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|. Introduction

The Colorado River @me of the mosthoroughlystudied, debated and contested natural
resources in the world, and for good reason. For residents of¢lven bam states and
northwesternMexicq it is both an eonomiclifeline anda culturalmarker, massively
engineered to provide a steady flow of water and hydropower for cities, farms and industry,
while retaining enough wildness tshowcasea stunning dsersityof physicalenvironmental

and recreatioml amenities.By almost any standard, it is the jewel of the American
Southwest andit is in trouble. Of all that is expected of the river, the primary focus of the
struggles and investmentsof a political, legaleconomic and engineering naturénas been to
utilizethe river as a water supply source, ewghenthis has meant sacrificing other values and
uses. Buthe ability of the physical and institutional system to futhiis central function is
increasinglyn doubtand, fa a variety of reasons, is likely to becofaether compromised
should we continue along the current management pathway.

The Colorado River Governance Initiative (CRGI), based at the University of Colorado Law

School, is a research projenspired byseveral decades of research on Colorado River issues,

all culminating in théelief thatsignificantinstitutional refornms must bean essential

component of anstrategyto effectively address thalS 3 Awnatgr @anagement challenges of

today and tomorrow. Inevitably, this meansexamining the structure and functioning of the

G[ e 2F GKS wWAOGSNEE (KS adaAadS 2F flga | yR LRf
management, all buiuponi KS / 2f 2 NI R2 wA @SNJI / 2 YiLdtinortho 6 KS &/
explicitly noting thatihe CRGlisoto 8 SR 2y GKS LINBYAAS GKIFG GKS
2dzi ¢ 2NJ aNBYyS3I20A1F0SRET GK2aS OGA2ya | NB y2i
principles articulated in the Compaate approprate andhighlyvalued But the way in which

those core principles are translated into river management and water allocation will need to be
revisited, and undoubtedly will be. This, of course, is nothing new. On many occagiens

latest being the negiation of thed L y i SNA Y D dzA’RSuchiisfuSsioAs hdvy’ H i n T
occurred, and incremental reform hassulted What is different now is that ware ata point

NG KAOK AYONBYSyYyidlf NBFT2NX Ff2y3 GKS aldNFRAGA?Z2
returns, and may in fact be stifling efforts to consider different, and better, future pathways. It

is the aim of the CRGI to show the shortcomingthefcurrent trajectoryand,therefore, the

! This paper is designed for individuals with a working familiarity with the basin and its management, including the

Law of the River. For those desiring mbeekground information, Appendix A provides a general mvie

2USBR, 200Tolorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for Lake

Powell and Lake Mea@epartment of the Interior.http://www.usbr.gov/Ic/region/programs/strategies.htmi

adzOK 2F G(KA& RAaOdzaaA2y RN} sa& FTNRY (KS /wDL SKAGS LI LIS
2USBR, 200Tolorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for Lake

Powell and Lake Mea@epartment of the Interior.http://www.usbr.gov/lc/region/programs/strategies.html
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value of consideringignificantly differenfipproachesand to inspireand cultivate the new
ideasthat will allow basin leaders to more effectively address the challenges that lie ahead.

In thisinterim Phase 1 é&port, we summarize research and analysis conducted in Year 1 of the
CRGI, focused primarily oniatilating the argument for significant reform. In the Phase 1
Comprehensive Report due draft format the completion of Year 2 (December 2011), this
discussion will be expanded to includenare detailed discussion afpecificreform options.

Il. TheArgument for Significant Institutional Reform

The Broken Water Budget

The argument for change on the Colorado River begins with a simple, and largely irrefutable,
observation: as a water supply source, the river is already stretched to its limitse diger
several indicators of this reality. Firsignificant flows haveot consistently reacheds

terminus in the Colorado River deltarfhalf a century, as shown Figure 1*
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Figure 1. Colorado River Flows to the Delta
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Appendix B.
4 Figure 1 is adapted from data compiled by Kevin Wheelone time, the Delta was among the most ecological

RAOSNES sSGtlryRa Ay b2NIK ! YSNAOIT G2RFé&Z-A0 NBOSA@OSa |

development) flows. As asalt, the delta has shrunk to less than a tenth of its original 728,000 hectares (Glennon

and Culp, 2002)Nonethelessit remains an important ecological resou@edzLJLI2 NI Ay 3 aY2NB GKI Yy wmc
shorebirds, 60,000 waterfowl, and a dozen threatened or e@&NBE R aLISOASa 2F FyAYlIfaz Fi

al., 2001: 3).It was named a Ramsar site in 1986r a review of deltaelated environmental issues, see Getches
(2003, Luecke et al(1999), andPitt (2001).



Obviously, this hakad significant ecological ramifications for the Colorado River dek&®oth
baseline angulse flows that previously provided important ecological functibage been
redirected D build (and rebuildwhen necessarythe immense reservoir storage thhss
provided Colorado River users wigbundant anchighly reliable water supplies Asrecently as
the late 1990s, Colorado River reservoirs stored nearly 4 years of flowtheithajorityof this
volumein Lakes Powell and Mead (Fig@)e
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Figure 2. Stage on Lakes Powell and Mead, 1998 to 2010 (SeptemBersdges). (USBR
Data).

Fnding water to maintain or rebuild storage, however, masentlybecome unattainablen

LI NI RdzS G2 GKS 2yaSiéd 2F RNRdAzZAK( thd2eftRrg 0 A2y a @
have been below the average of the preceding 30 years (P90D) (USBR, 2010). Not

surprisingly, thigeriod hasseena precipitous decline in reservoir storage, ltuwvould be

dangerous to attribute this reality to drought conditions alorfeerhapsthe more salient

®The loss of delta flows has also hattemendous impact on the native peoples, the Cocopah and Guitregt
have lived in the region for centuries.



contributor is that demands on the system have now caught up with (and likely exceed) long
term supplies on the systemven without drought conditiongs shown below in FiguBe
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Figure 3. Systemvide Supplies and Deman®s.

As discussed in detail by Kenney et al. (2010), and summéiizpdrt)in AppendixB, the
decliningreservoir storage in Lakes Powell and Mead best illusdridite interaction of drought
and the growth in demandskigures4 and 5(below)show the reléionship of reservoir storage
to inflows, which in the case of Lake Pow@ligure 4)is largely influenced by droughi.e., as

® Data and methodology for this figure was provided by the U.S. Bureau of Reclamlatibis figure, supplies are

the sum ofnatural (undepeted) mainstem flowsoriginatingupstream of Lake Meaghlus Lower Basin tributary

flows thatactuallyreach the mainstem above Imperial Dam. Demands are the official accounting of consumptive
uses of mainstem water. Note that water originating in Lo®asin tributaries that is consumed before reaching

the mainstem is neither included as either supplies or demands. Thus, the supply line and demand line are both a
little low (if the intent were to truly describe total surface water supplies and demamtise Colorado River

System), but the spread between them is accurate, which is the primary purpose of this figure.
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natural flows have declined, reservoir storage has followed. But Lake Mead (Figure 5) is more
complicated, asnflows in the arly 1990s and the 2000s are nearly identibat while that

resulted inastable reservoir in the first period, it results in storage lossekroughly1 million
acrefeet (MAP/yeart in the modern erd. What changed? Lower Basin demands have grown

to alevel thatare only sustainable if the Upper Basin makeleases beyonids Compact and

Treaty obligation§. A complex operational schedule, based on relative volumes of Lakes Powell
and Mead, is established to determine when such releaseS NY SRO& W B £ | § NJ
GSlijdzk £ AT FGAZ2YyéE 0O orlwil GcBur. RyleaseKfom Padvgll Rfigiedte? tifaa 8.23
MAF should occur iA011, which will provide some temporary relief for the Lower Basin, but
only at the expense of reduced storagpstreamin Lake Poell (USBR, 2018).
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Figure 4. Storage in LaRewell as a Function dfatural Inflows

LG akKz2dAZ R 68 y2G0S8R GKIG [1S aSFRQa StSOlLiAzy NBOSydhte
since thereservoirbegahA f ft Ay3d Ay GKS f1 4GS mMdbponQaod { SSY
http://www.azcentral.com/arizonarepublic/news/articles/2010/10/19/20101019lakesadwater-levelnew-

historiclow.html

%t NBadzytofées GKS YAYAYdzZy 202S5S0GA0S NBESIHaS 2F yodHo a! Ck
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minimum obligation of 1.5 MAF/year to Mexico. (The 20,000 #$oo¢ difference is comprised of inflows from the

Paria River, downstream of Lake Powell but upstream of Lee Ferry.) Many interests contend that the Upper Basin

does not currently have any obéition to contribute to the Mexican delivery, as that water is supposed to come

from surpluses that, arguably, are currently being consumed in the Lower Basin. For more information, see

Carlson and Boles (1986) and Kuhn (2007).

