketing Area Sample
Version 4 $26.2 $47.5 94 $28.5 $51.5 1,222
Version 5 $30.2 $54.6 112 $33.8 $59.4 1,456

a

b

c

d

e

Analysis was carried out using cases where respondents supported the proposal and responded to all dollar
amounts given. Not applicable for survey Version 7.
Data were analyzed as if the response to each dollar amount in the multiple-bounded question represented an
independent response to traditional single-bounded questions.
Definitely yes responses to dollar amounts coded as a "yes"; all other responses coded as a "no".
Definitely yes and probably yes responses to dollar amounts coded as a "yes"; all other responses coded as a
"no".
n equals the number of valid cases.

In addition to the logistic regression analysis, another estimate of mean willingness-to-pay was
derived by treating the multiple-bounded willingness-to-pay question as if it were a payment
card. Again, two separate analyses were performed. For one analysis, the highest amount a
respondent would "definitely pay" was recorded as a point estimate of willingness-to-pay. In a
second analysis, the point estimate of willingness-to-pay was recorded as the highest amount the
respondent would "probably pay." The analysis was carried out only for those respondents
indicating previously they would vote for the proposal and who completed the multiple-bounded
willingness-to-pay question. The results of this analysis (Table C-5) are very similar to the
results based on the discrete choice analysis of the multiple-bounded data.
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Table C-5
Mean Willingness-To-Pay for Stated Proposal -- Payment Card Analysis a

Definitely Yesb

Mean
Willingness-

To-Pay Sd

Definitely!
Probably Yesc

Mean
Willingness-

To-Pay Sd

National Sample
Version 1
Version 2
Version 3
Version 6
Version 8
Version 9

Marketing Area Sample
Version 4
Version 5

$37.9
$41.2
$53.2
$47.5
$37.6
$30.9

$23.5
$28.0

$49.0
$54.7
$63.0
$55.7
$51.2
$50.5

$38.5
$43.9

$60.9
$65.2
$80.5
$77.1
$58.1
$52.1

$43.6
$50.2

$54.0
$63.6
$71.5
$68.6
$59.0
$65.3

$54.3
$59.8

85
83
73
67
66
80

94
112

a

b

c

d

e

Computed using the highest dollar amount that respondents who supported the proposal said they would be
willing to pay.
Definitely yes responses to dollar amounts coded as a "yes"; all other responses coded as a "no."
Definitely yes and probably yes responses to dollar amounts coded as a "yes"; all other responses coded as a
"no."

s equals the sample standard deviation.
n equals the number of valid cases.

To this point the discussion has focussed primarily on the comparisons of mean willingness-to
pay derived from survey versions using the multiple-bounded question format. Version 7 of the
survey asked respondents to evaluate the seasonally adjusted steady flow alternative in the
context of a single-bounded dichotomous choice contingent valuation question. The estimated
average willingness-to-pay derived from the data collected using a single-bounded dichotomous
choice contingent valuation question was $121.80
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C.6 TESTS OF HYPOTHESES

Tables C-6 and C-7 report the test statistics for pair-wise tests ofhypotheses concerning
estimated mean willingness-to-pay. These tests were carried out in three ways. First, Monte
Carlo methods were used to create empirical distributions of willingness-to-pay using the
estimated discrete choice model for each treatment. Then pairs of empirical distributions were
tested using the method of convolutions. The method of convolutions tests the hypothesis that
the difference between two random variables is equal to zero. In this study, the two random
variables are ~h~ m~an wiUi_ngness-to-pay estim~tes_ from two experimental treatments. The
probabilities in Tables C-6 and C-7 report the probability of a test of the hypothesis that the
convolution (i.e., the difference between the two empirical distributions of willingness-to-pay) is
equal to zero. Small probabilities indicate rejection of the null hypothesis. Tables C-6 and C-7
also report the 95 percent confidence interval for the convolution.

Statistical tests were also carried out to evaluate the hypothesis of equality between the
parameters for pairs of logistic regression models. If two parameters have nearly identical
estimated parameters, they will produce nearly identical willingness-to-pay values. The test of
identical parameters is performed using a log likelihood ratio test. This test produces a chi
square statistic. In this case, the chi-square statistic will have two degrees of freedom. Chi
square values larger than 4.6 result in the rejection of the null hypothesis of equality at the 10 .
percent level. Tables C-6 and C-7 also report a Z value. This simply represents the value of a
test of the difference of means, where the means being tested are mean willingness-to-pay
estimates using the payment card approach (Table C-5).
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Table C-6
Hypothesis Tests for Models in Which a Yes is Recorded for "Definitely Yes"

and a No is Recorded for All Other Response Categories

Multiple Bounded Payment Card Single Bounded

Likelihood Likelihood
Convolutions Ratio Test Convolutions Ratio Test

P 95% X2 Z P 95% X2

Pairwise Comparison of Confidence Confidence
Survey Versions Interval Interval

1 versus 2 0.67 (-11,13) 1.6 -0.42 0.40 (-4,10) 2.3

3 versus 2 0.18 (-6,29) 2.1 -1.25 0.00 (5,22) 16.2

3 versus 1 0.05 (0,32) 5.0 -1.68 0.00 (9,25) 20.1

1 versus 4 0.00 (5,27) 8.9 2.17 0.00 * 50.8

3 versus 5 0.00 (14,43) 19.8 3.54 0.00 * 83.3

5 versus 4 0.40 (-5,12) 0.8 -0.78 0.05 (0,10) 8.5

6 versus 3 0.58 (-24,13) 0.4 0.56 0.21 (-3,15) 1.9

3 versus 8 0.07 (-2,34) 3.6 1.60 0.00 (8,25) 24.3

3 versus 9 0.00 (9,41) 10.5 2.40 0.00 * 63'.5

* Convolution does not include zero.
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Table C-7
Hypothesis Tests for Models in Which a Yes is Recorded for "Definitely Yes" and "Probably Yes"

and a No is Recorded for All Other Response Categories

Multiple Bounded Payment Card Single Bounded
Likelihood Likelihood

Convolutions Ratio Test Convolutions Ratio Test
Z P 95% P 95% X2

Pairwise Comparison Confidence Confidence
of Survey Versions Interval Inter-val

1 versus 2 0.63 (-14,24) 2.5 -0.48 0.34 (-5,14) 5.1

3 versus 2 0.07 (-2,47) 3.4 -1.40 0.00; (8,32) 13.1

3 versus 1 0.01 (5,50) 9.8 -1.92 0.00 (14,37) 21.9

1 versus 4 0.01 (5,37) 8.2 2.13 0.00 . * 55.1

3 versus 5 0.00 (21,64) 16.9 3.00 0.00 * 68.4

5 versus 4 0.41 (-9,20) 1.2 -0.83 0.06 (0,15) 6.8

6 versus 3 0.71 (-32,22) 0.1 -0.28 0.53 . (-9,18) 1.3

3 versus 8 0.01 (6,54) 7.1 2.02 0.00 (15,40) 25.3

3 versus 9 0.00 (15,63) 10.7 2.55 0.00 * 58.6

* Convolution does not include zero.
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Comparisons between Version 7 and Version 3 allow an assessment of how well the multiple
bounded questioning technique performed relative to the more widely accepted single-bounded
dichotomous choice technique. In making this assessment, it is important to remember that in
Version 7, respondents were constrained to answering either "Yes" or "No" to the valuation
question. In Version 3, respondents were allowed to choose from the response categories
"Definitely Yes," "Probably Yes," "Unsure," "Probably No," or "Definitely No." The
interpretation of the comparison between Version 3 and Version 7 depends, to some extent, on
assumptions about how respondents in these two versions would have answered if they had been
given a question with response categories of the other version. As a starting point, we might
assume that all individuals in Version 3 who responded "Definitely Yes" or "Probably Yes"
would have said "Yes" if they had been forced to choose between a "Yes" or "No" response
category. Likewise we might assume that those who responded "Probably no" and "Definitely
No" would have responded with a "No" if they had been offered only a "Yes" and "No" response
category. Finally, those who responded "Unsure" could be assumed to be evenly split between
"Yes" and "No." This suggests that willingness-to-pay from Version 7 (the single-bounded
dichotomous choice treatment) would be bounded by willingness-to-pay estimates derived from
two multiple-bounded logistic regression models based on Version 3. The first model would be
one in which "Definitely Yes" and "Probably Yes" are coded as a "Yes" and all other response
categories are recorded as a "No." The second model would be one in which "Definitely Yes,"
"Probably Yes," and "Unsure" are coded as a "Yes" and all other response categories are
reported as a "No." The results from these two models for Version 3 and the results from the two
relevant multiple-bounded models derived from Version 7 are presented in Table C-8.

Table C-8
Comparison of Mean Willingness-to-Pay Estimates for Versions 3 and 7

Multiple-Bounded
Analysis of
Version 3

Single-Bounded
Analysis of
Version 3 Version 7

Mean $95.53 $97.03 $121.8

3

b

"Definitely Yes" and "Probably Yes" responses to dollar amounts coded as a "Yes"; all other responses coded
as a "No."
"Definitely Yes," "Probably Yes," and "Unsure" responses to dollar amounts coded as a "Yes"; all other
responses coded as a "No."
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The results reported in Tables C-6, C-7, and C-8 can be used to assess the results of the pilot test
in terms of the six specific objectives of the pilot test.

Objective 1: To determine whether non-use value estimates for GCDEIS alternatives are
sensitive to the scale of resource impacts under those alternatives.

Versions 1, 2, and 3 were all administered to a national sample, and differed only in the scale of
the scenario .being.evaluated. LikewiseVersions·4..and,5 .were.administered to r-esidents of the
marketing area and differed only in the scale of the scenario being evaluated. Significant test
statistics for the comparison ofVersions 1 and 3 indicates that in the national sample, survey
respondents were sensitive to the scale of the scenario being evaluated. In the marketing area, the
result is less clear. Based on the multiple-bounded analysis, a significant difference was not
found for mean willingness-to-pay between Versions 4 and 5. However, the single-bounded
analysis of the multiple-bounded data indicated that residents of the marketing area were
sensitive to the scale of the scenario being evaluated.

Objective 2: To determine whether non-use values for GCDEIS alternatives would be sensitive
to the scope of the resources impacted by those alternatives.

This objective is met by comparing the mean willingness-to-pay obtained in Versions 3 and 8.
Both of these Versions we administered to a national sample and used the multiple-bounded
questioning technique. The scenario in Version 8 was substantially smaller in scope than the
scenario evaluated in Version 3. In particular, while Version 3 contained impacts to sediments,
beaches, vegetation, Native Americans, native fish, trout, and power consumers, Version 8
contained impacts only to sediments, beaches and vegetation. A comparison of the estimated
willingness-to-pay reveals that willingness-to-pay was significantly smaller for Version 8 than
for Version 3. This is taken as evidence that survey respondents were also sensitive to the scope
of the scenarios being evaluated.

Objective 3: To determine whether estimates of non-use values based on the draft instruments
would be affected by seemingly innocuous changes in the wording and order of
presentation of background information.

This objective was met by comparing the mean willingness-to-pay obtained from Version 3 with
the estimated willingness-to-pay obtained from Version 6. The Version 6 survey materials were
identical to those for Version 3 with two exceptions. First, Version 3 discussed the
environmental impacts and then consequences for power consumers, whereas in Version 6, the
consequences for power consumers were presented prior to the information of environmental
impacts. Second, the background information for Version 6 was a slightly edited Version of the
background information used for Version 3. Version 6 tended to provide slightly lower estimates
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of mean willingness-to-pay than Version 3. However, the low values for the statistical tests
indicate that the differences between the two estimates of willingness-to-pay are not significantly
different.

Objective 4: To determine whether non-use values for GCDEIS alternatives differ between the
marketing area and the nation as a whole.

Residents of the marketing area tended to express lower willingness-to-pay for the moderate
fluctuating flow and the seasonally adjusted steady flow alternative than did members ofthe
national sample. The statistical analysis indicates that these differences are significant.

Objective 5: To determine whether non-use values measured using a multiple-bounded format
for contingent valuation questions would be significantly different than non-use
values measured using a single-bounded contingent valuation question.

While an exact statistical test was not performed, it was hypothesized that the value from the
single-bounded dichotomous choice survey version would fall between the values based on a
multiple-bounded model in which "Definitely Yes" and "Probably Yes" responses were coded as
a yes, and one in which "Definitely Yes," "Probably Yes," and "Unsure" are coded as a yes. The
result reported in Table C-8 supports this hypothesis. While not a statistical test, this result does
support the contention that inferences based on data collected using the multiple-bounded
question format are consistent with inferences based on data collected using the single-bounded
dichotomous choice questioning format.

Objective 6: To determine whether empathy for the effects of the alternatives on the amounts
paid by consumers of power from Glen Canyon Dam has significant effects on
overall non-use values for the alternatives.

This objective was met by comparing results from Version 3 with the results obtained from
Version 9. Version 9 was identical to Version 3 with one exception. In Version 9, survey
respondents were told that changes in dam operations would have only a very small impact on
power users (utility bills would increase by less than 1 percent). Because participants in the
qualitative research phase had exhibited concern about utility bill increases for residents of the
marketing area, it was expected that willingness-to-pay derived from Version 9 data would be
greater than willingness-to-pay derived using data from Version 3. Contrary to expectations,
willingness-to-pay in Version 9 was approximately 60 percent of willingness-to-pay in Version
3. Furthermore, this difference was statistically significant. Several possible explanations could
be offered for this counter-intuitive result. One possible explanation is that in Version 3,
respondents were told that individuals who receive power from the dam would pay higher utility
bills as a result of changed dam operations. While respondents to Version 3 might have felt
empathy toward marketing area residents, they might also have felt that marketing area residents
were also "doing their part" to help address environmental issues along the Colorado River
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below Glen Canyon Dam. In Version 9, respondents were told that receiving power from the
dam would be virtually unaffected by changes in operations. It is possible that respondents to
Version 9 may have tended to reject the valuation scenario if they felt it was unfair to require
taxpayers at large to address environmental concerns along the Colorado River below Glen
Canyon Dam. An alternative explanation is that respondents in the national sample used the
utility bill impacts as a cue in deciding how they would vote. If this cuing process was present, it
would have led to higher mean values for scenarios with higher utility bill increases. The absence
of a specific utility bill increase in the Version 9 scenario could not have provided this type of
cuing and possiblytesulted in'a-Iower stated' willingness4o'-pay.'However, because of the design
of the pretest it was impossible to evaluate the relative merits of these two hypotheses. In
particular, utility bill impacts increased along with the environmental benefits of changes in dam
operations. Thus the increase in mean willingness-to-pay observed between Versions 1 and
Version 3 could be explained as the consequence of survey respondents perceiving higher
environmental benefits for the scenario described in Version 3.

C.7 SUMMARY OF PILOT TEST RESULTS

The results of the pilot test, in general, favored a decision to proceed to a final study. The pilot
test showed that survey materials provided results that were sensitive to both scope and scale,
and were not sensitive to minor changes in scenario and background infonnation wording.
Furthennore, marketing area residents expressed a positive willingness-to-p<" for changes in
dam operations and their values tended to be lower than values expressed by members of the
national sample. The only unfavorable result from the pilot test concerned the role of empathy on
the part of members of the national sample, towards individuals in the marketing area who would
pay higher utility bills as a result of changed dam operations,

C.8 CHANGES TO SURVEY MATERIALS AND STUDY SUBSEQUENT TO THE PILOT

TEST

Consideration of the results of the pilot test combined with review of the results by the GCES
Non-Use Value Committee, an external peer review panel, and the Office of Management and
Budget all resulted in a final study design that reflected a number of chang(:'s in survey materials,
survey implementation procedures, and experimental design. This section summarizes the major
differences between the pilot test and the final study.

C.8.1 Background Information

Changes were made to the background infonnation materials provided with the surveys in an
effort to clarify and, in some instances, correct the explanation of the impacts of various
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operating alternatives on riverine and power resources. There was some concern that in the pilot
test, background information materials might have led survey respondents to believe that the
decline in native fish species was due solely to changes in their environment caused by the
operation of Glen Canyon Dam. The background materials for the pilot test specifically
identified that cold water released from the Dam may be the most important factor contributing
to the decline in native fish species and listed trout as the only non-native species residing in the
river. This was modified the final study to mention the presence of other non-native fish species,
and a separate bullet item was added indicating that competition with these species may have
contributed to the decline of native fish populations.

The background information materials used for the pilot test also provided a discussion of how
change in the operation of the dam would affect the production of energy. Results of the pilot test
showed that the discussion did not clearly convey the fact that a change in dam operations would
affect when power was produced, but not how much power was produced. The true/false items in
the pilot test that asked respondents to indicate whether reducing daily fluctuations would reduce
the amount of hydroelectricity produced was the one true/false item that was missed most
frequently, indicating that the explanation given in the background materials or the question
itself was unclearly written. Both the discussion in the background materials and the true/false
question were rewritten for the final study in an effort to clarify this point.

C.S.2 True-False Questions

Participants in the pilot test were asked to answer a series of true-false questions prior to
answering the valuation questions. As noted above, analysis of the responses to the true-false
questions revealed a few questions with which the respondents had difficulty. Questions with
high rates of incorrect responses were edited for the final study in an attempt to remove any
ambiguities (Table C-9).
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Table C-9
Changes to the TruelFalse Statements

Pilot Survey:

1. Trout are one of the native fish species in the Colorado River below Glen Canyon Dam.
2. The loss of beaches is most severe along wide sections of the river.
3. The study area consists only of the area in and along the river.
4. Reducing daily fluctuations will reduce the total amount ofhydroelectricity produced.

Final Study

1. Trout are not native to the, study area.
2. The decrease in the number and size of beaches is most severe along wide sections of the

rIver.
3. The Study Area consists only of the area in and along the Colorado River between Glen

Canyon Dam and Lake Mead.
4. Reducing Daily fluctuations in the amount ofwater released from the dam will reduce

the total amount of hydroelectricity produced.
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C.8.3 Scenarios

The scenarios used in the pilot test to describe the impacts of alternative water flows were based
on descriptions of the environmental consequences as they were understood in the fall of 1993
when the survey instruments were designed. Understanding of these consequences evolved
between the fall of 1993 and the fall of 1994 when the final study was implemented. A decision
was made to update the scenarios to reflect a more up-to-date understanding of the impacts of
changes in dam operations. The majority of changes reflected an evolution of the scientific
opinion regarding pr<;)spects for native fish unde:r: the .lQw fluctuating flow and seasonally
adjusted steady flow alternatives. Furthermore, additional analysis of the power systems impacts
became available after completion of the pilot test. This additional information resulted in some
changes in the descriptions of power price impacts for surveys administered to the national
sample. The changes are summarized in Figures C-I, C-2, and C-3. In each of these figures, the
pilot test scenario is reproduced in Part A and the final study scenario is produced in Part B.
Shaded areas in Part B represent the items that were changed from the pilot test.

C.8A Contingent Valuation Question Format

The pilot test had made extensive use of the multiple-bounded questioning technique. Peer
reviewers expressed strong reservations about the use of this new, and as yet unproved, question
format in the final study. Thus, the final study was implemented using a single-bounded
contingent valuation question. Respondents were asked if they would vote in favor of the
proposal if passage of the proposal would cost them a specified amount. Response categories
included "Definitely no," "Probably no," "Unsure," Probably yes" and "Definitely yes." Panel A
of Figure C-4 shows a multiple bounded contingent valuation question used in the pilot test and
Panel B shows the single-bounded format used in the final study for the national sample.

Since the final study used a single-bounded contingent valuation question it was necessary to
select specific dollar amounts to insert in each survey booklet. Several schemes have been
devised to select dollar amounts to be used in contingent valuation questions. The optimal set of
dollar amounts depends on several factors. It has been shown that if the study objective is to
provide the most precise estimate of median willingness-to-pay, then a single dollar amount
equal to the median willingness-to-pay should be used. Obviously this approach requires that the
researcher have prior knowledge ofthe parameter value that is to be estimated. In the absence of
prior information, the use of a single dollar amount presents a high level of risk. For example, a
single dollar amount would preclude the estimation of a distribution function. If the single dollar
amount selected does not represent the median, the researcher would find it difficult, if not
impossible, to derive estimates of mean willingness-to-pay. Other sampling schemes provide for
a large number of distinct dollar amounts. For this study, a decision was made to use a small
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Figure C-l
Moderate. Fluctuating Flow Alternative

Pilot Test, Part A

A PROPOSAL

Under this proposal, there would be a moderate reduction in the daily fluctuations in the
river level. If this proposal is selected, it will result in the following environmental
conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at
present levels.

• The risk of erosion to Native American traditional use areas, sacred
sites and archeological sites would decrease substantially.

• The area available for vegetation would increase by about 10%, so that
the area available for birds and other forms of wildlife would increase
by about 10%.

• There would be a small improvement in conditions for native fish. It is
unlikely that the native fish populations, including those in danger of
extinction, would increase from present levels.

• There would be a small improvement in conditions for trout, but
stocking of trout would still be required to sustain the population.

• Monthly electric bills could increase by $6 per month for about 3,000
households in small cities in southwest Utah.

• Monthly electric bills could increase by $2 per month for another 1,500,000
rural and urban households in Arizona, Utah, Wyoming and New Mexico.

• Farmers in Colorado who use electricity for crop irrigation could experience a
decrease in income of up to 1%.

(continued)
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Figure C-l (continued)
Moderate Fluctuating Flow Alternative

Final Study, Part B

A PROPOSAL

Under this proposal, there would be a moderate reduction in the daily fluctuations in the
river level. If this proposal is selected, it wilrresult in the following conditions along the
Colorado River in the Grand Canyon:

•

•

•

•..
•

•

•

In the long-term, the number and size of beaches would remain
at present levels.

The risk of erosion to Native American traditional-use areas, sacred sites, and
archeological sites would decrease substantially.

The area available for vegetation would increase by about 10%,
so that the area available for birds and other forms of wildlife would increase
by about 10%.

There would be a small improvementinconditiollSfor native fish. .•..••....•......•..

Nativefish population~,includingthoseill dang~rofextillciioh,woUi(L .
probably contiriuetodeclineih numbers. ... . .

There would be a small improvement in conditions for trout, but stocking
of trout would still be required to maintain the population.

The average electric bill would increase by $3 per month for 1.5 million
households receiving power from Glen Canyon Dam. This average reflects a
maximum increase of$9 per month for 3,600 households and a minimum of
no increase for 800,000 households.

On average, farm incomes would not change significantly. However,about
300 farmers insouthem Utah wouldsee their incomes drop by 3%.
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Figure C-2
Low Fluctuating Flow Alternative

Pilot Test, Part A

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be greatly reduced. If this
proposal is selected, it will result in the following environmental conditions along the
Colorado River in the Grand Canyon:

• In the long-tenn, the number and size of beaches would remain at
present levels.

• The risk of erosion to Native American traditional use areas, sacred
sites and archeological sites would decrease substantially.

• The area available for vegetation would increase by about 10%, so that
the area available for birds and other fonns of wildlife would increase
by about 10%.

• There would be a moderate improvement in conditions for native fish.
It is not certain if native fish populations, including those in danger of
extinction, would increase.

• There would be a moderate improvement in conditions for trout. The
trout population could increase and it would require less annual
stocking.

• Monthly electric bills could increase by $6 per month for about 3,000
households in small cities in southwest Utah.

• Monthly electric bills could increase by $2 per month for another 1,500,000
rural and urban households in Arizona, Utah, Wyoming and New Mexico.

• Farmers in Colorado who use electricity for crop irrigation could experience a
decrease in income of up to 1%.

(continued)
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Figure C-2 (continued)
Low Fluctuating Flow Alternative

Final Study, Part B

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be greatly reduced. If
. this proposal is selected, it will tesultin the following conditions "along the Colorado
River in the Grand Canyon:

•

•

•

•

•

•

•

•

In the long-term, the number and size of beaches would remain at present
levels.

The risk of erosion to Native American traditional-use areas, sacred sites
and archeological sites would decrease substantially.

The area available for vegetation would increase by about 10%, so that the
area available for birds and other forms of wildlife would increase by about
10%.

There would be a moderate improvementin COllditi()nsfor native fish.

It is likely,butnotcertain,that .nativefishpoIJUlatibns,incluclingthosein
daIlgerof extinctiori,would increase, .. .. . .

There would be a moderate improvement in conditions for trout. The trout
population could increase and it would require less annual stocking.

The average electric bill would increase by $3 per monthfor 1.5 million
households receiving power from Glen Canyon Dam. This average reflects
a maximum increase of$9 per month for 3,600 householdsto a minimum
of no increase for 800,000 households;

On average, farm incomes would not change significantly. However,
about 300 farmers in southern Utah would see their incomes·drop by 3%.
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Figure C-3
Seasonally Fluctuating Steady Flow Alternative

Pilot Test, Part A

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal
releases would also be changed so that releases would be highest during the spring, just
like before the dam was built. However, the highest spring releases would still be
lower than the average springtime flow prior to the dam. If this proposal is selected, it
will result in the following environmental conditions along the Colorado River in the
Grand Canyon:

• In the long-term, the number and size of beaches would remain at
present levels.

• The risk of erosion to Native American traditional use areas, sacred
sites and archeological sites would decrease substantially.

• The area available for vegetation would increase by about 5% so
that the area available for birds and other forms of wildlife would
increase by about 5%.

• There would be a major improvement in conditions for native fish.
Populations of most native fish, including one of the species in
danger of extinction, would increase.

• There would be a major improvement in conditions for trout. The
size and number of trout would increase. Maintenance of the trout
population would no longer require any annual stocking.

• Monthly electric bills could increase by $21 per month for about 3,000
households in small cities in southwest Utah.

• Monthly electric bills could increase by $7 per month for another 1,500,000
rural and urban households in Arizona, Utah, Wyoming and New Mexico.

• Farmers in Colorado who use electricity for crop irrigation could
experience a decrease in income of up to 5%.

(continued)
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Figure C-3 (continued)
Seasonally Adjusted Steady Flow Alternative

Final Study, Part B

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal
releases would also be changed so that releases would be highest during the spring, just
like before the dam,was built. ..However., .the highest.spring.releases would still be
lower than the average springtime flow prior to the dam. If this proposal is selected, it
will result in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present
levels.

• The risk oferosion to Native American traditional-use areas, sacred sites
and archeological sites would decrease substantially.

• The area available for vegetation would increase by about 10%sothatthe
area available for birds and other forms of wildlife would increase by abou(
10%.

• There wouldbeamajor improvementinconditions for fish. . .

• Native fish,includingoneoftheendangeredspecies, wouldmbst)ikely .
increase in numbers ... However, competitionfrom non-native fish may still·
limit the growth of native fish populations.

• There would be a major improvement in conditions for trout. The size and
number of trout would increase. Maintenance of the trout·population
would no longer require any annual stocking.

• The average electric bill would increase by $9 per month for 1.5 million
households receiving power from Glen Canyon Dam. This average reflects
a maximum increase of $21 per month for 3,600 households to a minimum
ofno increase for 300,000 households.

• On average, farm incomes would not change significantly. However,
about 300 farmers in southern Utah would see their incomes drop by 6%.
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number of dollar amounts. One reason for this decision was a desire to preserve the option to
use non-parametric methods to estimate mean willingness-to-pay. These non-parametric
methods require multiple observations for a range of dollar amounts. The specific dollar
amounts used in the final study were based on the results of the pilot test. Dollar amounts
were selected to cover a range such that at the low end of the range a large percentage of
respondents would vo:e in favor of the proposal, and at the upper end of the range, a large
percentage of respondents would vote against the program. A same set of dollar amounts was
used in all versions of the survey. This was done to avoid confounding any effects of the
survey version with ,effects that might arise.from ,a change in the structure of the dollar
amounts on which respondents were asked to vote.

e.S.S Emphasis of Budget Constraints

During the OMB approval process, concern was expressed whether the pilot test survey
instruments had adequately reminded survey respondents of their budget constraints. To
address this concern a decision was made to add three questions to the survey. In one
question, survey respondents were asked to indicate the items on which they would spend
less money if the proposal passed. After explicitly considering their budget constraints.
respondents were provided an opportunity to change their votes. These three questions appear
as Questions 4,5, and 6 in the final study survey versions (see Appendix E).

e.S.6 Respondents Self-Reports on Perceived Validity

Three more questions were added to the final survey to collect data about various aspects of
the respondents' perception of the validity of the survey and its results. The first question
asked respondents if they thought they would be affected if the proposal passed. In the
national sample, respondents were asked if they felt their taxes would really go up if the
proposal passed. For the marketing area, respondents were asked if they thought their utility
bills would actually increase if the proposal passed. A second question asked respondents if
they believed government officials would consider the results ofthe survey when making
decisions about the future operations of Glen Canyon Dam. The third question asked if
respondents thought government officials should consider the results of the survey when
making decisions about future dam operations. These questions appear as Questions 7, 8, and
9 in the final survey versions.
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e.S.? Were Payment Vehicles Relevant?

Some concern was expressed that survey respondents might express high willingness-to-pay
amounts if the payment vehicles (taxes in the national sample versions and utility bills in the
marketing area sample) were not relevant to the respondent. To address this concern, two
questions were added. In the national sample versions, one question asked if respondents had
taxes withheld from a paycheck in the previous year, and a second question asked if they had
filed a federal income tax form in the previous year. In the marketing area sample versions,
one question asked respondents if they owned or rented their residence, and the second
question asked if the respondent was responsible for paying the utility bills. These two
questions appeared as Questions 28 and 29 in the final survey revisions.

In addition to the changes to the survey materials themselves, several changes were made to
the sampling and implementation procedures used in the final study.

e.S.S Sampling

Pilot test samples were purchased from Survey Sampling Inc. (SSI), an independent firm that
specializes in maintaining marketing databases. For the national sample, a sample of U.S.
residents, 18 years old or older was purchased. Unfortunately, we were not aware that SSI
routinely excludes Alaska and Hawaii from U.S. samples unless the purchaser specifically
requests that they be included. However, since extrapolation to a national population was not
a purpose of the pilot test, this error was unlikely to have affected the pilot test results in any
significant way. This oversight was corrected for the final study, and Alaska and Hawaii
residents were included in the national sampling frame. Including Alaska and Hawaii in the
sample for the final study resulted in 21 cases from these two states being included in the
sample.

Power from Glen Canyon Dam is marketed in five western states. These include Colorado,
New Mexico, Utah, Arizona, and Wyoming. However, only a portion of the residents within
these states actually receive power that is produced at the dam. Thus, the marketing area
sample was defined by postal ZIP codes that fall within the service territories of utilities with
long-term firm contracts for Salt Lake City Area Integrated Projects (SLCA/IP) power. The
sample as originally defined for the Glen Canyon Nonuse Survey Pilot Test was provided by
Clayton Palmer of Western Area Power Administration. Procedures by which appropriate
ZIP codes were identified are described in an informal memorandum, written by Clayton
Palmer to Marty Phillips (Figure C-5).
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Figure C-4
Panel A: Multiple-Bounded Contingent Valuation Question Format

If the higher electric rates described earlier cannot make up for all the revenue lost as a
result of this proposal, taxpayers would have to make up the difference. How would
you, as a taxpayer, vote on this proposal? As you think about your answer. please
remember that if this proposal passes. you would have less money for household
expenses or to spend on other environmental issues; ..

3. How would you vote on this proposal if passage of the proposal would cost your
household these amounts every year for the foreseeable future? (CIRCLE ONE
LETTER FOR EACH DOLLAR AMOUNT TO SHOW HOW YOU WOULD VOTE)

Cost to Approx. Definitely Probably Not Probably Definitely
you per cost per Yes Yes Sure No No
year? month?

10¢ l¢ A B C D E

50¢ 4¢ A B C D E

$1 8¢ A B C D E

$5 42¢ A B C D E

$10 83¢ A B C D E

$20 $1.67 A B C D E

$30 $2.50 A B C D E

$40 $3.33 A B C D E

$50 $4.17 A B C D E

$75 $6.25 A B C D E

$100 $8.33 A B C D E

$150 $12.50 A B C D E

$200 $16.70 A B C D E

(continued)
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Figure C-4, continued
Panel B: Single-Bounded Contingent Valuation Question Format

If the higher electric rates described earlier cannot make up for all the revenue lost as a
result of this proposal, taxpayers would have to make up the difference. How would
you, as a taxpayer, vote on this proposal? As you think about your answer. please
remember that if this proposal passes. you would have less money for household
expenses or to spend on other environmental issues.

3. How would you vote on this proposal if passage of the proposal would cost your
household $ every year for the foreseeable future? (CIRCLE ONE NUMBER)

1 Yes - I would vote for the proposal to change operations at Glen Canyon
Dam e"en though I would have to pay more taxes.

2 No - I ,,'ould "ote against the proposal.
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Figure C-5
Procedures for Identifying ZIP Codes

Informal Hemorandum

Date:

TO:

FROM:

SUBJECT:

January 5th, 1994

Ms. Marty Phillips
HBRS, . INC
585 Science Drive, Suite A
Madison, WI 53711

S. Clayton Palmer, Western Area Power Administration

Zip Codes of Customer Service Areas

Enclosed you will find the zip codes that pertain to the service areas of
long-term firm power customers of the Salt lake City Area Integrated
Projects (SLCAjIP) of Western Area Power Administration (Western).

These zip codes pertaining to customers' service areas were identified
differently for municipalities than for Rural Electric Associations (REA)
and Cooperatives. For municipalities, we selected the zip code pertinent
to that municipality. In the few instances were more than one pertained,
we included those zip codes that were entirely contained within the
municipal's service area (exceptions are noted). For REAs, we first
identified the service areas. We overlaid maps of service area with maps
of the first three digits of a zip codes. We then identified the common
geographic area of both. Once this was accomplished, we looked up the zip
code of every city or town identified on the zip code map.

To clarify the process used for the zip code identification for the REAs,
let me take an example. Moon lake Electric Cooperative is a SlCAjIP firm
power customer. Its service area is Northeast Utah. According to the zip
code map, the three-digit zip codes 840 and 841 pertain to Northern
central Utah. There are 13 towns that are in the common geographic area.
By observation, the there are seven towns that are certainly within the
service area boundaries. The other towns are enough on the border that we
were uncertain about whether they were actually in the service area. What
towns are included in our list are just those that we were certain about.
For a few REAs (including Moon lake Electric), we contacted by telephone
in order to add certainty ~o the list provided.

There are two caveats that I wish to pass on to you at this time. The
first relates to municipalities. A few households may be served by a post
office but may be outside of the service area of a SlCA/IP customer. In
bountiful, for example, some parts of unincorporated Davis County are
served by the Bountiful Post Office, but receive electrical power service
from Utah Power and light. I don't know how wide-spread a problem this is.
To use my previous example, Bountiful Power and light has 13,212
electrical meters. All of these are in the Bountiful zip code: 84010. The
Bountiful post office serves 14,356 mailing addresses. So, 144 residences
and businesses have a 84010 zip code, but do not receive electrical power
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from Bountiful City.

The second caveat relates to REAs. There are pockets within our customers'
service areas which are not served by our customers. These pockets are
usually not on service area maps.

Despite these'cave'ats, r am fairlY 'confident that we have those zip codes
which are wholly within the service areas of the SLCAjIP customer served
by Western's Salt Lake Area Office.

Please call me at (801) 524-3522 (or Valarie Varallo, who did all of the
work, at 4445) if your have any questions.

Sincerely:

S. Clayton Palmer
Natural Resource Economist
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After completion of the pilot test, a random sub-sample of 100 cases were drawn from the
full marketing area sample that was purchased for the pilot test. Using the addresses as a key,
these cases were divided by service utility and sent to these utilities to verify that the sampled
addresses were listed as residential accounts. This was done to determine how well the
sample represented the marketing area. Results showed relatively high (greater than 90
percent) "hit" rates for all locations except New Mexico. As a result, procedures for
identifying appropriate ZIP codes in New Mexico were refined and a new sample ofZIP
codes was assembled for that state. For the final study, the new ZIP codes in New Mexico
were substituted for those used in the pilottestsampling plan, and the updated ZIP code list
was used to select the sample of addresses for the final phase of the Glen Canyon Non-Use
Values Survey.

Characteristics of pilot test respondents showed them to be significantly different from the
population. For example. pilot test results show a disproportionate percentage of males
responding to the survey compared to the true percentage of males in the sample frame. It is
likely that this result is a factor of the sampling procedures used. For the pilot test, the survey
was addressed to the individual named in the sample. Typically, this individual is the head of
household who is most frequently male. Several members of the committee expressed
concern about the over-representation of males in the pilot test. In t:.Arn, the committee
decided to implement the final study using procedures that would randomly select survey
respondents from among the adult members of the household. Thus, in the final study,
random selection of survey participants within a household was accomplished in the
following way. If the selected sample point was John Smith, all survey materials were
addressed to the "Smith Household. care of John Smith." Survey materials indicated that the
adult member of the household whose birthday occurred the latest in the calendar year should
complete the survey.

Additional differences were observed between the characteristics of pilot test respondents and
the population. Pilot test respondents tended to be older, have higher incomes and higher
levels of education than the national population. It was not possible to determine whether this
result was a consequence of survey non-responses or whether the sampling frame did not
represent the national population. The SSI sampling frame is typically based on telephone
directories and is subject to non-coverage to the extent that households do not have
telephones or do have unlisted numbers. In an attempt to improve the sampling frame, the
sample for the final study was drawn from a sampling frame based on telephone listings
augmented by drivers license records where available (23 states).

C.8.9 Monetary Incentive

Given the implementation procedures used in the pilot test, a response rate of 70 percent was
expected. This expectation was based upon prior experience in conducting similar types of
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surveys, as well as a response rate prediction model HBRS had developed (Heberlein and
Baumgartner, 1978; 1981). The pilot study mail survey for the marketing area sample met
our expectation with a response rate of 76 percent. However, for the national sample, the
pilot study mail survey response rate was 60 percent. As a consequence of the lower than
expected response rate in the national sample, it was decided to increase the monetary
incentive included with the initial survey mailing. A $2 incentive was used in the pilot test. In
the final study, a $3 incentive was used.

C.8.tO Telephone Survey

Concerns about the response rate led to a decision to change survey implementation
procedures by adding an additional effort to contact potential survey respondents. In the pilot
test, potential respondents received an advance letter, an initial survey mailing, a follow-up
post card, and up to two additional survey mailings to non-respondents. The final study used
these procedures and added a telephone call to non-respondents after the third survey
mailing. The purpose of the telephone call was to encourage potential respondents to
complete the survey, and to collect a limited set of environmental attitude and socio
demographic data.
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This appendix addresses issues relating to the quality of the samples purchased for this study.
Information is first provided about the source of the samples and the selection procedures.
Following this, demographic characteristics are repeated for the population, the sample
frame, and survey respondents.

0.1 SAMPLE SELECTION

One goal of the sampling plan was to obtain.a sample that represents the households in the
United States. We refer to this as the "national sample. II Because the national sample was
designed to represent all households, it included households from the marketing area in
proportion to their size in the total population. However, because only a small percentage of
households in the U.S. reside in areas served by power produced at Glen Canyon Dam, we
expected only a small number of marketing area households to be selected for the national
sample. As a result, we selected a second sample that represents those households that reside
in the areas of the United States that receive power produced at Glen Canyon Dam and
whose electric bills would be directly affected by any changes in dam operations. We refer
to this second sample as the "marketing area sample. II The marketing area sample of
households was selected from addresses in ZIP codes in service territories for utilities with
firm power contracts for Salt Lake City Area Integrated Projects (SLCNIP). Glen Canyon
Dam represents about 80 percent of SLCAJIP power.

High-quality general population mail survey samples purchased from reputable vendors, may
not accurately represent the national population. One reason is that mail samples are
typically selected from white-page telephone directories, thus excluding the sectors of the
population without telephones and those with unlisted telephone numbers. Approximately
5.1 percent of households in the continental United States do not have telephones, while an
additional 26.1 percent of the households in the continental United States have unlisted
telephone numbers. Households with unlisted telephone numbers tend to be more mobile and
are more likely to reside in rented, urban multi-family.units (Piekarski, 1989). Furthermore,
people who have unlisted numbers are more likely to be unmarried, have lower incomes and
educational levels, and are more likely to belong to a minority group.

Listed samples tend to overrepresent "retired" householders, whereas unlisted householders
are significantly younger.

In an effort to improve the coverage of the mail survey sampling frame, samples were drawn
from a database of listed households, supplemented with drivers license records from those
states that publish these data. At the time the samples were drawn for this study, driver's
license records were available from 23 states.
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Both the national and the regional samples for this study were purchased from Survey
Sampling Inc. (SSI), an independent firm specializing in. national survey databases. Because
the percentage of households with no telephones and the percentage of households with
listed telephone numbers differs by state and region within states, the mail survey sampling
frame does not contain the correct distribution of the number of households by state. To
correct this potential source of sampling error, SSI uses census data to estimate the total
number of households by state and region within states, and bases the number of households
to be selected in each geographic strata on the estimated total number of households in each
strata. Based on these factors, we feel that SSI's mail survey sampling frame provides as
much coverage of our target populations as' any samples that were readily available and
practically affordable for this study.

The national sample for this study was drawn from SSI's supplemented database that
included all states in the United States. The marketing sample, on the other hand, was
restricted to certain geographical areas defined by ZIP codes. Market area ZIP codes were
identified by Western Area Power Administration (WAPA) to represent the geographic areas
served by utilities that had firm power contracts for SLCNIP, for the WAPA Salt Lake City
office. Like the national sample, the marketing area sample was also drawn from SSI's data
base supplemented with driver's license records.

Both samples were submitted to a "deduping" process in which all sample points for the final
study were compared to the pilot test sample to ensure there was no overlap of cases. This
process is carried out by comparing the telephone numbers of each case. Since a portion of
the final study samples did not have listed telephone numbers (i.e., sample points from
driver's license records), there was only a very small possibility of overlap between the two
samples. However, given the size of SSI's data base and the total number of households in
the United States, the likelihood of overlap between the pilot sample and the final sample
was remote. No duplicate cases were identified during this procedure for either the national
or the marketing area samples.

SSI suggests that researchers using their mail samples can expect a 'deliverable rate' between
85 percent and 87 percent depending on the geography of the survey area. The deliverable
rate is impacted by two factors. First, 12 percent to 15 percent of the names included in a
mail sample can change due to normal population mobility. Second,S percent to 10 percent
of records nationwide are rural -- frequently with addresses consisting of only two lines -
and are thus sometimes considered to be undeliverable by local post offices (Survey
Sampling, Inc., 1992). Prior to selecting a sample of households, SSI screens all samples to
exclude nonresidential addresses.
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D.2 COMPARISON OF THE POPULAnON, SAMPLE FRAME, AND SURVEY

RESPONDENTS

As described above, even if a high-quality sample is purchased, there are likely to be
differences between the characteristics of the individuals in the sample frame and those of
the population. Such differences are difficult to avoid given the limitations of existing data
sources. A comparison of the demographic characteristics of the population with the
characteristics of the sample frame can provide some indication of how well the sample
represents the population. In tum, comparisons between the characteristics of the sample
frame and survey respondents can provide some indication of the characteristics of
nonrespondents.

Comparisons between the population, sample frame and survey respondents are shown in
Table D-1 for the national sample. I The first column reports projected U.S. Census estimates
for 1993. U.S. Census projections for 1995 were not available for all the categories shown.
All Census projections are based on data collected during the 1990 Census.

The characteristics of the national sample frame were provided by SSI along with the
purchased sample. SSI reports that these characteristics of the sample frame were also
projected using the 1990 U. S. Census data. SSI estimates of sampling frame characteristics
are not based on a random sample from the sampling frame. Consequently, useful
conclusions based on comparisons between the population and the sample frame cannot be
made.

In Column 3, characteristics were tabulated from the survey results. Results from the mail
and telephone surveys were combined to estimate the respondent characteristics. Telephone
survey respondents were added in order to mitigate biases that could occur because of
nonresponse to the mail survey.

Several caveats should be kept in mind when comparing characteristics reported in the three
columns of Table D-l. First, the three estimates were obtained from three different sources,
each using a different method of estimation. Population characteristics in Column 1 for
instance, are based on 1990 Census data projected to 1993. Sample frame characteristics are
also based on 1990 Census data but are projected to 1994 and are calculated by SSI, not the
Census Bureau. In contrast, respondent characteristics are based on actual responses to the
GCES non-use value mail or telephone survey. One major difference between the sources is
the unit of sampling. Population and sample frame characteristics are reported for the
population and for households, whereas respondent characteristics are reported for

Comparable data for the marketing area sample was not assembled, given the difficulty in
obtaining appropriate Census data for locations identified by ZIP codes.
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individuals selected within households (different from the population). Age, percent male,
and education reported for the population and the sample frame refer to the population or a
portion of the population, while those reported for respondents are for a household
representative.

Keeping these limitations in mind, Table D-I compares all three sources on five
characteristics. A comparison of the age distribution shows that the sample frame closely
resembles the population. In contrast, the age distribution of survey respondents shows them
to be significantly older. The next three variables, sex, education, and household size, were
not provided by SSfforthe sample frame. .

Compared to the national population, survey respondents are more likely to be males and to
have achieved a higher level of education. Comparison of household income is difficult
given the variety of ways in which income is reported. Average household size of survey
respondents appears to be about the same as that reported for the population.

The U.S. Census Bureau reports median household income and median family income,
making a distinction between the two; SSI reported an average household income for the
sample frame; and the survey data provided average and median household income. The
Census Bureau defines a "household" as a group of individuals living together and sharing
living expenses. In contrast, a "family" is defined as a group of related individuals who live
in the same dwelling and share living expenses. Because of these distinctions, comparisons
between the population and the sample frame are not possible.

Comparing income for the sample frame and survey respondents across income categories
shows that survey respondents have higher household incomes than the sample frame.
However, on average, respondents' household income is only slightly higher than the sample
frame.

The survey results can also be compared to Census figures for households and families.
Recall that the household was the unit of selection for this study. Study results show that the
median household income for survey respondents is larger than median household income as
projected by the Census. However, the survey respondents' median income appears to be
similar to the median family income calculated by the Census. Given the inherent biases in a
mail survey sample, we might assume that survey respondents' median household income is
much closer to the median family income reported by the u.s. Census.
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Table D-l
Characteristics of the Population, Sample Frame, and Survey Respondents

National National Sample
Population Sample Frame Respondent

Characteristicsa Characteristicsb CharacteristicsC:

Age:

18 - 24 Years
25 - 34 Years
35 - 44 Years
45 - 54 Years
55 - 64 Years
65 Years or older

Percent Male:

High school graduate
or higher

Bachelors degree
or highere

Average Household Size:

Household Income:

13.4% 14.4% 4.1%
22.0 22.0 17.5
21.4 20.7 22.7
15.0 14.5 19.8
11.0 11.3 12.5
17.2 17.1 23.4

(190,674,000) (190,282,531 ) (1,913)

47.9% NA 52.8%
(190,674,000) (1,878)

80.2% NA 91.6%
(165,012,000) (1,789)

21.9% NA 43.8%
(165,012,000) (1,789)

2.6 people NA 2.7 people
(96,391,000) (1,765)

$0 - $9,999
$10 - $14,999
$15 - $24,999
$25 - $34,999
$35 - $49,999
$50 - $99,999
$100,000 or more

NA 14.2%
8.4

16.5
15.3
17.9
21.9

5.7
(94,705,985)

7.1%
7.2

15.1
18.0
19.4
26.9

6.3
(1,741)

(continued)
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Table D-l
Characteristics of the Population, Sample Frame, and Survey Respondents

(Continued)

Income: f

Average household

Median househ0ld

Median family

NA

$30;786"
(96,391,000)

$36,950
(68,100,000)

$41,911
(94,705,985)

NA "

NA

$42,856
(1,741)

$37,250
(1,741)

NA

a

b

c

d

e

()
NA

u.s. Census projected estimates for 1993.
Information provided by SSI, projected forward from the 1990 U.S. Census.
To more fully ~present the portion of the national sample contacted, results are reported for the
combined mail and telephone survey data. For cases where respondents might be represented in both
data sets, the mail sun"ey data is excluded.
Education is reponed for individuals 25 years old or older.
Information reponed for national sample respondent characteristics represents respondents who
reported bem!, a collere or technical school graduate or having completed post graduate work.
Median household Income reported for the population is projected for 1992, in 1992 dollars, and the
median famll) Income IS projected for 1993, in 1993 dollars.
Numbers In p3Tentheses mdlCate the number of valid cases.
Information IS not 3\31Iable"
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D.3 CONCLUSIONS

If the assumption .can be made that the characteristics of the sample frame closely resemble
u.s. Census statistics, then some general conclusions about how well the sample frame
represents the population and how well the sample respondents represent the sampling frame
can be made. Survey respondents are somewhat older than either the population or the
sample frame, are more likely to be male, and have achieved higher levels of education.
Survey household size appears to be about the same as the population. Average household
income for respondents is.foughlysimilar·to that-reported forthesampleframe, and median
household income is similar to median family income reported for the population.

Although these figures are comparatively close, we can not definitively say how well the
survey sample represents the sample frame or the population, because the characteristics of
the sample frame and the population are both based on U.S. Census figures. The mail sample
was drawn from a database that, in and of itself, is subject to potential biases. Although an
attempt was made to compensate for these biases, there is no way to determine how well this
effort at reducing the biases worked since not all individuals in the sample were reached.
Thus, it is not possible to distinguish whether differences between survey respondents and
the sample frame are due to biases in the sample resulting from the selection procedures or
due to nonresponse bias.
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Mail Survey Materials - National Sample
Mail Survey Materials - Marketing Area Sample
Telephone Survey
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Mail Survey Materials -- National Sample
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IN REPLY REFER TO:

Greetings,

United States Department of the Interior

BUREAU OF RECLAMATION
Uppcr Colorado Region

Glen Canyon Environmental Studies
P.O. Box 22459

Flagstaff, Arizona 86002-2459

E-2

I am writing to ask you to share your views about an important issue affecting the Colorado
River in Grand Canyon National Park. In the next several weeks, you will receive a survey in the mail.
The survey- is part- of. a national study 'of issues concerning the operation of-Glen Canyon Dam. Glen
Canyon Dam controls the water level in the Colorado River in the bottom of the Grand Canyon and
affects the resources in and along the river. The study is a cooperative effort between the Bureau of
Reclamation, National Park Service, U.S. Fish and Wildlife Service, Western Area Power Administration,
and several Southwest American Indian tribes.

Government officials will soon be making decisions about how the dam is to be operated. The
decisions will affect both the river environment at the bottom of the Canyon and the production of
electricity. The way that the dam is operated affects the water level in the Colorado River which in turn.
affects natural and cultural resources in and along the river. The way the dam is operated also
determines the value of the electricity produced by the dam. The decision makers need to know how
people in households like yours feel about the tradeoffs between natural and cultural resources, such as
fish, vegetation, and beaches at the bottom of the Grand Canyon, and the production of electricity from
Glen Canyon Dam.

Even if you have never heard of the Glen Canyon Dam, your answers are important to this
study. We cannot send this survey to every household in the country. Instead, a random sample of
households was drawn. Your household was scientifically selected to receive this survey. In this study,
your household represents many other households similar to yours. What U.S. households think about
these issues is important for making future decisions on how to operate the Glen Canyon Dam.

The survey will arrive in the next week or so. HBRS, Inc., an independent research firm, has
been hired to design and carry out the study. The survey will take about 30 minutes to complete. To
ensure a random selection of respondents, we are asking that the survey be filled out by the adult
member of your household with the latest birthday in the calendar year. The survey package will
provide information about Glen Canyon Dam and the natural and cultural resources downstream. You
will only be asked to give your opinions and responses to questions about how you feel. The survey
does not require any technical know/edge of hydroelectricity or dam operations. A stamped enveloped
will be supplied to return the survey to HBRS. /f you have any questions about the study, you can call
Mike Welsh, the HBRS survey project manager, collect at 0-608-232-2800.

We are very interested in hearing from your household so that we get an accurate picture of the
range of opinions about the issues related to Glen Canyon Dam and the downstream resources. I hope
you will help us out. Thank you, in advance, for your participation.

Thank you,

f~n(aJJ
Glen Canyon Studies Project Manager
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Greetings,

United States Department of the Interior

BUREAU OF RECLAMATION
Urrer ColoraJo Region

Glen CanYlm Em'ironmo:ntal Studies
P.O. Box 22459

Aagstaff. Ari:ona 86002-2459

E-

Here is the survey I told you about in my letter last week. This study is about the Glen Canyon
Dam, which controls the water level in the Colorado River as it flows through Grand Canyon National
Park. Government officials will soon be making decisions about how to operate the dam. Your
participation in the .study will help them understand how people in households like yours feel about
trade-offs between cultural and natural resources, such as fish, vegetation, and beaches, at the bottom
of the Grand Canyon and the production of electricity from Glen Canyon Dam. Answers to this survey
will affect future decisions about how the dam is operated.

Your response to this survey is very important. We could not send this survey to every
household in the nation. Your household is part of a relatively small group of households who have
been randomly selected to participate in this survey. Your answers will represent the views of many
other households similar to yours and will ensure that all households are represented in decisions about
the operation of the Glen Canyon Dam. To ensure a random selection of respondents within a
household, we are asking that the survey be filled out by the adult member of your household with the
latest birthday in the calendar year.

Before beginning the survey, please read the colored information sheets included in the
package. This background information describes Glen Canyon Dam, the resources below the dam, and
how the operation of the dam affects these resources. I realize you may not have heard about Glen
Canyon Dam before you received this survey. The background information was designed by scientists
studying the dam and the Grand Canyon resources downstream to help you understand the issues.
The survey does not require any technical knowledge about hydroelectricity or dam operations. The
survey takes about 30 minutes to complete. People who have filled the survey out tell us they found it
interesting and informative. .

Answers to this survey are confidential; your name will never be revealed. Information from the
survey will only be reported in statistical terms. There is an identification number on the back of the
survey so that HBRS, Inc., the firm conducting the survey, will know who has already returned the
survey and whom to send reminders to.

When the survey is completed, simply return it in the enclosed postage-paid envelope. If you
have any questions about the study, we would like to hear from you. You can call Mike Welsh, the
HBRS survey project manager, collect at 0-608-232-2800.

I appreciate your help in this stUdy. (know your time is valuable and, in recognition, have
enclosed a small gift as a token of appreciation. In addition, if you would like to receive a newsletter
providing more information about the Glen Canyon Dam and this stUdy, write to the Glen Canyon
Studies Office at P.O. Box 22459, Flagstaff, AZ 86002-2459.

Thank you,

!~e~a/#
Glen Canyon Studies Project Manager



1<~--1ku~

u to. be IdfeJ cud kt the .
adultin~~

wdk the Iaied~
-inthe~~.

E-4



BACKGROUND INFORMATION ABOUT THIS STUDY
PLEASE READ THESE PAGES BEFORE

YOU COMPLETE THE SURVEY ",
E-5

INFORMATION ABOUT GLEN CANYON DAM AND THE STUDY AREA

Before you fill out the survey, we want to describe the Glen Canyon Dam and the
resources downstream from Glen Canyon Dam in the Study Area.

Glen Canyon Dam
Glen Canyon Dam is located on the Colorado River in Arizona.

It is just upstream from the Grand Canyon.

It was built to provide water supplies and hydroelectricity.

It was completed about 30 years ago.

It controls the water flow through the Grand Canyon.

Revenues from the sale of hydroelectricity are used to repay costs.

The Study Area
The Study Area consists only of the area in and along the Colorado River
at the bottom of the Grand Canyon.

The Study Area begins at Glen Canyon Dam.

The Study Area continues for nearly 300 miles.

The Study Area ends at Lake Mead near Las Vegas.

Part of the Study Area is within the Grand Canyon National Park.

Part of the Study Area is bordered by American Indian reservations.

The cover of the survey booklet shows one view of the Colorado River
in the Study Area.

How Glen Canyon Dam affects the Colorado River in the Study Area
The amount of electricity produced by Glen Canyon Dam depends on the
amount of water released from the dam: the more water released, the more
electricity produced.

More water is released during periods of high demand for electricity and less
water is released during periods of low demand for electricity.

On a seasonal basis, more water is released during the hottest summer
months and the coldest winter months.

On a daily basis, more water is released during the day than at night.

The amount of water released can vary from hour to hour throughout
the day.

In some places in the Grand Canyon, this can result in the river rising and
falling as much as ten feet in a day.

This study deals with the ways Glen Canyon Dam could be operated to benefit natural
and cultural resources in the Study Area. A map showing the location of the Dam and
the Study Area appears on the next page. A description of the resources in the Study
Area is contained on the pages following the map.
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NATURAL RESOURCES IN THE STUDY AREA

The natural resources in the Study Area are loc;:ated in and along the ,'.
Colorado River below Glen Canyon Dam.

• Deposits of sand, mud, and gravel, sometimes called beaches, are
scattered along the river. The rest of the river bank consists of cliffs
and steep slopes covered with rocks, boulders, and desert vegetation.

Beaches vary greatly in size. Some are as large as several acres,
and others consist of a little sand at the river's edge.

Some beaches are covered with vegetation.

Beaches with vegetation provide habitat for birds and other small
animals.

Archeological sites are located along the river.

These sites are associated with American Indian cultures that have
inhabited or used the Grand Canyon for thousands of years.

These sites contain evidence of ancient human activity along the river,
including pots and tools.

Present-day American Indians have sacred sites and traditional-use
areas along the river.

American Indians gather materials from these sites for use in their
everyday life.

Native fish species live in the Study Area.

Only one of these native species is found outside the Colorado River
and its tributaries.

Trout also live in the river.

Trout are not native to this section of the Colorado River.

People fish for these trout in the first 15 miles of river downstream from
Glen Canyon Dam.

Several other non-native fish species, including carp, catfish, and
fathead minnows, also live in the Study Area.

Only a small percentage of visitors to the Grand Canyon National Park
actually see or use the resources in the Study Area.

The only people who see the resources in the Study Area are American
Indians using resources in the Study Area, river rafters, backpackers,
and people who fish there.
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SOME PEOPLE ARE CONCERNED ABOUT THESE RESOURCES

• Because of erosion, the number and size of beaches al1)ng the river
are decreasing.

Between 1973 and 1991, the number of beaches decreased
from 276 to 258; many of the remaining beaches are smaller.

The loss is most severe along the narrow sections of river.

27 known archeological sites have been affected by erosion. An
unknown number of other sites may be affected.

•. Resources important to American Indians are also affected by erosion.

Loss of archeological sites destroys important links to the past.

Sacred sites exist in places that may be damaged by erosion.

Plants, animals, and minerals used by American Indians are
affected by erosion.

Populations of native fish in the study Area have declined.

Eight species of native fish evolved in the Colorado River
when the water was warmer than it is today.

Three of the eight native fish species are no longer found
in the Study Area.

Two of five remaining native species, the humpback chub
and razorback sucker, are in danger of becoming extinct.

Cold water released from Glen Canyon Dam may be the
most important factor in the decline of native fish populations.

Competition from non-native fish (trout, carp, catfish, minnow species)
may have contributed to the decline of native species.

Conditions for trout are affected by daily fluctuations in water level.

Maintenance of recreational trout fishing requires annual
stocking.

Trout eggs dry out and die during low-water periods.

Food for trout is reduced because of exposure during
low-water periods.
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Scientists have learned that by changing the way water is released from
the dam, primarily by reducing the size of daily fluc~uations,some of the
concerns about the natural resources in the Study Area could be
addressed.

Reducing fluctuations in water released from the dam could
affect the following resources in the Study Area:

The number and size of beaches.
Conditions for native fish.
Conditions for trout.
The amount of vegetation available for bird and wildlife habitat.
Archeological sites along the river.

Changing the-way water is Teleasedfrom the"dam will not reduce the total
amount of electricity produced at Glen Canyon Dam.

However, there will be changes in when and where electricity is produced.

During the day:

Less electricity will be produced at Glen Canyon Dam.
More electricity will be produced from power plants burning gas or oil.

During the night:

More electricity will be produced at Glen Canyon Dam.
Less electricity will be produced from power plants burning coal.

Since oil and gas are more expensive fuel sources than coal, the overall
cost of meeting electrical demand will increase.

Some households receiving power from Glen Canyon Dam could see their
monthly electric bill increase.

About 4.5 million households live in states surrounding Glen Canyon Dam.

About 1.5 million of these households receive some, or all, of their electricity
from Glen Canyon Dam.

Most of the 1.5 million households receiving power from Glen Canyon Dam
are located in rural areas and smaller towns.

The amount of increase in a household's electric bill depends on how much
of their electricity comes from Glen Canyon Dam.

Some farmers using electricity to pump irrigation water will also be
affected.

Higher costs for pumping irrigation water will reduce some farmers' incomes.
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GLEN CANYON
SURVEY

View of the Colorado River in the Grand Canyon at Nankoweap.
Photo by Gary Ladd
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Privacy Act Statement: Your participation in this survey is voluntary. There are no penalties for not answering some or
all of the questions, but since you will represent many others who will not be surveyed, your cooperation is extremely
important. The answers you provide are confidential. An identification number on the questionnaire is for mailing purposes
only. Our results will be summarized so that the answers you provide cannot be associated with you or anyone in your
household. Your name and address will not be given to any other group or used by us beyond the purposes of this study.

Public reporting burden for this collection of information is estimated to average 30 minutes per response, including the
time for reviewing instructions, gathering and monitoring data, and completing and reviewing the form. Send comments
regarding the burden estimate or any other aspect of this form to the Chief Publications and Records Management Branch,
Code D-7920, Bureau of Reclamation, Denver Federal Center, PO Box 25007, Denver, CO 80225-0007; and the Office of
Management and Budget, Paperwork Reduction 1006-0016, Washington, D.C. 20503.
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OMS No: 1006-0016
Expiration Date: August 23,1997

We presented a lot of material in the background information. In this section, we will ask.a
few questions about the background information to make sure it was clearly presented.
Please feel free to refer to the information sheets when answering these questions.

1. For each statement below, please circle the letter "T" if you think the statement is true, or the
letter "F" if you think the statement is false.
(CIRCLE ONE LETTER FOR EACH STATEMENT)

. '. . - '- -

There are now many more beaches' along the Colorado River
than there were 20 years ago.

Native fish populations in the Colorado River have declined.

The decrease in the number and size of beaches is most
severe along wide sections ofthe river.

None of the beaches along the river have vegetation.

There are American Indian traditional-use areas and sacred sites
located along the Colorado River below Glen Canyon Dam.

Archeological sites are not being affected by erosion.

Trout are not native to the study area.

All native fish species have disappeared from the Grand Canyon.

Nearly all visitors to the Grand Canyon National Park use the
beaches along the river.

TRUE FALSE

T F

T F

T F

T F

T F

T F

T F

T F

T F

(CONTINUED)
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American Indian traditional-use areas are affected by erosion.

Water levels are constant throughout the day.

The Study Area consists only of the area in and along the
Colorado River between Glen Canyon Dam and Lake Mead.

The shoreline in the study area consists only of beaches.

Vegetation on beaches provides habitat for birds and other
wildlife.

Two of the native fish species are in danger of extinction.

Reducing daily fluctuations in the amount of water released
from the dam will reduce the total amount of hydroelectricity
produced.

TRUE FALSE

T F

T F

T F

T F

T F

T F

T F

Government Officials Are Deciding How to Operate Glen Canyon
Dam in Future Years.

• Their decision on how the dam should be operated could cost you
money. For example

Changes in operations of the dam could reduce the revenue earned
by the dam - as a result. taxpayers would have to make up the
difference.

If you live in an area receiving power from Glen Canyon Dam, your
utility bill would Increase.
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INSTRUCTIONS FOR NEXT QUESTION

Government officials will consider many factors when deciding whether or not to change
dam operations. One factor they would like to consider is whether various proposals are
personally worthwhile to people like you. In the next question, we will describe the effects
of a specific proposal to change dam operations. We would like you to tell us if you would
vote "YES" or "NO" on this proposal.

Some people might vote "NO" because:

• the cost ofthe proposal is too high.
• the effects of the proposal are not worth anything (not even 10¢) to them.
• they just can't afford the cost. ., .

Some people might vote "YES" because:

• the cost ofthe proposal is low enough.
• the effects of the proposal are worth what it would cost them.

At this point in time, it is not certain what the cost would be to any specific individual, so we
are asking different people about different amounts. Even if the amount we ask you about
seems very low or very high, please answer carefully. This will allow us to determine
whether people think the proposal is worthwhile at whatever level the final cost is
determined to be. For this study, it is important that you tell us how you would vote, based
only on your personal evaluation of whether changes in dam operations and their effects,
are worth the additional cost to you.
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Version 1: Moderate Fluctuating Flow Alternative -- Survey Page 5

A PROPOSAL

Under this proposal, there would be a moderate reduction in the daily fluctuations in the
river level. If this proposal is selected, it will result in the following conditions along the
Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain
at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites,
and archeological sites would decrease substantially.

• The area available for vegetation would increase by about 10%,
so that the area available for birds and other forms of wildlife would increase
by about 10%.

• There would be a small improvement in conditions for native fish.

• Native fish populations, including those in danger of extinction, would
probably continue to decline in numbers.

• There would be a small improvement in conditions for trout, but stocking
of trout would still be required to maintain the population.

• The average electric bill would increase by $3 per month for 1.5 million
households receiving power from Glen Canyon Dam. This average reflects a
maximum increase of $9 per month for 3,600 households and a minimum of
no increase for 800,000 households.

• On average, farm incomes would not change significantly. However, about
300 farmers in southern Utah would see their incomes drop by 3%.

2. Think about a situation in which you had an opportunity to vote on this proposal. If passage
of this proposal would not cost you anything would you support this proposal? (CIRCLE
ONE NUMBERj

1 No---->SKIP TO QUESTION 8
2 Yes
3 I would choose not to vote

on this proposal--------->SKIP TO QUESTION 8

Version 2: Low Fluctuating Flow Alternative -- Survey Page 5
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A PROPOSAL

Under this proposal, daily fluctuations in the river level would be greatly reduced. If this
proposal is selected, it will result in the following conditions along the Colorado River in the
Grand Canyon:

• In the long-term, the number and size of beaches would remain at present
levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and
archeological sites would decrease substantially.

• The area available for vegetation would increase by about 10%, so that the
area available for birds and other forms of wildlife would increase by about
10%.

• There would bea moderate improvement in conditions for native fish.

• It is likely, but not certain, that native fish populations, including those in
danger of extinction, would increase.

• There would be a moderate improvement in conditions for trout. The trout
population could increase and it would require less annual stocking.

• The average electric bill would increase by $3 per month for 1.5 million
households receiving power from Glen Canyon Dam. This average reflects a
maximum increase of $9 per month for 3,600 households to a minimum of
no increase for 800,000 households.

• On average, farm incomes would not change significantly. However, about
300 farmers in southern Utah would see their incomes drop by 3%.

2. Think about a situation in which you had an opportunity to vote on this proposal. If passage
of this proposal would not cost you anything would you support this proposal? (CIRCLE
ONE NUMBER)

1 No------>SKIP TO QUESTION 8
2 Yes
3 I would choose not to vote

on this proposal---------->SKIP TO QUESTION 8
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Version 3: Seasonally Adjusted Steady Flow Alternative -
Survey Page 5

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal
releases would also be changed so that releases would be highest during the spring, just
like before the dam was built. However, the highest spring releases would still be lower
than the average springtime flow prior to the dam. Ifthis proposal is selected, it will result
in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present
levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and
archeologlCal sites would decrease substantially.· .

• The area available for vegetation would increase by about 10% so that the
area available for birds and other forms of wildlife would increase by about
10%.

• There would be a major improvement in conditions for fish.

• Native fish, including one ofthe endangered species, would most likely
increase in numbers. However, competition from non-native fish may still
limit the growth of native fish populations.

• There would be a major improvement in conditions for trout. The size and
number of trout would increase. Maintenance of the trout population would
no longer require any annual stocking.

• The average electric bill would increase by $9 per month for 1.5 million
households receiving power from Glen Canyon Dam. This average reflects a
maximum increase of $21 per month for 3,600 households to a minimum of
no increase for 300,000 households.

• On average, farm incomes would not change significantly. However, about
300 farmers in southern Utah would see their incomes drop by 6%.

2. Think about a situation in which you had an opportunity to vote on this proposal. If passage
of this proposal would not cost you anything would you support this proposal? (CIRCLE
ONE NUMBER)

1 No--------->SKIP TO QUESTION 8
2 Yes
3 I would choose not to vote

on this proposal--->SKIP TO QUESTION 8
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Version 4: Seasonally Adjusted Steady Flow with Moderate
Fluctuating Flow Price Impacts Alternative -- Survey Page 5

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal
releases would also be changed so that releases would be highest during the spring, just
like before the dam was built. However, the highest spring releases would still be lower
than the average springtime flow prior to the dam. Ifthis proposal is selected, it will result
in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present
levels.

• The risk of erosionto.Native American-.trarntional-use·areas" sacred'sitesand
archeological sites'would decrease substantially.'

• The area available for vegetation would increase by about 10% so that the
area available for birds and other forms of wildlife would increase by about
10%.

• There would be a major improvement in conditions for fish.

• Native fish, including one ofthe endangered species, would most likely
increase in numbers. However, competition from non-native fish may still
limit the growth of native fish populations.

• There would be a major improvement in conditions for trout. The size and
number of trout would increase. Maintenance of the trout population would
no longer require any annual stocking.

• The average electric bill would increase by $3 per month for 1.5 million
households receiving power from Glen Canyon Dam. This average reflects a
maximum increase of $9 per month for 3,600 households to a minimum of
no increase for 800,000 households.

• On average, farm incomes would not change significantly. However, about
300 farmers in southern Utah would see their incomes drop by 3%.

2. Think about a situation in which you had an opportunity to vote on this proposal. If passage
of this proposal would not cost you anything would you support this proposal? (CIRCLE
ONE NUMBER)

1 No------->SKIP TO QUESTION 8
2 Yes
3 I would choose not to vote

on this proposal---------->SKIP TO QUESTION 8
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The higher electric rates described earlier cannot make up for all the revenue lost as a .
result ofthis proposal. Taxpayers would have to make up the difference. How would you,
as a taxpayer. vote on this proposal? As you think about your answer, please remember
that if this proposal passes, you would have less money for household expenses or to
spend on other environmental issues.

3. Would you vote for this proposal if passage of the proposal would cost your household
$ in increased taxes every year for the foreseeable future?
(CIRCLE ONE NUMBER)

1 Definitely No - I would definitely vote against the proposal.

2 Probably No - I would probably vote against the proposal.

3 Not Sure - I am not sure if I would vote for the proposal.

4 Probably Yes - I would probably vote for the proposal.

5 Definitely Yes - I would definitely vote for the proposal.

4. If this proposal passes and you had to pay $ every year for the foreseeable future, on
what sorts of things would you spend less money in order to pay for the cost of this
proposal? (FILL IN THE BLANK)

5. Now that you have had an additional chance to think about what you would have to give up
if the proposal passes, would you like to change your vote?
(CIRCLE ONE NUMBER)

1 No------------->SKIP TO QUESTION 7
2 Yes

6. Now how would you vote on the proposal? (CIRCLE ONE NUMBER)

1

2

3

4

5

Definitely No

Probably No

Not Sure

Probably Yes

Definitely Yes

- I would definitely vote against the proposal.

I would probably vote against the proposal.

I am not sure if I would vote for the proposal.

I would probably vote for the proposal.

I would definitely vote for the proposal.
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7. Do you believe your taxes will increase if this proposal passes?
(CIRCLE ONE NUMBER)

1 No
2 Yes

8. Do you think pUblic officials will consider the results of this study, along with other evidence,
in deciding how Glen Canyon Dam should be operated in the future?
(CIRCLE ONE NUMBER)

1 No
2 Yes

9. Do you think pUblic officials should consider the results of this study, along with other
evidence, in deciding how Glen Canyon Oam'should be operated in the future?
(CIRCLE ONE NUMBER)

1 No
2 Yes

10. Have you ever been to Glen Canyon Dam in Arizona? (CIRCLE ONE NUMBER)

1 No
2 Yes

11. Before receiving this survey had you heard of Glen Canyon Dam?
(CIRCLE ONE NUMBER)

1 No
2 Yes--->What had you heard about Glen Canyon Dam before

receiving
this survey?
(FILL
IN THE BLANK)
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12. People often have different views about environmental issues. On a scale of 1 to 5, with 1
being strongly agree and 5 being strongly disagree, please indicate how you feel about each
statement written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

When humans interfere with nature, it often 1 2 3 4 5
produces disastrous consequences.

Humans will eventually learn enough about 1 2 3 4 5
how nature works to be able to control it.

The balance of nature is very delicate and 1 2 3 4 5
easily upset.

Humans have the right to modify the natural 1 2 3 4 5
environment to suit their needs.

If things continue on their present course, 1 2 3 4 5
we will soon experience a major ecological
catastrophe.

Humans were meant to rule the rest of nature. 1 2 3 4 5

Despite our special abilities, humans are still 1 2 3 4 5
subject to the laws of nature.

Plants and animals have as much right as 1 2 3 4 5
humans to exist.

Human ingenuity will ensure that we do not 1 2 3 4 5
make the earth unlivable.

Humans are severely abusing the environment. 1 2 3 4 5

The so-called ecological crisis facing humankind 1 2 3 4 5
has been greatly exaggerated.

We are approaching the limit of the number of 1 2 3 4 5
people the earth can support.

The earth is like a spaceship with very limited 1 2 3 4 5
room and resources.

The earth has plenty of natural resources, if 1 2 3 4 5
we just learn how to develop them.

The balance of nature is strong enough to cope 1 2 3 4 5
with the impacts of modern industrial nations.
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13. The following statements discuss economic and environmental issues. We would like to
understand how you feel about these issues. On a scale of 1 to 5, where 1 means strongly
agree and 5 means strongly disagree, please tell us how you feel about each statement
written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

Economic security and well-being should be 1 2 3 4 5
considered first; then we can worry about
environmental problems.

It is possible to protect our environment and 1 2 3 4 5
natural resources and still maintain 'a healthy ,
economy.

If business is forced to spend a lot of money 1 2 3 4 5
on environmental protection, it won't be able
to invest in research and development to
keep us competitive in the international market.

Some pollution is inevitable if we are going to 1 2 3 4 5
continue to improve our standard of hving,

I would be willing to pay somewhat higher 1 2 3 4 5
prices (5 to 10 percent higher) for products that
would cause less pollution or environmental
damage.

The decision to develop resources should be 1 2 3 4 5
based mostly on economic grounds rather than
environmental or archeological grounds

Some land in the United States should be set 1 2 3 4 5
aside from human use so ,t can remain
completely untouched. regardless of Its
economic value.
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14. The following statements discuss American Indian issues. We would like to understand how
you feel about these issues. On a scale of 1 to 5, where 1 means strongly agree and 5
means strongly disagree, please tell us how you feel about each statement written below.
(CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

It is our responsibility to protect those areas of 1 2 3 4 5
historical or religious importance to American
Indians.

