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ABSTRACT: Rescarchers representing each of the Colorado River
Basin states as well as the Secretary of the Interior were presented
with an interactive computer simulation of o progressively increas-
ing drought and were given the collective opportunity to change the
ways in which basin-wide and within.state waler management
were conducted. The purpoese of this “gaming” excrcise was e iden-
tify rules for managing the Calorade River which are effective in
preventing drought-caused damages to basin water users. This
water management game was conducted three times, varying the
collective chaice rules for management of the river yet staying sub-
stantially within the current institution for management of the Col-
orade River known as the “Law of the River.” The Law of the River
wng quite effective in minimizing drought impacts upon consump-
tive waler uses, Additional effective drought-coping measures to
prolect consumptive uses consisted mostly of intrastale waler man.
agement improvements which states were nble to implement inde.
pendently. The Law of the River did not protect non-consumptive
water uses, such ns hydrocleetric power generation, water-based
recrealion, endangered species, and waler qualily from drought, as
well as it prolected consumptive waler uses, Players reached collec-
tive choice decisions to cope with rising salinity, equalize storage
between the upper and lower basins, and protect endangered
species. While these mensures had some success, only reductions in
withdrawnls for consumptive uses, particularly in the upper basin,
could have substantially lessened adverse impacts.

(KEY TERMS: institutions; gaming; drought; simulation; water
management; waler policy; Colorado River Basin.)

INTRODUCTION

Institutional analysts often distinguish three dif-
ferent levels of decision making and action in any
public choeice situation. They are the operational, col-
lective, and constitutional choice levels (Ostrom,
1986). Action which occurs at each of these levels does
so subject to rules which govern the behavior of par-
ticipants. Such rules also are designated as opera-
tional, collective, and constitutional choice rules.

Resource allocation and management occurs at the
operational choice level. In the case of a severe sus-
tained drought in the Colorado River Basin, the rele-
vant actions are those of the seven basin states
(Artzona, California, Colorado, Nevada, New Mexico,
Utah, and Wyoming) and the federal government in
operating the water storage and diversion facilities,
and this makes the Colorado River the most highly
regulated river in the world. Such actions are taken
pursuant the operational choice rules, which in this
case have come to be known as the “Law of the River.”
Examples of parts of the Law of the River that have
spawned operational choice rules are the Upper Col-
orado River Basin Compact of 1948 and the Colorado
River Compact of 1922, the Endangered Species Act
and the Clean Water Act, the 1964 Supreme Court
decree in Arizona vs. California, and the operating
criteria established for the operation of Glen Canyon
and Hoover Dams, which are followed by the Depart-
ment of the Interior,

Operational choeice rules are made and changed at
the next higher level of decision making, the collective
choice level. Action at this level is concerned only with
the making of operational choice rules, Examples of
actions taken at the collective choice level include the
formulation by the seven states of the Colorado River
Compact in 1922, Congressional passage in 1928 of
the Boulder Canyon Project Act, and the Supreme
Court decision in 1963 in Arizona v. California. These
actions have been taken pursuant to collective choice
ritles which determine how the process of interdepen-
dent decision making about rules must be conducted.
Collective choice rule changes are made within the
framework of the next higher level of decision, the
constitutional choice level. Constitutional choice rules
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include rules established by the U.S. Constitution,
court interpretations, and procedural rules of
Congress and the executive branch,

Gaming is one tool used in order to simulate the
process of changing operational choice rules. Gaming
is the technique of placing subjects in an environment
which requires them to make joint or collective deci-
stons among hypothetical options, the prospective
consequences of which are shown to them as their
interaction proceeds. Repeated “plays” of these games,
under differing scenarios, allow subjects to explore
the likely impacts or consequences of their collective
options by playing “what if?” games. Studies have
shown that it is usually possible to discover options
which can perform substantially better than existing
operating rules in coping with drought or other sys-
tem-wide problems (Sheer et. al., 1989). Gaming par-
ticipants can evaluate their alternatives at far less
cost, whether in time, money, or other resources, by
gaming than by trying out these options in a real set-
ting. Furthermore, repeated trials enable otherwise
irreversible mistakes to be discovered within the gam-
ing environment and aveided outside of it.

When conducting gaming exercises, players can
carefully specify the collective decision rules in order
to allow evaluation of current or proposed institu-
tions. It is then possible to see which of these collec-
tive choice rule sets leads to the adoption and
implementation of the “best” sets of operating rules
(as measured by the consequences of adopting and
implementing them}. In this way, gaming can be used
to discover superior rule sets (institutions) at both the
operating and collective choice levels.

In this study, three combinations of collective
choice decision rules and information availability con-
ditions, each corresponding to the current and two
proposed forms of the Law of the River, were used to
conduct a gaming exercise for management of the Col-
orado River. Two different types of operational rule
changes were allowed. Intrastate operational rule
changes were used to simulate independent decisions
made within each state to manage Colorado River
water. Interstate operational rules were used to iden-
tify actions that states could take collectively to man-
age the river. The gaming exercise was then
conducted using an interactive computer model to
identify superior sets of operational level rules for
management of the Colorade River in the event of a
severe sustained drought.

METHOD

We constructed a drought game by modeling the
hydrology, water management facilities, institutions,
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and economies of the Colorade River Basin by using
an interactive simulation modeling tool (STELLA II,
tm High Performance Systems, Inc.). The resulting
model, called AZCOL, was used to simulate a severe
sustained drought and to offer paming participants
the opportunity to manage this hypothetical drought,
as it unfolded before them, by changing the operating
rules for the system,

The AZCOL model of the Colorado River Basin was
constructed specifically to factlitate the gaming exer-
cise, and it relies heavily upon models and methods
developed by others on the Severe Sustained Drought
(S5D) research team. Representation of basin hydrol-
ogy, of management facilities, and of current operat-
ing rules follows The Colorado River Model (Harding,
1994), while estimation of benefits from Colorado
River water use and salinity damages is based upon
CRIM (Booker, 1994). Environmental impact indica-
tors were developed by Hardy (1994).

AZCOL is an annual model of the basic hydraology
of the basin, with twelve withdrawal points, at least
one for each of the seven states which use Colorado
River water. Allocation of the river is governed by the
operating rules for storage and delivery of water. The
priorities and operating criteria which make up these
rules are incorporated into AZCOL by using basic
logic statements to govern reserveir operations and
withdrawal. AZCOL also models salinity throughout
the basin, evaluates the dollar benefits from the use
of Colorado River water in each state along with
hydropower and recreational benefits, and provides
general indicators of the condition of environmental
resource elements, such as threatened and endan-
gered species (for a more complete description of
AZCOL, see Appendix I of Lord ef. al, 1994).

The drought employed for the games was the most
severe sustained drought which tree ring researchers
have been able to reconstruct from historic data. The
same drought sequence was run in each of the three
games in order to maintain the consistency in severity
of drought across games and comparability between
games [see Tarboton (1995} and Harding ct. al. {1995),
for details on the drought used and its construction
from tree ring recordsl.

The participants played the roles of the seven basin
states and the federal government. Each player was a
member of the S8D research team, All participants
were water resource specialists with detatled knowl-
edge of Colorado River Basin management. In addi-
tion, players were assigned to play for a particular
state because they had specialized knowledge of the
Colorado River management philosophy of that state
as well as of the physical Colorado River conditions
pertinent to that state. A total of 11 players played
the seven states and the Secretary of the Interior
(SOI) over the three games, Changes in players were
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necessary over the three games because of the length
of the games and scheduling conflicts.

Each game was run by allowing pauses in the
drought simulation during which players were
allowed to make intrastate management decisions
and propose and vote on interstate management pro-
posals. Decisions and proposals were allowed in simu-
lation years that were a multiple of five or when the
drought reached a major change in system condition,
These changes in system condition were called “trig-
ger points” and corresponded to the following water
availability conditions on the river: declaration of sur-
plus in the lower basin, shortage in the upper basin,
three possible stages of shortage in the lower basin,
and a condition where none of the above are true,
termed “normal.” (For further definition and discus-
sion of the trigger points, sce Appendix I.)