° As of September 2010,\itas expected that Lake Powell elevations would climb high enough to trigger

GSldzk t ATFGAZ2YyEé NBEtSFHaASE AY wnmmI NB&dzZ GAy3a Ay Ly | yydz
due to an unexpectedly dry Fall, it is now more likely that Powidllremain in the lower tier the Upper Elevation

Balancing Tier, rather than the EqualizationTiskS a dzf G Ay 3 Ay | daolfFyOAy3IE NBESIFAS
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Figure 5. Storage in Lake Mead as a Function of Lake Powell R8leases

Looking longierm, is there reason to believe that storage in Lake Powell will grow, tlyereb

FEt26AYy 3

& ScandidtdntBbe delleases MamiPawell for the benefit of Lake Mead?

To answer this question, one must look at what is happening upstream of Powell, regarding
both demands andupplies. For both variables, the trend lines aré ecouraging.As shown
below in Table 1, Upper Basin depletions prejected to grow significantly over the next half
century.'* Counting evaporative losses, Upper Basin depfetin 2G5 are estimated at 6.1
MAF/year, roughly Z MAF higher thar2005 althoughstill well below the 7.5 MAF/year

allocated to the Upper Basin by Article dff the Compact?

19 Adapted (and updated) from Kenney et al (2010), figure 4.

"' pata provided by the U.S. BurealilReclamation. Data for 2005 are actual use (provisional data); other years
are from the updated Upper Basin Depletion Schedule. Future evaporation losses are estimated at a constant 560

KAF/year. Estimated losses to native vegetation are not included

'2 A great deal of skepticism has always surrounded the Depletion Schedules, as some view the data as wishful
thinking or political posturing more so than sound water planning. This is one of several thorny issues that are

being confronted in the Color&dd wA @SNJ . | &Ay 2 GSNJ { dzLJLJX &

YR 58YFyR {{dz

is a two year effort led jointly by the Bureau of Reclamation and the basin states. The $2 million study will identify
water supply and demand imbalances in the basin betwean and 2060, and will include a review of potential
adaption and mitigation strategies to address those imbalances. The Basin Study will be complemented by
another study conducted by the United States Geological Survey called the Colorado River 8gsipiBeFocus
Study. The USGS study will be conducted over a-¥eae period and will attempt to identify how much water is
demanded from the Colorado River Basin, including water to support ecosystems. For additional information, see

the Basin Studwebsite and Department of Interior press release:
http://www.usbr.gov/Ic/region/programs/crbstudy.html
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Table 1. Projected Upper Basin Depletions (KAF/year)

Water Year 2005 | 2015 | 2025 | 2035 | 2045 | 2055
Coloradcf| 1,856 2,819 2,867 2,905 2,937 2,955
New Mexcol| 466 574 622 639 642 642
Utahlf 853 931 994 1,075 | 1,141 | 1,163
Wyominglf 405 501 670 727 743 757
Arizona (U} 5 50 50 50 50 50
apportionment)
UpperBasifg 5 516 | 4965 | 5203 | 5396 | 5513 | 5567
Total
Total Upper
Basin
Consumptiorf] 4,012 5,525 5,763 5,956 6,073 6,127
(including
evaporation)

The assessment of future supplies is even more fraught with uncertdfrttye current dry

period is, in fact, just a temporary drought that will eventually subside, then a return to

Gy 2N € -y2NYVE If & 2 @Bing signific@n relief to the bagimalthough it is

worth remembering thativeragedemands on the system already eqaakrage(non-drought)
adzLJLX ASazx S@OSYy o60SF2NB FRRAGAZ2YFE P LIISNI . F&AAY
reasonable in a era of climate change? As discussed in detail in App@&ntive overwhelming
majority of research suggests a decline in future flows due to climate change, coupled with a
likely increase in drought frequency and intensiBrojections vary significalytregarding the
magnitude of flow declines, however, a review by Milly et al. (2005) found that greater than
90% of the climate models project decreases 03006 for the time period 2042060.

Assuming a lorerm average annual flow of roughly 15 MA I(ee Ferry), this translates to
annualfuture flows in the range 010.5- 13.5MAF.

Even if operating on an assumption of no growth in demands and no decline in supplies, the
current system is operating at full capacity (as shown by Figure 3), andtable during

drought years (as shown by Figagand 5. A future with increased demands and decreased
flows is untenable. As evidence, Figud€below)extends the Figure 3 snapshot into the future,
plotting demands based on official depletion schkx$, and utilizing an unusually modest

http://www.doi.gov/news/pressreleases/Secretayalazatl aunchedNew-RegionalClimateScienceCenterand
Water-Censusat-Meeting-of-ColoradeRiverBasinWater-Leaders.cfm
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projection of supply declines (roughly 7#)Additionally, rather than focus on total system

wide demandgasdonein Figure 3)Figures focuses only on thossupplies (and the demands

on those supplies) thagnter the mainstem at or above Lake Mead, as the modern operating
rules (as described by the Interi@uideline$ largely hinge on storage in, and withdrawals from,
Lake MeadThis is done to foreshadow later discussions about the challenges facing the Law of
the Riverand issues of interbasin management
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Figure 6. Supplies and Demands of Mainstem Water

13 Among themost sophisticated and modern of theghly regarded climate change studies on the Colorado, this

level of decline is the lowest citdbly Christensen and Lettenmaier, 2008hus, this may be a bestse scenario

in terms of suplies.

1 Specifically, the demand line includes consumptive uses (from the mainstem) by both Upper Basin and Lower
Basin users, plus minimum treaty deliveries to Mexico, plus ET losses. Projections are based on the assumption of
G FdzZf £ dza S¢ e boweb Basim, &n@ the Upper Badin depletion schedataging in 2008). These

projections donot include uses (or contributions) of tributaridewnstream from Lake Meaok overdeliveries

(including spills) to Mexico. The supply line is Lees Ferwyaldlow, plusthed A y 4§ SNIISy Ay 3¢ Ft26a 0SS
and Mead(roughly 860 KAF/yearWhile those intervening flows are not officially part of the primary interbasin
apportionment, under the current operating (and water accounting) regime, they cugr@ntdlvide a significant

source of supply that is used to provide Lower Basin deliveries from Lake Nidadata from is from

Reclamation.) Thieiture supplyline, as indicated above, is simply a lindacline of roughly 7%.
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In summary, the water budget on the Colorado River is currently at its breaking point, and while
an easing of drought conditions would undoubtedly provitlersterm relief, the longterm
trajectory points to an unsustainable situation. Of course, ultimately, the laws of physics will
win out, andaveragedemands will bdimited to thelevel of average supplies. That is not in

doubt. Itis also not in doulthat the manner in which supplies and demands are balanced will
vary significantly from state to state, as the Law of the River does not treat all states equally in
terms of allocations and prioritiesThe question before water leaders is what pathwail ke

utilized to achieve the inevitable reconciliation of the water budget. This issue is discussed in
the next section.