We have gone too far in granting American. 1 2 3 4 5
Indians special rights to use public lands and
resources, such as fish and wildlife.

Our society can learn important lessons from 1 2 3 4 5
studying earlier cultures that inhabited our
country.

We can't afford to let concern for preserving 1 2 3 4 5
artifacts of earlier American Indian cultures stand
in the way of operating hydroelectric dams.

American Indian concerns should be equally as 1 2 3 4 5
important as our society's economic needs when
deciding how to use land.
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15. The following statements discuss hydroelectricity. We would like to understand how you
feel about these issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means
strongly disagree, please tell us how you feel about each statement written below. (C~RCLE

ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

The benefits of hydroelectric dams on the 1 2 3 4 5
Colorado River outweigh the impacts to
the natural environment and historical places
along the river.

Hydroelectric'dams should not be constructed 1 2 3 4 5
on rivers that flow through national parks.

Hydroelectric dams have fewer environmental 1 2 3 4 5
impacts than coal, oil, or gas-burning power
plants.

Hydroelectric dams can have serious impacts on 1 2 3 4 5
the plants and animals that live in or along
the river.

Hydroelectric dams produce relatively cheap 1 2 3 4 5
electricity compared to other sources.

Hydroelectric dams should be developed 1 2 3 4 5
wherever it is economically feasible, even
if it means that some rivers will be changed.

Rivers without dams are a unique and 1 2 3 4 5
irreplaceable resource that should be
protected from hydroelectric dams.
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In this' section, we would like to learn how you feel about national parks in the
United States.

16. Have you ever visited any national parks in the United States? (CIRCLE ONE NUMBER)

1 No
2 Yes
3 Don't know

17. We are interested in learning how you feel about national parks in general. On a scale of 1
to 5, where 1 means strongly agree and 5 means strongly disagree, please tell us how you
feel about each statement written below.
(CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

National parks are a "luxury" we cannot 1 2 3 4 5
afford in difficult economic times

National parks help us to remember that our 2 3 4 5
future is tied to the preservatJon of nature and
natural resources.

It is important that national parks offer us a 1 2 3 4 5
chance to see America as the early settlers
saw it.

Americans need places like national parks to 1 2 3 4 5
"recharge their batteries."

An important function of the NatlOnal Park 1 2 3 4 5
Service is to protect native birds. plants.
and animals.

(CONTINUED)
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STRONGLY STRONGLY
AGREE DISAGREE

National parks are only valuable to the 1 2 3 4 5
people who visit them.

Oil and natural gas finds on national park 2 3 4 5
lands should be developed since it is in the
national interest.

The National Park Service places too much 1 2 3 4 5
emphasis on preservation.

I am glad there are national parks;- even if 1- 1 2 3 4 5
don't visit them.

People can think a place is valuable, even if 1 2 3 4 5
they do not actually go there themselves.

The American people should provide greater 1 2 3 4 5
financial support for the National Park Service
to avoid more commercial activities in the
national parks.

If the National Park Service needs more 1 2 3 4 5
financial support, they should develop more gift
shops and commercial activities to raise money.
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In this section, we are interested in learning about trips you may have taken to Grand
Canyon National Park.

18. As best you can recall, have you ever flown over Grand Canyon National Park in an
aircraft? (CIRCLE ONE NUMBER)

1 No--->SKIP TO QUESTION 20
2 Yes

19. Did you fly over Grand Canyon National Park while you were on a commercial airliner, or did
you fly over the park as part of a sightseeing air tour that included the park?
(CIRCLE ALL NUMBERS THAT APPLY)

1 I flew over Grand Canyon National Park while on a commercial aircraft

2 I flew over Grand Canyon National Park as part of a sightseeing air tour

3 Other (please describe: )

20. Have you ever visited Grand Canyon National Park? (CIRCLE ONE NUMBER)

1 No-- >SKIP TO QUESTION 23
2 Yes

21. Did you see the Colorado River while you were in Grand Canyon National Park? (CIRCLE
ONE NUMBER)

1 No--->SKIP TO QUESTION 23
2 Yes

22. Did you go down to the Colorado River while you were at the Grand Canyon National Park?
(CIRCLE ONE NUMBER)

1 No
2 Yes

23. How likely do you think it is that you will visit the Grand Canyon National Park in the
future? (CIRCLE ONE NUMBER)

1 Not at all likely
2 Somewhat unlikely
3 Somewhat likely
4 Very likely
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. In this last section, we would like to ask you some questions about your background that
will help us compare your answers with those of other people. We stress that all of your
responses are strictly confidential.

24. Are you: (CIRCLE ONE NUMBER)

1 Male
2 Female

25. How old are you? (FILL IN THE BLANK)

____ Years old

26. How many years of schooling have you completed? (CIRCLE ONE NUMBER)

1 Eight years or less
2 Some high school
3 High school graduate
4 Some college or technical school
5 College or technical school graduate
6 Post graduate work

27. How many people live in your household? (FILL IN ALL BLANKS)

NUMBER

__ People 18 years old or older

__ People under the age of 18

__ Total number of people in the household

28. Did you or any members in your household have any taxes withheld from a paycheck or
other earnings in 1993? (CIRCLE ONE NUMBER)

1 No
2 Yes
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29. Did you or any members of your household file a Federal income tax form for 1993?
(CIRCLE ONE NUMBER)

1 No
2 Yes

30. Which of the following categories comes closest to your total 1993 household income?
(CIRCLE ONE NUMBER)

1 Less than $10,000 9 $45,000 to $49,999
2 $10,000 to $14,999 10 $50,000 to $59,999
3 $15,000 to $19,999 11 $60,000 to $69,999
4 $20,000 to $24,999 12 $70,000 to $79,999
5 $25,000 to $29,999 13 $80,000 to $89,999
6 $30,000 to $34,999 14 $90,000 to $99,999
7 $35,000 to $39,999 15 Over $100,000
8 $40,000 to $44,999

THANK YOU FOR YOUR HELP!
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Please feel free to keep the colored background
information materials

Please return only this survey booklet in the
enclosed, postage-paid envelope to:

Glen Canyon Studies
clo HBRS, Inc.

University Research Park
455 Science Drive
Madison, WI 53711



Hello,

A few days ago your household received a questionnaire about the tradeoffs between
production of electricity at Glen Canyon Dam and the natural and cultural resources
along the Colorado River in the Grand Canyon. If the survey has been completed
and returned,please consider this'-a !'thank -you:", Otherwise; I hope you will be able
to fill it out and return it soon.

Your household's responses to this survey are very important. We can only survey a
small number of households, so your responses will represent many other
households like yours, who are not able to participate in this study.

Thank you for you participation.

Sincerely,

i£'tJl:t.(dy---
Glen Canyon Studies Mana9,er

.'
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Glen Canyon StUdies do HBRS. Inc. 455 Science Drive Madison, WI 53711
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Greetings!

United States Department of the Interior

BUREAU OF RECLAMATION
Upper Co1<lrado Rl-gion

Glen Canyon Environmental Studies
P.O. Box 22459

Aagstaff. Arizona 86002-2459
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About two weeks ago, we sent a questionnaire to your household. The survey asked about your
opinions on how the Glen Canyon Dam on the Colorado River should be operated. Hearing from your
household is very important. If you have already completed and returned the questionnaire, please
accept our sincere thanks. If you have not done so, we would still very much like to hear from your
household.

Even if you have never heard about Glen Canyon Dam prior to receiving this survey, your opinions are
very important for this study. You don't need to have any special knOWledge about hydroelectricity,
dam operations, or environmental issues to fill out the survey. The background information sheets
enclosed with the survey were prepared to help people understand the relation between the operation
of the dam and downstream cultural and natural resources.

Government officials will soon be making decisions about how to operate the dam. Your participation in
the study will help them understand how people in households like yours feel about trade-offs between
cultural and natural resources, such as fish, vegetation, and beaches, at the bottom of the Grand
Canyon and the production of electricity from Glen Canyon Dam. Answers to this survey will affect
future decisions about how the dam is operated.

We could not send this survey to every household in the nation. Your household is part of a relatively
small group of households who have been randomly selected to participate in this survey. Your
answers will represent the views of many other households similar to yours and will ensure that the
opinions of all households are represented in decisions about the operation of the Glen Canyon Dam.
To ensure a random selection of respondents within a household, we are asking that the survey be
filled out by the adult member of your household with the latest birthday in the calendar year.

Your responses are confidential, and your name will not be revealed. Information from the surveys will
only be reported in statistical terms, such as "10 percent of all respondents have seen the Colorado
River in Grand Canyon National Park."

I have enclosed another copy of the survey in case the first one was lost or misplaced. There is an
identification number on the back of the survey so that HBRS, Inc., the firm conducting the survey, will
know who has already returned the survey and who to send reminders to.

When the survey is completed, simply return it in the enclosed postage-paid envelope. We hope that
you find the survey interesting and enjoyable to fill out. If you have any questions or concerns about
this surveyor the study, please feel free to call Mike Welsh, the HBRS survey project manager, collect
at 0-608-232-2800.

I appreciate your help in this study.

Sincerely.

tJ;fN:r"-
David L. Wegner
Glen Canyon Studies Manager



IN REPLY REFeR TO:

Greetings!

United States Department of the Interior

BUREAU OF RECLAMATION
Upper Colorado Region

Glen Canyon Environmental Studies
P.O. Box 22459

flagstaff, Arizona 86002·2459
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I am sorry if this certified letter has caused you any inconvenience. This survey is very important and
I wanted to make sure it reached your household.

About three weeks ago; I sent a survey concerning the operations of Glen Canyon Dam. Even if you
don't Jive near Glen Canyon Dam or the Grand Canyon. it is still important to hear from you. even if it is
only to tell us that you simply don't care how Glen Canyon Dam is operated. Some people have told us
that they felt they did not know enough to answer the questionnaire. The background information
sheets enclosed with the survey were prepared to help people understand the relation between the
operation of the dam and downstream cultural and natural resources. This background information will
enable you to participate in this study even if you don't feel that you know very much about the Glen
Canyon Dam.

Government officials will soon be making decisions about how the dam is operated. In making these
decisions, they would like to know more about how individuals like you feel about the issues that are
discussed in the questionnaire. Your household was chosen at random to participate in this study.
Since we can't send surveys to every household, your response will represent the opinions of
households similar to yours that were not selected to participate in the study. We need to hear from
everyone to make sure that we have a representative sample of opinions about this issue.

I am enclosing another copy of the questionnaire and a stamped self-addressed envelope in case you
have misplaced the previous ones. To ensure a random selection of respondents within a household,
we are asking that the survey be filled out by the adult member of your household with the latest
birthday in the calendar year.

Thank you for your help in this stUdy. Your cooperation in completing this questionnaire will help to
make this a successful project.

