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ABSTRACT Climate change has profound implications for allocation institutions in the 
Colorado River Basin. After providing an overview of current and projected hydrological 
conditions within the basin, this chapter analyzes salient issues posed by climate change 
for the Colorado River Compact, Upper Colorado River Basin Compact, Supreme Court 
decree in Arizona v. California, and water rights held by American Indian tribes. Apparent 
from th e analysis are two overarching policy and mana geme nt priorities: (1) a compelling 
need for clarity regarding th e specific boundaries of water-use entitlements established 
by the allocation institutions, and (2) an associated ne ed for parties holding these entitle
ments to foster measures and commitments aimed at facilitating levels of water use that 
realistically align with their respec tive water budgets. 

16.1 Introduction 

At the core of th e elaborate body of laws governing water allocation and management in 
and around the Colorado River Basin - colloquially called the Law of the River- are a host 
of in terconnec ted institutions that apportion the use of this water among federal, state, and 
tribal sovereigns and water users. These institutions have shaped, and will continue to 
shape, the essential character of the modern US Southwest. Climate change holds a variety 
of implications for these institutions-and, in turn, for economic, environmental, political, 
and socia l conditions within this region -and it is an analysis of these implications that 
constitutes the focus of this chapter. The broad pattern apparent from this analysis is one 
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in which the projected impacts of climate change on basin-wide water supplies-arguably 
more so than at any earlier point in the Law of the River's history-necessitate sustained 
efforts by sovereigns and water users (1) to comprehend the precise boundaries imposed 
by their water-use entitlements and (2) to foster associated commitments and measures 
aimed at facilitating levels of water use that comport with these boundaries. In short, these 
parties' water budgets must be clarified, planned around, and ultimately lived within. 
Two main sections comprise this chapter and shed light on this pattern. The discussion 
begins with a thumbnail sketch of the basin focusing primarily on historical and projected 
water supplies and demands and related impacts of climate change. Against this back
drop, the remainder of the chapter provides an analysis of pressing issues associated with 
the foregoing pattern. Two limitations in the analysis should be flagged at the outset-one 
hydrological, one institutional. First, the analysis focuses almost exclusively on the impli
cations of climate change for surface water allocation under existing institutions, despite 
recent findings of extensive groundwater depletion in the basin and advocacy for conjunc
tive surface water and groundwater management under the Law of the River (Castle et al. 
2014). Second, given the vast expanse of the Law of the River, the allocation instruments 
encompassed within the analysis account for a relatively modest scope of institutions 
potentially affected by climat e change within the Colorado River Basin. More far-reaching 
and complementary analyses are warranted. 

16.2 The Basin of Contention in the Twenty-First Century 

Dubbed the "basin of contention" by its premier western historian (Hundley 2009, p. 352), 
th e Colorado River Basin encompasses roughly 244,000 mi. (631,960 km 2)* of territory that 
falls within portions of seven US states (Arizona, California, Colorado, Nevada, New 
Mexico, Utah, and Wyoming) and two Mexican states (Baja California and Sonora). As 
depicted in Figure 16.1, the mainstream of the Colorado River meanders nearly 1400 mi. 
(2240 km)t from its headwaters in the Rocky Mountains of northern Colorado to its termi
nus in th e Gulf of California in Mexico (MacDonn ell 2009). Its major tributari es include 
the Green River, San Juan River, and Gila River. Legally and politicall y, th e basin is bifur
cated into two "basins," an Upper Basin and Lower Basin, at a point along the Colorado 
River mainstream in northern Arizona called Lee Ferry. Colorado, New Mexico, Utah, 
and Wyoming are commonly referred to as the Upper Basin states, and Arizona, California, 
and Nevada are commonly referred to as the Lower Basin states. Whereas the Upper Basin 
consists of high desert and alpine terrain, a significant portion of the Lower Basin is of 
low desert character, particularly in the sou thernmo st areas of Arizona and California. 
Diverse federal lands pervade the Upper and Lower Basins (e.g., Grand Canyon National 
Park), and the two larg est Indian reservations in the United States likewise are located 
within the basin: the Navajo Nation in the Four Corners area and the Uintah and Ouray 
Reserv ation in eastern Utah. 

Hydrological conditions in and around the Colorado River Basin have changed mark
edly over the past century. As illustrated by Figure 16.2, a gradual patt ern is apparent 
across this period involving an increasingly disproportionate relationship between water 

* 1 squar e mile (mi2) = 2.59 square kilometers (km 2
). 

t 1 mil e (mi.) = 1.6 kilometers (km). 
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supplies and demands. The Bureau of Reclamation examined this supply - demand imbal
ance in a landmark study released in December 2012 hailed as "the most comprehensive 
basin-wide analysis ever undertaken within the Departm ent of the Interior": the Colorado 
River Basin Water Supply and Demand Study (Basin Study) (Connor 2013). According to 
the Basin Study, basin-wide water demands exceeded water supplies on average for the 
first time in the roughly 100-year historical record during the preceding decade, and this 
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imbalance is projected to widen to an annual shortfall of about 3.2 million acre-feet (MAF)* 
(equivalent to more than 1 trillion gallons of water) by 2060 (US Bureau of Reclamation 
2012a). Notably, this projected 3.2 MAF annual shortfall is the mean supply-demand pro
jection. It should also be highlighted that this imbalance affects the lives and livelihoods 
of nearly 40 million people in the United States who currently rely on the basin's water (US 
Bureau of Reclamation 2012a). 

To elaborate briefly on the demand side of this imbalance, historical consumptive uses 
and losses in the Colorado River Basin grew from approximately 13.0 to 15.0 MAF between 
1971 and 2010, with this figure falling slightly above 15.0 MAF in the latter year. Figure 16.3 
reveals this trend. Drawn from the Basin Study, these figures unfortunately do not account 
for consumptive uses and losses along tributaries in the Lower Basin, including those 
associated with the primary Lower Basin tributary, the Gila River . Figure 16.4 evidences 
how Gila River uses and losses ranged from slightly above 2.5 MAF to slightly below 
4.5 MAF between 1971 and 2005 and were approximately 3.5 MAF during the latter year 
(the most recent for which data are provided). 

This pattern of increasing water demands in the Colorado River Basin is not projected to 
abate in coming decades according to the Basin Study. Rather, as illustrated by Figure 16.5, 
basin-wide consumptive uses and losses are anticipated to range from 17.7 to 20.l MAF 
by 2060, although again these figures do not account for uses and losses along the Lower 
Basin tributaries. A wide scope of related figures addressing projected water demands 
of the Upper Basin, Lower Basin, indi vidual states, and American Indian tribes appear 
throughout the discussion in this chapter . 