Drought impacts were displayed to participants
using 1-2 page reports with information for the peried
of time since the previous decision point in the game.
Each player received an individual report containing
information pertinent to that particular player’s role
in the game, as well as a general report with informa-
tion about basin-wide conditions.

Prior to the gaming, we conducted interviews with
what we then believed would be the players in order
to elicit their interpretation of the value judgments
they believed to be consistent with the water manage-
ment, objectives of states for which they would play.
We used the MATS computer program (Brown el al,
1986), developed by the Bureau of Reclamation, to do
this, MATS is only one of a number of techniques
(ELECTRE and MAUT being others) designed to help
decision makers understand their own values and the
implications of those values for decision making. In
essence, we asked these subjects to trade off econom-
ie, environmental, and equity values. We found that,
in general, players rated economic impacts as more
important than either equity or environmental
preservation. However, the value elicitation for the
S8D gaming was limited to seven subjects, only six of
whom participated in the gaming, leaving five of the
participants unrepresented. Therefore, we do not wish
to make too much of these results,

More fundamentally, it was not our purpose to
impose any set of evaluative criteria upon the deci-
stons made by the subjects. Instead, we attempted to
determine what changes in rules for water manage-
ment they might be able to make in the face of an
extreme event, under each of three collective choice
rule sets. Such changes, if any, might be good or bad
from any of a variety of perspectives. In our conclu-
sions and recommendations, we attempt to critigue
those decisions from what we believe to be a broadly
representative value set, but since elieiting that value

909

set was not a part of our research, our critique is,
accordingly, qualified.

COLLECTIVE CHOICE RULES

The drought game was played three times, the first
time under collective choice rules which correspond to
those currently in place, the second time under rules
such as those which might characterize an interstate
river basin commission, and the third time under
rules which permitted water marketing between
states. Under the first rule set, modification of the
current ways of managing the system reguired unani-
mous agreement of all of the basin states and of the
Secretary of the Interior, although each of the seven
states could make independent decisions about how to
manage water within its boundaries. Each of the
states operated with whatever information was pecu-
liar to it, together with a limited set of hydrologic
information produced by the federal government and
made available to all states. This game was played by
electronic mail, thus facilitating partieipation by a
geographically disperse group of players and prevent-
ing the players from conducting face-to-face and pos-
sibly bilateral negotiations.

The interstate compact commission was assumed
to produce a broader array of information and to dis-
tribute it to all of the member entities so that the
information rules changed substantially for the sec-
ond play, but the aggregation rule of unanimity did
not change. The players were assembled in a single
location, and the information produced was essential-
ly available to all.

The third play of the game was characterized by
these same broadened information rules, but the
aggregation rules were changed to permit any two
states to decide to lease or sell water between them,
although the Secretary of the Interior retained a veto
power in order to prevent material injury to third par-
ties. The collective choice rule for interstate opera-
tional rule changes not related to water marketing
remained in unanimouns agreement in the third game,
The players were again assembled in the same loca-
tion. Table 1 summarizes the coliective choice rules,
plus the operational level rules discussed next.

OPERATIONAL RULES

Participants in the SSD gaming exercises could
choose from two different types of operating rules,
They were intrastate and interstate vule sets. Partici-
pants representing any of the seven basin states could
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TABLE 1. Summary of Collcetive Cheice Rules and Operational Level Rules,

Collective Choice Rules

c Lot ion Availabili Collective Choice Rul
1. Existing Conditians Limited Unanimity
2. River Basin Commission Extensive Unanimity
3. Interstate Water Marketing and Water Banking Extensive Bilateral Agreement for Interstate Choices

9 and 16, Unanimily for Interstate
Choices 1-8

Operational Level Rules

Iat Choices.- AlLS E Az

i. Strict prior approprintion

2. Proportional sharing of water scarcity between agricultural and non-agricultural uses

3. Intrastate water marketing

Intrastate Choices - Arizona {nll options include strict enforcement of the Arizona Grovndwnter Management Act)

Nao subsidy to agricultural users with CAP contracls

el ol

No subsidy te ngricullural users
Extensive recharge of CAP water into Arizonn nquilers

Interstate Choices

Uncompensated shorting of Mexiean delivery obligation
Compensated shorting of Mexican delivery obligation
Revision of operating criterin for Hoover Dam

Revision of operating criterin for Glen Canyon Dam

el o

b

@

drought

Subsidy for irrigators with CAP conlracts to lower the price of CAP water to that of ground water

Modification of upper basin reservoir operating rules which attempt to maximize power generation at Glen Canyon Dem in the event of n

6. Meodilieniion of all reservoir operating rules to mect the requirements of the Endangered Species Act
7. Implementation of a salinity control program which includes on-farm water-use efficiency improvements nnd/or control of natural source

salt loading, in addition to those programs already in place

B. Activation of the desnlinization plant at Yuma, Arizena to reduce salinity of water delivered to Mexico in compliance with Minute 242 of
the Internativnal Boundary and Water Commission agreement with Mexico

9. Inicrstate water marketing {allowed only in game three)
10. Interstate water banking (gllowed only in game three}

setect from the intrastate options menu unilaterally
(without consulting or informing other participants).
In other words, they were free to manage water
appropriated to their individual states without inter-
acting with other states. Interstate water allocation
options could be adopted and implemented only
through a collective choice process involving other
participants. Individual state participants could pro-
pose changes in the interstate water allocation rules,
but they could not adopt, much less implement, such
changes unilaterally.

Intrastate Operating Rule Options

There were three possible intrastate operating rule
sets available to each state participant. In all states
except Arizona, these options were as follows:
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1. Strict prior appropriation, under which available
water supplies were delivered to holders of water
rights solely according to the seniority of their rights,
This was interpreted to mean that agricultural water
rights, being generally senior, would be satisfied first.
Shortages fall mainty upon municipal users, This
option implemented appropriation doctrine but also
assumed that water transfers would not occur as a
response to scarcity (in reality, the barriers to free
transfer of appropriative righis vary significantly
among the basin states).

2. Proportional sharing of water scarcity, under
which water use cutbacks are impesed upon all water
users, without regard to sentority, in the event of sup-
ply shortages. This was interpreted to mean that each
water use would be shorted by that percentage by
which water supplies fell short of aggrepate rights.
Sacrifices were shared equally by all water users.

B
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Brown el. al. (1982) have observed informal arrange-
ments to share adversity among appropriators. Most
administrative allocation arrangements, as in the
California water districts, impose universal cutbacks,
although not always in uniform proportions, Further-
more, Arizona requires increasingly stringent across-
the-board reductions in ground water pumping by
irrigators and industrial users to meet an eventual
goal of attaining safe yield in threc active manage-
ment areas.

3. Water marketing, under which available water
supplies were delivered to water users solely accord-
ing to the marginal value of water in each use. This
was interpreted to mean that generally higher-valued
muricipal demands would be satisfied first, followed
by lower-valued agricultural demands. This option did
not contradict the doctrine of prior appropriation but
coupled it with the assumption that holders of senior
water rights whose uses were low-valued (agriculture)
could and would sell water to those whose uses were
higher-valued {municipalities).

Both Arizona and California rely upon ground
water and upon administrative atlocation of water
supplies much more heavily than do the other basin
states. In Arizona in particular, groundwater accounts
for over half of annual depletions, and even much of
the surface water is allocated administratively by the
Salt River Project. Pending disposition of Indian and
other federal water rights issues in that state, the
appropriation doctrine plays only a minor role in dis-
tributing the year-to-year burdens of water scarcity.
This, coupled with the great current interest in how
Arizona will use and pay for its Central Arizona
Project (CAP) entitlement, led to the development
of AZSIM (Booker, James F., 1993, unpublished
manuscript), a model of Arizona’s water economy for
use in the SSD analyses, and to the formulation of
unique intrastate water allocation options for Arizona
to be used in AZCOL, Briefly, those three options are
as follows:

1. Strict enforcement of the 1980 Arizona Ground-
water Management Act (AGMA) with no subsidy to
CAP agriculture. This legislation forbids further
depletion (after 2025) of the aquifers underlying the
Phoenix and Tucson Active Management Areas
{(AMAs). Under this option, those two areas rely
increasingly upon CAP water, but little CAP water is
used by irrigators due to its high cost relative to
ground water. CAP use falls below its current levels
and rises only slowly thereafter, This option potential-
ly allows Arizona to lease or sell such water to other
states.