Sincerely,

~~~e;ur
Glen Canyon Studies Manager

P.S. If for some reason, you can't complete the questionnaire, please write a note on the
questionnaire booklet and mail it back. It is better for us to hear something from you than
nothing at all. Or if you prefer, you can call HBRS collect at 608-232-2800. Ask for Mike
Welsh, the Glen Canyon Studies project manager.



ApPENDIX E ~ Survey Materials ~ E-34

Mail Survey Materials -- Marketing Area Sample

------------ Hagler Bailly Consulting ------------



IN REPLY REFER TO:

Greetings,

United States Department of the Interior

BUREAU OF RECLAMATION
Upper Colorado Region

Glen Canyon Environmental Studies
P.O. Box 22459

Flagstaff. Arizona 86002·2459
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I am writing to ask you to share your views about an important issue affecting the Colorado
River in Grand Canyon National Park. In the next several weeks, you will receive a survey in the mail.
The survey is part of a national study of issues concerning the operation of Glen Canyon Dam. Glen
Canyon Dam controls the water level in the Colorado River in the bottom of the Grand Canyon and
affects the resources in and along the river. The study is a cooperative effort between the Bureau of
Reclamation, National Park Service, U.S. Fish and Wildlife Service, Western Area Power Administration,
and several Southwest American Indian tribes.

Government officials will soon be making decisions about how the dam is to be operated. The
decisions will affect both the river environment at the bottom of the Canyon and the production of
electricity. The way that the dam is operated affects the water level in the Colorado River which in turn
affects natural and cultural resources in and along the river. The way the dam is operated also
determines the value of the electricity produced by the dam. The decision makers need to know how
people in households like yours feel about the tradeoffs between natural and cultural resources, such as
fish, vegetation, and beaches at the bottom of the Grand Canyon, and the production of electricity from
Glen Canyon Dam.

Even if you have never heard of the Glen Canyon Dam, your answers are important to this
study. We cannot send this survey to every household in the country. Instead, a random sample of
households was drawn. Your household was scientifically selected to receive this survey. In this study,
your household represents many other households similar to yours. What U.S. households think about
these issues is important for making future decisions on how to operate the Glen Canyon Dam.

The survey will arrive in the next week or so. HBRS, Inc., an independent research firm, has
been hired to design and carry out the study. The survey will take about 30 minutes to complete. To
ensure a random selection of respondents, we are asking that the survey be filled out by the adult
member of your household with the latest birthday in the calendar year. The survey package will
provide information about Glen Canyon Dam and the natural and cultural resources downstream. You
will only be asked to give your opinions and responses to questions about how you feel. The survey
does not require any technical knowledge of hydroelectricity or dam operations. A stamped enveloped
will be supplied to return the survey to HBRS. If you have any questions about the study, you can call
Mike Welsh, the HBRS survey project manager, collect at 0-608-232-2800.

We are very interested in hearing from your household so that we get an accurate picture of the
range of opinions about the issues related to Glen Canyon Dam and the downstream resources. I hope
you will help us out. Thank you, in advance, for your participation.

Thank you,

1~nf?J~
Glen Canyon Studies Project Manager
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Greetings,
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Glen Canyon Em'ironmemal Studies
P.O. Box 22459

Flagstaff, Ari:ona 86002·2459
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Here is the survey I told you about in my letter last week. This study is about the Glen Canyon
Dam, which controls the water level in the Colorado River as it flows through Grand Canyon National
Park. Government officials will soon be making decisions about how to operate the dam. Your
participation in the study will help them understand how people in households like yours feel about
trade-offs between cultural and natural resources, such as fish, vegetation, and beaches, at the bottom
of the Grand Canyon and the production of electricity from Glen Canyon Dam. Answers to this survey
will affect future decisions about how the dam is operated.

Your response to this survey is very important. We could not send this survey to every
household in the nation. Your household is part of a relatively small group of households who have
been randomly selected to participate in this survey. Your answers will represent the views of many
other households similar to yours and will ensure that all households are represented in decisions about
the operation of the Glen Canyon Dam. To ensure a random selection of respondents within a
household, we are asking that the survey be filled out by the adult member of your household with the
latest birthday in the calendar year.

Before beginning the survey, please read the colored information sheets included in the
package. This background Information describes Glen Canyon Dam, the resources below the dam, and
how the operation of the dam a-tects these resources. I realize you may not have heard about Glen
Canyon Dam before you recerved this survey. The background information was designed by scientists
studying the dam and the Grand Canyon resources downstream to help you understand the issues.
The survey does not reqwe any technical knowledge about hydroelectricity or dam operations. The
survey takes about 30 minutes to complete. People who have filled the survey out tell us they found it
interesting and informative

Answers to this survey are confidential; your name will never be revealed. Information from the
survey will only be reported In statIStical terms. There is an identification number on the back of the
survey so that HBRS. Inc. the firm conducting the survey, will know who has already returned the
survey and whom to send reminders to.

When the survey IS completed, simply return it in the enclosed postage-paid envelope. If you
have any questions about the study, we would like to hear from you. You can call Mike Welsh, the
HBRS survey project manager, collect at 0-608-232-2800.

I appreciate your help in this study. I know your time is valuable and, in recognition, have
enclosed a small gift as a token of appreciation. In addition, if you would like to receive a newsletter
providing more information about the Glen Canyon Dam and this stUdy, write to the Glen Canyon
Studies Office at P.O. Box 22459, Flagstaff, AZ 86002-2459.

Thank you,

!~e~?d#
Glen Canyon Studies Project Manager
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BACKGROUND INFORMATION ABOUT THIS STUDY
PLEASE READ THESE PAGES BEFORE

YOU COMPLETE THE SURVEY

INFORMATION ABOUT GLEN CANYON DAM AND THE STUDY AREA

Before you fill out the survey, we want to describe the Glen Canyon Dam and the
resources downstream from Glen Canyon Dam in the Study Area.

Glen Canyon Dam
Glen Canyon Dam is located on the Colorado River in Arizona.

It is just upstream from the Grand Canyon.

It was built to provide water supplies and· hydroelectricity.

It was completed about 30 years ago.

It controls the water flow through the Grand Canyon.

Revenues from the sale of hydroelectricity are used to repay costs.

The Study Area
The Study Area consists only of the area in and along the Colorado River
at the bottom of the Grand Canyon.

The Study Area begins at Glen Canyon Dam.

The Study Area continues for nearly 300 miles.

The Study Area ends at Lake Mead near Las Vegas.

Part of the Study Area is within the Grand Canyon National Park.

Part of the Study Area is bordered by American Indian reservations.

The cover of the survey booklet shows one view of the Colorado River
in the Study Area.

How Glen Canyon Dam affects the Colorado River in the Study Area
The amount of electricity produced by Glen Canyon Dam depends on the
amount of water released from the dam: the more water released, the more
electricity produced.

More water is released during periods of high demand for electricity and less
water is released during periods of low demand for electricity.

On a seasonal basis, more water is released during the hottest summer
months and the coldest winter months.

On a daily basis, more water is released during the day than at night.

The amount of water released can vary from hour to hour throughout
the day.

In some places in the Grand Canyon, this can result in the river rising and
falling as much as ten feet in a day.

This study deals with the ways Glen Canyon Dam could be operated to benefit natural
and cultural resources in the Study Area. A map showing the location of the Dam and
the Study Area appears on the next page. A description of the resources in the Study
Area is contained on the pages following the map.
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NATURAL RESOURCES IN THE STUDY AREA

The natural resources in the Study Area are loc;:ated in and along the .
Colorado River below Glen Canyon Dam.

• Deposits of sand, mud, and gravel, sometimes called beaches, are
scattered along the river. The rest of the river bank consists of cliffs
and steep slopes covered with rocks, boulders, and desert vegetation.

Beaches vary greatly in size. Some are as large as several acres,
and others consist of a little sand at the river's edge.

• Some beaches are covered with vegetation.

Beaches with vegetatibnprovide habitat for birds and' other small
animals.

Archeological sites are located along the river.

These sites are associated with American Indian cultures that have
inhabited or used the Grand Canyon for thousands of years.

These sites contain evidence of ancient human activity along the river,
including pots and tools.

Present-day American Indians have sacred sites and traditional-use
areas along the river.

American Indians gather materials from these sites for use in their
everyday life.

Native fish species live in the Study Area.

Only one of these native species is found outside the Colorado River
and its tributaries.

Trout also live in the river.

Trout are not native to this section of the Colorado River.

People fish for these trout in the first 15 miles of river downstream from
Glen Canyon Dam.

• Several other non-native fish species, including carp, catfish, and
fathead minnows, also live in the Study Area.

Only a small percentage of visitors to the Grand Canyon National Park
actually see or use the resources in the Study Area.

The only people who see the resources in the Study Area are American
Indians using resources in the Study Area, river rafters, backpackers,
and people who fish there.
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SOME PEOPLE ARE CONCERNED ABOUT THESE RESOURCES

• Because of erosion, the number and size of beaches along the river
are decreasing.

Between 1973 and 1991, the number of beaches decreased
from 276 to 258; many of the remaining beaches are smaller.

The loss is most severe along the narrow sections of river.

27 known archeological sites have been affected by erosion. An
unknown number of other sites may be affected.

•" Resources important to American Indians are also affected by erosion.

Loss of archeological sites destroys important links to the past.

Sacred sites exist in places that may be damaged by erosion.

Plants, animals, and minerals used by American Indians are
affected by erosion.

Populations of native fish in the Study Area have declined.

Eight species of native fish evolved in the Colorado River
when the water was warmer than it is today.

Three of the eight native fish species are no longer found
in the Study Area.

Two of five remaining native species, the humpback chub
and razorback sucker, are in danger of becoming extinct.

Cold water released from Glen Canyon Dam may be the
most important factor in the decline of native fish populations.

Competition from non-native fish (trout, carp, catfish, minnow species)
may have contributed to the decline of native species.

Conditions for trout are affected by daily fluctuations in water level.

Maintenance of recreational trout fishing requires annual
stocking.

Trout eggs dry out and die during low-water periods.

Food for trout is reduced because of exposure during
low-water periods.
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Scientists have learned that by changing the way water is released from
the dam, primarily by reducing the size of daily fluctuations, some of the
concerns about the natural resources in the Study Area could be E-42

addressed.

Reducing fluctuations in water released from the dam could
affect the following resources in the Study Area:

The number and size of beaches.
Conditions for native fish.
Conditions for trout.
The amount of vegetation available for bird and wildlife habitat.
Archeological sites along the river.

Changing the· way- water is·released. from· the .dam will not reduce the total
amount of electricity produced at Glen Canyon Dam.

However, there will be changes in when and where electricity is produced.

During the day:

Less electricity will be produced at Glen Canyon Dam.
More electricity will be produced from power plants burning gas or oil.

During the night:

More electricity will be produced at Glen Canyon Dam.
Less electricity will be produced from power plants burning coal.

Since oil and gas are more expensive fuel sources than coal, the
overall cost of meeting electrical demand in your area will
increase.
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GLEN CANYON
SURVEY

View of the Colorado River in the Grand Canyon at Nankoweap.
Photo by Gary ladd

E-43



Mail Survey -- Marketing Area Sample (Versions 5, 6, and 7) E-44

Privacy Act Statement: Your participation in this survey is voluntary. There are no penalties for not answering some or
all of the questions, but since you will represent many others who will not be surveyed, your cooperation is extremely
important. The answers you provide are confidential. An identification number on the questionnaire is for mailing purposes
only. Our results will be summarized so that the answers you provide cannot be associated with you or anyone in your
household. Your name and address will not be given to any other group or used by us beyond the purposes of this study.

Public reporting burden for this collection of information is estimated to average 30 minutes per response, including the
time for reviewing instructions, gathering and monitoring data, and completing and reviewing the form. Send comments
regarding the burden estimate or any other aspect of this form to the Chief Publications and Records Management Branch,
Code 0-7920, Bureau of Reclamation, Denver Federal Center, PO Box 25007, Denver, CO 80225-0007; and the Office of
Management and Budget, Paperwork Reduction 1006-0016, Washington, D.C. 20503.
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OMS No: 1006-0016
Expiration Date: August 23.1997

We presented a lot of material in the background information. In this section, we will ask a
few questions about the background information to make sure it was clearly presented.
Please feel free to refer to the information sheets when answering these questions.

1. For each statement below, please circle the letter 'T' if you think the statement is true, or the
letter "F" if you think the statement is false.
(CIRCLE ONE LETTER FOR EACH STATEMENT)

There are now many more beaches along the Colorado River
than there were 20 years ago.

Native fish populations in the Colorado River have declined.

The decrease in the number and size of beaches is most
severe along wide sections ofthe river.

None of the beaches along the river have vegetation.

There are American Indian traditional-use areas and sacred sites
located along the Colorado River below Glen Canyon Dam.

Archeological sites are not being affected by erosion.

Trout are not native to the study area.

All native fish species have disappeared from the Grand Canyon.

Nearly all visitors to the Grand Canyon National Park use the
beaches along the river.

TRUE FALSE

T F

T F

T F

T F

T F

T F

T F

T F

T F

(CONTINUED)
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American Indian traditional-use areas are affected by erosion.

Water levels are constant throughout the day.

The Study Area consists only of the area in and along the
Colorado River between Glen Canyon Dam and Lake Mead.

The shoreline in the study area consists only of beaches.

Vegetation on beaches provides habitat for birds and other
wildlife.

Two of the native fish species are in danger of extinction.

Reducing daily fluctuations in the amount of water released
from the dam will reduce the total amount of hydroelectricity
produced.

TRUE FALSE

T F

T F

T F

T F

T F

T F

T F

Government Officials Are Deciding How to Operate Glen Canyon
Dam in Future Years.

• Their decision on how the dam should be operated could cost you
money.

• Since you live in an area receiving power from Glen Canyon Dam, if
operations are changed, your utility bill will increase.
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INSTRUCTIONS FOR NEXT QUESTION

Government officials will consider many factors when deciding whether or not to change
dam operations. One factor they would like to consider is whether various proposals are
personally worthwhile to people like you. In the next question, we will describe the effects
of a specific proposal to change dam operations. We would like you to tell us if you would
vote "YES" or "NO" on this proposal.

Some people might vote "NO" because:

• the cost ofthe·proposaHs too·high;- .
• the effects of the proposal are not worth anything (not even 10¢) to them.
• they just can't afford the cost.

Some people might vote "YES" because:

• the cost of the proposal is low enough.
• the effects of the proposal are worth what it would cost them.

At this point in time, it is not certain how much utility bills would increase in your area if the
operation of Glen Canyon Dam is changed so we are asking different people about
different amounts. Even if the amount we ask you about seems very low or very high,
please answer carefully. This will allow us to determine whether people think the proposal
is worthwhile at whatever level the final cost is determined to be. For this study, it is
important that you tell us how you would vote, based only on your personal evaluation of
whether changes in dam operations and their effects, are worth the additional cost to you.
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Version 5: Moderate Fluctuating Flow Alternative - Survey Page 5

A PROPOSAL

Under this proposal, there would be a moderate reduction in the daily fluctuations in the
river level. If this proposal is selected, it will result in the following conditions along the
Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present
levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and
archeological sites would decrease substantially.

• The area available for vegetation would increase by about 10%, so that the
area available for birds and other forms of wildlife would increase by about
10%.

• There would be a small improvement in conditions for native fish.

• Native fish populations. including those in danger of extinction, would
probably continue to decline in numbers.

• There would be a small Improvement in conditions for trout, but stocking of
trout would still be reqUired to maintain the population.

2. Think about a situation in which you had an opportunity to vote on this proposal. If passage
of this proposal would not cost you anything would you support this proposal? (CIRCLE
ONE NUMBER)

1 No--->SKIP TO QUESTION 8
2 Yes
3 I would choose not to vote

on this proposal--->SKIP TO QUESTION 8
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Version 6: Low Fluctuating Flow Alternative - Survey Page 5

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be greatly reduced. If this
proposal is selected, it will result in the following conditions along the Colorado River in the
Grand Canyon:

• In the long-term, the number and size of beaches would remain at present
levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and
archeological sites would decrease substantially.

• The area available for vegetation wouldincre"ase by about 10%, so that the
area available for birds and other forms of wildlife would increase by about
10%.

• There would be a moderate improvement in conditions for native fish.

• It is likely, but not certain, that native fish populations, including those in
danger of extinction, would increase.

• There would be a moderate improvement in conditions for trout. The trout
population could increase and it would require less annual stocking.

2. Think about a situation in which you had an opportunity to vote on this proposal. If passage
of this proposal would not cost you anything would you support this proposal? (CIRCLE
ONE NUMBER)

1 No >SKIP TO QUESTION 8
2 Yes
3 I would choose not to vote

on this proposal--->SKIP TO QUESTION 8
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Version 7: Seasonally Adjusted Steady Flow Alternative -- Survey Page 5

A PROPOSAL

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal
releases would also be changed so that releases would be highest during the spring, just
like before the dam was built. However, the highest spring releases would still be lower
than the average springtime flow prior to the dam. Ifthis proposal is selected, it will result
in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present
levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and
archeological sites would decrease substantially.

• The area available for vegetation would increase by about 10% so that the
area available for birds and other forms of wildlife would increase by about
10%.

• There would be a major improvement in conditions for fish.

• Native fish, including one of the endangered species, would most likely
increase in numbers. However, competition from non-native fish may still
limit the growth of native fish populations.

• There would be a major improvement in conditions for trout. The size and
number of trout would increase. Maintenance of the trout population would
no longer require any annual stocking.

2. Think about a situation in which you had an opportunity to vote on this proposal. Ifpassage
of this proposal would not cost you anything would you support this proposal? (CIRCLE
ONE NUMBER)

1 No-------->SKIP TO QUESTION 8
2 Yes
3 I would choose not to vote

on this proposal-------->SKIP TO QUESTION 8
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How would you vote on this proposal if passage meant your utility bill would increase? As
you think about your answer, please remember that if this proposal passes, you would
have less money for household expenses or to spend on other environmental issues.

3. Would you vote for this proposal if passage meant your utility bill would increase by
$ every year (that would be about $ per month) for the foreseeable future?
(CIRCLE ONE NUMBER)

1 Definitely No - I would definitely vote against the proposal.

2 Probably No - I would probably vote against the proposal.

3 Not Sure - I am not sure if I would vote for the proposal.

4 Probably Yes· - - I would probably·votefor·the·proposal;

5 Definitely Yes - I would definitely vote for the proposal.

4. If this proposal passes and you had to pay $ every year for the foreseeable future, on
what sorts of things would you spend less money in order to pay for the cost of this
proposal? (FILL IN THE BLANK)

5. Now that yciu have had an addItional chance to think about what you would have to give up
ifthe proposal passes, would you hke to change your vote?
(CIRCLE ONE NUMBER)

1 No------->SKIP TO QUESTION 7
2 Yes

6. Now how would you vote on the proposal? (CIRCLE ONE NUMBER)

1 Definitely No • I would definitely vote against the proposal.

2 Probably No • I would probably vote against the proposal.

3 Not Sure • I am flQ.t sure if I would vote for the proposal.

4 Probably Yes - I would probably vote for the proposal.

5 Definitely Yes - I would definitely vote for the proposal.
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7. Do you believe your utility bill will increase if this proposal passes?
(CIRCLE ONE NUMBER)

1 No
2 Yes

8. Do you think public officials will consider the results ofthis study, along with other evidence,
in deciding how Glen Canyon Dam should be operated in the future?
(CIRCLE ONE NUMBER)

1 No
2 Yes

9. Do you think public officials should consider the results ofthis study, along with other
evidence, in deciding how Glen Canyon Dam should be operated in the future?
(CIRCLE ONE NUMBER)

1 No
2 Yes

10. Have you ever been to Glen Canyon Dam in Arizona? (CIRCLE ONE NUMBER)

1 No
2 Yes

11. Before receiving this survey had you heard of Glen Canyon Dam?
(CIRCLE ONE NUMBER)

1 No
2 Yes-------->What had you heard about Glen Canyon Dam before

receiving
this survey?
(FILL
IN THE BLANK)

12. People often have different views about environmental issues. On a scale of 1 to 5, with 1
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being strongly agree and 5 being strongly disagree, please indicate how you feel about each
statement written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

When humans interfere with nature, it often 1 2 3 4 5
produces disastrous consequences.

Humans will eventually learn enough about 1 2 3 4 5
how nature works to be able to control it.

The balance of nature is very delicate and 1 2 3 4 5
easily upset.

Humans have the right to modify the natural 1 2 3 4 5
environment to suit their needs.

Ifthings continue on their present course, 1 2 3 4 5
we will soon experience a major ecological
catastrophe.

Humans were meant to rule the rest of nature. 1 2 3 4 5

Despite our special abilities, humans are still 1 2 3 4 5
subject to the laws of nature.

Plants and animals have as much right as 1 2 3 4 5
humans to exist.

Human ingenuity will ensure that we do not 1 2 3 4 5
make the earth unlivable.

Humans are severely abusing the environment. 1 2 3 4 5

The so-called ecological crisis facing humankind 1 2 3 4 5
has been greatly exaggerated.

We are approaching the limit of the number of 1 2 3 4 5
people the earth can support.

The earth is like a spaceship with very limited 1 2 3 4 5
room and resources.

The earth has plenty of natural resources, if 1 2 3 4 5
we just learn how to develop them.

The balance of nature is strong enough to cope 1 2 3 4 5
with the impacts of modern industrial nations.
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13. The following statements discuss economic and environmental issues. We would like to
understand how you feel about these issues. On a scale of 1 to 5, where 1 means strongly
agree and 5 means strongly disagree, please tell us how you feel about each statement
written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

Economic security and well-being should be 1 2 3 4 5
considered first; then we can worry about
environmental problems.

It is possible to protect our environment and 1 2 3 4 5
natural resources and stillmaintain a healthy ..'
economy.

If business is forced to spend a lot of money 1 2 3 4 5
on environmental protection, it won't be able
to invest in research and development to
keep us competitive in the international market.

Some pollution is inevitable if we are going to 1 2 3 4 5
continue to improve our standard of living.

I would be willing to pay somewhat higher 1 2 3 4 5
prices (5 to 10 percent higher) for products that
would cause less pollution or environmental
damage.

The decision to develop resources should be 1 2 3 4 5
based mostly on economic grounds rather than
environmental or archeological grounds.

Some land in the United States should be set 1 2 3 4 5
aside from human use so it can remain
completely untouched, regardless of its
economic value.
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14. The following statements discuss American Indian issues. We would like to understand how
you feel about these issues. On a scale of 1 to 5, where 1 means strongly agree and 5
means strongly disagree, please tell us how you feel about each statement written below.
(CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

It is our responsibility to protect those areas of 1 2 3 4 5
historical or religious importance to American
Indians.

We have gone too far in grantingAmerican··- 1 2- 3 -4 5
Indians special rights to use public lands and
resources, such as fish and wildlife.

Our society can learn important lessons from 1 2 3 4 5
studying earlier cultures that inhabited our
country.

We can't afford to let concern for preserving 1 2 3 4 5
artifacts of earlier American Indian cultures stand
in the way of operating hydroelectric dams.

American Indian concerns should be equally as 1 2 3 4 5
important as our society's economic needs when
deciding how to use land.
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15. The following statements discuss hydroelectricity. We would like to understand how you
feel about these issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means
strongly disagree, please tell us how you feel about each statement written below. (CIRCLE
ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

The benefits of hydroelectric dams on the 1 2 3 4 5
Colorado River outweigh the impacts to
the natural environment and historical places
along the river.

Hydroelectric dams should not be constructed 1 2 3 4 5
on rivers that flow through national parks.

Hydroelectric dams have fewer environmental 1 2 3 4 5
impacts than coal, oil, or gas-burning power
plants.

Hydroelectric dams can have serious impacts on 1 2 3 4 5
the plants and ani'"Dals that live in or along
the river.

Hydroelectric dams produce relatively cheap 1 2 3 4 5
electricity compared to other sources.

Hydroelectric dams should be developed 1 2 3 4 5
wherever it is economically feasible, even
if it means that some rivers will be changed.

Rivers without dams are a unique and 1 2 3 4 5
irreplaceable resource that should be
protected from hydroelectric dams.
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In this section, we would like to learn how you feel about national parks in the
United States.

16. Have you ever visited any national parks in the United States? (CIRCLE ONE NUMBER)

1 No
2 Yes
3 Don't know

17. We are interested in learning how you feel about national parks in general. On a scale of 1
to 5, where 1 means strongly agree and 5 means strongly disagree, please tell us how you
feel about each statement written below.
(CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

National parks are a "luxury" we cannot 1 2 3 4 5
afford in difficult economic times.

National parks help us to remember that our 1 2 3 4 5
future is tied to the preservation of nature and
natural resources.

It is important that national parks offer us a 1 2 3 4 5
chance to see America as the early settlers
saw it.

Americans need places like national parks to 1 2 3 4 5
"recharge their batteries."

An important function of the National Park 1 2 3 4 5
Service is to protect native birds, plants,
and animals.

(CONTINUED)
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STRONGLY
AGREE

STRONGLY
DISAGREE

National parks are only valuable to the 1 2 3 4 5
people who visit them.

Oil and natural gas finds on national park 1 2 3 4 5
lands should be developed since it is in the
national interest.

The National Park Service places too much 1 2 3 4 5
emphasis on preservation.

I am glad there are national parks, even if I 1 2 3 4 5
don't visit them.

People can think a place is valuable, even if 1 2 3 4 5
they do not actually go there themselves.

The American people should provide greater 1 2 3 4 5
financial support for the National Park Service
to avoid more commercial activities in the
national parks.

If the National Park Service needs more 1 2 3 4 5
financial support, they should develop more gift
shops and commercial activities to raise money.
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In this section, we are interested in learning about trips you may have taken to Grand
Canyon National Park.

18. As best you can recall, have you ever flown over Grand Canyon National Park in an
aircraft? (CIRCLE ONE NUMBER)

1 No >SKIP TO QUESTION 20
2 Yes

19. Did you fly over Grand Canyon National Park while you were on a commercial airliner, or did
you fly over the park as part of a sightseeing air tour that included the park?
(CIRCLE ALL NUMBERS THA T APPLY)

1 I f1ewover Grand Canyon NittiorialParkwl1i1e on a commercial aircraft

2 I flew over Grand Canyon National Park as part of a sightseeing air tour

3 Other (please describe: --J

20. Have you ever visited Grand Canyon National Park? (CIRCLE ONE NUMBER)

1 No >SKIP TO QUESTION 23
2 Yes

21. Did you see the Colorado River while you were in Grand Canyon National Park? (CIRCLE
ONE NUMBER)

1 No------->SKIP TO QUESTION 23
2 Yes

22. Did you go down to the Colorado River while you were at the Grand Canyon National Park?
(CIRCLE ONE NUMBER)

1 No
2 Yes

23. How likely do you think it is that you will visit the Grand Canyon National Park in the
future? (CIRCLE ONE NUMBER)

1 Not at all likely
2 Somewhat unlikely
3 Somewhat likely
4 Very likely
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In this last section, we would like to ask you some questions about your background that
will help us compare your answers with those of other people. We stress that illl of your
responses are strictlv confidential.

24. Are you: (CIRCLE ONE NUMBER)

1 Male
2 Female

25. How old are you? (FILL IN THE BLANK)

____ Years old

26. How many years of schooling have you completed? (CIRCLE ONE NUMBER)

1 Eight years or less
2 Some high school
3 High school graduate
4 Some college or technical school
5 College or technical school graduate
6 Post graduate work

27. How many people live in your household? (FILL IN ALL BLANKS)

NUMBER

People 18 yeus old or older

People under the age of 18

Total number of people in the household

28. Do you, or another member of your household, own or rent this residence?
(CIRCLE ONE NUMBER)

1 Own
2 Rent
3 Other (please describe: -J)
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29. Are you, or another member of your household, responsible for paying the utility bill?
(CIRCLE ONE NUMBER)

1 No
2 Yes

30. Which of the following categories comes closest to your total 1993 household income?
(CIRCLE ONE NUMBER)

1 Less than $10,000 9 $45,000 to $49,999
2 $10,000 to $14,999 10 $50,000 to $59,999
3 $15,000 to $19,999 ... -11 $60,OOD..to $69,999_
4 $20,000 to $24,999 12 $70,000 to $79,999
5 $25,000 to $29,999 13 $80,000 to $89,999
6 $30,000 to $34,999 14 $90,000 to $99,999
7 $35,000 to $39,999 15 Over $100,000
8 $40,000 to $44,999

THANK YOU FOR YOUR HELP!
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Please feel free to keep the colored background
information materials

Please return only this survey booklet in the
enclosed, postage-paid envelope to:

Glen Canyon Studies
clo HBRS, Inc.

University Research Park
455 Science Drive
Madison, WI 53711



Hello,

A few days ago your household received a questionnaire about the tradeoffs between
production of electricity at Glen Canyon Dam and the natural and cultural resources
along the Colorado River in the Grand Canyon. If the survey has been completed
and returned, please consider.this .a~thankyou."OthelWise. I hope you will be able
to fill it out and return it soon.

Your household's responses to this survey are very important. We can only survey a
small number of households, so your responses will represent many other
households like yours, who are not able to participate in this study.

Thank you for you participation.

Sincerely,

1£~:::'~/
Glen Canyon Studies Manager,

E-63

Glen C~nyon St.x::~, C/o HBRS. Inc. 455 Science Drive Madison, WI 53711
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Greetings!

United States Department of the Interior

BUREAU OF RECLAMATION
Upper Colorado Region

Glen Canyon Environmental Studies
P.O. Box 22459

Ragsraff, Arizona 86002·2459

E-64

About two weeks ago, we sent a questionnaire to your household. The survey asked about your
opinions on how the Glen Canyon Dam on the Colorado River should be operated. Hearing from your
household is very important. If you have already completed and returned the questionnaire, please
accept our sincere thanks. If you have not done so, we would still very much like to hear from your
household.

Even if you have never heard about Glen Canyon Dam prior to receiving this survey, your opinions are
very important for this study. You don't need to have any special knowledge about hydroelectricity,
dam operations, or environmental issues to fill out the survey. The background information sheets
enclosed with the survey were prepared to help people understand the relation between the operation
of the dam and downstream cultural and natural resources.

Government officials will soon be making decisions about how to operate the dam. Your participation in
the study will help them understand how people in households like yours feel about trade-offs between
cultural and natural resources, such as fish, vegetation, and beaches, at the bottom of the Grand
Canyon and the production of electricity from Glen Canyon Dam. Answers to this survey will affect
future decisions about how the dam is operated.

We could not send this survey to every household in the nation. Your household is part of a relatively
small group of households who have been randomly selected to participate in this survey. Your
answers will represent the views of many other households similar to yours and will ensure that the
opinions of all households are represented in decisions about the operation of the Glen Canyon Dam.
To ensure a random selection of respondents within a household. we are asking that the survey be
filled out by the adult member of your household with the latest birthday in the calendar year.

Your responses are confidential, and your name will not be revealed. Information from the surveys will
only be reported in statistical terms, such as "10 percent of all respondents have seen the Colorado
River in Grand Canyon National Park."

I have enclosed another copy of the survey in case the first one was lost or misplaced. There is an
identification number on the back of the survey so that HBRS, Inc., the firm conducting the survey, will
know who has already returned the survey and who to send reminders to.

When the survey is completed, simply return it in the enclosed postage-paid envelope. We hope that
you find the survey interesting and enjoyable to fill out. If you have any questions or concerns about
this surveyor the study, please feel free to call Mike Welsh, the HBRS survey project manager. collect
at 0-608-232-2800.

I appreciate your help in this study.

Sincerely,

A9,.,jJ;;( /u':J~
David L. Wegner
Glen Canyon Studies Manager
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Greetings!

United States Department of the Interior

BUREAU OF RECLAMATION
Upper Colorado Rcgion

Glcn Canyon Environmcntal Srudics
P.O. Box 22459

Flagstaff, Arizona 86002·2459
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J am sorry if this certified letter has caused you any inconvenience. This survey is very important and
J wanted to make sure it reached your household.

About three weeks .ago, J sent a survey concerning the' operations :of GlehCanyon Dam. Even if you
don't live near Glen Canyon Dam or the Grand Canyon, it is still important to hear from you, even if it is
only to tell us that you simply don't care how Glen Canyon Dam is operated. Some people have told us
that they felt they did not know enough to answer the questionnaire. The background information
sheets enclosed with the survey were prepared to help people understand the relation between the
operation of the dam and downstream cultural and natural resources. This background information will
enable you to participate in this study even if you don't feel that you know very much about the Glen
Canyon Dam.

Government officials will soon be making decisions about how the dam is operated. In making these
decisions, they would like to know more about how individuals like you feel about the issues that are
discussed in the questionnaire. Your household was chosen at random to participate in this study.
Since we can't send surveys to every household, your response will represent the opinions of
households similar to yours that were not selected to participate in the study. We need to hear from
everyone to make sure that we have a representative sample of opinions about this issue.

I am enclosing another copy of the questionnaire and a stamped self-addressed envelope in case you
have misplaced the previous ones. To ensure a random selection of respondents within a household,
we are asking that the survey be filled out by the adult member of your household with the latest
birthday in the calendar year.

Thank you for your help in this study. Your cooperation in completing this questionnaire will help to
make this a successful project.

Sincerely,

t:!'~e~#
Glen Canyon Studies Manager

P.S. If for some reason, you can't complete the questionnaire, please write a note on the
questionnaire booklet and mail it back. It is better for us to hear something from you than
nothing at all. Or if you prefer, you can call HBRS collect at 608-232-2800. Ask for Mike
Welsh, the Glen Canyon Studies project manager.
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Telephone Survey

------------ Hagler Bailly Consulting ------------



Non-Use Telephone Survey E-67

OMS No: 1006-0016
Expiration Date: August 23, 1997

Hi, my name is I'm with HBRS, a research firm that's working with
the Bureau of Reclamation on the Glen Canyon Studies. I'm trying to reach the (Name) household at
(Phone Number). Do I have the right number? (CIRCLE ONE NUMBER)

1 No ·-->(THANKAND TERMINATE)

2 Yes

3 Hung up

Late last year we sent your household a questionnaire asking about issues related to the operation of
the Glen Canyon Dam. To help us understand the survey resultswe need to understand the reasons
people have for not participating in the study.

1. We asked that the adult in your household with the latest birthday in the calendar year read and
complete the survey. Are you the adult in your household who had the latest birthday in the calendar
year? (CIRCLE ONE NUMBER)

1 No---->May I please speak to (him/her)? (CIRCLE ONE NUMBER)

1 Nolnot available--->When would be a good time for me to
reach (him/her)? Who should we ask for
when we call back? (FILL IN BLANK AND
GET FIRST NAME)

2 Yes--->Hello, my name is . I'm
with HBRS, a research firm that's working with the Bureau
of Reclamation on the Glen Canyon Studies. Late last year
we sent your household a questionnaire asking about
issues related to the operation of the Glen Canyon Dam.

9 Refusal

2 Yes

9 Refusal
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To help us understand the survey results we need to understand the reasons people have for not
participating in the study.

2. Do you remember receiving the questionnaire in the mail? (CIRCLE ONE NUMBER)

1 No---------->(PROBE: It was a (color) booklet that came in a package with
several other sheets of paper. There was also an envelope for you to
return the questionnaire in. Do you remember that (color) booklet, it had a
picture of the Colorado River on the cover? (CIRCLE ONE NUMBER)

1 No-->I'd like to verify your name and mailing
address. (FILL IN BLANKS; VERIFY SPELLING)

First name:~. -'-- _

Last name: _

Street address: _

City: _

State: _

ZIP Code: _

(SKIP TO QUESTION 8)

2 Yes

9 Refusal

2 Yes

9 Refusal--------->(SKIP TO QUESTION 8)

3. Did you look through the package of materials and the questionnaire? (CIRCLE ONE NUMBER)

1 No------>Why not? (FILL IN BLANK) _

2 Yes

9 Refusal----------->(SKIP TO QUESTION 5)

4. Did you read the background information that described the study and the situation with the Glen
Canyon Dam? (CIRCLE ONE NUMBER)

1 No----------->Why not? (FILL IN BLANK) _

2 Yes

9 Refusal
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5. Did you start to fill out the questionnaire booklet? (CIRCLE ONE NUMBER)

1 No---->Why not? (FILL IN BLANK) _

2 Yes

9 Refusal---->(SKIP TO QUESTION 7)

6. Did you finish filling out the questionnaire booklet? (CIRCLE ONE NUMBER)

1 No---->Why not? (FILL IN BLANK) _

2 yes

9 Refusal

7. Do you still have the questionnaire booklet? (CIRCLE ONE NUMBER)

1 NolDon't know--->Why not? (FILL IN BLANK) _

2 Yes

9 Refusal

Another reason I'm calling you is that we need to find out a little bit about the people who didn't return
the questionnaire booklet, so we can learn whether the results might have been different ifwe had
heard from everyone.

8. Have you ever been to Glen Canyon Dam in Arizona? (CIRCLE ONE NUMBER)

1 No

2 Yes

8 Don't recall

9 Refusal

9. Before receiving this survey had you heard of Glen Canyon Dam?
(CIRCLE ONE NUMBER)

1 No

2 Yes-------->What had you heard about Glen Canyon Dam before
receiving this survey? (FILL IN THE BLANK)

9 Refusal
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10. Have you ever visited Grand Canyon National Park? (CIRCLE ONE NUMBER)

1 No/Don't recall------>Have you ever visited any national parks in the United
States? (CIRCLE ONE NUMBER)

1 No

2 Yes

3 Don't know

9 Refusal

(SKIP TO QUESTION 13)

2 Yes

9 Refusal----->(SKIP TO QUESTION 13)

11. Did you see the Colorado River while you were in Grand Canyon National Park? (CIRCLE ONE
NUMBER)

1 NolDon't recall----->(SKIP TO QUESTION 13)

2 Yes

9 Refusal

12. Did you go down to the Colorado River while you were at the Grand Canyon National Park? (CIRCLE
ONE NUMBER)

1 No

2 Yes

3 Don't recall

9 Refusal

13. How likely do you think it is that you will visit the Grand Canyon National Park in the
future? Are you not at all likely, somewhat unlikely, somewhat likely, or very likely to
visit the Grand Canyon in the future? (CIRCLE ONE NUMBER)

1 Not at all likely

2 Somewhat unlikely

3 Somewhat likely

4 Very likely

8 Don't know

9 Refusal
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Next, I'm going to read you some statements and ask you whether you agree or disagree with each
statement. There are no right or wrong answers, we just want to know your opinion

14. People often have different views about environmental issues. On a scale of 1 to 5, with 1 being
strongly agree and 5 being strongly disagree, please tell me how you feel about each statement I
read. (READ STATEMENT; CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY
AGREE

STRONGLY
DISAGREE REFUSAL

a. When humans interfere with nature, it often
produces disastrous consequences.

1 2 3 4 5 9

On a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me how
you feel about the following statement:

b. Humans will eventually learn enough about 1 2 3 4 5 9
how nature works to be able to control it.

c. The balance of nature is very delicate and 1 2 3 4 5 9
easily upset.

d. Humans have the right to modify the natural 1 2 3 4 5 9
environment to suit their needs.

e. If things continue on their present course, 1 2 3 4 5 9
we will soon experience a major ecological
catastrophe.

Again, on a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me
how you feel about the following statement:

f. Humans were meant to rule the rest of nature. 1 2 3 4 5 9

g. Despite our special abilities, humans are still 1 2 3 4 5 9
subject to the laws of nature.

h. Plants and animals have as much right as 1 2 3 4 5 9
humans to exist.

i. Human ingenuity will ensure that we do not 1 2 3 4 5 9
make the earth unlivable.

j. Humans are severely ,abusing the environment. 1 2 3 4 5 9

(Continued)
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STRONGLY
AGREE

STRONGLY
DISAGREE REFUSAL

Again, on a scale of 1 to 5, with 1 being strongly agree and 5 being strongly dfsagree, please tell me
how you feel about the following statement:

k. The so-called ecological crisis facing 1 2 3 4 5 9
humankind has been greatly exaggerated.

I. We are approaching the limit of the number of 1 2 3 4 5 9
people the earth can support.

m. The earth is like a spaceship with very limited 1 2 3 4 5 9
room and resources.

n. The earth has plenty of natural,resoumes"if-'" 1 2 3 4 5 9
we just learn how to develop them.

o. The balance of nature is strong enough to cope 1 2 3 4 5 9
with the impacts of modern industrial nations.

15. OK, the last few statements I am going to read to you discuss economic and environmental issues.
On a scale of 1 to 5. where 1 means strongly agree and 5 means strongly disagree, please tell me
how you feel about each statement I read. (READ STATEMENT; CIRCLE ONE NUMBER FOR EACH
STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE REFUSAL

a. Economic secunty and well-being should be 1 2 3 4 5 9
considered first. then we can worry about
environmental problems

b. If business if forced to spend a lot of money 1 2 3 4 5 9
on environmental protectlon, it won't be able
to invest in research and development to
keep us competitive In the International market

c. Some pollution IS inevItable if we are going to 1 2 3 4 5 9
continue to improve our standard of living.

d. The decision to develop resources should be 1 2 3 4 5 9
based mostly on economic grounds rather than
environmental or archeological grounds.

The last few questions I have are about your background. These questions will help us compare your
answers with those of other people. All of your responses are strictly confidential.

16. How old are you? (FILL IN THE BLANK)

___ Years old

999 Refusal
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17. How many years of schooling have you completed? (READ LIST; CIRCLE ONE NUMBER)

1 Eight years or less

2 Some high school

3 High school graduate

4 Some college or technical school

5 College or technical school graduate

6 Post graduate work

9 Refusal

18. Including yourself,. how many people Iive,in your household? How many oHhesepeople are less than
18 years old? (FILL IN ALL BLANKS)

NUMBER

People under the age of 18

People 18 years old or older

Total number of people in the household

99 Refusal

19. Which ofthe following categories comes C1osestto your total 1993 household income? (READ LIST;
CIRCLE ONE NUMBER)

1 Less than $10,000
2 $10,000 to less than $15,000
3 $15,000 to less than $20,000
4 $20,000 to less than $25,000
5 $25,000 to less than $30,000
6 $30,000 to less than $35,000
7 $35,000 to less than $40,000
8 $40,000 to less than $45,000

9 $45,000 to less than $50,000
10 $50,000 to less than $60,000
11 $60,000 to less than $70,000
12 $70,000 to less than $80,000
13 $80,000 to less than $90,000
14 $90,000 to less than $100,000
15 Over $100,000
98 Don't know
99 Refusal

[CHECK RESPONSE TO QUESTION 7. IF NO LONGER HAS SURVEY, SKIP TO QUESTION 19b.]

19a. Earlier, you said that you still have a copy of the questionnaire booklet. It would really help me out if
you could spend a few minutes reading the background information materials and completing at least
the first 9 questions in the survey booklet and mail it back to us in the envelope. Do you think you
would be able to do that in the next few days? (CIRCLE ONE NUMBER)

1 No--------> OK, Thanks for your help.

2 yes-----> I would really appreciate it if you could fill out at least the first
9 questions of the survey and put it in the mail in the next few days.

9 Refusal
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19b. Earlier, you said you may not have a copy ofthe survey booklet. If we mailed you another copy,
could you spend a few minutes reading the background information and completing at least the first
9 questions of the survey booklet? If would really help me out. (CIRCLE ONE NUMBER)

1 No---------->OK, thanks for your help.

2 yes------>OK, I will mail you another copy ofthe survey. (VERIFY ADDRESS
IF
NOT ALREADY DONE)

I'd like to verify your name and mailing address. (FILL IN BLANKS;
VERIFY SPELLING)

First name: _

Last name: _

Street 'address: _

City: _

State: _

ZIP Code: _

9 Refusal

Thank you for your time. I'd really like to encourage you to return your survey. Do you have any questions
are comments? (FILL IN BLANK)

000 No comments

(INTERVIEWER -- IS RESPONDENT . .. ?) (CIRCLE ONE NUMBER)

1 Male

2 Female

8 Unsure
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Mail Survey Frequencies -
National Sample

The frequencies presented in this section are based on 1,696 mail surveys that were
completed and returned from national sample respondents in time to be included in the
electronic dataset. Percentages shown for each question are based on the total number of
cases with valid responses. The number of valid responses is shown in parentheses for each
question. Invalid responses. (item nonresponse)can.be calculated by subtracting the number
of valid responses from the total number that should have responded to the question. For
example, all respondents were asked to answer the first true/false item in Question 1. Of the
total number of respondents who should have answered the question, 1,673 actually answered
it (valid responses), and 23 did not (invalid responses). When calculating item nonresponse,
keep in mind that not all survey respondents were required to answer all questions: some
respondents were asked to skip some questions, depending on their answers to previous
questions.

------------- Hagler Bailly Consulting -------------
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Survey Version

F-2

24.6%
24.8
25.3
25.2

(1,696)

National Sample: Moderate Fluctuating Flow
National Sample: Low Fluctuating Flow
National Sample: Seasonally Adjusted Steady Flow
National Sample: Seasonally Adjusted Steady Flow with Moderate Fluctuating Flow Price
Impacts

We presented a lot of material in the background information. In this section, we will ask a few questions
about the background information to make sure it was clearly presented. Please feel free to refer to the
information sheets when answering these questions.

1. For each statement below, please circle the letter''T" if you think.the .statement is true, or the letter "F" if you
think the statement is false. (CIRCLE ONE LETTER FOR EACH STATEMENT)

TRUE FALSE

There are now many more beaches along the Colorado River 8.1% 91.9% (1,673)
than there were 20 years ago.

Native fish populations in the Colorado River have declined. 96.0 4.0 (1,670)

The decrease in the number and size of beaches is most 14.1 85.9 (1,649)
severe along wide sections of the river.

None of the beaches along the river have vegetation. 4.0 96.0 (1,660)

There are American Indian traditional-use areas and sacred sites 97.9 2.1 (1,652)
located along the Colorado River below Glen Canyon Dam.

Archeological sites are not being affected by erosion. 5.0 95.0 (1,662)

Trout are not native to the study area. 85.4 14.6 (1,662)

All native fish species have disappeared from the Grand Canyon. 4.5 95.5 (1,664)

Nearly all visitors to the Grand Canyon National Park use the 9.9 90.1 (1,654)
beaches along the river.

American Indian traditional-use areas are affected by erosion. 94.7 5.3 (1,634)

Water levels are constant throughout the day. 7.1 92.9 (1,631)

The Study Area consists only of the area in and along the 88.0 12.0 (1,612)
Colorado River between Glen Canyon Dam and Lake Mead.

The shoreline in the study area consists only of beaches. 4.0 96.0 (1,605)

Vegetation on beaches provides habitat for birds and other 98.5 1.5 (1,634)
wildlife.

Two of the native fish species are in danger of extinction. 89.4 10.6 (1,630)

Reducing daily fluctuations in the amount of water released 31.9 68.1 (1,619)
from the dam will reduce the total amount of hydroelectricity
produced.
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Government Officials Are Deciding How to Operate Glen Canyon Dam in Future
Years.

• Their decision on how the dam should be operated could cost you money. For
example: ..

Changes in operations of the dam could reduce the revenue earned by the dam -- as
a result, taxpayers would have to make up the difference.

If you live in an area receiving power from Glen Canyon Dam, your utility bill would
increase.

INSTRUCTIONS FOR NEXT QUESTION

Government officials will consider many factors when deciding whether or not to change dam operations.
One factor they would like to consider is whether various proposals are personally worthwhile to people like
you. In the next question, we will describe the effects of a specific proposal to change dam operations. We
would like you to tell us if you would vote ·YES· or "NO" on this proposal.

Some people might vote "NO" because:

• the cost of the proposal is too high.
• the effects of the proposal are not worth anything (not even 10¢) to them.
• they just can't afford the cost.

Some people might vote "YES" because:

• the cost of the proposal is low enough.
• the effects of the proposal are worth what it would cost them.

At this point in time, it is not certain what the cost would be to any specific individual, so we are asking
different people about different amounts. Even if the amount we ask you about seems very low or very high,
please answer carefully. This will' allow us to determine whether people think the proposal is worthwhile at
whatever level the final cost is determined to be. For this study, it is important that you tell us how you would
vote, based only on your personal evaluation of whether changes in dam operations and their effects, are
worth the additional cost to you.
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A PROPOSAL

F-4

Version 1

Under this proposal, there would be a moderate reduction in the daily fluctuations in the river level. If this
proposal is selected, it will result in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain
at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites, and archeological
sites would decrease substantially.

• The area available for vegetation would increase by about 10%,
so that the area available for birds and other forms of wildlife would increase by about 10%.

• There would be a small improvement in conditions for native fish.

• Native fish populations, including those in danger of extinction, would probably continue to
decline in numbers.

• There would be a small improvement in conditions for trout, but stocking
of trout would still be required to maintain the population.

• The average electric bill would increase by $3 per month for 1.5 million households receiving
power from Glen Canyon Dam. This average reflects a maximum increase of $9 per month for
3,600 households and a minimum of no increase for 800,000 households.

• On average, farm incomes would not change significantly. However, about 300 farmers in
southern Utah would see their incomes drop by 3%.
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A PROPOSAL

F-5

Version 2

Under this proposal, daily fluctuations in the river level would be greatly reduced. If this proposal is selected,
it will result in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and archeological
sites would decrease substantially.

• The area available for vegetation would increase by about 10%, so that the area available for
birds and other forms of wildlife would increase by about 10%.

• There would be a moderate improvement in conditions for native fish.

• It is likely, but not certain, that native fish populations, including those in danger of extinction,
would increase.-"

• There would be a moderate improvement in conditions for trout. The trout population could
increase and it would require less annual stocking.

• The average electric bill would increase by $3 per month for 1.5 million households receiving
power from Glen Canyon Dam. This average reflects a maximum increase of $9 per month for
3,600 households to a minimum of no increase for 800,000 households.

• On average, farm incomes would not change significantly. However, about 300 farmers in
southern Utah would see their incomes drop by 3%.
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A PROPOSAL

F-6

Version 3

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal releases would also
be changed so that releases would be highest during the spring, just like before the dam was built.
However, the highest spring releases would still be lower than the average springtime flow prior to the dam.
If this proposal is selected, it will result in the following conditions along the Colorado River in the Grand
Canyon:

• In the long-term, the number and size of beaches would remain at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and archeological
sites would decrease substantially.

• The area available for vegetation would increase by about 10% so that the area available for
birds and other forms of wildlife would increase by about 10%.

• There would be a major improvement in conditions for fish.

• Native fish, including one of the endangered species, would most likely increase in numbers.
However, competition from non-native fish may still limit the growth of native fish populations.

• There would be a major improvement in conditions for trout. The size and number of trout
would increase. Maintenance of the trout population would no longer require any annual
stocking.

• The average electric bill would increase by $9 per month for 1.5 million households receiving
power from Glen Canyon Dam. This average reflects a maximum increase of $21 per month
for 3,600 households to a minimum of no increase for 300,000 households.

• On average, farm incomes would not change significantly. However, about 300 farmers in
southern Utah would see their incomes drop by 6%.
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A PROPOSAL

F-7

Version 4

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal releases would also
be changed so that releases would be highest during the spring, just like before the dam was built.
However, the highest spring releases would still be lower than the average springtime flow prior to the dam.
If this proposal is selected, it will result in the following conditions along the Colorado River in the Grand
Canyon:

• In the long-term, the number and size of beaches would remain at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and archeological
sites would decrease substantially.

• The area available for vegetation would increase by about 10% so that the area available for
birds and other forms of wildlife would increase by about 10%.

• There would be a major improvement'in conditionsforfish: .

• Native fish, including one of the endangered species, would most likely increase in numbers.
However, competition from non-native fish may still limit the growth of native fish populations.

• There would be a major improvement in conditions for trout. The size and number of trout
would increase. Maintenance of the trout population would no longer require any annual
stocking.

• The average electric bill would increase by $3 per month for 1.5 million households receiving
power from Glen Canyon Dam. This average reflects a maximum increase of $9 per month for
3,600 households to a minimum of no increase for 800,000 households.

• On average, farm incomes would not change significantly. However, about 300 farmers in
southern Utah would see their incomes drop by 3%.
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2. Think about a situation in which you had an opportunity to vote on this proposal. If passage of this proposal
would not cost you anything would you support this proposal? (CIRCLE ONE NUMBER)

11.8%
78.2
10.0

(1,635)

No--.------->SKIP TO QUESTION 8
Yes
I would choose not to vote on this proposal---------->SKIP TO QUESTION 8

The higher electric rates described earlier cannot make up for all the revenue lost as a result of this
proposal. Taxpayers would have to make up the difference. How would you, as a taxpayer, vote on this
proposal? As you think about your answer. please remember that if this proposal passes, you would have
less money for household expenses or to spend on other environmental issues.

3. Would you vote for this proposal if passage of the proposal would cost your household $ in increased
taxes every year for the foreseeable future? (CIRCLE ONE NUMBER)

Annual cost of proposal

12.9%
13.3
12.7
11.9
11.8
12.6
13.0
11.9

(1,696)

12.0%
17.1
16.6
35.5
18.8

(1,266)

$5
$15
$30
$60
$90
$120
$150
$200

Definitely No - I would definitely vote against the proposal.
Probably No - I would probably vote against the proposal.
Not Sure - I am not sure if I would vote fOT the proposal.
Probably Yes - I would probably vote for the proposal.
Definitely Yes - I would definitely vote for the proposal.
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4. If this proposal passes and you had to pay $ every year for the foreseeable future, on what sorts of
things would you spend less money in order to pay for the cost of this proposal? (FILL IN THE BLANK)

Category
Vacation
TraveVtrips
Food/drink
Recreation/hobbies
Clothing
Entertainment
Needless items
No effect
Giftsltoys
Irrigation
Newspaper
Phone
Can't afford
Donations
Savings
Vehicle expenses
Utility usage
Living expenses
Government programs
Computer/electronics
Housing improvements
Tobacco
Other
Health care
Education
Insurance
Bills

Percent of
Responses1

4.0%
3.6

19.2
8.2
8.0

18.5
7.5
8.2
1.4

.1
1.9

.2

.5
3.3
2.7
2.2
2.1
2.4

.1

.2

.4
1.3
3.4

.1

.2

.2

.1

100.0%

Percent of
Cases2

6.2%
5.5

29.6
12.6
12.4
28.5
11.7
12.7

2.2
.1

2.9
.4
.7

5.1
4.2
3.4
3.3
3.7

.2

.3

.6
2.0
5.2

.2

.3

.3

.2

154.5%
(1,107)

2

Respondents were allowed to record multiple responses. This column reflects percentage of the total
number of responses recorded.

This column reflects percentage of the total number of respondents citing each item listed. Since
respondents were allowed to record multiple responses, the column does not sum to 100 percent.

5. Now that you have had an additional chance to think about what you would have to give up if the proposal
passes, would you like to change your vote? (CIRCLE ONE NUMBER)

94.2% No------------->SKIP TO QUESTION 7
5.8 Yes
(1,262)
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6. Now how would you vote on the proposal? (CIRCLE ONE NUMBER)

8.6% Definitely No - I would definitely vote against the proposal.
12.9 Probably No - I would probably vote against the proposal.
30.0 Not Sure - I am not sure if I would vote for the proposal.
42.9 Probably Yes - I would probably vote for the proposal.
5.7 Definitely Yes - I would definitely vote for the proposal.
(70)

F-10

7. Do you believe your taxes will increase if this proposal passes?

28.4% No
71.6 Yes
(1,255)

(CIRCLE ONE NUMBER)

8. Do you think public officials will consider the results of this study, along with other evidence, in deciding how
Glen Canyon Dam should be operated in the future? (CIRCLE ONE NUMBER)

39.2% No
60.8 Yes
(1,633)

9. Do you think public officials should consider the results of this study, along with other evidence, in deciding
how Glen Canyon Dam should be operated in the future? (CIRCLE ONE NUMBER)

4.9% No
95.1 Yes
(1,646)

10. Have you ever been to Glen Canyon Dam in Arizona? (CIRCLE ONE NUMBER)

89.0% No
11.0 Yes
(1,661)

11. Before receiving this survey had you heard of Glen Canyon Dam? (CIRCLE ONE NUMBER)

70.9%
29.1%

(1,652)

No
Yes------------>What had you heard about Glen Canyon Dam before

receiving this survey? (FILL IN THE BLANK)

0.2%
8.7

91.1
(426)

Heard about this study
Heard about environmental impacts of dam operations
Heard other things about Glen Canyon Dam
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12. People often have different views about environmental issues. On a scale of 1 to 5, with 1 being strongly
agree and 5 being strongly disagree, please indicate how you feel about each statement written below.
(CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

When humans interfere with nature, it often 38.0% 28.2% 24.6% 6.1% 3.1% (1,654)
produces disastrous consequences.

Humans will eventually learn enough about 7.4 14.9 25.1 26.5 26.2 (1,655)
how nature works to be able to control it.

The balance of nature is very delicate and 47.3 28.9 14.0 6.9 3.0 (1,648)
easily upset. '

Humans have the right to modify the natural 6.5 10.5 28.1 24.9 30.0 (1,652)
environment to suit their needs.

If things continue on their present course, 25.2 26.1 25.1 13.2 10.4 (1,649)
we will soon experience a major ecological
catastrophe.

Humans were meant to rule the rest of nature. 8.3 8.1 14.6 22.5 46.5 (1,650)

Despite our special abilities. humans are still 60.2 27.6 8.1 2.0 2.1 (1,639)
subject to the laws of nature,

Plants and animals have as much right as 46.4 21.7 16.4 9.4 6.1 (1,652)
humans to exist.

Human ingenuity will ensure that we do not 12.1 19.6 33.8 22.3 12.1 (1,649)
make the earth unlivable,

Humans are severely abUSIng the environment. 40.6 27.5 18.5 8.2 5.2 (1,656)

The so-called ecologICal cnslS facing humankind 8.8 13.9 26.7' 28.3 22.4 (1,641)
has been greatly exaggerated.

We are approaching the IIm't of the number of 22.2 21.8 28.6 15.7 11.7 (1,650)
people the earth can support.

The earth is like a spaceship with very limited 25.3 25.4 24.2 14.0 11.1 (1,646)
room and resources.

The earth has plenty of natural resources, if 28.6 31.3 21.9 12.2 6.0 (1,659)
we just learn how to develop them.

The balance of nature is strong enough to cope 5.5 9.9 22.2 33.4 29.0 (1,654)
with the impacts of modern industrial nations.
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13. The following statements discuss economic and environmental issues. We would like to understand how you
feel about these issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree,
please tell us how you feel about each statement written below. (CIRCLE ONE NUMBER FOR EACH
STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

Economic security and well-being should be 6.0% 10.8% 25.4% 31.3% 26.6% (1,656)
considered first; then we can worry about
environmental problems.

It is possible to protect our environment and 45.7 39.5 11.2 2.3 1.3 (1,664)
natural resources and still maintain a healthy
economy.

If business is forced to spend a lot of money 7.4 13.6 25.6 32.1 21.2 (1,658)
on environmental protection, it won't be able
to invest in research and development to
keep us competitive in the international market.

Some pollution is inevitable if we are going to 14.2 30.8 25.6 20.0 9.3 (1,657)
continue to improve our standard of living.

I would be willing to pay somewhat higher 32.0 37.2 19.5 6.9 4.5 (1,658)
prices (5 to 10 percent higher) for products that
would cause less pollution or environmental
damage.

The decision to develop resources should be 4.2 7.5 24.4 33.0 30.9 (1,653)
based mostly on economic groun'ds rather than
environmental or archeological grounds.

Some land in the United States should be set 55.5 20.6 12.1 6.9 5.0 (1,664)
aside from human use so it can remain
completely untouched, regardless of its
economic value.
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14. The following statements discuss American Indian issues. We would like to understand how you feel about
these issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree, please tell
us how you feel about each statement written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

It is our responsibility to protect those areas of 49.5% 27.8% 15.7% 4.3% 2.6% (1,664)
historical or religious importance to American
Indians.

We have gone too far in granting American 7.7 11.2 19.3 24.7 37.1 (1,665)
Indians special rights to use public lands and
resources, such as fish and wildlife.

Our society can learn important lessons from 46.7 31.7 15.5 4.1 2.0 (1,665)
studying earlier cultures that inhabited our
country.

We can't afford to let concern for preserving 5.8 9.0 19.7 29.0 36.5 (1,661)
artifacts of earlier American Indian cultures stand
in the way of operating hydroelectric dams.

American Indian concerns should be equally as 36.7 26.0 23.3 9.7 4.3 (1,663)
important as our society's economic needs when
deciding how to use land.



Glen Canyon Non-Use Values Mail Survey Frequencies - National Sample F-14

15. The following statements discuss hydroelectricity. We would like to understand how you feel about these
issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree, please tell us
how you feel about each statement written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

The benefits of hydroelectric dams on the 6.8% 11.8% 29.8% 30.2% 21.4% (1,614)
Colorado River outweigh the impacts to
the natural environment and historical places
along the river.

Hydroelectric dams should not be constructed 18.0 15.7 31.9 23.3 11.1 (1,613)
on rivers that flow through national parks.

Hydroelectric dams have fewer environmental 23.6 32.9 28.8 9.7 5.1 (1,593)
impacts than coal, oil, or gas-burning power
plants.

Hydroelectric dams can have serious impacts on 32.9 36.4 20.4 6.8 3.4 (1,609)
the plants and animals that live in or along
the river.

Hydroelectric dams produce relatively cheap 29.5 40.0 24.0 3.3 3.2 (1,601)
electricity compared to other sources.

Hydroelectric dams should be developed 8.5 15.4 31.9 26.5 17.7 (1,609)
wherever it is economically feasible, even
if it means that some rivers will be changed.

Rivers without dams are a unique and 20.0 19.1 38.4 15.3 7.2 (1,604)
irreplaceable resource that should be
protected from hydroelectric dams.

In this section, we would like to learn how you feel about national parks in the United States.

16. Have you ever visited any national parks in the United States? (CIRCLE ONE NUMBER)

15.9%
82.5

1.7
(1,619)

No
Yes
Don't know
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17. We are interested in learning how you feel about national parks in general. On a scale of 1 to 5, where 1
means strongly agree and 5 means strongly disagree, please tell us how you feel about each statement
written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

1 National parks are a "luxury" we cannot 4.2% 3.2% 8.7% 22.8% 61.1% (1,633)
afford in difficult economic times.

National parks help us to remember that our 61.2 26.3 8.1 2.4 2.1 (1,636)
future is tied to the preservation of nature and
natural resources.

It is important that national parks offer usa.. 50.1 .. 30.4 14.7 3.2 1.6 (1,634)
chance to see America as the early settlers
saw it.

Americans need places like national parks to 49.6 28.2 15.5 3.9 2.9 (1,631)
"recharge their batteries."

An important function of the National Park 66.1 23.8 7.2 1.6 1.3 (1,636)
Service is to protect native birds, plants,
and animals.

National parks are only valuable to the 5.9 5.1 7.4 29.9 51.8 (1,640)
people who visit them.

Oil and natural gas finds on national park 6.7 9.8 28.7 23.1 31.6 (1,635)
lands should be developed since it is in the
national interest.

The National Park Service places too much 4.0 5.2 18.0 29.7 43.1 (1,637)
emphasis on preservation.

I am glad there are national parks, even if I 76.6 17.2 5.1 0.4 0.7 (1,623)
don't visit them.

People can think a place is valuable, even if 75.6 18.7 4.5 0.7 0.6 (1,639)
they do not actually go there themselves.

The American people should provide greater 37.3 26.1 25.0 7.2 4.3 (1,637)
financial support for the National Park Service
to avoid more commercial activities in the
national parks.

If the National Park Service needs more 9.8 16.7 30.1 22.0 21.4 (1,638)
financial support, they should develop more gift
shops and commercial activities to raise money.
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In this section, we are interested in learning about trips you may have taken to Grand Canyon National Park. I
18. As best you can recall, have you ever flown over Grand Canyon National Park in an aircraft? (CIRCLE ONE

NUMBER)

60.9%
39.1

(1,635)

No••----------->SKIP TO QUESTION 20
Yes

19. Did you fly over Grand Canyon National Park while you were on a commercial airliner, or did you fly over the
park as part of a sightseeing air tour that included the park? (CIRCLE ALL NUMBERS THA T APPLY)

94.2%
(637)

5.3%
(637)

flew over Grand Canyon National Park while on a commercial aircraft

flew over Grand Canyon National Park as part of a sightseeing air tour

flew over Grand Canyon National Park as part of a:
53.6% Military flight
32.1 Private plane
3.6 Corporate plane
3.6 Charter flight
3.6 Medical evacuation
3.6 Testing navigation

(28)

20. Have you ever visited Grand Canyon National Park? (CIRCLE ONE NUMBER)

65.9%
34.1

(1,638)

No------------->SKIP TO QUESTION 23
Yes

21. Did you see the Colorado River while you were in Grand Canyon National Park? (CIRCLE ONE NUMBER)

8.3%
91.7

(553)

No------------->SKIP TO QUESTION 23
Yes

22. Did you go down to the Colorado River while you were at the Grand Canyon National Park? (CIRCLE ONE
NUMBER)

80.6% No
19.4 Yes

{51 0)

23. How likely do you think it is that you will visit the Grand Canyon National Park in the future? (CIRCLE
ONE NUMBER)

16.4%
14.7
35.0
33.9

(1,635)

Not at all likely
Somewhat unlikely
Somewhat likely
Very likely
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In this last section, we would like to ask you some questions about your background that will help us compare
your answers with those of other people. We stress that gll of your responses are strictly confidential.

24. Are you: (CIRCLE ONE NUMBER)

54.1%
45.9

(1,647)

Male
Female

25. How old are you? (FILL IN THE BLANK)

AVERAGE AGE
49.0 Years old

(1,630)

26. How many years of schooling have you completed? (CIRCLE ONE NUMBER)

2.3%
5.5

19.9
27.2
26.7
18.5

(1,642)

Eight years or less
Some high school
High school graduate
Some college or technical school
College or technical school graduate
Post graduate work

27. How many people live in your household? (FILL IN ALL BLANKS)

AVERAGE NUMBER
2.00 People 18 years old or older
(1,517)
0.73 People under the age of 18
(1,394)
2.69 Total number of people in the household
(1,535)

28. Did you or any members in your household have any taxes withheld from a paycheck or other earnings in
1993? (CIRCLE ONE NUMBER)

17.1% No
82.9 Yes

(1,619)

29. Did you or any members of your household file a Federal income tax form for 1993? (CIRCLE ONE
NUMBER)

7.2% No
92.8 Yes

(1,620)

30. Which of the following categories comes closest to your total 1993 household income? (CIRCLE ONE
NUMBER)
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6.9%
7.1
5.9
8.4
9.2
8.2
6.8
6.9

Less than $10,000
$10,000 to $14,999
$15,000 to $19,999
$20,000 to $24,999
$25,000 to $29,999
$30,000 to $34,999
$35,000 to $39,999
$40,000 to $44,999

6.2%
10.0
6.6
5.6
3.7
2.3
6.2

(1,540)

$45,000 to $49,999
$50,000 to $59,999
$60,000 to $69,999
$70,000 to $79,999
$80,000 to $89,999
$90,000 to $99,999
Over $100,000
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Mail Survey Frequencies -
Marketing Area Sample

The frequencies presented in this section are based on l,392 mail surveys that were
completed and returned from marketing area sample respondents in time to be included in the
electronic dataset. Percentages shown for each question are based on the total number of
cases with valid responses. The number of valid responses is shown in parentheses for each
question. Invalid responses (item nonresponse) can be calculated by subtracting the number
of valid responses from the total number that should have responded to the question. For
example, all respondents were asked to answer the first true/false item in Question 1. Of the
total number of respondents who should have answered the question, l,362 actually answered
it (valid responses), and 30 did not (invalid responses). When calculating item nonresponse,
keep in mind that not all survey respondents were required to answer all questions: some
respondents were asked to skip some questions, depending on their answers to previous
questions.

------------- Hagler Bailly Consulting -------------
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Survey Version
33.0% Marketing Area Sample: Moderate Fluctuating Flow
32.4 Marketing Area Sample: Low Fluctuating Flow
34.6 Marketing Area Sample: Seasonally Adjusted Steady Flo~

(1,392)

F·20
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We presented a lot of material in the background information. In this section, we will ask a few questions
about the background information to make sure it was clearly presented. Please-feel free to refer to the
information sheets when answering these questions.

F-21

1. For each statement below, please circle the letter "T" if you think the statement is true, or the letter "F" if you
think the statement is false.
(CIRCLE ONE LETTER FOR EACH STATEMENT)

TRUE FALSE

There are now many more beaches along the Colorado River 9.8% 90.2% (1,362)
than there were 20 years ago.

Native fish populations in the Colorado River have declined. 94.9 5.1 (1,364)

The decrease in the number and size of beaches is most 14.3 85.7 (1,336)
severe along wide sections of the river.

None of the beaches along the river have vegetation. 2.4 97.6 (1,357)

There are American Indian traditional-use areas and sacred sites 98.8 1.2 (1,365)
located along the Colorado River below Glen Canyon Dam.

Archeological sites are not being affected by erosion. 4.3 95.7 (1,359)

Trout are not native to the study area. 86.1 13.9 (1,356)

All native fish species have disappeared from the Grand Canyon. 3.2 96.8 (1,358)

Nearly all visitors to the Grand Canyon National Park use the 8.4 91.6 (1,365)
beaches along the river. .

American Indian traditional-use areas are affected by erosion. 95.9 4.1 (1,324)

Water levels are constant throughout the day. 5.2 94.8 (1,327)

The Study Area consists only of the area in and along the 88.7 11.3 (1,317)
Colorado River between Glen Canyon Dam and Lake Mead.

The shoreline in the study area consists only of beaches. 3.6 96.4 (1,321)

Vegetation on beaches provides habitat for birds and other 98.9 1.1 (1,336)
wildlife.

Two of the native fish species are in danger of extinction. 90.6 9.4 (1,325)

Reducing daily fluctuations in the amount of water released 28.6 71.4 (1,318)
from the dam will reduce the total amount of hydroelectricity
produced.
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Government Officials Are Deciding How to Operate Glen Canyon Dam in Future
Years.

• Their decision on how the dam should be operated could cost you money.

• Since you live in an area receiving power from Glen Canyon Dam, if operations are
changed, your utility bill will increase.

INSTRUCTIONS FOR NEXT QUESTION

Government officials will consider many factors when deciding whether or not to change dam operations.
One factor they would like to consider is whether various proposals are personally worthwhile to people like
you. In the next question, we will describe the effects of a specific proposal to change dam operations. We
would like you to tell us if you would vote "YES" or "NO" on this proposal.

Some people might vote "NO' because:

• the cost of the proposal is too high.
• the effects of the proposal are not worth anything (not even 10¢) to them.
• they just can't afford the cost.

Some people might vole "YES· because:

• the cost of the proposal IS low enough.
• the effects of the proposal are worth what it would cost them.

At this point in time, it IS not certain how much utility bills would increase in your area if the operation of Glen
Canyon Dam is changed so we are asking different people about different amounts. Even if the amount we
ask you about seems very low or very high, please answer carefully. This will allow us to determine whether
people think the proposal IS worthwhile at whatever level the final cost is determined to be. For this stUdy, it
is important that you tell us how you would vote, based only on your personal evaluation of whether
changes in dam operations and their effects, are worth the additional cost to you.

F-22
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A PROPOSAL

F-23

Version 5

Under this proposal, there would be a moderate reduction in the daily fluctuations in the river level. If this
proposal is selected, it will result in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and archeological
sites would decrease substantially.

• The area available for vegetation would increase by about 10%, so that the area available for
birds and other forms of wildlife would increase by about 10%.

• There would be a small improvement in conditions for native fish.

• Native fish populations, including those in danger of extinction, would probably continue to
decline in numbers.

• There would be a small improvement in conditions for trout, but stocking of trout would still be
required to maintain the population.

Version 6
A PROPOSAL

Under this proposal, daily fluctuations in the river level would be greatly reduced. If this proposal is selected,
it will result in the following conditions along the Colorado River in the Grand Canyon:

• In the long-term, the number and size of beaches would remain at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and archeological
sites would decrease substantially.

• The area available for vegetation would increase by about 10%, so that the area available for
birds and other forms of wildlife would increase by about 10%.

• There would be a moderate improvement in conditions for native fish.

• It is likely, but not certain, that native fish populations, including those in danger of extinction,
would increase.

• There would be a moderate improvement in conditions for trout. The trout population could
increase and it would require less annual stocking.
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A PROPOSAL

F-24

Version 7

Under this proposal, daily fluctuations in the river level would be eliminated. Seasonal releases would also
be changed so that releases would be highest during the spring, just like before the dam was built.
However, the highest spring releases would still be lower than the average springtime flow prior to the dam.
If this proposal is selected, it will result in the following conditions along the Colorado River in the Grand
Canyon:

• In the long-term, the number and size of beaches would remain at present levels.

• The risk of erosion to Native American traditional-use areas, sacred sites and archeological
sites would decrease substantially.

• The area available for vegetation would increase by about 10% so that the area available for
birds and other forms of wildlife would iilcreaseby about 10%.

• There would be a major improvement in conditions for fish.

• Native fish, including one of the endangered species, would most likely increase in numbers.
However, competition from non-native fish may still limit the growth of native fish populations.

• There would be a major improvement in conditions for trout. The size and number of trout
would increase. Maintenance of the trout population would no longer require any annual
stocking.

2. Think about a situation in which you had an opportunity to vote on this proposal. If passage of this proposal
would not cost you anything would you support this proposal? (CIRCLE ONE NUMBER)

11.4%
82.1
6.6

(1,338)

No---------->SKIP TO QUESTION 8
Yes
I would choose not to vote
on this proposal---------->SKIP TO QUESTION 8
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How would you vote on this proposal if passage meant your utility bill would increase? As you think about
your answer. please remember that if this proposal passes. you would have less money for household
expenses or to spend on other environmental issues.
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3. Would you vote for this proposal if passage meant~our utility bill would increase by $ every year
for the foreseeable future? (CIRCLE ONE NUMBER)

Annual cost of proposal

12.9%
13.5
11.7
12.1
12.5
12.4
12.1
12.7

(1,392)

14.4%
16.1
13.3
34.7
21.5

(1,084)

$5
$15
$30
$60
$90
$120
$150
$200

Definitely No I would definitely vote against the proposal.
Probably No - I would probably vote against the proposal.
Not Sure - ·1 am not sure if I would vote for the proposal.
Probably Yes - I would probably vote for the proposal.
Definitely Yes -I would definitely vote for the proposal.

4. If this proposal passes and you b2Q to pay $ every year for the foreseeable future, on what sorts of
things would you spend less money in order to pay for the cost of this proposal? (FILL IN THE BLANK)

Category

Vacation
TraveVtrips
Food/drink
Recreationlhobbiea
Clothina
Entertamment
Needless items
No effect
Giftsltoys
Newspaper
Phone
Can't afford
Donations
Savings
Vehicre expenses
Utility usage
Living expenses
Government programs
Housing improvements
Tobacco
Other
Health care
Education
Insurance
Taxes

percent of Responses1

2.5%
3.8

20.4
8.8
7.6

16.9
4.8
8.2

.9
1.8

.8

.8
1.5
2.4
4.2
4.0
4.8

.1

.5

.6
3.5

.5

.1

.4

.1
100.0%

Percent of Respondents2

3.7%
5.8

31.1
13.3
11.5
25.8

7.2
12.5

1.4
2.8
1.3
1.3
2.3
3.6
6.4
6.1
7.3

.1

.7

.9
5.3
.7
.2
.5
.2

152.1%
(939)

2

Respondents were allowed to record multiple responses. This column reflects percentage of the total
number of responses recorded.

This column reflects percentage of the total number of respondents citing each item listed. Since
respondents were allowed to record multiple responses, the column does not sum to 100 percent.
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5. Now that you have had an additional chance to think about what you would have to give up if the proposal
passes, would you like to change your vote? (CIRCLE ONE NUMBER)

94.6%
5.4

(1,072)

No------------->SKIP TO QUESTION 7
Yes

6. Now how would you vote on the proposal? (CIRCLE ONE NUMBER)

12.7%
27.3
20.0
29.1
10.9
(55)

Definitely No - I would definitely vote against the proposal.
Probably No - I would probably vote against the proposal.
Not Sure - I am not sure if I would vote for the proposal.
Probably Yes - I would probably vote for the proposal.
Definitely Yes· -I would definitely vote for the proposal.

7. Do you believe your utility bill will increase if this proposal passes? (CIRCLE ONE NUMBER)

16.8% No
83.2 Yes

(1,076)

8. Do you think public officials will consider the results of this study, along with other evidence, in deciding how
Glen Canyon Dam should be operated in the future? (CIRCLE ONE NUMBER)

41.9% No
58.1 Yes

(1,331)

9. Do you think pUblic officials should consider the results of this study, along with other evidence, in deciding
how Glen Canyon Dam should be operated in the future? (CIRCLE ONE NUMBER)

5.0% No
95.0 Yes

(1,337)

10. Have you ever been to Glen Canyon Dam in Arizona? (CIRCLE ONE NUMBER)

54.7% No
45.3 Yes

(1,351)

11. Before receiving this survey had you heard of Glen Canyon Dam? (CIRCLE ONE NUMBER)

28.1%
71.9

(1,351)

No
Yes------------>What had you heard about Glen Canyon Dam before receiving

this survey? (FILL IN THE BLANK)

Heard through media specifically about the study
Heard about environmental effects of the dam or dam
operations on downriver resources
Both of the above
Other
Don't know

0.0%
8.5

0.0
91.5

0.0
(838)

12. People often have different views about environmental issues. On a scale of 1 to 5, with 1 being strongly
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agree and 5 being strongly disagree, please indicate how you feel about each statement written below.
(CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

When humans interfere with nature, it often 37.8% 22.6% 26.3% 8.0% 5.3% (1,356)
produces disastrous consequences.

Humans will eventually learn enough about 7.0 12.9 24.1 27.1 28.8 (1,352)
how nature works to be able to control it.

The balance of nature is very delicate and 44.5 26.5 17.6 7.7 3.7 (1,352)
easily upset.

Humans have the right to modify the natural 7.8 14.5 25.7 22.9 29.1 (1,352)
environment to suit their needs.

If things continue on their present course, 25.8 20.3 25.3 15.6 13.0 (1,350)
we will soon experience a major ecological
catastrophe.

Humans were meant to rule the rest of nature. 9.9 9.9 17.3 18.6 44.2 (1,348)

Despite our special abilities, humans are still 62.9 25.4 7.5 2.0 2.2 (1,343)
subject to the laws of nature.

Plants and animals have as much right as 44.4 20.0 17.3 8.8 9.6 (1,348)
humans to exist.

Human ingenuity will ensure that we do not 12.0 19.3 32.0 21.3 15.5 (1,338)
make the earth unlivable.

Humans are severely abusing the environment. 39.7 23.7 20.8 9.4 6.4 (1,349)

The so-called ecological crisis facing humankind 13.2 17.3 26.5 22.0 21.2 (1,338)
has been greatly exaggerated.

We are approaching the limit of the number of 25.5 18.2 25.2 15.1 16.0 (1,350)
people the earth can support.

The earth is like a spaceship with very limited 27.3 22.5 23.0 13.8 13.5 (1,345)
room and resources.

The earth has plenty of natural resources, if 30.8 28.9 21.7 11.8 6.7 (1,352)
we just learn how to develop them.

The balance of nature is strong enough to cope 6.2 8.8 22.9 33.7 28.3 (1,348)
with the impacts of modern industrial nations.
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13. The following statements discuss economic and environmental issues. We would like to understand how you
feel about these issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree,
please tell us how you feel about each statement written below. (CIRCLE ONE NUMBER FOR EACH
STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

Economic security and well-being should be 7.9% 10.5% 29.9% 28.6% 23.1% (1,372)
considered first; then we can worry about
environmental problems.

It is possible to protect our environment and 45.1 40.0 11.2 2.0 1.6 (1,374)
natural resources and still maintain a healthy
economy.

If business is forced to spend a lot of money 9.5 16.7 28.3 25.4 20.1 (1,360)
on environmental protection, it won't be able
to invest in research and development to
keep us competitive in the international market.

Some pollution is inevitable if we are going to 15.0% 29.4% 27.4% 16.8% 11.4% (1,367)
continue to improve our standard of living.

I would be willing to pay somewhat higher 31.2 32.6 23.5 8.1 4.6 (1,364)
prices (5 to 10 percent higher) for products that
would cause less pollution or environmental
damage.

The decision to develop resources should be 5.6 8.4 27.4 30.4 28.2 (1,363)
based mostly on economic grounds rather than
environmental or archeological grounds.

Some land in the United States should be set 46.0 21.5 13.3 9.1 10.2 (1,369)
aside from human use so it can remain
completely untouched, regardless of its
economic value.
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14. The following statements discuss American Indian issues. We would like to understand how you feel about
these issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree, please tell
us how you feel about each statement written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

It is our responsibility to protect those areas of 40.8% 29.9% 17.8% 6.8% 4.6% (1,374)
historical or religious importance to American
Indians.

We have gone too far in granting American 13.9 14.3 21.8 21.2 28.2 (1,370)
Indians special rights to use public lands and
resources, such as fish and wildlife.

Our society can learn important lessons from 44.9 30.4 17.7 4.7 2.3 (1,373)
studying earlier cultures that inhabited our
country.

We can't afford to letconcern for preserving 6.9 11.0 23.0 26.7 32.4 (1,372)
artifacts of earlier American Indian cultures stand
in the way of operating hydroelectric dams.

American Indian concerns should be equally as 33.9 24.6 25.7 9.7 6.1 (1,372)
important as our society's economic needs when
deciding how to use land.
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15. The following statements discuss hydroelectricity. We would like to understand how you feel about these
issues. On a scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree, please tell us
how you feel about each statement written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

The benefits of hydroelectric dams on the 9.8% 14.6% 33.2% 23.9% 18.5% (1,333)
Colorado River outweigh the impacts to
the natural environment and historical places
along the river.

Hydroelectric dams should not be constructed 16.7 13.2 29.9 25.1 15.1 (1,336)
on rivers that flow through national parks.

Hydroelectric dams have fewer environmental 29.7 31.3 25.7 8.3 5.1 (1,324)
impacts than coal, oil, or gas-burning power
plants.

Hydroelectric dams can have serious impacts 30.7 34.2 23.0 7.2 4.8 (1,341)
on the plants and animals that live in or along
the river.

Hydroelectric dams produce relatively cheap 33.7 38.5 21.5 3.3 3.0 (1,328)
electricity compared to other sources.

Hydroelectric dams should be developed 12.6 17.3 29.1 22.4 18.6 (1,340)
wherever it is economically feasible, even
if it means that some rivers will be changed.

Rivers without dams are a unique and 19.9 16.1 34.3 20.6 9.1 (1,335)
irreplaceable resource that should be
protected from hydroelectric dams.

In this section, we would like to learn how you feel about national parks in the United States.

16. Have you ever visited any national parks in the United States? (CIRCLE ONE NUMBER)

4.4%
94.9

0.7
(1,349)

No
Yes
Don't know
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17. We are interested in learning how you feel about national parks in general. On a scale of 1 to 5, where 1
means strongly agree and 5 means strongly disagree, please tell us how you feel about each statement
written below. (CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

National parks are a "luxury" we cannot 4.3% 3.8% 9.0% 24.1% 58.8% (1,351)
afford in difficult economic times.

National parks help us to remember that our 57.0 27.8 9.9 3.2 2.1 (1,350)
future is tied to the preservation of nature and
natural resources.

It is importantthat national parks offer us a, 49.2 29.3- 14.9 4.0 2.7 (1,355)
chance to see America as the early settlers
saw ,it.

Americans need places like national parks to 48.6 28.3 15.8 3.2 4.1 (1,352)
"recharge their batteries."

An important function of the National Park 58.8 27.5 9.5 1.7 2.5 (1,351)
Service is to protect native birds, plants,
and animals.

National parks are only valuable to the 4.9 5.9 8.8 29.1 51.2 (1,345)
people who visit them.

Oil and natural gas finds on national park 8.4 10.6 26.6 23.4 31.0 (1,337)
lands should be developed since it is in the
national interest.

The National Park Service places too much 4.8 9.1 19.5 28.6 38.0 (1,341)
emphasis on preservation.

I am glad there are national parks, even if I 72.8 18.9 6.3 0.8 1.2 (1,332)
don't visit them.

People can think a place is valuable, even if 72.6 21.5 4.0 0.8 1.0 (1,345)
they do not actually go there themselves.

The American people should provide greater 38.8 22.7 24.0 8.1 6.3 (1,341)
financial support for the National Park Service
to avoid more commercial activities in the
national parks.

If the National Park Service needs more 10.3 11.6 28.4 24.4 25.3 (1,339)
financial support, they should develop more gift
shops and commercial activities to raise money.
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In this section, we are interested in learning about trips you may have taken to Grand Canyon National Park.

F-32

18. As best you can recall, have you ever flown over Grand Canyon National Park in an aircraft? (CIRCLE ONE
NUMBER)

57.1%
42.9

(1,341)

No------------->SKIP TO QUESTION 20
Yes

19. Did you fly over Grand Canyon National Park while you were on a commercial airliner, or did you fly over the
park as part of a sightseeing air tour that included the park? (CIRCLE ALL NUMBERS THA T APPLY)

91.5%
(564)

6.4%
(564)

flew over Grand Canyon National Park while on a commercial aircraft

flew over Grand Canyon National Park as part of a sightseeing air tour

flew over Grand Canyon National Park as part of a:
20.0% Military flight
63.1 Private plane

4.6 Charter flight
1.5 Medical evacuation
6.2 Helicopter
1.5 Fire fighter
1.5 Mail plane
1.5 Small craft

(65)

20. Have you ever visited Grand Canyon National Park? (CIRCLE ONE NUMBER)

33.9%
66.1

(1,354)

No------------->SKIP TO QUESTION 23
Yes

21. Did you see the Colorado River while you were in Grand Canyon National Park? (CIRCLE ONE NUMBER)

7.9%
92.1

(884)

No------------->SKIP TO QUESTION 23
Yes

22. Did you go down to the Colorado River while you were at the Grand Canyon National Park? (CIRCLE ONE
NUMBER)

77.8% No
22.2 Yes

(819)

23. How likely do you think it is that you will visit the Grand Canyon National Park in the future? (CIRCLE
ONE NUMBER)

8.7%
11.2
34.4
45.6

(1,353)

Not at all likely
Somewhat unlikely
Somewhat likely
Very likely
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In this last section, we would like to ask you some questions about your background that will help us compare
your answers with those of other people. We stress that all of your responses are strictly confidential.

24. Are you: (CIRCLE ONE NUMBER)

56.9%
43.1

(1,361)

Male
Female

25. How old are you? (FILL IN THE BLANK)

AVERAGE AGE
51.6 Years old
(1~353)

26. How many years of schooling have you completed? (CIRCLE ONE NUMBER)

2.8%
4.3

18.5
32.3
25.4
16.8

(1,353)

Eight years or less
Some high school
High school graduate
Some college or technical school
College or technical school graduate
Post graduate work

27. How many people live in your household? (FILL IN ALL BLANKS)

AVERAGE NUMBER
2.00 People 18 years old or older
(1,228)
0.90 People under the age of 18
(1,137)
2.80 Total number of people in the household
(1,258)

28. Do you, or another member of your household, own or rent this residence? (CIRCLE ONE NUMBER)

84.6%
13.9
1.5

(1,354)

Own
Rent
Other
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29. Are you, or another member of your household, responsible for paying the utility bill? (CIRCLE ONE
NUMBER)

2.4% No
97.6 Yes

(1,357)

30. Which of the following categories comes closest to your total 1993 household income? (CIRCLE ONE
NUMBER)

6.9% Less than $10,000 7.2 $45,000 to $49,999
8.0 $10,000 to $14,999 7.7 $50,000 to $59,999
9.8 $15,000 to $19,999 6.9 $60,000 to $69,999
9.4 $20,000 to $24,999 4.3 $70,000 to $79,999
9.0 $25,000 to $29,999 2.1 $80,000 to $89,999
8.6 $30,000 to $34,999 , . 1.5 .. $90,000 to-$99,999
7.1 $35,000 to $39,999 4.2 Over $100,000
7.4 $40,000 to $44,999 (1,292)

F-34
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Telephone Survey Frequencies -
National Sample

The frequencies presented in this section are based on 248 telephone interviews that were
completed with nonrespondents to the mail survey for the national sample. Percentages
shown for each question are based on the total number of cases with valid responses. The
number of valid responses is shown in parentheses for each question. Invalid responses (item
nonresponse) can be calculated by subtracting the number of valid responses from the total
number that should have responded to the question. For example, all respondents were asked
to answer Question 8. Of the total number of respondents who should have answered the
question, 246 actually answered it (valid responses), and 2 refused (invalid responses). When
calculating item nonresponse, keep in mind that not all survey respondents were required to
answer all questions: some respondents were asked to skip some questions, depending on
their answers to previous questions.

------------- Hagler Bailly Consulting -------------



Glen Canyon Non-Use Phone Survey Frequencies - National Sample

Survey Version

F-36

25.8%
21.4
27.8
25.0

(248)

National Sample: Moderate Fluctuating Flow
National Sample: Low Fluctuating Flow
National Sample: Seasonally Adjusted Steady Flow
National Sample: Seasonally Adjusted Steady Flow with Moderate Fluctuating Flow
Price Impacts

Hi, my name is . I'm with HBRS, a research firm that's working with the
Bureau of Reclamation on the Glen Canyon Studies. I'm trying to reach the (Name) household at (Phone
Number). Do I have the right number? (CIRCLE ONE NUMBER)

1 No-------------> (THANK AND TERMINA TE)
2 Yes
3 Hung up

Late last year we sent your household a questionnaire asking about issues related to the operation of the
Glen Canyon Dam. To help us understand the survey results we need to understand the reasons people
have for not participating in the study.

1. We asked that the adult in your household with the latest birthday in the calendar year read and complete the
survey. Are you the adult in your household who had the latest birthday in the calendar year? (CIRCLE ONE
NUMBER)

1 No------>May I please speak to (him/her)? (CIRCLE ONE NUMBER)

1 No/not available-------->When would be a good time for me to
reach (him/her)? Who should we ask for when we
call back? (FILL IN BLANK AND GET FIRST
NAME)

2 Yes------>Hello, my name is . I'm
with HBRS, a research firm that's working with the Bureau of
Reclamation on the Glen Canyon Studies. Late last year we sent
your household a questionnaire asking about issues related to the
operation of the Glen Canyon Dam.

2 Yes
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To help us understand the survey results we need to understand the reasons people have for not participating
in the study.

2. Do you remember receiving the questionnaire in the mail? (CIRCLE ONE NUMBER)

31.3% No---------->(PROBE: It was a (color) booklet that came in a package with