Running in the opposite dir ection is the projected water supply trend for the Colorado 
River Basin. As described in the Basin Study, approximately 92% of the basin's natural 
flow-as measured at Imperial Dam upstream of the Gila River's confluence with the 
Colorado River-originates within the Upper Basin (US Bureau of Reclamation 2012b). 
Historical and projected flow levels for the Colorado River mainstream at Lee Ferry - again, 
the dividing point between the Upper and Lower Basins-are therefore critically impor
tant. The hydrological figures denoted as Lee Ferry flows here and elsewhere in the chapter 
consist of reconstructed natural flows at this dividing point. Looking backward, annual 
Lee Ferry flows had a mean of 15.0 MAF and ranged from 5.6 to 25.2 MAF from 1906 to 2007 
(US Bureau of Reclama tion 2012b). Looking forward, va riabl e projections exist for future 
Lee Ferry flows as influenc ed by climate change (US Bureau of Reclamation 2011, 2012b, 
2013; Vano et al. 2014). One of four water supply scenarios examined in the Basin Study, 
the downscaled global circulation model (GCM) scenario reflected in Figure 16.6, includes 
such projections (US Bureau of Reclamation 2012b). Future Lee Ferry flows are projected 
to rang e from 4.2 to 44.3 MAF per year in this scenario. Its mean projection anticipates 
an 8.7% decrease between now and 2060 in the 15.0 MAF mean annual Lee Ferry flows 
from the historical record . Such a decrease t rans lates to average annual flows of 13.7 MAF. 
Its median projection is described textually in the Basin Study as "nearly 1.0 MAF lower 
(annual flow of around 12.7 MAF) than the mean"-a roughly 15.3% decrease from the 
historical average-although this va lue is subsequently noted in tabular form as 13.6 MAF 
(US Bureau of Reclamation 2012b, B-66). For purpos es of this analysis, the mean and lower 
of the two median figures in the GCM scenario - involving future average annual Lee 
Ferry flows of 13.7 MAF and 12.7 MAF, respectively - are the focal point of the following 
assessment of water policy and management issues posed by climate change . 

* 1 million acre-fee t (MAF) = 1.233 billion cubic meters (BCM). 
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16.3 Implications of Climate Change for Allocation Institutions 

Encompasse d within the vast legal framework that has facilitated the foregoing water 
demands, and that governs allocation and management of the foregoing water supplies, are 
litera lly dozens of laws that have come into existence in an iterative manner over the past cen
tury to collectively form the Law of the River. The ana lysis in this chapter focuses selective ly 
on the implications of climate change for allocation institutions th at govern water use within 
the US portion of the Colorado River Basin. These institutions includ e (1) the Colorado River 
Compact ("Compact") at the basin-wid e level, (2) the Upper Colorado River Basin Compact 
("Upper Basin Compact ") in the Upper Basin, and (3) the supreme court's decree in Arizona v. 
California governing water use from the Colorado River mainstream in the Lower Basin. 
Also briefly touch ed on are climate change's implications for qu an tified and unquantified 
water-use enti tlemen ts held by tribal sovere ign s th rough out the basin. As identified in the 
introduction, the overarch ing pattern apparent from the various issues posed by climate 
change for these insti tu tions essent ially entai ls two types of cha llenges: (1) those associ
ated with understanding the precise boundaries of water -use ent itlements estab lished by the 
institutions and (2) thos e associated wi th entitl ement hold ers ensurin g their respective levels 
of water-use comport w ith the water budgets prescribed by their entitl ements. The analysis 
begins by considering this patt ern in relation to th e Colorado River Compact. 

16.3.1 US Basin-Wide Apportionment 

Regulating water use throughout the US portion of the Colorado River Basin is the 
Compact-a rough ly 90-year-old document forged by federal and state members of 
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the Colorado River Commission in 1922 that has been aptly characterized as the Law of 
the River's "constitution" (Adler 2008, p. 21). It is the Compact that frames the basin-wide 
apportionment scheme in the United States. Climate-based reductions in average Lee Ferry 
flows like those outlined previously pose numerous issues for this scheme. Prominent 
among these issues are those concerning (1) the Compact's equity with respect to the rela
tive levels of water availability in the Upper and Lower Basins as influenced by climate 
change and (2) the Compact's interpretation in various particulars that bear directly on the 
perceived equity of the basin-wide apportionment. 

A brief survey of the apportionment scheme established in Article III of the Compact 
sets the stage for these two issues. Article III divides the Colorado River Basin into an 
Upper Basin and Lower Basin at Lee Ferry, as identified previously, and authorizes groups 
of states with portions of territory in these two subbasins to collectively use set amounts of 
water from the Colorado River system-defined as "that portion of the Colorado River and 
its tributaries within the United States of America." Specifically, the Compact, in Article 
III(a) and (b), authorizes "beneficial consumptive use" of 7.5 and 8.5 MAF of water in the 
Upper and Lower Basins, respectively, per annum. It then goes on to impose pivotal flow 
obligations in Article III(c) and (d). The former provision, Article III(c), obligates the Upper 
and Lower Basins to each contribute half of the flows needed to satisfy Mexico's 1.5 MAF 
entitlement under a 1944 treaty if surplus water is not available to supply these flows in 
a given year. This flow obligation is regarded as the first priority of the Law of the River 
(MacDonnell 2009). Dovetailing with this obligation, the Upper Basin states also owe a 
flow obligation to the Lower Basin under Article III(d), which appears in the form of a 
prohibition against the Upper Basin states causing flows at Lee Ferry from being depleted 
below 75.0 MAF during any consecutive 10-year period. 

Stemming from the particular design of the Compact's scheme, an initial issue posed by 
climate change for the US basin-wide apportionment concerns its equity-or, put differ
ently, the extent to which the Compact is capable of realizing its fundamental purpose of 
effecting an equitable apportionment in the Colorado River Basin (Robison and Kenney 2012). 
It has been common knowledge for decades that the quantified entitlements and flow 
obligations identified previously were founded on erroneous overestimates of average 
annual Lee Ferry flows (Hundley 2009). What remains to be further examined, however, 
is precisely how the Upper and Lower Basins will respectively fare under the Compact's 
framework given the projected decreases in Lee Ferry flows. Stated broadly, the crux of 
this equitable apportionment issue concerns a distributional disparity resulting from the 
application of the Compact flow obligations in Article III(c) and (d) to the water available 
for consumptive use from the Upper and Lower Basins' respective 7.5 and 8.5 MAF entitle
ments in Article III(a) and (b) (Robison and Kenney 2012). 