2. Strict enforcement of AGMA and a similar
restriction against ground water overdraft throughout
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the entire state, coupled with a subsidy to irrgators
with CAP allocations. That subsidy is just sufficient
to eliminate the cost difference between using such
water and pumping ground water (such a subsidy is
currently used in Arizona in the form of tiered CAP
water rates for trrigators). Under this option, CAP
water use is maximized within the state and the his-
toric overdraft of ground water is ended.

3. Rehiance upon recharge and underground stor-
age of CAP water. This option resembles the first
strict AGMA option but also includes large-scale
recharge of CAP water to the state’s aquifers. This
water 1s thus made available, at cost, in years when
CAP deliveries may be restricted. The result is that
CAP deliveries are increased, compared to option one,
and water is stored to meet future exigencies.

Interstate Operating Rule Options

The menu of optional interstate operating rules
from which the participants could choose was more
detailed, realistic, complex, and open-ended than was
that for intrastate rules, as just described. It was the
evaluation of these interstate rules which was a main
purpose of the SSD research, so they will be described
in greater detail than were the intrastate options.
These options were identified by the SSD legal and
institutional teams as points of institutional flexibili-
ty that would likely be tested during the course of a
severe sustained drought (see MacDonnell et, al.,
1995}. Each option was then tested for feasibility by
the computer simulation team,

These operating rules were not complete and mutu-
ally exclusive options, as were those for intrastate
decision making. Instead, they were more in the
nature of component clements, which could be assem-
bled in varicus ways te form complete sets of operat-
ing rules:

1. Uncompensated shorting of the Mexican treaty
delivery obligation, in which the Secretary of Interior
(SOI} decides how much Colorado River water to
deliver to¢ Mexico. Resulting savings are divided
among states in the sub-basin (upper or lower) where
the shortage exists.

2. Compensated shorting of the Mexican treaty
delivery obligation, in which water allocation follows
the previous rule, but the SOI then decides the
amount of the compensation paid to Mexico and the
distribution of that cost among the federal govern-
ment and each of the basin states.

3. Revision of the operating criteria for Hoover
Dam which alters the definition of a lower basin
shortage and changes the amount by which CAP
deliveries will be reduced when this shortage
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condition is reached. Currently, a lower basin short-
age is declared when the contents of Lake Mead drop
below 13,359,000 acre-feet, at which time CAP diver-
sions cannot exceed 800,000 acre-feet annually. Until
recently, however, a lower basin shortage was not
declared (prospectively, of course, since a lower basin
shortage has not yet occurred) until Lake Mead fell
below 10,762,000 acre-feet, but at that point CAP
deliveries were reduced to no more than 450,000 acre-
feet annually. Possible choices for the lower basin
shortage declaration level and CAP diversion ceiling
are not restricted to those Hsted above, but these
rules should be adjusted in tandem. In other words,
subjects could phase in CAP reductions gradually, as
in the current rule set, or more abruptly, as in the
earlier set. The current rules limit the size of initial
cutbacks in Arizona's CAP diversions but raise the
probability of such cutbacks, while the earlier rules
were designed to maintain the minimum power pool
in Lake Mead for as long as possible.

4. Revision of the operating eriteria for Glen
Canyon Dam, which carry out the required releases to
the lower basin under the terms of the 1922 compact
and which also strive to maintain hydropower produc-
tion at Glen Canyon. Currently the Department of the
Interior prospectively follows what is called the equal-
ization rule. This rule now requires that 8,230,000
acre-feet (the objective minimum release) be released
from Glen Canyon Dam each year, except under three
contingencies. The first of those contingencies occurs
when Lake Powell is full and inflow exceeds the lower
basin delivery obligation of 8,230,000 acre-feet. At
that time, water is spilled in sufficient quantities to
prevent failure of Glen Canyon Dam, This rule need
not concern us here because this contingency would
not oceur under drought conditions. The second con-
tingency occurs when the contents of Lake Mead fall
helow those of Lake Powell, at which time releases in
excess of 8,230,000 acre-feet are mandated to forestall
a possibly needless failure to meet lower basin
demands. Because this “equalization rule” is asym-
metrical and may even be in violation of the terms of
the 1922 compact, an initial option was to abandon it.
The third contingency occurs when the sum of the
contents of Lake Powell and expected annual inflow is
less than 8,230,000 acre-feet, under which conditions
the release is limited to the water actually available.

The participants suggested, and eventually
adopted, a so-called reverse equalization rule, another
option which would maintain the contents of Lake
Powell equal to those of Lake Mead by reducing
releases from Glen Canyon Dam below the 8,230,000
acre-foot standard whenever Powell was lower than
Mead. This, in turn, generated a fourth option, which
combined the equalization and reverse equalization
rules. Under this rule, Powell and Mead would be
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fully equalized, essentially treating them as a single
reservair,

The Colorado River Compact requires that at
least 75 million acre-feet be delivered at Lees Ferry in
every ten-year period for use by the lower basin
states. This is known as the ten-year moving average
requirement. It stands in contrast to the fixed annual
delivery obligation, called the objective minimum
release, which is currently incorporated in the operat-
ing rules for Glen Canyon Dam. OQur AZCOL model,
unlike the Colorado River Model of Harding et al.,
included the fixed annual delivery obligation rather
than the ten-year moving average regquirement of the
compact. Et is virtually certain that the ten-year mov-
ing average delivery obligation would be invoked in
the event of a severe sustained drought. The adoption
by the participants of the reverse equalization rule
temporarily suspended adherence to the delivery abli-
gation of the 1922 compact, whether implemented in
the objective minimum release rule or the ten-year
moving average rule.

5. Modification of the operating rules for upper
basin reservoirs, which now attempt to maximize
hydropower generation at Glen Canyon Dam. Water
is released from these upper basin reservoirs as need-
ed to maintain the minimum poewer pool in Lake Pow-
ell. The optional “store high” rule would maintain the
contents of the upper basin reservoirs, subject to
required debiveries in satisfaction of releases to the
lower basin mandated by the 1922 compact.

6. Modification of the operating rules for all system
reservoirs as necessary to meet the requirements of
the Endangered Species Act (ESA), We are not aware
that such modifications have yet been made. The
basic difficulty is that, given adequate scientific
knowledge at the time, these reserveirs could not
have been built had the ESA been in effect when they
were authorized (and had they not been excepted
from its provisions). Changes in reservoir operating
rules can delay sonie extinctions, but most of the
damage is irreversible, save by removing the reser-
voirs (and even then, some species may already have
been lost),

The optional rule provides that supplemental
releases are made frem reservoirs, whenever water
exists in those reservoirs, in order to preserve endan-
gered species in river reaches to comply with ESA. If
activated, these supplemental releases are made to
meet mintmum stream flows required to maintain
endangered species. These minimum stream flows are
calculated as percentages of the long-term average
flow for the stream reach according to criteria devel-
oped by Hardy (1994). In this case, five percent of
long-term average flow is used to approximate these
requirements.
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7. Implementation of salinity control measures in
addition to those already employed under United
States Department of Agriculture (USDA) and
Bureau of Reclamation programs. Options include:
{a) reduction of agricultural source loading through
on-farm efficiency measures such as hining of irriga-
tion canals, irrigation scheduling, use of more
efficient irrigation methods, or land leveling;
(b) reduction of agricultural source loading by retire-
ment of agricultural lands currently in production
(reduction in agricultural demand); and (c) reduction
of natural point and diffuse source loading through
interception of saline waters and their disposal or
reuse after treatment. USDA and Bureau of Reclama-
tion estimates of costs and potential salt loading
reduction are relied upon for implementation of these
measures in AZCOL.