several other sheets of paper. There was also an envelope for you to return the
questionnaire in. Do you remember that (color) booklet, it had a picture of the
Colorado River on the cover? (CIRCLE ONE NUMBER)

87.0% No------>I'd like to verify your name and mailing
address. (FILL IN BLANKS; VERIFY SPELLING)

First name: _
Last name: _
Street address: _
City: _
State: _
ZIP Code: ~ _

(SKIP TO QUESTION 8)

13.0 Yes
(17)

68.7 Yes
(246)

3. Did you look through the package of materials and the questionnaire? (CIRCLE ONE NUMBER)

30.2% NO----->Why not? (FILL IN BLANK)

52.2%
13.0
2.2
6.5
4.3
2.2
4.3
2.2
4.3
2.2
2.2
4.3

(46)

No timel too busy
Not interestedl not important
Lost booklet
Threw awaylgave away
Vision impairedlcouldn't read
Didn't understand/too hard
In process of moving
Confusion about proper respondent
Thought it was junk
Out of town, country
Don't do surveys
Don't know

69.8 Yes
(179)
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4. Did you read the background information that described the study and the situation with the Glen Canyon
Dam? (C/RCLE ONE NUMBER)

F-38

32.0% No------------>Why not? (F/LL /N BLANK)

42.1%
7.9
2.6
2.6
7.9
2.6

10.5
2.6
5.3
2.6
2.6
5.3
5.3

(38)

No time/too busy
Not interested/not important
Lost booklet
Not enough information to answer
Vision impaired/couldn't read
Just didn't/no reason
Didn't understand/too hard
Just looked at it
Too long, wordy, detailed
Put it off/forgot about it
Confusion about proper respondent
Thought it was junk
Don't know

68.0 Yes
(125)

5. Did you start to fill out the questionnaire booklet? (C/RCLE ONE NUMBER)

75.8% No------------->Why not? (F/LL /N BLANK)

43.7%
10.9
0.8
3.4
4.2
0.8
1.7
9.2
0.8
0.8
1.7
4.2
1.7
1.7
5.9
4.2
0.8
0.8
2.5

(119)

No time/too busy
Not interested/not important
Threw away/gave away
Not enough information to answer
Vision impaired/couldn't read
How information will be used
Just didn't/no reason
Didn't understand/too hard
Never been there (Glen Canyon Dam/Colorado River)
Just looked at it
My opinion not important
Too long, wordy, detailed
Put it off/forgot about it
In process of moving
Confusion about prop
Thought it was junk
Didn't think it was
Don't do surveys
Don't know

24.2 Yes
(178)
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6. Did you finish filling out the questionnaire booklet? (CIRCLE ONE NUMBER)

F-39

74.4% No------------->Why not? (FILL IN BLANK)

55.6%
3.7

14.8
3.7
3.7
3.7
3.7
3.7
3.7
3.7

(27)

No time/too busy
Lost booklet
Not enough information to answer
Had questions
Too faraway
Just didn't/no reason
Put it off/forgot about it
Did not mail it yet
Out of town, country
Don't know what it is

25.6 Yes·
(43)

7. Do you still have the questionnaire booklet? (CIRCLE ONE NUMBER)

57.9% No/Don't know-------->Why not? (FILL IN BLANK)

1.1%
4.5

13.6
50.0

1.1
5.7
1.1
1.1
1.1
1.1
2.3

17.0
(88)

No time/too bUsy
Not interested/not important
Lost booklet
Threw away/gave away
Vision impairedlcouldn't read
Mailed it back
Just didn't/no reason
In process of moving
Confusion about prop
Did not mail it yet
Thought it was junk
Don't know

42.1 Yes
(178)
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Another reason I'm calling you is that we need to find out a little bit about the people who didn't return the
questionnaire booklet, so we can learn whether the results might have been different if we had heard from
everyone.

8. Have you ever been to Glen Canyon Dam in Arizona? (CIRCLE ONE NUMBER)
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91.9%
6.9
1.2

(246)

No
Yes
Don't recall

9. Before receiving this survey had you heard of Glen Canyon Dam?
(CIRCLE ONE NUMBER)

74.8%
25.2

(246)

No
Yes------------>What had you heard about Glen Canyon Dam before

receiving this survey? (FILL IN THE BLANK)

0.0% Heard through media specifically about the study
5.3 Heard about the environmental effects of the dam or dam

operations on downriver resources
0.0 Both of the above

82.5 Other comments
12.3 Don't know
(57)

10. Have you ever visited Grand Canyon National Park? (CIRCLE ONE NUMBER)

81.7% NolDon't recall------>Have you ever visited any national parks in the United
States? (CIRCLE ONE NUMBER)

52.2%
45.3

2.5
(201)

No
Yes
Don't know

(SKIP TO QUESTION 13)

18.3 Yes
(246)

11. Did you see the Colorado River while you were in Grand Canyon National Park? (CIRCLE ONE NUMBER)

20.0%
80.0
(45)

NolDon't recall------------->(SKIP TO QUESTION 13)
Yes
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12. Did you go down to the Colorado River while you were at the Grand Canyon National Park? (CIRCLE ONE
NUMBER)

86.1%
13.9
0.0

(36)

No
Yes
Don't recall

13. How likely do you think it is that you will visit the Grand Canyon National Park in the future?
Are you not at all likely, somewhat unlikely, somewhat likely, or very likely to visit the Grand
Canyon in the future? (CIRCLE ONE NUMBER)

33.6%
13.4
35.6
16.2

1.2
(247)

Not at all likely
Somewhat unlikely
Somewhat likely
Very likely
Don't know
Refusal
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Next, I'm going to read you some statements and ask you whether you agree or disagree with each
statement. There are no right or wrong answers, we just want to know your opinion

14. People often have different views about environmental issues. On a scale of 1 to 5, with 1 being strongly
agree and 5 being strongly disagree, please tell me how you feel about each statement I read. (READ
STATEMENT; CIRCLE ONE NUMBER FOR EACH STATEMENT)

F-42

STRONGLY
AGREE

1 2 3

STRONGLY
DISAGREE

4 5

a. When humans interfere with nature, it often
produces disastrous consequences.

44.4% 18.8% 23.0% 6.7% 7.1% (239)

On a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me how you feel
about the following statement:

b. Humans will eventually learn enough about 17.2 13.1 20.9 18.9 29.9 (244)
how nature works to be able to control it.

c. The balance of nature is very delicate and 55.7 19.4 13.1 5.9 5.9 (237)
easily upset.

d. Humans have the right to modify the natural 13.5 11.0 26.6 16.9 32.1 (237)
environment to suit their needs.

e. If things continue on their present course, 43.0 14.5 20.0 9.8 12.8 (235)
we will soon experience a major ecological
catastrophe.

Again, on a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me how you
feel about the following statement:

f. Humans were meant to rule the rest of nature. 13.6 7.4 13.2 18.6 47.1 (242)

g. Despite our special abilities, humans are still 61.1 22.1 11.5 2.5 2.9 (244)
subject to the laws of nature.

h. Plants and animals have as much right as 63.8 14.4 9.9 4.1 7.8 (243)
humans to exist.

i. Human ingenuity will ensure that we do not 18.7 17.9 31.5 17.0 14.9 (235)
make the earth unlivable.

j. Humans are severely abusing the environment. 50.0 18.2 16.5 9.9 5.4 (242)

(Continued)
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STRONGLY
AGREE

1 2 3

STRONGLY
DISAGREE

4 5

F-43

Again, on a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me how you
feel about the following statement:

k. The so-called ecological crisis facing 11.3% 11.8% 28.2% 24.4% 24.4% (238)
humankind has been greatly exaggerated.

I. We are approaching the limit of the number of 26.7 19.8 27.2 13.8 12.5 (232)
people the earth can support.

m. The earth is like a spaceship with very limited 29.5 21.1 22.8 12.2 14.3 (237)
room and resources.

n. The earth has plenty of natural resources, if 49.0 21.8 16.3 7.9 5.0 (239)
we just learn how to develop them.

o. The balance of nature is strong enough to cope 14.2 12.1 25.4 19.0 29.3 (232)
with the impacts of modern industrial nations.

15. OK, the last few statements I am going to read to you discuss economic and environmental issues. On a
scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree, please tell me how you feel
about each statement I read. (READ STATEMENT; CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

a. Economic security and well-being should be 12.1% 11.6% 24.5% 22.8% 28.6% (241)
considered first; then we can worry about
environmental problems.

b. If business if forced to spend a lot of money 11.3 20.0 31.3 21.3 16.1 (230)
on environmental protection, it won't be able
to invest in research and development to
keep us competitive in the international market

c. Some pollution is inevitable if we are going to 20.3 36.7 19.8 12.7 10.5 (237)
continue to improve our standard of living.

d. The decision to develop resources should be 9.1 9.5 26.7 26.7 28.0 (232)
based mostly on economic grounds rather than
environmental or archeological grounds.
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The last few questions I have are about your background. These questions will help us compare your
answers with those of other people. All of your responses are strictly confidential.

16. How old are you? (FILL IN THE BLANK)

AVERAGE AGE
46.2 Years old

(243)

17. How many years of schooling have you completed? (READ LIST; CIRCLE ONE NUMBER)
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6.2%
9.1

26.7
25.9
19.8
12.3

(243)

Eight years or less
Some highschool·
High school graduate
Some college or technical school
College or technical school graduate
Post graduate work

18. Including yourself, how many people live in your household? How many of these people are less than 18
years old? (FILL IN ALL BLANKS)

AVERAGE NUMBER
0.85 People under the age of 18

(245)
1.89 People 18 years old or older

(245)
2.74 Total number of people in the household

(245)

19. Which of the following categories comes closest to your total 1993 household income? (READ LIST;
CIRCLE ONE NUMBER)

8.3%
7.4
6.9

13.8
12.9
10.6
4.1
6.0

Less than $10,000
$10,000 to less than $15,000
$15,000 to less than $20,000
$20,000 to less than $25,000
$25,000 to less than $30,000
$30,000 to less than $35,000
$35,000 to less than $40,000
$40,000 to less than $45,000

5.5%
6.0
4.6
3.7
2.3
1.4
6.5

(217)

$45,000 to less than $50,000
$50,000 to less than $60,000
$60,000 to less than $70,000
$70,000 to less than $80,000
$80,000 to less than $90,000
$90,000 to less than $100,000
Over $100,000
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[CHECK RESPONSE TO QUESTION 7. IF NO LONGER HAS SURVEY, SKIP TO QUESTION 19b.]
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19a. Earlier, you said that you still have a copy of the questionnaire booklet. It would really help me out if you
could spend a few minutes reading the background information materials and completing at least the first 9
questions in the survey booklet and mail it back to us in the envelope. Do you think you would be able to do
that in the next few days? (CIRCLE ONE NUMBER)

6.7%

93.3

(75)

No-------> OK, Thanks for your help.

Yes----> I would really appreciate it if you could fill out at least the first
9 questions ofthe survey and put it in the mail in the next few days.

19b. Earlier, you said you may not have a copy ofthe survey booklet. If we mailed you another copy, could you
spend a few minutes reading the-backgr6und information and completing at least the first 9 questions of the
survey booklet? If would really help me out. (CIRCLE ONE NUMBER)

24.0%
76.0

(167)

No >OK, thanks for your help.
Yes--->OK, I will mail you another copy ofthe survey. (VERIFY ADDRESS IF

NOTALREADY DONE)

I'd like to verify your name and mailing address. (FILL IN BLANKS; VERIFY
SPELLING)

First name: _
Last name: _

Street address:
City: _
State: _
ZIP Code: _

Thank you for your time. I'd really like to encourage you to return your survey. Do you have any questions or
comments? (FILL IN BLANK)

(INTERVIEWER -- IS RESPONDENT . .. ?) (CIRCLE ONE NUMBER)

44.1%
55.9

(247)

Male
Female
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Telephone Survey Frequencies -
Marketing Area Sample

The frequencies presented in this section are based on 193 telephone interviews that were
completed with nonrespondents to the mail survey for the marketing area sample.
Percentages shown for each question are based on the total number of cases with valid
responses. The number of valid responses is shown in parentheses for each question. Invalid
responses (item nonresponse) can be calculated by subtracting the number of valid responses
from the total number that should have responded to the question. For example, all
respondents were asked to answer Question 8. Of the total number of respondents who
should have answered the question, 192 actually answered it (valid responses), and one
refused (invalid response). When calculating item nonresponse, keep in mind that not all
survey respondents were required to answer all questions: some respondents were asked to
skip some questions, depending on their answers to previous questions.

------------- Hagler Bailly Consulting -------------
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Survey Version

F-47

32.1%
30.1
37.8

(193)

Marketing Area Sample: Moderate Fluctuating Flow 
Marketing Area Sample: Low Fluctuating Flow
Marketing Area Sample: Seasonally Adjusted Steady Flow

Hi, my name is . I'm with HBRS, a research firm that's working with the
Bureau of Reclamation on the Glen Canyon Studies. I'm trying to reach the (Name) household at (Phone
Number). Do I have the right number? (CIRCLE ONE NUMBER)

1 No------------>(THANK AND TERMINA TE)
2 Yes
3 Hung up

Late last year we sent your household a questionnaire asking about issues related to the operation of the
Glen Canyon Dam. To help us understand the survey results we need to understand the reasons people
have for not participating in the study.

1. We asked that the adult in your household with the latest birthday in the calendar year read and complete the
survey. Are you the adult in your household who had the latest birthday in the calendar year? (CIRCLE ONE
NUMBER)

1 No------>May I please speak to (him/her)? (CIRCLE ONE NUMBER)

1 No/not available-------->When would be a good time for me to
reach (him/her)? Who should we ask for when we call back?
(FILL IN BLANK AND GET FIRST NAME)

2 Yes------>Hello, my name is . I'm
with HBRS, a research firm that's working with the Bureau of
Reclamation on the Glen Canyon Studies. Late last year we sent
your household a questionnaire asking about issues related to
the operation of the Glen Canyon Dam.

2 Yes
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To help us understand the survey results we need to understand the reasons people have for not participating
in the study.

2. Do you remember receiving the questionnaire in the mail? (CIRCLE ONE NUMBER)

25.9% No------------->(PROBE: It was a (color) booklet that came in a package with
several other sheets of paper. There was also an envelope for you to return the
questionnaire in. Do you remember that (color) booklet, it had a picture of the Colorado
River on the cover? (CIRCLE ONE NUMBER)

100.0% No--------->I'd like to verify your name and mailing
address. (FILL IN BLANKS; VERIFY SPELLING)

First name: _
Last name: _
Street address: _
City: _
State: _
ZIP Code: _

(SKIP TO QUESTION 8)

0.0 Yes
(50)

74.1 Yes
(193)

3. Did you look through the package of materials and the questionnaire? (CIRCLE ONE NUMBER)

25.2% No------------->Why not? (FILL IN BLANK)

47.1%
11.8
2.9
2.9
5.9
2.9
5.9
2.9
2.9
2.9
2.9
2.9
2.9
2.9

(34)

No time/ too busy
Not interestedl not important
Threw away/ gave away
Vision impaired/couldn't read
Put it off/forgot about it
In process of moving
Confusion about proper respondent
Thought it was junk
My opinion won't count
Never opened it
Didn't receive background
Don't know what it is
Questions phrased poorly
Don't know

74.8 Yes
(143)
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4. Did you read the background information that described the study and the situation with the Glen Canyon
Dam? (CIRCLE ONE NUMBER)

F-49

38.3% NO--------->Why not? (FILL IN BLANK)

60.0%
7.5
2.5
7.5
2.5
7.5
2.5
5.0
2.5
2.5

. (40) .

No timeltoo busy
Not interested/not important
Threw away/gave away
Not enough information to answer
Vision impaired/couldn't read
Didn't understand/too hard
Too long, wordy, detailed
Put it off/forgot about it
Never received survey
Don't know

61.7 Yes
(107)

5. Did you start to fill out the questionnaire booklet? (CIRCLE ONE NUMBER)

77.6% No--->Why not? (FILL IN BLANK)

45.4%
12.4

1.0
2.1
6.2
1.0
1.0
2.1
9.3
1.0
1.0
1.0
4.1
1.0
2.1
3.1
1.0
1.0
1.0
1.0
1.0
1.0

(97)

No timeltoo busy
Not interested/not important
Lost booklet
Threw away/gave away
Not enough information to answer
Vision impaired/couldn't read
Too faraway
Just didn't/no reason
Didn't understand/too hard
Never been there (Glen Canyon Dam/Colorado River)
My opinion not important
Too long, wordy, detailed
Put it off/forgot it
In process of moving
Confusion about proper respondent
Out of town, country
Never opened it
Had trouble with last one
Don't know what it is
Never received survey
Questions phrased poorly
Don't know

22.4 Yes
(143)
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6. Did you finish filling out the questionnaire booklet? (CIRCLE ONE NUMBER)
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78.1% No------------>Why not? (F/LL IN BLANK)

45.5%
9.1
9.1

13.6
4.5
4.5
4.5
4.5
4.5

(22)

No time/too busy
Not interested/not important
Lost booklet
Not enough information to answer
Vision impaired/couldn't read
Didn't understand/too hard
Too long, wordy, detailed
Questions phrased poorly
Don't know

21.9 Yes
(32)

7. Do you still have the questionnaire booklet? (CIRCLE ONE NUMBER)

58.5% No/Don't know------->Why not? (F/LL /N BLANK)

5.6%
2.8

13.9
48.6
2.8
1.4
4.2
1.4
1.4
1.4
2.8
1.4

12.5
(72)

No time/too busy
Not interested/not important
Lost booklet
Threw away/gave away
Not enough information to answer
Vision impaired/couldn't read
Mailed it back
Didn't understand/too hard

. In process of moving
Never opened it
Don't know what it is
Never received survey
Don't know

41.5 Yes
(142)

Another reason I'm calling you is that we need to find out a little bit about the people who didn't return the
questionnaire booklet, so we can learn whether the results might have been different if we had heard from
everyone.

8. Have you ever been to Glen Canyon Dam in Arizona? (CIRCLE ONE NUMBER)

76.6%
22.9
0.5

(192)

No
Yes
Don't recall
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9. Before receiving this survey had you heard of Glen Canyon Dam?
(CIRCLE ONE NUMBER)
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45.8%
54.2

(192)

No
Yes------------>What had you heard about Glen Canyon Dam before receiving

this survey? (FILL IN THE BLANK)

0.0%
2.0

0.0
89.8

8.2
(98)

Heard through media specifically about the study
Heard about the environmental effects of the dam or dam
operations on downriver resources
Both of the above
Other comments
Don't know

10. Have you ever visited Grand Canyon National Park? (CIRCLE ONE NUMBER)

59.4% No/Don't recall------>Have you ever visited any national parks in the United
States? (CIRCLE ONE NUMBER)

17.5%
79.8

2.6
(114)

No
Yes
Don't know

(SKIP TO QUESTION 13)
40.6 Yes

(192)

11. Did you see the Colorado River while you were in Grand Canyon National Park? (CIRCLE ONE NUMBER)

7.7% No/Don't recall---------->(SKIP TO QUESTION 13)
92.3 Yes
(78)

12. Did you go down to the Colorado River while you were at the Grand Canyon National Park? (CIRCLE ONE
NUMBER)

86.1%
12.0
1.4

(72)

No
Yes
Don't recall

13. How likely do you think it is that you will visit the Grand Canyon National Park in the future?
Are you not at all likely, somewhat unlikely, somewhat likely, or very likely to visit the Grand
Canyon in the future? (CIRCLE ONE NUMBER)

28.6%
9.4

32.8
27.6

1.6
(192)

Not at all likely
Somewhat unlikely
Somewhat likely
Very likely
Don't know
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Next, I'm going to read you some statements and ask you whether you agree or disagree with each
statement. There are no right or wrong answers, we just want to know your opinion

14. People often have different views about environmental issues. On a scale of 1 to 5, with 1 being strongly
agree and 5 being strongly disagree, please tell me how you feel about each statement I read. (READ
STATEMENT; CIRCLE ONE NUMBER FOR EACH STATEMENT)

F-52

STRONGLY
AGREE

1 2 3

STRONGLY
DISAGREE

4 5

a. When humans interfere with nature, it often 39.6% 18.2% 28.9% 5.9% 7.5% (187)
produces· disastrous consequences...·

On a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me how you feel
about the following statement:

b. Humans will eventually learn enough about 18.6 12.8 22.9 20.7 25.0 (188)
how nature works to be able to control it.

c. The balance of nature is very delicate and 55.6 17.5 15.9 7.4 3.7 (189)
easily upset.

d. Humans have the right to modify the natural 15.4 13.3 24.5 15.4 31.4 (188)
environment to suit their needs.

e. If things continue on their present course, 37.6 20.4 16.1 14.0 11.8 (186)
we will soon experience a major ecological
catastrophe.

Again, on a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me how you
feel about the following statement:

f. Humans were meant to rule the rest of nature. 12.9 9.7 11.8 19.4 46.2 (186)

g. Despite our special abilities, humans are still 62.1 23.2 9.5 2.1 3.2 (190)
subject to the Jaws of nature.

h. Plants and animals have as much right as 53.4 16.9 13.8 8.5 7.4 (189)
humans to exist.

i. Human ingenuity will ensure that we do not 24.7 23.1 27.4 14.0 10.8 (186)
make the earth unlivable.

j. Humans are severely abusing the environment.42.6 18.6 25.0 9.6 4.3 (188)

(Continued)
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STRONGLY
AGREE

1 2 3

STRONGLY
DISAGREE

4 5

F-53

Again, on a scale of 1 to 5, with 1 being strongly agree and 5 being strongly disagree, please tell me how you
feel about the following statement:

k. The so-called ecological crisis facing 12.0% 23.5% 27.9% 20.2% 16.4% (183)
humankind has been greatly exaggerated.

I. We are approaching the limit of the number of 30.8 23.8 14.6 15.1 15.7 (185)
people the earth can support.

m. The earth is like a spaceship with very limited 32.4 24.3 26.5 7.0 9.7 (185)..
room andresources.

n. The earth has plenty of natural resources, if 45.7 27.1 17.0 6.4 3.7 (188)
we just learn how to develop them.

o. The balance of nature is strong enough to cope 9.1 15.5 27.3 20.9 27.3 (187)
with the impacts of modern industrial nations.

15. OK, the last few statements I am going to read to you discuss economic and environmental issues. On a
scale of 1 to 5, where 1 means strongly agree and 5 means strongly disagree, please tell me how you feel
about each statement I read. (READ STATEMENT; CIRCLE ONE NUMBER FOR EACH STATEMENT)

STRONGLY STRONGLY
AGREE DISAGREE

1 2 3 4 5

a. Economic security and well-being should be 12.8% 13.4% 23.0% 21.4% 29.4% (187)
considered first; then we can worry about
environmental problems.

b. If business if forced to spend a lot of money 12.2 18.1 26.6 26.1 17.0 (188)
on environmental protection, it won't be able
to invest in research and development to
keep us competitive in the international market

c. Some pollution is inevitable if we are going to 20.4 30.6 23.1 13.4 12.4 (186)
continue to improve our standard of living.

d. The decision to develop resources should be 10.8 7.5 34.4 21.5 25.8 (186)
based mostly on economic grounds rather than
environmental or archeological grounds.
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The last few questions I have are about your background. These questions will help us compare your
answers with those of other people. All of your responses are strictly confidential.

16. How old are you? (FILL IN THE BLANK)

AVERAGE AGE
48.8 Years old
(189)

17. How many years of schooling have you completed? (READ LIST; CIRCLE ONE NUMBER)
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4.2%
5.2

28.3
30.9
18.3
13.1

(191)

Eight years or less
Some highschool<- .
High school graduate
Some college or technical school
College or technical school graduate
Post graduate work

18. Including yourself, how many people live in your household? How many of these people are less than 18
years old? (FILL IN ALL BLANKS)

AVERAGE NUMBER
0.98 People under the age of 18

(192)
1.93 People 18 years or older

(192)
2.94 Total number of people in the household

(193)

19. Which of the following categories comes closest to your total 1993 household income? (READ LIST;
CIRCLE ONE NUMBER)

10.2%
10.2
8.5

10.8
10.8

8.5
7.4
6.3

Less than $10,000
$10,000 to less than $15,000
$15,000 to less than $20,000
$20,000 to less than $25,000
$25,000 to less than $30,000
$30,000 to less than $35,000
$35,000 to less than $40,000
$40,000 to less than $45,000

2.8%
9.7
6.8
2.3
2.3
0.6
2.8

(176)

$45,000 to less than $50,000
$50,000 to less than $60,000
$60,000 to less than $70,000
$70,000 to less than $80,000
$80,000 to less than $90,000
$90,000 to less than $100,000
Over $100,000
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[CHECK RESPONSE TO QUESTION 7. IF NO LONGER HAS SURVEY, SKIP TO QUESTION 19b.]

F-55

19a. Earlier, you said that you still have a copy of the questionnaire booklet. It would really help me out if you
could spend a few minutes reading the background information materials and completing at least the first 9
questions in the survey booklet and mail it back to us in the envelope. Do you think you would be able to do
that in the next few days? (CIRCLE ONE NUMBER)

1.8% No ._--> OK, Thanks for your help.

98.2 Yes---> I would really appreciate it if you could fill out at least the first
9 questions of the survey and put it in the mail in the next few days.

(57)

19b. Earlier,You said you-may not have'a copy of-the surveY'booklet:~ ffwe'mailed'you another copy, could you
spend a few minutes reading the background information and completing at least the first 9 questions of the
survey booklet? If would really help me out. (CIRCLE ONE NUMBER)

21.8%
78.2

(133)

No--->OK, thanks for your help.
Yes-->OK, I will mail you another copy ofthe survey. (VERIFY ADDRESS IF

NOTALREADY DONE)

I'd like to verify your name and mailing address. (FILL IN BLANKS; VERIFY
SPELLING)

First name: _
Last name: ---' _
Street address: _
City: _
State: _
ZIP Code: _

Thank you for your time. I'd really like to encourage you to return your survey. Do you have any questions or
comments? (FILL IN BLANK)

(INTERVIEWER -- IS RESPONDENT . .. ?) (CIRCLE ONE NUMBER)

53.4%
46.6

(193)

Male
Female
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APPENDIX G ~ G-2

The calculation of population average wiIIingness-to-pay required an estimate of the
percentage of nonrespondents who would support a change in dam operations at zero cost
($0). This was accomplished by estimating separate logistic regression models for national
and marketing area samples. Data from mail survey respondents was used to develop the
models, where support was the dependent variable. Potential independent variables included
the environmental attitude factor scores used in the logit models used to predict willingness
to-pay, income, and education (Reported and defined in Table 5-21). Tables G-l and G-2
show the estimated parameters of the logit models for the national and marketing area
samples, respectively. Variable definitions are.shownin.Table G-3: .

These models predicted the percent of survey respondents who would support a change in
dam operations. To predict the percent of nonrespondents who would support a change, the
models were evaluated using the a using the average values for independent variables from
the telephone survey of nonrespondents. Average values used for national and marketing
area models are reported in Table G-4, and the percent of nonrespondents predicted to
support a change in dam operations is reported in Table G-5 for each survey version.
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Table G-l
Estimated Logistic Regression Model Parameters for the National Sample to Predict

Support for a Change in Dam Operations at Zero cose

Variable

constant

factorl

factor2

factor4

school

mcome

D2

D3

D4

-2* Log Likelihood

Chi-squared

Number of observations

Parameters

-0.6774
(0.2774)
P=0.015

-0.2877
(0.0732)
P=O.OOO

0.5175
(0.0747)
P=O.OOO

0.1470
(0.0716)
P=0.040

0.3359
(0.0668)
P=O.OOO

0.000006
(0.000003)
P=0.080

0.7372
(0.2020)
P=O.OOO

0.4862
(0.1933)
P=0.012

0.7876
(0.2002)
P=O.OOO

1,231.1486

150.29
P=O.OOO

1,387

Standard errors are reported in parenthesis. Reported probabilities are associated with a 2-tailed test.
Appropriate probabilities for a I-tailed test are calculated by dividing reported probabilities by 2.

------------- Hagler Bailly Consulting -------------



APPENDIX G ~ G-4

Table G-2
Estimated Logistic Regression Model Parameters for the Marketing Area Sample to

Predict Support for a Change in Dam Operations at Zero cose

Variable

constant

factor1

factor2

school

mcome

D6

D7

-2* Log Likelihood

Chi-squared

Number of observations

Parameters

-0.1424
(0.3289)
P=0.665

-0.3630
(0.0793)
P=O.OOO

0.4604
(0.0860)
P=O.OOO

0.2460
(0.0779)
P=0.002

0.00001
(0.000004)

P=0.003

0.5774
(0.2040)
P=0.005

0.6114
(0.1995)
P=0.002

936.8278

97.97
P=O.OOO

1,143

Standard errors are reported in parenthesis. Reported probabilities are associated with a 2-tailed test.
Appropriate probabilities for a I-tailed test are calculated by dividing reported probabilities by 2.
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Table G-3
Definition of Variables Used in Models to Predict Support

of a Change in Dam Operations

Variable Definition

constant constant = 1

factor! Factor score created from combined mail and telephone survey data. Heavy
loading items include: question 12 (nep scale), items 1,3,5,8, and 10. Labeled
"Impacts of human intervention on nature." Expected sign: -

factor2 Factor score created from combined mail and telephone survey data. Heavy
loading items include: question 13 (economic/environmental issues), items 1,3,4,
and 6. Labeled "Economic security." Expected sign: +

factor4 Factor score created from combined mail and telephone survey data. Heavy
loading items include: question 12 (nep scale), items 2 and 9. Labeled "Human
ingenuity will ensure balance."
Expected sign: +

school Question 26 in the mail survey and question 17 in the telephone survey.
Respondent education, coded in categories where 1 = eight years or less and 6 =
post graduate work.

mcome Question 30 in the mail survey and question 19 in the telephone survey. House
hold income. Recoded from categories to midpoint values.

D2 Dummy variable for national survey version. 1 = low fluctuating flow (Version
2),0 = other

D3 Dummy variable for national survey version 1 = seasonally adjusted steady flow
(Version 3), 0 = other

D4 Dummy variable for national survey version. 1 = seasonally adjusted steady flow
with moderate flow price impacts (Version 4), 0 = other

D6 Dummy variable for marketing survey version. 1 = low fluctuating flow (Version
6),0 = other

D7 Dummy variable for marketing survey version. 1 = seasonally adjusted steady
flow (Version 7), 0 = other
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Table G-4
Average Values of Independent Variables Used to Estimate Nonrespondent Support for

a Change in Dam Operations at Zero Costa

factor1

factor2

factor4

school

Income

Variable National Sample

-0.311
(208)

-0.587
(208)

-0.171
(208)

3.811
(243)

$41,797
(217)

Marketing Area Sample

-0.162
(173)

-0.531
(173)

3.932
(191)

$36,918
(176)

b

o
Average values arc reponed for the: data collected from the telephone survey of non-respondents.
Factor 4 was not included in this model.
Numbers in parenthesis indi>:ate: the: number ofvalid cases.
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Table G-5
Predicted Support for a Change in Dam Operations at Zero Cost

for Mail Survey Nonrespondents

Water Release Alternative

National Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Seasonally Adjusted Steady Flow with
Moderate Flow Price Impacts

Marketing Area Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Percent Who Would Favor a Change

65%

79%

75%

80%

75%

84%

85%
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The information presented in Chapter 5 represents what were considered to be the most
important findings from the analysis performed. Additional analyses were performed to
address issues raised by GCES Non-Use Value Committee members and by the peer
reviewers. These issues include estimating econometric models using interaction terms,
using the Turnbull estimation technique to calculate willingness-to-pay, and examining the
data for outliers and influential data points. Each of these issues is addressed in this
appendix.

H.I MODELS WITH INTERACTION TERMS

Two sets of models were estimated to address concerns regarding possible interactions
between key variables used in the logistic regression models reported in Chapter 5 (Tables 5
19 and 5-20). The two variables ofconcern are the "belief' variable (belief that taxes,
taxincrease, or utility bills, utilityincrease, would increase with passage of the proposal) and
the dollar amount used in the contingent valuation (CV) question. These additional models
are discussed in order below.

H.l.I Belief that Respondents Would Pay if the Proposal Passed

After completing the valuation question, survey respondents were asked if they believed they
would experience higher taxes (in the national sample) or higher utility bills (in the
marketing area sample) if the proposal they voted on actually passed. In the national sample,
logistic regression models indicated that, all else equal, respondents who did not believe their
taxes would increase were more likely to vote in favor of the proposal. A similar effect was
observed in one of the market area logistic regressions. The analysis reported in Chapter 5
adjusted for this effect by evaluating models with this variable set at a level that indicated
respondents believed they would have to pay if the proposal passed.

Concern was expressed during the review process about this adjustment. If significant
interactions existed between respondents' belief they would have to pay and other factors in
the logistic regression, the adjustment discussed above would not be appropriate. To assess
this issue, logistic regression models were estimated in which the set ofexplanatory variables
included variables to reflect interactions between each of the variables reported in Tables 5
19 and 5-20 and the belief that either taxes or utility bills would actually increase if the
proposal passed. Interactive variables used in the national sample models were calculated by
multiplying the variable "taxincrease" by each of the independent variables in the base model
reported in Table 5-19. Interactive variables used in the market area sample models were
calculated by multiplying the variable "utilityincrease" by each of the independent variables
in the base model reported in Table 5-20. An interactive model was not estimated for the
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"Definitely Yes" model in the marketing area, because "utilityincrease" was not a significant
predictor in that model. Results are reported in Tables H-l and H-2.

Table H-l
Estimated Logistic Regression Model Parameters for the

National Sample with Interactive Variablesa

Variable

constant

score

taxincrease

useresults

futuregc

factor1

factor2

factor3

factor4

Definitely Yes Model'

-4.6226
(1.9339)
P=0.017

3.0848
(1.9631)
P=0.116

0.62167
(2.2330)
P=0.781

0.0579
(0.1540)
P=0.707

-0.2653
(0.2047)
P=0.195

0.7097
(0.1912)
P=O.OOO

-0.2336
(0.1573)
P=0.137

0.1 752
(0.1710)
P=0.305

Definitely / Probably Yes Model

-1.4923
(1.2476)
P=0.232

2.2465
(1.1581)
P=0.052

-1.8647
(1.5209)
P=0.220

0.0061
(0.2791)
P=0.983

0.1127
(0.1381)
P=0.414

-0.4143
(0.1673)
P=O.013

0.4405
(0.1622)
P=0.007

-0.0619
(0.1384)
P=0.655

(continued)
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Table H-l
Estimated Logistic Regression Model Parameters for the
National Sample with Interactive Variables (Continuetl)

Variable Defmitely Yes Model Definitely I Probably Yes Model

school 0.1277
(0.1381)
P=0.355

income 0.00001
(0.000005)

P=0.031

D2 0.3047 -0.3686
004235 (0.3968)

P=OA72 P=0.353

D3 -0.3210 -0.2828
(004450) (0.3910)
P=OA71 P=OA80

D4 0.2635 0.0429
(004271) (004081)
P=O.537 P=O.916

annbidl -0.0086 -0.0107
(0.0025) (0.0021)
P=O.OOI P=O.OOO

scoreint -2.2844 004944
(2.2502) (1.4327)
P=O.31O P=O.730

useresultsint 0.3215
(0.3286)
P=O.328

futuregcint 0.1855 0.0646
(0.1977) (0.1664)
P=O.348 P=O.698

factorlint -0.0487 0.0744
(0.2430) (0.1928)
P=O.841 P=0.700

factor2int -0.0146 0.0791
(0.2379) (0.1918)
P=O.951 P=O.680

factor3int 0.0979 -0.0731
(0.1932) (0.1650)
P=O.612 P=O.658

(continued)
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Table H-l
Estimated Logistic Regression Model Parameters for the
National Sample with Interactive Variables (Continued)

Variable Definitely Yes Model Definitely I Probably Yes Model

factor4int 0.0310
(0.2078)
P=0.881

schoolint 0.0950
(0.1720)
P=0.581

incomeint 0.000004
(0.000006)

P=0.482

D2int -0.1222 0.9501
(0.5276) (0.4639)
P=0.817 P=0.041

D3int 0.9748 0.6954
(0.5375) (0.4662)
P=0.070 P=0.136

D4int 0.2688 0.4406
(0.5219) (0.4709)
P=0.607 P=0.349

annbidlint -0.0024 -0.0006
(0.0031) (0.0025)
P=0.435 P=0.801

-2 * Log likelihood 910.7486 1196.2988

Chi-squared 8.8595 7.1703
P=O.635 P=

Number of observations 1,094 1,039

a Standard errors are reported in parentheses. Reported probabilities are associated with a 2-tailed test.
Appropriate probabilities for a I-tailed test are calculated by dividing reported probabilities by 2.

b Dashes indicate that the variable was not included in the model.
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Variable

constant

score

utilityincrease

useresults

futuregc

factor!

factor2

factor3

factor4

D6

D7

annbidl

scoreint

APPENDIX H ~ Additional Analyses ~ H-6

TableH-2
Estimated Logistic Regression Model Parameters for the

Marketing Area Sample with Interactive Variables3

Definitely / Probably Yes Model

-0.9827
(2.3372)
P=0.674

0.4351
(2.0874)
P=0.835

-2.4375
(2.5014)
P=0.330

-0.2365
(0.4618)
P=0.609

0.9234
(0.2807)
P=0.001

-0.2813
(0.2396)
P=0.240

0.4294
(0.2656)
P=0.106

-0.4721
(0.2183)
P=O.031

0.2600
(0.2302)
P=0.259

0.9154
(0.5523)
P=0.097

1.1136
(0.5441)
P=0.041

-0.0218
(0.0040)
P=O.OOO

1.6668
(2.2464)
P=0.458

(continued)
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Table H-2
Estimated Logistic Regression Model Parameters for the

Marketing Area Sample with Interactive Variables (Continued)

Variable

useresultsint

futuregcint

factorlint

factor2int

factor3int

factor4int

D6int

D7int

annbidlint

-2 * Log likelihood

Chi-squared

Number of observations

Definitely / Probably Yes Model

0.9750
(0.4951)
P=0.049

-0.4386
(0.2985)
P=0.142

-0.0862
(0.2579)
P=0.738

0.1944
(0.2831)
P=0.492

0.1793
(0.2345)
P=0.444

-0.1013
(0.2506)
P=0.686

-0.5094
(0.5945)
P=0.392

-0.8915
(0.5827)
P=0.I26

0.0064
(0.0043)
P=0.132

950.0402

12.2052
P=0.212

948

a Standard errors are reported in parentheses. Reported probabilities are associated with a 2-tailed test.
Appropriate probabilities for a I-tailed test are calculated by dividing reported probabilities by 2.
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Like the models reported in Chapter 5, the models reported in Tables H-l and H-2 estimate
the probability that a respondent would vote in favor of a proposal, as a function of several
explanatory variables. Explanatory variables include those originally included in the base
models reported in Chapter 5, plus a set of interactive variables. Interactive variables are
identified by the "int" extension to the variable names. A statistical test of the joint
significance of the interaction terms was carried out using a log-likelihood ratio test. This test
statistic, which has a chi-square distribution, is used to test the hypothesis that the interaction
variables significantly improved the fit of the model. The chi-squared statistics reported
Tables H-l and H-2 are the test statistics for the hypo.thesis that the. interaction terms
represent a significant improvement relative to the appropriate base model as reported in
Chapter 5. The values of the test do not allow rejection of the hypothesis that the interaction
terms jointly improve the fit of the model.

H.l.2 Interaction Models Allowing Shifts in Coefficient on the Dollar Amount

The analysis reported in Chapter 5 constructs estimates of willingness-to-pay by evaluating
logistic regression models at average values and setting the dummy variables that reflect each
alternative (D2 through D7) at the appropriate level. This procedure allows only for a shift in
the constant term. Some concern was expressed during the review process that significant
interactions could exist between the dummy variable reflecting the alternative and the dollar
amount. Thus, additional models explored the significance of interaction variables that
allowed for changes in the coefficient on the dollar amount used in the CV question
depending on the scenario being evaluated. To do this, interactive variables were created by
multiplying the dollar amount (variable "annbidl ") by the dummy variables identifying
alternative survey versions (D2, D3, and D4 for the national sample, and D6 and D7 for the
marketing area). Again, the analysis presented here is based on the models reported in
Chapter 5 -- the "base" models; interactive variables are identified by the "int" extension.
Results are reported in Tables H-3 and H-4 for the national sample and marketing area
sample "Definitely Yes" models, respectively. The chi-squared statistic at the bottom ofeach
table tests the joint significance of the interaction terms. The reported test statistics do not
allow rejection of the hypothesis that the interaction terms significantly increase the
explanatory power of the logistic regression models.
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constant

score

taxincrease

futuregc

factorl

factor2

factor3

factor4

school

D2

D3

D4
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Table H-3
Estimated Logistic Regression Model Parameters for the

National Sample with Slope Interaction Variablesa

Definitely Yes Model

-3.4912
(1.0393)
P=O.OOI

1.5099
(0.9553)
P=0.114

-0.3829
(0.1765)
P=0.030

0.1769
(0.0950)
P=0.063

-0.2996
(0.1096)
P=0.006

0.6955
(0.1128)
P=O.OOO

-0.1501
(0.0903)
P=0.097

0.1871
(0.0968)
P=0.053

0.1998
(0.0818)
P=0.015

0.1104
(0.3739)
P=0.768

0.5241
(0.3686)
P=0.155

0.2567
(0.3616)
P=0.478

(continued)
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TableH-3
Estimated Logistic Regression Model Parameters for

the National Sample with Slope Interaction Variables 8 (Continued)

Variable Definitely Yes Model

annbidl -0.0108
(0.0033)
P=O.OOI

D2bid

D3bid

D4bid

-2* Log likelihood

-Chi Squared

Number of observations

0.0019
(0.0043)
P=0.657

-0.0034
(0.0047)
P=0.464

0.0031
(0.0042)
P=0.460

916.854

2.7541
P=0.431

1,094

a Standard errors are reported in parentheses. Reported probabilities are associated with a 2-tailed test.
Appropriate probabilities for a I-tailed test are calculated by dividing reported probabilities by 2.

TableH-4
Estimated Logistic Regression Model Parameters for

the Marketing Area Sample with Slope Interaction Variables8

Variable

constant

score

useresults

Definitely Yes Model

-4.2050
(1.0169)
P=O.OOO

1.3759
(0.9247)
P=0.137

'0.6834
(0.1922)
P=O.OOO

(continued)



APPENDIX H ~ Additional Analyses ~ H-ll

Table H-4
Estimated Logistic Regression Model Parameters for

the Marketing Area Sample with Slope Interaction Variables a (Continued)

Variable

futuregc

factorl"

factor2

factor3

factor4

income

D6

D7

annbidl

D6bid

D7bid

-2* Log likelihood

Chi-Squared

Number of observations

Definitely Yes Model
0.2574

(0.1212)
P=0.034

-0.5599
(0.1146)
P=O.OOO

0.5227
(0.1081)
P=O.OOO

-0.2862
(0.0889)
P=O.OOI

0.3946
(0.1038)
P=O.OOO

0.000009
(0.000004)

P=0.031

0.1086
(0.3376)
P=0.748

0.3847
(0.3252)
P=0.237

-0.0135
(0.0030)
P=O.OOO

-0.0052
(0.0045)
P=0.248

-0.0032
(0.0040)
P=0.422

764.457

1.3977
P=0.497

908

a Standard errors are reported in parentheses. Reported probabilities are associated with a 2-tailed test.
Appropriate probabilities for a I-tailed test are calculated by dividing reported probabilities by 2.
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B.2 TURNBULL ESTIMATION OF WILLINGNESS-TO-PAY

Results presented in Chapter 5 were developed using a willingness-to-pay model estimated
using logistic regression procedures. In recent years, several economists (Kristrom, 1990,
Carson et aI., 1994, and Haab and McConnell, 1995) have proposed modifications of
nonparametric techniques traditionally used in the estimation of hazard functions as an
alternative to logistic regression analysis. The process ofusing nonparametric methods to
estimate a cumulative density function for willingness-to-pay is known as Turnbull
estimation.

Several members of the peer review panel who were familiar with Turnbull nonparametric
estimation suggested that it would be useful to explore whether the results reported in
Chapter 5 would be changed if estimates ofmean willingness-to-pay were constructed using
the Turnbull technique. The Turnbull estimation technique offers several potential
advantages to parametric techniques such as logistic regressiop. First, the Turnbull estimation
technique does not require any assumptions about the functional form of the underlying
distribution of willingness-to-pay. Second, estimates of average willingness-to-pay can be
constructed from the Turnbull estimated cumulative density function in a way that provides
lower bound estimates of willingness-to-pay. One drawback ofthis procedure is that it is only
readily applied to univariate models, and is difficult to apply to multivariate models.

The next section provides an overview of the Turnbull estimation procedure. The following
section compares estimates of average willingness-to-pay based on the Tuplbull procedure to
the estimates derived using logistic regression.

H.2.1 Overview of Turnbull Estimation Procedures

Discrete choice contingent valuation questions are questions in which survey respondents are
asked if they would agree to some environmental intervention if the intervention would cost
them a specified amount ofmoney. All analysis ofdiscrete choice contingent valuation data
centers around the process of constructing estimates of the cumulative density function (cdt)
for willingness-to-pay and then recovering estimates ofmean willingness-to-pay from it. In a
parametric analysis, a functional form is assumed for the cdfand the observed data are used
to estimate the parameters of the assumed functional form. In nonparametric methods, no
assumptions are made about the form ofthe underlying cdf. Instead, an empirical cdfis
constructed using the observed proportion of "No" responses to each of the dollar amounts.
For example, Turnbull estimation produces a step function that represents the estimated cdf.

The Turnbull method only requires that the estimated cdf satisfies a monotonicity
assumption. This assumption simply reflects the fact that a cdf must be non-decreasing. In
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the context ofcontingent valuation, the monotonicity requirement means that the proportion
of "No" responses must not decrease as the amount of the bid increases. In any particular data
set, however, this assumption may be violated. For example, suppose that the CV study
design included a total ofm distinct dollar amounts, (in this study m would be 8). For each
dollar amount, Bj, the proportion of respondents indicating they would not support the
intervention at that amount is represented as Pj=Z/Nj, where Zj is the number of respondents
indicating they would not support the intervention at a cost ofBj, and Nj represents the
number of respondents asked about Bj. The monotonicity requirement requires that Pj < Pj+1•

If this condition-is.not satisfied.for a particular pair ofbids, the two·dollar amounts are
grouped and compared to the next highest bid. For example, ifPj> Pj+b the Turnbull
estimator would combine the responses to Bi and Bi+1 and then compare (Zj+Zi+l)/(Nj+Nj+1)

to Zj+2/Nj+2' If (Zj+Zj+l)/(Ni+Nj+l) > Zj+2/Nj+2' the process is continued until a monotonic
increasing step function is obtained. This step function is a discrete approximation to the
underlying cdffor willingness-to-pay. Estimates ofmean willingness-to-pay can be
constructed from the step function by recalling that for a discrete random variable, the
expected value is simply the sum ofthe products of the possible values times the probability
of the value. The Turnbull nonparametric lower bound estimate of mean willingness-to-pay is
constructed by choosing the lower end of each step when constructing estimates ofmean
willingness-to-pay.

The Turnbull process can be illustrated using a simple example. Suppose that the
experimental design for a contingent valuation study consisted of three dollar amounts $5,
$10, and $15 and that 10 percent of respondents voted "No" to $5,50 percent voted "No" to
$10, and 80 percent voted "No" at $15. The three probabilities 0.1, 0.5, and 0.8 would
provide estimates of the height of the step function approximation of the underlying cdf for
willingness-to-pay.

A respondent is expected to vote "No" if their actual willingness-to-pay is less than the dollar
amount they were asked about: since 10 percent ofrespondents voted ''No'' at $5, it could be
estimated that 10 percent of the population had a willingness-to-pay of less than $5.
Likewise, since 50 percent ofrespondents voted ''No'' at $10, it could also be inferred that 50
percent of the population had a willingness-to-pay ofless than $10. These two facts allow us
to estimate that 40 percent of the population had willingness-to-pay greater than $5 but less
than $10. Following this logic, one can estimate the probability that willingness-to-pay falls
within four distinct intervals: $0 to $5, $5 to $10, $10 to $15, and above $15 (Table H-5).

Given that the expected value of a discrete random variable can be written as the sum ofthe
products of each possible outcome times the probability of the outcome, the results in Table
H-5 can be used to calculate an estimate ofmean willingness-to-pay. Table H-5 shows the
four possible outcomes and the probabilities associated with each. Construction of an
expected value requires picking a value of the discrete random variables for each of the four
possible outcomes. In constructing a Turnbull lower bound estimate ofmean willingness-to-
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pay, the probability associated with each interval is multiplied by the dollar value associated
with the lower end of the interval. For example, Table H-5 shows 10 percent ofwillingness
to-pay estimates fall between $0 and $5. The Turnbull lower bound estimate assumes that all
values in this step less than $5 are equal to zero ($0). Following this rule, the estimated mean
willingness-to-pay would be $0*0.1 + $5*0.4 + $10*0.3 +$15*0.2 = $8.

TableH-5
Illustration of Nonparametric Estimation Techniques

Raw Data

Dollar Amount

$5

$10

$15

Inferred Probability of Willingness-to-Pay:

less than $5

less than $10

less than $15

Inferred Probability of Willingness-to-Pay
Falling Between:

$0 to $5

$5 to $10

$10 to $15

Greater than $15

Percent Voted No

10%

50%

80%

Probability

.10

.50

.80

Probability

.10

.40

.30

.20
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H.2.2 Application to GeES Non-Use Value Final Study Data

The Turnbull procedure was applied to the observations used to develop the logistic
regression models reported in Chapter 5. However, as noted above, the Turnbull procedure is
not easily extended to permit a multivariate analysis. As a result, Turnbull nonparametric
lower bound estimates of mean willingness-to-pay were calculated on a version-by-version
basis. Furthermore, the Turnbull estimates can not be easily adjusted to reflect potential
differences in characteristics of respondents to each version or belief that the respondent
would really. have.to..pay." Consequently, .the Tumbull estimates cannotbe directly compared
to the estimated mean willingness-to-pay reported in Chapter 5.

To provide a comparable set of estimates, the logistic models reported in Chapter 5 were used
to produce an alternate set of mean willingness-to-pay estimates. For each survey version,
mean willingness-to-pay was re-calculated from the logistic regression model by inserting
average values of survey respondents to that version for all variables. Turnbull lower bound
estimates and the alternate set of parametric estimates for the "Definitely Yes" models are
presented in Table H-6. In the national sample, the Turnbull estimates tend to be less than the
parametric estimates. In the marketing area sample, the Turnbull estimates are higher than the
parametric estimates for two of the three versions. Differences between the Turnbull
estimates and the parametric estimates would be unlikely to substantially alter the results
presented in the body of the report.
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Table H-6
Comparison of Turnbull Lower Bound and Parametric Estimates of Willingness-to-Pay

National Sample

Version 1

Version 2

Version 3

Version 4

Marketing Area Sample

Version 5

Version 6

Version 7

Turnbull
meana

$24.08

$31.85

$26.04

$34.14

$33.37

$31.65

$33.02

Sample size

246

282

273

293

282

297

329

Parametric
meanb

$27.15

$33.49

$34.22

$37.75

$31.48

$27.86

$34.97

b

H.3

The data set used to carry out the Turnbull analysis consisted of the same observations used to construct the
logistic regression models reported in Tables 5-19 and 5-20.
Parametric estimates were calculated using the models reported in Tables 5-19 and 5-20. All variables were
set equal to the average value observed for respondents to that version.

INFLUENTIAL DATA POINTS

The presence of influential data points was explored by examining the effect that the removal
of each observation would have on the parameters of the "Definitely Yes" models reported in
Tables 5-19 and 5-20. Three decision rules were followed to identify influential
observations. Under the first decision rule, observations were identified as influential if
deletion of the observation resulted in a change of 30 percent or more in any estimated
parameter. Under this first decision rule, no observations in either the national or marketing
areas samples were identified as influential. Under the second rule, observations were
defmed as influential if deletion of the observation changed any model parameter by more
than 20 percent. A total of four observations were identified under this rule, two in the
national sample and two in the marketing area sample. All four observations were identified
because deletion of the observation would have resulted in a change of more than 20 percent
in the value of the parameter associated with the quiz score. Deletion of any of these
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increased the value of the parameter associated with the quiz score variable. Consequently,
deletion of these observations would have resulted in slightly higher estimates ofmean
willingness-to-pay. Finally, under the third rule, observations were determined to be
influential if deletion of the observation would change any parameter value by 10 percent or
more. This third rule identified 45 observations in the national sample and 61 observations in
the marketing area sample. The relatively large number of observations identified under this
rule (4 percent of the national sample data, and 7 percent of the marketing area data) and the
relatively small impact anyone of these observations would have on parameters, raised
concern aboutusing a 10 percentcritenato identify intluential observations. The results of
this analysis suggest to us that the logistic regression parameters reported in Chapter 5 are not
dramatically affected by the presence of a small number of highly influential data points.

H.4 TRENDS IN PERCENTAGE OF "YES" VOTES IN DEFINITELY YES

MODELS

An identical set of dollar amounts was used in the contingent valuation questions for each of
the seven survey versions implemented. While respondents in the national sample evaluated
four alternatives and respondents in the marketing area sample evaluated three alternatives, it
was expected that the overall percentage of "Yes" responses would decrease with increases in
the dollar amount that would have to be paid if the proposal passed. This expected
relationship is generally exhibited over the range from $5 to $120 (Table B-7). An apparent
anomaly to this pattern is observed in both the national and marketing area sample for the
dollar amounts of$150 and $200. Disaggregation by the gender of the respondent reveals
that this anomaly is very striking for females. For male respondents in the national sample,
the percentage of "Yes" responses decreases from 43.2 percent at $5 to 27.5 percent at $30
and then remains in the 12 to 15 percent range for the remaining dollar amounts. For female
respondents in the national sample, the percentage of "Yes" responses decreases from 33.9
percent at $5 to 13.1 percent at $120, drops to 1.4 percent at $150 and then increases to 13.5
percent at $200. A very similar pattern is observed in the marketing area. Given prior
expectations, it seems clear that the percentage of"Yes" responses by female respondents at
either $150 or $200 dollars presents an anomaly. Ifthe response at $120 is accepted as valid,
then the percent of females voting "Yes" at $200 appears too high. On the other hand, if the
response at $200 is accepted as valid, then the percentage of females voting "Yes" at $150
appears to be too low.

In an attempt to further examine this anomaly, data from female respondents was
disaggregated by survey version (Table H-8). When disaggregated to this level, sample sizes
per dollar amount are very small (10 to 15 observations per dollar amount per version),
however, the relative lack of "Yes" responses at $150 is still quite noticeable.
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In the absence of further data it is difficult, if not impossible, to determine whether the
response, the $150 amount, or the $200 amount represents the anomaly.

Table H-7
Overall Percentage "Yes" in Definitely Yes Modelsa

National Sample" Marketing Area Sample

Dollar
Amount Overall Males Females Overall Males Females

$5 39.1% 43.2% 33.9% 50.8% 45.8% 58.0%

$15 30.2 31.8 27.5 37.3 34.4 40.7

$30 24.1 27.5 21.1 25.7 31.1 14.3

$60 15.3 12.5 18.5 22.3 26.2 17.6

$90 13.3 13.5 13.0 17.1 15.2 20.0

$120 14.5 15.5 13.1 12.6 9.4 17.0

$150 6.3 11.4 1.4 5.4 8.3 1.9

$200 12.9 12.5 13.5 9.7 4.7 16.3

(1,094) (611) (483) (908) (525) (383)
a The percentage of "Yes" responses is aggregated across all versions in the national sample and across all

versions in the marketing area sample to illustrate the general trend of "Yes" and "No" responses.
() Number in parentheses indicate the number of valid cases.
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TableH-8
Percentage of "Yes" Votes in Definitely Yes Models,

Female Respondents Disaggregated by Survey Version

Dollar Version Version Version Version Version Version Version
Amount 1 2 3 4 5 6 7

$5 31.3% 21.4% 46.2% 37.5% 58.3% 66.7% 50.0%

$15 15.4 27.3 35.7 30.8 50.0 41.2 31.6

$30 36.8 18.2 15.0 13.3 10.0 16.7 15.4

$60 16.7 29.4 17.6 10.5 15.0 17.6 21.4

$90 14.3 9.1 8.3 22.2 16.7 33.3 11.1

$120 7.1 33.3 7.1 5.6 21.4 17.6 12.5

$150 0.0 0.0 5.9 0.0 5.6 0.0 0.0

$200 0.0 15.0 27.3 11.1 13.3 6.7 26.3

(113) (128) (118) (124) (119) (123) (141)
() Number in parentheses indicates number of valid cases.
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The results presented in Chapter 5 represent point estimates of average willingness-to-pay for
alternative dam operations. These point estimates are subject to several sources of variability.
Statistical variability arises from the procedure used to estimate the parameters reported in
Tables 5-19 and 5-20. Statistical uncertainty about these parameters results in statistical
uncertainty about the estimates ofmean willingness-to-pay. This, in turn, is reflected in the
range ofvalue estimates reported in Tables 5-31 and 5-32.

A second source of uncertainty arises from the assumptions that were used in the calculation
of population average ,willingness-to"pay. Changes-inassumptions would result in changes in
estimated willingness-to-pay. This appendix presents the results of sensitivity analyses
performed to determine how estimates of willingness-to-pay would change as a result of
changes in the key assumptions on which the results in Chapter 5 are based. Each of the
following sections examines a key assumption and presents estimates of mean willingness-to
pay if that assumption were changed.

1.1 TREATMENT OF NONRESPONDENTS

The results in Chapter 5 are based on the assumption that at least some of the nonrespondents
to the mail survey would have expressed positive values if they had completed and returned
the mail survey. Values for nonrespondents were imputed by first estimating the proportion
ofnonrespondents that would have supported the proposal at zero cost. This was
accomplished using the logistic regression model discussed in Appendix G. The logistic
regression model reported in Tables 5-19 and 5-20 was then used to impute average
willingness-to-pay values for the nonrespondents, by using data collected on nonrespondents
during the telephone survey.

An alternative assumption would have been to assume that all nonrespondents to the mail
survey had a zero value for changes in dam operations. Making this assumption decreases
population-weighted average willingness-to-pay by about 20 percent for alternatives in the
national sample, and by about 17 percent in the market area versions (Table I-I).

1.2 USE OF A "DEFINITELY YES" MODEL

Recent research suggests that data from respondents with a high degree of certainty in their
contingent valuation responses may have a higher degree ofcriterion validity compared with
data from less certain respondents. However, the use of discrete choice models based on
polychotomous choice response categories (used in the final study) is not widespread. Results
from the pilot test suggested that at least a portion of the respondents who voted yes in a
dichotomous choice CV question would have chosen the "Probably Yes" response category if
polychotomous response categories had been available. Furthermore, in the pilot test, WTP
estimates calculated using a "Definitely or Probably Yes" model were substantially closer to
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(but still lower than) results that were based on a standard dichotomous choice question (see
Appendix C for a discussion ofpilot test results). Therefore, it is likely that the valuation
results based on the "Definitely Yes" models reported in Chapter 5 are substantially lower
than the results that would have been obtained if the study had used a more traditional
dichotomous choice format categories for the contingent valuation question.

An indication of the possible magnitude the consequence of using polychotomous response
categories and basing the results on a "Definitely Yes" model is obtained by comparing the
results of the "Definitely Yes"models to -the-results-obtained fromthe "Definitely/Probably
Yes" models (Table 1-2). In the national sample, use ofa "Definitely/Probably Yes" model
increases the estimates of mean willingness-to-pay by 300 percent to 400 percent depending
on the alternative evaluated. In the marketing area sample, use of a "Definitely/Probably
Yes" model increases mean willingness-to-pay by about 200 percent for the moderate
fluctuating and seasonally adjusted steady flow alternatives and about 350 percent for the low
fluctuating flow alternative. Given that the "Definitely/Probably Yes" model produced values
lower than the dichotomous choice model estimated in the pilot test (pilot test survey Version
7), the results reported in Table 1-2 are likely to underestimate the actual impact ofhaving
used a "Definitely Yes" model as opposed to a traditional, dichotomous choice model.

1.3 TREATMENT OF OUT-OF-SCOPE SAMPLE POINTS

Some concerns were expressed about the procedures used for calculating population average
willingness-to-pay. Recall that survey response rates were calculated as a percentage of
deliverable questionnaires. This method of calculation effectively reduces the total valid
sample size used to calculate the response rate, by subtracting cases classified as "out-of
scope." Sample points categorized as out-of-scope represent cases for which the respondent
could not be reached at the listed address. Examples of out-of-scope sample points include
sample points for which:

.. Surveys are returned with an indication that the respondent had moved and no
forwarding address was available;

Surveys returned with an indication that no such address existed; and

.. Surveys returned with an indication that the recipient had died.

Thus, response rates reflect the percent of survey respondents (those who return completed
questionnaires) and nonrespondents (those for whom we had no indication that the address
was invalid but had not returned a questionnaires). These two percentages sum to 100
percent. \\Then population average willingness-to-pay estimates were calculated, the weights
were calculated so the survey data represented the proportion of these two groups in the
sample. (See Tables 5-25 and 5-26 for the "Definitely Yes" models, and Tables 5-27 and 5-
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28 for the "Definitely/Probably Yes" models in Section 5.9). This procedure is equivalent to
the assumption that the respondents and nonrespondents to the mail survey present an
accurate representation of the out-of-scope sample points. This treatment seems to be a rather
standard practice in contingent valuation studies. However, some members of the GCES
Non-Use Value Committee suggested that out-of-scope sample points might systematically
differ from the mail and telephone survey respondents. To assess the potential magnitude of
this issue, population-weighted average willingness-to-pay was calculated under the
alternative assumption that all out-of-scope sample points had a willingness-to-pay ofzero
(T~ble 1-3). Under this assumption, population-weighted average willingness-to.,-pay
decreased by 22 to 23 percent in the national sample, and by 23 to 27 percent in the
marketing area sample, depending on the survey version.
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Table 1-1
Percent Change in Mean Willingness-to-Pay between Definitely Yes Models with Values Imputed for Nonrespondents and

Models with Zero Values Assumed for Nonrespondents

Values Zero Values Assumed
Imputed for for Nonrespondents

Nonrespondents
Percent Change

from Base

$13.65 $10.95 -19.78%

$20.15 $16.26 -19.30%

$20.55 $16.60 -19.22%

$23.79 $18.83 -20.85%

National Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Seasonally Adjusted Steady Flow with
Moderate Flow Price Impacts

Marl{et Area Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

$22.06

$21.45

$28.87

$18.24

$17.90

$24.04

-17.27%

-16.41%

-16.73%
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Table 1-2
Percent Change in Mean Willingness-to-Pay between Definitely Yes and

DefinitclylProbably Yes Models with Values Imputed for Nonrespondents

National Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Seasonally Adjusted Steady Flow with
Moderate Flow Price Impacts

Market Area Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Definitely Yes

$13.65

$20.15

$20.55

$23.79

$22.06

$21.45

$28.87

Definitely/"
Probably Yes

$67.56 :

$97.33

$86.18

$98.77

$69.49

$98.29

$90.91

Percent Change
from Base

+394.94%

+383.03%

+319.37%

+315.17%

+215.00%

+358.23%

+214.89%
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Table 1-3
Percent Change in Mean Willingness-to-Pay between Definitely Yes Models with Values Imputed for Nonrespondents and

Models with Zero Values Assumed for Out-or-Scope Sample Points

National Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted
Steady Flow

Seasonally Adjusted Steady Flow with
Moderate Flow Price Impacts

Market Area Sample

Moderate Fluctuating Flow

Low Fluctuating Flow

Seasonally Adjusted Steady Flow

Values
Imputed for

Nonrespondents

$13.65

$20.15

$20.55

$23.79

$22.06

$21.45

$28.87

Zero Values Assumed
for

Out-of-Scope

$10.63

$15.36

$15.81

$18.47

$16.37

$15.75

$22.08

Percent Change
from Base

-22.12%

-23.77%

-23.07%

-22.36%

-25.79%

-26.57%

-23.52%
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MISSION STATEMENTS

As the Nation's principal conservation agency, the Department ofthe Interior has
responsibility for most ofour nationally-owned public lands and natural resources.
This includes fostering wise use ofour land and water resoUrces; protecting our fish,
wildlife, and biological diversity; preserving the environmental and cultural values of
our national parks and historical places; and providing for the enjoyment of life
through outdoor recreation. The Department assesses our energy and mineral
resoUrces·and works to ensure that their development is in the best interests of all our
people by encouraging stewardship and citizen participation in their care. The
Department also has a major responsibility for American Indian reservation
connnunities and for people who live in island territories under U.S. Administration.

The mission ofthe Bureau ofReclamation is to manage, develop, and protectwater
and related resources in an environmentally and economically sound manner in the
interest ofthe American public.
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Executive Summary

Purpose Since the Glen Canyon Dam, located in Page, Arizona, was completed by
the Bureau of Reclamation in 1963, it has been used to generate power
during periods of high demand, commonly known as peaking power. The
fluctuating releases of water associated with the dam’s peaking power
operations have caused concerns about the detrimental effects such flows
have on downstream resources, particularly those located in the Grand
Canyon. In response to these concerns, the Secretary of the Interior, in
July 1989, directed the Bureau of Reclamation to prepare an
environmental impact statement that would reevaluate the Glen Canyon
Dam’s operations. The purpose of the reevaluation was to determine
specific options for operating the dam that could minimize the adverse
impacts on the downstream environmental and recreational resources, as
well as on Native American interests in the Glen and Grand canyons, while
still producing hydropower.

Figure 1: Location of the Glen Canyon
Dam
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Executive Summary

In October 1992, the Congress enacted the Grand Canyon Protection Act
of 1992 (title XVIII of P.L. 102-575), which required the Secretary of the
Interior to complete the environmental impact statement by October 30,
1994. The act also required that GAO audit the costs and benefits of the
various operating alternatives identified in the final environmental impact
statement. In preparing the statement, Reclamation studied the potential
impact of various flow alternatives on selected resources. Reclamation
reported the results of these studies in the final environmental impact
statement on March 21, 1995. As discussed with the responsible
congressional committees, for the purpose of this audit, GAO examined
(1) whether Reclamation’s impact determinations were reasonable and
(2) what, if any, concerns still exist about the Glen Canyon Dam’s final
environmental impact statement. The act also requires that on the basis of
the findings, conclusions, and recommendations made in the
environmental impact statement and the GAO audit report, the Secretary is
to adopt criteria and operating plans for the dam.

Background Before the construction of the Glen Canyon Dam, the Colorado River’s
sediment-laden flows fluctuated dramatically during different seasons of
the year. Annual daily flows of greater than 80,000 cubic feet per second
were common during the spring runoff. In contrast, flows of less than
3,000 cubic feet per second were typical throughout the late summer, fall,
and winter. Water temperatures ranged from near freezing in the winter to
more than 80 degrees Fahrenheit in the summer. The construction of the
Glen Canyon Dam altered the natural dynamics of the Colorado River
corridor through the Glen and Grand canyons. The dam replaced the
dramatic seasonal flow variations with significant daily fluctuations,
greatly reduced the amount of sediment in the water, and resulted in
nearly constant water release temperatures of about 46 degrees
Fahrenheit.

As early as 1982, the Secretary of the Interior initiated the Glen Canyon
Environmental Studies of the effects of the dam. These studies were led by
Reclamation and conducted by a number of different agencies. In 1989, the
Secretary designated Reclamation as the lead agency in preparing an
environmental impact statement. Other agencies and individuals
participated in these efforts, including federal and state resource agencies,
Indian tribes, private consultants, universities, and river guides. To protect
the downstream resources until the completion of the impact statement
and the adoption of a new operating plan for the dam, in November 1991
Reclamation implemented interim operating criteria. The interim
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Executive Summary

operating criteria reduced the maximum peak releases and daily
fluctuations. With the passage of the Grand Canyon Protection Act of 1992,
the Congress required that the Glen Canyon Dam be operated to protect
and restore the downstream resources of the Grand Canyon National Park
and the Glen Canyon National Recreational Area.

The National Environmental Policy Act of 1969 (42 U.S.C. 4321 et seq.)
requires that a detailed environmental impact statement be prepared for
every major federal action that may significantly affect the quality of the
human environment. The act and its implementing regulations set forth the
requirements for preparing an impact statement. Among other things, a
statement must (1) address the purpose of and need for the action,
(2) describe the environment that will be affected, (3) identify alternatives
to the proposed action, (4) present the environmental impacts of the
proposed action (including the direct, indirect, and cumulative impacts),
and (5) identify the agency’s preferred alternative. The act does not
require, and Reclamation did not perform, a cost and benefit analysis of
the proposed action.

In preparing the environmental impact statement for the operation of the
Glen Canyon Dam, Reclamation identified 11 resources affected by the
dam’s operations to be analyzed in detail: water, sediment, fish, vegetation,
wildlife and habitat, endangered and other special-status species, cultural
resources, air quality, recreation, hydropower, and non-use value.
(Non-use values have been defined as those values that people may
receive from the knowledge that such things as rare plants and unspoiled
natural environments exist, even if people do not consume or use these
goods directly.)

In addition, the impact statement identified nine alternative operational
scenarios to be studied in detail. These alternatives can be divided into
three descriptive categories: unrestricted fluctuating flows (two
alternatives, including the no-action alternative); restricted fluctuating
flows (four alternatives); and steady flows (three alternatives).

In the final impact statement, Reclamation recommended the Modified
Low Fluctuating Flow as the preferred alternative. This alternative was
developed to reduce daily flow fluctuations well below the dam’s previous
operating levels and to provide periodic high, steady releases of short
duration; the goal of this alternative was to protect or enhance
downstream resources while allowing limited flexibility for power
operations.
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Results in Brief In general, Reclamation used appropriate methodologies and the best
available information in determining the potential impact of the dam’s
various flow alternatives on selected resources. GAO identified some
shortcomings and controversy in Reclamation’s application of certain
methodologies, and some of the data that Reclamation used in making its
impact determinations were dated, preliminary, or incomplete. These
limitations, combined with the inherent uncertainty associated with
making forecasts, reduces the precision of the impacts contained in the
statement, and some uncertainty, such as the impact of steady flows on
fish resources, remains. Nonetheless, according to GAO’s analysis and the
opinions of experts, these limitations are not significant enough to alter
the relative ranking of the flow alternatives nor render the final
environmental impact statement unusable as a decision-making document.
Furthermore, Reclamation recognizes that uncertainties still exist. To
address these concerns, Reclamation intends to initiate a process of
“adaptive management” that would provide for long-term monitoring and
research to measure the actual effects of the selected alternative. The
results of this effort would form the basis for possible future modifications
of the dam’s operations.

Many of the key interested parties affected by the Glen Canyon Dam’s
environmental impact statement support the process used by Reclamation
to develop the impact statement as well as the implementation of the
preferred alternative. However, while expressing their support, some
interested parties raised specific concerns that still exist about the final
environmental impact statement, including (1) the manner in which
compliance with the Endangered Species Act will be achieved, (2) the
economic impact of reducing the Glen Canyon Dam’s hydroelectric power
capacity, (3) the consideration of other possible causes of adverse
downstream impacts, (4) the difficulties in measuring the impact of
changes in the dam’s operations, (5) the adequacy of the measures for
reducing the frequency of unscheduled floods, (6) the need for installing
multilevel water intake structures (selective withdrawal structures) on the
dam to raise the downstream water temperature, and (7) the
implementation of the Adaptive Management Program.
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Principal Findings

Impact Determinations Are
Usable for
Decision-Making

In preparing the environmental impact statement, Reclamation used a
variety of methodologies and data sources to study the impact of the
various dam flow alternatives on hydropower, non-use values and other
resources located below the dam. Generally, GAO found the methodologies
used to be reasonable and appropriate. For example, the power analysis
was conducted by a committee of specialists representing the federal
government, the utility industry, private contractors, and the
environmental community. This committee used utility-specific data and
state-of-the-art simulation models to estimate the economic impact of the
alternative dam flows on large regional utilities.

In assessing Reclamation’s implementation of the various methodologies,
GAO did note several shortcomings and controversy over the methodology
used to estimate non-use values. For example, in the hydropower analysis,
Reclamation’s assumptions do not explicitly include the mitigating effect
of higher electricity prices on electricity demand (price elasticity). GAO

also found that Reclamation’s assumptions about future natural gas prices
were relatively high and that two computational errors were made during
the third phase of the power analysis. These limitations suggest that the
estimated economic impacts for power are subject to uncertainty.
However, Reclamation and many experts associated with the process do
not believe that these limitations make the results of the analysis unusable.
For example, an association that represents the affected power utilities,
which has maintained throughout the power studies process that the
impact statement understates the costs to the power system, does not
believe that Reclamation’s cost estimate is understated by a large
magnitude. To quantify the impact of various dam flow alternatives on
recreation and non-use value, Reclamation used a methodology called
contingent valuation. The use of contingent valuation studies, which rely
on surveys to elicit information from consumers to estimate how much
they would be willing to pay for something is controversial. Although
contingent valuation is currently the only known approach for estimating
non-use values, some prominent economists question whether this
methodology can accurately elicit the value consumers place on non-use
goods. However, many economists and survey researchers working in the
natural resource and environmental areas have developed and used this
methodology. Although these shortcomings affect the estimates for the
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alternatives, it is unlikely that they would alter the relative ranking of the
fluctuating and steady flow alternatives.

GAO also found that Reclamation generally used the best available data in
making its impact determinations. For example, for information on
cultural resources and properties, Reclamation went beyond the federal
requirements for the development of an impact statement by performing
assessments of all previously identified archeological sites within the
Colorado River corridor in the Glen and Grand canyons. According to
many experts, when completed, this effort generated the best and most
current scientific information available. However, GAO also found some
limitations in the data used in the development of the impact statement.
Specifically, some of the information was dated, some was preliminary,
and some was incomplete. For example, to assess the economic impact of
the alternative flows on recreational activities, Reclamation used a 1985
survey of a sample of anglers, day-rafters, and white-water boaters that
asked about their experiences on the Colorado River and what effect, if
any, different streamflows would have on their recreational experiences.
Although Reclamation updated some of the data to 1991, it acknowledges
that the survey information is generally dated. The National Research
Council generally found the analysis to be adequate.

Many of the results of the sediment studies at Glen Canyon were
preliminary, were in draft form, and had not been published at the time
that the draft or even the final impact statement was written. However,
according to the researchers that GAO interviewed, no new or additional
information on sediment impacts has been obtained that would alter the
information or conclusions presented in the final impact statement.

Finally, the information on some resources is incomplete, as is the
knowledge of how changes in the Glen Canyon Dam’s operations will
affect those resources. For example, in part because of incomplete data,
the experts’ opinions vary on the interactions between native and
nonnative fish and how operational changes would affect these
interactions and, ultimately, fish populations. In its final biological
opinion, the U. S. Fish and Wildlife Service stated that Reclamation’s
preferred alternative for the dam’s future operations, the Modified Low
Fluctuating Flow alternative, is likely to jeopardize the existence of two
native endangered fish species (the humpback chub and the razorback
sucker). The Service identified actions that would modify the preferred
alternative with seasonally adjusted steady flows. The Service and
Reclamation agreed to categorize these flows as experimental, or research
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flows. The purpose of this research is to study the effects of steady flows
on endangered and native fish.

Reclamation recognizes that many uncertainties about the actual impact of
the various flow alternatives still exist. To address such concerns,
Reclamation intends to initiate a process of “adaptive management” that
would provide for long-term monitoring, research, and measurement of
the effects of the selected alternative. The results of this effort would form
the basis for future modifications of the dam’s operations.

Most Key Parties Support
the Preferred Alternative,
but Some Concerns
Remain

The process for selecting a preferred alternative for the future operations
of the Glen Canyon Dam considered many factors, such as protecting
natural and cultural resources and maintaining hydropower generating
capability, and involved many parties with diverse interests. Reclamation’s
goal was to select an alternative dam-operating plan that would permit
downstream resources to recover to acceptable long-term management
levels while maintaining some level of hydropower flexibility. Reclamation
believes that it accomplished this goal by selecting the Modified Low
Fluctuating Flow as the preferred alternative. According to Reclamation,
this flow alternative was developed to reduce daily flow fluctuations well
below the dam’s historic operations and to provide periodic high, steady
water releases of short duration with the goal of protecting or enhancing
the downstream resources while allowing limited flexibility for power
operations. This alternative has the same annual and essentially the same
monthly water releases as the dam’s historic operations but would restrict
daily and hourly water releases more than previously.

GAO judgmentally selected 37 key interested parties and surveyed them on
whether they supported Reclamation’s preferred alternative and whether
they have any remaining concerns about implementing this alternative as
the future operating plan for the Glen Canyon Dam. GAO’s judgmental
sample consisted of all of the organizations and individuals that
Reclamation identified as providing significant comments on the draft
impact statement, any organizations that were considered cooperating
agencies in the impact statement’s development process, and other key
interested parties. Over 83 percent (25 of 30) of the respondents to GAO’s
survey supported the preferred alternative, and many expressed support
for the process used by Reclamation to develop the impact statement. Of
the five remaining respondents, three stated that they had no position on
the issue, while two, the San Juan Southern Paiute Tribe and the Grand
Canyon River Guides, believed that the current interim operating criteria
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would be more protective of resources and, therefore, more consistent
with the intent of the Grand Canyon Protection Act.

Other interested parties, although supporting the preferred alternative,
believed that several areas of concern still remain. For example, one
organization stated that the final impact statement assumes that the dam’s
operations are the only cause of the impacts on downstream resources
and, therefore, that changing the dam’s operations is the only technique
available for managing and enhancing those resources. The organization
noted other causes of downstream impacts, including the introduction of
nonnative fish and human usage. Still other organizations believed that
there is a potential for negative impacts that will be difficult to measure
because, between the draft and the final impact statement, Reclamation
revised the preferred alternative to simultaneously increase two of the
dam’s operating parameters: the maximum daily peak releases and the
upramp rate (the hourly rate of increase). Others stated that they were
concerned about flood protection measures. Also, concerns were
expressed about the future implementation of Reclamation’s Adaptive
Management Program, including its continued monitoring and research
efforts.

Recommendations GAO is making no recommendations in this report.

Agency Comments GAO provided copies of a draft of this report to the Department of the
Interior for its review and comment. Interior generally agreed with the
information presented in the report and stated that they were impressed
with the quality of the product developed by the audit team. Interior also
provided several technical clarifications to the draft, which have been
incorporated into the report as appropriate. Interior’s comments and GAO’s
responses are included in appendix XII.
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Chapter 1 

Introduction

The Glen Canyon Dam was completed by the Bureau of Reclamation in
1963 as a multipurpose facility. It is the key feature and major storage unit
of the Colorado River Storage Project. The Colorado River Storage Project
was authorized in 1956 to develop and use the water resources in the
Upper Colorado River Basin. The operations of the Glen Canyon Dam and
its reservoir, Lake Powell, enable the Colorado River Storage Project to
fulfill the downstream water release requirements while the runoff from
the Upper Basin is stored and used for irrigation, recreation, and
municipal and industrial purposes.

The powerplant at the Glen Canyon Dam has been used primarily for
generating power during high-demand periods (peaking power). The
fluctuating releases of water associated with peaking power operations
have caused concern among federal, state, and tribal resource
management agencies; river users who fish in Glen Canyon or take
white-water raft trips in the Grand Canyon; and Native American and
environmental groups, in connection with the detrimental effects that such
water releases have on the cultural resources and the downstream plants,
animals, and their habitats.

Operation of the Glen
Canyon Dam’s
Powerplant

The Glen Canyon Dam powerplant has eight generators with a maximum
combined capacity of 1,288,000 kilowatts at a 95-percent power factor. The
maximum combined discharge capacity of the eight turbines is
approximately 33,200 cubic feet per second (cfs) when Lake Powell is full;
however, Reclamation has limited such releases to 31,500 cfs. Fluctuations
within a day have typically ranged from 12,000 cfs in October to about
16,000 cfs in January and August. Although water can be released from the
dam through the powerplant, the outlet works, or the spillways,
discharging water through the powerplant’s turbines is the preferred
method because electricity and its associated revenue can be produced.
The power generated by the Glen Canyon Dam is marketed principally in a
six-state area—Arizona, Colorado, Nevada, New Mexico, Utah, and
Wyoming. Figure 1.1 shows the various release capacities for the Glen
Canyon Dam.
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Figure 1.1: Water Release Capacities
of the Glen Canyon Dam’s Powerplant,
Outlet Works, and Spillways

Source: Bureau of Reclamation.

Historically, the Glen Canyon Dam, as part of the Colorado River Storage
Project, was operated to produce the greatest amount of firm capacity and
energy practicable while adhering to the releases required under the “Law
of the River.” The Law of the River—a collection of federal and state
statutes, compacts, court decisions and decrees, federal contracts, a treaty
with Mexico, and formally determined long-range operating
criteria—defines the operation and management of the Colorado River.
The operating criteria for the dam were established under the “Criteria for
Coordinated Long-Range Operation of Colorado River Reservoirs”
(Long-Range Operating Criteria), which include the criteria for annual
operations. The Annual Operating Plan, which is prepared under the
Long-Range Operating Criteria, addresses monthly operations while
interagency agreements control the dam’s hourly operations.

The annual volume of releases from the dam is based on the water inflow
to Lake Powell and the remaining space in Lake Powell and Lake Mead.
The annual release volumes vary greatly, but all adhere to the Long-Range
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Operating Criteria’s objectives of an 8.23-million-acre-feet1 minimum
annual release and equalized storage between the two reservoirs. From
1968 to 1989, the annual releases ranged from 8.23 million acre-feet to
20.4 million acre-feet. Annual releases greater than the minimum were
permitted to avoid anticipated spills (excess annual releases that cannot
be used for project purposes) and to equalize storage. The minimum
release occurred in about half the years.

The volume of water released from Lake Powell each month depends on
the forecasted inflow, existing storage level, monthly storage targets, and
annual release requirements. Demands for electrical energy, fish and
wildlife needs, and recreation needs are also considered and
accommodated as long as the risk of spilling and storage equalization
between Lakes Powell and Mead are not affected. Power demand is
highest during the winter and summer months, and recreation needs are
highest during the summer. Therefore, higher-volume releases are
scheduled during these months whenever possible. Each month during the
inflow forecast season (January to July), the volume of water to be
released for the rest of the year is recomputed on the basis of updated
streamflow forecast information. The Scheduled releases for the
remaining months are adjusted to avoid anticipated spills and maintain
conservation storage in accordance with the Long-Range Operating
Criteria.

Hourly releases from the dam are set to reach monthly release volumes, to
maintain established minimum flow rates, and to follow energy demand.
Hourly power operations are most flexible during those months with
moderate release volumes. The need to maintain minimum flows in the
months with low release volumes limits the flexibility to accommodate
changing hourly power demands. If the reservoir is nearly full and the
inflow is extremely high, the monthly releases are scheduled at or near the
maximum capacity most of the time, again leaving little flexibility for the
hourly releases to change in response to power demand.

To the extent possible, the Glen Canyon Dam follows these guidelines in
producing hydropower:

• Maximize water releases during the peak energy demand periods,
generally Monday through Saturday between 7 a.m. and 11 p.m.,

1An acre-foot is the amount of water needed to cover 1 acre of land to a depth of 1 foot—or about
326,000 gallons.
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• Maximize water releases during peak energy demand months and
minimize during low demand months,

• Minimize and, to the extent possible, eliminate powerplant bypasses.

Glen Canyon’s
Environmental
Studies and
Environmental Impact
Statement

Before the construction of the Glen Canyon Dam, the Colorado River’s
sediment-laden flows fluctuated dramatically during different seasons of
the year. Flows of greater than 80,000 cfs were common during the spring
runoff. In contrast, flows of less than 3,000 cfs were typical throughout the
late summer, fall, and winter. Water temperatures ranged from near
freezing in the winter to more than 80 degrees Fahrenheit in the summer.
The construction of the Glen Canyon Dam altered the natural dynamics of
the Colorado River. The dam replaced seasonal flow variations with daily
fluctuations, greatly reduced the amount of sediment in the river, and
resulted in nearly constant water release temperatures of about 46 degrees
Fahrenheit.

In response to the concerns of federal, state, and tribal agencies and the
public about the negative effects of the dam’s operations, in
December 1982 the Secretary of the Interior directed Reclamation to
initiate a series of interagency scientific studies. These studies were to
examine the short- and long-term effects of the dam’s historic, current, and
alternative operations on the environmental and recreational resources of
the Glen and Grand canyons. The studies became known as phase I of the
Glen Canyon Environmental Studies. From 1982 through 1987, 39 technical
reports were prepared evaluating terrestrial biology, aquatic biology,
sediment and hydrology, recreation, and the dam’s operations. However,
no studies were conducted on the economic impact to hydropower from
changes in the dam’s operations. According to Reclamation, of primary
importance in the Glen Canyon Environmental Studies was the research
connected with endangered fish. The existence and operations of the dam
were believed to be important factors involved in the extinction of two
fish species (the Colorado squawfish and bonytails) from the river
corridor. The dam and its operations were also considered to present
survival problems for the existing populations of the humpback chub and
razorback sucker as well as other native fish species. Therefore, according
to Reclamation, the biological opinion issued by the U.S. Fish and Wildlife
Service in 1994 was an important factor in the ultimate formulation of the
preferred alternative in the environmental impact statement (EIS).

The Glen Canyon Environmental Studies technical reports were
concurrently reviewed by the National Research Council and the
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Executive Review Committee. The Executive Review Committee was
made up of policy-level representatives from Reclamation, the National
Park Service, the U.S. Fish and Wildlife Service, the Department of the
Interior’s Office of Environmental Policy and Compliance, and the
Western Area Power Administration. This Committee then prepared a
report2 in January 1988 on the findings and conclusions of phase I of the
Glen Canyon Environmental Studies and made recommendations and
suggested options for revising the dam’s operations.

In June 1988, phase II of the Glen Canyon Environmental Studies was
initiated to gather additional data over a 4- to 5-year period on the dam’s
specific operational elements. Phase II was to further define the impacts
on the natural environment, public uses associated with recreation,
cultural resources, and power-generation economics. At the urging of the
National Research Council, an entity of the National Academy of Sciences,
non-use values were incorporated into the studies. “Non-use value” is the
term used to describe the monetary value that non-users place on the
status of the environment. For example, the values that people may
receive from the knowledge that such things as rare plants, animals, and
unspoiled natural environments exist are defined as non-use values. A
number of federal and state resource agencies, Indian tribes, private
consultants, universities, and river guides participated in phase II of the
Glen Canyon Environmental Studies.3 Funding for these studies was
provided mainly from the revenue derived from the sale of electricity
generated by the Glen Canyon Dam.

In July 1989, the Secretary of the Interior decided that Reclamation should
prepare an environmental impact statement to reevaluate the operations
of the Glen Canyon Dam. The purpose of the EIS was to determine specific
options for operating the dam that could minimize the adverse impacts on
the downstream environmental and cultural resources, as well as on the
Native American interests in the Glen and Grand canyons, while still
producing hydropower. Reclamation was designated by the Secretary to
be the lead agency responsible for preparing the EIS; other participants
were the following cooperating agencies: the Bureau of Indian Affairs, the
National Park Service, the U.S. Fish and Wildlife Service, the Western Area
Power Administration, and the Arizona Game and Fish Department. In

2The Glen Canyon Environmental Studies Final Report, U.S. Department of the Interior, 1988.

3Agencies participating in phase II of the Glen Canyon Environmental Studies included Reclamation,
the National Park Service, the Western Area Power Administration, the U.S. Geological Survey, the
U.S. Fish and Wildlife Service, the Hopi Tribe, the Hualapai Tribe, the Navajo Nation, the Pueblo of
Zuni, the San Juan Southern Paiute Tribe, the Southern Paiute Consortium, and the Arizona Game and
Fish Department.
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1989, after the EIS process started, Reclamation also made the following
Native American tribes cooperating agencies: the Hopi Tribe, the Hualapai
Tribe, the Navajo Nation, the Pueblo of Zuni, the San Juan Southern Paiute
Tribe, and the Southern Paiute Consortium. Officials from many of these
same agencies and tribes participated in the Glen Canyon Environmental
Studies, which formed the basis for the analyses of alternatives for the EIS.

The EIS was designed primarily to focus on the Colorado River corridor
from the Glen Canyon Dam in northwestern Arizona, southward through
the Glen and Marble canyons and westward through the Grand Canyon to
Lake Mead. The map in figure 1.2 shows the area of study under the Glen
Canyon Environmental Studies and the EIS for the Glen Canyon Dam.
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Figure 1.2: Map of the Study Area of the Glen Canyon Dam’s Environmental Studies and Environmental Impact Statement
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The requirement to prepare an EIS accelerated the scheduled completion
of the research studies in phase II of the Glen Canyon Environmental
Studies to provide more timely data for the EIS. This acceleration was
accomplished by designing special “research flows,” a series of carefully
designed discharges of water and data collection programs conducted in
June 1990 through July 1991. Each research flow lasted 14 days and
included 3 days of steady 5,000 cfs flows and 11 days of either steady or
fluctuating flows. The research flows provided a means to evaluate the
short-term responses of certain resources to a variety of discharge
parameters, including minimum and maximum flows, the rate of change in
flow, and the range of daily fluctuations.

To protect downstream resources until the completion of the EIS and the
formal adoption of new operating criteria for the Glen Canyon Dam,
Reclamation implemented the interim dam operations on November 1,
1991. The interim operating criteria were purposely designed to be
conservative for the protection of natural and cultural resources.
Specifically, the interim criteria reduced peak water releases from the
approved maximum of 31,500 cfs to 20,000 cfs; restricted daily fluctuations
in releases to between 5,000 cfs and 8,000 cfs; and restricted the rate of
change in releases (ramp rates) to 2,500 cfs per hour when increasing and
to 1,500 cfs per hour when decreasing. While these limitations were
imposed, the interim criteria met the minimum annual release of
8.23 million acre-feet in accordance with the 1970 Long-Range Operating
Criteria. Although the interim operating criteria could be modified on the
basis of new information, they were to remain in effect until the EIS and
the Secretary’s Record of Decision for new operating criteria for the dam
were completed.

Grand Canyon
Protection Act of 1992

Subsequent to Reclamation’s initiation of the EIS process, on October 30,
1992, the Congress enacted the Grand Canyon Protection Act of 1992 (title
XVIII of P.L. 102-575). The act addresses the protection of the Grand
Canyon National Park, the Glen Canyon National Recreational Area, the
interim operating criteria for the dam until the EIS is completed, long-term
monitoring and research, and the replacement of lost power from any
changes to the dam’s operation. The act requires that the Glen Canyon
Dam be operated to protect, mitigate adverse impacts to, and improve the
downstream resources of the Grand Canyon National Park and the Glen
Canyon National Recreational Area. The act also required the Secretary of
the Interior to complete a final environmental impact statement for the
Glen Canyon Dam’s operations by October 30, 1994. Furthermore, the act
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required GAO to audit the costs and benefits of the various operating
alternatives identified in the final environmental impact statement. On the
basis of the findings, conclusions, and recommendations made in the EIS,
other relevant information, and our audit report, the Secretary is to issue a
Record of Decision adopting future operating criteria and operating plans
for the Glen Canyon Dam.

National
Environmental Policy
Act

The National Environmental Policy Act of 1969 (NEPA) (42 U.S.C. 4321 et
seq.) establishes the national environmental policy and goals for
protecting, maintaining, and enhancing the environment, and it provides a
process for implementing these goals within federal agencies. The act
requires, among other things, that the applicable federal agency prepare a
detailed EIS for every major federal action that may significantly affect the
quality of the human environment. The EIS is designed to ensure that
important environmental impacts will not be overlooked or
underestimated before the government commits to a proposed action. The
act also established the Council on Environmental Quality, which oversees
the NEPA process.

The Council on Environmental Quality’s Regulations for Implementing the
Procedural Provisions of the National Environmental Policy Act (40 C.F.R.
1502.4) provide federal agencies with a process for determining whether
or not to prepare an EIS. If it is determined that an EIS is necessary,
regulations require, among other things, that the EIS must (1) address the