A few fi ures serve to illustrate this e uitable a ortionment issue. If Lee Ferry flows 
were to average 13.7 MAF per year in the future-again, the mean projection in the Basin 
Study's GCM scenario-the Upper Basin states potentially would only be able to rely 
on 5.45 MAF of their ostensible 7.5 MAF entitlement on average per year after satisfying 
the Article III(c) and (d) flow obligations. To be clear, this 5.45 MAF postflow obligation 
remainder would need to suffice to cover both consumptive uses and reservoir evapora
tion and other losses in the Upper Basin. The remainder would dro p to rou ghly 4.45 MAF 
if Lee Ferry flows were to decline further to 12.7 MAF.IConsider, by way of contrast, the 
Lower Basin states' situation in the same circumstanc ~s. These states would be able to 
rely on two sources of flows to cover their consumptive uses and reservoir evaporation 
and other losses. The first would be mainstream flows supplied by the Upper Basin at 
Lee Ferry-specifically, an assumed annualized average of 7.5 MAF pursuant to Article 
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III(d)-and the second would be flows from tributaries of the Colorado River within the 
Lower Basin. It is impossible to pro vide a precise annual average for prospective tributary 
flows. That said, the Bureau of Reclamation's reports for the 1971-2005 period- which con
tain the most recent data as of this writing-indicate that annual consumptive uses and 
losses along the Lower Basin tributaries averaged 3.52 MAF across this period and ranged 
from 1.99 to 5.23 MAF (US Bureau of Reclamation 2015a). Apparently due to methodologi
cal differences, these figures unfortunately do not fully align with counterpart figures 
contained in a Lower Basin tributaries appendix to the Basin Study, particularly those 
noted earlier identifying annual consumptive uses and losses along the Gila River alone 
of slightly above 2.5 MAF to slightly below 4.5 MAF from 1971 to 2005 (US Bureau of 
Reclamation 2012i). Whatever the annual average may be for combined mainstream and 
tributary flows in the Lower Basin going forward, however, the takeaway here is hopefully 
plain. The more pronounced the climate-based reductions in Lee Ferry flows, the smaller 
the amount of water legally available for use in the Upper Basin under the Compact, and 
the greater the deviation from its original 7.5/8.5 MAF equitable apportionment set forth 
in Article III(a) and (b) (CRGI 2010). 

Accompanying this equitable apportionment issue are longstanding yet unresolved 
matters of compact interpretation. These interpretive issues revolve around the con
tested meaning of Article III(c) and (d) and the details of their respective flow obligations. 
Regarding the former, the precise method for determining whethe r surplus water exists 
within the Colorado River system to supply Mexico's treaty entitlement has been disputed 
(CRGI 2012b). Does this surplus determination require accounting for, or refra ining from 
considering, water in the Gila River and other Lower Basin tributaries? In a similar vein, 
does surplus consist of water being consumed in the Lower Basin in excess of that subba
sin's 8.5 MAF entitlement? Or, conversely , should the existence of surplus be determined 
by assessing whether water exists in the Colorado River system abov e and beyond the col
lectiv e 16.0 MAF associated with the Upper and Lower Basins' entitlements? Dovetailing 
with these questions is a related interpretive issue involving Article IIl(d) (CRGI 2012a). 
To what extent, if any, might future climate-based reductions in Lee Ferry flows alter the 
Upper Basin's obligation not to deplete these flows below 75.0 MAF every 10 years? Simply 
put, is this flow obligation fixed or potentially contingent? Varied answers have been 
offered to thes e questions, and th ese answers significantly influ ence the extent to whic h 
th e basin-wide apportionment scheme is viewed as equitable. 

One final question is appropriate in drawing this initial section to a close: What is the 
optimal way for dealing with interpretive conflicts over the Compact in the years ahead? 
These conflicts bea r directly on the Upper and Lower Basins ' relative abilities to use water 
afforded by their entitlements. Further, as highlight ed in greater detail in subsequent sec
tions, water demands in both the Upper and Lower Basins are projected to increase con
siderab ly over the next 50 years, while Lee Ferry flows are again projected to decrease (US 
Bureau of Reclamation 2012a). It appears inevitable in these circumstances that conflicts 
over the interpretive issues will need to be managed carefully going forward. At present, 
consultation is th e mandatory process for addressing interpretiv e disputes concerning the 
Compact, pursuant to an agreem ent forged by th e basin states in 2007 contemporaneous 
with the adoption of the Interim Guidelines (i.e., Colorado River Interim Guidelines for 
Lower Basin Shortages and the Coordinated Operations for Lake Powell and Lake Mead) . 
These guidelines will remain in effect until 2026, and it is possible their coordinated oper
ating regime for Lake Powell and Lake Mead will ameliorate tensions stemming from the 
interpreti ve issues. If that proves not to be the case, or if an alternate type of resolution 
seems preferable upon expiration of the guidelines, options for addressing the interpretive 
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issues include arbitration and supreme court litigation as provided for in Articles VI and 
IX of the Compact. Although the future course remains to be seen, the closing message is 
that ongoing management of these conflicts will remain an important priority. 

16.3.2 Upper Basin Apportionment 

Apparent from the previous section is the fact that the Upper Basin is in a position of creat
ing a future from "leftovers" under the Compact-at least with regard to the role played 
by consumptive use, as opposed to nonconsumptive use, of water from the Colorado River 
system within that future (Getches 1985). Numerous policy and management priorities 
emerge given this state of affairs, including the need for ongoing and realistic assessments 
of water availability within the Upper Basin as a whole, and within Upper Basin states indi
vidually, as these matters are governed by the flow obligations imposed by the Compact 
and derivative entitlements prescribed by the Upper Basin Compact. Interconnected with 
this priority is the need for policy measures aimed at promoting efficient and flexible water 
use by Upper Basin water users, including potential interstate water banking. The material 
that follows considers these subjects after briefly sketching out the Upper Basin Compact's 
allocation framework. 

Future availability of Colorado River system water for consumptive use in the Upper 
Basin hinges as much on the composition of the apportionment schemes established by 
the Compact and Upper Basin Compact as it does on projected climate-based reduc
tions in Lee Ferry flows . The latter apportionment scheme is set forth in Article III of the 
Upper Basin Compact. It generally calls for allocating the water remaining available for 
consumptive use within the Upper Colorado River system after the Upper Basin states 
have satisfied their Compact flow obligations (i.e., the leftovers) on an annual percentage 
basis among these states. The specific percentages of this water that the Upper Basin states 
are authorized to consume are as follows: Colorado, 51.75%; New Mexico, 11.25%; Utah, 
23%; and Wyoming, 14%. Arizona is also entitled to consume 50,000 acre-feet [61.65 mil
lion cubic meters (Mm 3)]* of this water per year. Notably, the Upper Basin Compact treats 
reservoir evaporation and other losses as consumptive use under Articles V and VI-an 
important distinction from the Arizona v. California decree as identified in the next section. 
Overall, given th e nested relationship between the Compact and Upper Basin Compact, 
th e core insight is that just as the Compact flow obligations dictat e the amount of water 
available for consumptive use within the Upper Basin collectively, so too do the Upper 
Basin Compact's entitlements control the amount of water available for consumptive use 
within the Upper Basin states individually. Future climate-based reductions in Lee Ferry 
flows portend to diminish both water budg ets so to speak as these budgets are circum
scribed by the nested compacts. 

Figures from the Basin Study tangibly illustrate this state of affairs and the derivative 
need for realistic contemporary analyses of water availability and consumptive use in the 
Upper Basin. Taken together, Upper Basin consumpti ve uses and reservoir evaporation 
losses fell somewhere between 4.24 and 4.49 MAF in 2010, consisting of 3.74 MAF of us es 
and approximately 500,000-750,000 acre-feet of losses (US Bureau of Reclamation 2012c). 
Projecting across the next 50 years, annual consumptive uses in the Upper Basin are antici
pated to hover around 5.0 MAF by 2035 and to increase to somewhere between slightly 
below 5.0 and 6.0 MAF by 2060 (US Bureau of Reclamation 2012c). Combining the se projec
tions with projected reservoir evaporation losses of 805,000 acre-feet per year throughout 

* 1 acr e-foot (af) = 1233.48 cubic meters (m 3). 