The Current Pathway to Reconciliation

GD2JSNY I yOS¢ Aa I 3ISy Syhkodsactivitesldf godeinBéht rélafm RS & O NR
todecisionY { Ay 3 FyR YIylF3aSYSyio ¢ KgbverNdRdea 2y T2 NJ |
initiative¢ A& GKI G GKS YSOKIyAayYa FyR | LIINRIOKSa GN
River not only shape existigw andpolicy, but greatly influence the bodariesof what is,

and is not, possible in the future. Two aspects of the approach used in the Colorado are

particularly noteworthy. First is the tradition of reactive poliogking i.e., major

negotiations and policy indtives generally occur when prpted by crisis, such as the recent

Interim Guidelinesarising from the sharp decline in reservoir storage. And second, most

negotiations and resulting policy initiatives closely follow a model that emphasizes (a) further
interpreting and defining rightand (b)then enforcing those rights. Again, the Interim
Guidelinegrovidean excellentexample, as the rules clarify (in a quantitative way) the manner

AY 6KAOK /SYGNIXf I NAT 2yl tNR2SOG o/!'to NRIAKGA
provide aprocess and schedule for implementing the necessary curtailments. Neither or these
gualities of Colorado River governance are particularly noiwredremental, crisidbased

management describes activities in many sestand by many governments. These liies

are nonetheless worth acknowledging, in thiéiey not only shape the current trajectory of

management, butanalsobe an impediment to considering other approaches.

Figure 7 (below) illustrates three possible pathways to dealing with Coloradoifiues.

These categories are obviously quite general and are not exhawstiveitually exclusivebut

they do capture the majority of conversations focused on the future of the reved do help

frame the remaining discussions about solution optioAs mentioned earlier, thgovernance
process typically begins when a triggering event (e.g., drought) creates a management dispute

> The recent shift in o temperatures from EI Nino to La Nina conditions suggests the next couple years could
remain unusually dry in the Southwest, although conditions in the critical semater watersheds in Colorado
and Wyoming may be unaffectelttp://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/
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that hinges on some contested element of the Law of the River. As noted on the figure, the

Law of the River, while complexd detailed, has numerous omissions and ambiguities that

provide the basis for argument. While litigation is always an option in such dispatese

Arizona v. Californifl963)experiencebeing the obvious examptea more common approach

is to either negtiate a solution (perhaps a temporary solution) among the basin states, or for a
adrasS G2 aAyYLX e YIS lFaadzyLliAz2ya Foz2dzi K2g (K
future, and base present day management decisions accordingly.

Some Potential Solution Pathways

Crisis (or other triggering event)

A 4

Raises Law of the River Issues (*Omissions and Ambiguities”)

A4 A 4

s Litigation Negotiations

: [Litg m) | Neg 1 I
Pathway # 1: Pathway # 2: Pathway # 3:
Clarify and Consider New Pursue River
Enforce Existing Interstate Augmentation
Rules Arrangements

Figure 7. Pwential Pathways for Addressing Colorado River Issues

But regardless of the stimuli involved and the dispute resolution process utilized, this series of

events is most notable in that it leads to a pathway distinguished by a core set of ideas about
howbesi (2 RSIf 6AGK /2f2NIR2 wAQOSNI RAalLlziSao t
this is the best description of how problems are typically framed and actually addressed on the
Colorado. In this pathway, the goal of decismaking is to inject fither detail and clarity into

the Law of the River about the magnitude and/or priority of allocations to each state (and

Mexico), to devise river management regimes to ensure compliance with those allocations, and

to then defer to each state the respondiby to devise internal water management strategies.

It is an approach that derives from the philosophy of water allocation compacts more generally,

in that it is statecentric, and is based on the assignment of permanent rights rather than

YOSHSNIE 2F (GKSAS a2YAaaArzya yR | YoA3dzi iRppénditA. I NB YSy i)
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dynamic or neds-based allocation$’ At the other end of the spectrum is Pathway # 3, which

is based on the premise that the best way to avoid or solve water supply disputes on the river is
to augment supplies through mechanisms as diverse as cloud seeding, desalitratisbasin
imports, phreatophyteemoval, and so of® The remaining approach, Pathway # 2, is the least
defined at this point, but is the area that best describes the focus of the CRGI. Pathway # 2 is a
catchall for approaches that are institutionahddinterd I a ik yaturer i.e., that focus on the

rules governing the relationship between the Upper and Lower Baaivdthat look to

cultivate new agreements and governing processes that retain the intent and core values of the
existing framework, butitrough new rules and arrangements that, in some cases, constitute
more significant departures from current management and legal interpretations than what is
seen in Pathway #*f. The remaining pages primarily compare the merits of Pathways 1 and 2;
augmenation-based solutions (Pathway # 3) are mentioned in a few instances, but are largely
outside the institutional focus of the CRGI.

Shortcomings of the Current Approach

lylrfteada oK2 O02yGSYR (KS Odz2NNByYy d | LILANRIOGAKS €0t |
have good reasons to be critical, but the full and aggressive application of this approach is

certainly possible and, if no intervention occurs, is inevitable. The question is whbther
GO02adaé¢ 27F08KNBOPR VIOINE A O Renivite® butigetireZnbedlgsaly0 a 6 N |
hight or stated differently, could those costs be reduced by considering ideas that currently lie
outside the typical framing of problems and soluti@nEo answer this question requires

considering how the current trajectomyill play out. As discussed belowpthg thatthought
exercisedentifies several deficiencies of the current pathway that not only violate the intent of

the Compact, but may undermine its lotgym viability. Two issues are of particular concern:

the Upper Basin climate change squeeze, and the role of congadistin basin administration.

Yitisworthy 2 Ay 3 GKFG GKAA &O2 YL Sthelthevegurable dppoftiGnmedSmodel oR A T F S NB
the approachesnost typically seemiother countrie¥ ¢ KA OK GSyR G2 6S Y2NB aySSRa ol
periodicadjustment As Wolf (2005: 150) note&:2 K| i 2y S y2GA0S8S&a Ay (KS 3Jft20lf NB
that several of those surveyed begin where many western United States issues are now, with parties basing their
AYAGALFE Ll2ardAizya Ay GSN¥a 27 ddpdek giaballypwvhich have peent £ Y2 ad | €
resolved, however, particularly on arid or exotic streams, the paradigms used for negotiations have not been
WNR-AKEERQ G | ff -0X a0SRIGONT § KSANIARYF NI RS a4dz00Saafazf FNI YSo
I NS FtSEA0EST FTtSEAOAfAGE Ay |ANBSYSyida Aa tyz2ad Y2NB
®The Southern Nevada Water Authority recently funded NS GA S¢ 2F LI2GSYGAlf -2LJGA2ya §
Term Augmentation Options forthe WaNJ { dzLJLJX & 2F GKS /2t 2N} R2 wWAGSNI {aidSYy
Consultants, 2008).

Yt is readily acknowledged that a number of innovative arrangements have been crafted in recent decades

among the Lower Basin states. However, a similar level of adiagétyiot been as the interbasin scale, nor among

the Upper Basin states. As explained in the following pages, these are the scales at which future institutional

innovation appears most urgent.
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The Upper Basin Climate Change Squeeze

TheseOl £t £t SR a! LILISNI . I aAy OfAYIFI{GS OKIFy3aS &ldzSST S
Basin apportionment is essentiathe last priority on the river, and as average flow volumes
RSOfAYSs GKA&a FLILRNIA2YYSYyld o6SFNBE GKS FdzZ f 06 N
The categorization of the Upper Basin apportionment as being the last priority is a delicate

issue®, butish aSR 2y GKS g2NJAy3a 2F I NIAOES LLLORYD
Division [to] not cause the flow of the river at Lee Ferry to be depleted below an aggregate of
75,000,000 acréeet for any period of ten consecutive year§[.] is i¢ &le factodelivery

obligation, and while the Compact was initially pursued as a mechanism to ensure that the

priority system was not implemented across state lines, it essentially does just that as it

pertains to the three major classes of Colord&iger allotment holders: the Lower Basin, the

Upper Basin, and MexicoMany efforts have been made over time (and are still ongoing) to

ensure that the Lower Basin and Mexico (pen@hwill, except in surplus periods (if anye

limited to their statal apportionments. This is shown below in Tablel@.no year since 2003

has total (preevaporation) Lower Basin consumption from the mainstem exceeded the 7.5

MAF thresholdand is not projected in the &pletion Schedules to ever do so agéih.