purpose of and need for the action, (2) describe the environment that will
be affected, (3) identify alternatives to the proposed action, (4) present the
environmental impacts of the proposed action (including the direct,
indirect, and cumulative impacts), (5) identify any adverse environmental
impacts that cannot be avoided should the proposed action be
implemented, and (6) identify any irreversible and irretrievable
commitment of resources that would occur should the proposed action be
implemented. The regulations also require each federal agency to identify
the agency’s preferred alternative or alternatives, if one or more exists, in
the draft and the final EIS. In addition, before making a decision, the
responsible agency must solicit comments from the public and from other
government agencies that may have jurisdiction by law or expertise with
respect to any environmental impacts.

Under section 309 of the Clean Air Act, the Environmental Protection
Agency (EPA) is required to review and publicly comment on the
environmental impacts of major federal actions, including actions that are
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the subject of a draft or final EIS. EPA reviews and comments on both the
adequacy of the analyses and the environmental impacts of the proposed
action. If the Administrator, EPA, determines that the action is
environmentally unsatisfactory from the standpoint of the public’s health
or welfare or environmental quality, this determination shall be published
and the matter will be referred to the Council on Environmental Quality. If
the action involves a federal project located at a specific site, the
appropriate EPA regional office has the jurisdiction and delegated
responsibility for carrying out the section 309 review and working with the
proposing federal agency to resolve any problems. EPA’s Region IX in San
Francisco, California, was the region responsible for reviewing the draft
and final EIS for the operation of the Glen Canyon Dam.

Reclamation’s Process
for Completing the
Glen Canyon Dam’s
EIS

The preparation of the Operation of Glen Canyon Dam Final
Environmental Impact Statement was a cooperative effort involving
Reclamation, the cooperating agencies, the participants in the Glen
Canyon Environmental Studies program, and the representatives of an
interagency EIS team. Although Reclamation was designated to be the lead
agency responsible for preparing the EIS, its objective was to obtain
substantial input from these organizations during the decision-making
process, and its goal was to build a consensus for the ultimate decision of
recommending a preferred alternative in the EIS.

The group of cooperating agencies, which prior to the development of the
formal EIS included only federal agencies, was established in July 1989.
This group ultimately included representatives from Reclamation, the
Bureau of Indian Affairs, the Environmental Protection Agency, the
National Park Service, the U.S. Fish and Wildlife Service, the Western Area
Power Administration, the Arizona Game and Fish Department, the Hopi
Tribe, the Hualapai Tribe, the Navajo Nation, the San Juan Southern Paiute
Tribe, the Southern Paiute Consortium, and the Pueblo of Zuni. The EIS

team was established in mid-1990 and included representatives from
Reclamation, the National Park Service, the U.S. Fish and Wildlife Service,
the Western Area Power Administration, the U.S. Geological Survey, the
Arizona Game and Fish Department, the Hopi and Hualapai Tribes, the
Navajo Nation, and a private consulting firm. Reclamation charged the EIS

team with formulating alternatives for operating the dam and assessing
their impacts on the environment. For resources that were to be studied in
detail, subteams were formed to make the impact determinations,
document their findings, and draft that particular section of the EIS. For the
other resources, individuals with expertise in a particular field were
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assigned the responsibility for determining the impacts and preparing the
documentation. Figure 1.3 shows some of the key dates in the preparation
of the Glen Canyon Environmental Studies and the EIS.

Figure 1.3: Key Dates in the Environmental Studies and the Environmental Impact Statement Processes for the Glen
Canyon Dam

1982-1989 -
Glen Canyon
Environmental
Studies
(GCES)
Phase I
determines
effects of
dam on
downstream
environment.

1989-present - 
GCES, Phase II.

1991 - Interim
operations
of the dam
begin.

1992 - Grand
Canyon
Protection
Act signed.

Jan 1994 - 
Draft EIS
released for
public
comment.

Feb-Mar
1994 -
Draft EIS
public
information
sessions in
Phoenix,
Flagstaff,
Salt Lake
City, and
Washington,
D.C.

Mar 1994 -
Draft EIS
public
hearings.

Apr 1994 - 
Public
comment
period
concluded.

Mar 1995 -
Final EIS

1989 -
Secretary of
the Interior
initiates EIS.

1990 -
EIS scoping
conducted
with over
17,000 public
comments
received.

1991 -
Preliminary
EIS
alternatives
formulated
and public
comment
solicited.

1992 -
EIS team
recommends
7 alternatives
for detailed
analysis in
the draft EIS
and begins
impact
analysis.

1993 -
Two
alternatives
added for
impact
analysis in
the draft EIS.

1993 -
Modified
Low
Fluctuating
Flow
selected as
preferred
alternative
for draft EIS.

1993 -
Cooperating
agencies
request Fish
and Wildlife
Service to
prepare draft
biological
opinion on
recommended
preferred
alternative.

1996 -
Proposed
Record of
Decision.

Sept 1996 - 
GAO
audit
completed.

1982 1986 1994 19951990

Source: GAO’s presentation of the Bureau of Reclamation’s data.

Scoping Phase The initial step in preparing an EIS involves a scoping phase that provides
for the early identification and consideration of environmental issues and
alternatives. In February 1990, Reclamation published a notice in the
Federal Register announcing the opening of the scoping phase of the Glen
Canyon Dam’s EIS. This phase included environmental scoping meetings to
obtain public comments and determine the appropriate scope of the EIS.
The comment period, initially established for March 12 through April 16,
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1990, was extended to May 4, 1990, in response to comments by the public.
Reclamation provided opportunities for public participation in the scoping
phase through news releases, mailings, legal notices, and contacts with
media, organizations, and individuals. Throughout the process, the EIS

team periodically reported the results of its analyses to the cooperating
agencies and the public. The cooperating agencies acted as a steering
committee and provided input to Reclamation on both the EIS process and
the EIS document after a period of review and discussion.

More than 17,000 comments were received during the scoping period.
Numerous comments were received about suggested alternatives and
factors to be considered in the development of alternatives. These
comments ranged from general suggestions about the management of the
dam to specific flow release recommendations. As a result of the analyses
and the categorization of the oral and written scoping comments by a
Reclamation contractor, the EIS team consolidated and refined the public’s
issues of concern. The following resources were identified to be analyzed
in detail in the EIS: water, sediment, fish, vegetation, wildlife and their
habitat, endangered and other special-status species, cultural resources,
air quality, recreation, hydropower, and non-use value.

In July 1990, representatives from the cooperating agencies and various
interest groups participated in a “brainstorming” workshop to fully
consider all concepts and suggestions in formulating alternatives for the
dam’s operations. On the basis of the results of the workshop, scoping
comments, and the Glen Canyon Environmental Studies phase I report, the
interdisciplinary EIS team formulated 10 preliminary alternative flow
scenarios. Some of these alternatives would provide for warmer water
release temperatures in the summer, add sediment to the river below the
dam, or reregulate releases to provide steady flows downstream. The EIS

team presented these alternatives to the cooperating agencies and,
following their approval, presented them to the public in March 1991.

The public was asked to comment on the range of preliminary alternatives
as part of the EIS scoping process. The predominant public comment was
the need to separately consider alternatives that deal with the operations
of the dam from those considering changes to the structure of the dam.
Using the additional input received from the public, professional
judgment, and analysis of interim flows, the EIS team reviewed and revised
the preliminary alternatives. Seven alternatives were then identified for
detailed analysis. Later, to present a full range of reasonable operations for
study in the EIS, two more alternatives were formulated. These included
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the Maximum Powerplant Capacity alternative, which was developed to
allow use of the powerplant’s maximum discharge capacity of 33,200 cfs,
and the eventual preferred alternative—the Modified Low Fluctuating
Flow alternative. The Modified Low Fluctuating Flow alternative was
similar to the Interim Flow but included a habitat maintenance flow.
Habitat maintenance flows are high, steady releases of water within the
powerplant’s capacity for 1 or 2 weeks in the spring. The purpose of these
flows is to reform and rejuvenate backwaters and maintain sandbars,
which are important for native fish habitat. Table 1.1 presents the nine
alternative flows studied in detail in the Glen Canyon Dam’s
environmental impact statement. These alternatives can be categorized as
follows: unrestricted fluctuating flows, restricted fluctuating flows, and
steady flows.

Table 1.1: Alternative Operating Procedures Studied in the Glen Canyon Dam’s EIS

Unrestricted fluctuating flows The two unrestricted fluctuating flow alternatives would allow flows to
vary, as necessary, for power generation purposes.

No-Action Maintain historic fluctuating releases the same as they were from 1964,
when the dam was placed in hydropower operation, until the research
flows began in June 1990. The maximum allowable discharge during
these fluctuations would be 31,500 cfs.

Maximum Powerplant Capacity Permits use of full powerplant capacity (33,200 cfs).

Restricted fluctuating flows The four restricted fluctuating flow alternatives would provide a range of
downstream resource-protection measures, while offering varying
amounts of flexibility for power operations.

High Slightly reduce daily fluctuations from historic no-action levels.

Moderate Moderately reduce daily fluctuations from historic no-action levels;
includes habitat maintenance flows, which are short-duration high
releases during the spring that allow sand to be transported and
deposited for maintaining camping beaches and fish and wildlife habitat.

Modified Low (preferred alternative) Substantially reduce daily fluctuations from historic no-action levels;
includes habitat maintenance flows.

Interim Low Substantially reduce daily fluctuations from historic no-action levels;
same as interim operations.

Steady flows The three steady flow alternatives would provide a range of downstream
resource-protection measures by minimizing daily release fluctuations.
Flows would be steady on either a monthly, seasonal, or year-round
basis.

Existing Monthly Volume Provide steady flows that use historic monthly release strategies.

Seasonally Adjusted Provide steady flows on a seasonal or monthly basis; includes habitat
maintenance flows.

Year-Round Provide steady flows throughout the year.
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Resource Protection
Measures (Common
Elements)

All of the restricted fluctuating flow and steady flow alternatives include
elements designed to provide additional resource protection or
enhancement. Since these elements were common to all such alternatives,
they became known as the “common elements.” Each impact analysis
includes these common elements. The common elements include adaptive
management, monitoring and protecting cultural resources, flood
frequency reduction measures, beach/habitat-building flows, further study
of selective withdrawal structures, measures to increase populations of an
endangered fish—the humpback chub,4 and emergency operating
exception criteria.

Adaptive Management The concept of adaptive management is based on the recognized need for
operational flexibility to respond to future monitoring and research
findings and varying resource conditions. The purpose of the Adaptive
Management Program would be to develop future modifications to the
dam’s operating criteria if monitoring and/or research results indicate a
need for change. Long-term monitoring and research would measure how
well the selected alternative meets the resource management objectives.
The basis for any decision would be linked to the response of the
resources to the operations of the dam. (Further details on the Adaptive
Management Program are provided in ch. 2.)

Monitoring and Protecting
Cultural Resources

The existence and operation of Glen Canyon Dam has had an effect on the
historic properties within the Colorado River corridor of the Glen and
Grand canyons. These properties include prehistoric and historic
archeological sites and Native American traditional cultural properties and
resources. Impacts are likely to occur to some of these historic properties
regardless of the EIS alternative chosen for implementation. The National
Historic Preservation Act, as amended in 1992, instructs federal agencies
to develop measures to avoid or minimize the loss of historic properties
resulting from their actions.

Flood Frequency Reduction
Measures

Under this common element, the frequency of unscheduled flood flows
greater than 45,000 cfs would be reduced to no more than once in 100 years
as a long-term average. This would allow management of certain other
common elements—habitat maintenance flows and beach/habitat-building
flows.

The two separate methods of reducing flood frequency that were
identified include (1) increasing the capacity of Lake Powell by raising the

4Measures to provide protection for, or enhancement of, populations of the razorback sucker are not
specifically included as a common element because currently very few of the species exist in the
mainstream Colorado River and no reproduction is known to occur.
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height of the spillway gates by 4.5 feet and (2) reducing the volume of the
lake by 1 million acre-feet from its current capacity in the spring until the
runoff peak has clearly passed.

Beach/Habitat-Building Flows Sandbars above the river’s normal peak stage will continue to erode, and
backwater habitat within the river’s flow will tend to fill with sediment
under any EIS alternative. Beach/habitat-building flows involve controlled
high releases of water greater than the powerplant’s capacity for a short
duration; they are designed to rebuild high-elevation sandbars, recycle
nutrients, restore backwater channels, and provide some of the dynamics
of a natural system.

Further Study of Selective
Withdrawal Structures

Reclamation would perform a study to determine if structures that would
allow the withdrawal of water from various depths of the reservoir should
be installed at the Glen Canyon Dam. Currently, water released from the
dam to produce hydropower is withdrawn from the cold depths of Lake
Powell, averaging 230 feet below the water’s surface when the reservoir is
full. This withdrawal process is accomplished by a series of eight
15-foot-diameter intake pipes that provide the water directly to the dam’s
eight turbines. This water withdrawal process results in the river water
temperature downstream of the dam being a nearly constant year-round
average of about 46 degrees Fahrenheit. Many native fish species cannot
reproduce and survive in these constant cold temperature conditions.
Increasing mainstream water temperatures by means of selective
withdrawal structures offers the greatest potential for creating new
spawning populations of humpback chub and other native fish in the
Grand Canyon. Multilevel intake structures (a means of selective
withdrawal) could be built at Glen Canyon Dam to provide seasonal
variation in the water temperature. A structure would be attached to each
of the eight existing intake pipes to withdraw warmer water from the
upper levels of the reservoir. However, the cost of installing multilevel
intake structures at the Glen Canyon Dam has been estimated at
$60 million.

New Population of Humpback
Chub

With the assistance of the U.S. Fish and Wildlife Service, the National Park
Service, the Arizona Game and Fish Department, and other land
management entities, such as the Havasupai Tribe, Reclamation would
make every effort—through funding, facilitating, and technical
support—to establish a new population of humpback chub within the
Grand Canyon. The humpback chub is currently a listed species under the
federal Endangered Species Act of 1973 (16 U.S.C. 1532 et seq.) and is one
of the native fish species that faces continued ecological health problems
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due to the cold water temperatures of the Colorado River. Such cold
temperatures are not conducive to the humpback chubs’ spawning or the
survival of eggs and young.

Emergency Exception Criteria Normal operations described under any alternative could be altered
temporarily to respond to power and water emergencies, such as
insufficient generating capacity, the restoration of the electrical system, or
search and rescue operations. These changes in operations would be of
short duration (usually less than 4 hours) and would be the result of
emergencies at the dam, downstream, or within the interconnected
electrical system.

Draft EIS and Public
Comments

On January 4, 1994, Reclamation filed a draft EIS with EPA. The Draft EIS

presented the impacts of the nine flow alternatives, including the
No-Action alternative (historic operations) that provided a baseline for
comparison, on the 11 resources that could be affected by the various
dam-operating regimes. Over 33,000 written comments were received on
the draft EIS. More than 2,300 separate issues and concerns were extracted
from an analysis of the comments.

EPA’s Region IX supported the preferred alternative (Modified Low
Fluctuating Flow) selected by Reclamation in the draft EIS. However, EPA

gave the draft EIS a qualified rating based on insufficient information on
two issues. First, EPA expressed concern about the lack of information on
the impacts of raising the dam’s spillway gates as a flood frequency
reduction measure and recommended that the final EIS include a more
thorough evaluation of the flood frequency reduction options. Second, EPA

recommended that the final EIS contain further discussion of
Reclamation’s Adaptive Management Program and how it plans to
implement beach/habitat-building flows.

Preliminary Final EIS Reclamation issued a preliminary final EIS for the operations of the Glen
Canyon Dam in December 1994. The preliminary final EIS also took into
consideration the discussions with the U.S. Fish and Wildlife Service (FWS)
in connection with the consultation requirements of the Endangered
Species Act and with the provisions of the Fish and Wildlife Coordination
Act. Section 7 of the Endangered Species Act, as amended (16 U.S.C.
1536), requires federal agencies to consult with FWS to ensure that the
actions they authorize, fund, or carry out are not likely to jeopardize the
continued existence of a species listed under the act as endangered or
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threatened. If the action would jeopardize a listed species, FWS suggests a
reasonable and prudent alternative that the federal agency can implement
to minimize and/or mitigate the activity’s impact on the species or their
critical habitat. The Fish and Wildlife Coordination Act of 1958 (16 U.S.C.
661 et seq.) was enacted to ensure that fish and wildlife receive equal
consideration during the planning and construction of federal water
projects. FWS prepares a Fish and Wildlife Coordination Act report that
contains nonbinding recommendations for actions that would be
beneficial to fish and wildlife. The cooperating agencies and the EIS team
reviewed the preliminary final EIS, and additional changes were made to
the EIS on the basis of that review.

Final EIS On March 21, 1995, Reclamation filed the final EIS with EPA. In June 1995,
EPA informed Reclamation that it continues to support the preferred
alternative and was pleased that Reclamation had addressed EPA’s
concerns about the draft EIS. Specifically, the final EIS states that
Reclamation will conduct a detailed evaluation of the flood frequency
reduction measures before a decision is made and provides more
information on the approach that Reclamation will use to implement an
Adaptive Management Program and conduct beach/habitat-building flows.
EPA applauded the efforts made by all of the agencies, tribes,
organizations, and individuals involved in the research, scoping, and
preparation of the EIS. EPA summarized that the dedication to sound
science and cooperative relations was critical to developing a preferred
alternative (including adaptive management), which it believes will protect
and enhance the environmental and cultural resources downstream from
the Glen Canyon Dam.

Reclamation’s
Preferred Alternative
for Future Operations
of the Glen Canyon
Dam

In the Glen Canyon Dam’s final environmental impact statement,
Reclamation recommends the Modified Low Fluctuating Flow as the
preferred method for the future operations of the Glen Canyon Dam.
According to the final EIS, the Modified Low Fluctuating Flow alternative
was developed to reduce daily flow fluctuations well below no-action
levels and to provide periodic high, steady releases of short duration, with
the goal of protecting or enhancing downstream resources while allowing
limited flexibility for power operations. This alternative would have the
same annual and essentially the same monthly operating plan as under the
No-Action alternative but would restrict daily and hourly water releases.
Specifically, minimum flows would be no less than 8,000 cfs between 7 a.m.
and 7 p.m. and 5,000 cfs at night. The maximum rate of release would be
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limited to 25,000 cfs during fluctuating hourly releases. Ramp rates would
be limited to 4,000 cfs per hour for increasing flows and 1,500 cfs per hour
for decreasing flows. Daily fluctuations would be limited to 5,000, 6,000, or
8,000 cfs depending on the monthly release volume.

The preferred alternative also included periodic habitat maintenance
flows, which are steady high releases within the powerplant’s capacity for
1 to 2 weeks in the spring. The purpose of these flows is to rejuvenate
backwater channels that are important to fish habitat and maintain
sandbars that are important for camping. Habitat maintenance flows differ
from beach/habitat-building flows in that they would be within the
powerplant’s capacity and would occur nearly every year when the
reservoir’s volume is low. According to Reclamation, when the reservoir is
low, water flows normally would not exceed about 22,000 cfs, and the
probability of an unscheduled spill is small. Therefore, the habitat
maintenance flows would be scheduled in those years. Habitat
maintenance flows would not occur in years when a
beach/habitat-building flow is scheduled. Beach/habitat-building flows are
controlled floods with scheduled high releases of water greater than the
powerplant’s capacity for a short duration, designed to rebuild high
elevation sandbars, deposit nutrients, restore backwater channels, and
provide some of the dynamics of a natural river system.

According to Reclamation, instead of conducting the beach/habitat
building flows in years in which Lake Powell storage is low on January 1, it
has been agreed to modify the preferred alternative in the Record of
Decision to accomplish the flows in high reservoir years when bypassing
the powerplant would be necessary for safety purposes at the dam. In the
spring of 1996, Reclamation conducted its first experiment of the
controlled flood concept. The controlled experiment commenced with 4
days of constant flows at 8,000 cfs. Flows began to increase incrementally
on March 26, 1996, until they reached a maximum of 45,000 cfs, where they
remained for 7 days. After 7 days of high flows, the releases were reduced,
gradually, to a constant flow of 8,000 cfs for 4 days of evaluation.
According to Reclamation, the preliminary results indicate that the release
increased sandbars in the Glen and the Grand canyons by as much as
30 percent and also created numerous backwaters for fish.

Objectives, Scope,
and Methodology

Subsection 1804(b) of the Grand Canyon Protection Act states that the
Comptroller General shall (1) audit the costs and benefits to water and
power users and to natural, recreational, and cultural resources resulting
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from the management policies and dam operations identified pursuant to
the environmental impact statement and (2) report the results of the audit
to the Secretary of the Interior and the Congress.

While the act states that GAO should audit the “costs and benefits” of
various alternative dam operations identified in the EIS, the National
Environmental Policy Act does not require, and Reclamation did not
perform, a cost and benefit analysis. In preparing the impact statement,
Reclamation studied the impact of nine dam-operating alternatives on 11
resources. In the absence of a cost and benefit analysis, we determined
that the statute does not require us to conduct our own cost and benefit
analysis. As discussed with the staff of the Majority and Ranking Minority
members of the Senate and House committees having jurisdiction over
these matters, to fulfill the requirements of the act, we examined

• whether Reclamation’s determination of the impact of various flow
alternatives on selected resources was reasonable and

• what, if any, concerns still exist on the part of key interested parties about
the final EIS.

To assess whether Reclamation’s impact determinations were reasonable,
we assessed for each resource, the methodologies and data used to make
the impact determinations, how the methodologies were implemented,
and the results achieved. The details of our analysis, and a comprehensive
list of individuals contacted and key studies identified, are contained in
appendixes I through X of this report. The title of each appendix is the
designation (name) of the resource, and they are numbered in alphabetical
order. We combined our analysis of the vegetation and wildlife/habitat
impact determinations into one appendix—appendix IX. We made this
choice because (1) similar indicators were studied in making the impact
determinations for these resources, (2) the riparian vegetation that
developed along the Colorado River corridor plays an important role as
habitat to support the diversity of wildlife within the Glen and the Grand
canyons, and (3) the same EIS team member was responsible for the
impact determinations of both resources.

For three resources—hydropower, recreation, and non-use
values—Reclamation quantified the economic impact of the cost or benefit
that the various flow alternatives would have on the resource. For these
resources, we also reviewed the documentation on the modeling
techniques and economic assumptions used to make the impact
determinations. For example, for Reclamation’s power methodology, we
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reviewed key economic assumptions, results, and documentation,
including reports entitled Power System Impacts of Potential Changes in
Glen Canyon Power Plant Operations, [Phase II] Final Report, October
1993, and Power System Impacts of Potential Changes in Glen Canyon
Power Plant Operations, Phase III Final Report, July 1995. These reports
were prepared by the Power Resources Committee, a subgroup of the EIS

team which included experts from the federal government, the utility
industry, and the environmental community. This committee was charged
with determining the impact of the nine flow alternatives on hydropower.

We interviewed members of the Power Resources Committee, including
the Reclamation officials who served as Chairman and economist, and
representatives from the Western Area Power Administration, the
Colorado River Energy Distributors Association, the Environmental
Defense Fund, and the Reclamation contractor that conducted the studies.

In addition, to assess the methodology used, economic assumptions, and
results, we reviewed federal guidance on water resource projects entitled
Economic and Environmental Principles and Guidelines for Water and
Related Land Resources Implementation Studies, U.S. Water Resources
Council, March 10, 1983; public comments on the draft and final EIS, and
comments provided by three energy consultants retained by HBRS, Inc. to
review the power analysis. HBRS, Inc. (now called Hagler Bailly
Consulting), was Reclamation’s primary contractor for conducting the
power analysis. Also, we reviewed the comments provided by the National
Research Council on the power analyses in the draft and final EIS. We used
standard microeconomic principles to assess the reasonableness of key
economic assumptions. Our assessment of the reasonableness of
Reclamation’s methodology was limited to a review of the general
analytical framework and an assessment of the reasonableness of the key
assumptions and data. We did not evaluate the Power Resources
Committee’s calibration of the power simulation models used or the
spreadsheet models used, nor did we verify the accuracy of all data inputs.

For both the recreation and non-use methodologies, we reviewed the
literature and research principles on the contingent valuation method to
assess the reasonableness of the methodology, assumptions used, and
results in conjunction with standard economic principles. Economists and
survey researchers working in the natural resource and environmental
areas have developed the theory and practice of contingent valuation to
estimate non-use values.

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 33  



Chapter 1 

Introduction

To gain an understanding of Reclamation’s recreational methodology, key
assumptions, and results, we reviewed documentation that describes these
in detail, including the EIS. We also interviewed members of the Recreation
subgroup, including Reclamation officials and their contractors, as well as
representatives from the National Park Service and the Arizona Game and
Fish Department. In addition, we interviewed academic experts in the field
and a member of the National Academy of Sciences’ team that reviewed
the EIS.

To gain an understanding of Reclamation’s non-use value study
methodology and results, we reviewed the final report entitled GCES

Non-Use Value Study, dated September 8, 1995. We interviewed
Reclamation officials responsible for the preparation of the report, and a
Senior Associate at Hagler Bailly Consulting, who was a primary
contributor to the development of the report. To evaluate Reclamation’s
non-use study, we made use of some general guidelines that focus on the
quality of a contingent valuation study and on the underlying survey
research. Specifically, to assess the contingent valuation study, we relied
on general guidelines developed by a panel of prominent researchers
convened by the National Oceanic and Atmospheric Administration. The
panel’s report was published in the Federal Register on January 15, 1993.
To assess the total design method for conducting mail surveys used by
Reclamation in the non-use study we used the most widely accepted
written standards for mail questionnaires published by Don A. Dillman in
1978. We also interviewed a number of the Non-Use Value Committee
members to obtain their opinion of the methodologies and data used and
the results achieved. The Committee included members from the power
industry, environmental groups, Native American tribes, and federal
agencies. The Committee was tasked to consider interim study results and
provide input to the study process.

For the eight resources whose impact determinations were not
economically quantified, to determine the methodology and data used to
make an impact determination, we obtained and reviewed the following
documents: the draft EIS and associated appendixes, the preliminary final
EIS, the final EIS, public comments on the draft EIS, Reclamation’s analysis
of and responses to these comments, copies of the minutes of EIS team
meetings, summaries of the cooperating agency meetings, and
Reclamation’s newsletters on the EIS process. We also obtained and
reviewed the U.S. Fish and Wildlife Service’s draft biological opinion and
final biological opinion on the Glen Canyon Dam’s EIS, Reclamation’s
comments and responses to the biological opinions, and the U.S. Fish and
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Wildlife Service’s report required by the Fish and Wildlife Coordination
Act. Also, we reviewed numerous scientific studies related to each of the
resources that were identified by EIS team members as the most useful in
developing the impact determinations for the respective resources.

To obtain a better understanding of other issues related to the EIS process,
we also reviewed the Colorado River Simulation System Overview, the
Final Analysis Report on Scoping Comments, and the Glen Canyon Dam
EIS Preliminary Alternatives Report. Other documents reviewed included
the draft and final environmental assessment of the spring 1996
beach/habitat-building test flow and papers presented at a 1991 National
Research Council Symposium on the Glen Canyon Environmental Studies.

Because certain parameters included in the preferred alternative were
changed, we reviewed a document entitled “Assessment of Changes to the
Glen Canyon Dam Environmental Impact Statement Preferred Alternative
from Draft to Final EIS,” issued by Reclamation in October 1995. This paper
explained the background and scientific basis of the changes to the
preferred alternative between the draft and final EIS. A comprehensive list
of the documents we reviewed is contained in the discussion of each of
the 11 resources in appendixes I through X (vegetation and wildlife/habitat
are both discussed in appendix IX).

To assess the reasonableness of the impact determinations for the eight
resources that were not economically quantified, we interviewed the EIS

team members and/or subgroup members who had the primary
responsibility for making the impact determinations, writing sections of
the draft EIS, and revising the EIS following the receipt of public comments.
We also spoke with scientists identified by EIS team members and
members of EIS subgroups who commented on issues in their area of
expertise. Finally, we interviewed other agency officials with information
on the EIS and Glen Canyon Environmental Studies processes. For each of
these resources, we obtained his or her views on the reasonableness of the
methodology and data used in making the impact determinations, how
well the methodologies were implemented, and the reasonableness of the
results achieved.

To obtain information on what, if any, concerns still exist on the part of
key interested parties about the final impact statement, including how
many supported the preferred alternative, we surveyed 37 key
organizations and individuals knowledgeable about the EIS and its
development. Our judgmental sample included officials of federal
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agencies, state agencies, Indian tribes, environmental organizations, water
and power suppliers and users, and individuals involved in the
development of the EIS. Specifically, among the 37 organizations and
individuals we asked to respond to our survey, 23 were organizations and
individuals that provided what Reclamation considered to be the most
substantive comments on the draft EIS. These agencies and individuals
include the Navajo Nation, Hualapai Tribe, Hopi Tribe, Bureau of Indian
Affairs, National Park Service, Arizona Game and Fish Department, U.S.
Fish and Wildlife Service, Western Area Power Administration, Plains
Electric Generation and Transmission Coop, Inc., Environmental
Protection Agency, Environmental Defense Fund, National Research
Council, Upper Colorado River Commission, Department of the Interior’s
Office of Environmental Policy and Compliance, Salt River Project,
Colorado River Energy Distributors Association, Grand Canyon Trust,
American Rivers, Sierra Club Legal Defense Fund, American Fisheries
Society, Grand Canyon River Guides, and Dr. Larry Stevens. Dr. Stevens is
considered by many to be the leading authority on vegetation in the Grand
Canyon region. He was a major contributor of research on both the
vegetation and wildlife/habitat resources for the EIS. We also contacted Mr.
David Marcus, whom Reclamation stated also provided substantive
comments on the draft EIS. However, Mr. Marcus stated that he worked as
a consultant for American Rivers and that he preferred to provide us with
his comments through that organization, not as an individual. As such, we
did not include Mr. Marcus as part of our survey universe.

We also contacted the three cooperating agencies (Pueblo of Zuni,
Southern Paiute Tribe, and Southern Paiute Consortium) that were not
among the 22 above. Furthermore, the seven Colorado River Basin states
(Arizona, California, Colorado, Nevada, New Mexico, Utah, and Wyoming)
were asked to respond to our survey. In addition, another five
environmental groups with interests in the Glen Canyon Dam area (Sierra
Club, Arizona Flycasters, Friends of the River, America Outdoors, and
Trout Unlimited) were also contacted. We received responses from 30 of
the 37 (81 percent) organizations and individuals we contacted. The seven
nonrespondents did not represent any particular interest group. Specifics
on how the 37 organizations and individuals responded to our survey are
provided in chapter 3 of this report.

We conducted our work from January 1995 through September 1996 in
accordance with generally accepted government auditing standards.
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We provided copies of a draft of this report to the Department of the
Interior for its review and comment. Interior generally agreed with the
information presented in the report and stated that they were impressed
with the quality of the product developed by the audit team. Interior also
provided several technical clarifications to the draft, which have been
incorporated into the report as appropriate. Interior’s comments and our
responses are included in appendix XII.
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In preparing the Glen Canyon Dam’s environmental impact statement,
Reclamation studied the impact of the dam’s various flow alternatives on
hydropower, non-use values, and other selected resources located below
the dam. To make these impact determinations, Reclamation used a
variety of methodologies and data sources. Generally, we believe the
methodologies used to be reasonable and appropriate and the data used to
be the best available at the time. Some prominent economists, however,
question the credibility of results obtained from the methodology
Reclamation used to derive non-use values. We also noted some
shortcomings in some of Reclamation’s economic assumptions and its
application of certain methodologies. In addition, we found that some of
the data used in the resource analyses were dated, preliminary, or
incomplete. Overall, these limitations reduce the precision of the
estimated impacts contained in the EIS. In addition, there is general
agreement that as a result of incomplete information, the impact of steady
flow alternatives on fish resources remains uncertain. Nonetheless, our
work disclosed no evidence that these limitations would alter the relative
ranking of the fluctuating and steady flow alternatives. Therefore, we
believe that these limitations are not significant enough to render the final
impact statement unusable to the Secretary of the Interior as a
decision-making document.

Generally, Reclamation and other experts associated with the
development of the Glen Canyon Dam’s environmental impact statement
believe that the impact determinations are reasonable. At the same time,
they recognize that there are limitations to the EIS. However, they believe
that these limitations are not significant enough to make the results
unusable. Furthermore, Reclamation recognizes that many uncertainties
still exist. To address these uncertainties, Reclamation intends to initiate a
process of “adaptive management” that would provide for long-term
monitoring and research to measure the actual effects of the selected
alternative. The results of this effort would form the basis for possible
future modifications of the dam’s operations.

Methodologies Used
to Make Impact
Determinations Were
Generally Reasonable

We found that, in general, the variety of methodologies and research
techniques used by Reclamation to make impact determinations were
reasonable and appropriate. For most resource assessments, Reclamation
relied on multidisciplinary subteams consisting of experts representing
federal and state governments, tribal interests, academic and scientific
communities, the electric utility industry, environmental organizations,
and the recreation industry. The exact makeup of each team depended on
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the resource and the area of concern. In addition, for each resource, the
subteam assessed, either quantitatively, qualitatively or both, how
alternative flows would affect the resource relative to a No-Action (base
case) flow. The EIS teams generally used state-of-the-art modeling
techniques and/or the latest scientific research to make the impact
determinations. Furthermore, the methods used and results achieved were
reviewed by peers and outside experts, including the Glen Canyon
Environmental Studies Review Team and the National Academy of
Sciences.

To conduct the impact analyses of various flows on hydropower,
Reclamation established the Power Resources Committee—a group of
electricity and modeling experts from Reclamation, the Western Area
Power Administration, the electric utility industry, private contractors, and
the environmental community. Using a 50-year analysis period
(1991-2040) and the No-Action Flow alternative (historic operations) as
the base case, the Committee assessed how various flow alternatives
would affect hydropower production and then projected the subsequent
economic costs that would be incurred by regional utilities and end-users
to replace the dam’s forgone power production. The Committee
considered the fixed costs associated with the existing generating capacity
in the region to be “sunk” costs and, hence, excluded them from the
economic cost calculations. The Committee also used two state-of-the-art
modeling techniques and detailed utility-specific data to quantify the
economic impacts. In addition, the Committee used sensitivity analysis to
test the impact of changes in key economic assumptions. The results of
the power study were then incorporated into the draft EIS for public
comment. The Committee solicited and received an independent review of
the power study from three energy experts. On the basis of the comments
received from the public and outside experts, the Committee partially
revised its initial power study. For example, the Committee updated the
projected costs of building gas-combustion powerplants, revised its retail
rate analysis, and conducted additional sensitivity analyses. The results of
both power studies were incorporated into the final EIS. (See app. V for
details on the results of the power study.)

For fish resources, numerous public comments were received by
Reclamation expressing concern about the impact determinations
presented in the draft EIS. To respond to these concerns, Reclamation
formed an Aquatic Biology Team workgroup. This work group consisted of
EIS team members representing Reclamation, the U.S. Fish and Wildlife
Service, the Arizona Game and Fish Department, and two Indian tribes.
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The workgroup was tasked to respond to comments and to reorganize and
rewrite the fish section of the final EIS. Individual workgroup members
were given specific assignments, interactive discussions were held, and
decisions were made through consensus. As a result of this effort, several
major changes were made to the final EIS, including more explicit
recognition of the uncertainty and disagreement that exist among
scientists about the response of fish to the steady flow alternatives. (See
app. IV for details on the results of the fish impact determinations.)

To assess the impact of various flow alternatives on water and sediment,
Reclamation’s EIS team used the Colorado River Simulation System (CRSS)
to project the long-term (50 years) and short-term (20 years) impacts on
annual and monthly streamflows, floodflows and other water spills, water
storage, water allocation deliveries, and Upper Colorado River Basin
yields. CRSS is a package of computer programs and databases designed to
assist water resource managers in performing comprehensive long-range
planning and operations studies that arise from proposed changes in the
Colorado River’s operations, proposed development of the Colorado River
Basin, or changes in present water use throughout the basin. The
development of CRSS took place over a 10-year period and stemmed from
the need for a comprehensive model of the Colorado River Basin that
would incorporate all areas of interest, including legislative requirements.
According to Reclamation and other experts, CRSS is the most
comprehensive and detailed simulation of the Colorado River system that
exists. (See app. VIII and app. X for details on the results of the sediment
and water analyses, respectively.)

To quantify the economic impact of the dam’s various flow alternatives on
non-use values and recreation, Reclamation primarily relied on a
methodology called contingent valuation. Social scientists and economists
have long acknowledged the existence of non-use values—the monetary
value placed on the status of the environment by people who never visit or
otherwise use these features. Contingent valuation relies on public surveys
to elicit information from consumers and estimate how much they would
be willing to pay for a non-use good. For valuing most goods and services,
economists are able to rely on people’s actual purchases of goods in
markets. However, by definition people do not purchase non-use goods,
and some prominent economists question whether the contingent
valuation method can accurately elicit the values consumers place on
non-use goods. For example, Peter A. Diamond and Jerry A. Hausman
state, “We believe that contingent valuation is a deeply flawed
methodology for measuring non-use values, one that does not estimate
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what its proponents claim to be estimating.”1 Still many economists and
survey researchers working in the natural resource and environmental
areas have developed and used this methodology, and it is currently the
only known approach for estimating non-use values. (See app. VI for
details on the results of the non-use value study.) Economists generally
have fewer questions about the application of the contingent valuation
methodology in measuring the value of goods and services that consumers
actually purchase. Therefore, there are fewer questions about the
usefulness of this approach for measuring the values associated with
recreational activities. (See app. VII for details on the results of the
recreation studies.)

Shortcomings Noted in
Reclamation’s Economic
Assumptions and
Implementation of Certain
Methodologies

In light of the results of our work and the opinions of the experts we
contacted, we believe the methodologies used by Reclamation and its EIS

teams to make impact determinations were generally reasonable. We did
note, however, some shortcomings in the economic assumptions used in
the hydropower analysis and in Reclamation’s implementation of certain
methodologies. Specifically, in the hydropower analysis, the assumptions
used do not explicitly include the mitigating effect that higher electricity
prices would have in reducing the demand for electricity (that is, price
elasticity). For example, the Power Resources Committee assumed that
both the demand for and price of electricity would continue to rise over
the planning period. However, we believe the rise in the price of electricity
would likely induce some electricity consumers (both wholesalers and
end-users) to consume less electricity or switch to cheaper alternative
suppliers, which is not taken into account in the analysis. Consequently,
fewer resources would be needed to replace forgone power at the Glen
Canyon Dam, and the subsequent economic impacts would be lower than
estimated (all else being the same).

In addition, the Committee’s assumptions about future natural gas prices
are relatively high. The Committee assumed that the average gas price
would increase annually by 8 percent from 1991 through 2010. In 1994,
industry forecasters projected that the price of natural gas would increase
by about 6 percent for the same time period, and in 1995, forecasts
assumed that prices will rise by only 5 percent. The higher escalation rates
could affect the power analysis by overstating the economic cost of
replacing the Glen Canyon Dam’s power.

1Peter A. Diamond and Jerry A. Hausman, “Contingent Valuation: Is Some Number Better than No
Number?” Journal of Economic Perspectives, 8(4), Fall 1994, pp. 45-64. (quotation on p. 62).
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We also found that Reclamation’s staff made two computational errors
during the revision of the initial power analysis. The Power Resources
Committee acknowledged these errors in its final report and stated that
the errors affected the results in opposite directions, that is, one error may
have overstated costs while the other error may have understated costs.
The Committee was unable to correct the errors in the report because of
time and funding constraints.

These shortcomings, combined with the inherent uncertainty in making
economic forecasts, reduce the precision of the estimated economic
impacts. However, an association that represents the affected power
utilities, while maintaining that the costs to the power system are
understated, does not believe that Reclamation’s analysis is inaccurate by
a large magnitude. Furthermore, because these shortcomings affect the
estimated economic impact of all alternatives equally, we believe that
addressing these shortcomings would not alter the relative ranking of the
fluctuating and steady flow alternatives.

Although we believe the recreation impacts methodology is generally
reasonable, we noted several limitations. For example, the survey data
used as the basis of the analysis were gathered during an unusually
high-water year; therefore, some respondents may not have actually
experienced how various alternative flows would have affected their
recreational experience, which is what they were being asked to value. In
addition, the survey was designed well before the flow alternatives to be
studied in the Glen Canyon Dam’s EIS were finalized. As a result, the
survey scenarios do not systematically correspond to the flow alternatives
presented in the EIS. Finally, although researchers tested proposed
questions to determine which ones offered the highest response rate, they
did not adequately pretest some survey instruments to detect wording,
construction, and presentation defects or other inadequacies. Because the
recreation economic model used the results of these survey instruments as
a basis for the analysis, the estimated dollar value of the benefits may not
be very precise. Reclamation and National Park Service officials involved
in the process acknowledged that the recreation analysis has limitations
but stated that these limitations would not affect the ranking of the
alternatives. They also noted that the estimated recreation benefits
identified by this research were not a key element in the selection of the
preferred alternative.

In addition to the shortcomings in the hydropower and recreation
analyses, we also noted that there was no formal opportunity for affected
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parties as well as the general public to offer comments on the Glen
Canyon non-use value study. Although the final EIS notes that the non-use
value is positive and significant, the actual quantified results are not
included in the final EIS. Reclamation did not include the non-use value
study results because they were not available when the final EIS was
published. The non-use study was completed as a separate Glen Canyon
Environmental Studies report and, according to Reclamation, will be
attached to the Record of Decision package sent to the Secretary of the
Interior. In that way, it will become part of the final decision-making
process. Reclamation noted that although the non-use study did not go
through the public comment process, the study team solicited and
received peer review at various key decision points and that the final
results of the non-use value study received a positive review by the
National Academy of Sciences and the Office of Management and Budget.
Reclamation also noted that interests likely to be affected by any changes
in the operations of the Glen Canyon Dam, such as power groups and
environmental groups, were involved in the non-use value study process.
In addition, there were scoping sessions and focus groups that were
derived from members of the general public. The results of these sessions
were used to assist in the development of the content of the survey and the
relevant issues to be addressed.

Data Used in Impact
Determinations Were
the Best Available

Reclamation’s National Environmental Policy Act Handbook requires that
all EIS analyses be based on the best reasonably obtainable scientific
information. According to Reclamation and other experts who developed
the Glen Canyon Dam’s environmental impact statement, the data used to
make the impact determinations were the best available at the time. For
example, for the impact of various flow alternatives on nonfish
endangered species, one researcher said the terrestrial and bird-related
research used as a basis for making impact determinations was “top
notch.” Another researcher who worked on endangered species stated that
when they were clarifying information or needed data to fill gaps, the EIS

team contacted researchers directly to get the latest available data. For
information on cultural resources and properties, members of that
resource team believe that Reclamation went beyond federal requirements
for the development of an impact statement by performing assessments of
all previously identified archeological sites within the Colorado River
corridor in the Glen and Grand canyons. According to many experts, when
completed, this effort generated the best and most current scientific
information available.
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For some resources, we found that although the data were the best
available, they had limitations. Some of the data used in making the impact
determinations were dated, preliminary, or incomplete. For example,
Reclamation used survey data collected in 1985 to assess the economic
impact of alternative dam flows on recreational activities. Reclamation’s
contractor surveyed a sample of anglers, day-rafters, and white-water
boaters about their recreational experiences on the Colorado River and
what effect, if any, different streamflows would have on their recreational
experiences. However, because the survey was undertaken in 1985, it may
not represent more recent trends in recreational experiences. For
example, the number of angling trips on the Colorado River more than
doubled between 1985 and 1991 (the base year used by Reclamation in
preparing the draft EIS), which may influence the value of each trip.
Reclamation updated some of the data to 1991 but acknowledges that the
survey data were generally dated. Reclamation stated, however, that the
recreation analysis was adequate to present a good picture of the potential
impact of alternative flows on various recreational experiences and that
because of the limited impact of alternative flows on recreation, limited
research funds could be better used to improve other analyses. The
National Research Council generally found the recreation analysis to be
adequate.

In addition, the estimated non-use values for the steady flow alternatives
could be overstated because of new information that was not available at
the time the survey instruments were developed. The non-use value
surveys described the environmental impacts based on information that
was the best available at the time. This information indicated that
improvements would be obtained for fish resources under fluctuating and
steady flow alternatives. However, after the development of the survey
instruments, the fish section of the EIS was revised to recognize the
uncertainty that exists about the impact of steady flow alternatives. To the
extent that the non-use value surveys did not capture this degree of
uncertainty, the precision of the non-use value estimates could be
reduced.

Many of the results of the Glen Canyon sediment studies were preliminary,
in draft form, and had not been published at the time that the draft impact
statement or the final impact statement was written. In addition, in some
cases definitive information on the impact of a specific flow alternative
was not available. Therefore, the EIS team had to extrapolate from the
existing data using their professional judgment to estimate the potential
impact of a specific alternative. The EIS team told us that they always
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verified the reasonableness of their conclusions and extrapolations with
the researchers. However, they believed that if finalized data had been
available, the reasons for the selection of the preferred alternative would
have been more clearly supported. These researchers added that no new
or additional information on sediment impacts has been obtained that
would alter the information or conclusions presented in the final impact
statement.

Finally, information on some resources is incomplete, as is the knowledge
of how changes in the Glen Canyon Dam’s operations will affect those
resources. For example, the experts’ opinions vary, in part because of
incomplete data, on how native and nonnative fish interact and how
changes to the dam’s operations would affect these interactions. Many
researchers and EIS team members we interviewed expressed regret about
the lack of coordinated time frames between the completion of the Glen
Canyon Environmental Studies and the development of the Glen Canyon
Dam EIS. The leader of the workgroup responsible for developing the EIS

impact determinations for fish stated that this difference in time frames
was especially problematic when the preferred alternative was selected. At
that point, decisions had to be made, but data and analyses were not
complete.

Reclamation explicitly acknowledges the uncertainty that exists about the
impact of the steady flow alternatives on fish resources in the final EIS. In
its final biological opinion, the U.S. Fish and Wildlife Service stated that
Reclamation’s preferred alternative is likely to jeopardize the existence of
two native endangered fish species (the humpback chub and the
razorback sucker). In general, the biological opinion’s “reasonable and
prudent alternative” would modify the preferred alternative by including
seasonally adjusted steady flows. The U.S. Fish and Wildlife Service and
Reclamation have agreed to categorize these flows as experimental and
include them as part of the Adaptive Management Program.

The Results of the
Glen Canyon Dam’s
EIS Are Generally
Reasonable, but
Future Studies Will Be
Needed

Reclamation and other experts associated with the development of the
Glen Canyon Dam’s EIS generally believe that the impact determinations
presented in the final EIS are reasonable. (A summary of Reclamation’s
comparison of alternatives and impacts is presented in app. XI of this
report.) They recognize that there are limitations to the results, but they
believe that these limitations are not significant enough to make the
impact determinations unusable for the Secretary’s decision-making. For
example, one EIS team member stressed that in the process of scientific
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decision-making and economic forecasting, complete and certain
information is never available. Furthermore, Reclamation noted that the
Congress had mandated that the final EIS be issued within a certain time
frame; therefore, decisions had to be made on the basis of the best
information available at the time.

Reclamation recognizes that uncertainties still exist about the impact of
the various flow alternatives on resources. To address these uncertainties,
Reclamation intends to initiate a process of “adaptive management.”

Impact Determinations in
the Glen Canyon Dam’s
EIS Are Generally
Reasonable

We discussed the results of the impact determinations for each resource
with Reclamation and other experts involved in the development of the
Glen Canyon Dam’s EIS. Although these individuals recognized that there
were some shortcomings in the analyses, they generally agreed that the
results of the impact determinations as presented in the Glen Canyon
Dam’s final EIS were reasonable. For example, although some researchers
described the model used (the sand-mass balance model) to determine the
impact of various flows on sediment as “simplistic” compared with models
that are currently being developed by U.S. Geological Survey researchers,
none of the preliminary results from the new models contradict the
conclusions reached by the sand-mass balance model. Another researcher
who worked on the vegetation and wildlife resources told us that although
the EIS may have been based on incomplete information, subsequent
science supports it. The researcher further added that the results of the EIS

were right on track with the best scientific evidence available at the time.

The results of some impacts, however, such as how steady flows will
affect fish, are still uncertain. The individual responsible for leading the
fish impact determinations process stated that the lack of final results
from the fish research studies was frustrating and that the limited data
allowed differences of opinion and scientific interpretation to arise about
the impacts on fish resources. However, he added that he believed that if
final data had been available, they would have refined the EIS team’s
conclusions but would not have changed the impact determinations or the
preferred alternative.

Although there is general agreement that the results of the Glen Canyon
Dam’s EIS are reasonable, there is also general agreement that additional
research is needed to further refine or, in the case of fish resources, define
the impact on resources of changes to the dam’s operations. For example,
impacts to some archeological and cultural properties are bound to occur
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regardless of the flow alternative chosen. To avoid or minimize the loss of
historic properties and comply with the requirements of the National
Historic Preservation Act, Reclamation developed a programmatic
agreement between federal and state agencies as well as affected Native
American tribes. Implemented in 1994, the agreement led to numerous
monitoring trips and site-stabilization efforts, but all parties involved
believe that more research is needed to understand how water flow affects
cultural resources. Furthermore, several sediment researchers we
interviewed stated that they supported the impact determinations and the
preferred alternative. However, one stated that as more information is
obtained about the various systems in the canyon, the preferred
alternative may become less restrictive in terms of the allowed water
releases for hydropower use.

Reclamation’s Proposed
Adaptive Management
Program

Reclamation recognizes that uncertainties exist about the downstream
impacts of water releases from the Glen Canyon Dam. To address these
uncertainties, Reclamation plans to initiate an Adaptive Management
Program. The concept of adaptive management is based on the recognized
need for ongoing operational flexibility to respond to future monitoring
and research findings and varying resource conditions. The objective of
the Adaptive Management Program is to establish and implement
long-term monitoring programs that will ensure that the Glen Canyon Dam
is operated, consistent with existing law, in a manner that will protect,
mitigate adverse impacts to, and improve the values for which the Glen
Canyon National Recreational Area and the Grand Canyon National Park
were established. According to Reclamation, long-term monitoring and
research are essential to adaptive management. Reclamation believes that
such an effort is needed to measure the performance of any selected EIS

alternative. In this way, managers can determine whether the alternative is
actually meeting resource management objectives and obtain an additional
understanding of the resources’ responses to the dam’s operations.

Under Reclamation’s current proposal, the Adaptive Management
Program, which would be under the direction of the Secretary of the
Interior, would be facilitated through an Adaptive Management Work
Group. The Adaptive Management Work Group, chartered under the
Federal Advisory Committee Act, would include representatives from each
of the EIS cooperating agencies, the basin states,2 contractors for the
purchase of federal power, recreation interests, and environmental
organizations. The work group would:

2The basin states consist of Arizona, California, Colorado, Nevada, New Mexico, Utah, and Wyoming.
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• develop proposals for (1) modifying the operating criteria, (2)research
under the long-term monitoring program, and (3) other mitigation actions
as appropriate and

• facilitate technical coordination and input from interested parties.

The Adaptive Management Work Group would be supported by a
monitoring and research center and a technical work group. The
Monitoring and Research Center would manage and coordinate
monitoring activities, research, and inventory programs and maintain a
scientific information database. The technical work group would include
technical representatives from federal, state, and tribal governments and
their contractors. This work group would translate the policy and goals of
the Adaptive Management Work Group into resource management
objectives and establish criteria and standards for long-term monitoring
and research. The independent scientific review panel would include
scientific experts not otherwise participating in the long-term monitoring
and research studies. The responsibilities of this review panel would
include reviewing scientific study plans, resource reports, and scientific
logic and protocols.
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Since December 1982, Reclamation has been studying the effects of the
Glen Canyon Dam on various resources within the Glen and the Grand
canyons. According to Reclamation, during this 14-year period, over
$75 million was spent initially on the Glen Canyon Environmental Studies
and then on the Glen Canyon Dam’s EIS. This research and analysis was
aimed at providing sufficient information to recommend an operating plan
for the dam that would permit the recovery of downstream resources
while maintaining some level of hydropower flexibility. Still, after all this
time and money, the process of selecting a preferred alternative involved
not only scientific evidence but also trade-offs and compromise. This
occurred because no one alternative could maximize benefits to all
resources and because the impacts of some of the flow alternatives remain
uncertain. Nevertheless, over 83 percent of the key interested parties who
responded to our survey support Reclamation’s preferred alternative as a
good starting point for the future operations of the Glen Canyon Dam. In
addition, many respondents supported the process used to develop the
Glen Canyon Dam’s EIS. However, while expressing their support, some
organizations still had concerns about the final EIS.

Reclamation’s Process
for Selecting a
Preferred Alternative

The selection of a preferred alternative for the future operation of the Glen
Canyon Dam involved a repetitive sequence of comparisons of the effects
that each of the nine flow alternatives would have on the 11 resources
studied in the EIS. All resources were evaluated in terms of whether each
flow alternative had a positive or an adverse effect. Reclamation’s goal
was to find an alternative dam-operating plan that would permit
downstream resources to be maintained and if possible recover to
acceptable long-term management levels while maintaining some
flexibility in hydroelectric power capability. The EIS team, which included
up to 25 individuals representing 11 of the cooperating agencies, the U.S.
Geological Survey, and a private consultant, was primarily responsible for
initially recommending a preferred alternative to the cooperating agencies.
This team, which also had been responsible for the scientific and technical
development of the resource impact determinations, realized very early in
the process that they would have to make trade-offs in the selection of a
preferred alternative. None of the alternatives could maximize potential
benefits to all of the resources. The Grand Canyon Trust environmental
organization told us that

“The Glen Canyon Dam EIS was a lengthy, complex process with many individuals and
interests involved. It is safe to say that the preferred alternative will not completely satisfy
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any one group, however it represents a balance of interests and a reasonable starting point
for future dam operations.”

Another factor that the EIS team considered was that some affected
resources were renewable, while others were viewed as nonrenewable.
They avoided recommending an alternative dam-operating procedure that
would result in significant loss of any existing nonrenewable resource and
tried to minimize the adverse impacts to most renewable resources. They
eliminated the No-Action, Maximum Powerplant Capacity, and High
Fluctuating Flow alternatives from consideration as a preferred alternative
because the data indicated that while these alternatives were beneficial to
hydropower, they would either increase or maintain conditions that result
in adverse impacts to nonrenewable downstream resources.

The EIS team also eliminated the Year-Round Steady Flow alternative from
consideration as the preferred alternative. This alternative exhibited the
highest probability for net gain in riverbed sand, had the largest potential
for expanding riparian vegetation, and received the highest ranking among
all alternatives for white-water boating safety benefits. However, the EIS

team believed that the alternative probably exceeded sediment protection
requirements for long-term management and would result in the
lowest-elevation sandbars. The team was also concerned that a completely
stable flow alternative would permit vegetation to adversely affect
camping beaches and over time reduce the value of wildlife habitat. In
addition, a stable flow may increase the negative interaction between
native fish and predator and competitor nonnative fish. Finally, the team
eliminated this alternative because they believed that it did not provide
benefits that could not be provided by other alternatives, yet it would
cause large adverse effects to hydroelectric power generation.

Of the remaining alternatives, the Existing Monthly Volume Steady Flow
alternative was eliminated for reasons similar to those discussed for the
Year-Round Steady Flow alternative. The Low Fluctuating Flow alternative
was eliminated to reduce redundancy—Reclamation considered the
Modified Low Fluctuating Flow alternative an improved version of the
Low Fluctuating Flow alternative.

The EIS team considered the impacts associated with the three remaining
alternatives (Moderate Fluctuating Flow, Modified Low Fluctuating Flow,
and Seasonally Adjusted Steady Flow), although they were substantially
different from the effect of the No-Action alternative, to be very similar in
their assumed benefits to most downstream resources. Reclamation’s

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 50  



Chapter 3 

Most Key Interested Parties Support

Reclamation’s Preferred Alternative for the

Dam’s Operations, but Some Concerns

Remain

former NEPA Manager for the Glen Canyon Dam’s EIS advised us that from
an ecosystem perspective, sediment was identified as the key resource in
the selection of a preferred alternative. Riverbed sand and sandbars were
the sediment resources of primary interest affected by riverflows below
the dam. For sandbars to exist, sufficient amounts of sand must be stored
on the riverbed. Because the dam traps 90 percent of the sediment, the
sand supply is currently limited to whatever is contributed by downstream
tributaries and hundreds of side canyons. Of equal concern is the river’s
capacity to transport sediment. Riverflows must be large enough to move
and deposit sediment but not so large as to carry the sediment out of the
canyon ecosystem. Frequent high flows, either from floods or large daily
fluctuations, can transport greater amounts of sand than are contributed,
causing a net decrease in both the amount of stored riverbed sand and the
size of sandbars. Water release patterns modify the natural process of
sandbar deposition and erosion. Rapid drops in the level of the river drain
groundwater from sandbars, thus accelerating sandbar erosion. The EIS

team concluded that any of these three alternatives were very similar in
their assumed benefits to most downstream resources.

The effects on native fish did, however, vary among the three remaining
alternatives. The Moderate Fluctuating Flow alternative provides potential
minor benefits to native fish over no-action conditions. The benefits from
the Seasonally Adjusted Steady Flow alternative were uncertain given the
improvement in habitat conditions that this alternative would provide for
predator and competitor nonnative fish. The team also determined that
seasonally adjusted steady flows would create conditions significantly
different from those under which the current aquatic ecosystem had
developed since the construction of the dam. Finally, for hydropower, the
team determined that the Seasonally Adjusted Steady Flow alternative
would have the highest economic cost of any alternative, estimated at
about $124 million annually. Ultimately, the EIS team decided to
recommend the Modified Low Fluctuating Flow for the preferred
alternative in the draft EIS. The members believed that this alternative
would create conditions that permit the recovery of downstream
resources to acceptable management levels while maintaining a level of
hydroelectric power flexibility. The EIS team presented this
recommendation to the cooperating agencies. Most cooperating agencies
concurred, and the group recommended that this alternative be adopted
by Reclamation. The draft EIS was issued by Reclamation in January 1994
with the Modified Low Fluctuating Flow identified as the preferred
alternative.
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After the draft EIS was provided for public comment but before the
issuance of the final EIS, Reclamation changed two parameters of the
preferred alternative. Specifically, the draft EIS’ preferred alternative had a
maximum release level of 20,000 cfs and a maximum upramp rate of 2,500
cfs per hour. In the final EIS, Reclamation modified the preferred alternative
to provide a maximum release level of 25,000 cfs and a maximum upramp
rate of 4,000 cfs per hour. The primary reason for these changes was to
benefit hydropower. The preferred alternative presented in the draft EIS

had the same maximum release rate and upramp rate as the interim
operating criteria. Reclamation stated that the interim operating criteria
were based on the results of phase I of the Glen Canyon Environmental
Studies and professional judgment and were designed to be
environmentally conservative over the interim period. With the benefit of
the additional phase II results of the Glen Canyon Environmental Studies
and EIS impact analyses, Reclamation stated that the upramp rate and
maximum flow criteria were found to be overly conservative for the long
term and that the two changes would not cause adverse impacts to
downstream resources. As a result, with the concurrence of the
cooperating agencies, the preferred alternative was modified in the final
EIS.

In July 1995, Reclamation issued a document entitled Flow Modifications
to the Glen Canyon Dam Environmental Impact Statement Preferred
Alternative. Those who commented on that document expressed concern
that no studies on the specific upramp and maximum flow criteria had
been conducted. In October 1995, Reclamation issued a new report
entitled Assessment of Changes to the Glen Canyon Dam Environmental
Impact Statement Preferred Alternative from Draft to Final EIS. This report
provided a more detailed and focused assessment of the impacts
associated with the increased upramp rate and maximum flow criteria.
While acknowledging that no new studies were conducted, Reclamation
pointed out that the same was true for the parameters of the interim flows
when they were selected and implemented. Furthermore, Reclamation
stated it was possible to determine the effects of these changes by using
the extensive amount of knowledge gained from both phase I and phase II
of the Glen Canyon Environmental Studies. Reclamation concluded that
the analyses were fully adequate to justify the change.

Support for Preferred
Alternative Is
Significant

The respondents to our survey of key parties interested in the Glen
Canyon Dam’s EIS overwhelmingly supported Reclamation’s preferred
alternative—the Modified Low Fluctuating Flow operating regime. We
surveyed 37 key organizations and individuals about whether they support
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the preferred alternative and what, if any, remaining concerns they may
have about implementing this alternative as the future operating plan for
the Glen Canyon Dam. Our judgmental sample included federal and state
resource agencies, American Indian tribes, water and power suppliers and
users, and environmental groups. Specifically, Reclamation identified 23 of
these organizations and individuals as providing the most substantive
comments on the draft EIS. We excluded David Marcus from our survey
analysis because he had commented on the draft EIS as a consultant to
American Rivers and preferred to provide us with his comments through
that organization. In addition, we surveyed any other organizations that
were considered to be cooperating agencies in the development of the
impact statement as well as other key interested parties. We also queried
the seven Colorado River Basin states: Arizona, California, Colorado,
Nevada, New Mexico, Utah, and Wyoming.

Over 83 percent (25 of 30) of the respondents to our survey supported the
preferred alternative. Of the five remaining respondents, three
organizations stated that they had no position on the issue, while two, the
San Juan Southern Paiute Tribe and the Grand Canyon River Guides,
believe that the current interim flows would be more protective of
resources and, as such, consistent with the intent of the Grand Canyon
Protection Act. Table 3.1 provides details on whom we surveyed and their
response, if any.

Table 3.1: Key Interested Parties’ Responses on Support of the Preferred Alternative
Respondents Support preferred alternative Other alternative supported

Federal agencies

U.S. Fish and Wildlife Service Yes Modified Low Fluctuating Flow as modified
by the reasonable and prudent alternative

Environmental Protection Agency Yes None

National Park Service Yes None

Department of the Interior - Office of
Environmental Policy and Compliance

No position

Bureau of Indian Affairs Yes Interim Low Fluctuating Flow and
Seasonally Adjusted Steady Flow

National Research Council Nonrespondent

Western Area Power Administration Yes None

State agencies

Arizona Game and Fish Department Yes None

Colorado River Board of California No position

Colorado River Commission of Nevada Nonrespondent

(continued)
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Respondents Support preferred alternative Other alternative supported

Arizona Department of Water Resources Yes None

New Mexico Interstate Stream Commission Yes Modified Low Fluctuating Flow as modified
by adaptive management

Colorado Department of Natural Resources No position

Utah Division of Water Resources Yes None

Wyoming State Engineer’s Office Yes None

Indian tribes

Hopi Tribe Yes None

Hualapai Tribe Nonrespondent

Navajo Nation Yes None

San Juan Southern Paiute Tribe No Interim Low Fluctuating Flow

Pueblo of Zuni Yes None

Southern Paiute Consortium Yes None

Water and power suppliers, users,
associations, etc.

Colorado River Energy Distributors
Association

Yes None

Plains Electric Generation and Transmission
Coop, Inc.

Nonrespondent

Salt River Project Yes None

Upper Colorado River Commission Yes Modified Low Fluctuating Flow as modified
by adaptive management

Interest groups

America Outdoors Yes Seasonally Adjusted Steady Flow

American Fisheries Society Nonrespondent

Arizona Flycasters Nonrespondent

American Rivers Yes None

Environmental Defense Fund Yes None

Trout Unlimited (Arizona Council) Yes None

Friends of the River Nonrespondent

Grand Canyon River Guides No Interim Low Fluctuating Flow

Grand Canyon Trust Yes None

Sierra Club Legal Defense Fund Yes None

Sierra Club Yes None

Individual

Dr. Larry Stevens Yes None

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 54  



Chapter 3 

Most Key Interested Parties Support

Reclamation’s Preferred Alternative for the

Dam’s Operations, but Some Concerns

Remain

Respondents Also
Support Reclamation’s
EIS Process

Many respondents to our survey supported the process used by
Reclamation to complete the EIS. In fact, many respondents commended
Reclamation for its efforts to produce a comprehensive EIS. For example,
the National Park Service stated that the EIS process was directed very
well by Reclamation and that alternatives for the operation of the dam
were fully explored. American Rivers, an environmental interest group,
stated that the EIS is a high-quality document that reflects a process that
was exemplary in its scope, thoroughness, and overall achievement. The
Grand Canyon Trust stated that the EIS represents a significant and
productive effort to understand the complexities of the river’s ecosystem
below Glen Canyon Dam and to include broad participation by the public
and parties vitally interested in the issue. They further stated that in
addition to increasing the scientific understanding of the Colorado River
system, a great deal of trust and good faith were created between
traditionally contentious interest groups. The Navajo Nation stated that
overall, they were very pleased with the EIS process, citing that Native
American concerns were taken into account by Reclamation and that the
affected tribes had real input into the development of the EIS.

Several Concerns
Remain About the
Implementation of the
Dam’s New Operating
Procedures

While respondents to our survey were generally positive about the
selection of a preferred alternative and the process used by Reclamation
to develop the EIS, some were still concerned about the preferred
alternative and the Glen Canyon Dam’s final environmental impact
statement. These concerns focus on the manner in which compliance with
the Endangered Species Act will be achieved, the economic impact of
reducing the Glen Canyon Dam’s hydroelectric power capacity, the lack of
consideration in the EIS of other causes of downstream adverse impacts
other than water releases from Glen Canyon Dam, the simultaneous
changing of two of the dam’s operating parameters very late in the EIS

process, the adequacy of the flood frequency reduction measures, the need
for selective withdrawal structures, and issues related to adaptive
management, including future research and monitoring.

The U.S. Fish and Wildlife Service supports the preferred alternative as
modified by its reasonable and prudent alternative. FWS’s biological
opinion expressed concern that the preferred alternative recommended
flows would likely jeopardize the continued existence of two endangered
species, the humpback chub and the razorback sucker. The biological
opinion’s reasonable and prudent alternative would modify the preferred
alternative with seasonally adjusted steady flows about 25 percent of the
time. FWS and Reclamation agreed to categorize these flows as
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experimental, or research flows, so that studies could be conducted to
verify an effective dam-operating plan and to include those flows with
another element of the reasonable and prudent alternative, adaptive
management. However, there are concerns on the part of the Colorado
River Energy Distributors Association, which represents over 140
nonprofit utilities that purchase power from the Western Area Power
Administration (WAPA), that the implementation of endangered fish
research flows will proceed regardless of the outcome of the Adaptive
Management Program. The association strongly supports the EIS preferred
alternative as a reasonable point to begin modified dam operations and
adaptive management. However, the association also believes that an
important part of the adaptive management process is that if an analysis of
a research proposal indicates an inappropriate risk to the endangered fish
or other resource, the Secretary could decide not to pursue this element of
the preferred alternative. As such, the association objects to the language
in the final EIS and the final biological opinion that indicates that the
research flows will go forward regardless of the outcome of the adaptive
management research design and risk assessment.

The Colorado River Energy Distributors Association and the Salt River
Project, an agricultural improvement district that provides electrical
service to various counties in the state of Arizona, are concerned that the
economic cost of reducing the hydroelectric power capacity of the Glen
Canyon Dam is understated in the EIS. Both the association and the Salt
River Project believe that the preferred alternative does not adequately
address the economic cost to power users of research flows. In addition,
the Salt River Project believes that the EIS does not analyze the full
economic impact of the preferred alternative on Salt River and its
customers and on WAPA and its customers, resulting from WAPA’s being
unable to fulfill its obligations under an exchange agreement. The
exchange agreement obligated Salt River to build and operate power
generation facilities near customers in Colorado and New Mexico and to
deliver the power produced by those facilities to WAPA to serve those
customers. In exchange, WAPA was obligated to deliver a like amount of
power to the Salt River Project from the Glen Canyon Dam.

WAPA stated that the EIS assumes that the dam’s operations (water releases)
are the only cause of the adverse impacts on the downstream resources
and that, therefore, changing the dam’s operations is the only technique or
method available for managing and enhancing those resources. WAPA

believes that other causes of downstream impacts include lack of
sediment, cold water temperatures, nonnative fish species, and human
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usage. Accordingly, they believe that changing the operations at Glen
Canyon Dam is not the only, or necessarily the best or lowest-cost, means
of achieving positive resource changes. WAPA believes that a more holistic
approach to the management of the downstream resources should be
taken and supports the investigation of both operational and
nonoperational management techniques, practices, and programs.
Although WAPA supports the preferred alternative, it stated that the
concepts of pumping sand, protecting beaches with native materials,
augmenting sediment, managing vegetation, restricting human use,
restricting raft moorings, reducing the competition for native fish,
developing new tributary habitats for native fish, and using a reregulation
dam (build another dam below the Glen Canyon Dam to regulate river
flow) are all valid management techniques that merit detailed investigation
and consideration.

Several environmental and recreational organizations, although supporting
the preferred alternative, were concerned that Reclamation changed
certain parameters of the preferred alternative very late in the EIS process.
Specifically, the draft EIS’ preferred alternative had a maximum release
level of 20,000 cfs and a maximum rate of increase (upramp rate) of 2,500
cfs per hour. In the final EIS, Reclamation modified the preferred alternative
to allow for a maximum release level of 25,000 cfs and a maximum upramp
rate of 4,000 cfs per hour. Two basic concerns exist about this change:
(1) the higher parameters were substituted in the final EIS without
adequate scientific evidence that such flows would not negatively affect
the downstream resources of the Glen and Grand canyons and (2) two
parameters were changed simultaneously, which could compromise the
ability to scientifically monitor and assess the future impacts of these flow
parameters in the proposed adaptive management framework.
Reclamation believes that it has adequately addressed both of these
concerns by conducting an assessment of the proposed changes. Some
agencies, including the Wyoming State Engineer’s Office, America
Outdoors, American Rivers, and the Sierra Club Legal Defense Fund still
believe that adequate specific scientific testing was not done to fully
evaluate the effect of changing these flow parameters. However, these
groups still support the preferred alternative at this time because of
Reclamation’s proposed Adaptive Management Program.

The New Mexico Interstate Stream Commission believes that the spillway
gates on the Glen Canyon Dam must be increased in height by about 4.5
feet to add the flexibility to accomplish flood protection without reducing
the water supply available to the Upper Colorado Basin. The Commission,
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which supports the preferred alternative, also believes that the selective
withdrawal outlet proposal for Glen Canyon Dam has not been adequately
justified; the estimated cost of $60 million needs to be arrayed against the
resulting benefits; and an assessment needs to be made of the potential
adverse impacts associated with increasing water temperature.

Future monitoring and research efforts were a concern of several groups,
including federal agencies, Native American tribes, and an environmental
group. For example, American Rivers urged Reclamation to do everything
in its power to ensure that an effective Adaptive Management Program be
in place or sufficiently delineated in scope and substance and that a
specific long-term monitoring program be identified that will quantify any
impacts before the proposed flow changes are implemented.
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In the Glen Canyon Dam’s environmental impact statement (EIS), air
quality is identified as an issue for both the immediate vicinity of the
Grand Canyon and the surrounding six-state area, including parts or all of
Utah, Wyoming, Colorado, Arizona, New Mexico, and Nevada. The power
needs of this area are served by the Salt Lake City Area Integrated
Projects, a group of power generation facilities that include the Glen
Canyon Dam. Although the Glen Canyon Dam’s hydroelectric powerplant
does not cause air pollution, a change in its operations would affect the
regional electrical power system. The Glen Canyon Dam has historically
been used to generate power during periods of high demand for electricity,
commonly known as peaking power. The loss or reduction of that
capability would mean that another source of peaking power would be
required. If that alternative source of power used fossil fuel, there would
be a net change in the power system’s emissions. Fossil fuels contain
hydrocarbons, whose combustion can result in emissions of such
atmospheric pollutants as sulfur dioxide and nitrogen oxides.

Reclamation found that the region’s air quality would improve under all
restricted fluctuating and steady flow alternatives for operating the dam.
Generally, this would occur because the sources of replacement power
would produce less emissions than the sources of power used by the
current Integrated Projects System. According to Reclamation and the EIS

team member who was responsible for the air quality impact
determination, the process used to come to this conclusion was
appropriate, the data used were the best scientific information available at
the time, and the results were reasonable.

Description of the
Resource

While the Grand Canyon region enjoys some of the cleanest air in the
lower 48 states, the visual range is affected by haze. This haze is generally
at its worse during the summer months. Air is carried into the Grand
Canyon area from the south and west, where it picks up pollutants from
urban and industrial areas. As a result, during the summer, the average
visibility is only 100 miles, and it drops below 68 miles 10 percent of the
time. Sulfates, which are produced from sulfur dioxide, are the major
contributors to haze in the Grand Canyon. The Navajo Generating Station
near Page, Arizona, has been identified as a major source of sulfates in the
vicinity of the Grand Canyon.

During the winter, strong cold fronts bring in clean air from sparsely
populated areas. The average visibility during these months is 158 miles,
but it reaches more than 211 miles 10 percent of the time. Between the
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passages of cold fronts, however, the air stagnates, and pollution from
local sources sinks into the canyon. The pollution can be trapped by
strong inversions until another cold front again brings in clean air.

Effects of Pre- and
Postdam Conditions
on Air Quality

Although power production at the Glen Canyon Dam has had no direct
effect on air quality at the Grand Canyon or in the region, an analysis of
the impacts on air quality was included in the EIS because the Glen Canyon
hydroelectric facility is part of a regional utility system that has some
sulfate-producing facilities. The region’s air quality is affected by the
operation of these interconnected powerplants. For example, the National
Park Service identified the Navajo Generating Station as a major source of
sulfates in the Grand Canyon’s air. In response to the Park Service’s
findings, the Environmental Protection Agency mandated modifications to
reduce the plant’s emissions. Although the Navajo Generating Station is
independent of the Glen Canyon Dam’s operations and modifications will
be made to it regardless of which EIS operating alternative is selected, the
air quality in the Grand Canyon would likely improve because of the
modifications.

The changes in the operations at the Glen Canyon Dam might indirectly
affect the region’s air quality by forcing reliance on other types of
power-generating facilities. For example, if power generated in the
marketing area served by the Salt Lake City Area Integrated Projects were
changed from older existing powerplants to new, cleaner-burning
facilities, there would be less emissions, all else being the same.
Conversely, if the reductions in power production from hydroelectric
plants are replaced with power from existing powerplants that burn coal,
there would be an increase in the amount of sulfur dioxide and nitrogen
oxide emissions in the region.

Issue The final EIS considers how the dam’s operations affect other
electricity-producing facilities in the area, including those that have
impacts on air quality.

Indicators The resource indicators considered in the EIS were the amount of sulfates
in the Grand Canyon’s air and the tons of sulfur dioxide and nitrogen
oxides in the region’s air.
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Methodology Used to
Make Impact
Determination

Reclamation assigned the responsibility for the development of the air
quality section of the EIS to a member of the National Park Service, who at
the time was assigned to the Grand Canyon National Park. The impacts on
the air quality in the Grand Canyon’s immediate vicinity and across the
region served by Salt Lake City Area Integrated Projects’ power-marketing
system were evaluated for each of the dam’s operating alternatives.
Reclamation used the same power-modeling data used to analyze
hydropower impacts to determine the amount of sulfur dioxide and
nitrogen oxide emissions that may occur under the dam’s various
operating scenarios. (See app. V of this report for details on Reclamation’s
hydropower analysis). For the final EIS, these studies indicate that the
region’s air quality will improve under the four restricted fluctuating and
three steady flow alternatives. Because these emissions analyses included
assumptions for long-term (50-year) power system expansion plans, some
of the impacts are based on specific assumptions about power generation
technology, demand for power, public attitudes, and political and
economic climates.

In making the air quality impact determinations, Reclamation made a
number of key assumptions. For example, the analysis assumes that any
loss of power generation at the Glen Canyon Dam will be partly absorbed
by currently available generation at other plants in the region. The analysis
further assumes that, over time, gas combustion turbines will be added to
the system to replace older, inefficient facilities. Because natural gas is a
cleaner-burning energy source than coal, emissions will be reduced over
the short term. However, as the demand for electric power increases in the
future, new powerplants will be needed. These newer plants, it is assumed,
will produce less emissions than the existing plants because existing clean
air standards are more stringent than those in effect when the older plants
were constructed. There would have to be a relaxing of current
environmental laws and regulations to invalidate these assumptions.

The air quality impact analyses determined that any one of the steady or
restricted fluctuating flow alternatives was acceptable. However, the EIS

air quality team leader favors the preferred alternative because, in his
opinion, it has the least detrimental impact when the entire ecosystem of
the Glen and Grand canyons is considered.

Effects of the Flow
Alternatives on Air
Quality

According to the final EIS, the amount of Glen Canyon Dam hydropower
that would need to be replaced varies under each of the dam-operating
alternatives in the EIS. The net effect on the region’s air quality under each
alternative would be a slight reduction in emissions. Under the No-Action

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 62  



Appendix I 

Air Quality

alternative, it was anticipated that gas combustion turbines, which are
cleaner burning than coal-burning systems, will soon be added to the
regional power system to replace older and more inefficient coal facilities.
These additions should reduce the system’s emissions over the first 5
years of operation. The assumptions under the Maximum Powerplant
Capacity alternative would be essentially the same as those under the
No-Action alternative.

Under the restricted fluctuating and steady flow alternatives, the amount
of electrical energy produced at the dam during the day would be reduced,
whereas the amount of energy produced at night would increase. Under
this scenario, as the demand for electrical energy increases, especially
during daytime hours, additional powerplants would be needed sooner
than under the No-Action alternative. These new powerplants would
produce less emissions than older, less-efficient existing plants because of
today’s more stringent emissions standards and because some of these
plants would burn natural gas.

Assessment of Impact
Determinations

During our review, we did not receive any negative comments about
Reclamation’s air quality impact determinations. However, the draft EIS

generated 29 public comments related to concerns about air quality. The
comments varied from observations and concerns about the analysis
methods used, to the need for further details and support for some
statements. For example, there was some concern that the EIS did not do a
good job of identifying as speculative its projections of the potential
developments in power generation technologies, future demand for power,
public attitudes, and political and economic climates. Reclamation agrees
that forecasts over a 50-year period are speculative, but it also believes
that the results of the hydropower-modeling studies provide the best
available information on the powerplants’ impacts on air quality.

Another concern expressed was that the lost generating capacity at the
Glen Canyon Dam would have to be replaced by the use of fossil-fueled
powerplants or other sources that are more expensive, nonrenewable, and
polluting. Reclamation told us that the hydropower studies, which looked
at all affected utilities, concluded that there would be a decline in
emissions under several alternatives, including the preferred alternative.

The individual who was responsible for the air quality section of the EIS

told us that he believed that
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• the process used in making the air quality impact determinations was
reasonable,

• the methodologies employed in this process were adequate for the
decision-making process, and

• the results of the analysis were reasonable.

However, he stated that he could not judge the overall quality of the data
used in the analysis because it was proprietary and he did not have access.

Scope and
Methodology

To identify how Reclamation determined the impact of various flow
alternatives on air quality, we reviewed the scientific studies and research
materials that were used by Reclamation in making its impact
determinations.

Key Studies Identified We identified the following studies as the primary scientific sources of the
data included in the air quality section of the EIS:

• Electric Utility Financial and Production Cost Model (prepared by the
Environmental Defense Fund).

• Material prepared by Mike Roluti, Bureau of Reclamation.
• Preliminary Research Findings - Glen Canyon Environmental Studies, by

Duncan Patten and Dave Wegner, dated September 11, 1992.
• Stone and Webster Power Modeling Reports (prepared for the Western

Area Power Administration).

In addition, to determine what, if any, concerns were expressed about the
air quality analysis presented in the draft EIS, we reviewed the Bureau of
Reclamation’s Operation of Glen Canyon Dam Draft Environmental Impact
Statement: Public Comments Analysis Report prepared by the Bear West
Consulting Team for the Bureau of Reclamation. To determine other
concerns that were expressed about air quality issues in the preparation of
the EIS, we also reviewed the Final Analysis Report on Scoping Comments,
Bureau of Reclamation, dated March 12-May 4, 1990, Bear West Consulting
Team.

Officials Interviewed In order to assess the methodology used, how well it was implemented,
the quality of the data used, and the reasonableness of the results of the air
quality segment of the EIS, we obtained the views of Mr. Jerry Mitchell, the
official responsible for developing the air quality impact determination.
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We also spoke with members of the Power Resource Committee who
performed the hydropower analysis, which was the basis for the air quality
analysis. The names of these individuals and details on the hydropower
analysis are contained in appendix V of this report.
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Cultural resources include archeological sites and Native American
traditional cultural properties and resources. The affected area containing
these sites and properties includes a 255-mile section of the Colorado
River corridor within the Glen and the Grand canyons and lands adjacent
to the Navajo Nation, the Havasupai and Hualapai Reservations, and the
Lake Mead National Recreation Area. The tribes that have ancestral claims