Climate Change and Allocation Institutions: Colorado River Basin 301 

the Upper Basin, the resulting figures entail annual consumptive uses and losses of approx
imately 5.8 MAF by 2035 and 5.8-6.8 MAF by 2060 (US Bureau of Reclamation 2012d,e,f,g). 

A tenuous relationship exists between these projected figures and those in the previous 
section addressing future water availability in the Upper Basin after the Compact flow 
obligations have been satisfied. To reiterate, if Lee Ferry flows were to average 13.7 MAF in 
the future, then after backing out Arizona's 50,000 acre-foot entitlement under the Upper 
Basin Compact, perhaps an annual average of roughly 5.4 MAF would be available to cover 
consumptive uses and reservoir evaporation and other losses in the Upper Basin. This fi -
ure would drop to 4.4 MAF if Lee Ferry flows were to average 12.7 MAF. hese projections 
raise serious questions about how realistic it is to expect Upper Basin consumptive uses to 
increase to the levels forecast in the Basin Study-or, stated differently, how much addi
tional consumptive use should be considered viable in water planning processes given 
the constraining relationship between the Upper Basin's Compact flow obligations and 
its ostensible 7.5 MAF entitlement. Neither the 5.8 MAF projection for 2035 nor the 5.8-
6.8 MAF projected range for 2060 appear feasible looking ahead given that an annual aver
age of only 5.4 MAF will be available for consumptive uses and losses in the Upper Basin 
if future Lee Ferry flows average 13.7 MAF. Further, if an annual average of only 4.4 MAF 
ends up being available for consumptive uses and losses in the Upper Basin-because Lee 
Ferry flows average 12.7 MAF per year-it appears questionable whether any additional 
uses and losses would be feasible in excess of the 4.24-4.49 MAF range during 2010. The 
bottom line is that diligent efforts need to be undertaken to realistically assess the amount 
of Colorado River system water potentiall y available for consum p tion in the Upp er Basin 
in comin ears. 

This perspective applies with equal force to water planning and management activities 
within the individual Upper Basin states. Tables 16.1 and 16.2 integrate a variety of figures 
to convey this point. Table 16.1 identifies the states' projected water budgets under the 
Upper Basin Compact in the event that future Lee Ferry flows average 13.7 or 12.7 MAF. 
These calculations assume that (1) 8.25 MAF will flow from the Upper Basin to the Lower 
Basin and Mexico on average per year stemming from the Compact flow obligations and 
(2) 50,000 acre-feet will be consumed in Arizona annually extending from that state's 
Upper Basin Compact entitlement. In turn, Table 16.2 addresses the Upper Basin states' 
historical and projected consumptive uses and losses. The historical figures are based on 
provisional data in the Bureau of Reclamation's Consumptive Uses and Losses Report for 
2011-2015 and account for consumptive uses and reservoir evaporation losses in 2012 (the 
most recent year covered in the report). As for the projected figures, they are taken from 
appendices to the Basin Study and identify anticipated consumptive uses and reservoir 
evaporation losses for each Upper Basin state in 2035 and 2060. 

TABLE 16.1 

Projected Water Budgets under Upper Colorado River Basin Compact 

Colorado New Mexico Utah Wyoming 

Compact entitlement 51.75% 11.25% 23.0% 14.0% 

Water budget: 2.795 0.608 1.242 0.756 
13.7 MAF Lee Ferry flows (MAF)* 

Water budget: 2.277 0.495 1.012 0.616 
12.7 MAF Lee Ferry flows (MAF) 

* 1 MAF = 1.233 BCM. 
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TABLE 16.2 

Historical and Projected Consumptive Uses and Losses (MAF) of Upper Basin Stat es 

Colorado New Mexico Utah Wyoming 

2012 Total 2.658 0.434 1.033 0.480 

Uses 2.268 0.359 0.837 0.389 

Loss es 0.390 0.D75 0.196 0.091 

2035 Total 2.876-3.160 0.743-0.828 1.223-1.331 0.648-0.752 

Uses 2.446-2.730 0.673-0.758 1.033-1.141 0.533-0.637 

Loss es 0.430 0.070 0.190 0.115 

2060 Total 2.964-3.460 0.753-1.049 1.274-1.467 0.691-0.884 

Uses 2.534-3.030 0.683-0.979 1.084-1.277 0.576-0.769 

Losses 0.430 0.070 0.190 0.115 

Source: Data from US Bureau of Reclamation, Colorado River Basin Water Supply and Demand 
Study, Technical Rep ort C-Wat er Demand Assessment, 2012d,e,f ,g, http:/ /www.usbr.gov 
/le/ region/ programs/ crbstud y / finalr eport/ Technical %20Report %20C%20-%20Water%20De 
mand%20Assessment/TR-C-Water_Demand_Assessmemt_FINAL.pdf, accessed July 27, 2015; 
US Bureau of Reclam ation , Colorado River System Con sump tive Uses and Losses Reports, 
2015a, http://www.usbr.gov/ uc/ library / envdocs /reports/ crs / crsul.html, accessed July 27, 
2015. 

A number of conclusions can be drawn by comparing the figures in these tables, but 
the ultimate message from the comparison again concerns hydrological realism. For sake 
of brevity, three points should be highlighted. First , if futur e Lee Ferry flows average 
13.7 MAF annually, all of the Upper Basin states appear to have some cushion for addi
tional consumptive use in light of the 2012 figures. Only in Utah and Wyoming, however, 
does this cushion appear adequate, partly or wholly, for consumptive use at levels compa
rable to the 2035 projections. Second, Wyoming is the only Upper Basin state whose cush
ion appears sufficient to enable consumptive use to increase to levels on par with the 2060 
projections-albeit only through the lower end of the projected range. Third, if future Lee 
Ferry flows average 12.7 MAF annually, two of the Upper Basin states, Colorado and Utah, 
apparently would need to decrease their consumptive use to levels below the 2012 figures. 
Further, New Mexico and Wyoming would be unable, in this circumstance , to increase 
their consumptive use to levels contemplated by either the 2035 or 2060 projections. In 
sum, although the gravity of this issue varies from state to state, the projected Lee Ferry 
flow reductions throw into qu estion how much additional consumptive us e, if any, actu
ally will be possible given th e Upper Basin states' water budgets (CRRG 2014). 