D There is a significant literature reviewing how the LawhefRiver prioritizes allocations. For example, see

MacDonnell et al. (1995 Clyde (1960), Grant (2003), and Saunders (1988noted, most categorize the Upper

Basin as having a delivery obligation (and thus a junior priority) to the Lower Basimeivisat contrary

argument is offered by Kuhn (2007), who argues that the Upper Basin would not be responsible for increased river
depletions associated with climate change. The distinction hinges on whether or not the Upper Basin has a

GRSt ADGSNE 2BX AFAIFIAARYILIGA2Y ay20 G2 RSLI SGSoé 2 KAES GK:
the River documents, including the Upper Basin Compact, use both terms.

2 Negotiations with Mexico regarding triggers and curtailment schedules for the Meaj@ortionment are

underway, and quite possibly will be concluded shortly. The 2007 EIS contains a Mexican apportionment

curtailment schedule, but that was hypothetical (i.e., was Ibased on any agreement with Mexico).

*This conclusion is based oropisional supply and demand data provided by the U.S. Bureau of Reclamation.

¢tKS 1Se& (2 dKAA I OKASOSYSyld KlIa 0SSy GKS | OOSt SNI GSR ol
reduce consumption to 4.4 MAF, a goal achieved in 2003. When evapoistonsidered, 8.735 MAF of Lake

Mead water is actually consumed to achieve the 7.5 MAF of consumptive use.
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Table2. Efforts to Clarify and Enforce Existing Water Allocation Rules (Pathway #
Party Process / Rule Outcome Timing
Lower Basin | California Interim Surplus From ~ 5.2 MAF tqg Early 2000s
Guidelines (2001) | 4.4 MAF
et al. (BA, 4.4
Plan
Arizona (CR), |Interim Guidelines | Staged 2007to 2026
Nevada curtailments as
needed
Mexico Ongoing Staged Pending
negotiations curtailments as
needed
Upper Basin [ All upper basin| Acknowledgement|7.5 MAF to ~ 6 Clarified in
of overallocation [MAF 1940<60s
All wper basin |G/ £ A YI G S [~ 6 MAF to Presenf Coming
{1 dzS ST S¢ |Perfected Rights |decades
(perhaps 2.2 MAF

While limiting the Lower Basin to its 7.5 MAF mainstem apportionment is frequently viewed in
the Upper Basin as a policy victory that protects thmo&r Basin apportionment, it may actually
have the opposite impact, asfurther reinforcesthed RS T A y'S | approadhyPREBWD S €
# 1)that now points directly at the Upper Basirand to a much lesser extent, Mexicas the

next target for belitightening. Of course, as every Colorado River scholar understands, the
Upper Basin apportionmerdf 7.5 MAF described in Article Ili@)the Compact has long been
understood as being unrealistic, as the cag@portionment of the river by Compact negotiators
due to flawed estimates of average flows have long forced Upper Basin planners to assume a
GLINI OGAOIf & | LILIZ2 NI A 2  GSen dlimafeechaiige Bsknfated, thikflgyfe c
now seems unrealistically high. In fact, it is now possible to forasgiation in which Upper

% The story of the oveapportionment has been told by many authptke classic account is by Hundley(1875)
Among the first prominent sidies to articulate a reduced Upper Basin apportionment was the repofiitpn

and Kalbach Inc. (1965). That report examined a variety of different scenarios, based on different Upper Basin
storage capacities, delivery requirements, and evaporativeekysand estimated Upper Basin water availability to
range from 4.7 to 6.3 MAF.
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Basin usersould becurtailed to a point of present perfected rights (PRRs., those uses
already in existence when the Compact was signed. As noted in Appendix A, the magnitude of
Upper Basin PPRs arentested but are lilkely in the range of 2.2 MAF.

The potential impact of the climate change squeeze on the Upper Basin is shbiguiia 8
which plots available water to the Lower Basin, Upper Basin, and Mexico under a variety of
climate change scenarios (defined in terafisaverage annual flows at Lee Ferryhe figure is
based on a host of highly debatable assumptiand simplificationsthus, it should be viewed
as a starting point for discussion, rather than a formal projection or legal interpretation.
Specificallyin scenarios where the loAgrm average Lee Ferry flow is 14.5 MAF/year or
higher, it assumes that thepper Basin will be required to maintain a minimum delivery
schedule of 8.23 MAF/year in order to satisfy the Compact and Traatythat the Lower &sin
will be required to pass 1.5 MAF/year of this water to Mexigith the remainder available for
use by the Lower Basirin scenarios where the loigrm average Lee Ferry flow is 14.0
MAF/year or less, it assumes the Upper Basin will be requiredaintain a minimum deliery
schedule of 8.18 MAF/year in order to satisfy the Compact and Treaty, and that the Lower Basin
will be required to pass 1.4 MAF/year of this water to MexXitdll values arenaximumwater
available for uséefore subtractingevaporation or other losses.

*The Depletion Schedules project constant future deliveries to Mexico of 1.574 MAF/y&acapping the delivery

at a maximum of 1.5 MAF assumes no wastes or overdeliverigsting these deliveries to 1.4 MAF translates to

afurther reductionof roughly7 percent(from 1.5 MAF), with half of the 0.1 MAF curtailment being removed from

0KS ' LILISNI . I aA y obiigatipri(leanlingatd aGninitBnf deli@iedyNsBhedule dfSBMAF). Agaijn

thesenumbers and approach are highly debatable, but are based on assumptions that are believed to be

consistent with plausible interpretations of the Law of the River. A very similar exercise is done by MacDonnell et

al. (1995: Table @&n page 830), in which deliveries to the Lower Basin are held stable at 8.23 MAF (and thus do not
FYGAOALI GS Fyeé OdzNIiFAfYSyida (2 aSEAO2T 2NJ lFyé NBRAzOGA 2
Presumably, that is a worsease scenarifor the Upper Basin. A best case scenario for the Upper Basin would be

based on the argument that the Upper Basin has no obligation to deliver water for Mexico as long as the Lower

Basin is using more than 1 MAF of tributary flows (for a discussiofGason and Boles, 1986; Kuhn, 2007; and

20KSNR O @ CAIdzNBNB dzy BRK dZB S WIANA 2 & YARRIISNRE Saa 2F (GKS a0s
decline in Upper Basin supplies under climate change.
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Figure 8. Water Availability (lspb-basin) as a Function of Lofigrm Average Flows

Again, while the assumptions and simplifications inherent to this figure are important and are
certainly worth debating, the overarching poistthat the Law of the River (as implemented by
the InterimGuideline$ provides a remarkably equal sharing of water between the Upper and
Lower Basins, which was the intent of the Comp&atrison and Boles, 1986At an average

Lee Ferry flow of 15 MAfhe longterm gauged averageheither basin is affordeche 7.5 MAF
described in Article lll(despecially once evaporation and system losses are considered), but
the burden of overapportionment is shared equatlyexcept, of course, that the Lower Basi
retains exclusive rights to Lower Basin tributary fléW&hus, as noted earlier, the existing
trajectory (assuming eoughly15 MAF/year future of Lee Ferry flows) calls for some Lower
Basin curtailmentsut they are of a manageable scéfe.

The biger lesson of Figure 8, howevertdsillustrate the extreme vulnerability of the Upper
Basin to climate changdn no region of the United States are climate models as consistent in

Z S§GsSSy [ §5§0a CS NNIHarylfloiRarelliRelyId ta range 06 1-tor3MAE/Pedr,avidla spikes

from 6 to 9 MAF/year. (This conclusion is based on preliminary paleohydrology research being conducted by the

Western Water Assessment.) As noted elsewhere, the defining of Lower Bhatary flows as outside the basic

interbasin apportionment is still a sore and contested point among many Upper Basin interests. While this matter

was mostly settled by thArizona v. Californihitigation, it is still argued that tributary flows in exazof 1 MAF are

surplus flows and, as such, are the intended supply for the Treaty deliveries.