to the Grand Canyon and that continue to use the area today include the
Havasupai, the Hopi, the Hualapai, the Navajo, the Southern Paiute, and
the Zuni.

The Glen Canyon Dam changed the pattern of sediment deposition,
erosion, and flooding through the Glen and Grand canyons. As a result,
archeological sites that were once protected by sandbars and terraces
have become increasingly exposed, making them vulnerable to erosion,
deterioration, and ultimate destruction. While erosion will continue to
occur under any operating alternative selected, some flow alternatives are
more favorable for enhancing the long-term preservation of cultural
resources than others.

According to representatives of Native American groups, the information
used to analyze cultural resources issues was the best and most up to date
available. In addition, many researchers and representatives of Indian
tribes believe that Reclamation went beyond the requirements of the
National Environmental Policy Act (NEPA) in preparing the cultural
resource impact determination. Those involved in the process were also
highly complimentary of Reclamation’s efforts to include Native American
tribes in making the impact determinations. As a result of the cooperation
of all parties involved, the cultural resources team was able to reach a
consensus on the impacts that various flow alternatives would have on the
resources. Also, although not tasked to reach a consensus on a preferred
alternative, the individual cultural resource team members each agreed on
the Modified Low Fluctuating Flow alternative as the preferred dam
operating regime.

Description of the
Resource

All natural resources are considered sacred by Indian tribes, and some
resources are considered vital for the continuation of traditional cultural
practices. The cultural resources in the EIS study area include prehistoric
and historic archeological sites, traditional cultural properties, and other
resources that are important to Native Americans in maintaining their
cultural heritage, lifeways, and practices. A variety of archeological sites
were identified—for example, pueblos (habitation sites of four or more
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contiguous rooms); storage sites (granaries or cists); sherd and lithic
scatter (scatter or concentration of ceramic sherds and debris from
making stone tools); rock art (pecked, incised, scratched, or painted
designs, symbols, or figures on rock); and burial sites. Many of these sites
were determined to be eligible for inclusion on the National Register of
Historic Places.

Also, many properties and resources within the Colorado River corridor,
despite not being archaeologically significant, are culturally significant to
Native American beliefs and practices. The culturally significant sites
include plant-gathering areas, landforms, springs, prayer-offering sites
(shrines), and mineral deposits. Also significant to some Native American
tribes are willows, giant reeds, and many birds, including yellow warblers
and yellow throats.

Effects of Pre- and
Postdam Conditions
on Cultural Resources

Until the mid-1980s, it was generally thought that cultural resources were
not affected by the operation of the Glen Canyon Dam. The belief was that
archeological remains would not be found below the historic high-water
mark in the river corridor. This belief was based on two assumptions:
(1) that prehistoric people were aware of the river’s flood potential and
would thus build above the floodplain and (2) that any cultural remains
close to the river would have been washed away over the past thousands
of years.

In 1989, the National Park Service and the U.S. Geological Survey
conducted a pilot research project to evaluate erosion at archeological
sites in the Grand Canyon. The project’s results suggested that the
operation of the Glen Canyon Dam contributed to ongoing site erosion.
The dam affected sediment deposition, erosion, and flooding through the
Glen and Grand canyons. As a result, river-deposited sandbars and high
terraces (the surface form of a high sediment deposit having a relatively
flat surface and a steep slope facing the river) have been eroded and, in
some cases, destroyed. The archeological sites once protected by these
sediment deposits have become increasingly exposed to erosion and
ultimate destruction.

Issue The issue presented in the final EIS for cultural resources is how do the
dam’s operations affect the continued existence of cultural resources in
the Glen and Grand canyons?
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Indicators The indicators studied for cultural resources and listed in the final EIS

were

• the number of archeological sites directly, indirectly, or potentially
affected and

• the number of Native American traditional cultural properties and
resources directly, indirectly, or potentially affected.

Methodology Used to
Make Impact
Determinations

To provide baseline cultural resource information for inclusion in the Glen
Canyon Dam’s EIS, Reclamation contracted with the National Park Service
to conduct an archeological inventory in August 1990. The inventory,
which was conducted by staff from the National Park Service and
Northern Arizona University, was completed in May 1991. The inventory
gathered basic information on the numbers, types, locations, National
Register eligibility, and physical conditions of all cultural resources within
the area that have been or could be affected by the operations of the Glen
Canyon Dam. The inventory identified 475 sites in the Colorado River
corridor, 336 of which had been or could be affected by the existence and
operation of the dam. The remaining 139 sites did not exhibit any effects
from the dam’s operations and were excluded from further study. The EIS

summarized these impacts, as shown in table II.1.

Table II.1: Glen Canyon Dam’s Impacts
on Archeological Sites Type of impact Number of sites

Direct—site erosion immediately caused by river flows 33

Indirect—sediment loss at the site or arroyo cutting near
the site 124

Potential—loss of site due to catastrophic event such as
unexpectedly high flows 179

In addition to the 336 sites, many Native American cultural properties and
resources, especially plant and animal species that depend on sandbars
and high terraces, have been adversely affected by the flows from the Glen
Canyon Dam. According to the cultural resource writing team leader, the
information on cultural resources and properties was obtained from
research conducted by the following Native American tribes: Hopi,
Hualapai, Southern Paiutes, Navajo, and Zuni.

The National Historic Preservation Act requires that an impact
determination be made when any action by a federal agency could affect
sites included in or eligible for the National Register of Historic Places.
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The process for such determinations is spelled out in 36 C.F.R. 800 and
requires that a determination of “effect” or “no effect” be made. When
there is an effect, a “finding of no adverse effect” or “finding of adverse
effect” is required. Mitigating measures must be taken when there is a
“finding of adverse effect.”

Because dam-related impacts to archaeological sites would continue
regardless of the alternative flow patterns, the operations of the Glen
Canyon Dam were considered to have an adverse effect on cultural
resources located on the terraces that have formed along the river
corridor. However, the rate at which impacts would occur could be
affected by alternative operations, principally through flood frequency
reduction measures.

To assess the impacts of various alternatives on cultural resources,
Reclamation established a cultural resource team. The team leader was an
archeologist with the National Park Service. The team leader was
primarily responsible for cultural resource analysis, including
archeological and tribal issues and compliance with the National Historic
Preservation Act. The team members included representatives of the
Hualapai Tribe, the Navajo Nation, and the Hopi Tribe.

The team was asked to analyze the archeological data and cultural
resource issues and determine how various flow alternatives for the dam
affected these resources. The team was not required to arrive at one
specific preferred alternative.

In addition, tribal representatives from other interested tribes would
periodically attend various EIS meetings to discuss the cultural resources
issues. The cultural resource information for tribes that did not have
representation on the team was prepared for them by the cultural resource
team.

Effects of the Flow
Alternatives on
Cultural Resources

According to the final EIS, the dam’s operations influence the rate at which
archeological sites and cultural resources are affected. Flow alternatives
that maintain the sand balance and allow for its distribution along the river
corridor would enhance the long-term preservation of cultural resources.
The most favorable operation alternatives are those which produce a
positive net sand balance in the river system while maintaining a higher
elevation of sand deposits. Of the nine alternatives, six (Moderate
Fluctuating, Modified Low Fluctuating, Interim Low Fluctuating, Existing
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Monthly Volume Steady, Seasonally Adjusted Steady, and Year-Round
Steady flows) cause moderate impacts on the sites but nevertheless allow
for a net positive sediment balance in the system and potential sediment
redeposition in areas that would protect cultural resources. The No-Action
and the Maximum Powerplant alternatives were shown to have major
impacts affecting all of the archeological sites, and the High Fluctuating
Flow alternative was found to have the potential to have major adverse
impacts on 263 sites.

Need for Continued
Studies of Cultural
Resources

The assessment of impacts on cultural resources will be an ongoing
endeavor. The National Historic Preservation Act, as amended in 1992,
requires federal agencies to develop measures to avoid or minimize the
loss of historic properties resulting from their actions and recommends a
long-term monitoring program to assess the changing conditions of
cultural resources. In addition, long-term monitoring is required by the
Grand Canyon Protection Act of 1992.

To comply with these requirements, Reclamation and the National Park
Service developed a programmatic agreement for the continued
monitoring of cultural resources and for the mitigation of the adverse
effects of the dam on threatened cultural resources. The programmatic
agreement stipulates that these long-term responsibilities will be outlined
in a Historic Preservation Plan to be developed for cultural resources
along the river corridor. The following are signatories to the programmatic
agreement.

Advisory Council on Historic Preservation
Arizona State Historic Preservation Officer
Bureau of Reclamation
Hopi Tribe
Hualapai Tribe
Kaibab Paiute Tribe
National Park Service
Navajo Nation
Paiute Indian Tribe of Utah for the Shivwits Paiute Tribe
San Juan Southern Paiute Tribe
Zuni Pueblo

At the time of our review, the Havasupai Tribe was also expected to be a
signatory to the programmatic agreement. The agreement was officially
implemented in February 1994, and numerous river-monitoring trips,
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site-stabilization efforts, and periodic meetings among the signatories have
already been held. The agreement calls for continued monitoring within
the river corridor.

Assessment of Impact
Determinations

The cultural resource writing team members and several of the
representatives from the cooperating agencies who were concerned about
the cultural resource issues were complimentary of Reclamation’s effort to
solicit information from and include Native American tribes in the EIS

process. There was a consensus that the data used to address the impacts
on the cultural/archeological resources were the best and most up to date
that were available.

Several comments commended Reclamation for conducting an open and
well-researched and well-documented EIS process. For example, one
commenter stated that Reclamation went beyond the requirements of NEPA

by funding new research used to make impact determinations.

According to the leader and other members of the cultural resource team,
there was consensus among the members on how to present cultural
resource issues. The tribes also presented a unified position. A
representative from the Bureau of Indian Affairs noted that he was not
aware of any disagreement from any tribes about the EIS process.
According to most representatives of the Native American groups we
interviewed, the scientific data used in the archeological and cultural
resource sections of the EIS were the most recent data available.
Furthermore, many representatives stated that all relevant information
available at the time was sought out and used and that the data presented
in the EIS are factual and do not contradict historical tribal information or
other known data. While most of the information used in the cultural
resources section of the EIS was in draft form, no new or additional data
have emerged that would change or contradict the information in the EIS.

The cultural resource team members, as well as most representatives from
the Native American tribes, support the preferred alternative (the Modified
Low Fluctuating Flow).

The cultural resources team leader’s overall position was that

• the process used in making cultural resource impact determinations was
reasonable,

• the methodologies employed in this process were appropriate,
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• the data used were the best available, and
• new information that had been obtained at the time of our audit work did

not alter the facts used in arriving at the impact determinations in the final
EIS.

Scope and
Methodology

In addition to identifying how Reclamation determined the impact of
various flow alternatives on cultural resources, we evaluated the scientific
foundations, the study review process, the EIS work groups, and the impact
determinations. We also gathered studies and research materials that were
instrumental to Reclamation in making the EIS decisions.

Key Studies Identified We identified the following studies as the primary scientific foundations
for the data included in the cultural resources section of the EIS:

• Big River Canyon: Southern Paiute Ethnographic Resource Inventory and
Assessment for Colorado River Corridor, Glen Canyon National
Recreation Area, Utah and Arizona, and Grand Canyon National Park,
Arizona, June 1994, and Storied Rocks: Southern Paiute Rock Art in the
Colorado River Corridor, September 1995. These reports were prepared by
the Southern Paiute Consortium and the University of Arizona. According
to the consortium, research data collected for the studies were used in
preparing the EIS. The fieldwork for the ethnographic resource study began
in July 1992. We did not obtain data on a peer review of the reports.

• The Grand Canyon River Corridor Survey Project: Archeological Survey
Along the Colorado River Between Glen Canyon Dam and Separation
Canyon prepared in cooperation with the Glen Canyon Environmental
Studies Cooperative Agreement No. 9AA-40-07920. Although this study
was not published until December 1994, research conducted for it was
used in preparing the EIS. The researchers for the study included
professional staff from the National Park Service and Northern Arizona
University. The fieldwork commenced August 30, 1990, and was completed
May 10, 1991. Peer review was performed by the Arizona State Historical
Office, the University of Cincinnati, the University of Arizona, the National
Park Service regional archeological staff in Denver and San Francisco, and
affected Native American tribes.

• The River of Neverending Life: Navajo History and Cultural Resources of
the Grand Canyon and the Colorado River. Navajo Nation Historic
Preservation Department. August 9, 1995. A draft version of the report as
well as basic research were used in preparing the EIS. The fieldwork for
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this report was begun in May 1992. We did not obtain information on a
peer review of the report.

• Surficial Geology, Geomorphology, and Erosion of Archaeologic Sites
along the Colorado River, Eastern Grand Canyon, Grand Canyon National
Park, Arizona. U.S. Geological Survey, Open-File Report 93-517, prepared
in cooperation with the Bureau of Reclamation-Glen Canyon
Environmental Studies. This report, released in 1993, acknowledges a
number of individuals for critical review and comments.

• Zuni and the Grand Canyon: A Glen Canyon Environmental Studies
Report, July 21, 1995, Zuni GCES Ethnohistorical Report prepared by the
Institute of the North American West. The research data on which this
report is based were used in the EIS. The research was initiated in 1993. We
did not obtain information on a peer review of the report.

In addition to these studies, which dealt specifically with cultural
resources, we examined other relevant documents to determine the
significance of cultural resource concerns expressed or addressed prior to
the preparation of the EIS. These other documents included the following:

• Final Analysis Report on Scoping Comments, prepared by Bear West
Consulting Team, March 12-May 4, 1990, and

• Preliminary Research Findings, Glen Canyon Environmental Studies,
presented to the Bureau of Reclamation and Western Area Power
Administration in Denver by Duncan Patten and David Wegner,
September 11, 1992.

Officials Interviewed To assess the procedures followed and obtain views on the quality of the
data used in preparing the cultural resource issues, we interviewed the
four members of the cultural resource writing team. We asked the team
leader for the cultural resources workgroup to review our description of
the resource impact determination process for factual accuracy. She
agreed that the information presented is a good summary of the process,
methodology, and scientific basis used to determine the impacts on the
cultural resources from the Glen Canyon Dam’s operations. We also
contacted representatives of several cooperating agencies, primarily
Native American tribes, to obtain their perspectives on and concerns
about the archeological/cultural resources addressed in the EIS. The
following officials were contacted.

Roger Anyon, Pueblo of Zuni
Janet Balsom, National Park Service - Grand Canyon
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Clay Bravo, Hualapai Tribe
Angelita Bulletts, Southern Paiute Consortium
Gary Cantley, Bureau of Indian Affairs
Kurt Dongoske, Hopi Tribe
Alan Downer, Navajo Nation
Loretta Jackson, Hualapai Tribe
Leigh Jenkins, Hopi Tribe
Signa Larralde, Bureau of Reclamation
Johnny Lehi, San Juan Southern Paiute Tribe
Alexa Roberts, Navajo Nation
John Thomas, Navajo Nation
Michael Yeats, Hopi Tribe

Also, members of the following cooperating agencies were involved in the
analysis and development of the cultural resource issues addressed in the
EIS: Bureau of Indian Affairs, National Park Service, Hopi Tribe, Hualapai
Tribe, Navajo Nation, Pueblo of Zuni, San Juan Southern Paiute Tribe, and
Southern Paiute Consortium.
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The historic operations of the Glen Canyon Dam have negatively affected
some wildlife resources while enhancing others. Among the wildlife that
inhabit the Glen and Grand canyon river corridor, there are seven nonfish
endangered species.6 The impacts of the various flow alternatives on these
endangered species are mostly indirect and were analyzed through
linkages to other resources, such as fish and vegetation. The U.S. Fish and
Wildlife Service (FWS) determined that the proposed operation of the Glen
Canyon Dam under the Modified Low Fluctuating Flow preferred
alternative, is not likely to jeopardize the continued existence of the bald
eagle, Kanab ambersnail, or peregrine falcon. The FWS addressed only
species that were listed as endangered by the federal government. When
the final EIS was issued, the southwestern willow flycatcher was only a
candidate for listing. It has subsequently been listed as an endangered
species. In addition, the bald eagle has been reclassified from endangered
to threatened. The belted kingfisher, osprey, and southwestern river otter
are Arizona species of concern. Therefore, they were addressed in the EIS

but not by the FWS. In general, nonfish endangered species issues were not
controversial in the preparation of the Glen Canyon Dam’s EIS, and few
concerns exist about the process used or the data relied upon for making
the endangered species impact determinations.

Description of the
Resource

Wildlife is diverse and abundant along the river corridor through the Glen
and the Grand canyons. Riparian (near water) vegetation, which
developed along the river after the construction of the Glen Canyon Dam,
plays an important role as habitat to support this diversity and abundance.
The variety of animals present in the river corridor, their habitats, and how
they use their habitats form a complex system that is difficult to evaluate
in detail. However, like other resources, this system is linked to the river
and ultimately to the operations of the Glen Canyon Dam.

Both aquatic and terrestrial endangered species occupy or use the river
corridor. The seven nonfish endangered species considered in this
appendix include five birds, one terrestrial snail, and one mammal now
presumed extinct. Specifically, these species are the bald eagle, peregrine
falcon, southwestern willow flycatcher, belted kingfisher, osprey, Kanab
ambersnail, and southwestern river otter. A brief description of each of
these species follows.

6In this appendix, the term “endangered species” is used for all special-status species addressed in the
final EIS, including endangered species, candidate species, and Arizona species of concern. In the final
EIS, Reclamation revised the fish section to include the discussion of endangered fish species. This
appendix follows the same approach. That is, only nonfish endangered species are discussed in this
appendix. Endangered fish species are discussed in app. IV.
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Bald Eagle The bald eagle was listed as endangered in 1978 but has since been
reclassified as threatened. The Colorado River corridor through the Grand
Canyon is used by migrating bald eagles in the winter. While eagles are
capable of taking fish from a river system with characteristics identical to
those of the Colorado River before the construction of the Glen Canyon
Dam, they were not often observed in the Grand Canyon until after the
rainbow trout fishery was established.

The bald eagle’s use of the river corridor is opportunistic and currently
concentrated around Nankoweap Creek, where they use winter-spawning
trout as a food source. The use of the river by eagles may increase and
eventually expand to other locations. For example, bald eagles are
regularly located along the river corridor above the Little Colorado River
and occur around Lake Powell.

Peregrine Falcon Peregrine falcons were listed as endangered in 1970 but have generally
increased nationwide since the prohibition on the use of certain
pesticides. The Grand Canyon and the surrounding areas support the
largest known breeding population of peregrine falcons in the contiguous
United States. The birds using the Grand Canyon appear to be part of an
increasing peregrine falcon population on the Colorado Plateau.

Although relationships are still under investigation, it is assumed that the
peregrine falcon’s success in the area is at least partially due to the
abundance of birds and bats. These prey species are plentiful because of
large insect populations produced in the clear river water. The
relationships between aquatic productivity, insects, prey species, and
peregrine falcons are largely speculative. No specific data are available
that refute or confirm the above relationships, and no data are available on
the activities of peregrine falcons in the Grand Canyon before the
construction of the Glen Canyon Dam.

Southwestern Willow
Flycatcher

The southwestern willow flycatcher is a riparian bird found in Arizona,
New Mexico, and southern California. At the time the final EIS was
released, this species was a candidate for listing. It has since been listed as
an endangered species.

Southwestern willow flycatchers have always occupied the river corridor.
Nesting pairs of this species increased in the Grand Canyon following the
completion of the Glen Canyon Dam. Researchers attribute this response
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to increases in riparian vegetation following reduced flood discharges.
However, a 1991 survey found only two pairs of nesting birds. The most
probable reason for this apparent decline is the brown-headed cowbird.
These birds lay their eggs in other species’ nests, usually at the expense of
their hosts’ young.

One researcher speculated that a possible reason for the decline in the
numbers of this species is habitat fragmentation caused by floods and
fluctuating river flows. Fluctuating flows contribute to the erosion of
terrestrial habitats, resulting in a decrease in the size of contiguous
vegetation patches. However, the required patch size for nesting
southwestern willow flycatchers is not known. Although the southwestern
willow flycatcher has traditionally been associated with willows and other
native vegetation, all of the nests located in the Grand Canyon have been
located in tamarisk, even though native vegetation was available.

Belted Kingfisher The belted kingfisher is considered a candidate species for listing by the
state of Arizona. This bird is found in low numbers year-round in the
Grand Canyon and its tributaries. This species is restricted to habitats with
permanent, fish-inhabited waters.

Osprey The osprey is a fall, spring, or accidental transient in the Grand Canyon
and is listed by the state of Arizona as a “state threatened” bird species.
Osprey are primarily found in coniferous forests around lakes, and it is
assumed that they use the river as a travel lane to other habitat.

Kanab Ambersnail Only three populations of this snail are known to exist—two near Kanab,
Utah, and one in the Grand Canyon. Since the listing of this species as
endangered in 1992, one of the Utah populations is now believed to be
extirpated (extinct in that area). The Grand Canyon population was
discovered in 1991 by researchers surveying mollusks in conjunction with
the Glen Canyon Environmental Studies program.

Although officially a terrestrial animal, the Kanab ambersnail is really an
amphibious creature found in wet or moist environments, such as marshes
and seeps located at the bases of sandstone cliffs. Vegetation cover is
necessary for this mollusk. The vegetation in the Grand Canyon associated
with the Kanab ambersnail is the cardinal monkey flower and water cress.
The availability of the cardinal monkey flower and other vegetation near
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the river in the Grand Canyon, as well as the presence of rock ledges,
influence the distribution of the Kanab ambersnail. Since the
implementation of the interim flows for the Glen Canyon Dam in 1991, the
Kanab ambersnail’s habitat has become available at lower elevations,
closer to the river.

Southwestern River Otter The southwestern river otter is considered an endangered species by the
state of Arizona. River otters have always been considered rare in the
Grand Canyon; the last sighting was reported in 1983. Unconfirmed
reports of their presence continue to be received from several localities,
but extensive surveys have not resulted in sightings. The species is
generally believed to be extinct.

Effects of Pre- and
Postdam Conditions
on Endangered
Species

The Grand Canyon ecosystem originally developed in a sediment-laden,
seasonally fluctuating environment. The construction of Glen Canyon Dam
altered the natural dynamics of the Colorado River. The interruption in
riverflow and the regulated releases of lake water now support aquatic and
terrestrial systems that did not exist before the Glen Canyon Dam. The
historic operations of the dam negatively affected some wildlife resources
while enhancing others. The impacts of the dam’s operations on the
various endangered species also vary.

Issue As defined in the final EIS, the issue for endangered species is how do dam
operations affect the populations of endangered and other special-status
species throughout the Glen and the Grand canyons?

Indicators Because the seven nonfish endangered species that inhabit the river
corridor occupy diverse niches in the Grand Canyon ecosystem, no single
resource could be used as an indicator of impacts for endangered species
as a whole. Therefore, the EIS team utilized an analytical approach which
considered linkages among resources. The team identified the following
indicators for individual species:

• for the bald eagle: trout and the aquatic food base;
• for the belted kingfisher: the aquatic food base;
• for the southwestern willow flycatcher: the area of woody plants; and
• for the Kanab ambersnail: maximum river flow.
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Methodology Used to
Make Impact
Determinations

EIS team members told us that the EIS was developed through a dynamic
process involving three main groups—the EIS team, Glen Canyon
Environmental Studies officials and researchers, and representatives of
the cooperating agencies. The EIS team was responsible for the technical
development of alternatives and impact determinations, while the
cooperating agency group was a policy-level review body.

The nonfish endangered species impacts and issues were primarily
developed by two EIS team members assigned to that task on the basis of
their areas of expertise. Unlike the groups formed to address economic
issues, no formal endangered species workgroup existed and no formal
reports were produced.

These two team members developed their sections of the EIS through an
iterative process of drafting, discussions, and formal and informal
presentations to, and review by, the EIS team, as well as through input from
key researchers and colleagues with whom they shared their work and
from whom they solicited feedback. Additionally, the team members
presented impact assessments to the cooperating agency group.

Decisions on endangered species issues were handled through voting; the
goal was to obtain consensus on the results of the work. The formal
minutes of the EIS team meetings were kept as a record of key decisions.

Reclamation received approximately 33,000 public comments on the draft
EIS, 1,826 of which related to endangered species. However, only 31
comments specifically focused on nonfish endangered species. On the
basis of new scientific information, the public comments, and the
comments received from internal reviews, the EIS team as a whole made
changes to the endangered species section of the EIS. These changes
included the addition of a new indicator for the impact analysis related to
the Kanab ambersnail, changes to the text, and modifications to the
endangered species impact matrix. Both minor and major changes were
made. An example of a minor modification is the change of status in the
matrix for the southwestern river otter from presumed “extirpated” to
presumed “extinct.” A more major addition/modification pertains to the
inclusion of updated information on, and an expanded treatment of, the
Kanab ambersnail in the final EIS.

According to the principal author of the revised endangered species
section, new information received after the release of the draft EIS

indicated that the Kanab ambersnail responded to interim flows at the dam
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by moving into lower elevations than it had inhabited under the dam’s
historic operations. Kanab ambersnails residing in these locations would
be affected by flows higher than 20,000 cubic feet per second (cfs) and the
associated habitat maintenance and beach/habitat-building flows.

Because this population survived the 1983-86 floodflows of about 90,000
cfs, the EIS team assumed that infrequent flows of about 45,000 cfs would
not jeopardize the continued existence of the population. However, some
unavoidable mortality, or “incidental take,” would occur. As a result of this
information, changes were made to the discussion in the text of the Kanab
ambersnail, and the impact determinations in the associated matrix were
modified from “no effect” to “some incidental take.”

Data Used for Making
Impact Determinations

The research studies used to support the impact determinations on
endangered species are listed in the final EIS bibliography. Because of
linkages to the fish and vegetation resource areas, the studies done in
these fields are pertinent to endangered species. The studies include Glen
Canyon Environmental Studies phase I and phase II research, as well as
research developed by various state and federal agencies involved in
endangered species work. Those studies deemed most useful by a key
member of the EIS team who worked on endangered species issues are
noted later in this appendix.

Effects of Flow
Alternatives on
Endangered Species

Details of the anticipated impacts of the nine flow alternatives on
endangered species are found in the final EIS. However, the following
general statements can be made about these impacts:

• The Kanab ambersnail is the only species expected to be adversely
affected by any of the flow alternatives. Some mortality, or “incidental
take,” would occur under all alternatives, although the continued
existence of the population would not be jeopardized.

• Three species will be unaffected by changes in the dam’s operations—the
peregrine falcon, the osprey, and the southwestern river otter (which is
presumed extinct).

• Habitat conditions for the bald eagle and belted kingfisher would remain
stable or potentially improve under all alternatives.

• The southwestern willow flycatcher would experience an “undetermined
increase” in habitat under all alternatives except the No-Action and
Maximum Powerplant Capacity alternatives.

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 80  



Appendix III 

Endangered Species

U.S. Fish and Wildlife
Service’s Final
Biological Opinion

The U.S. Fish and Wildlife Service’s 1994 final biological opinion found
that the proposed operation of the Glen Canyon Dam under the preferred
alternative is not likely to jeopardize the continued existence of the bald
eagle, the peregrine falcon, or the Kanab ambersnail. Few of the
researchers and EIS team members we spoke with commented on the
biological opinion as it related to nonfish endangered species. When asked
about this, two EIS team members said that the “no jeopardy” finding was
key to the lack of controversy on endangered species issues in team
discussions. Another EIS team member added that the no jeopardy finding
probably did allow the team to target their discussions and efforts on
those endangered fish which had a jeopardy finding. Still, another team
member told us that the team was not surprised by FWS’ no jeopardy
finding and knew even before the opinion was released that fish would be
the primary concern.

Assessment of Impact
Determinations

Nonfish endangered species were not a controversial issue in the
preparation of the Glen Canyon Dam’s EIS. This is particularly true in
comparison to fish, which generated a great deal of controversy and
difference of opinion. When asked to comment on “endangered species,”
most researchers we spoke with talked only about endangered fish.

Several EIS team members pointed to the indirect impacts of the dam’s
operations on most endangered species as a key reason for this lack of
controversy. A few EIS team members noted that nonfish species represent
only a small percentage of the endangered species in the canyon and that
concern about nonfish species was low compared to fish because of these
small populations. One EIS team member used as an example of this the
fact that only two nesting pairs of southwestern willow flycatchers are in
the affected area. However, another EIS team member disputed the view
that the smaller numbers of endangered species made them less
controversial. This individual stressed that the smaller numbers actually
made it even more crucial that these species be protected and taken very
seriously in the EIS process. One researcher noted that there is a long
history of fish research in the canyon but that there is no such research
history for other species. This individual said that of the nonfish
endangered species, most interest focused on the Kanab ambersnail and
the southwestern willow flycatcher. Another researcher simply stated that
“the fish drive the system” in the canyon and are more politically
important than the other species. Furthermore, he said that the connection
between fish and the dam’s operations can be easily seen, while this
connection is harder to see with terrestrial species.
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Reasonableness of the
Methodology

Few concerns exist among the experts we interviewed about the process
used in making the endangered species impact determinations. Most EIS

team members we interviewed were satisfied with the process of analyzing
the linkages among resources in determining impacts. However, one EIS

team member noted that analyzing linkages was only one way to look at
impacts on endangered species. The member noted that while analyzing
linkages was an acceptable and reasonable approach, it was not
necessarily the best or the worst way to proceed.

EIS team members acknowledged that because some linkages were quite
indirect, professional judgment was important in this process. They
stressed, however, that professional judgment was supported by the best
available data.

One researcher expressed some dissatisfaction with this process. This
individual said that, on the basis of his experience in the canyon observing
the connections among bird species and other terrestrial resources, the
connections are more direct than they were represented in the final EIS. He
felt that although the team claimed to have looked at linkages, they did not
do as thorough a job as they say and looked more at the impacts that could
be directly ascribed.

Opinions on Data Used for
Impact Determinations

Individuals we interviewed had few concerns about the data used in
making the impact determinations for nonfish endangered species. One EIS

team member told us that with the possible exception of the Kanab
ambersnail and the southwestern willow flycatcher, endangered species
were not controversial in terms of the data or the process used in making
the impact determinations. In fact, one researcher with whom we spoke
characterized the terrestrial and bird-related research used as a basis for
these determinations as “top notch.” Nevertheless, one EIS team member
said that the data used for endangered species were even less solid than
they were for fish.

A researcher who was also a member of the EIS team told us that while
professional judgment played a role in their decision-making, the team
worked hard to collect all of the information available. This person said
that when necessary, to fill in data gaps, the team contacted researchers
directly and asked them to provide information in the form of written
communications that could then be cited as documentation.
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Another member of the EIS team told us that, in his opinion, the data on the
bald eagle were “adequate,” data on the southwestern willow flycatcher
were “on the cusp,” and much of the new data on the Kanab ambersnail
became available only after the EIS process was substantially complete.
This individual went on to say, however, that the data available to the team
on most species provided adequate information to make informed
decisions. He stressed that complete information is never available in the
process of scientific decision-making.

Response to the Issues
Raised

The principal author of the endangered species section of the final EIS

provided us with detailed comments on and responses to each of the
issues noted above. He agreed with some statements or positions and
disagreed with others. For example, he disagreed that the data available
on which to base impact determinations were less solid than those for fish.
He noted that because impacts based on linkages are difficult to quantify,
they can give the impression that they are less solid. However, he stressed
that linkages are a legitimate and useful scientific approach and that they
yield useful information. Moreover, he agreed that the data available on
the various species produced reasonable results that were adequate for
informed decision-making.

Scope and
Methodology

To determine the data and process used in developing endangered species
issues, we identified and reviewed the following documents: the draft EIS

and associated appendixes; the preliminary final EIS; the final EIS; public
comments on the draft EIS; Reclamation’s analysis of and the EIS team’s
responses to these comments; copies of the minutes of the EIS team
meetings; summaries of the meetings of the cooperating agencies; and
Reclamation’s newsletters on the EIS process. We also obtained and
reviewed FWS’ draft biological opinion and final biological opinion on the
operation of Glen Canyon Dam, Reclamation’s comments on the draft
biological opinion and official response to the final biological opinion, and
FWS’ Fish and Wildlife Coordination Act report. (See below for a list of
related documents and full citations.)

We obtained a copy of the final EIS bibliography from Reclamation, with
titles sorted by each resource area. The endangered species bibliography
contains 29 titles; however, most of these titles relate to endangered fish.
The wildlife and habitat bibliography also contains 29 titles, several of
which specifically relate to nonfish endangered species. We asked the EIS

team member recommended to us, as a key initial contact on nonfish
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endangered species issues, to identify those studies which had been the
most useful in developing the impact determinations. This individual was
also one of the two individuals primarily responsible for writing the
endangered species section of the final EIS.

To assess the procedures followed and obtain views on the quality of the
data used in preparing the endangered species impact determinations, we
interviewed the EIS team members who had primary responsibility for
writing this section of the draft EIS, as well as several other members of the
EIS team. We spoke with several scientists identified by team members and
others as having done key research used by the team in developing the
endangered species section of the EIS. We also interviewed other agency
officials with information on the EIS and the Glen Canyon Environmental
Studies processes.

Finally, we asked the principal author to review our description of the
endangered species impact determination process for factual accuracy. He
agreed that our description was generally accurate but made some
suggestions for changes. We have incorporated these changes into our
description of the process. We also presented him with our preliminary
findings on endangered species in order to provide him an opportunity to
comment on and respond to the various issues raised through our audit
work. He generally agreed with the facts as presented.

Key Studies Identified The following are key titles selected from the endangered species
bibliography not related to fish.

“Biological Opinion of the Effects of Glen Canyon Dam on the Colorado
River as It Affects Endangered Species.” Memorandum from Regional
Director, U.S. Fish and Wildlife Service, Albuquerque, New Mexico, to
Acting Regional Director Harl Noble, Bureau of Reclamation. Salt Lake
City, Utah: U.S. Fish and Wildlife Service, 1978.

Clarke, A.H., “Kanab Amber Snail—Oxyloma Haydeni Kanabinsis, Pilsbry,
1948,” Status Survey of Selected Land and Freshwater Gastropods in Utah.
Denver, Colorado: Prepared by Ecosearch, Inc., Portland, Texas, for the
U.S. Fish and Wildlife Service, 1991, pp. 23-36.

Handbook of Federally Endangered, Threatened, and Candidate Plants of
Arizona, S. Rutman, compiler. Phoenix, Arizona: U.S. Fish and Wildlife
Service, 1990a.
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Influences of Glen Canyon Dam Fluctuating Flows on Spawning Rainbow
Trout and Wintering Bald Eagles, With Observations on the Effects of
Human-Bald Eagle Interactions on the Colorado River in Grand Canyon
National Park. Final Report from Northern Arizona University to Grand
Canyon National Park, National Park Service, 1992.

Unitt, P. “Empidonax Trailli Extimus: An Endangered Species,” Western
Birds, Vol. 18, No. 3, pp. 137-162, 1987.

The following titles were selected from the wildlife and habitat
bibliography related to nonfish endangered species.

Brown, B.T. Abundance, Distribution, and Ecology of Nesting Peregrine
Falcons in Grand Canyon National Park, Arizona. Final report submitted
to Grand Canyon National Park, Grand Canyon, Arizona, 1991b.

Brown, B.T. “Monitoring Bird Population Densities Along the Colorado
River in Grand Canyon,” Glen Canyon Environmental Studies Technical
Report. Salt Lake City, Utah: Bureau of Reclamation, 1987.

Brown, B.T. “Status of Nesting Willow Flycatchers Along the Colorado
River From Glen Canyon Dam to Cardenas Creek, Arizona,” Endangered
Species Report No. 20. Phoenix, Arizona: U.S. Fish and Wildlife Service,
1991a.

Brown, B.T., and R.R. Johnson. “The Effects of Fluctuating Flows on
Breeding Birds,” Glen Canyon Environmental Studies Executive
Summaries of Technical Reports. Salt Lake City, Utah: Bureau of
Reclamation, 1988.

Brown, B.T., and W.C. Leibfried. “The Effect of Fluctuating Flows from
Glen Canyon Dam on Bald Eagles and Rainbow Trout at Nankoweap
Creek in Grand Canyon National Park, Arizona,” Glen Canyon
Environmental Studies Phase II Draft Integrated Research Plan, Vol. 2. Salt
Lake City, Utah: Bureau of Reclamation, 1990.

Brown, B.T., R. Mesta, L.E. Stevens, and J. Weisheit. “Changes in Winter
Distribution of Bald Eagles Along the Colorado River in Grand Canyon,
Arizona,” Journal of Raptor Research, Vol. 23, No. 3, pp. 110-113, 1989.
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Brown, B.T., G.S. Mills, R.L. Glinski, and S.W. Hoffman. “Density of
Nesting Peregrine Falcons in Grand Canyon National Park, Arizona,”
Southwestern Naturalist, Vol. 37, No. 2, pp. 188-193, 1992.

Brown, B.T., and L.E. Stevens. Written communication, National Park
Service, 1991.

Brown, B.T., and M.W. Trosset. “Nesting Habitat Relationships of Riparian
Birds Along the Colorado River in Grand Canyon, Arizona,” Southwestern
Naturalist, Vol. 34, No. 2, pp. 20-270, 1989.

Spamer, E.E., and A.E. Bogan. “Mollusca of the Grand Canyon and
Vicinity, Arizona: New and Revised Data on Diversity and Distributions,
With Notes on Pleistocene-Holocene Mollusks of the Grand Canyon,”
Proceedings of the Academy of Natural Sciences in Philadelphia, Vol. 144,
pp. 21-68, 1993.

Threatened Native Wildlife in Arizona. Phoenix, Arizona: Arizona Game
and Fish Department, 1988.

In addition to the studies identified above from the final EIS bibliography,
other documents are relevant to endangered species issues.

Carothers, S.W., and B.T. Brown. The Colorado River Through Grand
Canyon: Natural History and Human Change. Tucson, Arizona: University
of Arizona Press, 1991. The coauthors of this book were both key
researchers identified in our work. Furthermore, Dr. Carothers was a
member of the EIS team and the Aquatic Biology Team workgroup.
Portions of this book address fish and endangered species issues, drawing
from Glen Canyon Environmental Studies research.

Final Biological Opinion: Operation of Glen Canyon Dam as the Modified
Low Fluctuating Flow Alternative of the Final Environmental Impact
Statement, Operation of Glen Canyon Dam. (2-21-93-F-167) U.S. Fish and
Wildlife Service, Dec. 21, 1994. The Final Biological Opinion and its related
Reasonable and Prudent Alternative were developed by FWS in response to
Reclamation’s request for formal consultation under section 7 of the
Endangered Species Act. The Final Biological Opinion states that the
Modified Low Fluctuating Flow preferred alternative is likely to jeopardize
the continued existence of the humpback chub and razorback sucker but
is not likely to jeopardize the bald eagle, peregrine falcon, or Kanab
ambersnail.
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Glen Canyon Dam: Beach/Habitat-Building Test Flow, Final Environmental
Assessment and Finding of No Significant Impact, Bureau of Reclamation,
Feb. 1996. This report presents the findings of the required environmental
assessment prepared prior to implementing the spring 1996 “spike” flow.

Operation of Glen Canyon Dam - Fish and Wildlife Coordination Act
Report, U.S. Fish and Wildlife Service, June 28, 1994. In accordance with
the Fish and Wildlife Coordination Act, FWS submitted this report to
Reclamation with recommendations in connection with the Glen Canyon
Dam’s operations. The act does not require Reclamation to accept the
recommendations; however, reasonable and practicable recommendations
will be implemented. The act ensures that fish and wildlife receive equal
consideration during the planning and construction of federal water
projects.

“Organisms and Biological Processes,” River Resource Management in the
Grand Canyon, pp. 84-117. National Research Council, Committee to
Review the Glen Canyon Environmental Studies, 1996. This is a chapter of
a National Research Council committee report on the Glen Canyon
Environmental Studies. The purpose of this report and the committee’s
task was to review research that was done in connection with the Glen
Canyon Environmental Studies and to comment on the application of
science in the management program of the Colorado River.

“Response to the Final Biological Opinion on the Operations of Glen
Canyon Dam,” Bureau of Reclamation, Apr. 6, 1995. This is Reclamation’s
official response to, and addressing of, the issues presented in the Final
Biological Opinion. In its response, Reclamation states that it does not
agree with all the points made or positions taken by FWS but will take steps
to comply with them.

Officials Interviewed We interviewed the following individuals about endangered species and
other related Glen Canyon Dam EIS issues.

Michael Armbruster, Bureau of Reclamation, principal author of
    the endangered species section of the EIS

Frank Baucom, U.S. Fish and Wildlife Service
Debra Bills, U.S. Fish and Wildlife Service
Byran Brown, SWCA, Inc.
Christine Karas, Bureau of Reclamation
Dennis Kubly, Arizona Game and Fish Department
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William Leibfried, SWCA, Inc./Hualapai Tribe
Gordon Lind, Bureau of Reclamation
Margaret Matter, Western Area Power Administration
Debra McGuinn-Robbins, Arizona Game and Fish Department
Anthony Morton, Western Area Power Administration
Ronald Moulton, Western Area Power Administration
S. Clayton Palmer, Western Area Power Administration
Timothy Randle, Bureau of Reclamation
Lawrence Riley, Arizona Game and Fish Department
David Wegner, Bureau of Reclamation, Glen Canyon Environmental
    Studies
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The construction of the Glen Canyon Dam altered the natural dynamics of
the Colorado River, including the downstream aquatic system. The predam
aquatic system supported an array of native and nonnative fish. The
decline of the native fish in the Glen and Grand canyons is attributed to
the presence of nonnative competitors and predators and to subsequent
postdam river conditions that affected habitat and redefined the
relationship between native and nonnative fishes. Scientific opinions differ
about the potential impacts on fish resources of the flow alternatives
addressed in the Glen Canyon Dam environmental impact statement.

The U.S. Fish and Wildlife Service’s (FWS) final biological opinion
expressed concern that the Modified Low Fluctuating Flow, the EIS’s
preferred alternative, would jeopardize the continued existence of two
endangered fish species, the humpback chub and the razorback sucker.
The biological opinion’s reasonable and prudent alternative identified
actions that would modify the preferred alternative with seasonally
adjusted steady flows about 25 percent of the time. FWS and Reclamation
agreed to categorize these flows as experimental, or research, flows so
that studies could be conducted to verify an effective dam flow regime and
to include those flows with another element of the reasonable and prudent
alternative, “adaptive management.” Reclamation intends to initiate a
process of adaptive management that would provide for long-term
monitoring and research to measure the actual effect of the selected
dam-operating criteria. The results of this effort would form the basis for
possible future modifications of the dam’s operations and, with other
conservation measures, may lead to the removal of the jeopardy opinion.

EIS team members and resource scientists express a variety of opinions
about the process and data used in making the impact determinations for
fish. Because of incomplete information, as stated in the final EIS, the
impact of steady flows on fish is still uncertain.

Description of the
Resource

Several elements comprise the aquatic ecosystem downstream of the Glen
Canyon Dam. These elements include the aquatic food base, native fishes,
and nonnative fishes. Nonnative fishes include warmwater, coolwater, and
coldwater species. Due to the very limited data collected before the
construction of the dam, the predam distribution and relative abundance
of native and nonnative fish are largely unknown and subject to
speculation.
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In general, the ability of fish populations to persist and thrive depends on
how well their life requirements are met. Life requirements include food
supply, habitat, and the ability to avoid or minimize competition and
predation.

Before the dam was closed, the aquatic food base for fish was founded on
coarse organic material carried into the river from the drainage basin.
Today, this coarse material is trapped above the dam in Lake Powell.
Algae in the river (especially the filamentous green alga Cladophora
glomerata) has now become an important part of the aquatic food base,
along with associated diatoms (microscopic, single-celled, or colonial
algae) and invertebrates (especially insects and the amphipod Gammarus
lacustris).

The predam aquatic ecosystem contained eight native fish species and
several introduced species such as the channel catfish and the carp. The
eight native species were the humpback chub, razorback sucker, Colorado
squawfish, bonytail chub, roundtail chub, flannelmouth sucker, bluehead
sucker, and speckled dace. The Colorado squawfish, the roundtail chub,
and the bonytail chub are considered extirpated (i.e., extinct in a given
area) from the Grand Canyon, and the razorback sucker is very rare. The
population of humpback chub in the Grand Canyon is the largest of five
remaining populations and the only population of the species in the Lower
Colorado River Basin.

Warmwater nonnative fish species began to be introduced into the river
system possibly as early as the late 1800s. About the time that the dam was
completed, warmwater nonnative fish found near the dam site included
channel catfish, carp, fathead minnow, green sunfish, killifish, largemouth
bass, mosquito fish, and red shiner. Coolwater nonnative fishes introduced
into the river include striped bass, smallmouth bass, and walleye. In
addition to these warmwater and coolwater nonnatives, coldwater
nonnative trout species were introduced for sport purposes beginning in
the 1920s. Rainbow trout make up the major part of the sport fishery, but
brook trout, brown trout, and cutthroat trout also have been stocked in
the river.

The variety of native and nonnative fish present in the system leads to the
issue of “interactions” among them. Interaction in the form of competition
from, and predation by, nonnative fish has been cited along with habitat
modification as causes of the decline of native fish in the Colorado River
system. Potential competitors for habitat with native fish include carp,
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fathead minnow, killifish, rainbow trout, and red shiner. Species cited as
predators on native fish include striped bass, channel catfish, brown trout,
and possibly rainbow trout. Because of limited data, opinions vary about
interactions between native and nonnative fish and how operational
changes would affect these interactions.

Effects of Pre- and
Postdam Conditions
on Fish

The aquatic ecosystem originally developed in a sediment-laden,
seasonally fluctuating river environment. The construction of the Glen
Canyon Dam altered the natural dynamics of the Colorado River. Today,
the ecological resources of the Glen and Grand canyons depend on the
water releases from the dam and the sediment that comes from tributaries
below the dam. Lake Powell traps water, sediment, and the associated
nutrients that previously traveled down the Colorado River.

The interruption of riverflow and regulated release of lake water now
support aquatic and terrestrial systems that did not exist before the Glen
Canyon Dam. The predam aquatic system supported an array of native and
nonnative fish. Native fish evolved in a river that carried large amounts of
sediment and was subject to extreme seasonal variability in flow and
temperature. The construction of the dam created a relatively clear river
with near constant year-round cold temperatures. These water
temperatures limit the possibility of successful reproduction by
warmwater fish, including the five native fish still present in this portion of
the Colorado River system. The decline of the native fish in the Glen and
Grand canyons is attributed to the presence of nonnative competitors and
predators and to postdam river conditions. The tributaries of the Colorado
River in the Grand Canyon are used by native fish species for spawning
and rearing young.

Issue As defined in the final EIS, the issue of concern for fish resources is how do
dam operations affect fish—their food base, life cycles, habitat, and ability
to spawn?

Indicators The indicators for fish resources listed in the final EIS are the

• abundance of Cladophora and associated diatoms for the aquatic food
base;

• reproduction, recruitment(survival to adulthood), and growth of native
fish;
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• reproduction, recruitment, and growth of nonnative warmwater and
coolwater fish; and

• level of interactions between native and nonnative fish.

Both the biological productivity of the aquatic food base and the physical
characteristics of the environment (temperature, reliable flow, turbidity,
etc.) determine the limits of fish development. Therefore, the EIS team’s
assessments of impacts on fish included both of these areas. The analysis
of impacts on the food base focused on Cladophora production and used
changes in the length of wetted perimeter (the productive band of
shoreline) to demonstrate the differences between the alternatives.

The analyses of the impacts of the alternatives on native and nonnative
fish addressed (1) direct sources of mortality, (2) potential for
reproduction and recruitment, and (3) potential for growth. The analysis
factors included the temperature of the water in the mainstem and access
to tributaries for reproduction, food base and stable nearshore and
backwater environments for recruitment and growth, flood frequency
reduction measures, and beach/habitat-building flows. The evaluation of
native and nonnative interactions was qualitative and focused on the
effects of each alternative on nearshore and backwater habitats used by
native and nonnative fish.

Methodology Used to
Make Impact
Determinations

EIS team members told us that the EIS was developed through a dynamic
process involving three main groups—the EIS team, Glen Canyon
Environmental Studies officials and researchers, and representatives of
the cooperating agencies. Researchers provided data to the EIS team that
was responsible for the technical development of alternatives and impact
determinations, while the cooperating agency group was a policy-level
review body.

The initial impact determinations for fish and endangered fish were
primarily developed by two EIS team members assigned to that task on the
basis of their areas of expertise. These team members were from the
Arizona Game and Fish Department and FWS. No formal fish subgroup or
workgroup existed at that time and no formal reports were produced.

These two team members developed their sections of the EIS through an
iterative process of drafting, discussions, and formal and informal
presentations to, and review by, the whole EIS team, as well as through
input from key researchers and colleagues with whom they shared their
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work and from whom they solicited feedback. Additionally, presentations
of the impact assessments were made to the cooperating agency group.

The EIS team’s decision-making on fish issues was handled through voting;
the goal was a consensus-based product. Formal minutes of the EIS team
meetings were kept as a record of key decisions.

After public comments were received on the draft EIS, the Aquatic Biology
Team (ABT) workgroup was formed by Reclamation to respond to the
comments and to reorganize and rewrite the fish and endangered species
sections of the final EIS. This workgroup consisted of the two original
individuals and five additional EIS team members representing
Reclamation, the Hopi Tribe, the Hualapai Tribe, and the Arizona Game
and Fish Department. The workgroup was formed because of the
controversy and diametrically opposed positions of many of the comments
pertaining to aquatic biology. All members of the workgroup participated
in discussions and consensus decision-making on fish issues and revised
impact determinations; however, two individuals were principally
responsible for the rewrite of the sections under review, with assistance
and input from other EIS team and ABT workgroup members. Of the 33,000
comments received on the draft EIS, 291 related to fish and 1,826 related to
endangered species. However, the vast majority of endangered species
comments focused on endangered fish.

The ABT did its work through an iterative process similar to that used by
the EIS team as a whole. Individuals were given assignments, interactive
discussions were held, and decisions were made through consensus.
According to ABT workgroup members, no official documentation of the
discussions and decisions of this group were kept. Rather, information
was shared among members through personal communications, working
meetings, and other collegial interactions. Some information relevant to
fish resources is contained in the official minutes of the EIS team meetings.

On the basis of the comments received on the draft EIS and the internal
review, the EIS team/ABT workgroup made several major changes to the
fish section of the final EIS. Specifically:

• In order to make the document less confusing and to facilitate better
integration of material, the fish section was substantially revised and
reorganized to include new information and to integrate the extensive
treatment of endangered fish previously covered in the endangered
species section of the EIS.
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• In response to the comments received and ongoing discussions,
Reclamation and FWS jointly agreed to move the endangered fish research
flows identified in FWS’s reasonable and prudent alternative from the
preferred alternative to the Adaptive Management Program. The EIS team
implemented this change.

• In response to the comments and concerns about interactions between
native and nonnative fish, information on competition and predation and
the predam fish population was expanded in the final EIS. Information on
nonnative fish and native/nonnative interactions was added to the
summary table of impacts.

• In order to more explicitly recognize the uncertainty and disagreement
that exist among resource scientists about the responses of fish to steady
flow alternatives, the final EIS describes those areas of uncertainty and
includes reference to this uncertainty in the matrix of potential impacts.

Because final results were not available to the ABT from many of the phase
II fish studies for the Glen Canyon Environmental Studies, professional
judgment was an important factor in developing fish impact
determinations for the final EIS. However, as one ABT member stressed,
these impact determinations were criterion based, using important
resource indicators as the basis for judgment. The ABT workgroup and EIS

team thus used a combination of available data and professional judgment
in developing the impact determinations for fish.

Data Used for Making
Impact Determinations

The research studies used to support the impact determinations on fish
resources are listed in the bibliography of the final EIS. These studies
include Glen Canyon Environmental Studies research, as well as research
developed by various state and federal agencies involved with fish
resources. Those studies deemed most useful by several members of the
EIS team who worked on fish issues are noted in the Key Studies Identified
subsection of this appendix.

Effects of Flow
Alternatives on Fish

Details of the anticipated impacts of the nine flow alternatives on fish
resources are found in the final EIS. However, the following general
statements can be made about the impacts of restricted fluctuating flows
versus steady flows on fish:

• Fluctuating releases may affect fishes’ access to tributaries and backwater
habitat and destabilize these backwaters by alternately draining and
refilling them with cold water from the Colorado River mainstem.
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• Daily fluctuations in water level and cold water temperatures would
continue to suppress reproduction and recruitment of nonnative
warmwater fishes in the mainstem.

• Fluctuations may increase turbidity (cloudiness) of the water, which may
provide cover for native fish and a degree of protection from predation.
Increased turbidity could also provide foraging opportunities for the adult
chub.

• Steady flows would allow for increased warming of backwaters, which
would benefit young native fish. However, such improved habitat
conditions for native species might also benefit nonnative species that are
competitors or predators of these native endangered fish. The potential for
increased interaction between native fish and their competitors and
predators is greatest under steady flows.

• Steady flows might adversely affect maintenance of backwaters, allowing
them to become isolated and filled with sediment.

• Steady flows could reduce the availability of fish forage and slow its
transport downstream.

The final EIS points out that any change in the dam’s daily operations or
other management actions that result in improved habitat conditions for
native fish also would improve conditions for nonnative warmwater and
coolwater fish. Resource scientists are not in agreement about what
improving habitat conditions means in terms of interactions between
native and nonnative fish.

U.S. Fish and Wildlife
Service’s Final
Biological Opinion

The U.S. Fish and Wildlife Service conditioned its support of the preferred
alternative in the Glen Canyon Dam’s EIS on the basis that Reclamation
would agree to additional research on the impact of steady flows on fish as
part of the Adaptive Management Program. In December 1994, FWS issued
its final biological opinion on the operations of the Glen Canyon Dam, as
required by section 7 of the Endangered Species Act. In its final opinion,
FWS supports a flow regime that includes steady flows, and especially the
Seasonally Adjusted Steady Flow alternative, on the basis of the supposed
benefits for native fish. The final biological opinion concludes that the
Modified Low Fluctuating Flow preferred alternative is likely to jeopardize
the continued existence of the humpback chub and the razorback sucker.
Therefore, FWS issued a “jeopardy opinion” concerning the EIS preferred
alternative for those fish species.

In support of its 1994 opinion and findings, FWS states that “the preferred
alternative (without a selective withdrawal structure) does not remove the
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issue of coldwater temperatures on reproductive success in the
mainstem....” Furthermore, FWS asserts that

“fluctuating flows limit solar warming of backwaters, flush organisms and nutrients
important as food resources, and force earlier life stages of endangered and other native
fishes out of quiet protected waters into unfavorable mainstem conditions. These
conditions might include increased exposure to predation and debilitating effects of cold
water and increased velocities.”

Regulations implementing section 7 of the Endangered Species Act state
that a “reasonable and prudent alternative” to the recommended action
can be identified during the formal consultation process. For the Glen
Canyon Dam’s EIS, FWS’ reasonable and prudent alternative recommends
further studies of the effects of steady flows on endangered and native
fish, otherwise known as endangered fish research flows. When
implemented, these research flows would require as many as 5 low release
years (annual water releases at or near 8.23 million acre-feet). Because
low water release years are expected to occur only about half the time, it
is uncertain how many total years it would take to complete the research
program. However, it is likely that research flows could be completed
within 10 years.

Endangered fish research flows would likely be between 8,000 cfs and
20,000 cfs with a spring through fall pattern and monthly releases similar to
the Seasonally Adjusted Steady Flow alternative. The results from the
research program would be monitored, and corrective action would be
taken if adverse effects on endangered species were identified. Upon
completion of the research flows and analysis of the data, Reclamation is
to implement, through the Adaptive Management Program, any necessary
changes in dam-operating criteria necessary to comply with the
Endangered Species Act. Reclamation and FWS are to meet at least
annually to coordinate reasonable and prudent alternative activities and
ensure that sufficient progress is being made to remove the jeopardy
opinion for the endangered species that are affected by the operation of
the Glen Canyon Dam. FWS agreed to support the preferred alternative as
modified by the reasonable and prudent alternative.

Reclamation does not agree with FWS’ jeopardy opinion on the preferred
alternative. In its comments on a draft version of the biological opinion,
Reclamation presented its concerns about FWS’ support of steady flows by
noting that “scientific experts on native fishes in the Colorado River
system who were convened to discuss the merits and detriments of flow
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alternatives on March 2, 1994, were not totally supportive that the draft
biological opinion flow scenario will provide quantifiable benefit to native
fish without additional temperature modification.” Furthermore,
Reclamation was also concerned that

“the logic for identifying the effects of steady flows as related to the Colorado River system
in the Grand Canyon is not well supported. Data coming from the GCES program and in
other research programs on Southwestern ecosystems consistently point to the importance
of disturbance in maintaining the native species assemblages. The statement that the
ecology of the Grand Canyon will be supported by steady flows is not supported in the
document or in the literature.”

Nevertheless, Reclamation has agreed to implement elements of FWS’
reasonable and prudent alternative, including continued study of the
effects of steady flows on fish.

Assessment of Impact
Determinations

EIS team and ABT workgroup members told us that they were pleased with
the process used in developing the EIS, believed that this process was
“reasonable,” and were satisfied with their product. Several noted the
professional and open-minded approach brought to the work by most of
the team members. FWS representatives to the team also said that they
were pleased with the process up to the point where the draft EIS and the
draft biological opinion were released. However, with the formation of the
ABT workgroup, they said, the focus shifted to a concern for supporting the
preferred alternative and “discrediting” the Seasonally Adjusted Steady
Flow alternative. Other EIS team/ABT workgroup members took exception
to this assertion, with one member stating that the preferred alternative
was not forced upon FWS. Another team member stated that when it comes
to the operations of the Glen Canyon Dam, NEPA (the EIS) and the
Endangered Species Act (the reasonable and prudent alternative) did not
complement each other very well.

Reasonableness of the
Methodology

We received a variety of comments on the implementation of the fish
impact determination methodology. For example, many interviewees
expressed regret about the lack of coordinated time frames between the
completion of Glen Canyon Environmental Studies research and the EIS

development schedule, because the timing problem led to the use of
incomplete data for the fish resources.
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One of the ABT workgroup’s tasks was to explicitly deal with the uncertain
impacts of steady flows on fish resources. The leader of the ABT

workgroup told us that there were significant disagreements among team
members about how to handle this uncertainty, and that the FWS

representatives held a different opinion from other members of the ABT. As
with other decisions, this disagreement was handled through open
discussion with the goal of establishing consensus. Many interviewees
expressed the belief that the final EIS’ increased, explicit acknowledgement
of uncertainty about flow impacts on the fish resources was an important
improvement in the document. Some of these individuals told us that this
change to the fish resource section accurately reflects the disagreements
and uncertainties within the scientific community.

EIS team members told us that an important component of the process of
developing the impact determinations was the team’s contacts with Glen
Canyon Environmental Studies officials for updates on research results
and the team’s interactive relationship with key researchers. However,
while some of the key researchers with whom we talked acknowledged
that they had worked with EIS team members in this way, others told us
that the EIS team’s contact with them had been minimal or even
nonexistent.

Some interviewees expressed the belief that private consultants should
not have been included on the EIS team because their loyalty may be to
present or future clients rather than to objective science. On the other
hand, one consultant was also mentioned by several interviewees as one
of the most knowledgeable individuals on fish and other resource issues in
the canyon. Furthermore, several individuals expressed high regard for the
work done by another consultant on some of the key Glen Canyon
Environmental Studies research on the humpback chub.

Some EIS team members were also researchers whose work was being
reviewed for the EIS. One EIS team member expressed the belief that this
dual role was beneficial to the team because of their knowledge about the
latest scientific findings as they developed. Two researchers, however,
told us that they were troubled by this dual role for EIS team members. One
suggested that it constituted a conflict of interest; the other was concerned
that having individuals reviewing their own work might have affected the
objectivity with which the research was examined.

Opinions on Data Used for
Impact Determinations

Limited data permit opinions to vary among members of the scientific
community on a number of issues related to fish. Some of these
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differences occur because of disagreements over scientific interpretations
and viewpoints; others reflect personal, institutional, and academic
affiliations and rivalries. Differences of opinion also exist on the issues
related to the development of the impact determinations on fish for the
final EIS.

A number of the individuals we talked with both inside and outside of the
EIS preparation process expressed frustration that the final results from
many of the Glen Canyon Environmental Studies phase II fish studies were
not available to the EIS team and the ABT workgroup for the development of
the impact determinations in the final EIS. According to several
interviewees, this lack of final results—or “hard data,” as one EIS team
member not on the ABT called it—inevitably lead to an increased reliance
on professional judgment in developing impact determinations related to
fish.

Opinions varied as to whether the lack of final results from some phase II
studies constituted a “limitation” on or simply a “hindrance” to the
development of the impact determinations. Some interviewees told us that
while it was unfortunate that final results from phase II were not in, this
was not a limitation on the usefulness of the available data or the
conclusions drawn from them. They believed that if the final data had been
available, the team’s determinations might have been more refined or
supported, but their conclusions (and the preferred alternative) would
have remained the same. Others believed that the lack of final results
represented a significant limitation on the impact determinations. Some of
these even suggested that the determinations or decisions might have
changed on the basis of these final research results or that if the EIS team
had used all the science available to them, “they would have come up with
a different alternative.”

Despite these differences, most of those who expressed an opinion to us
said that the EIS team had used the “best available data” in determining the
impacts on fish. One said that the best available data were used, although
these data were not complete. Another told us that while the best available
data were used, other, better data might have been available had the EIS

time frames been changed to accommodate the completion of the Glen
Canyon Environmental Studies. This individual further stated that the EIS

team had developed “reasonable interpretations from unreasonable data.”
Even some of those individuals critical of the overall process agreed that
the “best available data” had been utilized.
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Peer Review of Studies Reclamation and Glen Canyon Environmental Studies officials and
researchers told us that a three-tiered review process was developed for
all Glen Canyon Environmental Studies, regardless of resource area. This
process included (1) internal agency/organizational review by the research
entity, (2) Glen Canyon Environmental Studies office review, and
(3) external peer review under the auspices of the Senior Scientist.
However, a number of the researchers that we interviewed were critical of
the actual review process. Furthermore, the individual responsible for
overseeing this process told us that only about 30 to 35 out of
approximately 140 anticipated Glen Canyon Environmental Studies had
actually undergone the complete three-step review.

Results of the Process As to the results of the process, the views on the preferred alternative
varied among interviewees. Several supported the preferred alternative,
especially when combined with the beach/habitat-building “spike” flow.
Others supported flow regimes that include the Seasonally Adjusted
Steady Flow alternative favored by FWS. Some interviewees told us that
they were originally inclined to support steady flows but changed their
views in favor of fluctuating flows on the basis of the developing data.
Two interviewees endorsed a flow regime that closely resembles the
“natural hydrograph,” including floods and low flows. Some researchers
told us that they had not read or reviewed the final EIS and were unfamiliar
with the specifics of the flow alternatives.

ABT Workgroup Leader’s
Responses to the Issues
Raised

The leader of the ABT workgroup provided us with detailed comments on
and responses to each of the issues noted above. He agreed with some
statements or positions and disagreed with others. For example, he agreed
that the lack of final results from the fish research studies was frustrating
and that the limited data allow differences of opinion on and scientific
interpretation of the impacts on fish resources. However, he disagreed
with the statement that had final results been available, the impact
determinations might have been different. Rather, he said the final data
would have refined the EIS team’s understanding of the issues and
supported their conclusions but would not have changed the impact
determinations or the preferred alternative.

His overall position, taking into consideration the various perspectives and
opinions expressed, was that

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 100 



Appendix IV 

Fish

• the process used in making the impact determinations on fish resources
was reasonable,

• the methodologies employed in this process were appropriate,
• the data used were the best available, and
• the results of the impact determinations are reasonable.

Scope and Methodology To determine the data and process used in developing the impacts on fish
resources, we identified and reviewed the following documents: the draft
EIS and associated appendixes; the preliminary final EIS; the final EIS; the
public comments on the draft EIS; Reclamation’s analysis of and the EIS

team’s responses to these comments; copies of minutes of the EIS team
meetings; summaries of the meetings of the cooperating agencies; and
Reclamation’s newsletters on the EIS process. We also obtained and
reviewed FWS’ draft biological opinion and final biological opinion on the
operation of the Glen Canyon Dam, Reclamation’s comments on the draft
biological opinion and official response to the final biological opinion, and
FWS’ Fish and Wildlife Coordination Act report (see list of related
documents below for full citations).

We obtained a copy of the final EIS bibliography from Reclamation, with
titles sorted by each resource area. The fish bibliography contained 57
titles, while the endangered species bibliography contained 29 titles. We
asked three EIS team members recommended to us as key initial contacts
on fish and endangered species issues to review the titles related to these
resources and to point out those studies they believed had been most
useful in developing the impact determinations.

To assess the procedures followed and obtain views on the quality of data
used in preparing fish issues, we interviewed the EIS team members who
had primary responsibility for writing the fish and endangered species
section of the draft EIS, as well as all other members of the ABT workgroup,
which was formed to revise and reorganize these two sections following
the receipt of public comments on the draft EIS. Additionally, we met with
several other members of the EIS team, including two EIS team members
not on the ABT workgroup who requested the opportunity to discuss fish
and endangered species issues with us. We spoke with several scientists
identified by team members and others as having done key research used
by the workgroup and the full EIS team in developing the fish impact
determinations. We interviewed other agency officials with information
about the EIS and Glen Canyon Environmental Studies processes.
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Finally, we asked the leader of the ABT workgroup to review the factual
accuracy of our description of the process for developing the impact
determinations for fish resources. He agreed that our description was
generally accurate but made some suggestions for changes. We have
incorporated these changes into our description of the process. We also
presented him with our preliminary findings on fish resources in order to
provide him with an opportunity to comment on and respond to the
various issues raised through our audit work.

Key Studies Identified The following are titles from the fish bibliography selected by at least two
of the three key initial contacts recommended to us.

Angradi, T.R., R.W. Clarkson, D.A. Kinsolving, D.M. Kubly, and S.A.
Morgensen. “Glen Canyon Dam and the Colorado River: Responses of the
Aquatic Biota to Dam Operations,” Glen Canyon Environmental Studies
Technical Report. Phoenix, Arizona: Arizona Game and Fish Department,
1992.

Glen Canyon Environmental Studies Phase II 1992 Annual Report.
Prepared for the Bureau of Reclamation, Glen Canyon Environmental
Studies. Phoenix, Arizona: Arizona Game and Fish Department, 1993.

Gorman, O.T., S.T. Leon, and O.E. Maughan. “Habitat Use by Humpback
Chub, Gila Cypha, in the Little Colorado River and Other Tributaries of the
Colorado River in the Grand Canyon,” Glen Canyon Environmental Studies
Phase II Annual Report. Prepared for the Bureau of Reclamation by the
U.S. Fish and Wildlife Service, Pinetop, Arizona, and the Arizona
Cooperative Fish and Wildlife Research Unit, Tucson, Arizona, 1993.

Leibfried, W.C. “Utilization of Cladophora Glomerata and Epiphytic
Diatoms as a Food Resource by Rainbow Trout in the Colorado River
Below Glen Canyon Dam in Arizona,” Masters Thesis. Flagstaff, Arizona:
Northern Arizona University, 1988.

Leibfried, W.C., and D.W. Blinn. “The Effects of Steady Versus Fluctuating
Flows on Aquatic Macroinvertebrates in the Colorado River below Glen
Canyon Dam, Arizona,” Glen Canyon Environmental Studies Technical
Report. Salt Lake City, Utah: Bureau of Reclamation, 1987.

Maddux, H.R., D.M. Kubly, J.C. DeVos, Jr., W.R. Persons, R. Staedicke, and
R.L. Wright. “Effects of Varied Flow Regimes on Aquatic Resources of
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Glen and Grand Canyons,” Glen Canyon Environmental Studies Technical
Report. Phoenix, Arizona: Arizona Game and Fish Department, 1987.

McGuinn-Robbins, D.K., Comparison of the Number and Area of
Backwaters Associated With the Colorado River in Glen and Grand
Canyons, Arizona. Phoenix, Arizona: Arizona Game and Fish Department,
1994.

Suttkus, R.D., G.H. Clemmer, C. Jones, and C.R. Shoop. Survey of Fishes,
Mammals and Herpetofauna of the Colorado River in Grand Canyon.
National Park Service, Colorado River Research Series Contribution no.
34, 1976.

Usher, H.D., D.W. Blinn, G.C. Hardwick, and W.C. Leibfried. Cladophora
Glomerata and Its Diatom Epiphytes in the Colorado River Through Glen
and Grand Canyons: Distribution and Desiccation Tolerance. National
Technical Information Service No. PB88-183454/AS, 1986.

Weiss, J. “The Relationship Between Flow and Backwater Fish Habitat of
the Colorado River in Grand Canyon” (draft report), Glen Canyon
Environmental Studies Technical Report. Flagstaff, Arizona: Bureau of
Reclamation, 1993.

Weiss, S.J. Spawning, Movement, and Population Structure of
Flannelmouth Sucker in the Paria River. Masters Thesis. Tucson, Arizona:
University of Arizona, 1993.

Titles related to fish selected from the endangered species bibliography by
at least two of these contacts were as follows.

Kubly, D.M., The Endangered Humpback Chub (Gila Cypha) in Arizona: A
Review of Past Studies and Suggestions for Future Research (draft report).
Salt Lake City, Utah: Prepared by the Arizona Game and Fish Department
for the Bureau of Reclamation, 1990.

Tyus, H.M., and C.A. Karp. “Habitat Use and Streamflow Needs of Rare and
Endangered Fishes, Yampa River, Colorado,” Fish and Wildlife Service
Biological Report, vol. 89, no. 14. Vernal, Utah: 1989.

Valdez, R.A. Life History and Ecology of the Humpback Chub in Grand
Canyon. Logan, Utah: BIO/WEST, 1994.
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Valdez, R.A., and M. Hugentobler (editors). Characterization of the Life
History and Ecology of the Humpback Chub (Gila Cypha) in the Grand
Canyon. Annual Report 1992 to Bureau of Reclamation. Logan, Utah:
BIO/WEST Report No. TR-250-06, 1993.

Valdez, R.A., W.J. Masslich, and W. Leibfried. Characterization of the Life
History and Ecology of the Humpback Chub (Gila Cypha) in the Grand
Canyon. Annual Report to the Bureau of Reclamation. Logan, Utah:
BIO/WEST Report no. TR 250-04, 1992.

Valdez, R.A., A. Wasowicz, and W. Leibfried. Characterization of the Life
History and Ecology of the Humpback Chub (Gila Cypha) in the Grand
Canyon. Logan, Utah: BIO/WEST Trip Report no. 7-1992, 1992.

In addition to the studies identified above from the final EIS bibliography,
other documents are relevant to fish issues. These documents include the
following.

Carothers, S.W., and B.T. Brown. The Colorado River Through Grand
Canyon: Natural History and Human Change. Tucson, Arizona: University
of Arizona Press, 1991. The coauthors of this book were both key
researchers identified in our work. Furthermore, Dr. Carothers was a
member of the EIS team and the Aquatic Biology Team workgroup.
Portions of this book address fish and endangered species issues, drawing
from GCES research.

Clarkson, R.W., O.T. Gorman, D.M. Kubly, P.C. Marsh, and R.A. Valdez.
“Management of Discharge, Temperature, and Sediment in Grand Canyon
for Native Fishes.” Mar. 1994. A “white paper” provided to the EIS team,
written by a number of key fish researchers from various
agencies/organizations. In it, the researchers present their thoughts on
native fish management issues. This document was mentioned by EIS team
members as influential in their early discussions on fish issues. However,
it does not appear in the final EIS bibliography.

Colorado River Endangered Fishes Critical Habitat Draft Biological
Support Document. U.S. Fish and Wildlife Service, Sept. 3, 1993. Critical
habitat must be designated for endangered species. This document was
mentioned by one researcher with whom we spoke as an example of how
agencies should handle scientific data in environmental policy papers.
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Draft Recovery Implementation Program for Endangered Fish Species in
the Upper Colorado River Basin. U.S. Fish and Wildlife Service, Sept. 3,
1993. This document is not directly related to activities at the Glen Canyon
Dam but contains information about the recovery of endangered fish in the
Colorado River Basin.

Final Biological Opinion: Operation of Glen Canyon Dam as the Modified
Low Fluctuating Flow Alternative of the Final Environmental Impact
Statement (2-21-93-F-167). U.S. Fish and Wildlife Service, Dec. 21, 1994.
The final biological opinion and its related reasonable and prudent
alternative were developed by FWS in response to Reclamation’s request
for formal consultation under section 7 of the Endangered Species Act.
The final biological opinion states that the preferred alternative is likely to
jeopardize the continued existence of the humpback chub and razorback
sucker and is likely to destroy or adversely modify designated critical
habitat. FWS’ position is that the Seasonally Adjusted Steady Flow
alternative may be more beneficial for these endangered native fish.

Glen Canyon Dam: Beach/Habitat-Building Test Flow, Final Environmental
Assessment and Finding of No Significant Impact. Bureau of Reclamation,
Feb. 1996. This report presents the findings of the required environmental
assessment prepared prior to implementing the spring 1996 “spike” flow.

Glen Canyon Dam Discharge Temperature Control Draft Appraisal Report.
Bureau of Reclamation, June 14, 1994. This draft report discusses options
for studying and implementing temperature controls at the Glen Canyon
Dam, including building a selective withdrawal structure.

Minckley, W.L. “Native Fishes of the Grand Canyon Region: An Obituary?”
Colorado River Ecology and Dam Management. Proceedings of a
Symposium, May 24-25, 1990, Santa Fe, New Mexico, pp. 124-177.
Washington, D.C.: National Academy Press, 1991. This paper is listed in the
final EIS bibliography. It is a part of the book developed from a symposium
sponsored by the National Research Council’s Committee to Review the
Glen Canyon Environmental Studies. This paper is an overview of native
fish issues by a recognized expert in the field.

Operation of Glen Canyon Dam - Fish and Wildlife Coordination Act
Report. U.S. Fish and Wildlife Service, June 28, 1994. In accordance with
the Fish and Wildlife Coordination Act, FWS submitted this report to
Reclamation with recommendations in connection with the dam’s
operations. The Fish and Wildlife Coordination Act does not require
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Reclamation to accept the recommendations; however, Reclamation has
agreed that reasonable and practicable recommendations will be
implemented. The Fish and Wildlife Coordination Act ensures that fish and
wildlife receive equal consideration during the planning and construction
of federal water projects.

“Organisms and Biological Processes,” River Resource Management in the
Grand Canyon, pp. 84-117. National Research Council Committee to
Review the Glen Canyon Environmental Studies, 1996. This is a chapter of
a National Research Council Committee report on GCES. The purpose of
this report and the committee’s task was to review research that was done
in connection with the GCES and to comment on the application of science
in the management program of the Colorado River.

Response to the Final Biological Opinion on the Operations of Glen
Canyon Dam. Bureau of Reclamation, Apr. 6, 1995. This is Reclamation’s
official response to, and addressing of, the issues presented in the final
biological opinion. In it, Reclamation states that it does not agree with all
the points made or positions taken by FWS but will take steps to comply
with them.

Threatened Native Wildlife in Arizona. Phoenix, Arizona: Arizona Game
and Fish Department, 1988. This publication presents information on a
variety of species and subspecies including fish, amphibians, reptiles,
birds, and mammals.

Officials Interviewed We interviewed the following individuals about the fish impact
determinations and the related Glen Canyon Dam EIS issues.

Michael Armbruster, Bureau of Reclamation
Frank Baucom, U.S. Fish and Wildlife Service
Debra Bills, U.S. Fish and Wildlife Service
Bryan Brown, SWCA, Inc.
Steven Carothers, SWCA, Inc., Hopi Tribe
Michael Douglas, Arizona State University
Owen Gorman, U.S. Fish and Wildlife Service
David Harpman, Bureau of Reclamation
Christine Karas, Bureau of Reclamation
Dennis Kubly, Arizona Game and Fish Department
William Leibfried, SWCA, Inc., Hualapai Tribe
Gordon Lind, Bureau of Reclamation
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Paul Marsh, Arizona State University, Center for
    Environmental Studies
Margaret Matter, Western Area Power Administration
Debra McGuinn-Robbins, Arizona Game and Fish Department
Wendell Minckley, Arizona State University
Anthony Morton, Western Area Power Administration
Ronald Moulton, Western Area Power Administration
Clayton Palmer, Western Area Power Administration
Timothy Randle, Bureau of Reclamation
Lawrence Riley, Arizona Game and Fish Department
John Thomas, SWCA, Inc., Navajo Nation
Harold Tyus, University of Colorado, Boulder
Richard Valdez, BIO/WEST, Inc.
David Wegner, Bureau of Reclamation, Glen Canyon
    Environmental Studies
Judy Weiss, Former Glen Canyon Environmental Studies
    Researcher (currently not active in the research community)
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The purpose of this appendix is to review the methodology and key
assumptions that the Bureau of Reclamation used to estimate the
economic impact on hydropower of alternative water releases at the Glen
Canyon Dam. The Glen Canyon Dam, which began producing power in
1964, is part of the Colorado River Storage Project, a federal project for
water development in the Upper Colorado River Basin. Reclamation’s
purpose in analyzing hydropower issues in the EIS was to determine the
impacts on the power system of potential changes in the Glen Canyon
power plant operations. We found that Reclamation’s methodology for
estimating the economic cost of changing the dam’s operations is
reasonable and that Reclamation used the best available information at the
time of the study.

Reclamation has estimated that the annual economic cost of changing the
operations at the dam could range from –$1.5 million under the Maximum
Powerplant alternative to $123.5 million under the Seasonally Adjusted
Steady Flow alternative (in 1991 dollars, relative to the No-Action
alternative). We found shortcomings in several of the assumptions
Reclamation used in the power analysis, inconsistencies in some results,
and two phase III computational errors, which suggest that the estimated
economic impacts may be either overstated or understated. Because
future events are inherently uncertain and because the actual cost of
changing the dam’s operations could also depend on factors yet to be
determined, such as whether or not an Endangered Fish Research
Program is implemented and the pace of deregulation in the electric utility
industry, the actual economic impacts on power users may differ from
those estimated. However, because the shortcomings we identified
generally affect the estimates for all of the alternatives, we do not believe
that addressing the shortcomings would alter the relative ranking of the
fluctuating and steady flow alternatives. Furthermore, Reclamation and
representatives of the power industry believe that the results of the
hydropower analysis presented in the final EIS are reasonable and usable.
As a result, we believe that Reclamation’s estimated economic impacts can
be used to compare in a general way the economic trade-offs that are
associated with the various flow alternatives.

Introduction The Glen Canyon Dam is owned, operated, and maintained by the Bureau
of Reclamation. The Western Area Power Administration (WAPA)—a
power-marketing administration established in the Department of Energy
Organization Act of 1977—markets and transmits the power produced at
the dam (that is, power in excess of that used by projects involving
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irrigation and flood control). WAPA, in compliance with the Colorado River
Storage Project (CRSP) Act of 1956, is obligated to provide first priority to
the power needs of CRSP Participating Projects (for example,
Reclamation’s irrigation projects). Power that is surplus to this “project
use” requirement is then marketed by WAPA to wholesale firm-power
customers entitled to preference allocations (for example, municipal and
county utilities, rural electric cooperatives, and other nonprofit
organizations financed under the Rural Electrification Act of 1936). WAPA

generally enters into long-term contracts with its preference customers to
sell firm power (that is, long-term capacity and energy) at a rate that is
limited to the recovery of its costs and all costs assigned to power for
repayment, including that portion of irrigation costs beyond the ability of
the user to repay per the CRSP Act (this rate is referred to as the Salt Lake
City Area/Integrated Projects—SLCA/IP—rate). If its customers require
additional energy and additional energy is available, WAPA may sell
short-term power to them at a price ranging from the SLCA/IP rate to the
spot market rate, depending on market conditions. If WAPA’s generation
exceeds the needs of Reclamation’s project use requirements and of the
SLCA/IP’s firm-power customers, energy may be exchanged with other
suppliers or may be sold on the spot market. On the other hand, if WAPA’s
generation is less than the long-term firm-power commitments, WAPA must
purchase replacement power on the spot market, make short-term
contractual purchases, or exchange energy from other suppliers to make
up the deficit.

Historically, maximum power production at the dam has been limited to
1,300 megawatts, which corresponds to a water release of 31,500 cubic
feet per second. Power production (that is, instantaneous output,
measured in watts) is a function of reservoir head, flow, and the
generating capacity of the dam’s turbines. The dam has eight electric
generators that were originally installed when the dam was constructed
and “uprated” to 1,356 megawatts during the 1980s. Energy production
(that is, power produced over time, measured in watt-hours) is a function
of capacity over time or the amount of water released over time. During a
typical year, water releases average about 10 million acre-feet,
corresponding to an average annual energy production of about 5 million
kilowatt hours.1

Currently, WAPA markets power from the Glen Canyon Dam to
approximately 180 preference customers located mainly in Colorado, New

1A kilowatt hour is the amount of electrical energy involved in a demand or requirement for 1 kilowatt
over a period of 1 hour.
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Mexico, Arizona, Utah, Nevada, and Wyoming. These customers sell
electricity to about 1.7 million residential, commercial, industrial, and
agricultural customers. Since November 1, 1991, the Department of the
Interior has operated the dam under an interim flow regime, whereby
water releases are generally limited to a maximum of 20,000 cubic feet per
second (cfs).

Reclamation’s purpose in preparing the Glen Canyon Dam’s environmental
impact statement was to determine specific options that could be
implemented to minimize the adverse impacts on the downstream
resources and Native American interests in the Glen and Grand canyons.
In connection with hydropower production, the key EIS issue was to
determine the impacts on the power system of potential changes in the
Glen Canyon power plant’s operations. Reclamation was responsible for
evaluating the economic, project repayment, and rate impacts of changing
the magnitude and timing of water releases from the Glen Canyon Dam. To
make its assessment, Reclamation identified power operations flexibility
(for example, the ability of WAPA to provide services to its customers) and
power-marketing resources (for example, capacity and energy), costs, and
rates as EIS indicators. Reclamation examined the effect that nine different
alternative flow regimes could have on the EIS indicators. However, only
the impact on the power-marketing indicator was quantified; the impact on
power operations flexibility was assessed qualitatively.

Under each of the nine alternative flow regimes, the total volume of water
released annually would be the same and would depend on a number of
factors, including long-range operating criteria, such as an annual
minimum flow of 8.23 million acre-feet and balanced storage between
Lake Powell and Lake Mead (formed by the Hoover Dam). However, the
nine alternatives would differ in terms of their daily, monthly, and
seasonal flows.

The nine alternative flow regimes can be grouped into three main
categories: (1) unrestricted fluctuating flows, (2) restricted fluctuating
flows, and (3) steady flows. The unrestricted fluctuating flow alternatives
include the No-Action and Maximum Powerplant regimes. The No-Action
alternative, which reflects pre-1991 historic operations, would allow daily
fluctuations up to 30,500 cfs, depending on the season. The Maximum
Powerplant alternative would allow daily fluctuations up to 32,200 cfs, also
depending on the season.
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The restricted flow alternatives include the high, moderate, modified low,
and interim low fluctuating flow regimes. In general, the restricted
fluctuating flow alternatives would restrict ramping (increases or
decreases in cfs per hour) and daily fluctuations (cfs per 24 hours) and
increase the daily minimum release. In general, maximum releases would
be no greater than 31,500 cfs for the high and moderate flow alternatives,
25,000 cfs for the modified low flow alternative, and 20,000 cfs for the
interim low flow alternative.

The steady flow alternatives include the existing monthly volume,
seasonally adjusted, and year-round steady flow regimes. In general, the
steady flow alternatives would restrict daily fluctuations to plus or minus
1,000 cfs, providing steady flows on either a monthly, seasonal, or
year-round basis. Under the seasonally adjusted flow alternative, the
highest releases (that is, no greater than 18,000 cfs) would occur in May
and June, and the lowest releases would occur between August and
December.

Under habitat maintenance flows, however, releases could be greater than
31,500 cfs under the Moderate Fluctuating Flow alternative, greater than
25,000 under the Modified Fluctuating Flow alternative, and greater than
18,000 cfs under the Seasonally Adjusted Steady Flow alternative.