A natural question arises from the quantitati ve perspective on future Upper Basin water 
availability offered here. Which demand management or supp ly augmentation measures 
shou ld the Upper Basin states emp loy as they continue to consumptive ly use water afforded 
by their compact entitlements? Formulation and implementation of such measures is a 
necess ity given th e Upper Basin's position und er the Colorado River Compact of creating 
a future from leftovers. One notable measure submitted for consideration in conjunction 
with the Basin Study is an interstate water bank within the Upper Basin (US Bureau of 
Reclamation 2012j; CRGI 2013). It would empower water users in Upper Basin states to use 
their entitlements in an efficien t and flexible manner. They could choose to lease portions 
of these entitlements via volunt ary exchanges in whatever way might make sense given 
their goals as lessors and lessees. A number of design-related issues would need to be 
ironed out for thi s water bank to take shap e, how ever, including avoiding potential lega l 
obstacles posed by the Upper Basin Compact , which was not drafted with interstate water 
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banking in mind (Getches 1997). One potential legal issue concerns a prohibition in Articl e 
III of the Upper Basin Compact against "countenancing average uses by any signatory 
State in excess of its apportionment." This prohibition might be triggered if banking activi
ties in an Upper Basin state were to cause consumptive use levels to exceed that state's 
entitlement on a recurrent basis. This detail and many others would need to be navigated, 
but the design of an Upper Basin water bank is a noteworthy aspect of the policy frontier. 

16.3.3 Lower Basin Apportionment 

As beneficiary of one of the two flow obligations imposed by the Colorado River Compact, 
the Lower Basin's situation with regard to consumptive use of Colorado River system 
water may initially appear distinct from that of the Upper Basin. While anchored in the 
legal framework, however, this distinction obfuscates a host of similarities that exist con
cerning allocation issues posed by climate change for the two subbasins. Closely resem
bling the state of affairs in the Upper Basin, the Lower Basin states currently face major 
challenges involving reconciling their existing and project ed water demands with limi
tations imposed by the Compact's apportionment scheme-particularly , constraints on 
mainstream supplies in the Lower Basin extending from the Compact flow obligations. 
Other notable priorities in this realm of the Law of the River include the need for technical 
studies of water uses and losses along the Lower Basin tributaries and the potential expan
sion of existing interstate transfer schemes for mainstream wate r. 

Regulating consumptive uses and losses of water from the Colorado River mainstream 
in the Lower Basin is the decree issued by the supreme court in Arizona v. California. This 
decree establishes a sliding-scale apportionment scheme whose features reflect the court's 
interpretation of the Boulder Canyon Project Act in this landmark case. Of critical impor
tance among these features is the central role played by the secretary of the interior in 
determining the amount of water available for consumptive use along the Lower Colorado 
River annually. If the secretary determines that 7.5 MAF of consumptive use is possible, 
this amount is to be apportioned 4.4 MAF to California, 2.8 MAF to Arizona, and 0.3 MAF 
to Nevada, and "normal conditions" are said to exist. Conversely, if the secretary deter
mines that more than 7.5 MAF of consumptive use can be made, such surplus is to be 
apportioned 50% to California, 46% to Arizona, and 4% to Nevada . Finally, in the event of 
shortage conditions , wherein less than 7.5 MAF of consumpti ve use is possible in a given 
year, th e secretary has discretion to apportion this consumptive use among the Lower 
Basin states subject to an order of priority for present perfect ed rights that exist within 
these states and a 4.4 MAF limitation on California 's consumptive us e. The scope of the 
Lower Basin states' entitl ements under the decree thus hing es on an annual secretarial 
determination of available mainstream supplies. The secretary takes into account reservoir 
evaporation and other losses when making this determination; however, these losses are 
not counted against the states' entit lements as consumptive use. Nor does the decree regu
late consumptive uses and losses along tributaries to the Lower Colorado River, wit h the 
lone excep tion of New Mexico's consumptive use from th e Gila River . The decree notably 
treats "water drawn from the mainstream by und ergro und pumping" as consumpti ve use. 

Extensive reliance int eres ts and future expectations attach to the mainstream water gov
erned by the Arizona v. California decr ee. A few figures from the Basin Study illustrate this 
point. Consumptive uses and losses along the Lower Colorado River were at least 8.9 MAF 
in 2010, consisting of approximately 7.4 MAF of consumptive uses and 1.5 MAF of reser
voir evaporation and phreatophyte losses (US Bureau of Reclamation 2012c). Even more 
broad-based expectations are projected for the Lower Colorado River going forward. The 
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Basin Study does not include figures for projected losses, but annual consumptive uses 
alone are anticipated to approach 8.5 MAF in several scenarios by 2035 and to range from 
roughly 8.5-10.0 MAF by 2060 (US Bureau of Reclamation 2012c). In short, the Lower Basin 
states are heavily dependent on mainstream water and projected to become even more so. 

Projected reductions in Lee Ferry flows due to climate change cast doubt on the extent 
to which the Lower Basin states will be able to maintain existing reliance interests or to 
realize additional expectations associated with the Lower Colorado River. The amount of 
mainstream water available for consumptive use in the Lower Basin under the Arizona v. 
California decree-again, as determined annually by the secretary of the interior-is 
primarily a function of the volume of Lee Ferry flows supplied by the Upper Basin as 
releases from Lake Powell in fulfillment of the Compact flow obligations. Although tribu
tary inflows into the Lower Colorado River and holdover storage in Lake Mead and other 
mainstream reser voirs also influence these supplies, it is primarily the Lee Ferry flows 
sent downstream from the Upper Basin as Lake Powell releases that control annual main
stream water availability within the Lower Basin. Ultimately, as Lee Ferry flows decrease 
and Upper Basin consumptive uses increase in line with the projections discussed ear
lier, it appears inevitable that the amount of water supplied by the Upper Basin extend
ing from its flow obligations will approach the minimum required by the Compact. This 
trajectory gives rise to two questions of much importance vis-a-vis the existing reliance 
interests and future expectations highlighted previously: (1) what exactly is the minimum 
amount of Lee Ferry flows the Upper Basin is obligated to supply under the Compact, and 
(2) precisely how much mainstream consumptive use can this minimum sustain with in 
the Lower Basin? 

Tables 16.3 and 16.4 contain some thought-provoking figures in relation to these ques
tions. It should be clarified at the outset that, although the supreme court has never inter
preted the Colorado River Compact , the secretary of the interior historically has maintained 
a minimum objective annual release of 8.23 MAF from Lake Powell based on the Compact 
flow obligations. Most commentators view this release as consisting of 7.50 MAF per Article 
IIl(d), 750,000 acre-feet per Article IIl(c), and a 20,000 acre-foot deduction for Paria River 
inflows below Glen Canyon Dam (Schiffer et al. 2007). Assuming for sake of analysis that 
Lake Powell releases will average at least 8.23 MAF per year in the future to comply with 
th e Compact flow obligations-i.e., despite the fact that th e Interim Guidelines call for 
annual releases of less than 8.23 MAF in certain circumstances (as a successor instrument 
also might do)-the two tables aim to assess how much mainstream consumptive use 
average annual Lake Powell releases of 8.23 MAF might enable within the Lower Basin. 
Table 16.3 contains figures for the 15-year period from 2000 to 2014, including rounded 
averages, for annual Lake Powell releases, Lake Mead inflows, Lake Mead releases (includ
ing treaty flow releases), and Lower Basin mainstream consumptive use. In turn, Table 16.4 
tracks the decline in Lake Mead's storage over this period. Notable figures apparent from 
this latt er table include (1) an overall decline of 12.344 MAF in Lake Mead's live storage, 
(2) a corresponding decline in Lake Mead 's storage from 82% to 39% of capacity, and (3) an 
average annual rate of decline in Lake Mead's storage of 963,900 acre-feet. 