®gal ylI 35St o0f Szé¢ 2F O2dzNBSE A& | NBEIFGAGS GSNXYP®  C2NI ANNJ
projected Lower Basin curtailments could bseaious and chronic problem. The point is that Lower Basin

OdzNI F AfYSyia g2df R 6S aOlF LIISRé o0y2 Lldzy AYGSyRSRO Fd F
climate change reshapes the hydrologic character of the region.
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their predictions of future conditions as they are in the Southwesta feview of the 19 GCMs

(global circulation models) used in the Third Assessment Report of the Intergovernmental Panel

2y [ fTAYLGS [/ KFEy3aS oLt/ [/ O ZherpiSaodd\bnSeinsus aindngsd H n n 1
climate models that this region will dsjgnificantly in the 2% century and that the transition to

' Y2NB I NAR Of AYI (S &K?2 dA8Rfthe 1INGEMRpivjedd Sdrydey R S NI |-
climate by 20232040.

¢tKS RSONBIAaSR TFdzidaNE Ft2¢a | aa20Adaredi SR oA UK |
problematic; they are a disaster at high levels of climate chagenoted earlier (and

discussed further in Appendix B), Milly et al. (2005) found that most climate change studies
project a midcentury decline in Lee Ferry flows of 10 to 30 perceritich translates to an

average flow of 13.5 and 10.5 MAF, respectively. At a flow of 13.5 MAF (the 10% scenario),
Upper Basin water availability is estimated in Figurs &#ing to5.3 MAF (counting

evaporation). According to the Upper Basin depletschedules, this threshold has already

been surpassed (at 5.4 MAF), although as noted earlier, those schedules are assumed to be
high; Reclamation estimates for the period 1992807 (which includegprovisional data from
2001-2007) suggested aannualaverage of 4. MMAF(not counting losses to native vegetation)
which according to Figure 8, is roughly what the Upper Basin could expect under a 12.5 MAF
Lee Ferry scenarigoughly a 17% reduction from 15 MAF). Thus, a relatively modest climate
change scem@ suggests that by midentury, the Upper Basin apportionment could be roughly
equal to Upper Basin uses a hedintury earlier. The more extreme scenario (30%) restricts the
Upper Basin t@bout2.3 MAF, roughly equivalent &stimates ofi K S 0 IredehtP@facted
Rights(PPR9) i.e., the amount of water in use by the basin in the 1920s. While flow reductions
onthisscaler @ &a2dzyR AYLI FdzAAof ST A0Qa ¢62NIK 206aSND
of this century has thus far averagéé.1MAF(19%below 15 MAFYUCRC, 2009According

to the Figure 8 calculationhiswould translate to dongterm Upper Basin water availability of
approximately3.9 MAF, a figure matched or exceeded in actlgher Basirronsumption every
year since 1980.

ThePotentialRole of Compact CallshutureBasin Administration

As a practical matter, we will never know the extent of climate changlee basin until it
happens (or fails to happen); even the mosnfidentclimate scientist will concede that tire
projections are almost certain to be wromg some extent Consequentlydespite the

cautionary tone of the preceding discussidns safe to assume that some Upper Basin utilities,
water districts, and other individuals, perhaps encouraged by state governments, are
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likely to continueto advocatea courseof continued water developmerft. Much like a stream
governed by prior appropriation, this is likely to continue until reaching a point in which calls on
the river make further development uniaéctive to even the most optimistic water developer,

or to those developers that have the ability to utilize highly intermittent supplies. At the scale
of the Colorado River, this suggests that the Upper Basin may continue development until
stopped by iterbasin Compact calls, as this in the only way to ensure that the Upper Basin gets
its maximumpossibleallotmentt albeit still way below the 5 MAF promised in Adle 111(d)

Although it has never happened, it is generally surmised that a call veotdd at least three
contentious and phased effor(81acDonnell et al., 1995¥irst, a call between the Upper and
Lower Basin would requiran assessment of the magnitude and timing of downstream
deliveries required to bring the Upper Basin back in caamgk with the Compact. Second, a
system of reservoir releases and user curtailments would need to be allocated among the
Upper Basin states, presumably using the rules featured in the Upper Colorado River Basin
Compact, as overseen by the Upper ColorRileer CommissiofHobbs, 2009) And third, state
water officials would need to devise and enfomatailmentswithin each state. Every aspect
of every stage figures to be filled with bitternesgisita deficienciedgegal challenges,ral

perhaps most impdantly, a likely unrealistiexpectation that Upper Basin water officials will
ultimatelytake actions that they will feel to be unjustified given the fact that Lower Basin
useg especially when considering tributary usesould likely be 2 to 3 times high¢han

those in the Upper Basin. Just navigating the first phase of a Compact call could take years, as
omissions and ambiguities in the Law of the Riverany summarized in Appendix Aould
overwhelm current means of governance and conflict resolutfoMot only might the Law of
the River prove unmanageable, but it may actually collapse under the weight of the situation.
Asevidence consider the fact that Compacts are, legally, contréasswell as statutespnd

that the Colorado River Compact wasoairact based on a factual error (aboaverageflow
volumes), an expectation of equal sharingnd an ignorance of climate changk the

agreement can be shown to lseverelydeficient in thoseor otherareas, then it may be subject
to a fundamental raiterpretation or restructuring by th&upremeCourt(e.g.,seeGetches,
1985; Grant, 2003; and Adler, Z)0 While this seems unlikelthe potential interbasin

" One such water delopment project is a proposed pipeline fraime Green River dlaming Gorge Reservoir in
Wyomng to the Front Range in Colorado. The-&@ pipeline would pump approximately 250,000 afeet per

year; capital costs are estimated to be over $7 billidth annual operating costs around $123 million. The

pipeline, which is being proposed by Colorado entrepreneur Aaron Million, would bring significant amounts of

water to the Front Range, but has garnered opposition in Wyoming, Utah, and even Cola&do (s
http://trib.com/news/state-and-regional/article c2c3dbeliflc5carad32077a0ff43c39.htm)l

BLiQa ¢2NIK y20Ay3 K Lld esseidly, fh&SrdedBasterNde the2 FwerBEsH, but ykélys NKX 2 NJ
does not have the same breadth of legal authority over the Upper Basin (Hobbs, 2009). This conclusion is based on
the Arizona v. Californilitigation. Likewise, the unanimity rule thatrsaunds existing mechanisms of interstate
negotiation is likely to be poorly suited to such an obvious-zemn conflict. For more information on the

resolution of interstate river conflicts, see Schlager and Heikkila (2009).
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allocation inequities shown in the scenarios of Figure 8 may be too extreme to ignore; a
precedent for this type of action already exists: Tiexas v. New Mexi¢d67 U.S. 1238 (1984)),
the Supreme Court used contract law to change the flawed allocation formula in the Pecos
River Compact.

Moving beyond the formidable legal and governance chgksnriver management via

Compact calls also raises a host of water management issues. For example, management via
Compact calls all but ensures that major reservoirs are perpetually low (or empty), which will
result in chronic Lower Basin curtailments (aake Mead would never receive surplus flows), a
greatly enhanced drought vulnerability, few opportunities (or ability) to maintain

environmental flows or recreational resources, reduced (or eliminated) hydropower
production, and so o’ Additionally, itmeans that the newest developeo$ Colorado River
water in the Upper Basin wouldften be imposing these, and related, costs and vulnerabilities
on existing usersUnder the current incentive and management structurewhis a current

water user in either sub-basirt expected to insulate themselves from these impacts?
Undoubtedly, a variety of eVer coping mechanisms could developed®, but they would

likely becomplicatedand costly,and to the extent that efforts are designederelyto cope

with rather than preventa Compact calthey are a limited and partial solutido

administrating water scarcity. Accepting a future of river management via Compact calls is, at
best,a missed opportunity; at worst, it is a policy failure that abandons the codpera

interbasin spirit of the Law of the Rivevhile largely invalidaihgthe benefits of river

development and reservoir storage for which basin residents have paid a high economic and
environmental price.