One of the key attributes of hydropower is that it can be turned on and off
relatively quickly, allowing operators to respond to daily, hourly, or
instantaneous fluctuations in the demand for electricity. Demand is
typically highest during on-peak periods (for example, Monday through
Saturday, 7 a.m. to 11 p.m.) and lowest during off-peak periods.
Operationally, hydropower generators can respond to changes in load
more easily than most other types of generation, which makes hydropower
operationally more valuable any time load following (power generation
that instantaneously rises and falls in response to the demand for
electricity) is required. As a result of the operating constraints under the
restricted and steady flow regimes, the maximum flows would generally
be lower during on-peak periods, reducing on-peak energy production.
Consequently, in general, the flexibility of power operations would be
reduced under the restricted and steady flow alternatives. In addition,
capacity (that is, instantaneous output) would be lower, generally
speaking, under the restricted and steady flow alternatives, leading
utilities to seek alternative and potentially higher-cost sources of peaking
capacity. However, the total energy produced at the Glen Canyon Dam
would not change—energy production would simply be shifted from the
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on-peak demand periods when it is most valuable to off-peak periods
when it is less valuable. The additional energy produced during the
off-peak periods would be available for sale in regional and other
electricity markets.

Reclamation’s Power
Impacts Methodology
Is Generally
Reasonable

We found that Reclamation’s methodology for estimating the economic
impact of alternative water releases at the dam is generally reasonable.
For example, a strength of Reclamation’s power analysis is that it was
conducted by a committee of specialists from the federal government, the
utility industry, and the environmental community, and as a result, the
analysis reflects a broad range of views. Other key features of the power
analysis that we found appropriate include the use of a detailed analysis to
determine the impact of alternative flows on hydropower production at
the dam, a national perspective to estimate economic impacts,
utility-specific data to determine the economic impact to the regional
power system, and a sensitivity analysis to test the impact of key
assumptions. Finally, Reclamation was responsive to the comments
received on the draft EIS and partially revised the power analysis for the
final EIS.

Power Resources
Committee Conducted
Power Study

To draw on expertise from the federal government, the utility industry,
and the environmental community, Reclamation created a Power
Resources Committee (the Committee) in 1989 to study the impacts of the
various flow alternatives on the power system. Under Reclamation’s lead,
the Committee’s responsibility was to define the scope of analysis, select
modeling techniques, make basic assumptions, review preliminary
analyses, and report findings. The Committee included representatives
from the Colorado River Energy Distributors Association, the
Environmental Defense Fund, and WAPA. In addition, Reclamation’s
primary contractor—HBRS, Inc. (now Hagler Bailly
Consulting)—subcontracted with Stone & Webster Management
Consultants, Inc., to serve as technical advisor to the Committee, collect
data, run simulation models, synthesize findings, and write and prepare
the Committee’s reports. Another subcontractor, EDS Management
Consulting Services, Inc., was involved in later phases of the power
analysis. We found that the Committee conducted a comprehensive
analysis of the impacts on the power system.

Using federal principles and guidelines for water resource projects and the
professional judgments of its members, the Committee conducted an
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extensive analysis of the potential impacts on the power system from
alternative water releases at the dam. For example, the Committee
analyzed the impact on the regional power market that receives power
from the dam, involving utilities in Arizona, New Mexico, Nevada, Utah,
Colorado, and Wyoming. In addition, using historic operations as a base
case or “No-Action” alternative, the Committee estimated the economic
impacts of several different alternative flow regimes on the dam’s power
output and the regional power system over a 50-year period beginning in
1991.

Power Resources
Committee Conducted
Detailed Analysis of
Impacts on Power
Production

The Committee conducted a detailed analysis to determine the potential
impact of the alternative water releases on the dam’s power production.
For example, the Committee used future projections of hydrologic
conditions at the dam, two different marketing approaches, and standard
microeconomic principles to estimate the amount of power that would be
available for sale under each alternative flow regime over the 50-year
analysis period.

To develop long-term monthly projections of water releases and power
and energy production at the dam, the Committee used Reclamation’s
Colorado River Simulation System. This system projects future water
conditions at the dam on the basis of historic water conditions. In
addition, the Committee used two marketing approaches to estimate the
power and energy that could be marketed over the analysis period. One
marketing approach—the Contract Rate of Delivery (CROD)—is based on
the current marketing practices used by WAPA to market the dam’s power
and assumes that a fixed amount of power would be available for
marketing. The other approach—the Hydrology approach—assumes that a
variable amount of power would be available for marketing, depending on
the actual hydrologic conditions at the dam. In general, the Committee
found that more capacity is forgone under the CROD approach than under
the Hydrology approach in moving from the No-Action alternative to the
fluctuating and steady flow alternatives.

Under the CROD approach, the power available under each alternative flow
regime would be fixed at an amount that could be expected to be available
roughly 9 years out of 10.2 During periods when less power is available,
WAPA is responsible for purchasing the replacement power needed to meet
its contract commitments.

2The CROD level is based on WAPA’s desire to reduce the risk of not being able to provide a reliable
level of power and energy.
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By contrast, the Hydrology marketing approach assumes that the power
and energy available for marketing would depend on the actual hydrologic
conditions at the dam, which could vary monthly, daily, or hourly,
depending on streamflow and reservoir storage conditions. WAPA’s
customers would be responsible for purchasing additional power during
periods when the dam’s production is insufficient to meet their needs.

The Committee used two different methods to estimate the capacity and
energy that would be available under the CROD and Hydrology marketing
approaches for the fluctuating flow alternatives. The geometric method
was used to estimate the power and energy available under the CROD. The
peak-shaving algorithm was used to estimate the capacity and energy
available under the Hydrology marketing approach. The geometric method
uses geometric principles to approximate hourly operational constraints
and calculate the amount of capacity and energy available on a daily basis.
By contrast, the peak-shaving algorithm uses load projections, which vary
hourly, daily, and seasonally, and operational constraints to optimally
allocate water releases during periods of peak demand. The resulting
estimates of capacity and energy represent the amount that would be
available for each marketing arrangement for each of the alternatives.3

In general, less capacity is available for the No-Action alternative under
the Hydrology approach than under the CROD approach. For example, the
Committee found that the marketable capacity during the winter under the
CROD would be about 1,058 megawatts compared to an average of 923
megawatts under Hydrology.

Power Resources
Committee Used National
Perspective to Estimate
Economic Impacts

The Committee followed federal principles and guidelines for water
resources planning where applicable in developing the analysis of the
impacts to the power system. For example, consistent with the federal
principles and guidelines, the Committee used a “federal economic
analysis” approach to estimate the economic costs to society from
changing water releases at the federally owned Glen Canyon Dam. The
Committee also analyzed the financial impacts on individual utilities using
a “utility economic analysis” approach, and the impact on the retail rates
of selected end-users.

3Both the geometric method and the peak-shaving algorithm have limitations. The geometric method
assumes load does not vary on a daily basis, and thus may not accurately capture daily changes in
load, and the peak-shaving algorithm assumes perfect knowledge of future hourly demand, and thus
may overoptimize the hydro dispatch.
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Federal principles and guidelines state that the federal objective of water
and related land resources planning is to contribute to the national
economic development consistent with protecting the environment,
pursuant to national environmental statutes, applicable executive orders,
and other federal planning requirements.4 The principles and guidelines
further state that contributions to national economic development are
increases in the net value of the national output of goods and services,
expressed in monetary units. Consistent with this guidance, the
Committee included in its economic analysis only those costs associated
with constructing and operating new generating resources and operating
those existing generating resources that would be needed to replace
forgone power at the dam. The Committee excluded other costs—referred
to as “transfer payments”—from the economic analysis. Transfer
payments, including the fixed capital costs of currently operating
powerplants, reflect a redistribution of income from one group in society
to another and, as a result, do not reflect a net cost to society. For
example, when a utility purchases power from another utility to replace
forgone power at the dam, the appropriate measure of costs for the
national economic perspective is the marginal cost of production. The
fixed capital cost of the existing powerplant is considered a “sunk” cost.
Because the decision to build the existing powerplant was made before
the decision to change the dam’s operations, the fixed costs of the existing
plant are not an economic impact of changes in the dam’s operations.

Because the regional power system currently has excess generating
capacity, the economic impacts of the alternative flow regimes are lower
during the early years of the 50-year analysis period. Economic costs rise
over time, however, as the region’s excess capacity is used up and new
resources are constructed to replace forgone capacity at the dam.

In addition to the federal economic analysis, the Committee also measured
the financial cost to individual utilities in a utility economic analysis. In
estimating the financial impact on utilities, the Committee included
transfer payments that incorporate such costs as the fixed costs of
existing powerplants. In general, the financial impacts are substantially
higher than the economic impacts because they include transfer payments
between utilities. The Committee also examined the impact of higher
financial costs on the retail rates of some end-use customers.

4Economic and Environmental Principles and Guidelines for Water and Related Land Resources
Implementation Studies, U.S. Water Resources Council, Mar. 10, 1983.
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Power Resources
Committee Conducted
Detailed Analysis of
Impacts on Large Utilities

The Committee conducted a detailed analysis of the impact of alternative
flows on seven utilities from the regional power market.5 In addition, the
Committee used state-of-the-art and industry-standard simulation models
to project the power resource additions and the production costs that the
large utilities would incur to replace forgone power at the dam. In addition
to the large-utility analysis, the Committee also estimated the impact of the
alternative flow regimes on about 100 smaller utilities, using a spreadsheet
model.

The Committee divided the regional power market into two basic groups:
(1) seven large utilities, which own generating resources and sell power to
other utilities and which represent about one-half of the regional power
market, and (2) about 100 small utilities, which rely primarily on other
utilities to generate their power needs.

From the large utilities, the Committee collected detailed data such as load
and peak demand forecasts, the capacity and the operating costs and
operating life of each generating unit, firm load purchases and sales, and
the current and projected demand-side management programs.6 In
addition, the Committee developed assumptions about future prices for
natural gas, oil, coal, and nuclear power and the future costs of adding
new generating resources.

On the basis of the utility-specific data and using the Electric Generation
Expansion Analysis System (EGEAS), the Committee calculated for the base
case and each alternative flow regime each large utility’s future expansion
plan. The expansion plans represent the least-cost combination of new
generating resources (or demand-side management programs) and
purchased power that each utility would need to meet future demand for
electricity.7 In addition to the EGEAS model, the Committee used the
Electric Utility Financial and Production Cost Model (Elfin) to cross-check
the production cost estimates. The Committee used a 20-year planning
period, beginning in 1991, to develop the expansion plans; a 30-year
extension period was added on to complete the 50-year analysis period.
Under the extension period, load was held constant but costs were
allowed to escalate.

5One of the seven large utilities is no longer in existence.

6Demand-side management programs are used by utilities to promote more efficient energy use and
include, for example, rebating or subsidizing the purchase of more efficient home appliances.

7The expansion plans were determined on the basis of the impacts of each alternative for the CROD
marketing approach. The Committee used the expansion plans developed for the CROD approach to
analyze the impacts of each alternative under the Hydrology marketing approach.
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To model the large utilities in an integrated way, the Committee used
several interconnected utility systems—consisting of a large utility and
other utilities that sell or purchase power from the large utilities—to
determine the effect of resource coordination on the selection of future
generating resources by the large utilities. The large utilities were modeled
to use their own generation resources to meet load demand. However, a
utility was allowed to meet deficits or surpluses by purchasing energy
from or selling it to its interconnected system.

Because most of the modeled small utilities rely on other utilities to
generate their power needs, the Committee used historic load data from
the small utilities, replacement costs from the large-utility analysis, and a
spreadsheet model to estimate the economic impact on small utilities over
the analysis period. For example, the cost to a small utility of replacing
forgone capacity was calculated as the increase in capacity and/or
production costs incurred by the small utility’s alternate supplier (that is,
large utility). Unlike the large-utility analysis, however, the estimated costs
for small utilities may not necessarily reflect the least-cost approach for
replacing forgone power. For example, demand-side management
programs were not considered as an option that small utilities could use to
replace forgone power.

For both large and small utilities, the Committee calculated the economic
costs for the base case and each alternative flow regime, under both the
CROD and Hydrology marketing approaches. A discount rate of 8.5 percent
was used to convert the annual stream of future economic costs to 1991
present valued dollars.8 The Committee also “levelized” the total
present-value cost estimate over the 50-year period to determine the
annual levelized costs.

The difference between the base case and each alternative flow regime
reflects, essentially, the cost of adding new generating capacity to replace
forgone peaking power, and the cost of operating new and existing
generating units to replace the energy shifted from on-peak periods to
off-peak periods. A simplified representation of the Committee’s
methodology is shown in figure V.1.

8The Committee measured costs in nominal terms (that is, including inflation) partly because the
federal discount rate policy for water resources planning requires the use of a nominal discount rate.
The Committee also conducted a separate analysis using inflation-adjusted dollars and the nominal
rate; however, this analysis is inconsistent because it uses a nominal rate to discount inflation-adjusted
dollars.
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Figure V.1: Simplified Representation
of the Power Resource Committee’s
Power Systems Economic Impact
Methodology

A

B

Key Data Sources Key Input Data Capacity and
Energy Calculations

EIS Team

Colorado River
Simulation Model

Large Regional
Utilities

Other: Federal Policy,
Data Resources, Inc.
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Utilities
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Coal, Oil, etc.
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GAO presentation of the Bureau of Reclamation’s data.
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Power Resources
Committee Used
Sensitivity Analysis to Test
Impact of Key
Assumptions

The Committee assessed the impact of changes in several key assumptions
on the estimated economic costs. For example, for the large-utility
analysis, the Committee assessed the impact of changes in assumptions
about load growth, capital costs, fuel costs and escalation rates,
environmental costs, hydrologic conditions, demand-side management
program costs, and the potential for a curtailment in electricity
transmission between WAPA and the Salt River Project (Salt River) in
Phoenix, Arizona. WAPA and Salt River currently have an agreement for the
exchange of surplus Glen Canyon Dam generation.

In addition to the large-utility analysis, the Committee also assessed the
impact on the small systems of changes in the assumptions about
escalation rates for electricity prices paid by the small utility to their
alternate supplier.9 The sensitivity analysis for the large utilities indicated
that in particular the results for the Hydrology marketing approach are
very sensitive to changes in load growth and in the level of curtailment in
the WAPA-Salt River exchange agreement.

To conduct the sensitivity analysis, the Committee selected several
variables that were the most influential in determining economic impacts.
In addition, the Committee evaluated the effect of changes in these
variables on the No-Action, Low Fluctuating Flow, and Seasonally
Adjusted Steady Flow alternatives. For each variable, the Committee
assumed low and high values. For example, zero annual growth was used
for the low load-growth scenario, and double the medium load growth
(medium annual growth was assumed to average 1.5 percent) was used for
the high load-growth scenario.

To examine the effect of alternative curtailment levels on the Salt River
exchange agreement with WAPA, the Committee assumed that a curtailment
in the transmission of electricity between Salt River and WAPA would occur
more or less frequently than the base case, depending on the scenario. Salt
River entered into an agreement with the United States in 1962 to
exchange surplus Glen Canyon Dam generation. Under the agreement, and
when generation at federally owned facilities is sufficient, WAPA exchanges
surplus Glen Canyon generation with Salt River for thermal generation at
three units in which Salt River owns shares.10 In addition, under certain

9Because the sensitivity analysis was conducted separately for the large and small systems using
different sensitivity variables, the analysis does not fully capture the potential impact of changes in the
key variables.

10Salt River has generation rights at Craig (29 percent of Units 1 and 2) and Hayden (50 percent of Unit
2) in Northern Colorado, and Four Corners (10 percent of Units 4 and 5) in New Mexico.
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conditions, WAPA wheels power generated at Salt River’s units to its main
customer base in Arizona. However, because power generation would be
reduced at Glen Canyon Dam under many of the flow alternatives, WAPA

may be unable to continue to meet its load commitments and also
continue to exchange generation with Salt River. To approximate the
potential for a curtailment in the exchange of electricity between WAPA and
Salt River, the Committee assumed that Salt River’s generation shares in
the three generating units would undergo periodic nonscheduled
shutdowns. In the sensitivity analysis, the Committee increased the
probability of a shutdown for a high forced-outage-rate scenario and
decreased the probability of a shutdown for a low forced-outage-rate
scenario, relative to the base case.

The sensitivity analyses indicated that alternative assumptions in load
growth and in transmission curtailment can have a large impact on the
estimated economic impacts, depending on the alternative and the
marketing approach. For example, the Committee found that under a
high-load growth forecast, on average, the 50-year economic cost of the
Low Fluctuating Flow alternative using the Hydrology marketing approach
would be higher by about $1.5 billion, compared to the No-Action
alternative. Similarly, under a high probability of curtailment in the
WAPA-Salt River exchange agreement in the Seasonally Adjusted Steady
Flow alternative under the CROD marketing approach, on average, the
50-year economic cost would be higher by about $620 million, relative to
the No-Action alternative.11

Power Resources
Committee Partially
Revised Power Analysis for
Final EIS

The Committee’s initial analysis of the impacts on the power system,
published in October 1993 and referred to as the phase II study, was
included in the draft EIS. Reclamation received numerous comments on the
draft EIS’ power analysis. In addition, the Committee solicited additional
review from three external energy experts, and Reclamation partially
modified the draft EIS’ preferred alternative. As a result, the Committee
partially revised the power analysis in a phase III study, which was
published in July 1995. For example, the Committee updated the projected
costs of building gas-combustion powerplants, conducted additional

11The Committee’s transmission exchange analysis is based on an assumption that WAPA would
continue to market load at 1991 levels even though less Glen Canyon Dam capacity would be available
for marketing under most of the alternatives. Because WAPA’s load requirements would be lower than
assumed, the likelihood and subsequent cost of a curtailment would be less, all else being the same.
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sensitivity analyses, and revised the retail rate analysis.12 However,
because of Reclamation-imposed funding constraints, the Committee was
able to revise the economic impacts only for the No-Action and the
Modified Low Fluctuating Flow (preferred alternative) alternatives.

Furthermore, before the release of the draft EIS, but too late for inclusion
in the phase II power analysis, Reclamation modified the characteristics of
the Moderate Fluctuating Flow and Seasonally Adjusted Steady Flow
alternatives to include beach-building flows and habitat maintenance
flows. To include the impact of these modifications in the final EIS, the
Committee used phase II cost and capacity data and a regression model to
project the annual economic impacts of the two alternatives.

In addition, to develop comparable results between the phase II
alternatives and the revised preferred alternative, the Committee also used
the regression approach and phase II data to estimate the annual
economic impact of implementing the preferred alternative. Before the
release of the final EIS, Reclamation modified the preferred alternative to
include a higher maximum release, a greater allowable daily increase in
releases from the dam, and beach-building and habitat maintenance flows.
Because this revised preferred alternative was not analyzed in the phase II
study, comparable results with the other phase II alternatives were not
available. As a result, the Committee used the regression approach to
derive the economic impacts for the preferred alternative.

Consequently, the economic impacts for all nine alternatives shown in
table IV-26 in Reclamation’s final EIS (see page 300) are based on the phase
II analysis and are generally comparable. The revised phase III power
analysis for the preferred alternative is discussed separately on page 312 in
the EIS under the description of the preferred alternative. Because the
phase III results reflect a revised methodology and updated data, they are
not comparable with the phase II results.

Although the phase III analysis reflects an improvement in methodology
and in some data, it is of limited use in assessing the economic trade-offs
between alternatives because only the No-Action and Modified Low
Fluctuating Flow alternatives were modeled. Consequently, to show the
impacts across alternatives, we display in table V.1 the estimated
marketable resource and the comparable phase II economic results (that
is, the point estimates) for the No-Action, High Fluctuating Flow, Modified

12In the phase III sensitivity analysis, the Committee tested the impact of changing the base year to
1995. The 1995 base year results indicated that the economic impact would be higher than the 1991
base year results, due partly to lower amounts of excess generating capacity.
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Low Fluctuating Flow, and Seasonally Adjusted Steady Flow alternatives
under the CROD marketing approach.

Table V.1: Projected Impacts of
Operational Changes at Glen Canyon
Dam on Hydropower Over the Period
1991-2041

Glen Canyon
Dam
hydropower a No Action

High
Fluctuating

Flow

Modified Low
Fluctuating

Flow

Seasonally
Adjusted

Steady Flow

Annual energy
(gigawatt-hours) 6,010 6,010 6,018 6,123

Winter capacity
(megawatts) 1,407 1,383 965 640

Summer capacity
(megawatts) 1,315 1,272 845 498

Change in annual
economic costs
(1991 nominal $),
compared to
No-Action
alternative $0 $2,500,000 $44,200,000 $123,500,000

Source: Bureau of Reclamation.

aEnergy and capacity estimates are for WAPA’s Salt Lake City Area/Integrated Projects facilities in
total, including Glen Canyon Dam, which represents about 72 percent of WAPA’s Salt Lake City
Area/Integrated Projects generating resources. The change in annual economic costs are only for
the operation of the Glen Canyon Dam.

Estimated Impacts on
the Power System
Could Be Over- or
Understated

We found shortcomings in certain phase II and phase III assumptions,
inconsistencies in some phase II results, and computational errors made
by Reclamation during the phase III analysis. For example, the Committee
did not explicitly consider in either the phase II or phase III analysis the
effect that higher electricity prices would have in reducing the demand for
electricity and the need to replace forgone power at the dam. In addition,
the Committee’s escalation rates for future natural gas prices are relatively
high, potentially increasing the cost of replacing forgone power. These
shortcomings would suggest that the estimated economic impacts may be
overstated. However, we also found that in the phase III analysis the
Committee did not incorporate the possibility of a curtailment in the Salt
River exchange agreement with WAPA. This factor (all else being the same)
would tend to understate the estimated economic costs to hydropower
because a curtailment in the exchange agreement might require Salt River
to purchase additional higher-cost capacity. Because of the time and
expense that would be required to recompute the results with revised
methodology and data, we did not determine the net effect of these factors
on the estimated economic impacts.
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Shortcomings in the
Committee’s Assumptions

Price elasticity effects were not explicitly incorporated into either the
phase II or phase III analysis.13 The Committee assumed that both load
demand and electricity price would continue to rise over the planning
period. However, the rise in electricity price would likely induce some
electricity consumers (wholesale and end-use) to consume less electricity
or switch to cheaper alternative suppliers. Consequently, fewer resources
would be needed to replace forgone power at the dam, and the subsequent
economic impacts would be lower than estimated (all else being the
same). The Committee attempted to approximate the effects of price
elasticity by using a low load-growth scenario in the sensitivity analysis.
However, the inclusion of price elasticity effects in the base-case
assumptions would give a more accurate picture of the potential economic
impact of the alternative flow regimes.

Relatedly, demand-side management programs were not included as an
option available to small utilities for replacing forgone power. The
Committee assumed that the small systems would replace forgone power
by purchasing power from their alternative supplier (that is, a large
utility). Because this approach limits the choices that small utilities have in
replacing forgone power, it may not reflect the least-cost option of
replacing forgone power at the dam. Small utilities, for example, could
also implement demand-side management programs as a way to mitigate
the impact of forgone power, possibly at a lower cost.

We also found that the estimated economic impact of the preferred
alternative in the phase III analysis does not incorporate the possibility of
a curtailment in the Salt River exchange agreement with WAPA. During the
phase III study, the Committee initially assumed that the preferred
alternative (that is, the Modified Low Fluctuating Flow) would not affect
the transmission exchange agreement between WAPA and Salt River, on the
basis of the phase II analysis conducted for the draft EIS. However, some
Committee members later revised their original assessment after
Reclamation modified the preferred alternative to incorporate an increase
in the maximum release and upramp rates and the beach-building and
habitat maintenance flows. Implementation of beach-building and habitat
maintenance flows could negatively affect the exchange agreement by
effectively reducing water releases and subsequent power production
during the summer months, when the demand for electricity is fairly high
and when Salt River’s system is at its peak. As a result, the economic

13The price elasticity of demand is a measure of the percentage change in the quantity demanded
resulting from a percentage change in price. For example, assuming an estimated price elasticity of
demand for electricity of –0.4, if the price of electricity rose by 1 percent, the quantity demanded for
electricity would be expected to fall by 0.4 percent.
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impact could be greater because a curtailment in the exchange could
require Salt River to add additional higher-cost capacity. The key
consultant who directed the power analysis told us that if curtailments
increase in the summer months the impact on economic costs would be
significant. According to some Committee members, a lack of time
prevented the contractor from including these potential impacts in the
phase III analysis.

In addition, the Committee’s escalation rates, used to project future
natural gas prices in the phase II and phase III analyses, are relatively high.
The Committee used the escalation rates from DRI/McGraw-Hill’s
fourth-quarter 1991 forecast to project gas prices for the western states
over the 50-year analysis period (the same escalation rates were used for
the base case and the alternative cases). DRI has since revised downward
its price forecast for natural gas. Despite comments from several
reviewers that these escalation rates were too high, the Committee did not
revise its analysis. For example, using DRI’s 1991 forecast for Arizona and
New Mexico, the Committee assumed that the average gas price would
increase annually by 8 percent from 1991 through 2010. By contrast, DRI’s
1994 forecast projected that gas prices would increase by about 6 percent
annually from 1991 through 2010. Its 1995 forecast assumes that prices will
rise by only 5 percent annually over the forecast period. Similar to
hydropower, some gas-powered resources can be ideal as peaking
resources because they can be turned on and off relatively quickly to meet
fluctuations in demand. The higher escalation rates could affect the power
analysis in two ways: (1) gas resources are selected later than they would
be if fuel were cheaper and (2) gas resources are more expensive to
operate than they would be under a lower gas-price trend. The Committee
tested the impact of lower escalation rates in the phase II sensitivity
analysis. However, the inclusion of the lower gas-price trend in the
base-case assumptions would give a more accurate picture of the potential
economic impact of the alternative flow regimes.

Finally, the Committee did not give full credit to the value of off-peak
energy in mitigating the on-peak demand and energy costs in the
small-utilities analysis in the phase II analysis. In general, the alternatives
shift energy production from the on-peak period to the off-peak period.
Even though less energy is produced during on-peak periods when it is
more valuable, additional energy production during the off-peak period
may help offset the cost of the forgone energy during the on-peak period.
In the phase II analysis, however, the Committee essentially assigned a
value of zero to some of the off-peak energy in the small-utilities analysis.
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In a separate exercise, the Committee estimated that the value of the
off-peak energy could reduce annual economic costs by as much as
$19 million, depending on the alternative and the unit price of the energy.14

Inconsistencies in the
Committee’s Results

We found two inconsistencies in the Committee’s results. First, the
economic results for the large utilities and the fluctuating flow alternatives
under the Hydrology marketing approach are inconsistent in the phase II
analysis. For example, in the phase II analysis the Committee found that
on average less capacity is lost under the Hydrology marketing approach
than under the CROD approach. However, the economic impacts are higher
for the fluctuating flow alternatives under the Hydrology approach than
for the fluctuating flow alternatives under the CROD approach. The key
consultant who directed the power analysis told us that the inconsistency
is due to the Committee’s use of the CROD-based utility expansion plans to
represent expansion plans in the Hydrology marketing approach.
However, even though the expansion plans are least-cost under a CROD

marketing approach, they may not reflect least-cost conditions under a
Hydrology approach.

In addition, some of the phase II sensitivity analysis results are
inconsistent. For example, the Committee found that under a wide range
of possible expansion plans, the economic impact of the Low Fluctuating
Flow alternative versus the No-Action alternative would be approximately
$173,923,000 under the “all medium” scenario (all variables held at
expected values) and about $143,170,000 under the “high-load forecast”
scenario. This result is inconsistent because we would expect that the
impact of the Low Fluctuating Flow alternative versus the No-Action
alternative would be greater under a future scenario of high-load growth
than a future scenario in which all variables were held at their expected
values. The key consultant who directed the power analysis agreed that
this result is inconsistent and stated that the most likely explanation is that
more inefficient generation is replaced in the high-load forecast scenario.

Computational Errors in
the Committee’s Analysis

Computational errors were made by the Reclamation staff during the
phase III analysis. The Committee acknowledged these errors in its phase
III report and stated that the errors affected the results in opposite ways.
For example, in revising the monthly hydrologic release volumes,

14Power System Impacts of Potential Changes in Glen Canyon Power Plant Operations, Final Report
(phase II) (Oct. 1993), page ES-17.
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Reclamation incorrectly assumed that the beach-building flows would
occur every year rather than every so many years, as is planned. As a
result, more water was projected to flow through the spillways and less
capacity and energy would be available for marketing purposes. The
Committee stated that this error may have overstated the economic and
financial impact of the preferred alternative. In another case, instead of
using the average hydrological sequence (that is, the average of dry and
wet years) to calculate future hydrological conditions and the impact on
power production at the dam, the Committee used a different hydrological
sequence. The Committee stated that this error may have understated the
economic impact of the preferred alternative under the Hydrology
marketing approach. The Committee was unable to correct these errors
because of time and resource constraints and, consequently, was unable to
determine the effect of the errors on the estimated economic and financial
impacts.

Power Results Can Be
Useful Despite
Limitations

Because future events are inherently uncertain and the actual cost of
changing the dam’s operations could also depend on factors yet to be
determined, such as whether or not an Endangered Fish Research
Program is implemented and the pace of deregulation in the electric utility
industry, the actual economic impacts on power users may differ from
those estimated. Often a point-estimate forecast is used to represent the
most likely or expected outcome. In the case of the Committee’s
hydropower analysis, however, the limitations we have identified indicate
that the point estimates lack precision. As a result, it should not be
anticipated that the actual impacts will equal the estimated impacts.
However, because the shortcomings we identified generally affect the
point estimates for all of the alternatives, we do not believe that
addressing the shortcomings would alter the relative ranking of the
fluctuating and steady flow alternatives. In addition, we do not believe that
addressing the inconsistency in the Hydrology marketing analysis (for
example, using Hydrology-based expansion plans in the expansion
analysis) would alter the relative ranking of the fluctuating and steady
flow alternatives. Moreover, the inconsistency noted in the sensitivity
analysis does not affect the phase II point estimates. Because the phase III
analysis was limited to an assessment of the impacts of the No-Action and
preferred alternative, the computational errors have no impact on the
relative ranking of the phase II alternatives. Furthermore, Reclamation and
representatives of the power industry believe that the results of the
hydropower analysis presented in the final EIS are reasonable and usable.
As a result, we believe that the estimated economic impacts can be used to
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compare in a general way the economic trade-offs that are associated with
the various flow alternatives.

Consequently, we believe that Reclamation’s estimated economic impacts
are useful for comparing the economic trade-offs that may be associated
with the fluctuating and steady flow alternatives. The Committee’s analysis
indicates that the estimated impacts are robust across alternatives; that is,
the relative ranking of the fluctuating and steady flow alternatives is
consistent even when taking into account changes in key assumptions
such as load growth. Thus, in making a determination about the future
operational plan for the dam, a decision maker can anticipate that, for
example, a Seasonally Adjusted Steady Flow alternative would cost
substantially more than a Modified Low Fluctuating Flow alternative.
Furthermore, officials from Reclamation and the electric utility industry
believe that the results are reasonable and usable. The Reclamation
economist who served on the Power Resources Committee stated that he
generally agreed with our observations but believed the methodology and
the results are reasonable and should be useful in comparing economic
trade-offs between alternatives. Similarly, an official from a regional utility
who also served on the Committee said that the methodology and results
are reasonable. Although the association that represents the affected
power utilities maintained throughout the power studies process that the
costs to the power system are understated, the association does not
believe that Reclamation’s cost estimate is understated by a large
magnitude. The Salt River Project has also maintained that the estimated
costs do not fully account for the higher costs that Salt River could incur
as a result of a curtailment in the exchange agreement. However, the Salt
River Project did not provide us with documentation supporting its
position.

As indicated by the Committee’s sensitivity analysis, changes in variables
such as load growth can have a substantial impact on the estimated
impacts. Economic impacts could also be affected by other factors yet to
be determined, including whether or not an Endangered Fish Research
Program (fish research) is implemented, and the pace of deregulation in
the electric utility industry. For example, fish research could require
higher-than-average water releases in the spring and summer months
periodically to enable scientists to conduct fish research. As a result,
water releases and power production during the other half of the
year—between September and February—will be lower than average.
Consequently, WAPA and its customers may have to seek alternative power
supplies during certain periods, possibly at higher cost. In addition, the
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impact of fish research on Salt River could be substantial, because the
decrease in the capacity available in the summer could limit the Salt
River-WAPA electricity exchange agreement when the Salt River system
peaks. As indicated by the Committee’s sensitivity analysis, the economic
costs of changes in the dam’s operations increase substantially under
assumptions of a greater probability of a curtailment in the Salt River-WAPA

exchange agreement. According to the draft EIS, the economic impact of
implementing fish research would fall within the range of impacts
identified for the Modified Low Fluctuating Flow alternative and the
Seasonally Adjusted Steady Flow alternative. The former alternative does
not include the potential impact of fish research, and thus it represents the
minimum potential impact. On the other hand, the latter alternative would
involve flows similar to fish research flows but on a seasonal and annual
basis; thus, it represents the maximum potential impact.

Finally, partly as a result of the Energy Policy Act of 1992, more
opportunities for producing and delivering low-cost power to customers
could emerge in the regional power market, which could help mitigate
some of the economic burden that some small utilities in particular may
bear as a result of changes in the dam’s operations. For example, under
the act, electricity generators (utilities, alternative energy producers) can
use a competitor’s transmission grid to wheel power directly to other
utilities. As a result, small utilities may have access to alternative power
sources that may be cheaper than their traditional suppliers.

Scope and
Methodology

To gain an understanding of the Bureau of Reclamation’s power
methodology, key economic assumptions, and results, we reviewed
documentation that describes the methodology, economic assumptions,
and results, including reports by the Power Resources Committee, entitled
Power System Impacts of Potential Changes in Glen Canyon Power Plant
Operations, Final Report (phase II) (Oct. 1993), and Power System
Impacts of Potential Changes in Glen Canyon Power Plant Operations,
Phase III Final Report (July 1995). Also, we interviewed members of the
Power Resources Committee, including the Reclamation officials who
served as Chairman and economist; representatives from the Western Area
Power Administration, the Colorado River Energy Distributors
Association, and the Environmental Defense Fund; and representatives
from the primary contractor, HBRS, Inc., and subcontractor Stone &
Webster Management Consultants, Inc. We also interviewed Ms. Leslie
Buttorff who directed the power analysis for Stone and Webster.
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To assess the reasonableness of the power methodology, economic
assumptions, and results, we reviewed federal guidance on water resource
projects entitled Economic and Environmental Principles and Guidelines
for Water and Related Land Resources Implementation Studies (U.S.
Water Resources Council, Mar. 10, 1983); public comments on the draft
and final EIS; and comments by three energy consultants retained by
HBRS, Inc., to review the power analysis. Also, we reviewed comments by
the National Research Council on the power analyses in the draft and final
environmental impact statements. In addition, we interviewed members of
the Power Resources Committee, including representatives from
Reclamation, the Western Area Power Administration, the Environmental
Defense Fund, the Salt River Project, and the Platte River Power
Authority, as well as officials from the Colorado River Energy Distributors
Association, HBRS, Inc., Stone & Webster Management Consultants, Inc.,
the National Research Council’s EIS review team, and several regional
utilities. Finally, we used standard microeconomic principles to assess the
reasonableness of the Power Resource Committee’s methodology,
analytical framework, economic assumptions, and results.

Our assessment of the reasonableness of Reclamation’s methodology was
limited to a review of the general analytical framework and an assessment
of the reasonableness of key assumptions and data. We did not evaluate
the Committee’s calibration of the EGEAS and Elfin power simulation models
or the small systems spreadsheet model, nor did we verify the accuracy of
data inputs.

The organizations and individuals we contacted include those in the
following list.

Arizona Public Service Company, Phoenix, Arizona
Bureau of Reclamation, Denver, Colorado
Buttorff, Leslie, A.T. Kearney, Inc., Englewood, Colorado
Colorado River Energy Distributors Association, Salt Lake City,
     Utah
Environmental Defense Fund, Oakland, California
Goodman, Ian, The Goodman Group, Boston, Massachusetts
HBRS, Inc., Madison, Wisconsin
Marcus, David, Berkeley, California
National Research Council, Washington, D.C.
Plains Electric Generation and Transmission Cooperative, Inc.,
    Albuquerque, New Mexico
Platte River Power Authority, Fort Collins, Colorado
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Salt River Project, Phoenix, Arizona
Stone & Webster Management Consultants, Inc., Englewood, Colorado
Tucson Electric Power Company, Tucson, Arizona
Western Area Power Administration, Salt Lake City, Utah
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The construction and operation of the Glen Canyon Dam changed river
flows and the environment along the Colorado River, affecting, among
other things, fish populations, beach and wildlife conditions, and sites of
archeological significance in and near the Glen and the Grand canyons.
The values that people may receive from the knowledge that such things
as, for example, rare plants, animals, and unspoiled natural environments
exist, even if people do not consume or use these goods directly, have
been defined as “non-use values.” The non-use value concept, which is
generally attributed to economist John Krutilla,1 can be relevant in natural
resource and environmental policy settings that focus on proposals to
develop the natural environment or to mitigate prior resource damage. In
the context of the Glen Canyon Dam’s EIS, individuals suffered losses in
non-use values to the extent they valued the natural resources that were
affected negatively by the changes in river flows after the construction of
the dam. Conversely, the changes in the operation of the Glen Canyon
Dam that are currently under consideration could result in environmental
improvements in downstream riparian resources and hence gains in
non-use values. At the urging of the National Research Council, an entity
of the National Academy of Sciences, Reclamation undertook the non-use
value study as part of the Glen Canyon Dam’s EIS to provide estimates of
the non-use values placed on changes in environmental quality that may be
expected to result from particular operating changes at the Glen Canyon
Dam.

The purpose of this appendix is to review the methodology and economic
assumptions that Reclamation used to estimate non-use values and the
reasonableness of the results. A key aspect of Reclamation’s non-use value
study2 is its use of the “contingent valuation” method (CVM) to estimate
economic impacts. While CVM is currently the only known method of
estimating non-use values empirically, some prominent economists
question the usefulness of the estimates of non-use values produced by
contingent valuation studies. We are not taking a position on the
appropriateness of contingent valuation generally.

1“Conservation Reconsidered,” American Economic Review, vol. 57, Sept. 1967, pp. 777-786.

2The term non-use value applies to the value an individual places on a resource without directly or
indirectly using that resource. The term total value applies to the value an individual places on a
resource, including non-use and use components. According to Reclamation’s non-use value study, the
study actually measures total values. That is, a respondent to the non-use value survey could have
been motivated by an experience of direct use (such as rafting or fishing) or indirect use of the natural
resources in the study area, and thus the estimates may include values associated with recreation.
Reclamation states, however, that the estimated total values are likely to consist primarily of non-use
values.
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The Glen Canyon Dam’s EIS non-use value study was carried out in a
manner consistent with contingent valuation and survey research
guidance developed to produce high-quality contingent valuation studies.
Non-use values were estimated for the level of change associated with
each examined alternative compared to the no-action base case. As such,
no estimate for the level of non-use values associated with the No-Action
Flow alternative is provided. The study produced results that suggest that
there are substantial non-use values associated with each of the examined
alternatives to current operations at the Glen Canyon Dam. However, the
results of the non-use value study were not available at the time the Glen
Canyon Dam’s final EIS was issued; therefore, the study did not receive
public comment. Reclamation noted that although the non-use study did
not go through the public comment process, the study team was
comprised of interests that will be affected by changes to the Glen Canyon
Dam, such as power groups and environmental groups. Furthermore,
Reclamation stated that the study team received peer review at various
key decision points in the process and that the final results received a
positive review by the National Research Council.3

Reclamation Used the
Contingent Valuation
Method as Basis for
Estimating Economic
Impacts

While economists have traditionally preferred to rely on information on
what people do rather than on what they say they would do, economists
and survey researchers working in the natural resource and environmental
areas have developed the theory and practice of contingent valuation to
estimate non-use values.4 Non-use values are typically expressed in terms
of willingness to pay by individuals or households for a specified
environmental improvement. Typically, economists are more accustomed
to calculating willingness-to-pay measurements for marketed goods
because, in markets, information on how consumers value goods can be
determined by their purchases of goods and services. Because by its
definition a non-use good is not used, information from market
transactions in which consumers reveal information about how much they
are willing to pay for the good is not available. Contingent valuation
methods currently offer the only known method of estimating non-use
values empirically.

3River Resource Management in the Grand Canyon, Committee to Review the Glen Canyon
Environmental Studies, National Research Council, Washington, D.C.: National Academy Press, 1996,
p. 135.

4See, for example, Using Surveys to Value Public Goods: The Contingent Valuation Method, by Robert
Cameron Mitchell and Richard T. Carson, Resources for the Future, 1989.
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Contingent valuation studies rely on surveys to elicit information from
consumers to estimate how much they would be willing to pay for a
non-use good. In an overview of contingent valuation practice, a leading
resource economist described three general features typically contained in
contingent valuation studies.5 First, a contingent valuation study contains
descriptions of the policy or program at issue and the likely environmental
effects so that respondents can understand the good they are valuing.
Second, a contingent valuation study contains a framework or mechanism
for eliciting willingness to pay. Several mechanisms have been used in
contingent valuation studies, such as open-ended questions (How much
would you be willing to pay?) and referendum formats (Would you vote
for the described proposal if your taxes increase by $10?). Third, a
contingent valuation study gathers information on socioeconomic
variables and attitudes about the environment. This information is used in
estimating willingness-to-pay functions using econometric techniques.

Some prominent economists have voiced strong criticisms of contingent
valuation methods.6 One of the main concerns about contingent valuation
methods is the ability of survey research and statistical techniques to
adequately capture true estimates of willingness to pay. Particularly with
respect to non-use values, critics argue that it can be very difficult for
individuals to comprehend a particular environmental or resource
valuation issue, or to distinguish what researchers envision as a
well-defined specific issue from a more general “warm glow” effect.
Furthermore, some critics argue that the statistical estimation process by
which willingness-to-pay estimates are produced from survey responses
can be very imprecise.7 Nonetheless, the contingent valuation method has
become a standard tool for analyzing many natural resource issues.

5Paul R. Portney, “The Contingent Valuation Debate: Why Economists Should Care,” Journal of
Economic Perspectives, 8(4), Fall 1994, pp. 3-17.

6A collection of studies critical of contingent valuation can be found in Jerry A. Hausman, Contingent
Valuation: A Critical Assessment. Amsterdam: North Holland Press, 1993; and also Peter A. Diamond
and Jerry A. Hausman, “Contingent Valuation: Is Some Number Better Than No Number?,” Journal of
Economic Perspectives, 8(4), Fall 1994, pp.45-64.

7Daniel McFadden, “Contingent Valuation and Social Choice,” American Journal of Agricultural
Economics, 76(4), Nov. 1994, pp. 689-708.
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Developing Criteria to
Examine
Reclamation’s
Non-Use Value Study

To evaluate Reclamation’s Glen Canyon non-use value study, we made use
of some general guidelines that focus on the quality of a contingent
valuation study and on the underlying survey research. Specifically, we
relied on (1) the statement of a panel of prominent researchers convened
by the National Oceanic and Atmospheric Administration (NOAA) to
develop some general guidelines applicable to conducting contingent
valuation studies8 and (2) the total design method for conducting mail
surveys developed by Dillman.9

NOAA Panel Developed
General Guidelines

As part of a process by which it developed regulations related to oil spill
damages,10 NOAA convened an advisory panel to address such issues as
whether the contingent valuation method was capable of providing
reliable estimates of non-use values for use in resource damage
assessments.11 The panel stated that contingent valuation “can produce
estimates reliable enough to be the starting point of a judicial process of
damage assessment, including lost passive-use (non-use) values,” listed
some guidelines for producing credible studies, and noted concerns about
some past studies.

The panel suggested (1) using probability sampling and appropriate
statistical sampling procedures, (2) subjecting the survey instruments to
pretesting, and (3) taking steps to reduce nonresponse rates. Additionally,
the panel suggested that contingent valuation studies disclose information
on the sample selection process and provide information on survey
instruments and responses. The panel also suggested that the use of the
referendum format, as opposed to open-ended elicitation, was desirable.

The panel suggested that respondents be provided with a reminder that
paying for the non-use good at issue would result in a smaller budget to
spend on other goods and services and that they be told of any available
substitutes. In this way, the decisions made by the respondents may more

8The panel’s report was published in the Federal Register. See 58 Fed. R. 4601, Jan. 15, 1993.

9The most widely accepted written standards for mail questionnaires are presented by Don A. Dillman
in Mail and Telephone Surveys, the Total Design Method (1978).

10The Oil Pollution Act of 1990, Pub. L. No. 101-380, 104 Stat. 484, required NOAA, within the
Department of Commerce, to develop regulations for use by natural resource trustees in assessing
damages due to oil spills.

11The panel was composed of Kenneth Arrow, Robert Solow (co-chairs), Edward Leamer, Roy Radner,
Howard Schuman, and Paul Portney. Schuman is a prominent survey researcher, and the others are
economists. Arrow and Solow are Nobel laureates.
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closely resemble market transactions in which consumers make choices in
the face of budget constraints.

The panel stated a preference for the use of in-person surveys as superior
to telephone or mail surveys. The panel’s report stated that it is “unlikely
that reliable estimates of values could be elicited with mail surveys.” This
guideline in particular has been criticized by some contingent valuation
practitioners, who argue that the use of large-scale, in-person surveys can
dramatically increase the cost of conducting contingent valuation studies.

The NOAA panel echoed the concern that estimated willingness-to-pay
figures be consistent with common notions of rationality. One aspect of
rationality is that, generally speaking, people are willing to pay more for
greater amounts of a good. The panel was troubled by evidence presented
in one contingent valuation study finding that estimated willingness to pay
“for the cleanup of all lakes in Ontario was only slightly more than
willingness to pay for cleaning up lakes in just one region” and in another
study that “willingness to pay to take measures to prevent 2,000 migratory
birds (not endangered species) from dying in oil-filled ponds was as great
as that for preventing 20,000 or 200,000 birds from dying.” The sensitivity
of a study to these so-called scope effects can be important in evaluating
its credibility.

Dillman’s Standards
Reflect a Total Survey
Design Method

While the usefulness of contingent valuation methodology has been
debated, survey research, a key component of contingent valuation
studies, is itself a mature discipline with an accepted set of standards. For
example, Dillman’s “total design method” has become an accepted
standard in survey research for maximizing the quality and quantity of
responses to mail questionnaires.

By maximizing the quality of responses, researchers can have greater
confidence in the validity of their work; that is, they can be surer that they
are measuring what they intend to measure. By maximizing the quantity of
responses they can have greater confidence in the reliability of their work;
that is, repeated investigations will come up with similar results. Dillman’s
method provides a comprehensive approach that spans the design and
implementation of mail questionnaires. From the wording of the questions
to the pretest regimen to the design of the survey package and, finally, to
the timetables for mailing and following up on the mailing, Dillman has a
proven set of techniques that have been embraced by the survey research
community.
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Reclamation’s
Non-Use Value Study
Finds Substantial
Non-Use Values
Associated With
Changes in
Operations at Glen
Canyon Dam

Using a contingent valuation study, Reclamation estimated non-use values
for the environmental improvements associated with changing the
operations at Glen Canyon Dam. These estimates, which ranged from less
than $15 per household annually to almost $30 per household annually,
depending on, among other things, the specific dam-operating alternative
under consideration, indicate the large non-use values associated with
environmental improvements and are consistent with the idea that some
change in the dam’s operations will lead to these improvements.
Furthermore, although the EIS included a discussion of non-use values, the
results of the non-use value study were not formally included as part of the
EIS and thus were not subject to the same set of formal comments from
interested parties.

An Overview of the Glen
Canyon Non-Use Value
Study

The Glen Canyon non-use value study was one of the economic studies
Reclamation carried out as part of the Glen Canyon Environmental
Studies.12 As part of the study process, a non-use value committee,
including representatives from the power industry, environmental groups,
Native American tribes, and federal agencies, met to consider interim
results and to provide input to the research team. Additionally, the study
team received peer review at various key decision points.

The researchers addressed some important preliminary issues in a
qualitative research phase designed to establish whether a contingent
valuation study would be likely to produce meaningful results. First, the
researchers determined that representative individuals were able to
distinguish the Colorado River environment in the Grand Canyon from the
Grand Canyon itself. This was important because changes in the Glen
Canyon Dam’s operations would not affect the existence of the Grand
Canyon itself. Rather, they would change aspects of the riparian
environment along the Colorado River in and around the Grand Canyon.
Importantly, if people were unable to distinguish changes to aspects of the
riparian environment from broad changes to the Grand Canyon itself, then
it would be impossible to provide meaningful estimates of non-use values
related to operational changes at the Glen Canyon Dam. The researchers
were convinced that people were able to make these distinctions and,
moreover, were likely to care about, or to place meaningful values on,
these resources.

The researchers also determined that people living far away from the Glen
Canyon Dam were likely to care about the affected resources. This is

12The study was performed by Hagler Bailly Consulting under contract to Reclamation.
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important in estimating aggregate non-use value because an average
willingness-to-pay estimate is multiplied by the number of individuals or
households believed to have non-use values. Because there are close to
100 million households in the United States, an average household’s
willingness to pay estimated to be $5 per year yields an aggregate non-use
value of $500 million annually.

A pilot test phase was initiated in early 1994. A key research objective of
this phase was to investigate whether willingness-to-pay estimates were
sensitive to the various flow regimes under consideration, that is, whether
non-use values were likely to increase in measurable ways related to the
different river flows resulting from the different dam-operating
alternatives. The pilot test included a series of nine versions of survey
questionnaires given to separate samples of 250 respondents. Three of
these versions were sent to national samples of households, with each
version describing one river flow alternative and its likely effects on the
affected resources. The three versions were the moderate fluctuating flow;
the low fluctuating flow; and the seasonally adjusted steady flow. In
general, the moderate fluctuating flow version describes the smallest
improvement in environmental conditions, and the seasonally adjusted
steady flow describes the biggest improvement. The surveys also describe
adverse impacts on power customers, with more severe effects described
in the seasonally adjusted steady flow version. Two versions, one
describing the moderate fluctuating flow and one describing the
seasonally adjusted steady flow, were sent to marketing area households.13

 The other four survey versions were sent to national samples and were
used to address other methodological issues.

The qualitative research and pilot study phases included a thorough
development and pretesting strategy, as well as peer and other reviews.
During the qualitative research phase, researchers held 15 focus groups in
which various methodological issues were investigated. In particular,
focus groups were held in New York, Tennessee, and Nebraska to examine
the geographic extent to which people living at some distance from the
study area were likely to care about these resources.

The final phase of the non-use value study, built upon the knowledge
developed during earlier phases, was designed to estimate non-use values.
The researchers selected two samples—a national sample and a marketing
area sample—and developed seven versions of a mail questionnaire.

13The marketing area refers to the geographic area in which individuals are served by utilities receiving
power produced at Glen Canyon Dam.

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 138 



 Appendix VI 

Non-Use Value

Multiple versions of the instrument permitted the researchers to
investigate the differences in non-use values associated with the
differences in river flow conditions. While the overall Glen Canyon
Environmental Studies examined nine alternatives, three flow alternatives
were considered in the non-use study: moderate fluctuating flow; low
fluctuating flow; and seasonally adjusted steady flow. According to the
non-use study, these alternatives “covered most of the range of alternative
dam operations being studied and were considered to include the set of
alternatives most likely to contain the eventual preferred alternative.”

Estimates of Willingness to
Pay for Environmental
Improvements Associated
With Changes in the
Operation of Glen Canyon
Dam

Non-use values were based on estimates of willingness to pay for the
described flow alternatives. Respondents were provided with background
information on a proposal to change the dam’s operations and the likely
downstream environmental effects and were asked how they would vote
on the proposal if it were to cost them nothing. If they indicated they
would vote yes, they were then asked another voting question, but this
time the proposal was tied to a specified annual dollar amount and to a
specified “payment vehicle.” This form of contingent valuation study is
known as the referendum format. The payment vehicle for respondents in
the national sample was a tax increase, and the payment vehicle for
respondents in the marketing area sample was a utility bill increase. Each
respondent was assigned one of the following eight dollar amounts: $5,
$15, $30, $60, $90, $120, $150, and $200.

Willingness to pay was then estimated using a logistic regression based on
the resulting “yes or no” answers to the voting question. A variable,
referred to here as BID, is defined as the specific dollar amount associated
with the cost of the referendum proposal presented to the respondent. A
variety of other explanatory variables were derived from the survey
responses. For example, four variables describing the respondent’s
environmental attitudes were constructed using factor analysis of a variety
of environmental attitude questions provided in the questionnaire. Also, a
score variable was calculated from a portion of the survey used to test
how well the respondent understood the proposal.

The form of the logistic cumulative density function is:

probability(yes vote)=1/(1 + exp((-Σ βi*Xi ) - βBID*BID)),             (1)

where the βi are the coefficients for the explanatory variables and βBID is
the coefficient on the BID variable specifically. An expression for mean
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willingness to pay (WTP) is derived from the following formula suggested
by Hanemann14:

WTP = ln ( 1 + exp Σ βi*Xi ) / -βBID.            (2)

The samples were split to focus on the different operating alternatives
under consideration. The national sample was split four ways, examining
two versions of the seasonally adjusted steady flow alternative along with
the moderate and low fluctuating flow alternatives—and the marketing
area sample was split three ways. For analytical purposes, a set of 0-1
dummy variables were included to indicate the different versions.15

The non-use questionnaires did not ask a binary “yes or no” vote question
but used a scale which included “definitely yes” and “probably yes.” The
researchers investigated two definitions of yes votes for use in the logistic
regressions: using “definitely yes” as the definition of yes, and alternatively
with “definitely/ probably yes” as the definition of yes. “Definitely yes”
models generated mean willingness-to-pay values in the $20 to $38 range
across all flow alternatives and for both the national and marketing area
samples. “Definitely/Probably yes” models generated mean
willingness-to-pay values of $100 to about $130. The researchers believe
that the “definitely yes” definition provides better estimates than the use of
binary “yes or no” definition. They also believe the “definitely yes”
definition yielded lower willingness-to-pay estimates.

To generate population willingness to pay, the researchers had to address
additional issues. The regression-derived mean willingness-to-pay values
apply to those respondents who voted for the specified proposal when it
was presented to them with the condition that they would not have to pay
for it. However, some people did not respond to the survey, some
respondents did not vote on the referendum question, and some
respondents did not vote for the proposal at zero cost. In this study, the
respondents who did not vote and those who voted no were both assigned
a willingness to pay of $0. The researchers gathered information on

14W. Michael Hanemann, “Welfare Evaluations in Contingent Valuation Experiments With Discrete
Responses,” American Journal of Agricultural Economics, vol. 66, Aug. 1984, pp. 332-341.

15In other words, the explanatory variables (the Xi) include a set of intercept dummies which permits
different willingness-to-pay amounts to be determined for the different dam operation alternatives. βBID
is estimated for the whole sample, but the Σ βi*Xi component in expression (2) above will be different
depending on which flow alternative (survey version) is being considered.
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nonrespondents using follow-up telephone interviews.16 ,17 The assumed or
estimated values for each of the groups were averaged together on the
basis of their proportion of the sample. Table VI.1 presents the resulting
willingness-to-pay values for the “definitely yes” version (dollars per
household per year).

Table VI.1: Population Average
Willingness to Pay, Definitely Yes
Model With Imputed Values for
Nonrespondents (1991 Nominal
Dollars per Household per Year)

Riverflow
National
sample

Marketing area
sample

Moderate fluctuating $13.65 $22.06

Low fluctuating $20.15 $21.45

Seasonally adjusted steady $20.55 $28.87

Seasonally adjusted steady
(but describing lower power cost effects) $23.79 •

In general, the results indicate that individuals have a significant
willingness to pay for the environmental improvements associated with a
change from the no-action alternative to each of the other flow
alternatives (i.e., the moderate fluctuating, low fluctuating, and seasonally
adjusted steady flow alternatives). In addition, the national sample results
indicate that individuals are willing to pay more for the environmental
improvements associated with the seasonally adjusted steady flow
alternative, compared to the moderate fluctuating flow alternative, and
that the difference is statistically significant. The results also indicate that
individuals are willing to pay more for the environmental improvements
associated with the low fluctuating flow alternative, compared to the
moderate flow alternative; however, this difference is not statistically
significant. Consequently, we have less confidence in the precision of the
estimate for the low fluctuating flow alternative.

Researchers provided ranges around the average willingness-to-pay values
to reflect the statistical uncertainty surrounding the estimates. These
ranges were calculated using repeated sampling from the estimated
distributions of the parameters generated by the logistic regressions. In
essence, the researchers calculated 3,000 estimates of mean
willingness-to-pay for each alternative, arrayed them from lowest to
highest, and reported the values as the lower and upper limits associated
with a 95-percent confidence interval. Table VI.2 presents these results for

16The follow-up information was used to estimate willingness to pay on the basis of the characteristics
derived through this process in conjunction with the results of a model using the mail survey
respondents to predict the likelihood of voting for the proposal at zero cost.

17Estimates were provided for population average willingness to pay calculated with the assumption
that nonrespondents had zero willingness to pay. These estimates were in the range of 15 to 20 percent
less than the corresponding estimates with imputed values for nonrespondents.
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the national sample and table VI.3 presents these results for the marketing
area sample.

Table VI.2: Population Weighted
Average Willingness to Pay, Definitely
Yes Model With Imputed Values for
Nonrespondents and the Associated
95-Percent Confidence Interval,
National Sample (1991 Nominal Dollars
per Household per Year)

95-percent confidence
interval

Riverflow

Population
weighted
average

Lower
limit

Upper
limit

Moderate fluctuating $13.65 $9.27 $20.39

Low fluctuating $20.15 $14.22 $29.29

Seasonally adjusted steady $20.55 $14.57 $29.84

Seasonally adjusted steady
(but describing lower power cost effects) $23.79 $17.17 $33.39

Table VI.3: Population Weighted
Average Willingness to Pay, Definitely
Yes Model With Imputed Values for
Nonrespondents and the Associated
95-Percent Confidence Interval,
Marketing Area Sample (1991 Nominal
Dollars per Household per Year)

95-percent confidence
interval

Riverflow

Population
weighted
average

Lower
limit

Upper
limit

Moderate fluctuating $22.06 $16.68 $29.39

Low fluctuating $21.45 $15.84 $29.28

Seasonally adjusted steady $28.87 $22.50 $37.24

Researchers calculated aggregate willingness-to-pay values on the basis of
the population averages. This involved gathering estimates of the number
of households in the United States and in the marketing area as well as
population growth rates nationally and for a set of states to approximate
future growth in the marketing area.18 A 50-year period (1991-2040) was
used. Levelized annual aggregate willingness-to-pay values were calculated
using a discount rate of 8.5 percent. The results are presented in table VI.4.

Table VI.4: Annual Aggregate
Willingness to Pay, Definitely Yes
Model With Imputed Values for
Nonrespondents (Millions of 1991
Nominal Dollars)

Riverflow
National
sample

Marketing area
sample

Moderate fluctuating $2,286.4 $62.2

Low fluctuating $3,375.2 $60.5

Seasonally adjusted steady $3,442.2 $81.4

Seasonally adjusted steady (but
describing lower power cost effects) $3,984.8 •

A range of annual aggregate values calculated using the lower and upper
limits of the 95-percent confidence intervals for the population weighted

18These states were Wyoming, Utah, Colorado, New Mexico, Arizona, and Nevada.

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 142 



 Appendix VI 

Non-Use Value

averages are provided in table VI.5 for the national sample and in table VI.6
for the marketing area sample.

Table VI.5: Range of Values for Annual
Aggregate Willingness to Pay,
Definitely Yes Model With Imputed
Values for Nonrespondents, National
Sample (Millions of 1991 Nominal
Dollars)

Annual aggregate willingness to pay on
the basis of

Riverflow

Population
weighted
average

Lower
limit

Upper
limit

Moderate fluctuating $2,286.4 $1,552.7 $3,415.4

Low fluctuating $3,375.2 $2,381.9 $4,906.2

Seasonally adjusted steady $3,442.2 $2,750.3 $4,998.4

Seasonally adjusted steady
(but describing lower power cost effects) $3,984.8 $2,875.8 $5,592.7

Note: Lower and upper limits refer to the lower and upper limits of the 95-percent confidence
interval for the population weighted average.

Table VI.6: Range of Values for Annual
Aggregate Willingness to Pay,
Definitely Yes Model With Imputed
Values for Nonrespondents, Marketing
Area Sample (Millions of 1991 Nominal
Dollars)

Annual aggregate willingness to pay on
the basis of

Riverflow

Population
weighted
average

Lower
limit

Upper
limit

Moderate fluctuating $62.2 $47.0 $82.9

Low fluctuating $60.5 $44.7 $82.6

Seasonally adjusted steady $81.4 $63.4 $105.0

Note: Lower and upper limits refer to the lower and upper limits of the 95-percent confidence
interval for the population weighted average.

Evaluating the Non-Use
Value Study Using the
NOAA Panel and Dillman’s
Findings

We evaluated Reclamation’s non-use study on the basis of issues
considered by the NOAA panel and Dillman’s total design methods as
described above.19 Most of the NOAA panel’s suggested practices were part
of the design and implementation of the Glen Canyon non-use value study,
including those related to the sampling, pretesting, and reporting of
results. Samples were based on commercially available sampling frames
and were augmented with motor vehicle and postal service address update
information. The researchers took random samples proportionate to the
number of households in each state for the national sample and

19The NOAA panel’s findings have no bearing on the Glen Canyon non-use study, and indeed were not
published until after the Glen Canyon study was well under way. We refer to them because we believe
that the NOAA panel’s deliberations represent valuable critical and impartial thinking related to
contingent valuation.
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proportionate to the number of households in zip codes for the marketing
area sample.20 Respondents to the national survey had higher average
levels of educational attainment and household income than the
underlying population. It is likely that these characteristics are positively
associated with willingness to pay for environmental improvements and
thus increase non-use values. However, the magnitude of the effect is
uncertain. During the qualitative research phase, draft questionnaires were
pretested with six focus groups and six in-depth personal interviews. The
questionnaires were reproduced in the report, along with responses to the
various questions.

The study used the referendum format in preference to open-ended
elicitation, and questionnaires emphasized the consumer’s budget
constraint, consistent with suggestions by the NOAA panel.21 The study also
provided a test on a respondent’s level of understanding of the issue at
hand.

A notable exception to the NOAA panel’s suggested practices is that the
Glen Canyon non-use value study used mail surveys. The panel strongly
favored the use of in-person surveys. The Glen Canyon researchers
maintain that well-designed mail surveys are capable of producing reliable
results.

With respect to the design and implementation of the mail survey, we
found that, except for one component, the researchers followed the total
design method to the letter. Everything from the size and shape of the
documents to the timing and amount of follow-up material was as Dillman
suggested, and in general, the questionnaires were designed and
implemented with extremely high standards. The researchers made a great
effort to ensure that the questions both met the needs of the research
design and were easily understood by the respondents.

Only the length of the instrument exceeded the maximum suggested by
Dillman. The questionnaires were 18 pages, and according to Dillman, 10

20The national sample size was 3,400 individuals, and the marketing area sample size was 2,550. Each
of the seven survey versions was administered to 850 individuals. In the national sample, two versions
pertained to the Seasonally Adjusted Steady Flow alternative and differed not in their descriptions of
environmental impacts but in their descriptions of possible electricity price impacts on users of Glen
Canyon power.

21Respondents in the national sample were asked to answer the following question: “If this proposal
passes and you had to pay $xxx every year for the foreseeable future, on what sorts of things would
you spend less money in order to pay for the cost of this proposal?” In the marketing area survey,
respondents were asked a similar question about monthly increases in utility bills. The next question
then provided an opportunity for the respondent to change his or her vote. (Emphasis is contained in
the questionnaires.)
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to 12 pages is the maximum length for a questionnaire if a researcher does
not want reduced response rates. Nonetheless, the average of 74 percent
of the usable sample responding to the mail surveys and an average of
83 percent responding to the mail and follow-up telephone surveys is
commendable given the nature of general public surveys. Although a
shorter instrument may have led to higher response rates, the researchers
faced a trade-off between the amount of background information and
environmental attitude questions on the one hand and response rates on
the other.

Evaluating Scope Effects
in the Glen Canyon
Non-Use Value Study

Scope effects were of concern to the NOAA panel. Scope effects, broadly
interpreted to mean that changes in estimated willingness to pay vary in
ways that seem consistent with the changes in the degree of
environmental improvement, are at the center of the Glen Canyon non-use
value study because willingness to pay for the environmental effects of
different river flows should differ to the extent that the effects differ. The
researchers investigated scope effects in their discussion of the “construct
validity” of the non-use value study.22

Scope tests can be considered a form of theoretical construct validity, in
which hypotheses based on economic theory are addressed. For instance,
one potentially important construct validity test is whether income is
positively related to measured willingness to pay. In their summary of
various construct validity issues, the researchers stated that they believed
the national sample results provided the highest level of credibility, but
that the marketing area sample results were a little less credible.

Scope issues were examined using both the pilot and final versions of the
survey. Compared to the pilot version, the final survey’s descriptions of
the environmental effects differed less sharply across the various flow
alternatives because, over time, scientific assessments carried out in the
Glen Canyon Environmental Studies did not support such sharp
distinctions.23 Thus, the pilot test language permitted a somewhat cleaner

22Drawing on methods developed by psychologists, contingent valuation researchers often examine
three issues relevant to a study’s reliability. These are content validity, construct validity, and criterion
validity.

23For instance, the pilot survey proposal describing the Seasonally Adjusted Steady Flow alternative
stated that “There would be a major improvement in conditions for native fish. Populations of most
native fish, including one of the species in danger of extinction, would increase.” The final survey
proposal describing this flow alternative stated that “There would be a major improvement in
conditions for fish. Native fish, including one of the endangered species, would most likely increase in
numbers. However, competition from non-native fish may still limit the growth of native fish
populations.”

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 145 



 Appendix VI 

Non-Use Value

test of the general issue of whether respondents were able to distinguish
among the various degrees of environmental improvement associated with
the different flow alternatives. Additionally, some versions of the pilot
survey used a multiple-bounded rather than a single-bounded referendum
format. This permitted greater statistical precision in testing for scope
effects.24

Some scope tests are provided by the voting behavior of those
respondents who voted for the proposal facing them at zero cost.
According to the study, “the portion of respondents who would support
proposals if the cost to them were zero varied significantly across
proposals in ways that were consistent with prior expectations.”
Generally, respondents appeared willing to pay more for the
environmental improvement associated with the Seasonally Adjusted
Steady Flow alternative than for that associated with the Moderate
Fluctuating Flow alternative.25

Direct tests for scope effects are accomplished by examining the dummy
variables indicating the various survey versions. In the regressions, each
dummy variable can be interpreted as an additional willingness-to-pay
contribution for the additional environmental improvement associated
with that flow version over the environmental effects associated with the
examined reference case, moderate fluctuating flow.26 One complicating
factor, however, is that the different versions can involve trade-offs.
Specifically, the seasonally adjusted steady flow version describes a
greater environmental improvement but a more serious adverse effect on

24Because the multiple-bounded approach was new, the researchers decided to use the more
traditional single-bounded form in the final versions. Using an additional bound would allow a finer
partition of the willingness-to-pay range. For instance, if a respondent indicates a willingness to pay
$10 but an unwillingness to pay $20, the upper bound has been established. The concern with
providing the respondent with another dollar amount is that it may provide a valuation cue to the
respondent and thereby introduce a response bias.

25Additionally, in the national sample pilot test, survey versions were similar except that one
mentioned improved conditions for fish while the other did not produce different willingness-to-pay
estimates.

26In a regression, one of a set of mutually exclusive and exhaustive dummy variables is omitted as an
explanatory variable. In this way, the “omitted” category can be thought of as the reference case. In the
Glen Canyon study, the moderate fluctuation flow version is the reference case.
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power customers.27 To focus more clearly on willingness to pay for
environmental improvement, researchers developed two versions of the
seasonally adjusted steady flow survey, which differed only in the
description of the adverse effects on power customers.28 This permits
some disentangling of an environmental improvement scope effect from
the combined effect of environmental improvement and adverse power
impacts.29

Because each survey version designated with a dummy variable offers
greater environmental improvement compared to the moderate fluctuating
flow version, expectations are that the parameter estimates for variables
representing alternative flows should be positive. For the preferred
“definitely yes” model, four of the five key parameter estimates are of the
correct sign. However, only the coefficients for the two seasonally
adjusted steady flow alternatives in the national sample are statistically
significant (i.e., different from zero, using a one-tailed test at the
90-percent confidence level). The study acknowledges that the results of
these scope tests are mixed but suggests that the totality of evidence
(including pilot test versions and the “definitely and probably yes” models)
are relevant for discussions of scope tests, and much of that evidence is
stronger.

27In the national sample, the referendum proposal described effects on households and farmers using
power generated at Glen Canyon Dam. The fluctuating flow versions contained the following language:
“The average electric bill would increase by $3 per month for 1.5 million households receiving power
from Glen Canyon Dam. This average reflects a maximum increase of $9 per month for 3,600
households and a minimum of no increase for 800,000 households. On average, farm incomes would
not change significantly. However, about 300 farmers in southern Utah would see their incomes drop
by 3%.” The steady flow version stated: “The average electric bill would increase by $9 per month for
1.5 million households receiving power from Glen Canyon Dam. This average reflects a maximum
increase of $21 per month for 3,600 households to a minimum of no increase for 300,000 households.
On average, farm incomes would not change significantly. However, about 300 farmers in southern
Utah would see their incomes drop by 6%.”

28Specifically, the second version of the steady flow proposal included descriptions of the adverse
effects on power customers and farmers that were identical to those used in the fluctuating flow
versions.

29The use of two survey versions describing the seasonally adjusted steady flow also permits
investigation into whether a description of the power impacts possibly provides a cue to respondents
in answering the referendum question. For example, the value of the dummy with the higher power
impacts would be greater in magnitude than the dummy with the lower power impacts if respondents
interpreted the larger dollar impacts on power users as an indication of the magnitude of the
environmental problem. Conversely, if respondents empathized with the plight of power users, the
results would be the opposite.
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Results of the
Non-Use Value Study
Could Be Significant
in the
Decision-Making
Process

Non-use values represent the highest estimated economic impact from
changing the Glen Canyon Dam’s operations. Non-use values were based
on estimates of the public’s willingness to pay for downstream
environmental improvement that would likely result from changes in the
dam’s operations. Willingness-to-pay estimates for the national sample
ranged from less than $15 per household annually to about $20 per
household annually. Because there are close to 100 million households in
the United States, an average household’s willingness to pay estimated to
be $15 per year yields an aggregate non-use value of $1.5 billion annually,
which is very large when compared to the estimated annual power costs.

Although the final EIS discusses non-use values and notes that they are
positive and significant, the actual quantified results are not included in
the final EIS. Reclamation did not include the non-use value study results in
the final EIS because they were not available when the final EIS was
published. Nonetheless, the non-use value study will be among the
materials provided to the Secretary and, as a result, could be used in the
final decision-making. In fact, the National Research Council in its 1996
report stated that the non-use value study results “deserve full attention as
decisions are made regarding dam operations.”30

Because the actual quantified results of the non-use value study were not
in the draft or final EIS, they were not available to the general public to
offer comments similar to other EIS results. While acknowledging the lack
of formal public comment, Reclamation officials point out that the non-use
value study was subjected to extensive peer review at key decision points
in the process and that the final non-use value study received a positive
review by the National Research Council. Reclamation also states that
interests likely to be affected by the changes in the Glen Canyon Dam,
such as power groups or environmental groups, were involved in the
non-use value study process.

Scope and
Methodology

To gain an understanding of Reclamation’s non-use value study
methodology and results, we reviewed the final report GCES Non-Use Value
Study, September 8, 1995. We also reviewed the economics literature on
non-use values and the contingent valuation method for estimating them.
We interviewed the principal author of the report, a Senior Associate at
Hagler Bailly Consulting. We examined reports prepared by peer reviewers

30River Resource Management in the Grand Canyon, Committee to Review the Glen Canyon
Environmental Studies, National Research Council, Washington, D.C. National Academy Press, 1996, p.
135.
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and we also discussed the study with some members of the non-use value
committee.

The following is a list of individuals we contacted.

David Harpman, Natural Resource Economist, Bureau of Reclamation
Michael P. Welsh, Hagler Bailly Consulting
Bruce Brown, ECOPLAN Consultants
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The purpose of this appendix is to review (1) the methodology and key
assumptions that the Bureau of Reclamation used to estimate the
economic impact on recreation of alternative water releases at Glen
Canyon Dam and (2) the reasonableness of the estimated impacts. The
section of the Colorado River below the dam is used by a variety of
recreationists, including anglers, boaters, day-rafters, campers, and hikers.
We found that the methodology that Reclamation used to estimate the
economic impact of alternative flows on recreational activities is generally
reasonable. For example, recreationists were surveyed to assess the
impact of changes in the dam’s operations on recreation activities. In
addition, modeling was used to estimate the economic benefits accruing to
the national economy from recreational activities under the different flow
regimes.

Reclamation has estimated that the economic impact on recreational
activities of changing the operations at the dam could range from $0 under
the Maximum Powerplant Capacity and High Fluctuating Flow alternatives
to benefits of $4.8 million under the Seasonally Adjusted Steady Flow
alternative (in 1991 nominal dollars, relative to a No-Action alternative).
However, we found several limitations in Reclamation’s recreation
analysis that suggest that the estimated economic benefits could be over-
or understated. For example, because the initial recreation study was
completed in 1985 and some recreation conditions have changed since
then, some of the study’s data may not reflect more recent trends in
recreational activities below the dam. Also, recreationists were surveyed
during an unusually high water year, limiting the ability of the researchers
to capture representative recreational experiences, and some of the survey
instruments were not adequately pretested to minimize bias and confusion
on the part of survey participants. In addition, anglers who fish within the
Grand Canyon were not included in the survey. Because of the inherent
uncertainty associated with future events, the actual economic impacts on
recreation may differ from those estimated. Nonetheless, despite these
limitations, we believe that the estimated impacts can be useful for
generally assessing the impacts that may be associated with moving from a
No-Action alternative to a fluctuating or steady flow alternative. Moreover,
Reclamation and National Park Service officials told us that they were
generally aware of the limitations in the recreation analysis but believe
that revising the study would not change the basic conclusions of the EIS,
the preferred alternative, or the ranking of alternatives. Furthermore, a
reviewer of the recreation study for the National Research Council told us
that the recreation analysis reflected current professional practices and
was well done.
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Introduction Recreation is an important use of the Colorado River below the Glen
Canyon Dam. The 15-mile segment of the river below the dam—located
within the Glen Canyon National Recreational Area—is the last remaining
riverine section of the 189-mile, river-carved channel that once was Glen
Canyon. A variety of recreationists use this portion of the river, including
anglers, boaters, day-rafters, campers, and hikers. Downstream from Glen
Canyon, the Colorado River runs through Marble Canyon and Grand
Canyon. This segment of the river is the longest stretch of river (278 miles)
for recreational use that is entirely located within a national park. A large
number of rapids, as well as the river’s isolation within the Grand Canyon,
enhance recreational activities along this portion of the river. After passing
through the Grand Canyon, the Colorado River is impounded by the
Hoover Dam and forms the largest reservoir in the Western United
States—Lake Mead. According to Reclamation, about 100,000 boaters
annually use this stretch of the Colorado River and Lake Mead for scenic
boating, camping, fishing, and water-skiing.

Effects of Pre- and
Postdam Conditions
on Recreation

The Glen Canyon trout fishery has flourished since the construction of the
dam. Water flows from the dam are colder, carry less silt, and are more
stable on an annual basis than before the dam was constructed. According
to the Department of the Interior, following the completion of the Glen
Canyon Dam, the first 15 miles of flat water between the dam and Lees
Ferry, once stocked with trout, became an excellent coldwater fishery.
This section of the river is also used for half-day commercial raft trips,
which, depending upon the flow level, depart either from a dock near the
Glen Canyon Dam and float down to Lees Ferry or from Lees Ferry and
motor part way upstream before floating back downstream.1

Before the early 1960s, and before the dam was completed, few visitors
entered the canyon or ran the river. However, Reclamation’s EIS indicates
that white-water boating in the Grand Canyon is a major industry today,
with 15,000 to 20,000 commercial and private boaters annually, paralleling
an increasing trend nationwide in white-water boating. In order to help
minimize impacts by recreationists, the National Park Service established
a ceiling on the number of user days allowed each year along with stricter
river-use regulations. Before the dam, riverflows were highly variable and
ranged from low flows (frequently less than 3,000 cubic feet per second) to
peak flows (occasionally in excess of 100,000 cfs) in spring and early
summer. Now, riverflows are within a much narrower range—generally

1High discharges associated with flood flows preclude rafting trips from departing near the dam. The
probability that such flows will occur is diminished by several features of the action alternatives
described in Reclamation’s EIS.
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from 3,000 cfs to 31,500 cfs (20,000 cfs under the interim operating
criteria)—and show less seasonal variation, reducing the high- and
low-water risks associated with recreating on the river.

Before the construction of the Glen Canyon Dam, spring runoff carried
sediment down the Colorado River to Lake Mead. After construction of the
dam, sediment from side canyons and beaches continued to be
transported down the river, but in smaller quantities. Over the years, these
sediment deposits have built up to form broad mud flats at the upper end
of Lake Mead. When the water level in Lake Mead falls below 1,180 feet,
boat navigation is difficult because the river is too shallow at low flows
and the channel changes with water fluctuations.

Issue The major issue addressed by Reclamation in its EIS analysis of recreation
was how do dam operations affect recreation in the study area?
Specifically, Reclamation’s assessment focused on how changes in the
dam’s operations would affect angling, day-rafting, and white-water
boating along the Colorado River in the Glen and Grand canyons, as well
as the recreationists using lakes Powell and Mead.

Indicators Reclamation evaluated the impact of alternative flow regimes on a series
of indicator activities. The indicators are:

• Fishing trip attributes, safety, and access.
• Day-rafting trip attributes and access.
• White-water boating trip attributes, camping beaches, safety, and

wilderness values.
• Lake activities and facilities.
• Net economic value of recreation.

Effects of Flow
Alternatives on
Recreation

According to Reclamation’s EIS, fishing in the Glen Canyon occurs mostly
from boats, but some anglers wade in the area around Lees Ferry. The
magnitude and rate of change in the river’s stage increases the danger for
anglers wading in the Glen Canyon reach. Therefore, fishing safety would
improve under the Moderate, Modified Low and the Interim Low
Fluctuating Flow alternatives, because fluctuations are reduced and the
rate at which the river’s stage rises is constrained. Upstream fishing access
by boat under the Maximum Powerplant Capacity alternative is the same
as under the No-Action alternative. Increased minimum flows under the
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High Fluctuating Flow alternative would result in a negligible increase in
the ease of upstream access by anglers. Because damage to boats and
motors is more likely during the low-flow periods that typically occur in
the morning before peak power generation occurs, increased minimums
and changes in the magnitude of upramp and downramp rates (that is,
changes in cfs per hour) would greatly improve upstream access under all
other alternatives.

Reclamation’s EIS states that the flood control measures included in the
restricted fluctuating and steady flow alternatives would reduce the
probability of flood events and the corresponding need to launch from
Lees Ferry, thus improving the quality of the day-rafting experience in
Glen Canyon. In addition, the risk of white-water boating accidents would
be highest under the No-Action and Maximum Powerplant Capacity
alternatives, slightly lower under the High Fluctuating Flow alternative,
and lower under the remaining restricted fluctuating flow alternatives. All
steady flow alternatives would decrease the risk of white-water boating
accidents over the No-Action alternative.

According to the EIS, wilderness characteristics would improve as
variations in riverflow are reduced. To the extent that habitat maintenance
and beach/habitat-building flows maintain beaches and reduce the rate of
vegetative encroachment, the alternatives with these flows would further
enhance wilderness values.

In the short term, the greatest increase in available beach area would
occur under the steady flow alternatives. In the long term, low steady
flows would remove all of the system’s natural variation. The absence of
natural system cycles is likely to encourage vegetative growth and result in
a net loss of camping beach area. The available beach area would be
slightly increased under the Moderate, Modified Low, and Interim Low
Fluctuating Flow alternatives in the short term. In the long term, habitat
maintenance flows (included in the Moderate and Modified Low
Fluctuating and Seasonally Adjusted Steady Flow alternatives) would help
maintain the number of beaches and their camping areas.