8. Utilization of the Yuma Desalting Complex to
reduce salinity of Colorado River water reaching Mex-
ico in order to comply with the U.S. obligation to Mex-
ico under Minute 242 of the International Boundary
and Water Commission agreement to deliver approxi-
mately 1.36 maf of water to Mexico upstream of More-
los Dam with an average annual salinity of no more
than 115 parts per million (ppm) +/- 30 ppm over the
average annual salinity of Colorado River waters at
Imperial Dam in the U.S. Implementation of this
option in AZCOL assumes that this facility is com-
plete and that the capacity of the plant is 72 million
gallons per day. Stand-by and variable costs of opera-
tion are included.

In addition, two interstate options were allowed
only in the third game.

9. Interstate water marketing between the upper
and lower basins has been discussed extensively in
recent years but has not yet occurred. Some believe
that there are legal barriers which must be erased for
such marketing to occur. Others believe that the bar-
riers are not legal but political. Therefore, water mar-
keting was made an available option only in the third
gaming exercise, when collective choice rules were
changed from unanimous to bilateral approval. Then,
any state could offer to lease some of its (unused) Col-
orado River water to other states for a stated price,
The lease could be for a stated number of years or
long-term {greater than the 38-year period considered
by the study). A sale occurred only if another state
agreed to the terms of the offer and if the Secretary of
the Interior (SOI) approved.

10. Interstate water banking is another operating
rule change which has been discussed in recent years.
It, too, has not yet occurred and may be variously
regarded as barred by current rules or potentially
available, given sufficient political will. Again, this
option was made available only in the third gaming
exercise. Under its terms, any state could “deposit”

some or all of its unused Colorado River water in a
water bank nccount for that state, provided that a
limit on the total amount of deposits by all states at
one time was not exceeded. The water could be with-
drawn automatically, whenever the banking state suf-
fered a shortage, or it could be withdrawn on demand,
according to instructions from the state. Deposits
could not be transferred to another state's account.
However, water could be banked by the purchasing
state and later withdrawn or offered for sale (or
offered before being withdrawn), Similarly, water
could be purchased and then banked by the purchas-
ing state. Limits borrowed from the California Water
Banking Proposal were placed on the total amount of
water a state was allowed to bank during the drought,
in order to prevent large-scale negative impacts on
non-consumptive values. Those limits are given in
Table 2.

TABLE 2. Water Banking Limits on Amounls Transacted
(thousnnds of acre-feet)

State Quantity
Arizonn 1400
Calilornin 2200
Colornde 1600
Nevada 200
New Mexico 300
Utah 700
Wyoming 400

RESULTS

As is shown in Table 3, propesals to change inter-
state management of the river that were made during
the three games can be classified into five broad cate-
gories: salinity control, interbasin management of
storage, endangered species protection, shorting of
deliveries to Mexico, and permanent adjustment of
California’s basic allocation. Interbasin management
of storage refers to proposals to equalize storage in
the upper and lower basins by adopting a “reverse
equalization” rule or a simple reduction in the
required yearly delivery from the upper basin to the
lower basin, Proposals in two of these categories —
permanent adjustment of California’s basic Colorado
River allocation and shorting of deliveries to Mexico —
were only made in one of the three games.

Salinity control was the focus of game one, in terms
of the number of proposals, with six propesals eventu-
ally resulting in an agreement ocn how to apportion

WATER RESOURCES BULLETIN




Henderson and Lord

TABLE 3. Nonbilntera! Interstate Management Options Proposed.

Gnme 1 Gamo 2 Game 3
Type of Proposal (Proposed\Adopted) {(ProposediAdopted) {Proposed\Adopted)

Snlinity Control 671 0.5\0° 1\
Interbasin Manngement ol Slorage IND B.5\1* 1\l
Endnngered Species Protection 3\l 1N 1M1
Shorting of Mexican Deliverics 2\1
Permanent Adjustment of Californin's Basic Aliocntion 1O

Total 1272 AY N3

*A reduction in the delivery requirement Lo the lower basin was proposcd in return for upper basin salinity control, This propesal was, there-
fore, counted as hall salinity control, half interbasin management of storage.

costs of & program to cut agricultural salt loading in
the upper basin by 10 percent. Endangered species
protection was also adopted in this game, In addition,
the need for a “reverse equalization” rule was discov-
ered in this game as the contents of Lake Mead
stayed unexpectedly high and Lake Powell was
drained at a relatively much faster rate. Current
operating criteria for Glen Canyon Dam allow for-
ward equalization to equalize the September 30 con-
tents of Lakes Mead and Powell if the contents of
Powell are greater than those of Mead. It was discov-
ered that in order to avoid delay onset of upper basin
shortages, a reverse equalization rule was needed.
This rule was added to the mode] for games two and
three but was not available in game one. A temporary
reduction in the yearly delivery requirement from the
upper basin to the lower basin was also proposed but
required modifications of the model which were possi-
ble to complete only in time for games two and three,
not game one.

Interbasin management of storage was the focus of
the second game, partially as a result of the learning
that had occurred in the first game. A reverse equal-
ization rule was adopted after arriving at an agree-
ment to compensate the lower basin if this rule
change resulted in the draining of the contents of
Mead below the Mead shortage declaration level at a
time when the upper basin is unable to make full
deliveries to the lower basin. The form of compensa-
tion was left unspecified, but if compensation were to
be required and no compensation agreement could be
reached, the upper basin states would be required to
reduce consumption below their present perfected
rights (which are, collectively, two million acre-feet).
Compensation was not required, however, for the con-
tents of Mead reached the shortage declaration level
in years during which the upper basin made full
deliveries to the lower basin,

The focus of game three was interstate water bank-
ing and water marketing. Bilateral negotiations
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between pairs of states were frequent and resulted in
seven interstate water transfers and a like number of
water banking arrangements, the latter usually bat
not always associated with water transfers. Every
state except Nevada sold Colorado River water to Cal-
ifornia. Water sold to California totaled 5.8 million
acre-feet over the 38 year simulation. Wyoming, Utah,
and New Mexico sold water stored in their water
bank accounts. Only Celorado used its water banking
alletment to defray its shortages. The SOI promulgat.
ed additional interstate decisions without protest
from the states, These actions included implementa-
tion of the reverse equalization rule, protection of
endangered species, and utilization of the desalting
plant at Yuma, Arizona, to meet international treaty
requirements,

There are additional changes which are within the
purview of the basin states themselves which were
made during these games. The most obvious of these
are the water allocation and management rules which
the individual states administer within their own bor-
ders. Two state players made such changes, which
may or may not have required legistative or court
action to accomplish {governors in the West have sub-
stantial powers to temporarily alter water allocation
rules during drought emergencies).

Summary of Drought Impacts by Category
of Water Use

Consumptive Use Shortages. The majority of
the drought-caused shortages each game occurred in
the upper basin. Figure 1 shows yearly shortages as a
percentage of requests for withdrawals in the upper
basin by drought year for game one — the game in
which upper basin shortages were the greatest. In
each game, a lower to upper basin call triggered a
reduction of consumption in the upper basin from
maximum desire for water use to rights. Average
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yearly shortages suffered by upper basin states in
game one ranged from 52 percent for Colorado to 47
percent for Wyoming. Average shortages were less
severe and occurred in fewer years in the second and
third games. Average shortages during compact call
years ranged from 43 percent for Colorado to 32 per-
cent for Wyoming in game two and from 54 percent in
Utah to 46 percent in Wyoming for game three. There
were call-induced upper basin shortages for five years
in game one, three years in game two, and four years
in game three. Reverse equalization rules adopted in
games two and three were responsible for reducing
the number of years in which a compact call and
shortages existed.

The results of each game erroneously showed that
shortages in Colorado veccurred sooner and lasted
longer than in other upper basin states. Colorado
shortages which did not occur during the compact call

100 ...