[ll. Understanding the Resistance to Change

The shortcomings of the current trajectory of river management suggest that, at a minimum,
fundamentalmodificationsof inter-basin arrangementshould be a subject of exploration and
discussion among basin leaders. In bits and pieces, this occasiongdBnigethe research and
negotiations associated with the 2007 EIS and the ongoing Basin Study are exabipkss.
guieter discussions continue among basin lead@&wstfears about the possible directions of
change, and substantivaisunderstandingsabou the need for innovation, often combine to

2 Chronically low reservaircould have some benefits. Most obviously, losses to reservoir evaporation would be

reduced. Also,lod (i 2 N> 38 f S@Sta Ay [I1S t26Stf g2dz R 2LISy dzLJ a2z
it is difficult to imagine benefits that would offset threegative impacts.

% For example, one idea under development is a water bank in Colorado that would operate during a Compact call.

The arrangement would encourage holders of Present Perfected Rights (mosthsMfesstagricultural users) to

offer waterfor lease to holders of curtailed (junior) rights, primarily Front Range municipalities.
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discourage intensivdiscussios of the merits of significant reformBoth factors are important
to acknowledge and understand.

Fear of Change

Politically talking about institutional refornis a dangerous topj especially ibne2 ¥ G KS a i 6 2
phrases 2 F / 2f 2 NI R thentiohed 3Ndn edanple (cdnSider the gaffe made

2008by presidential candidatdohn McCalb ¢ K2 O2YYSY (iSR GKI 0 aGKS O
effect, obviously, needs to brenegotiaed2 SNJ GAYS Y2y 3ad GKS AydSNEF
[emphasis added}’ The reaction was swift, passionate, and predictat®lorado Senator

6y26 LYGSNAR2NI { SONBGIFNEBO YSYy {FEfFTIFNI arAR (Kl
body,é a sentiment echoedhy manyUpper Basimpolitical leaders? A Denver Post editorial

LI 3S SRAUGUZ2NE O2YYSylAy3a 2y aO/ lAyQa aLR2tAGAOL
2 dzi ONBSYW Gt 26 SNJ ol aAy adGrdsSa aGrt]1 Fo2dzi aNByS3?
process of give and takein which Colorado, Utah, New Mexico and Wyoming give and

I FEAF2NYALS ' NAP2ylLF YR bS@IRIE GF1Sd¢

¢ KS ! LILISNI . I &A yioshtutidngl thildgeisfrooted, a i6dsfinpart; of past
reform proposals emphasizing intéase water marketing another of the taboo topicsPast
proposals, as th®enver Post editoriaduggests, have largely been motivated by a desire to
convert Upper Basin apportionments (either used or unused) to Lower Basin ownership and
use3* The argumert in favorof such proposalare primarily economic and environmental.

For example,n one analysis published in 1994, the potential economic gains of an interstate
water market on the Colorado are estimated at $140 million per year, largely due to the
instream benefits (e.g., hydropower, salinity reduction) associated with moving more water
downstream (Booker and Young, 1982)Arguments in opposition are often focused legal
issues including whether or not private interests or public bodies wouldiddue

) aKoes /KENISa® Hannyd aaO/ k Ay YThe Rubbp EHcdmugustds. MmpHH 2 S
At: http://www.chieftain.com/news/local/article_24df1118bc1-5b54bb04-27f9b39d479b.html

¥ http://www.chieftain.com/editorial/article _cbee40973f2-53088b0c309abe6a553c.htm

% http://www.denverpost.com/opinion/ci_10218277Even the English newspap@he Guardiancommented on

the gafe; seehttp://www.guardian.co.uk/world/2008/aug/20/johnmccain.water

* Howe (20054, 2005b) summarizes a variety of past interstate marketing proposals. Some of the early

proposals such as those dhe Galloway Group in 1994 and the Resources Conservation Group in hW@98

designed by private interests; however, most subsequent approaches originated in governmesegSgate of
California, 1991; and Ten Tribes Proposal, 1992). Somewhaisgugps the large number of schemes developed

by Upper Basin interests, including separate proposals from Colorado by Representative Ben Nighthorse Campbell
and Governor Roy Romer (circa 1991), and the State of Utah (in 1995).

% Specifically, this is compedof gains of $74 million for consumptive uses, $35 million for hydropower

generation, and a reduction in salinity damages of $31 million @®@®8llary. Note that $140 million in 1989

dollars is roughly $246 million in 2010 dollars.
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sellers/buyers, whether states have the ability to regulate such transactions, and whether or
not this violates the perpetual allocation concept that is at the core of the Compactqesy.,
Lochhead, 200 and Landry, 1985

These legal issues as@nificant, but ultimately, they are a surrogate for concerns that are
political. In a nutshell, for the Upper Basiprotectinge water supplies is viewed as the more
valuable objective than receiving payments for wateat would bed f 2 Ah&re Enothing to
suggest that this has changed or is likely to change, which is perhaps why the flurry of
interbasinmarketing proposals that was seen in the 1980s and 1990s has disappeared and has
not returned>® If the Lower Basin wants some assurance of eskeror more reliable flows
coming from the Upper Basin, then the compensation will need to take the form of something
other than cash. Given that reality, the past reform proposals focused on interstate marketing
are best viewed as beimplitically off-target, and serve onlhe negative role ofliscouragng

the consideration of new proposals that potentially could haware universally desirable
trans-basin benefits.

The reluctance to discuss institutional reform in the basin reflects lingering canabout the
GANPNBARS & ¢ GKIFG YAIKG 0SS | aawSGXISIOSIR yaAr BK  HdkGK
political history, some usefgroundrulesseem obvious antlave already been articulated

this report, starting with the idea that the focusmusrii 6S 2y AGNBYyS3I20GAlF GAy 3
2dzi ¢ GKS [/ 2YLI OG0 o6dzii 2y T A yhRdong ArincpRdE wegeT F SO G A
the inspiration and basis dlie agreement Two ideas are paramourdllocation rules that
emphasizeequity, and operatimal rules that maximize water supptertainty. The procedural

principles that likely require reiterating are the notions that any changes should be designed by

the states and enacted only by unanimous agreement; any approach that is imposed by

another level of government, or by an advocacy or academic institution, is unlikely to enjoy

much support’

% Interestingly where the action has been on interstate water marketing is among the Lower Basin states. Several

dealg typicalyRSa ONA 6 SR dzaAy3a GKS fFy3adz 3S 2F tdbativderSAiirodal v 1 Ay 3¢
and Nevada are particularly noteworthy, as ie tiecently authorized (2007) Intentionally Created Surplus (ICS)

LINEIANI Y GKIF G | df dodsénged viatér abtdsSsiiate YinBsthe Lower Basin(Many of the relevant
R20dzySyida OFy 6S | 00SaaSR (i KNRdzAK Rv& Bdcdunfihgiaid ¥WAter &)seLIJS NR 2 R .
WSLRNIY ! NRT 2yl X /IFEAF2NYALSYS YR bS@OIRFET Sdaovr aSS$S
http://www.usbr.gov/Ic/region/g4000/4200Rpts/DecreeRpt/2007/2007.pdf

87 Ironically, thege groundrules were actually part of the highly contentious McCain quote mentioned egligr

were buried by the initial gaft@ {LISOAFAOLIEtE&E KS &l ARY GweteKS O02YLI O
renegotiated over time amongst the intere®e LJ- NI A S& @ L GKAY]l OGKFG GKSNBQa | Y
try, if not, quote, renegotiate, certainly adjust to the new realities of high growth, of greater demands on a scarcer

NB a2 dzZNDOS o /I 2yRAGAZ2Y A KI @S Oratlayyans RoulRdeforncédiord@dnytiing = &2 L Q
0S0OFdzaS LQY | FTSRSNIfA&ald FyR 0StAS@GS Ay (KS NRIKGE 2F
amongst the states, and | believe that more discussion amongst the governors is probably soriething
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Substantive Misunderstandings