As with the Upper Basin figures in Tables 16.l and 16.2, a numb er of conclusions can be 
drawn from Tables 16.3 and 16.4 regarding how much mainstream consumptive use might 
be possible in the Lower Basin if annual releases from Lake Powell average 8.23 MAF in 
the future. Three points are especially worth considering . 

First, average annual releases from Lake Powell will need to be greater than 8.23 MAF 
for the Lower Basin states to consumptively use 7.5 MAF of mainstream water-again, 
their normal entitlem ent under the Arizona v. California decree-on average per year . Table 
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TABLE 16.3 

Lak e Pow ell Release s, Lak e Mead Inflows and Releases, and Lower Basin Mainstr ea m 
Consumptiv e Use, 2000-2014 

305 

Lake Powell Lake Mead Lake Mead Lower Basin Mainstream 
Year Release Inflow Release Consumptive Use 

2000 9.40 MAF n /a 10.993 MAF 8.025 MAF 

2001 8.23 MAF n / a 10.492 MAF 8.17MAF 

2002 8.23 MAF n/a 10.50MAF 8.407 MAF 

2003 8.23 MAF n/a 9.46 MAF 7.538 MAF 

2004 8.23 MAF n/a 9.635 MAF 7.384 MAF 

2005 8.23 MAF 10.07 MAF 7.941 MAF 7.065 MAF 

2006 8.23 MAF 8.931 MAF 9.395 MAF 7.411 MAF 

2007 8.231 MAF 8.906MAF 9.452 MAF 7.454MAF 

2008 8.978MAF 9.894MAF 9.531 MAF 7.521 MAF 

2009 8.23 MAF 8.888MAF 9.211 MAF 7.438MAF 

2010 8.23 MAF 9.164MAF 9.26MAF 7.379 MAF 

2011 12.52MA F 13.68 MAF 9.80MAF 7.317MAF 

2012 9.47MAF 10.lOMAF 9.42MA F 7.444MAF 

2013 8.23 MAF 9.06MAF 9.04MAF 7.478MAF 

2014 7.48MAF 8.16MAF 9.76MAF 7.571 MAF 

Average 8.677 MAF 9.685 MAF 9.593 MAF 7.573 MAF 

Source: Data from US Bureau of Reclamation, Colorado River Basin Water Supply and Demand Study, Technical 
Report C-Wat er Demand Assessmen t, 2012, h ttp: //www.us br.gov/lc/region/ p rograms/crbs tud y 
/ finalreport /Techn ical%20Report%20C%20-%20Water%20Demand %20Assessment /TR-C-Wa ter_Demand 
_Assessmemt _FINAL.pdf, accessed July 27, 2015; US Bureau of Reclamation, Up per Colorado Region, 
Water Resources Group , Colorado River Basin Annu al Op era ting Plan s, 2015, http: //www .usbr.gov/ uc 
/wa ter/rsvrs/ops/aop/, accessed July 27, 2015; US Bureau of Reclamation, Lower Colorado Regio n, 
Lower Colorado River Water Accoun ting, 2015, http ://www .usbr.gov/le/ region/ g4000/wtracct.html, 
accessed July 27, 2015. 

16.3 reveals that average annual Lake Powe ll releases of approximately 8.68 MAF were suf
ficient to enabl e average annual mainstr eam consumptive use of approximately 7.57 MAF 
in the Lower Basin from 2000 to 2014. Table 16.4, how ever, demon strat es that Lake Mead's 
storage contemporaneously declined at an average annual rate of 963,900 acre-feet. This 
analysis will not delve further into the pr ecise volume of average annual Lake Powell 
releases needed to facilitate 7.5 MAF of average annual consumptive us e from the Lower 
Colorado River. Whatever this mark may be, however, the 8.23 MAF hi storica l mini
mum release plainly falls shor t of it, creating wh at has been appropriately described as a 
"structural deficit" (CRRG 2014, p. 3). That is, even if Lake Powell releases were to average 
8.23 MAF in coming years, thes e figures suggest the Lower Basin states wou ld nonethe less 
face chronic shortages under the Arizon a v. California decre e. 

Second , as a corollar y to th e preceding point, th e Basin Study's full range of annual 
proj ections for Lower Basin mainstr eam consumptive use identifi ed previously-i.e., 
8.0- 8.5 MAF by 2035, 8.5- 10.0 MAF by 2060- cannot be reconci led with the prospect of 
average annual releases of 8.23 MAF from Lake Powell in the future . It again goes beyond 
the scope of thi s discussion to evalua te pr ecisely what volumes of average annual Lake 
Powell releases might be necessary to facilitate these pro jected levels of consumptive use. 
If average annual Lake Powell releases of 8.23 MAF will be clearly inadequate to satisfy the 
Lower Basin states ' 7.5 MAF normal decr ee enti tlemen t, however, as sugges ted by Tables 
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TABLE 16.4 

Lake Mead Storage, 2000-2014 

Year 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Live Storage 

22.444 MAF 

19.873 MAF 

17.093 MAF 

15.618 MAF 

13.937MAF 

15.22MAF 

13.89MAF 

12.51 MAF 

12.01 MAF 

10.933 MAF 

10.1 MAF 

13.0MAF 

13.1 MAF 

12.4MAF 

10.1 MAF 

Percent of Capacity Change in Storage 

82% -2.148MAF 

73% -2.571 MAF 

66% -2.769MAF 

60% -1.475 MAF 

54% -1.681 MAF 

59% +l.282MAF 

54% -l.332MAF 

48% -l.382MAF 

46% -0.492 MAF 

42% -l.080MAF 

39% -0. 841 MAF 

50% +2.885 MAF 

50% +0.158MAF 

47% -0.773MAF 

39% -2.24MAF 

Source: Data from US Bureau of Reclamation, Upper Colorado Region, Water Resources 
Group, Colorado River Basin Annual Op erating Plans, 2015, http:/ / www.usbr.gov 
/uc/water/r svrs/op s/aop/, accessed July 27, 2015. 

16.3 and 16.4, such releases obviously will not enable mainstream consumptive use at 
annual levels of 500,000 acre-feet to 2.5 MAF higher. 

Third, the viability of existing reliance interests and future expectations attached to the 
Lower Colorado River would be cast further into doubt, of course, if average annual Lake 
Powell releases were to drop below 8.23 MAF in the future. As reflected in Table 16.3, 2014 
was the first year since Lake Powell's filling in the 1960s that the annual release fell to 
such a level-7.48 MAF pursuant to the Interim Guidelines (Bureau of Reclamation 2014, 
p. 3). As a matter of law, the prospect of a recurring pattern of this type hinges at bottom 
on how the Compact flow obligations are navigated. Interpretive conflicts surround these 
obligations-particularly, Article III(c)-as highlighted earlier. Ultimately, to the extent 
that the Compact might be construed (or at least administered) as permitting average 
annual Lake Powell releases of less than 8.23 MAF, the resulting diminution in Lee Ferry 
flows would proportionately reduce the amount of mainstream consumptive use possible 
within the Lower Basin under the Arizona v. California decree . 