Because riverflows and the magnitude and frequency of fluctuations differ
under each alternative, the net economic value of recreation would also
differ. The majority of recreational benefits are derived from commercial
white-water rafting, which in general is positively related to average daily
flows and negatively related to fluctuations. Those alternatives that
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increase average summer flows or eliminate daily fluctuations in excess of
10,000 cfs tend to increase recreational benefits.

Reclamation’s
Methodology for
Making Impact
Assessments

In assessing the effects on recreation of the different operating regimes for
the Glen Canyon Dam, the final EIS gives numerical values where possible;
otherwise, it gives qualitative assessments that are based on physical,
biological, and economic research. There are three distinct and
independent components to the recreational material presented in the EIS.
The first is a quantitative assessment of the net economic value of
river-based recreation associated with the different flow alternatives. The
second component is a qualitative assessment performed by resource
managers using the results of scientific studies of the impact of flow
alternatives on individual resources. The third recreation component
involves an analysis of the regional economic impacts of recreation.
Regional economic impact refers to expenditures and their importance to
the local economy in the study area. The first two components are based
on a study of visitors’ preferences conducted by Bishop et al (1987). This
appendix will address only the specifics of the first component—the
economic benefits associated with recreation.

Reclamation’s
Recreation Impact
Methodology Is
Generally Reasonable

We found that the methodology that Reclamation used to estimate the
economic impact of alternative flows on recreation activities is generally
reasonable. For example, to obtain information from river recreationists,
the researchers used a two-stage research design. They conducted two
sets of surveys to obtain information from white-water boaters, anglers,
and day-rafters. In addition, the researchers analyzed the survey data using
a “logit” regression model to determine the amount of money that
recreationists would be willing to pay to experience recreational activities
under different flow regimes. Also, they used a national economic
perspective in the analysis to estimate the recreation benefits accruing to
the national economy.

To design and conduct the recreation study, Reclamation contracted with
a private consulting firm, HBRS, Inc. (now Hagler Bailly Consulting;
hereinafter, the contractor or researchers). The contractor completed an
initial study in 1987 and an updated study in 1993.2 The updated study was
used as the basis for the recreation benefits cited in the final EIS.

2Glen Canyon Dam Releases and Downstream Recreation: An Analysis of User Preferences and
Economic Values, 1987; and Analysis of the Impact of GCDEIS Alternatives on Recreational Benefits
Downstream From Glen Canyon, Madison, Wisconsin: HBRS, Inc., 1993.
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A Two-Stage Research
Design Was Used to Obtain
Survey Data

The contractor used a two-stage research design to determine the
potential impact of alternative flows at the Glen Canyon Dam on three
groups of recreationists—white-water boaters, day-rafters, and anglers.
Because riverflows during the period the research was carried out were
predominately high and steady, there was no way to ensure that a
representative sample drawn from the three groups would include
recreationists who had experienced the full range of flows being
evaluated. Therefore, the contractor asked the respondents to evaluate
their actual trips as well as written descriptions (scenarios) of recreational
experiences under a variety of flow levels that they may not have
experienced.

During the first stage, the contractor surveyed each recreational group to
identify the important characteristics (or attributes) of the recreational
experience on the Colorado River and what effect, if any, riverflows would
have on these experiences. The contractor also administered these
attribute surveys to commercial white-water boating guides and private
trip leaders to get a more informed view of how riverflows affect the
experiences of boaters on the river. White-water boating participants in
the attribute survey were selected from the National Park Service’s
records of trip launches for the 1982 and 1984 seasons. For anglers, the
contractor attempted to survey anglers at Lees Ferry during selected days
in November and December 1984. The researchers chose day-rafters from
a concessionaire’s list of individuals who took a Glen Canyon raft trip
during the months of April through October 1985.

The contractor applied what had been learned from the attribute surveys
to the design of the scenarios for the contingent valuation survey.3 A
contingent valuation survey attempts to measure the willingness of a
group of people to pay for hypothetical projects or programs. The
contractor used questionnaires to ask individuals about their dollar
valuation of a series of specific hypothetical changes in Colorado River
flows. Because the valuation is contingent on the specific hypothetical
change identified, these values are called “contingent values” and the

3Another approach for measuring recreation impacts is the travel cost method. This method uses travel
and related costs that are incurred during a recreational activity to approximate the market price for a
recreation trip.
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method of obtaining data is termed the “contingent valuation method,” or
CVM.4

The scenarios described white-water trips and angling trips at various flow
levels in terms of identified flow-sensitive attributes.5 The scenarios also
distinguished between constant and fluctuating flows. A fluctuating flow
primarily occurs when the dam is being operated for peak power
production. Fluctuations in excess of 10,000 cfs within a 24-hour period
constituted a fluctuating flow for the recreation study’s purposes. The
10,000-cfs threshold was based on the results of the attribute surveys.

In the second stage, the contractor used the scenarios as the basis of the
contingent valuation survey. Along with the actual trip experience and its
total cost, the contractor used these hypothetical descriptions to quantify
the effects of different flow regimes on the recreational experience.
Specifically, the contractor described the change in the recreational
experience and asked those surveyed whether they would still take such a
trip if their expenses were to increase by a certain randomly assigned
dollar amount over their trip’s actual cost. The respondents were limited
to “yes” and “no” answers. The researchers also provided the respondents
with riverflow information corresponding to the date of their actual trip in
order to gain information about the trip and establish a context for the
responses to the scenarios. In addition to this information, the researchers
asked the recreationists about the characteristics of their actual trip and
reasons for taking the trip. Also included were questions about the
respondent’s income level and indicators of how well the respondents
understood the survey and thought the results would affect the cost of
future recreation.

A 1987 review by the National Research Council stated that the use of the
contingent valuation technique to address the public’s willingness to pay
for angling and rafting opportunities through the Grand Canyon was “a
bold application of this promising method. The researchers, who are well

4In our review of the contingent valuation survey, we relied on Dillman’s total design method as well as
on economic reasoning in assessing the reasonableness of Reclamation’s application of the CVM
approach. Dillman’s method is an accepted standard in survey research for achieving the maximum
quality and quantity of responses to mail questionnaires. By achieving the maximum quality of
responses, for example, researchers can have greater confidence in the validity of the work; that is,
they can be more sure of measuring what they intend to measure. By achieving the maximum quantity
of responses, researchers can have greater confidence in the reliability of their work that repeated
investigations will produce similar results. A more detailed discussion of the CVM approach is
presented in app. VI of this report; the total design method is described in Dillman, Don A., Mail and
Telephone Surveys: The Total Design Method, John Wiley & Sons, New York, 1978.

5Because the attribute survey found day-rafters insensitive to flows, no scenarios were presented to
this sample group.
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known for their development of the technique, have ably and creatively
analyzed the satisfaction of recent recreationists.”6

Economic Estimates
Developed Using Federal
Principles and Guidelines

We found that the contractor followed federal principles and guidelines
for water resources planning where applicable in developing estimates of
the recreation benefits. For example, federal principles and guidelines
state that the federal objective of water and related land resources
planning is to contribute to national economic development (consistent
with protecting the environment).7 In addition, the guidelines state that the
benefits arising from recreational opportunities created by a project are
measured in terms of willingness to pay. The contractor defined
recreational benefits in terms of consumers’ willingness to pay and
calculated the net economic benefit, or “surplus value,” associated with
the recreational experiences under different flow conditions. Surplus
value is the value that the recreationists placed on their recreational
experience over and above what they actually paid for the recreational
experience. Expenditures, such as the price of a Grand Canyon
white-water boat trip, were excluded from the net economic benefit
calculations because the expenditures represent a transfer payment to the
local economy. Transfer payments simply redistribute income from one
group in society to another, and therefore they do not reflect an economic
benefit to the national economy.

Nonetheless, expenditures are important because they support local
businesses and provide employment for local residents. For this reason,
recreational expenditures were the focus of a separate analysis of regional
economic activity that Reclamation performed.

Economic Benefits Were
Estimated Using
Econometric Model

The contractor used a now standard econometric approach to evaluate the
contingent valuation response data. For example, surplus values were
estimated using a “logit” model, that was based on the “yes” and “no”
answers to the survey’s valuation question. Using the logit model, the
contractor estimated the probability that a respondent would be willing to
pay a specific dollar amount (termed “offer amount”) above his/her actual
trip cost to recreate under the various flow regimes. This probability was
assumed to be a function of several independent variables, including the

6River and Dam Management: A Review of the Bureau of Reclamation’s Glen Canyon Environmental
Studies, National Academy Press, Washington D.C., 1987, p. 63.

7Economic and Environmental Principles and Guidelines for Water and Related Land Resources
Implementation Studies, U.S. Water Resources Council, Mar. 10, 1983.
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offer amount, the amount the recreationist spent to take an actual trip, and
the number of days spent on the river.

To update the estimated values obtained during the 1985 survey, the
contractor used the 1985 model with the hydrologic conditions for 1991 to
generate surplus values for various alternatives by month and by
recreational activity. The contractor then multiplied the surplus values by
the observed 1991 monthly participation rates for each activity. The
resulting estimates were then inflated to 1991 dollars. In addition, because
the initial recreation study was completed before Reclamation developed
the alternative flow regimes in the EIS, the contractor extrapolated from
the flow regimes used in the contingent valuation survey to the EIS flow
regimes using a combination of historical data on the dam’s operations
and projections of future hydrologic conditions over a 20-year planning
period. The 20th year was repeated for 30 years to complete the 50-year
analysis period. The Colorado River Simulation System model was used to
develop the future hydrologic projections, which were identical to those
used in the power analysis.

To determine the present value of future recreation benefits over the
50-year analysis period, the contractor discounted future annual benefits
using the federal discount rate of 8.5 percent.8 The present value was
“levelized” over the 50-year analysis period to determine equivalent annual
benefits. Table VII.1 shows the estimated net economic benefits for
recreation associated with the nine alternatives discussed in the final EIS.
The table reflects the net benefits associated with white-water boating and
angling activities. The number of white-water boating and angler trips
were held constant at 1991 levels over the 50-year analysis period. The
researchers found that day-rafters are not sensitive to river stage and
fluctuations; thus, the economic impact of changes in the dam’s operations
on day-rafters was estimated to be zero.

8The net recreation benefits in each year in the analysis period were inflated by the projected gross
national product price deflator for that year. The same deflator and discount rate were also used in the
hydropower analysis.
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Table VII.1: Economic Benefits
Associated With Recreation Activities,
Relative to the No-Action Alternative
(1991 Nominal Dollars in Millions)

EIS alternatives

Present value of net
benefits over

50-year analysis
period

Equivalent annual
net benefits

No Action $0 $0

Maximum Powerplant Capacity $0 $0

High Fluctuating Flow $0 $0

Moderate Fluctuating Flow $4.6 $0.4

Modified Low Fluctuating Flow $43.3 $3.7

Interim Low Fluctuating Flow $45.6 $3.9

Existing Monthly Volume Steady Flow $45.6 $3.9

Seasonally Adjusted Steady Flow $55.0 $4.8

Year-Round Steady Flow $23.5 $2.9

Source: Bureau of Reclamation.

Shortcomings in
Recreation Analysis
Suggest Economic
Impacts Could Be
Over- or Understated

Although the recreation methodology is generally reasonable, we found
limitations in the analysis. For example, because the initial recreation
study was completed in 1985 and some recreational conditions have
changed since then, some of the study’s data may not reflect more recent
trends in the recreational activities below the dam. Also, the researchers
gathered the survey data during an unusually high-water year, limiting the
ability to capture representative recreational experiences, and they did not
adequately pretest some of the survey instruments to minimize bias and
confusion on the part of the participants. In addition, the contractor did
not include Grand Canyon anglers in the survey. Finally, some of the
econometric results are inconsistent with expectations based on
conventional economic reasoning. These limitations indicate that the
estimated recreation benefits could be over- or understated. Because of
the time and expense that would be required to recompute the results with
revised methodology and data, we did not determine the net effect of the
limitations on the estimated economic impacts.

Recreation Conditions May
Have Changed Since the
Survey

We found that some of the data used to develop the economic benefits
may be dated because of changes in the recreation environment since
recreationists were surveyed in 1985. The contractor used 1985 surplus
values and number of trips taken in 1991 to derive recreation benefits for
alternative flows. However, because the estimated benefits were derived
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using 1985 surplus values, they may not account for more recent changes
in recreational activities that could affect value.9

The years 1985 and 1991 combined for use in the model were different in
terms of the number of recreational trips taken, especially for anglers. For
example, according to study statistics, the actual number of fishing trips at
Lees Ferry more than doubled between 1985 and 1991, from 6,064 to
12,902. In addition, the fishing regulations changed during this period,
strictly limiting anglers to artificial lures and imposing new restrictions on
the size and number of fish caught. Because of the substantial change in
the number of fishing trips taken and a change in fishing regulations, it
may not be reasonable to assume that the value per fishing trip, relative to
other goods and services, would have remained unchanged between 1985
and 1991.

Survey Data Based on a
Year With Unusually High
Water

The researchers were not able to capture representative recreational
experiences because of the river conditions present during the recreation
study. The sample year—1985—used to develop the statistical relationship
between flow rates and surplus values was an atypical year for the
Colorado River, characterized by relatively high, constant flows and poor
fishing. To address this data issue, the contractor used hypothetical
scenarios (developed using the attribute survey information) to determine
the effect of different flow regimes on recreational experiences. However,
two potential problems with the use of the high-water year and scenario
data are (1) the estimated surplus values depend heavily on the ability of
the respondents to meaningfully interpret the scenarios using their
high-water experience and (2) the surplus values generated from scenario
data may differ from those based on actual experiences.

Ideally, the respondents should be asked about their willingness to pay for
alternative flow regimes that they have actually experienced. At the time
of the recreation survey in 1985, however, there had been already 2
consecutive years of high-water flows. In addition, according to
Reclamation, it was not feasible to adjust the Glen Canyon Dam’s
operations to create alternative flow conditions for the recreation study.
Therefore, the contractor constructed hypothetical scenarios to simulate
recreational experiences under different flow conditions. The contractor
then asked the recreationists to compare their actual trip experiences with
the hypothetical trip experiences.

9Surplus values were adjusted for inflation between 1985 and 1991.
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However, because 1985 and the preceding years were unusually
high-water years characterized by constant flows, some recreationists may
not have experienced a variety of flow conditions. For example, the
researchers could not make inferences about the influence of fluctuating
flows on white-water boaters using information from actual trips because
only 12 percent of the respondents experienced these fluctuations.
Similarly, because there was little variation in the actual trip experiences
for anglers, the researchers were unable to make a direct link between the
actual trip’s surplus value and the flow levels experienced by the
respondent. This condition is attributable to all anglers having
experienced such small variation in flow conditions that substantially all
of the respondents compared the scenarios with essentially the same
limited actual flow experiences. Consequently, there was no way to
determine whether recreationists who experienced other types of flows
would have valued the scenarios differently. For example, a recreationist
who had experienced low, fluctuating flows might value a medium flow
more than a recreationist who experienced only a high constant flow.

Some Questionnaires Were
Not Adequately Pretested

Although the researchers used Dillman’s total design method for the
implementation of the surveys and tested proposed questions to determine
which wording options offered the highest response rates, they did not
adequately pretest some survey instruments to detect defects in wording,
construction, presentation, or other inadequacies. As a result, we cannot
be completely confident that the surveys actually measured what they
were intending to measure.

Reclamation’s contractor used mail questionnaires to gather data on
recreational attributes and contingent values. We found that the
contractor generally followed Dillman’s total design method in the design
and implementation of these questionnaires. For example, the contractor
met Dillman’s standards for questionnaire design and mailing procedures,
which helped to obtain response rates between 70 and 93 percent. These
response rates allow the researchers to have greater confidence that they
do not have a biased picture of the sample caused by differences between
the respondents and nonrespondents.

However, we also found that the contractor did not follow Dillman’s
pretesting standards. For example, the attribute survey for anglers and the
questionnaire used for white-water guides were pretested in person, while
other questionnaires were pretested through the mail. According to
Dillman, mail pretesting is “destined to be of very limited value.” Only by
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having respondents fill out the draft in the presence of the researchers can
they discover such information as: Is each question measuring what it is
intended to measure? Are all the words understood? Are the questions
interpreted similarly by all respondents? Is any part of the questionnaire
biased? Because such pretesting was not done, neither we nor the
contractor can be confident about the validity of the questions or the
instruments as a whole.

An example of problems that may have resulted from inadequate
pretesting can be seen in the interpretation of the water levels experienced
by anglers. In the in-person interviews performed for the angler attribute
questionnaire, the researchers found problems with the responses to
questions that dealt with water levels experienced by the anglers. The
authors of the recreation study noted that for the 2 years before the
attribute survey, steady high water was the rule. However, some
respondents who had fished at Lees Ferry only during 1984 and 1985
answered that they had experienced low, medium, or fluctuating flows.
The authors conclude that some anglers may have answered the
water-level experience question incorrectly. These responses are evidence
of possible problems in the validity of the measures used. We do not know
the extent of misunderstanding between the respondents and the
contractor, but this example suggests that there was some. Adequate
pretesting may have detected and corrected this misunderstanding.

Grand Canyon Anglers
Were Excluded From
Survey

The contractor assumed that fishing in locations other than Lees Ferry
was an incidental activity and therefore did not include these anglers in
the survey. As a result, the data for anglers are based solely on the
recreational experiences of anglers at Lees Ferry. To the extent that other
anglers who fish downstream in the Colorado River or its tributaries have
surplus values that are different from the Lees Ferry anglers (but also
positive), the estimated benefits may understate the total benefits to
anglers resulting from alternative flow regimes.

The researchers defined the angling population to include those who
access the river from Lees Ferry in Glen Canyon, which had the effect of
excluding anglers in the Grand Canyon. According to the researchers and
recreation subteam members, the Grand Canyon anglers were not
included in the study for a variety of reasons. For example, they were
thought to represent only a small percentage of fishing activity; they might
be difficult to sample; and fishing itself was not considered to be the focus
of a Grand Canyon recreational experience. Although little information
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exists on the extent of angling in the Grand Canyon or the characteristics
of these anglers, the EIS makes reference to 15 sites in the Grand Canyon
that are managed for anglers who want to catch “fish that are naturally
reproduced in the wild.” In addition, the National Park Service and Arizona
Game and Fish Department officials we contacted indicated that some
anglers fish in the vicinity of Marble Canyon to avoid the restrictions on
natural bait enforced at Lees Ferry, and other anglers hike down into
Phantom Ranch to fish in Bright Angel Creek. The difficulty or expense of
reaching or staying at a location other than Lees Ferry, a preference for
“wild” rather than hatchery fish, and reasons for going to the river other
than fishing could mean that these groups of anglers have different
opinions of the values of flows than those who were sampled.

Survey Data Do Not
Precisely Correspond to
EIS Flow Alternatives

Because the researchers designed and conducted the recreation
contingent valuation survey well before the EIS operating regimes were
proposed for the Glen Canyon Dam, the flow regimes used in the survey
scenarios do not precisely correspond to the flow alternatives identified in
the final EIS. As a result, there is some uncertainty as to whether the survey
data reflect the same environmental changes proposed in the EIS

alternatives.

An unusual aspect of the recreational modeling effort is that it is
composed of two separate segments of work, several years apart,
occurring within the framework of the Glen Canyon Environmental
Studies. Reclamation’s contractor began the initial study of recreational
values in 1984, and the results were published in 1987. The 1987 study,
however, predated the development of the preferred alternative.

In order to allocate the estimated recreation benefits to the alternative
flow regimes in the EIS, the contractor converted the EIS alternatives into
the same terms as those used in the original survey. This was done by
translating the EIS alternatives into average flow terms and identifying
fluctuations in flow using a mixture of theoretical data and data from the
dam’s actual operations. However, the recreation survey was based on
broad groupings of flows, while the EIS flow alternatives are much more
detailed in their characteristics. As a result of this sequencing, it is not
clear that the aggregate recreational values captured in the 1987 study
reflect the same environmental changes proposed in the EIS alternatives.
The recreation analysis may not have captured the nuances that
distinguish the individual EIS flow alternatives. For example, the scenarios
used in the 1987 study used average flow figures (such as 13,000 cfs) to ask
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individuals about their dollar valuation of a hypothetical change in
riverflows, while the EIS describes complex alternatives stated both in
terms of minimum and maximum flows (for example, 1,000 cfs to 31,500
cfs) as well as the rate of change in flows per hour (that is, ramping up or
down). Although ramping can affect the recreational experience, by using
these averages, the recreation analysis was not able to assess the impact
of ramping on recreational activities. For example, rapid changes in the
upramp rate of the dam’s operations can put wading anglers at risk of
inundation, as well as affect the “naturalness” of a wilderness boating
experience. Similarly, rapid changes in the downramp rate of the dam’s
operations can strand anglers in boats, as well as fish in backwaters.

A Reclamation official and the contract researchers acknowledge that
there is no systematic linkage between the scenarios used in the
contingent valuation surveys and the flow regimes in the final EIS. A
Reclamation official told us that translating the EIS alternatives into the
same terms used in the 1985 scenarios involved a great simplification. For
example, the scenarios were based on a dichotomous approach: a single
mean monthly flow rate and the presence or absence of fluctuations. If the
flow levels varied by more than 10,000 cfs, they were considered
fluctuating. If the flow levels varied by less than or were equal to 10,000 cfs,
they were considered steady. By contrast, the EIS alternatives involve
complex variables, including flow ranges and rates that change hourly. As
a result of this simplification, the recreation model cannot distinguish
between several alternatives. That is, the model predicted the same
economic benefits for the No-Action, Maximum Powerplant Capacity, and
High Fluctuating Flows, as well as for the Interim Low Fluctuating Flow
and the Existing Monthly Volume Steady Flow.

Some Econometric Results
Are Inconsistent With
Conventional Economic
Reasoning

Some of the econometric results indicate a positive and significant
relationship between surplus value and the expenditure variable, which is
inconsistent with conventional economic reasoning. For example, in the
analysis of white-water boaters’ and anglers’ responses, the contractor
found that the respondents’ surplus values increased with the amounts
they spent to take their actual trips. This result is inconsistent with
conventional economic reasoning because we would expect that the more
an individual spends on a trip, the lower would be his or her surplus value,
all else being the same. Because this result may be symptomatic of a
technical problem, such as a misspecification of the model, a
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measurement error, or an insufficient sample size, it suggests that the
results lack precision.10

Some members of the contract research team acknowledged this
inconsistency between the results of the model and conventional
economic reasoning. One of the contractor’s researchers told us that the
positive relationship between surplus value and expenditure may be
attributable to an omitted price variable. In his opinion, however, this
omission does not affect the validity of the results incorporated into the
EIS.

The EIS Team Used
Estimated Recreation
Benefits Only to Aid
Decision-Making

Reclamation and National Park Service officials involved in the EIS process
told us they were generally aware of the limitations of the recreation
analysis but believe that addressing the limitations would not change the
basic conclusions of the EIS, the choice of the preferred alternative, or the
ranking of alternatives. No such changes would occur because the study
results were used more as an adjunct in developing a preferred alternative,
rather than a focal point.

A Reclamation official involved in the selection of the preferred alternative
told us that the first criterion applied to the nine proposed alternatives
was how the sediment balance in the canyon would be affected.
Alternatives that negatively affected the amount and location of sediment
were eliminated, leaving only three alternatives, none of which posed a
safety threat to recreationists except at very low flows. Since two of the
three remaining alternatives were identical except for a habitat
maintenance flow, the EIS team had to choose between only two
alternatives. In choosing between these two alternatives, the EIS team
weighed the power costs associated with each, the recreational benefits,
and unquantified ecological concerns, such as benefits to the aquatic food
base. According to this official, the EIS team selected the Modified Low
Fluctuating Flow as the preferred alternative because the loss of power
revenues was roughly offset by the gains to the other resources.

National Park Service and Reclamation officials told us that Reclamation
considered revising the recreation economic study after the EIS

alternatives were developed to get better data on how respondents valued
a wide variety of actual flow conditions and on anglers’ participation in the
Lees Ferry fishery. In particular, a researcher raised the prospect of

10Researchers were unable to calculate a standard error because the appropriate statistical techniques
were not available at the time of the study. However, a Reclamation official told us that the estimates
are subject to an error of about plus or minus 20 percent.
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further investigating anglers’ values to overcome the limitations of the
original study. However, Reclamation decided not to spend additional
resources on revising the recreational analysis in order to further study
areas that were deemed more critical. A National Park Service
representative told us that because most of the unanswered questions
were in the areas of sediment, vegetation, and endangered fish, funds were
directed to these “higher-priority data gaps.”

Recreation Results
Can Be Useful Despite
Limitations

Because there is inherent uncertainty associated with projecting future
impacts, the actual economic impacts on recreation may differ from those
estimated. The limitations we have identified suggest that the estimated
impacts could be over- or understated. Nonetheless, despite these
limitations, we believe that the estimated impacts can be useful for
generally assessing the impacts that may be associated with moving from a
No-Action alternative to a restricted fluctuating or steady flow alternative.
Moreover, a reviewer of the recreation study for the National Research
Council indicated to us that the recreation modeling was conducted using
current professional practices and was a state-of-the-art effort given the
budget and time constraints. In addition, this reviewer indicated that the
work on the economics of recreational use was well done and a good use
of taxpayer money given the many other demands on the Glen Canyon
Environmental Studies budget.

Reclamation’s and the
National Park
Service’s Response to
the Recreation Issues
Raised

We discussed our findings with a National Park Service and a Reclamation
official who, as EIS team members, were responsible for incorporating
recreation and the economics of recreational use into the EIS. These
officials, a resource management specialist with the National Park Service
and an economist with the Bureau of Reclamation, generally agreed with
our statements concerning the strengths and weaknesses of the recreation
analysis. Reclamation’s economist acknowledged that recreational
conditions may have changed since the study’s survey was implemented in
1985. Both officials said that the methodology was reasonable and
appropriate and the data were the best available at the time of the study.
For these reasons, they told us that neither the ranking of alternatives nor
the choice of a preferred alternative would change, even if the issues we
identified as shortcomings were resolved.

Scope and
Methodology

To gain an understanding of general recreational issues we reviewed
studies on recreation use in the Glen and Grand canyons. To assess the
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reasonableness of the recreation methodology, assumptions, and results,
we reviewed the documents that describe Reclamation’s methodology,
assumptions and data, and literature on the contingent valuation method,
and we used standard economic principles. Our assessment was limited to
a review of the general analytical framework and an assessment of the
reasonableness of key assumptions and data. We did not validate data
inputs.

The documents we reviewed include the following:

Analysis of the Impact of GCDEIS Alternatives on Recreational Benefits
Downstream From Glen Canyon (draft report). Madison, Wisconsin:
HBRS, Inc., 1993.

Bishop, R., C. Brown, M. Welsh, and K.J. Boyle. “Grand Canyon Recreation
and Glen Canyon Dam Operations: An Economic Evaluation, W-133,”
Benefits and Costs in Natural Resource Planning: Interim Report 2. Edited
by Kevin J. Boyle and Trish Heekin. Orono, Maine: Department of
Agricultural and Resource Economics, University of Maine, 1989.
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Richard Bishop, Professor, University of Wisconsin
Kevin Boyle, Associate Professor, University of Maine
Curtis Brown, Social Psychologist, Bureau of Reclamation
Bonnie Colby, Associate Professor of Agricultural and Resource
    Economics, University of Arizona, Tucson
Galen Collins, Assistant Dean of Hotel and Restaurant Management,
    Northern Arizona University
Diane Dupont, Associate Professor of Economics, Brock University -
    Ontario, Canada
Marshall Flug, Water Resources Engineer and Research Hydrologist,
    National Biological Service and Colorado State University
Rusty Gattis, Acting Superintendent, Glen Canyon Dam, Bureau of
    Reclamation
Terry Gunn, Owner, Lees Ferry Angler’s Guides and Fly Shop
W. Michael Hanemann, Professor of Agricultural and Resource
     Economics, University of California, Berkeley
Martha Hahn, Idaho State Director, Bureau of Land Management
David Harpman, Natural Resource Economist, Bureau of Reclamation
Amis Holm, Environmental Planner III, SWCA, Inc. Environmental
    Consultants
Brice Hoskins, Project Manager, SWCA, Inc. Environmental
    Consultants
Charles Howe, Professor of Economics, University of Colorado
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Sediment is unconsolidated material that comes from the weathering of
rock and is transported and deposited by water or wind. It is seen as a key
indicator resource for the Grand Canyon ecosystem because nearly all of
the canyon’s resources are strongly linked to sediment. For example,
sediment is critical for stabilizing archeological sites and camping
beaches, for developing and maintaining backwater fish habitats, for
transporting nutrients, and for supporting the vegetation that provides
wildlife habitat. The amount of sediment transported through the Glen and
the Grand canyons depends to a large degree on the volume of water
released by the Glen Canyon Dam.

According to the EIS team members and sediment researchers that we
interviewed, the data used in the preparation of the sediment section of
the Glen Canyon Dam’s EIS were the latest and best scientific information
available at the time. Furthermore, they told us that the EIS is as good a
document as can be done for reviewing and transferring technical
information for use in public policy decision-making. While some sediment
study results were based on data that were preliminary, draft, and/or
unpublished at the time of the draft and final EIS, the researchers told us
that no new or additional information has subsequently been obtained that
would alter the information or conclusions presented in the final EIS. Also,
for the most part, these researchers agree that the modeling tools used in
the sediment impact determinations, while fairly crude in some respects,
were the best available at the time and that their use resulted in
appropriate conclusions.

Description of the
Resource

Sediment currently entering the Colorado River comes from tributaries
downstream from the Glen Canyon Dam, primarily the Little Colorado and
Paria rivers. Through several complex processes, the sediment in the river
is transported, deposited, and then eroded for further transport. The
quantity of the sediment in motion at a given time and its location depend
on the amount and particle size of the sediment available, the dimensions
and slope of the channel, and the magnitude of the water’s flow. Four
general classes of sediment, by size, are found in the Glen and Grand
canyons:

• silts and clays (finer than 0.062 millimeter),
• sand (0.062 to 2 millimeters),
• gravels and cobbles (2 to 256 millimeters), and
• boulders (greater than 256 millimeters).
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The transport and deposition of sediment vary with the size of the
particles. Silts and clays are easily transported and generally pass through
the system in a relatively short time, although some may be deposited in
the low-water-velocity areas on sandbars and in backwaters. Silt and
clay-sized particles provide important nutrients for vegetation, and clay
also provides cohesion. The most abundant class of sediment found along
the river is sand. Many sandbars, frequently called “beaches,” are used as
campsites by boaters and rafters and are also important sites for riparian
vegetation and wildlife habitats. Some sandbars also contain important
cultural resource sites for Native American tribes. Gravel and
cobblestones cover the bottom of some streambeds. Some fish species use
shallow gravel beds for spawning. The larger boulders fall from the canyon
walls or reach the river during flash floods in steep tributary canyons.
Boulders create and modify most of the major river rapids and are an
important factor in the creation of sandbars.

The river’s capacity to transport sediment increases exponentially with the
amount of water flowing in the river. The greater the river’s flow, the
greater the velocity and the greater the turbulence. The turbulence of
flowing water is the uplifting force that causes sediment particles to be
carried in suspension or roll along the streambed. Because sediment
particles weigh more than water, they tend to settle to the bottom of the
river channel. Small clay and silt particles can be carried in suspension by
nearly all dam releases. Riverflows often are large enough to carry sand
grains in suspension. The grains may be temporarily deposited in areas
where the velocity of the water is insufficient to move them. Larger flows
and velocities are needed to move gravel and cobbles, whereas the largest
boulders may remain in place in the river channel for decades.

Effects of Pre- and
Postdam Conditions
on Sediment

The Colorado River historically carried large quantities of sediment from
the states in the Upper Colorado River Basin. The Glen Canyon Dam has
caused three major changes to the sediment resources in the canyon. First,
the supply of sediment has been reduced. The construction of the Glen
Canyon Dam caused virtually all of the high concentration of sediment
from the upper basin to be trapped by the dam and deposited in Lake
Powell. Second, by controlling the annual historical peak flows that had a
tremendous capacity to transport sediment, the dam has reduced the
capacity of the river to transport sand and other sediment. Third, the
height of the annual deposition of sediment, which is responsible for the
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size of sandbars, has been reduced because the dam now controls flood
flows.

Issue As defined in the final EIS, the issue of concern for sediment resources is
how the dam’s operations affect sediment throughout the Glen and the
Grand canyons.

Indicators The indicators for the sediment resource listed in the final EIS are

• the probability of net gain in riverbed sand;
• the active width and height of sandbars;
• the erosion of high terraces (high sediment deposits having a relatively flat

surface and steep slope facing the river);
• the constriction of debris fans (sloping masses of boulders, cobbles,

gravel, sand, silt, and clay formed by debris flows at the mouth of a
tributary) and rapids; and

• the elevation of lake deltas (sediment deposits formed where the Colorado
River and other streams enter Lake Powell or Lake Mead).

Methodology Used to
Make Impact
Determinations

The EIS sediment team used a combination of historical riverflow and
sediment discharge data, established computer modeling techniques,
preliminary research results, and professional judgment to determine the
potential impacts of the nine flow alternatives on the various types of
sediment (especially riverbed sand). The long-term impacts on riverbed
sand were estimated using empirical data and computer modeling, while
the potential impacts on sandbars, high terraces, debris fans, and lake
deltas were developed using preliminary research results, modeling, and
professional judgment.

The sediment team was comprised of two individuals, a civil engineer with
Reclamation and a hydrologist with the U.S. Geological Survey. In order to
obtain the most recent scientific information, they obtained the
preliminary results of the Glen Canyon Environmental Studies phase II
research and attended the meetings of the phase II sediment researchers.
The sediment team also attended a special session at an American
Geophysical Union symposium to discuss the latest research on
backwaters and also participated in several raft trips down the canyon
with researchers in order to personally observe the sedimentation
processes.
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Other researchers involved in the sediment impact determinations
included U.S. Geological Survey and National Park Service officials
experienced in the sediment resource area. In addition, researchers from
Utah State University, the University of Tucson, and the University of
Northern Arizona were also active in various projects. All of the
researchers were experienced in sedimentation data collection and
analysis.

The data used in drafting the sediment section of the EIS were obtained
from measurements and observations at selected canyon sites under
various conditions, including during floods, historic powerplant operations
and operations under the interim operating criteria, and also under
specially designed research flows. The data collected underwent several
different reviews.

The data obtained by the U.S. Geological Survey and used in the final EIS

received additional reviews. Within the Geological Survey, each report was
reviewed by at least two other researchers, plus an additional review at
the regional level. External review was provided by the editors of outside
publications or other professionals when the work was published in a U.S.
Geological Survey professional paper.

In addition, the National Academy of Sciences, through its National
Research Council, reviewed the preliminary draft EIS and provided official
comments. The draft EIS was also made available for public review and
comment. Over 470 public comments were received that related to
sediment. The public comments reflected many differing and even
contradictory views and opinions. For example, some commentors
suggested that the dam’s historical operations have damaged the beaches
and increased erosion. Other commentors said that without the dam, there
would be fewer beaches or that the increases in erosion are overstated.
The effect of steady flows versus fluctuating flows on beach erosion was
also argued on both sides. Some believed that steady flows would preserve
beaches, while others said that they would destroy beaches. Other
commentors expressed the belief that controlling fluctuation within
certain parameters can control erosion, while others said that as long as
there is a flow of any kind, erosion will occur.

The EIS team needed detailed analyses of the projected flow patterns for
the various alternatives to evaluate different impacts. To develop these
technical analyses, the EIS team used the Colorado River Simulation
System (CRSS), a package of computer programs and databases designed to
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assist water resource managers in long-range planning and operations
studies. The development of CRSS took place over a 10-year period and
stemmed from the need for a comprehensive model of the Colorado River
Basin that would incorporate all areas of interest, including legislative
requirements. According to Reclamation and other experts, today, CRSS is
the most comprehensive and detailed simulation of the Colorado River
system that exists.

The CRSS database contains reconstructed natural flow data for the
Colorado River between 1906 and 1990. The CRSS model can simulate the
Colorado River’s operations and the effects of changes to the Glen Canyon
Dam’s operations for the entire river basin. The modeling process begins
with the assumption that previous natural flows in the river are indicative
of future activity. Thus, the model uses the historical data to project future
water availability. The CRSS can address many of the “what if” questions
stemming from proposed changes in the Colorado River’s operations, from
proposed Colorado River basin development or from changes to present
water use throughout the basin. The model’s long-term estimates are
widely accepted by water resource managers. The short-term estimates,
between 5 and 10 years, are considered to be somewhat less precise.

The model produces data on a monthly basis, whereas the EIS team needed
hourly projections in order to make their analyses for the fluctuating flow
alternatives. The steady flow alternatives did not require this analysis
because they provide for essentially steady monthly flows. To make the
necessary adjustments for analyzing the fluctuating flows, a peak-shaving
model was used to calculate the hourly distributions from the
CRSS-projected monthly release volumes. (Peak shaving is the concept
whereby hydroelectric powerplants are used to serve (shave) the highest
electric load (peak) during a 24-hour period.) These hourly distributions
were produced for the No-Action and Maximum Powerplant Capacity
alternatives and for each of the restricted fluctuating flow alternatives.

The combined outputs of the CRSS model and the peak-shaving model were
then used in the development of a sand-mass balance model. This model
used 85 different hydrological scenarios (for 50 years each) to estimate the
changes in riverbed sand due to differing flow alternatives from the Glen
Canyon Dam. Using regression analysis, the sediment team calculated a
sand-load discharge rating curve using the water flow rate as the
independent variable and total sand load as the dependent variable. This
curve shows the amount of sediment transported for any given discharge
rate. The sand-load discharge rating curves were used as input into the 85
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water release scenarios to determine the probability that a given flow
alternative would result in higher amounts of sand in the riverbed over 20-
and 50-year periods. EIS team members stated that the resulting numbers
were reasonably accurate indicators of the relative differences between
the nine flow alternatives considered in the EIS.

Effects of Flow
Alternatives on
Sediment

According to the final EIS, the type of water release pattern selected for the
dam’s operations will greatly affect sediment. The analysis of the impacts
on sediment was limited to the Colorado River corridor from Glen Canyon
Dam to Lake Mead and the deltas in Lake Powell and Lake Mead. The
direct impacts on sediment will vary with the level and pattern of
riverflow. The direct impacts include changes in riverbed sand storage,
aggradation (the process of filling and raising the level of a streambed,
flood plain, or sandbar by the deposition of sediment) and degradation
(the process wherein the elevation of streambeds, flood plains, and
sandbars is lowered by erosion) of sandbars, and changes in the capacity
to move large boulders from rapids. Future levels of riverbed sand will
vary depending on the amount of riverbed sand available and the water
volume and release patterns of the alternative implemented.

On the basis of the results of computer models and the most recent
scientific research, the EIS sediment team determined what the potential
impacts of the various alternatives would be:

• The No-Action, Maximum Powerplant Capacity, and High Fluctuating
Flow alternatives all had excessive sand transport capacity, which
jeopardized the long-term storage of sediment.

• The Interim Low Fluctuating Flow, Existing Monthly Volume, and
Year-Round Steady Flow alternatives all maximized long-term sand
storage but provide limited ability to build sandbars. These alternatives
would result in vegetation encroachment on sandbars and net erosion of
sandbars above the normal river stage.

• The Seasonally Adjusted Steady Flow, the Moderate Fluctuating Flow, and
the Modified Low Fluctuating Flow alternatives all provided long-term
sand storage and system dynamics.

On the basis of this analysis, the sediment team focused on the Seasonally
Adjusted Steady Flow, the Moderate Fluctuating Flow, and the Modified
Low Fluctuating Flow alternatives as the ones that would provide
preferable potential impacts on sediment.
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Assessment of Impact
Determinations

The EIS team members and sediment researchers whom we contacted
provided us with comments on a variety of subjects, including the
sand-mass balance model, the quality of the data used, the accuracy of the
EIS in reflecting the research data, and whether other evidence existed that
would change the impact determinations in the EIS. Generally, they agreed
that the sand-mass balance model was the best modeling tool available at
the time, although two researchers told us that more refined models are
currently being developed by U.S. Geological Survey researchers.
However, according to two Geological Survey researchers, none of the
preliminary results from these newer models contradict the conclusions
reached from the sand-mass balance model.

The researchers we spoke to generally complimented the way
Reclamation interpreted and used their work in the impact determination
process and said that the quality of the data used was the best available at
the time. A limitation on the use of the more recent research results was
that the data were preliminary (in draft form or unpublished) and the
newer models were too complex to simulate multiple years of dam
operations. In some cases, definitive information on the impacts of a
specific flow alternative was not available. Therefore, the team had to
extrapolate from the existing data using their professional judgment to
estimate the potential impact of the alternative. However, they always
verified the reasonableness of their conclusions and extrapolations with
the researchers involved.

The officials we contacted also agreed with Reclamation’s selection of a
preferred alternative and could find no evidence to change the outcomes
of the impact determinations for the sediment resource.

Specific comments made by some of those with whom we spoke included
the following:

• Some commentors described the sand-mass balance model as simplistic or
fairly crude. However, they agreed that it was the best and only tool
available at the time. Also, they agreed that the impact determinations
reached as a result of the model were correct. The leader of the sediment
team agreed that the sand-mass balance model is simplistic, but he
believed it produced reliable results for general, long-term information
needs. He did not think that any other model now available would have
been better. In fact, he stressed that the models available today cannot
handle the amount and types of data that were required for the EIS process.
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• Some commentors believed that the sediment information in the EIS was
somewhat out of date in that it reflected the scientific data of 1992-93.
However, there was a general belief that the EIS team did an excellent job
of using the latest sediment research. While more is known about the
sedimentation processes in the canyon today than was known when the
EIS was written, the EIS does contain the best information available at the
time. Also, they told us that even if the newer data had been available, the
same decisions would have been reached. The discontinuity between the
research and the administrative time frames was a limitation on the EIS

process, but they said that the only impact would have been changes in
some of the statements made in the EIS. For example, they said that the
reasons for the selection of the preferred alternative would have been
more clearly supported.

• Most of the researchers we contacted believed that their work was
properly used and interpreted in the EIS. With only a few exceptions,
discussions and communication between the EIS team and the researchers
were frequent and thorough enough to ensure that the work was properly
integrated into the EIS. Consequently, the researchers believe that the
sediment team came up with the right conclusions. We found no examples
that would contradict or change the impact determinations in the EIS or
the selection of a preferred alternative. According to one researcher, the
sediment team examined all of the existing professional papers and
“followed up every lead, public or private, for additional work.”

The sediment team leader’s overall position, taking into consideration the
various perspectives and opinions expressed, was that

• the process used in making the impact determinations for sediment was
reasonable,

• the methodologies employed in this process were appropriate, and
• the data used were the best available.

Scope and
Methodology

To determine the process used in developing the impacts on the sediment
resource, we identified and reviewed the following documents: the draft
and final Glen Canyon Dam environmental impact statements and
associated appendixes, the public comments on the draft and final
environmental impact statements, and Reclamation’s responses to the
comments on the draft. We obtained and reviewed copies of the minutes
from the EIS team meetings and summaries of the cooperating agencies’
meetings. We also reviewed the Colorado River Simulation System
Overview, the Final Analysis Report on Scoping Comments, the Glen
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Canyon Dam EIS Preliminary Alternatives Report, and the newsletters
issued by the Colorado River Studies Office from June 1990 to
February 1995. We also obtained and studied the Glen Canyon Dam:
Beach/Habitat-Building Test Flow, Final Environmental Assessment and
Finding of No Significant Impact, issued in February 1996.

In addition, we reviewed the paper entitled “Sediment Transport in the
Colorado River Basin” by Edmund D. Andrews. This paper was published
in Colorado River Ecology and Dam Management by the National
Academy of Sciences. This book contains various papers presented in a
1990 symposium on the Grand Canyon.

We also reviewed Reclamation’s paper entitled “Assessment of Changes to
the Glen Canyon Dam Environmental Impact Statement Preferred
Alternative From Draft to Final EIS.” This paper explained the background
and scientific basis for the changes to the preferred alternative between
the draft and the final EIS.

To assess the procedures followed and obtain views on the quality of data
used in developing the impact determinations, we interviewed the
members of the sediment resource team and reviewers of the sediment
section of the draft EIS. We also identified and interviewed several key
Glen Canyon Environmental Studies principal investigators on sediment
issues.

Finally, we asked a member of the sediment team to review our
description of the impact determination process for factual accuracy. He
agreed that our description was generally accurate but made some
suggestions for changes. We have incorporated these changes into our
description of the process. We also presented him with our summary of
the resource process in order to provide him with an opportunity to
comment on and respond to the various issues raised through our audit
work.

Key Studies Identified Beaus, S.S., and C.C. Avery (editors). The Influence of Variable Discharge
Regimes on Colorado River Sand Bars Below Glen Canyon Dam. Flagstaff,
Arizona: Northern Arizona University, 1992.

Budhu, M. “Mechanisms of Erosion and a Model to Predict Seepage-Driven
Erosion due to Transient Flow,” in The Influence of Variable Discharge
Regimes on Colorado River Sand Bars Below Glen Canyon Dam, S.S.
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Beaus and C.C. Avery, editors. Flagstaff, Arizona: Northern Arizona
University, 1992.

Ferrari, R.L. 1986 Lake Powell Survey. Bureau of Reclamation, Report no.
REC-ERC-88-6, 1988.

Hereford, R., H.C. Fairley, K.S. Thompson, and J.R. Balsom. Surficial
Geology, Geomorphology, and Erosion of Archeological Sites Along the
Colorado River, Eastern Grand Canyon, Grand Canyon National Park,
Arizona. U.S. Geological Survey Open-File Report 93-517, 1993.

Leopold, L.B. “The Rapids and the Pools—Grand Canyon.” U.S. Geological
Survey Professional Paper 669-D, 1969.

Pemberton, E.L. “Sediment Data Collection and Analysis for Five Stations
on the Colorado River from Lees Ferry to Diamond Creek,” Glen Canyon
Environmental Studies Technical Report. Salt Lake City, Utah: Bureau of
Reclamation, 1987.

Randle, T.J., and E.L. Pemberton. “Results and Analysis of STARS
Modeling Efforts of the Colorado River in Grand Canyon,” Glen Canyon
Environmental Studies Technical Report. Salt Lake City, Utah: Bureau of
Reclamation, 1987.

Randle, T.J., R.I. Strand, and A. Streifel. “Engineering and Environmental
Considerations of Grand Canyon Sediment Management,” Engineering
Solutions to Environmental Challenges: Thirteenth Annual USCOLD
Lecture, Chattanooga, Tennessee. Denver, Colorado: U.S. Committee on
Large Dams, 1993.

Schmidt, J.C. “Temporal and Spatial Changes in Sediment Storage in
Grand Canyon,” The Influence of Variable Discharge Regimes on Colorado
River Sand Bars Below Glen Canyon Dam, S.S. Beaus and C.C. Avery,
editors. Flagstaff, Arizona: Northern Arizona University, 1992.

Schmidt, J.C., and J.B. Graf. “Aggradation and Degradation of Alluvial
Sand Deposits, 1965 to 1986, Colorado River, Grand Canyon National Park,
Arizona.” U.S. Geological Survey Professional Paper 1493, 1990.

Smillie, G.M., W.L. Jackson, and D. Tucker. “Colorado River Sand Budget:
Lees Ferry to Little Colorado River.” National Park Service Technical
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Report NPS/NRWRD/NRTR-92/12. Fort Collins, Colorado: National Park
Service, 1993.

Webb, R.H., P.T. Pringle, and G.R. Rink. “Debris Flows From Tributaries of
the Colorado River, Grand Canyon National Park, Arizona.” U.S.
Geological Survey Professional Paper 1492, 1989.

Officials Interviewed We interviewed the following individuals about the sediment impact
determination.

Edmund (Ned) Andrews, U.S. Geological Survey, Boulder, Colorado
Julia Graf, U.S. Geological Survey, Tucson, Arizona
Bill Jackson, National Park Service, Ft. Collins, Colorado
Dick Marzolf, U.S. Geological Survey, Boulder, Colorado
Margaret Matter, Western Area Power Administration, Denver,
    Colorado
Timothy Randle, Bureau of Reclamation, Denver, Colorado
Spreck Rosekrans, Environmental Defense Fund
Jack Schmidt, Utah State University
James Smith, U.S. Geological Survey, Boulder, Colorado
Robert Webb, U.S. Geological Survey, Tucson, Arizona
James Wilson, U.S. Geological Survey, Cheyenne, Wyoming
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The resources downstream from Glen Canyon Dam through the Grand
Canyon are interrelated, or linked, since virtually all of them are
associated with or are dependent on water and sediment. This link is true
for vegetation and wildlife and their habitat. The complex Grand Canyon
ecosystem contains a variety of native and nonnative plants and animal
communities that began developing before the construction of the dam.
However, since the dam was completed, the ecosystem immediately
surrounding the Colorado River has been significantly influenced by the
operations of the dam.

We have combined our analysis of the vegetation and the wildlife/habitat
impact determinations in this appendix because (1) with the exception of
the abundance of aquatic food base for wintering waterfowl, similar
indicators were studied in making the impact determinations for these
resources; (2) the riparian vegetation that developed along the Colorado
River corridor plays an important role as habitat to support the diversity of
wildlife within the Glen and the Grand canyons; and (3) the same EIS team
member was responsible for the impact determinations for both resources.

There has been little controversy surrounding the results of the impact
determinations as presented in the final EIS for the vegetation and
wildlife/habitat resources. Generally, the team leader and other experts we
interviewed believed that the processes used in making the impact
determinations were reasonable, the methodologies employed in these
processes were appropriate, and the data used were the best available.

Description of the
Resource

The plant communities surrounding the Grand Canyon reflect the
influences of desert conditions. These plants include barrel cactus, brittle
bush, creosote bush, ocotilla, and cholla cactus. The Colorado River and
the operations of the Glen Canyon Dam have little effect on these plants.
However, the dam’s operations, which modified the natural hydrology
within the Colorado River corridor, do affect a narrow band of vegetation
known as the riparian (near water) zone. The availability of water in the
riparian zone supports plants that could not otherwise survive in a desert
climate, and the types and abundance of vegetation that exists reflect the
water regime that supports it. Among the plants found in areas of the
riparian zone are netleaf hackberry, honey mesquite, catclaw acacia,
seep-willow, arrowweed, desert broom, coyote willow, and tamarisk.

The riparian zone is the focus of both the vegetation and the
wildlife/habitat studies for the EIS. The thick growth and variety of plant
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species as well as the several thousand species of invertebrates found
there make the riparian zone some of the most important wildlife habitat
in the Grand Canyon region. For example, riparian plants provide cover
and food for 26 species of mammals. Also, of the 303 species of birds that
have been documented in the Grand Canyon region, 250 species use the
riparian zone within the Colorado River corridor. Over half of the bird
species nesting along the river corridor nest in riparian vegetation.
Furthermore, 27 species of reptiles and amphibians are supported by the
resources found in the riparian zone. In some Colorado River corridor
locations, lizard population densities are higher than anywhere else in the
Southwest.

Also, during peak winter months, 19 species of wintering waterfowl have
been found along the river corridor between Lees Ferry and Soap Creek.
These waterfowl cannot be directly linked to riparian vegetation, but they
are attracted to and use the clear, open, cold water of the Colorado River
that resulted after the dam was constructed and that supports the
abundant algae that are important to the aquatic food chain. Although
survey data are not available, the EIS states that before the construction of
the dam, the turbid river water was probably not very attractive to
wintering waterfowl.

Effects of Pre- and
Postdam Conditions
on Vegetation and
Wildlife/Habitat

Because of the dynamic interaction between riparian vegetation and water
availability, the construction of the dam and any changes in its operations
that change specific water release patterns would be expected to affect
the abundance and distribution of plants. Before the Glen Canyon Dam
was constructed, seasonally high riverflows carried large sediment
deposits through the Glen and the Grand canyons and scoured away or
buried most vegetation from the river corridor below the 100,000 to
125,000 cubic feet per second river stage elevation. Annual floodflows
prevented the establishment of marsh plants (cattails and similar aquatic
plants) along the river corridor. Before the dam, the only riparian
vegetation present along the river was woody plants (trees and shrubs)
that developed in what became known as the old high-water zone. Plants
that can withstand the conditions created by periodic flooding
characterize the old high-water zone—netleaf hackberry, honey mesquite,
and catclaw acacia.

After the dam began operations and controlled annual spring flooding,
additional vegetation began to develop near the river below the old
high-water zone. This vegetation developed rapidly in what has become
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known as the new high-water zone. Within this new high-water zone are
found both woody plants and emergent marsh plants (cattails and similar
aquatic plants). Common woody plants found in the new high-water zone
include both native and nonnative species such as the seep-willow,
arrowweed, desert broom, coyote willow, and tamarisk. Tamarisk is a
nonnative tree that has become the dominant woody plant in the new
high-water zone. Besides cattails, emergent marsh plants found in the new
high-water zone include bulrushes and giant reed. This new high-water
zone provides over 1,000 acres of additional habitat for wildlife. Figure
IX.1 illustrates the relative positions of the predam and postdam riparian
zones in the Grand Canyon.

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 185 



Appendix IX 

Vegetation and Wildlife/Habitat

Figure IX.1: Grand Canyon Riparian Zone, Predam (Before 1963) and Postdam (After 1963)
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Issue As developed in the final EIS, the issue of concern is how the dam’s
operations affect vegetation and wildlife and their habitat throughout the
Glen and the Grand canyons.

Indicators Two plant groups found in the Colorado River corridor—woody plants and
emergent marsh plants—were selected by the EIS team for detailed
evaluation and to serve as indicators of riparian vegetation. The impact
determination for vegetation was generally limited to the Colorado River
corridor that extends between the Glen Canyon Dam and Separation
Canyon. Because of the variety of plants growing in the riparian zone and
their differing water requirements, EIS team members concluded that a
comprehensive evaluation of the effects of all of the dam’s operating
alternatives on all plants was beyond the scope of the EIS.

Although very little information on wildlife population exists for either the
predam or postdam habitats found along the river corridor, it was
assumed that almost all wildlife concerns could be addressed by
considering the effects of the operating alternatives on riparian vegetation
because it serves as habitat for many wildlife species that inhabit the river
corridor. Thus, rather than make specific analyses of impacts on individual
wildlife species, the EIS team assumed that almost all wildlife concerns
could be addressed by considering the effects of each of the dam’s
alternative operating procedures on riparian vegetation. However,
wintering waterfowl do not depend on riparian vegetation within the
Colorado River corridor below the Glen Canyon Dam. Therefore, the EIS

team used the abundance of the aquatic food base, mainly Cladophora, as
an indicator for wintering waterfowl.

Methodology Used to
Make Impact
Determination

Reclamation designated a lead position for each resource and assigned
that person the overall responsibility for developing the general impact
determinations. For example, a riparian specialist was assigned for both
the vegetation and wildlife/habitat resources. The riparian specialist
developed his sections of the EIS through an iterative process of report
drafting, formal and informal presentations to and review by the entire EIS

team, and discussions with and input from key researchers and colleagues.
In this process, it was important that the work of resource specialists
responsible for other resource impact determinations be considered in the
vegetation and wildlife/habitat analyses. For example, sediment is critical
for supporting the riparian vegetation that provides wildlife habitat.
Therefore, the impact determinations for the sediment resource are
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directly linked to the vegetation and wildlife and habitat resources and
were used in the vegetation analyses. (See app. VIII for a discussion of the
impact determinations for sediment.)

The riparian specialist prepared the vegetation and wildlife/habitat
sections of the draft EIS and was responsible for any revisions to the EIS

that were based on the 170 public comments received on these sections of
the draft EIS (123 on vegetation and 47 on wildlife and habitat). In the
preparation of material for the EIS impact determinations, he relied
extensively on the research work of other scientists that was specific to
the canyon’s resources. For example, an ecologist, who is considered a
leading authority on vegetation in the Grand Canyon region, was a major
contributor of science-based information on the vegetation and wildlife
and habitat resources of the canyon area. Key documented research
considered by the riparian specialist in his analyses of impacts on
vegetation and wildlife/habitat can be found in the scope and methodology
section of this appendix.

The ecologist was also one of the peer reviewers of the impact
determinations prepared by the riparian specialist. Others who reviewed
the riparian specialist’s work were a zoologist, who has done extensive
fieldwork in the Glen Canyon, and a senior Glen Canyon Environmental
Studies scientist affiliated with Arizona State University.

Effects of Flow
Alternatives on the
Resources

Summary of Impacts on
Vegetation

According to the final EIS, in the short-term period of analysis, which was
considered in the EIS to be between 5 and 20 years, the alternative
operations of the Glen Canyon Dam would affect riparian vegetation
within the river corridor in several different ways. While some plants do
well in drier conditions, others require wetter conditions to survive. Some
plants would likely decline as others adjusted to new water regimes. The
reduced frequency of major, uncontrolled flood releases would result in an
unknown, but assumed equal, decline in the area of coverage of riparian
vegetation in the old high-water zone under all alternatives. Some plant
species found in the old high-water zone would expand into the new
high-water zone.
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The Maximum Powerplant Capacity alternative would result in reduced
areas of riparian vegetation in the new high-water zone because of the
higher maximum flows permitted under this alternative. Under the
No-Action alternative, woody plants within the new high-water zone would
be maintained within stage boundaries equivalent to flows between about
22,000 cfs and 40,500 cfs. Periodic flooding that is similar to existing
conditions would maintain emergent marsh vegetation at sites that are
currently occupied at elevations between flows ranging from 10,000 cfs to
20,000 cfs.

Under alternatives with lower maximum flows—the restricted fluctuating
and steady flow alternatives—new areas of sediment would be exposed,
and these areas would be available for plant growth. These flow
alternatives would all permit riparian vegetation to expand into sites
created by the reduced maximum flows. Woody plants, such as coyote
willow and arrowweed, found in the new high-water zone would continue
to increase. Some new establishment of emergent marsh plants would
occur at suitable sites; however, existing areas of emergent marsh plants
that lose their water supply would become dominated by woody plants
and eventually disappear.

The habitat maintenance flows included under the Moderate and Modified
Low Fluctuating Flow alternatives and the Seasonally Adjusted Steady
Flow alternative are assumed to affect the area available for vegetation,
but the magnitude of the effect is unknown. Beach/habitat-building flows
that restructure sediment deposits would disturb plants and interrupt
succession in the riparian community. As a result of these flows, some
woody vegetation would be buried and lost as sand is deposited on higher
elevations, and patches of emergent marsh plants would be lost through
scouring or burial. Both woody plants and emergent marsh vegetation
would develop in the years following beach/habitat-building flows that
would induce periodic changes in the combination of vegetation and open,
bare areas.

In the long-term period of analyses (20 to 50 years), the differences among
the alternatives would continue to develop. Because at least one major
flood event is assumed to occur in the long term under the No-Action and
Maximum Powerplant Capacity alternatives, riparian vegetation would
decrease. However, woody and emergent marsh plants would recover
after the flooding to a level comparable to baseline or no-action
conditions. Also in the long term, riparian vegetation that is supported by
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Lake Mead would increase by an unknown but assumed equal amount
under all alternatives.

The restricted fluctuating and steady flow alternatives include measures to
reduce the frequency of floods that would support increases in the
coverage of woody plants at the end of the long-term period of analysis.
Over the long term, habitat maintenance and beach/habitat-building flows
would maintain woody and emergent marsh plants that developed during
the short term. The dryer conditions created in the upper elevations of the
new high-water zone would shift species composition from tamarisk and
willow to mesquite and other plants. Tamarisk, willow, and other plants
would favor the wetter sites at lower elevations.

Summary of Impacts on
Wildlife/Habitat

According to the final EIS, wildlife and habitat would be affected in ways
similar to riparian vegetation under the operating alternatives, i.e., those
dam-operating alternatives that tend to increase riparian vegetation would
result in increased wildlife habitat. In the short term, woody plant
coverage, and therefore riparian habitat, would increase under most
alternatives. Emergent marsh plants would either remain similar in
coverage to the no-action condition or decrease.

The No-Action alternative would maintain the existing riparian vegetation
area, while the Maximum Powerplant Capacity alternative would create
conditions leading to a decline in habitat area. The remaining alternatives
would permit woody riparian vegetation to expand. It is assumed that as
the area of woody riparian vegetation increases, so too will the size of the
area of wildlife habitat that would provide valuable food resources and
shelter. Habitat maintenance and beach/habitat-building flows would
move and deposit sediment that would bury some vegetation, thus
temporarily reducing its value as habitat. Vegetation that is not buried or
that grows up through new sediment deposits would be unusable to area
wildlife during the period of inundation.

Generally, individual animals would not be directly affected by the daily
operations of the Glen Canyon Dam because animals are mobile and
would move as required by the daily fluctuations in water releases. Birds
using the riparian zone as a travel lane through the Grand Canyon would
not be directly affected by any of the alternatives. However, species that
nest in riparian vegetation would be indirectly affected by changes in area
coverage of plants.
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Wintering waterfowl would be affected by changes in minimum discharge.
The No-Action and Maximum Powerplant Capacity alternatives have a
minimum discharge of 1,000 cfs. The remaining alternatives increase
minimums from 3,000 cfs to 11,400 cfs. Increased minimum discharges, as
well as brief high release periods during habitat maintenance and
beach/habitat-building flows, are assumed to benefit the aquatic food base
and ultimately wintering waterfowl.

Assessment of Impact
Determinations

EIS team members and researchers we contacted were generally
complimentary of the process used in making the impact determinations
of the dam’s various operating procedures on the vegetation and the
wildlife/habitat resources. Also, scientists we interviewed believed that the
data used in the analyses were the best and most current available at the
time and that the research used in the analyses was properly interpreted.
While some scientists believe that some data may have been incomplete at
the time the EIS segments were prepared, subsequent research only served
to confirm and refine the analyses presented in the final EIS. Therefore,
according to one official, there was little controversy associated with
these resources and the presentation of impact determinations in the EIS.
This opinion seems to be supported by the relatively low number of
comments received on the draft EIS in connection with these resources.

Also, many people we talked to were supportive of the preferred
alternative selected by Reclamation. There were, however, some concerns
expressed. For example, one researcher believed that to further improve
the aquatic food base, the Seasonally Adjusted Steady Flow may be a more
advantageous operating regime. However, the riparian specialist disagreed
with the researchers who favored the Seasonally Adjusted Steady Flow
because he believes that the preferred alternative provides for higher
water levels during the summer months, which would be more beneficial
to plants that are important as an aquatic food base. Overall, he believes
that the preferred alternative was the proper choice and that it would
create conditions that permit the recovery of downstream resources to
acceptable management levels while maintaining some hydropower
capability. Overall, the riparian specialist believed that the results of the
impact determinations for the vegetation and wildlife/habitat resources
were reasonable. The riparian specialist thought that the methodology
used in making the impact determinations was appropriate and properly
implemented and the data used were the best available.
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Scope and
Methodology

Our analyses of the impact determinations on the vegetation and
wildlife/habitat resources were based on an evaluation of scientific studies
used by the riparian specialist in his assessments, the study review process
used, the impact determinations themselves, and extensive interviews with
officials involved in the process. In addition, we provided the riparian
specialist with our description of the processes followed in making the
impact determinations for his review and comment. He agreed that our
description accurately presented the facts.

Key Studies Identified We reviewed the following studies and research materials that
Reclamation officials said were instrumental in making EIS decisions:

• Anderson, L.S., and G.A. Ruffner. “Effects of Post-Glen Canyon Flow
Regime on the Old High Water Line Plant Community Along the Colorado
River in Grand Canyon,” Glen Canyon Environmental Studies Technical
Report. Salt Lake City, Utah: Bureau of Reclamation, 1987.

• Carothers, S.W., and B.T. Brown. “The Colorado River Through Grand
Canyon: Natural History and Human Change.” Tucson, Arizona: University
of Arizona Press, 1991.

• Pucherelli, M.J. “Evaluation of Riparian Vegetation Trends in the Grand
Canyon Using Multitemporal Remote Sensing Techniques,” pp. 172-181.
Anchorage, Alaska: American Society of Photogrammetry and Remote
Sensing Technical Papers, 1986.

• Stevens, L.E., and T. J. Ayers. “The Impacts of Glen Canyon Dam on
Riparian Vegetation and Soil Stability in the Colorado River Corridor,
Grand Canyon, Arizona,” Draft Annual Report. National Park Service
Cooperative Studies Unit. Northern Arizona University, Flagstaff, Arizona.
1991.

• Stevens, L.E., J.C. Schmidt, and B.T. Brown. “Geomorphic Control of
Vegetation Establishment and Marsh Development Along the Colorado
River in Grand Canyon, Arizona,” in AGU 1991 Fall Meeting Program and
Abstracts. American Geophysical Union EOS Transactions, supp. to vol.
72, No. 44, p. 223, 1991.

• Stevens, L.E., and G.L. Waring. “Effects of Post-Dam Flooding on Riparian
Substrates, Vegetation, and Invertebrate Populations in the Colorado River
Corridor in Grand Canyon, Arizona,” Glen Canyon Environmental Studies
Technical Report. Salt Lake City, Utah: Bureau of Reclamation, 1986.

In addition to the above studies, which directly addressed vegetation
resources, we examined the following other relevant documents in the
wildlife and habitat resource area:
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• Threatened Native Wildlife in Arizona. Phoenix, Arizona: Arizona Game
and Fish Department, 1988.

• Brown, B.T. “Monitoring Bird Population Densities Along the Colorado
River in Grand Canyon,” Glen Canyon Environmental Studies Technical
Report. Salt Lake City, Utah: Bureau of Reclamation, 1987.

• _____. Abundance, Distribution, and Ecology of Nesting Peregrine Falcons
in Grand Canyon National Park, Arizona. Final report submitted to Grand
Canyon National Park, Grand Canyon, Arizona, 1991b.

• _____. Nesting Chronology, Density, and Habitat Use of Black-Chinned
Hummingbirds Along the Colorado River, Arizona, 1991c.

• Brown, B.T., R. Mesta, L.E. Stevens, and J. Weisheit. “Changes in Winter
Distribution of Bald Eagles Along the Colorado River in Grand Canyon,
Arizona,” Journal of Raptor Research, vol. 23, No. 3, pp. 110-113, 1989.

• Brown, B.T., G.S. Mills, R.L. Glinski, and S.W. Hoffman. “Density of
Nesting Peregrine Falcons in Grand Canyon National Park, Arizona,”
Southwestern Naturalist, Vol. 37, No. 2, pp. 188-193, 1992.

• Jakle, M.D., and T.A. Gatz. “Herpetofaunal Use of Four Habitats of the
Middle Gila River Drainage, Arizona,” Riparian Ecosystems and Their
Management: Reconciling Conflicting Uses, R.R. Johnson et al. (technical
coordinators). Forest Service General Technical Report RM-120, pp.
355-358, 1985.

• Jones, K.B., and P.C. Glinski. “Microhabits of Lizards in a Southwestern
Riparian Community,” Riparian Ecosystems and Their Management:
Reconciling Conflicting Uses, R.R. Johnson et al. (technical coordinators).
Forest Service General Technical Report RM-120, pp. 342-346, 1985.

• Warren, P.L., and C.R. Schwalbe. “Lizards Along the Colorado River in
Grand Canyon National Park: Possible Effects of Fluctuating River Flows,”
Glen Canyon Environmental Studies Technical Report. Salt Lake City,
Utah: Bureau of Reclamation, 1988.

• Wilson, M.F., and S.W. Carothers. “Avifauna of Habitat Islands in the
Grand Canyon,” Southwestern Naturalist, Vol. 24, No. 4, pp. 563-576, 1979.

Officials Interviewed In addition to the riparian specialist, we interviewed 11 other EIS team
members and researchers from the government, private, and academic
sectors. A listing of the officials we contacted and the organizations they
represent follows.

Michael Armbruster, Bureau of Reclamation, Denver, Colorado
Steven W. Carothers, SWCA Inc., Flagstaff, Arizona
Byran Brown, SWCA Inc., Salt Lake City, Utah
Duncan Patten, Arizona State University (Retired), Tempe, Arizona

GAO/RCED-97-12 Glen Canyon Dam’s Environmental Impact StatementPage 193 



Appendix IX 

Vegetation and Wildlife/Habitat

Larry Stevens, Glen Canyon Environmental Studies, Flagstaff,
    Arizona
Dean W. Blinn, Northern Arizona University, Flagstaff, Arizona
Tina Ayers, Northern Arizona University, Flagstaff, Arizona
Michael Pucherelli, Bureau of Reclamation, Denver, Colorado
Susan Anderson, The Nature Conservancy, Tucson, Arizona
William Leibfried, SWCA Inc., Flagstaff, Arizona
David Wegner, Glen Canyon Environmental Studies, Flagstaff, Arizona
Mark Sogge, National Biological Service, Flagstaff, Arizona
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The construction of the Glen Canyon Dam altered the historical flow
pattern of the Colorado River and the characteristics of the water being
discharged downstream. While different water flow alternatives would
alter the pattern of water that is released from the dam, existing statutes,
compacts, a treaty, and operating criteria guide the allocation of water to
the seven basin states.1 Currently, these laws, known collectively as the
“Law of the River,” establish minimum annual releases of water from the
Glen Canyon Dam.

The area of potential impact for the resource water includes the Colorado
River downstream from the Glen Canyon Dam, Lakes Powell and Mead,
and the upper and lower basin states. These impacts include annual
streamflows, reservoir storage, water allocation deliveries, upper basin
state yield determinations, and water quality. The EIS team used computer
modeling studies to project the dam’s operations for 50 years to estimate
the long-term impacts and for 20 years to estimate the short-term impacts.

The EIS team found that the impacts on water issues of the dam’s various
flow alternatives are essentially the same as under the No-Action
alternative, except for the volume of monthly water releases and floodflow
frequency. The annual streamflows, reservoir storage, water allocation
deliveries, upper basin yield determinations, and water quality are only
slightly affected by the alternatives.

The EIS team members and researchers we spoke with were confident that
the computer modeling tools and the data used in the analyses were the
best available at the time. Also, while some researchers believed that the
maximum flow parameters under the preferred alternative should be
increased, there was general acceptance of the selection of the Modified
Low Fluctuating Flow as the preferred alternative.

Description of the
Resource

Most of the Colorado River water flowing into Lake Powell and ultimately
released into the Glen and the Grand canyons originates in the Rocky
Mountains. Runoff from spring snowmelt in the Rockies is high during
April through July, when the flow in the Colorado River above Lake Powell
reaches its annual maximum, then recedes for the remainder of the year.
During the summer and fall, thunderstorms cause flooding in the
tributaries originating on the Colorado Plateau, producing additional
peaks in the river, but they are usually smaller than the snowmelt peaks

1The basin states consist of the upper basin—which covers parts of Arizona, Colorado, New Mexico,
Utah, and Wyoming; and the lower basin—which covers parts of Arizona, California, Nevada, New
Mexico, and Utah.
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and of much shorter duration. Since the Glen Canyon Dam was completed
in 1963, flows immediately below the dam have consisted almost entirely
of water released from Lake Powell.

For purposes of the resources addressed in the EIS, water was described in
terms of streamflows, floodflows, reservoir storage, annual water
allocation deliveries, upper basin state yield determinations, and water
quality:

• The annual streamflows are determined by the Law of the River, which
currently requires a minimum annual release of 8.23 million acre-feet of
water from the Glen Canyon Dam.

• Floodflows are defined as releases in excess of the powerplant capacity of
33,200 cubic feet per second (cfs).

• The reservoir storage in Lakes Powell and Mead depends on annual and
monthly reservoir inflow and release volumes. Storage levels affect shore
line resources and recreation on the lake. Furthermore, the upper basin
states use storage in Lake Powell to meet their water delivery
requirements to the lower basin states.

• The water allocation deliveries are the deliveries of Colorado River water
to entities in the seven basin states and Mexico in accordance with the
Law of the River. In recent years, the demand for water by the lower basin
states has approached their entitlement of 7.5 million acre-feet.

• The upper basin state yield determination is the legal maximum volume of
water available for annual use by the upper basin states.

• The Glen Canyon Dam altered downstream water quality by changing the
water’s temperature and clarity.

Effects of Pre- and
Postdam Conditions
on Water

Before construction of the Glen Canyon Dam, the Colorado River was
sediment-laden, and its flows fluctuated dramatically during different
seasons of the year. Flows of greater than 80,000 cfs were common during
the spring. In contrast, flows of less than 3,000 cfs were typical throughout
the late summer, fall, and winter. The water temperatures ranged from
near freezing in the winter to more than 80 degrees Fahrenheit in the
summer.

The construction of the Glen Canyon Dam altered the natural dynamics of
the Colorado River. The dam replaced seasonal flow variations with daily
fluctuations and greatly reduced the amount of sediment in the river. Lake
Powell now accumulates the sediment that would have traveled the
Colorado River before the dam’s construction. In addition, the water
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released from the dam to produce hydropower is withdrawn from the cold
depths of Lake Powell, 230 feet below the surface when the reservoir is
full. As a result of this water withdrawal process, the water temperature
downstream of the dam is nearly a constant, year-round 46 degrees
Fahrenheit.

The quality of the water has also been affected. Most of the nutrients
carried by the river are associated with or attached to sediments, and
sediments are now trapped by the dam. Variations in the levels of salinity
in the water have also been reduced.

Issue As defined in the final EIS, the issue of concern for water resources is how
the dam’s operations affect the amount and quality of water available from
Lake Powell at specific times.

Indicators The indicators for water resources listed in the final EIS are the

• acre-feet of streamflows,
• frequency and volume of floodflows,
• reservoir storage in Lakes Powell and Mead,
• acre-feet of annual water allocation deliveries (deliveries of Colorado

River water to entities in the seven basin states and Mexico),
• acre-feet of upper basin state yield determination (hydrologic assessment

of the total water depletion that can ultimately be allowed in the upper
basin), and

• chemical, physical, and biological characteristics of water quality.

Methodology Used to
Make Impact
Determinations

Reclamation established a water resource team to make the impact
determinations for the EIS. The team consisted of two hydraulic engineers
from Reclamation; one was a water resource and an environmental
specialist, and the other was a water quality specialist.

The water resource specialist was assigned the responsibility for the
hydrology impact assessment and provided information on the Colorado
River’s operations. He wrote the background sections for the water
resource area and helped write the technical descriptions of the various
alternatives presented in the EIS. The water quality specialist was
responsible for water quality issues in the EIS.
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The team used the Colorado River Simulation System (CRSS) to analyze the
impacts of the nine flow alternatives on the annual and monthly
streamflows, floodflows and other spills, water storage, water allocation
deliveries, and upper basin yield determinations for the EIS. CRSS, a
package of computer programs and databases, is widely regarded as the
most comprehensive and detailed simulation system of the Colorado
River. CRSS is designed to assist water resource managers in performing
long-range planning and operation studies.

The CRSS database contains reconstructed natural flow data from the U.S.
Geological Survey for the Colorado River during 1906 through 1990. The
CRSS model can simulate the operations of the Colorado River, including
the effects of changes to the operation of the Glen Canyon Dam. The
modeling process begins with the assumption that the previous natural
flows in the river are indicative of future activity. Thus, the model uses
historical data to project water availability in the future. The CRSS can
address many of the “what if” questions stemming from proposed changes
in the Colorado River’s operations, from proposed development in the
Colorado River Basin, or from changes to present water use throughout
the basin. The model’s estimates are widely accepted by water resource
managers.

CRSS produces data on a monthly basis; therefore, a peak-shaving model
was used to predict hourly distribution from the CRSS-projected monthly
release volumes. (Peak shaving is the concept whereby hydroelectric
powerplants are used to serve (shave) the highest electric load (peak)
during a 24-hour period.) These hourly distributions were produced for the
No-Action and the Maximum Powerplant Capacity Flow alternatives and
for each of the restricted fluctuating flow alternatives. The hourly
projections were needed to develop and analyze the effects of fluctuating
flows on sediment and other resources. The steady flow alternatives did
not require this analysis because flows from hour to hour would be
essentially steady.

The water resource specialist developed the technical analyses of the
alternatives using the CRSS model. The technical development of the
alternatives was an iterative process, whereby the team presented the
results of the modeling program at the EIS team meetings; the EIS team
would then analyze and discuss the information to determine what
additional adjustments to the alternatives were needed. Using the CRSS

program, the water resource specialist calculated various parameters for
each alternative, including annual releases, monthly releases, reservoir
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storage, water allocation yield, and floodflows. The EIS team members then
prepared impact analyses of each alternative for the various resource
areas. Their analyses were based on the CRSS results, preliminary data from
various research projects, and their professional judgment. The results of
the impact analyses were presented and discussed at the EIS team
meetings.

Effects of the Flow
Alternatives on Water

According to the final EIS, the annual streamflows would differ only
slightly from the No-Action alternative under all alternatives and are
therefore not expected to affect the distribution of water among the basin
states. Under the restricted fluctuating and steady flow alternatives, the
measures included for reducing the frequency of floods would reduce the
frequency of unscheduled floodflows that are greater than 45,000 cfs from
an average of once in 40 years to once in 100 years. Other spills would
differ only slightly from the No-Action alternative under all other
alternatives.

Reservoir storage under all fluctuating flow alternatives would be
essentially the same as under the No-Action alternative. Water allocation
deliveries would be affected slightly under all alternatives. However, if
reserving more space in the reservoir is used to reduce flood frequency,
the amount of water available for use by the upper basin states would be
reduced. None of the alternatives affect water quality under normal
reservoir levels, which occur 95 percent of the time.

Assessment of Impact
Determinations

The CRSS model is widely accepted as the best method available for
analyzing the effects of changes to the operations of the Glen Canyon
Dam. The officials and researchers we interviewed generally stated that
the CRSS model was the best method available at the time for analyzing and
describing the various alternatives. Some alternative modeling programs
did exist; however, EIS team members told us they would not have
produced significantly different results.

The EIS team members and researchers we spoke with generally support
the preferred alternative. Two reasons cited were that the alternative
(1) strikes a balance for the resources at Glen Canyon Dam and
(2) represents a reasonable compromise among the various interest
groups. However, two researchers believe that the preferred alternative’s
operating parameters are still too conservative, even after they were
increased following public comment on the draft EIS. They told us that
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higher maximum releases and higher fluctuating flows are needed and that
adaptive management will show that the higher flows are acceptable. They
stated that compromises made for the benefit of environmental issues may
have gone too far because one-third of the hydropower capacity of the
dam was lost.

In addition, none of the EIS team members or researchers we interviewed
provided any data or research that would change the conclusions reached
by the EIS team.

The team’s water resource specialist provided us with his responses to the
issues and comments noted above. He agreed with the comments,
especially noting that the preferred alternative was a reasonable
compromise and that adaptive management may lead to less restrictive
flows. He stated that

• the process used in making the impact determinations for the water
resource was reasonable,

• the methodologies employed in this process were appropriate, and
• the data used were the best available.

Scope and
Methodology

To determine the process used to develop the flow alternatives, we
identified and reviewed the following documents.

Key Studies Identified Key documents we reviewed were the draft EIS and final EIS and associated
appendixes, the public comments on the draft EIS and final EIS, and
Reclamation’s responses to the comments on the draft EIS. We also
obtained and reviewed copies of the minutes of the EIS team meetings and
summaries of the cooperating agencies’ meetings. We studied the
Colorado River Simulation System Overview prepared by Reclamation and
the Glen Canyon Environmental Studies chapter prepared by the Power
Resources Committee. We also reviewed the Final Analysis Report on
Scoping Comments, the Glen Canyon Dam EIS Preliminary Alternatives
Report, and the newsletters issued by the Colorado River Studies Office
from June 1990 to February 1995. We also obtained and studied the Glen
Canyon Dam: Beach/Habitat-Building Test Flow, Final Environmental
Assessment and Finding of No Significant Impact, issued in February 1996.

We also reviewed three papers presented at a 1990 symposium on the
Grand Canyon (published in Colorado River Ecology and Dam
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Management by the National Academy of Sciences in 1991). These papers
were “Sediment Transport in the Colorado River Basin” by Edmund D.
Andrews, “Hydrology of Glen Canyon and the Grand Canyon” by David R.
Dawdy, and “Reservoir Operations” by Trevor C. Hughes.

Furthermore, we reviewed “Assessment of Changes to the Glen Canyon
Dam Environmental Impact Statement Preferred Alternative from Draft to
Final EIS,” issued by Reclamation in October 1995. This paper explained
the background and scientific basis for the changes to the preferred
alternative between the draft and final EIS.

EIS team members stated that the documents generated using the CRSS

model were key to the development of the water resource area. Appendix
VIII of this report contains a list of those documents. Another document
that was identified as important to the process was Hydrologic
Determination 1988: Water Availability From Navajo Reservoir and the
Upper Colorado River Basin for Use in New Mexico. Salt Lake City, Utah:
Bureau of Reclamation, 1989.

Officials Interviewed To assess the procedures followed and obtain views on the quality of the
data used in developing the flow alternatives, we interviewed the water
resource team and the internal and external reviewers of the work. Finally,
we asked the EIS team’s water resource specialist to review our description
of the impact determination process for factual accuracy. He agreed that
our description was generally accurate but made some suggestions for
changes. We have incorporated these changes into our process
description. A list of the officials we interviewed follows.

Trevor Hughes, Utah State University/National Research Council
William Lewis Jr., University of Colorado-Boulder/National
    Research Council
Margaret Matter, Western Area Power Administration, Denver,
    Colorado
Randy Peterson, Bureau of Reclamation, Salt Lake City, Utah
Craig Phillips, Bureau of Reclamation, Denver, Colorado
Tim Randle, Bureau of Reclamation, Denver, Colorado
Spreck Rosekrans, Environmental Defense Fund
Thomas Slater, Bureau of Land Management, Salt Lake City, Utah
Leslie Stillwater, Bureau of Reclamation, Denver, Colorado
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Reclamation.
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Note: GAO comments
supplementing those in the
report text appear at the
end of this appendix.

Now GAO/RCED-97-12.
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Now GAO/RCED-97-12.

See comment 1.

Now on p. 4.
See comment 2.

Now on p. 6.
See comment 3.

Now on p. 16,
paragraph 1.
See comment 4.

See comment 5.

Now on p. 108.
See comment 6.

Now on p. 114.
See comment 7.

Now on p. 123.
See comment 8.
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GAO’s Comments The following are GAO’s comments on the Department of the Interior’s
comments enclosed in a letter dated September 13, 1996.

1. We have revised the title of the report as suggested.

2. We have added the term “periodic” to our description of the Modified
Low Fluctuating Flow alternative.

3. We revised the text to clarify that the computational errors were made
during the third phase of the power analysis.

4. The year was changed to 1968.

5. We have deleted the sentence from the report.

6. See comment 3 above.

7. We deleted the word “load” from the report.

8. We revised the footnote to clarify that the energy and capacity values
referred to in the table are attributable to the Salt Lake City
Area/Integrated Projects in total, but the change in annual economic costs
are attributable solely to the Glen Canyon Dam’s operations.
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