Another factor discouraging a discussion of institutional reforntisasthe current state of the

river, and the trajectoryf current management, is poorly understood by many Colorado River
stakeholders especially those just outside the inner circle of decigimaking Some indication

of this comes from a survey, conducted by the CRGI in 2010, of members of the Colorado River
Water Users Association (CRWUull survey results are presented as AppendixFor)

example, of the survey respondents, only 18.4% (34/185) estimated the probability of a least
one Central Arizona Project (CAP) curtailinguestion 1)oetween now ad 2026at more

than 90%, even thougimodeling done by the U.S. Bureau of Reclamation (as part of the 2007
EIS) suggests this is virtual certaifftySimilarly, aly 39.5% (73/185) of respondents think
average demands have caught up with supplies (quegt)phowever,as discussed earlier,

data from the Bureau of Reclamation indicates this has already happened. Additionally, while
the scientific community is nearly unanimous in projecting future flow declines for the Colorado
Riverby mid-century(see Apendix B) a large number ourvey respondents}2.9% (79/184)
remain unconvincedquestion 3)

Not surprisinglythosesurvey respondents that viethe current and future water availability
situation as most seriougjuestionsl-4) are also most liky to suggest that the Law of the

River is most in need of significant or fundamental reforms (queste)s and similarly, are

most interested in discussing both institutional refororon-institutional optionsthat

promise augmented river flows (quisn 6). Who are those individuals? The survey is a far
from perfect means to answer that question, as it sampled only a eson of anonymous
stakeholders; nonetheless, the results appear consistent with observatiothénformal
interviews Spefically, those that see the situation as most dire, the need for reform as most
serious, and with the greatest willingness to discuss change are from the Lower Basin, and
specifically, from Nevada. At the opposite end of this spectrum, on all countesgrendents

SOSNEO2RE ¢ I hig/Awvdehieftdirecorrwsfocal/article_24df1118bc15b54bb04-

27f9b39d479b.html

BThisis a guestion that was addsesl in the modeling associated with the 2007 Final EIS in FiglbeoN

Appendix N (page83). Using the DNF (Direct Natural Flow) hydrology (i.e., the-29056 record) and the PA

60t NEBFSNNBR ! f GSNYIFGAGSO NXzt S deriniGuidgineKbad aK$OEND OSSYy aKRS B
probability of shortage in any given year. Curtailments begin when Lake Mead elevation falls below an elevation of

1075 feet. By multiplying these annual values together over a selected time frame, a cumulatiabifipis

easily calculatedThe probability of having at least 1 CAP curtailment over the-2028 period (assuming the

DNFPA scenario) is calculated to be roughly 98%zNJi K SN 2 NB> GKAa SadAayYrdsS Aa tA1S
Ol aS¢ afa Styehshihree bedsons: first, the Preferred Alternative proposed limits for ICS (Intentionally

Created Surplus) storage in Lake Mead that weilized aretwice the level ultimately adopted; second, Upper

Basin demand assumptions have since beereased; and third, this modeling does not assume any climate

change induced streamflow reductions. More recent Bureau of Reclamation modeling considers these, and other,

factors, and further reinforces the conclusion that the occurrence of at least oRecGAailment over the 2010

2025 period is a virtual certainty.
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from the Upper Basin. This is shown in T&big Smilar trends, shown in Table 4, exist
between those expecting reduced future flows versussi that do not.

Table 3. Perceptions, by Stiegion, of the Severity of Problems and the Nefed Action

Measures of Concern
(defined below)

Nevada

Lower Basin

without Nevada

Upper Basin

Supplies, Demands, and

Water Availability

A (CAP curtailments)

72.0%(18/25)

52.7%(49/93)

35.0% (21/60)

B (Compact call by 2026)

47 8%(11/23)

37.09%(34/92)

32.8% (19/58)

C (Compact call by 2050)

68.094(17/25)

53.29441/77)

38.99%(21/54)

D (Reduced Future Flows)

64.09(16/25)

59.89%4(55/92)

509%(30/60)

E (Demands Catching Supplie

60%(15/25)

37.6%(35/93)

30.0% (18/60)

Assessment of the Law of the River

F (Need for change) 68.0%(17/25) 24.7%(23/93) 23.3%(14/60)

G (Priority of change) 75.0%(18/24) 52.2%(48/92) 56.7%(34/60)

Desire to Act

H (Institutional reforms) 1.93 0.73 0.70

| (Noninst. Reforms) 3.12 1.78 1.45

J (All reforms) 2.57 1.20 1.12

5STAYAUAZ2Y 2F (GUKS daSladiNBa 2F / 2y OSNYy ¢ {

I " 9ELISOG /1!t OdzNIik AfYSYy(d o6& HnHc O04OSNE f
' 9ELISOG O2YLXH OG OFtt o6& HnHc O64G@SNB tA1S

C = Expectcompactcallbyn pn 060G OSNE fA]1Steé 2NJ aLINRBoOol o6t S

D = Expect future reduction in flows (question 3)
E = Believe demands have already caught supplies (question 4)

C ' wSalLRyRSyida aleAay3da [+Fé 2F wABSNI NBIlj)dzi NB

D I wSalLl2yRSyia alreiay3da GKFGd NBGAaAlGAy3d [ o
River option)

I I whkdAz2 2F G2GFf al A3K t NA2NRGe & G2 abz2i

institutional in nature (i.e., aditional studies, planning and coordination; pricing incentives,-non
structural measures; refined operation of Lakes Powell and Mead; interstate water markets;
resolving Law of River issues; and river basin organization) (question 6)

L I whriA2AK2FNB2MRGeaaAG2 ab20 F tNA2NRGE&E N
institutional in nature (i.e., technology to reduce waste; desalination; infrastructure updates an
expansions; augmentation (e.g., cloud seeding and vegetation mareadgrand imports from
20KSN) 0l aAyao whdli88% YAYLNBYSKID
institutional or noninstitutional, as it likely means both] (question 6)

W I' wkidAz 2F G2aGFt a1 A3IK t NAt@eld apBonsdquestdbn 6 b 2

% Note that it was not our original intent to divide the respondents into these three groupings: the Upper Basin,
Nevada, and the Lower Basin (without Nevada). However, doing this appeéukinsgkustrating important

trends, while still retaining relatively high sample sizes (the lowest population being the 25 respondents from
Nevada).
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Table 4. Perceptions of Problem Severity and the Need for Action by Belief in Future F

Reductions
Measures of Concern Those Whom Expect Lower | All Others'
(defined below) Future Flows*
Supplies, Demands, and Waferailability

A (CAP curtailments)

62.5% (65/105)

34.2% (27/79)

B (Compact call by 2026)

45.7% (48/105)

23% (17/74)

C (Compact call by 2050)

63.7% (58/91)

32.4% (23/71)

D (Reduced Future Flows

100% (105/105)

100% (79/79)

E (Demands Catching
Supplies)

45.7%
(48/105)

31.6%
(25/79)

Assessment of the Law of the River

F (Need for change)

35.6% (37/104)

21.5% (17/79)

G (Priority of change)

57.7% (60/104)

52.6% (41/78)

Desire to Act

H (Institutional reforms) 0.99 0.70
| (Noninst. Reforms) 1.67 1.71
J(All reforms) 1.40 1.11
5STAYAUARZY 2F (GUKS daSladiNBa 2F [/ 2y OSNY ¢ {

* = This column shows answers for that ssdi of the total survey population (105 of 184 respondent
whom, on question 3, expressed a belief that futucenvs would be lower than the previous

century.
'=¢KAA& O2fdzvy aK2ga (GKS NBalLRyasSa o6t 2F wmyn
GKS alyYS Fa GKS LI ad OSyiGdNERéX aKAIKSNI (KI
.FaSR 2y NBaLRyaS G2 ljdzSadAzy ombexpedtel Bituré owskoS
0SS GKS &l YSTE KAIKSNE 2N R2y Qi 1y26d 6b2i
expected a reduction in future flows.)
I ' 9ELISOG /1!t OdzNIikAfYSYy(d 6@ HnHc O04OSNE f
B=Expectcomll OG OFff o0& HnHc O0GOSNE fA1Ste&¢ 2N a
/ ' 9ELSOG O02YLI OG OFtt o6& wnpn O60a@SNE tA1S