80 -

were a result of excessive aggregation of Colorado
demands in the model and do not reflect any real sup-
ply limitations. The number of withdrawal points in
Colorado has since been expanded from three to five,
and sufficient geographic realism has been achieved.
However, not enough time was available during the
games in order to make these changes. Therefore,
during the games, the Colorado player was advised
that true Colorado shortages would occur only in
years during which a compact call is in effect. The
severity of Colorado shortages during years in which
a compact call exists is correctly reported by the
model.

Shortages in the lower basin occurred in all three
games, However, in each case, only the first stage of
lower basin shortages was reached — that of reducing
the maximum CAP delivery allowed. The degree to
which these shortapes affected Arizona water users
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depended upon the overall intrastate management
policy adopted by the Arizona player during the short-
ages in each game. In game one, Arizona increased its
desire for CAP water prior to the onset of lower basin
shortages by approving a subsidy of agricultural use
of CAP water combined with enforcement of safe-yield
ground water use restrictions to all Arizona Active
Management Areas. As a result, Arizona suffered
average shortages of 0.7 million acre-feet per year
over 16 years, compared to its normal maximum CAP
allotment, and an average of 0.895 million acre-feet
over 21 years compared to the maximum desire for
water use under this policy. Arizona adopted different
policies in the two other pames. In game two, Arizona
did not support a subsidy to CAP agriculture and sufe
fered no shortages when its maximum allowable CAP
delivery was cut. In game three, also with no subsidy
to CAP agriculture, Arizona suffered minor CAP agri-
cultural shortages, averaging 45 thousand acre-feet
for four years of the game, only two of which were
consecutive. Arizona water users did not suffer any
cutbacks in water use in game three, however, for Ari-
zona drew upon recharged CAP water to make up for
cutbacks in CAP deliveries.

The other lower basin states besides Arizona did
not suffer a drought-caused shortage at any time dur-
ing the three games. California can be said to be in a
chronic state of shortage with a basic allocation of 4.4
million acre feet and a maximum desire for water use
around 5.2 million acre-feet. These chronic shortages
are independent of the impacts of basin-wide drought
and will only be discussed in terms of California’s
desire for more Colorado River water.

Hydropower. Sales from power generated by
basin reservoirs remained relatively comparable over
the three games. Average yearly benefits from
hydropower were almost identical in all games, aver-
aging about $382 million in each game, or about 70
percent of the highest valued year of hydropower ben-
efits in the simulation. Game three hydropower bene-
fits would have been lower than in the other games
had California used more of its banked water, thus
draining the contents of Mead below minimum power
pool sooner or for a longer duration.

Recreation. Monetary benefits from recreation
was also very similar across games, ranging from a
yearly average of $349 million in game one to $342
million in game three, or from 79 percent to 85 per-
cent of the highest valued year of recreation benefits
in the respective simulations. Higher benefits from
recreation at Lake Mead in game one due to higher
lake levels carly in the drought sequence accounted
for most of the difference across games.
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Salinity Control. Salinity damages in each game
were greatly affected by the salinity management
policies adopted. No salinity contro]l measures were
agreed upon in game two, resulting in salinity dam-
ages of $52 million in the upper basin and $188 mil-
lion in the lower basin. There were also 12 years of
the 38-year drought sequence in which Minute 242
was viclated. By contrast, in game one, a 10 percent
reduction in agricultural salt loading was agreed
upon by the players. Compared to game two, the pro-
gram saved sbout $1.47 billion in averape yearly
salinity damages or $273 million after subtracting the
project cost. In addition, there were four less viola-
tions of Minute 242 in game one as compared to game
two.

In game three, the desalting plant at Yuma was
activated to help meet the obligation to Mexico out-
lined in Minute 242, The plant was effective in reduc-
ing violations of Minute 242, with six less violations
than in game two and two less violations than in
game one. In addition, the desalting plant reduced the
severity of the six violations in game three. However,
at an average cost of $334 per acre-foot of less salty
water delivered from the Yuma plant, it is necessary
to note that other options such as on-farm reduction
of salt loading could be more cost effective in reaching
the same result.

Environmental Attributes. Environmental spe-
cialists on the SSD research team identified seven
types of environmental impacts and 16 critical loca-
tions for assessment purposes (Hardy, 1994). Impacts
were estimated on a four-part ordinal scale. The most
severe impact level, in the case of threatened and
endangered species, represents extirpation of the
species at that location.

Most instances of environmentat deterioration are
to some degree reversible, but in the case of threat-
ened and endangered species, losses are not so easily
reversible. Complete extinction of a species is clearly
irreversible, but localized extirpations are probably
reversible, given enough time and effort and provided
that breeding stocks exist elsewhere in the system,

With an instance of extirpation defined as complete
elimination of a single species at a single location in a
single year, there were 21 instances of extirpation of
threatened or endangered species in game one, 32 in
game two, and 30 in game three. These extirpations
occurred in Flaming Gorge, Navajo, and Lake Powell
reservoirs, and in the Green River below Flaming
Gorge. All of the reservoir extirpations were eventual-
ly reversed, but that in the Green River was not.

The player representing the Secretary of the Interi-
or invoked the Endangered Species Act to modify
reservoir release rules and protect these species in
each game. The player in the first game acted to do so
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just five years into the drought period. The (different)
player who assumed this role in the second and third
games waited until the 18th year to do so, which
explains the superior record in protecting those
species in the first game.

No corresponding special changes in operating
rules were made to mitigate environmental impacts
other than those upon threatened and endangered
species impacts such as wetlands, national wildlife
refuges, and native non-listed fish. Consequently,
these impacts were negative in 75 percent of the
instances. This is so not only because there may be no
clear legal basis for mitigating these other impacts
but also because there was less understanding on the
part of the players (none of whom was an environ-
mental scientist) as to what rule changes might have
been effective in doing so0.

EVALUATION AND DISCUSSION

We analyze the results of the three gaming exercis-
es from the perspective of the two purposes for which
the exercises were conducted. The first of these par-
poses was to identify for further study those operat-
ing options which showed the most promise for
mitigating drought impacts and which could be adopt-
ed and implemented without Congressional action
(new legislation) or additional Supreme Court deci-
sions, We also compare the results of the three gam-
ing exercises, in evaluating alternative collective
choice institutions. Three such options were investi-
gated, as described previously. These options, unlike
those at the operating level, were determined before
the gaming occurred and were not within the ability
of the players to change. Nonetheless, it is the out-
comes of the operating rules which the players select-
ed in each game which permit us to compare and
evaluate these collective choice options.

Multiple Decision Criteria Exist

In the SSD gaming exercises, we attempted to dis-
play to the players the potential impacts associated
with all of the plausible management objectives
{water supply, hydroelectric power generation, water-
based recreation, water quality control, and environ-
mental preservation) so that each player could give
whatever weight he chose to each of them. Although
there were differences from state to state and from
game to game, each state player was shown about 100
items of information (some of which, like reservoir
contents and releases, were not impact measures) for
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each year, for a period of no more than five years, at
each decision point. The cognitive task for each player
was impossibly difficult for decision making within
the half hour de facto limit which applied. It would be
easier for state water managers operating in real
time. Still, psychological research has firmly estab-
lished that the consisteney and discrimination of
human judgments degrades rapidly as the number of
criteria increases.

In the gaming exercises, we chose to present
impacts in each category in physical terms and also to
display the aggregate monetary impact, as used in the
policy capture research. We thus left up to each indi-
vidual player whether to use the monetary variable or
to attempt to trade off a large number of physical
impact measures, This was done in part because the
monetary variable was so highly aggrepated that it
obscured possibly relevant distributional considera-
tions and partly because the research team was well
aware that water decision makers are traditionally
disinclined to maximize net monetary henefits.