Overlapping with the preceding material regarding future mainstream water availabil
ity in th e Lower Basin are two related policy and management priorities that should be 
not ed before turning to the final section on tribal water rights. First, as has been sug
gested throughout this chapt er, future technical studies of consumpti ve uses and reservoir 
evaporation and other losses along the Lower Basin tributaries need to be undertaken. 
Underlying this priority is this author's admittedly personal view that the Colorado River 
Compact indeed governs these uses and losses, and that the existence of accurate figures 
for them is essential to diligent administration of the Compact's apportionment scheme , 
including Articl e IIl(c)'s flow obligation. It is respectfully frustrating to resort in 2015 to use 
and loss figures from 2005 to convey a "current" sense of hydrological conditions along 
th e Lower Basin tributaries. Second, as in the Upper Basin, a suite of novel demand man
agement and supply augmentation measures assuredl y will emerg e in the Lower Basin 



Climate Change and Allocation Institutions: Colorado River Basin 307 

in coming decades. Notable among these measures is the potential expansion of exist
ing programs aimed at enabling efficient and flexible water use by entitlement holders to 
mainstream water-specifically, a water banking program established in 1999 via federal 
regulations and an intentionally created surplus (ICS) program adopted under the Interim 
Guidelines (US Bureau of Reclamation 2012j; CRGI 2013). Both programs are framed 
around the unique provisions of the Arizona v. California decree-in particular, Article 
II(B)(6)-and it is worth considering to what extent they might be suited for conceptually 
and geographically expanded offshoots. 

16.3.4 Tribal Water Rights 

Climate change also holds important implications for water rights held by American Indian 
tribes residing on 28 reser vations located throughout the Colorado River Basin. Figure 16.7 
depicts these reservations. As noted, they include the two largest in the United States: the 
Navajo Nation in the Four Corners region and the Uintah and Ouray Reservation in east
ern Utah. Stated broadly, the overarching challenge facing these tribes with regard to their 
water rights involves translating what are legal rights on paper ("paper rights") into physi
cal water supplies that can be utilized to create viable homelands ("wet water"). Because 
of the pre valent senior status of tribal water rights-which carry a higher allocation prior
ity vis-a-vis junior water rights under the basin states' prior appropriation systems-this 
translation has the potential to profoundly affect non-Indian junior water users. Significant 
issues in the realm thus include the need for quantification of as-yet unquantified tribal 
water rights, additional funding for tribal water infrastructure, and full integration of 
tribal water rights into planning and management efforts aimed at assessing water avail
ability and promoting equitable reallocation measures. 

American Indian tribes hold quantified water rights to Colorado River system water 
under two types of legal instruments: adjudication decrees and negotiated settlements. 
Underpinning the adjudicated rights are the seminal supreme court decisions of Winters 
and Arizona v. California, the latter of which established and quantified water rights held by 
five tribes within the Lower Basin to water from the Colorado River mainstream (Cordali s 
and Cordalis 2015). In lieu of adjudications, 14 tribes in the basin up to this point have 
elected to secure and to quantify th eir water rights by ent ering into nego tiated settlements, 
the earliest in 1978 and the most recent in 2010 (NARF 2013). Table 16.5 highlights 24 tribes 
identified in the Basin Study as holding quantified rights in one of these two forms (US 
Bureau of Reclamation 2012c). For accounting purposes under the Upper Basin Compact 
and the Arizona v. California decree, consumptive uses undertaken in conjunction with 
these trib es' water rights must be charged against the respective entitl eme nt(s) of the basin 
state(s) in which the uses occur. 

The total amount of consumptive use authorized by thes e tribe s' quantified rights is 
substantia l. Overall, quantified tribal diversion rights throughout the basin are about 2.9 
MAF annually, with approximately 1.36 MAF in the Upper Basin and 1.58 MAF in the 
Lower Basin, including 1.4 MAF in Arizona (US Bureau of Reclamation 2012c). The Navajo 
Nation alone holds diversion and depl etion rights to 606,660 and 325,670 acre-feet, respec
tively, of water from the San Juan River in New Mexico (US Bureau of Reclamation 2012h). 
Similarly, the Ute Indian tribe of the Uintah and Ouray Reservation holds diversion and 
depletion rights to 480,594 and 258,943 acre-feet, respec tively, of Upper Basin water pursu
ant to a revised compact with the state of Utah currently pending reratification (US Bureau 
of Reclamation 2012h). A host of additional examp les exist to illustrate the large volume of 
tribal water rights in the basin. 
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ID Reservat ion nam e 

1 Gila River Indian Reservation 
Tohono O'odham Nation Reservation 

fort McDowell Yavapai Nation Reservation 

Native American lands wh ere tribes have rights 
or potential rights to Colorado River Water 

4 Salt River Reservation 

5 Pascua Pueblo Yaqui Reservation 

6 Colorado River Indian Reservation 
Yavapai-Prescott Reservation 

Yavapai-Apache Nation Reservation 

9 Tonto Apache Reservation 

10 Coco ah Reservation 
11 fort Yuma (Quechan) Indian Reservation 
12 Maricopa (A k Chin) Indian Reservation 

t- 13--+')_ic_ac_ill_a_A~p_ac_h_e N_ at_io_n_R_ese_ ,_v_ati_· o_n __ _, f ~ f ,° t Salt 
14 Uintah and Ouray Reserv ation LO k e Lake 
15 Paiute (UT) Reservation 0 City 
16 Southern Ute Reservat ion 
17 Ute Mountain Reservation 
18 Chem ehuevi Reservation 

19 fort Mohave Rese rvation 
20 San Carlos Reservation 

21 W hite Mountain Apache Reservation 

22 Navajo Nation Reservation 

23 Ho i Rese rvation 
24 Havasupai Reserva tion 

25 Hualapai Indi an Rese rvation 

26 Kaibab Indi an Reservat ion 
27 
28 
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FIGURE 16.7 
Tribal land s in th e Co lorado River Basin. 