The cognitive task of balancing or trading off the
five broad management objectives of quantitative
water deliveries, hydroelectric power generation,
reservoir recreation, water quality control, and envi-
ronmental preservation is well within the capabilities
of human judgment, provided that all of the many
detailed impact categories could be satisfactorily
aggregated to this level of generality and abstraction
and provided that the weights and functional forms of
the relevant judgment policy were well known. How-
ever, such information is never available, since we are
referring to a political process of determining and
expressing societal policy objectives, not those of indi-
viduals.

Decision Criteria are Highly Competitive

There are many other competitive relationships
between water management purposes in the Coloradoe
River Basin. Conflicts between hydropower and recre-
ational and environmental purposes have been promi-
nent recently. Reservoir recreation and whitewater
recreation frequently conflict. Reservoir releases for
salinity control may conflict with these for power gen-
eration. Most obvious of all is the basic conflict
between consumptive (water supply) water uses and
all of these non-consumptive water uses. And these
conflicts between objectives are in addition to the con-
flicts between states which have characterized the
basin for all of this century.

The Law of the River seems to offer clear guide-
lines to resolving conflicts between competitive pur-
poses and states. To paraphrase, those guidelines
state that consumptive water uses must be favored
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above nonconsumptive ones, that the lower basin
holds rights senior to those of the upper basin, that
California rights are senior to Arizona’s rights to Cen-
tral Arizona Projeet (CAP) water, and that upper
basin states share drought risks, in the event of a
need for curtailment of use, in proportion to the previ.
ous year’s distribution of water use between upper
basin states. But other rules established since 1922
cloud that conclusion. The Endangered Species Act
may supersede the Law of the River if the two con-
flict, and there has been much speculation and inves-
tigation of this possibility in recent years. The Clean
Water Act may offer similar possibilities for conflict,
although it has received less attention thus far. And
the issue of federal reserved rights casts a major
cloud over the inviclability of the criteria implicit in
the Law of the River. But the seemingly greatest
source of conflict, insofar as the results of the SSB
gaming has shown, lies in the competitive nature of
the technical relationship between consumptive water
uses on the one hand and non-consumptive ones on
the other. Existing rules, at least those which are for-
mally codified, give little standing to the nonconsump-
tive purposes of river management. Certainly the
players in the SSD drought gaming exercises gave
hydropower and recreation short shrift. Lack of
attention to hydropower benefits was probably
encouraged, however, by our inability to identify
state-specific hydropower benefits,

The first and, apparently, foremost decision criteri-
on used by players in the gaming exercises to evalu-
ate operating rules for the Colorado River interstate
water management system (hereafter, CRIWMS) was
quantitative water delivertes, Histerically, each of the
basin states has attempted to establish and safeguard
its share of the limited quantity of water yielded by
the hydrologic system. It is not surprising that the
players in the gaming exercise, who were attempting
to play the roles of state water decision makers,
should focus heavily upon this decision criterion.

The Playing Field Is Not Level

Consumptive Water Uses Are Well-Protected
From Drought. Figure 2 shows a trace of reservoir
contents over each droupght game for the two major
Colorado River basin reservoirs — Lake Powell and
Lake Mead. One role of the substantial storage capac-
ity represented by Lakes Mead and Powell, and by
the other system reservoirs, of course, is to mitigate
drought impacts by storing water in wet years and
delivering it in dry years. Since that storage capacity
is large, amounting to about four times the mean
annual flow of the river, water uses in the Colorade
Basin are well protected apainst short droughts.
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However, the severe sustained drought produced
shortages throughout both subbasins and drained
Lake Powell to dead storage in all games, Despite
these shortages, the system of federal reservoirs,
together with the rules under which it is now operat-
ed, provide exceptional drought protection to con-
sumptive uses in the lower basin states and good
drought protection to such uses in all of the upper
basin states.

By far the largest shortages are these suffered by
California. But these shortages, which represent Cali-
fornia’s “surplus” demands (deliveries which are in
excess of California’s basic entitlement of 4.4 million
acre-feet and which are made only in years when suf-
fictent water is available in the lower basin), could
hardly be said to be drought-caused, since they occur
in each and every year. Upper basin shortages are
concentrated in a few years but cause substantial
reductions in water deliveries at the depth of the
drought.

In year 18, the most severe year of the drought,
basin-wide shortages amounted to 12.6 percent of
basin-wide water demand, and upper basin shortages
amounted to from 50 to 60 percent of upper basin
demand. These shortages are constderably lower than
some of the shortages which were imposed upon Cali-
fornia water users in the last year of the recent (1987
1992) drought in that state. The uneven distribution
of drought shortages throughout the basin suggests
that institutional changes which distribute those
impacts more evenly could reduce hardship at modest
cost. _

In sum, when seen from the perspective of con-
sumptive water uses, drought-caused shortages were
not so large for the basin as a whole as to motivate
the players to take heroic measures to mitigate them.
Indeed, as will be seen, the results of the three games,
played under rather different sets of decision-making
rutes at the collective choice level, were more remark.
able for their similarity than for their differences.
There are two plausible explanations for this similari-
ty, the first arising from lack of a significant drought
problem and the second from collective choice rules,
under all three options, which made changes in oper-
ating rules difficult to achieve.

Nonconsumptive Water Uses Are Highly Vul-
nerable to Drought. Nonconsumptive uses are far
more vulnerable to drought than are consumptive
water uses, at least when the system is managed pur-
suant to current rules. Figure 3 shows monetary ben-
efits from nenconsumptive and consumptive uses
from Game two. Results from Games one and three
are virtually identical. Among the nonconsumptive
uses, water-based recreation is not as vulnerable to
drought as is hydropower generation, which falls to
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zero at the depth of the drought {power is no longer
generated when reservoir levels drop below the mini-
mum power pool, even though releases of water can
continue to be made). Hydropower was valued conser-
vatively, following Booker ef. al. (1994). Recreation
benefits fall to about half of their normal level at the
depth of the drought. Salinity damages rise to at least
equal recreational losses.

None of this is to say that drought-caused losses
could be aveided through adopting different water
management institutions, as was largely possible in
the case of consumptive water uses. Because there is
less inflow in drought years, there must be less
hydropower generation, even if all withdrawals for
consumptive uses were to cease. However, by sustain-
ing withdrawals for consumptive uses above levels
which would have characterized an unmanaged
drought, the Colorado River management system has
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increased the severity of drought-related hydropower
losses.

A severe sustained drought is likely to cause
adverse impacts upon a number of environmental
attributes on the Colorado River. Environmental val-
ues are not mentioned in the priorities set out in the
Law of the River and have not been recognized as a
beneficial use in most western states’ water codes
until recently. Some states have enacted instream
flow protection programs, but instream flow rights
are usually the junior rights on often heavily appro-
priated rivers. In addition, the lack of developed mar-
kets for environmental attributes means that they are
often not included in valuations and decisions made
according to a monetary scale. And, because of the
public goods nature of environmental values, even if a
monetary measure was developed for environmental
attributes, it is likely that the monetary value
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assigned would underestimate the true societal utility
of those attributes.

One way around the problem of the non-market
nature of environmental attributes is to develop envi-
ronmental quality standards according to biological
criteriz and to identify actiens that are appropriate to
prevent those values from falling below the criteria.
This approach was used in this study, but only for
threatened or endangered species protection. The task
of identifying what actions would be appropriate to
protect all of environmental attributes identified by
SSD environmental scientists, which includes wet-
lands and riparian areas, native nonlisted fish, and
national wildlife refuges, is difficult outside of the
scope of this study. In each game, players adopted the
option that was well identified to protect endangered
species — that of maintaining minimum flows In
stream reaches with endangered species by using
releases from storage reservoirs, if water to do so
exists in those reservoirs, In spite of this action, even
though the ESA option was implemented early in the
first game, there were still at least 21 instances of
extirpation of threatened or endangered species in
each game.

Drought Risk is Greatest in the Upper Basin.
The 1922 Colorado River Compact essentially gives
the lower basin states seniority in claiming the first
7.5 million acre-feet of Colorado River flows, although
it is often held that half of the delivery obligation to
Mexico must come out of that allotment. Only after
the full lower basin obligation has been met can the
upper basin states begin to satisfy their post-1922
demands. Thus, the lower basin has a legal right to at
least the first 6,75 million acre-feet of water flowing
in the Colorado, after the present perfected rights of
approximately two million acre-feet have been satis-
fied.

On average, the upper basin share may be expected
to amount to about 5.5 million acre-feet, including
present perfected rights, since the mean annual unde-
pleted flow of the river is now thought to be well
below the 16.4 million acre-feet upon which the 1922
compact negotiations were based. Current upper
basin withdrawals amount to over four million acre-
feet, so the system is nearing the point where
demand is equal to supply, even in normal years.,
Shortages begin to occur at that point, and they are
borne disproportionately by the upper basin states.

Again, California could be said to be in a state of
chronic water shortage, but it and the other lower
basin states are virtually drought-proof. By the 1922
compact agreement, the lower basin gained the assur-
ance of a stable water supply at the expense of limit-
g its long-term mean withdrawals to less than the
amount neceded to meet its demands. Conversely, the
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upper basin states gained a long-term limitation on
the lower basin’s share of the system yield, at the cost
of assuming almosi the entire drought risk of the
entire basin. From a drought protection standpoint
and considering only consumptive water uses, the
lower basin states enjoy a remarkably superior posi-
tion to that of the upper basin, By the same token, the
price paid for that advantage has been high, both in
terms of foregoing greater long-term access to normal
flows and in terms of impacts upon nonconsumptive
water uses (these impacts bear most heavily upon the
populous lower basin),

Only Minor Changes Can be Made Under Existing
Rules

The most striking aspect of the outcomes of the
three 88D drought paming exercises is their similari-
ty. Upper basin shortages were similar in the first and
third games, although they were about ene-fourth
lower in the second game, They were lower in the sec-
ond game because the players were able to agree on
and implement a reverse equalization rule, which
resulted in two fewer years of upper basin shortages.
But upper basin shortages rose again (although not
greatly) in the third game, despite the adoption of the
reverse equalization rule, because some upper basin
states sold banked water to California which could
have been used to defray shortages.

The decline in lower basin shortages between the
first and second games is due to unilateral actions
taken by the Arizona player in changing that state’s
internal water management rules. It does not reflect
actions taken at the collective choice level. Califor-
nia's chronic shortages were reduced in the third
game as a consequence of that state’s purchases of
upper basin and Arizona water,

Water banking and water marketing provisions in
the third game were heavily used by basin states.
However, only Colorado used water banking to stem
drought-induced losses, Colorado reduced its game
three shortages during the first year of the compact
call to 36 percent of maximum desire for water use
from 58 percent in the same year of previous games.
Had upper basin states other than Colorado also used
their banking allotments to defray drought-caused
shortages, overall upper basin shortages in game
three would still have been substantial but closer to
the level of game two.

The observed differences in shortages tn the two
subbasins between the three games are interesting
and not insignificant, but they are very minor
changes when seen from the perspective of drought
outcomes in general. The players simply were unable
to substantially change those outcomes through
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negotiating changes in the operating rules. They did,
however, employ a very narrow set of decision criteria
throughout all of the games. We believe that the play-
ers attempted almost single-mindedly to maximize
Colorado River water deliveries to their respective
states, within and up to the limits of their compact
entitlements. The existing operating rules are hard to
improve upon, at least for this severe of a drought,
from the limited perspective of coming as close as is
possible to fulfilling compact entitlements.

Adoption of salinity control measures and endan-
gered species protection were the other operational
rule changes that states made an effort to consider in
each game. And while adoption of a salinity control
program was cost effective in stemming salinity dam-
ages in game one and endangered species protection
measures were adapted in each game, only reductions
in consumptive uses could have significantly reduced
damages to these non-consumptive uses.

Intrastate Drought Management is Most Effective

Two state players, those representing Arizona and
Wyoming, were more successful in managing drought,
at least by some criteria, than were most others. The
Arizona player was able to reduce Arizena’s demand
for consumptive uses of Coloradoe River (CAP) water
progressively, from 2.5 to under 2 mitlion acre-feet
annually over the three games, while at the same
time virtually eliminating drought-caused water
shortages. In doing so, drought-retated monetary loss-
es to Arizona were reduced by $23 miltien, on an aver-
age annual basis (the reduction was much greater for
the worst drought years). The Arizona player's suec-
cess was due to astute inferstale water marketing
transactions in the third game, coupled with the
choice of intrastate water management rules which
were consistent with interstate water banking and
marketing behavior,

The Arizona player began the first game with strict
enforcement of the Arizona Groundwater Manage-
ment Act, which meant that Phoenix and Tucson
AMAs were required to meet the safe yield groundwa-
ter management goal and thus purchase CAP water
to avoid overpumping. Other areas of the state were
not so restricted, electing to pump ground water in
preference to purchasing the more expensive CAP
water. As the drought worsened, however, this player
shifted to a state policy which subsidized CAP water
use and imposed the safe yield goal on all of the state,
As a result, Arizona increased its use of CAP water to
its compact entitlement (which reduced deliveries
somewhat at the depth of the drought} but incurred
financial penalties through subsidizing agricultural
uses of CAP water.
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The Arizona player, perhaps as a result of learning
from the results of the first game, began the second
game with yet a different state water management
policy than either of those which he had used in the
first game, This third policy eliminated the costly
agricultural subsidy of the second option and resem-
bled the first policy, except that it employed artificial
recharge of all otherwise unused CAP water, also a
costly measure. The recharged water was then avail-
able during the drought so that Arizona was at least
prospectively able to mitigate its drought shortages
and adapt to reduced CAP deliveries. In fact, the Ari-
zona player reverted to the first (safe yteld) policy half
way through the drought period, perhaps in anticipa-
tion of relying upon the recharged water at that point,
but that stored water was never used because water
users could not afford it.

The Arizona player began the third game using the
same third (CAP recharge) policy option which he had
tried in the second game. However, he quickly revert-
ed to the original (safe yield) policy with which he
began the first game, and he remained with that poli-
¢y for the last 31 years of the drought period. Instead,
Arizona became a seller of CAP water to other states
which were experiencing drought shortages and was
able to profit handsomely without suffering shortages
itself.

The Wyoming player in the first game was able to
achieve significantly higher water-related net benefits
than the (different) player in the third game, despite
the fact that Wyoming demand (for consumptive
uses), supply (diversions), and shortages were identi-
cal in both games. The Wyoming player in the first
game also achieved a higher level of benefits than did
the (different) player in the second game, even though
the player in the second game was able, acting in con-
cert with the other players at the collective choice
level, to adopt a reverse equalization rule and thereby
reduce upper basin shortages appreciably.

The Wyoming player in the first game selected a
change in intrastate water allocation rules which
enabled free marketing of water between agriculture
and municipalities. The resultant drought-year leases
inereased benefits to both farmers and municipalities
and constituted a more effective drought management
strategy, from a monetary perspective at least, than
Wyoming was able to achieve through actions taken
at the collective choice level in the second game or by
interstate water banking and marketing transactions
in the third game.

Players who did not adjust their intrastate options
seemed to take the general water management
philosophies of their states as immutable even in the
time of drought. An initial designation of the
intrastate option for each state was made by the game
controller in accordance with what was believed to
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represent the general water management philosophy
of each state. The player for Utah in the first game
disagreed with a designation for Utah of option one —
strict prior appropriation — and made an initial switch
to option three, allowing intrastate water marketing.
This designation was not changed in the remainder of
that game or the other two games. Even when
reminded that changes in intrastate option were
allowed, players besides those for Arizona and for
Wyoming in the first pame seemed uninterested in
using intrastate management option changes to man-
age drought impacts,

SUMMARY

The SSD gaming exercises were conducted within
the limited context of those changes in interstate
water allocation (operating rules) believed to be
attainable without changes in statutes or judicial
interpretations. The gaming was conducted under col-
lective choice rules which approximate those current-
Iy in effect and then was repeated twice, each time
under a modified set of operating rules but, again,
including only those changes which were thought to
be attainable without legislative or legal action.