Basin tribes do not anticipate idlin g their water rights over the next 50 years -quit e the 
opposite. The Basin Study projects basin-wide tribal diversions to range from approxi
mately 2.7 to 3.4 MAF by 2060 (US Bureau of Reclamation 2012c). These projected diver
sions fall betw een 1.2 and 1.7 MAF in the Upper Basin and 1.5 and 1.7 MAF in the Lower 
Basin . Again focusing solely on th e Navajo Nation, it anticipates making full use of its 
606,660 acre-foot diversion right and 325,670 acre-foot depletion right to water from the 
San Juan River in New Mexico at thi s time. The same can be said for the plans of the Ute 



Climate Change and Allocation Institutions: Colorado River Basin 

TABLE 16.5 

Tribes with Quantified Rights to Colorado River System Water 

Tribe 

Ak-Chin Indian Community 

Chemhuevi Indian tribe 

Cocopah Indian tribe 

Colorado River Indian tribes 

Fort McDowell Yavapai Nation 

Fort Mojave Indian tribe 

Gila River Indian Community 

Hopi tribe 

Jicarilla Apache Nation 

Moapa Band of Paiutes 

Navajo Nation 

Pascua Yaqui tribe 

Quechan Indian tribe 

Salt River Pima-Maricopa Indian Community 

San Carlos Apache tribe 

Southern Ute Indian tribe 

Tohono O'odham Nation 

Tonto Apache tribe 

Ute Indian tribe of the Uintah and Ouray Reservation 

Ute Mountain Ute tribe 

White Mountain Apache tribe 

Yavapai - Apache Nation 

Yavapai-Prescott tribe 

Zuni Indian tribe 

Reservation Location 

Arizona 

California 

Arizona 

Arizona, California 

Arizona 

Arizona, Nevada, California 

Arizona 

Arizona 

New Mexico 

Nevada 

Arizona, New Mexico, Utah 

Arizona 

Arizona, California 

Arizona 

Arizona 

Colorado 

Arizona 

Arizona 

Utah 

Colorado, New Mexico, Utah 

Arizona 

Arizona 

Arizona 

Arizona 
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Source: US Bureau of Reclamation , Colorado River Basin Water Supply and Demand Study, Technical Report C
Water Demand Assessment, 2012, http://www .usbr .gov/le/ region/ programs/ crbstudy / finalreport 
/Technical%20Report%20C%20-%20Water%20Demand%20Assessment/TR-C-Water_Demand_Assess 
memt_FINAL.pdf, accessed July 27, 2015. 

Indian tribe of the Uintah and Ouray Reservation regarding its 480,594 acre-foot diver
sion right and 258,943 acre-foot depletion right to Upper Basin water in Utah (US Bureau 
of Reclamation 2012h). This projected trend in increased tribal demands is a significant 
basin-wide policy dynamic (CRGI 2013; CRRG 2014). 

Further complicating the allocation issues in this realm is the fact that a variety of 
tribes currently hold unquantified water rights to Colorado River system water. As listed 
in Table 16.6, the Basin Study identifies 12 tribes within this category. The Bureau of 
Reclamation has acknowledged that water demands associated with these unquantified 
rights "will be a factor impacting Basin-wide water availability" (US Bureau of Reclamation 
2012c). The absence of concrete figures, however, makes it difficult to assess the precise 
role these rights will play in future water planning and management. That said, the basic 
notion that the scope of these unquantified rights needs to be ascertained-for the sake of 
both Indian and non-Indian communities-appears commonsensical (CRGI 2013; Nania et 
al. 2014; Cordalis and Cordalis 2015). 

To synthesize the preceding tribal material, the projected impacts of climate change on 
water availability in the Colorado River Basin bring to the fore at least three key issues 
that, although relevant irrespective of climate change, are made more pressing by it. First, 
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TABLE 16.6 

Trib es with Unquantified Rights to Colorado River Syst em Water 

Tribe 

Havasupai tribe 

Hopi tribe 

Hualapai tribe 

Kaibab Band of Paiute Indians 

Navajo Nation 

Pascua Yaqui tribe 

San Carlos Apache tribe 

San Juan Sou th ern Paiute tribe 

Tohono O' odham Nati on 

Tonto Apache tribe 

Ute Mountain Ute tribe 

Yavapai-Apache Nat ion 

Reservation Location 

Arizona 

Arizona 

Arizona 

Arizona 

Arizona, New Mexico, Utah 

Arizona 

Arizona 

Arizona 

Arizona 

Arizona 

Col orado, Ne w Mexico, Utah 

Arizona 

Source: US Bureau of Reclamation, Colorado River Basin Water Suppl y and Demand Stud y, Technical Report C
Water Demand Assessment, 2012, http: //www.usbr.gov/le/ region/ program s/ crbstudy / finalreport 
/ Technical%20Report%20C%20-%20Water%20Demand %20Assessmen t/TR-C-Wate r_Demand_A ssessmemt 
_FINAL.pdf, accessed July 27, 2015. 

ongoing efforts to quantify as-yet unquantified tribal water rights appear critical given 
water supply and demand conditions in the basin and the derivative need for proactive 
water planning and management. Second, related efforts to secure funding for tribal water 
infrastructure-which historically has been included in negotiated settlements in various 
forms - likewise need to be prioritized to enable tribes to realize developmental goals. 
Third, prospecti ve water planning and management efforts need to account for tribal 
water rights and associated water demands in a manner that is on par with the treatment 
afforded non- Indian water users and their entitlements. In particular, because of the of ten 
senior status of tribal water rights, close attention needs to be paid in these efforts to poten
tial impacts of increas ed tribal water use on non-Indian junior water rights hold ers that 
historically hav e relied on water resources to b e newly us ed by tribes. Tribal water market
ing arrangements may be useful mechanisms in this regard-several variations of which 
were submitted for consideration in th e Basin Study (US Bureau of Reclamation 2012j; 
CRGI 2013). At the same tim e, however, tribes should carefully assess whether leasing pro
visions in negotiated settlements may unduly restrict more broad-based (and remunera
tive) marketing activities potentially made possible by future interstate schemes (McCool 
2002). 

16.4 Conclusion 

Allocation institutions in the Colorado River Basin face a historically unpr ecedented 
imbalanc e between water supplies and demands that they contributed mightil y to facil
itate. They again constitute only one strand of the intricate framework that is the Law 
of th e River, but the issues posed by climat e change for them are monumental, both 
for the institutions thems elves as well as for the basin that the Law of the River shapes . 
Will the Colorad o River Compact be capable of fulfilling its core purpose of equitable 
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app or tionment given projected climate-based reductions in Lee Ferry flows? Much of 
the answer seems to hing e on how the Compact is interpreted and which approaches are 
utilized toward this end. Construed in one form or another, the Compact 's framework 
inevitably will confine the Upper and Lower Basin states to their respective entitlements 
under the Upper Basin Compact and the Arizona v. California decree. What kind of future 
can the Upper Basin states make with their leftovers , and exactly how much of a cushion 
actually exists in their water budg ets? Climate change poses similarly pressing questions 
for the Lower Basin, given the role play ed by the Compact flow obligations in channeling 
water to the Lower Colorado River, yet on a far grander scale due to the scope of reliance 
interests and future expectati ons. Potential evolution of inter stat e transfer schem es in both 
conte xts will be an imp ortant pattern to watch . So, too, will the futu re treatment of quanti
fied and unquantified water rights held by tribal sovereigns throughout the basin. Climate 
chan ge accentuates the need to address these legal rights in earnest in future planning and 
mana gement efforts, and to craft equitable allocation arrangements that enable tribes to 
create viabl e homelands. Wheth er the existin g allocation institutions maintain their cur
rent seams, bend marginally at these seams as hydrological conditions tight en, or poten 
tially reweave the seams fundamentally is perhaps the essential question pos ed by climat e 
chang e within the Colorado Rive r Basin. 
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