One of the principal findings of the gaming exercis-
es was how little difference these changes in collective
choice rules made. The operating rules selected by the
players were very similar in the three games, and the
resultant impacts upon water allocation, manage-
ment, and use were correspondingly similar. The only
really significant difference was that the players were
able to modify the existing equalization rule in both
the second and third games, thus somewhat easing
upper basin shortages at little cost to the lower basin,

A second principal finding was that existing oper-
ating rules {and those chosen in the second and third
games)} favor consumptive water uses over such non-
consumptive uses as hydroelectric power generation,
environmental protection, salinity control, and recre-
ation. The extent of this favoritism {technically, the
tradeoff ratio) is out of all proportion to what are,
arguably, the public values involved. This conclusion
emerges even when such nonmonetary values as envi-
ronmental protection are discounted completely, It is
even stronger if reasonable weight is given to these
nonmarket factors.

A third principal finding is that existing decision-
making institutions for interstate water allocation
and management are designed to resolve conflicts
between states acting exclusively in their own self-
interests. They are not designed for discovering what
the collective or common interest may be, unless that
common interest is taken to comprise only reselution

of such interest conflicts. Still less are they designed
to facilitate action in the common interest, should it
be revealed.

The fourth prineipal finding is that the existing
operating rules needlessly limit California’s long-term
water supplies while needlessly increasing the upper
basin's vulnerability to short-term drought. It wounld
be relatively inexpensive for the upper basin and Ari-
zona to reduce their long term claims upon Colorado
River water in order to enable California to meet
demands which already exist. It would be similarly
inexpensive for California because of the high priority
position in the lower basin of its basic apportionment
and the well insulated position of the lower basin rel-
ative to the upper basin in the event of a severe sus-
tained drought, to agree to share the burden of
accommodating future drought shortages more equal-
ly, thus relieving what could be traumatic shortages
in upper basin states, This finding reveals a clear
opportunity for prasping that most desirable of con-
flict resolution possibilities, the positive sum solution
in which there are only winners and ne losers.

APPENDIX I
SYSTEM CONDITION INDICATORS USED AS :
“TRIGGER POINTS” IN AZCOL

Surplus: Declaration of lower basin surplus,

— The contents of Lake Mead plus the
projected inflow are greater than the
capacity of Lake Mead minus the
scheduled deliveries to the lower
basin,

No lower basin surplus and no upper
basin shortage.

— Mead contents less than capacity,
— Powell not empty.

Shortage 1; There are upper basin shortages but no
lower basin shortage.

— Powell empty.
— Mead greater than lower basin short-
age declaration level.

Shortage 2;: The first stage of Jower basin shortages.

— Mead is less than lower basin short-
age declaration level. CAP deliveries
are reduced to their “shortage” deliv-
ery level.
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Shortage 3: Second stage of lower basin shortages,

— Mead plus inflow not large enough to
support full level of CAP “shortage”
deliveries. CAP deliveries are further
reduced or entirely eliminated.

Shortage 4; Third stage of lower basin shortages.

— Mead plus inflow not large enough to
satisfy lower basin rights senior to
CAP plus Mexican obligation.
Proportional reductions rights senior
to CAP are instituted.

Shortage 1 represents a situation where a call is
placed on the river by the lower basin to the upper
basin in order to maintain full deliveries at Lees
Ferry from the upper basin to the lower basin, while
the contents of Mead remain above the Mead shortage
declaration level. In the case of a call, the upper basin
states would be required to restrict use of Colorado
River water to their rights as determined by the
Upper Colorado River Basin Compact. Shertage con-
ditions 2 through 4 may exist without a lower basin to
upper basin call. A compact call indicator was used in
addition to the shortage stage indicators to allow for
this possibility.

ACEKNOWLEDGMENTS

The suthors gratefully acknowledge the financial support of the
Institute for Water Resources of the U.S, Army Corps of Englincers,
and the advice and assistance of William Werick ef the Corps’
Nationnl Drought Study, of which this research was a part.

LITERATURE CITED

Booker, Jamos F., 1994, Annlysis of Drought Impncts Under Alter-
native Palicy Responses Using an Integrated Hydrologic-Eco-
nomic-Institutional Medel. In: Coping With Severe, Sustained
Brought in the Southwestern United States, Robert A. Young
(Editer). Water Rescarch Laboratory, Utah State University,
Lagan, Utah, pp. 9-1 {0 9-35.

Booker, James F., Bonnie G. Colby, C. Mullnhey-Kocnig, and Ari M.
Michelsen, 1994, Developing Mceasures of Marginal Economic
Benefits and Costs. Jn; Coping With Severe, Sustained Drought
in the Southwestern United States, Robert A, Young (Editor).
Water Reaenrch Laborntery, Utnh State University, Logan,
Utah, pp. 8-1 1o 8-25.

Brown, C. A, D. P, Stinson, and R. W. Grant, 1986, Multiattribute
Tradeoff System: PC Version Users’ Manual. U.S. Bureau of
Reciamation, Denver, Celorado.

Brown, F. Lee, Brinn McDonald, John Tysseling, and Charles
DuMars, 1982, Water Allocatien, Market Proficiency, and Con-
flicting Values, In: Water and Agricullure in the Weslern US.:
Conservation, Resllocation, and Markets, Gary D. Wentherford
et al. (Editors), Westview Press, Boulder, Colornde, pp.191-255.

WATER RESOURCES BULLETIN

Harding, Benjamin L., 1994, HBydrologic Empacts On the Human-
Made River: The Colorndo River Network Model. In: Coping
With Scvere, Sustnined Drought in the Southwestern United
States, Robert A, Young (Editer). Water Resenrch Laboratory,
Utah State University, Logan, Utah, pp. 2-1t0 241,

Harding, Benjamin L. and Triye B. Sangoyomi, 1994. Hydrologic
Evaluation of Inslitutionnl Responses for Coping With a Severe
and Sustained Drought in the Celorado River Basin Using the
Colorado River Network Model, fn: Coping With Severe, Sus-
taincd Drought in the Southwestern United States, Robert Al
Young (Editer). Water Research Laboralery, Utah State Univer-
sity, Logan, Uteh, pp. 10-1to 16-37.

Harding, Benfamin L., Taiye B. Sangoyemi, and Elizabeth A, Pay-
tan, 1995, Impacts of n Severe Sustained Drought on Colorado
River Water Resources. Water Resources Bulletin 31(5)3:815-824.

Hardy, Thomas B., 1994. Asscssing Fiow-Dependent Environmen-
ta] Effccts of Severe Sustained Drought, In; Coping With
Severe, Sustained Drought in the Southweslern Uniled States,
Reberi A. Young (Editor). Water Research Laboratory, Utah
State University, Lognn, Utnh, pp. 6-1 te 6-19.

Lord, Willinm B., James L. Henderson, Russell L. Gum, Al D. Alja-
mal, and Ferenc Szidarovzky, 1994, Managing the Colorado
River in a Scvere Sustained Prought: An Evaluation of Institu-
tional Options Using Simulation and Gaming. In: Coping With
Severe, Sustained Drought in the Southwestern United States,
Robert A. Young (Editor). Water Research Laboratary, Utnh
State University, Logan, Utah, pp. 11-1 to 11.74.

MacBPonnell, Lawrence J., David H. Getches, and William C.
Hugenberg, Jr., 1995. The Law of the Celorado River: Coping
With Severe Sustained Drought. Water Resources Bulletin
3H5).825-836.

Ostrom, Elinor, 1986, An Agenda for the Study of Institutions, Pub-
lic Choice 48:3-25.

Sheer, Dapiel B, Mary Baeck, and Jelf R, Wright, 1989, The Com-
puter As Negatiator. Journal of the American Water Works
Association 81(2):68-73.

Tarbeton, David G., 1995, Hydrologic Scenarios for Severe Sus-
tained Dreught in the Southwestern United States. Water
Resources Bulletin 31(5):80:3-813,