D = Expect future reduction in flows (question 3)

E = Believe demands have already caught supplies (question 4)
aleAay3
wSalLR2yRSyila

F=wSalLR2yRSyula
D T
River option)

I ' wliAaz 27

L I' wlkiAaz 27F

W I wlkiraz 27

G240l ¢

dg2dlf

[ o

aleAy3a GKI

G201 tt NARIZANRKRKG &t NINBNALIRE, adS &t ZF 20N0 AiK
institutional in nature (i.e., additional studies, planning and coordination; pricing incentives, no
structural measures; refined operation of Lakes Powell and Mead; interstate water markets;
resohing Law of River issues; and river basin organization) (question 6)

t NA2NRAGE &
institutional in nature (i.e., technology to reduce waste; desalination; atftecture updates and
expansions; augmentation (e.g., cIoud seeding and vegetation management) and imports frof
20KSNJ 0l aAyao
institutional or noninstitutional, as it likely meanisoth] (questlon 6)

t NA2NRGE &

al A 3K

al A 3K

2F wAQOSNI NBIljdANBE d

NEGAAAGAY [ 6

G2 ab2id

A s e s

2 dab2id
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Placing Tables 3 and 4 sidgside is done, in part, to further reinforce the observation that
how a stakeholder views the seriousseof the water issues and the need for reform is largely
shaped by two variables: geographic location, and whether or not one expects future flow
reductions. This relationship is complex. As explained earlier in the discussion ofcdléedo
G LILIEMIY. IOf AYFGS OKFy3S &ljdzSST S¥¢ ' LIISNI . | AAY
current trajectory of water management and the traditional approach used (Pathway # 1) to
resolve interbasin disputebut only if climate change occurg\s shown in Table 3pper Basin
interests were the least likely to expect future flow reductioakheitby a snall margin (On

this question, the Upper Basin respondents were evenly y8iould the case for climate
change become moreniversallyaccepted in the Upper Bes then itmightbe expected that
Upper Basirstakeholdersvould be the most rather than the least concerned about the
trajectory of management and problesolving.

The salience of climate change science in shaping Upper Basin strategy is perhaps best
highlighted by notindiow climate change affecthree of themost deeply heldand
interrelated)strategicassumptionsn the Upper BasinegardingColorado River politi¢s

namely: (1) eforcement of the Law of the River reserves water for Upper Basin ojgvent;

(2) the Upper Basin could never get a better deal; @)adhanges in the Law of the River would
only benefit CaliforniaEach assumption readiy defensible without climate change; but

under climate change, these assumptidregin tofall apartand, in fact, maybe completely
contradictoryfrom reality. After all, under climate changbe only waterthat maypractically
bed NEASNIBSRE F2N ! LIPiSeniPerfeciedRghtsdixatPredatddBe G K2 &4 S
Compact(as showrin Figure 8 and thdiscussion of the climate change squeeze); all other
postCompact Upper Basin water rights aféectivelyjunior to those (of any seniority date)
downstream. Is this really the bestrangementthe Upper Basin could eveope to achieve

And sany devation from thestatus qudikely only to benefit CaliforniaZrue, in any deal
making, California is likely to want to improve its position; but the redithat none of the

eight parties (the seven states and Mexico) has an apportionment that isrh@tiéected

under thestatus quathan California Looking back, it is undoubtedly true that the Compact, as
administered, has served the Upper Basin well and (generally) as inteffliednanner in

which the Compact put an enforceable cap on Lower Basieldpment remains vitally
important. But looking forward, achieving the goals and principles of the Compact may require
something much different than an approach based on simply enforcing the letter of the law
(Pathway # 1°

VLG Aa 62N K NB G AspecificyoglSfor th& SompattLsiBrivdarized AyALgchhgad (26849d
largely on the writings of Delph Carpenter, theF | (G K S NE 2 T Thask gbald wergl)db éséree waterjn
perpetuity, for later Upper Basin developmen)to block application of th@rior appropriationdoctrine over
state lines; (3Jo preserve state autonomy over intrastate water management; (4) to avoid interstate litigation;
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IV. Conclusiond.ooking Brward

¢KS LJzN1l}22aS 2F GKA& LYGSNRAY wSLERNI Aa yz2i
management approach is beyond repair, nor is it intended as an indictment of past decisions or
decisionmakers. Rather, it is merely acknowledgedhat the Colorado River facésrmidable
challenges, and that the best approach for protecting past accomplishments in the basin may
be to recognize and embrace the need to dewagmificantly differentapproaches for

accomplishing longstanding goals. rQnteractions with basin leaders suggest that many
understand and accept this analysis; however, many do not, and are hesitant to support
discussions of this nature.

Estalhishing a need for significant changand articulating accepted grousrdles forthe
subsequent discussions, would go a long way in stimulating a new breed of proposals for
institutional reform. Year 2 of the CRGI will focus on this stage of activity, encouraging basin
leaders to think (and talk) about comprehensive and stable-tengy solutions. Conceptually,
this effort should begin with basin leaders identifying gwbstantive objectives upon which
potential new arrangementshouldbe based. Given the uncertainties associated with climate
change, some of the best ideas might afrom the field of risk management, and may feature
strategies based on limiting exposure and spreading vulnerabilifibat might suggest
substantive objectives such as:

U Spreading the risk of climate change to parties other tjumhthe Upper Basin;

U Better protecting existing users from system vulnerabilities exacerbated by new
developments;

U Providing incentives for limiting new Upper Basin development at a level that maintains
reservoir storage (and all its associated interbasin benefits);

U Providingmechanisms for flexibility and shewrm deals, including the strategic
application of market forces, to deal with crises;

U Providing enhanced means and/or forums of interbasin study, negotiation, and dispute
resolution to facilitate more proactive managent;

U Removing the threat of Compact calls, interstate litigation, and other eventualities that
could potentially result in catastrophic failure of the Law of the River.

Approaching the challenges from a different perspective may yield a very diffetenthe
LR2AYG KSNB Aa y20 gKSIKSNI 2NJ y2d GKSAS | NB
suggest that a conversation that happens at this level is likely to leb@j¢@r ideas, broader

and (5)to establish goundation for comprehensive river development and manageménta future featuring
climate change and Compact calls, several of thesdsgspecifically, items 1, 2 and 4) are directly threatened.
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innovations andbetter outcomes tha what our curremtrajectory of management and
decisionmakingcan produce

It is, indeed, a challenging time on the Colorado Rig&gnificant institutional change may not
be essential, but it is likely beneficial, and while the political riskisaiussing major ferms
remain high, the risks of incrementalisnor worse yet, inaction are likely greater.Problems
continue to mount reservoir storage remains at historically low levels; Lower Basin
curtailments may only be a couple years away; and proposals for neer watjects continue

to move forward, furtheistressing the river, anlikely limiting the flexibility for pursuing new
management approachegOf courseat the highest political levels, most of these problems are
understood,somequiet conversations amam highlevelbasin leadersre ongoing, and joint
fact-finding efforts such as the Basin Study previdinga valuable mechanism féacilitating
ongoing interactioramonga larger group of stakeholders and researchdtss time to build
uponthe existhg momentum, the assembled data, and the short window of opportunity that
remains.
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Appendix A: An Overview of Law of the River Issues, Omissions and Ambiguities

The following pages provide a general overview of the Law of the River, including a description
of the key elemats, and a consideration of some of the legal issues that remain contested. Itis
preceded by a brief overview of the physical setting, as it is difficult to understand the legal and
policy issues related to river operations without a basic understanalirige system

infrastructure.

I. Physical Setting

The Colorado River and its tributaries originate from snowmelt high in the Rocky Mountains,
and flow southwest through the states of Colorado, Wyoming, Utah, New Mexico, Nevada,
Arizona and Californiand then briefly across the international border into Mexico (Figute A
(Gleick, 2002; Pontius, 1997). The drainage basin covers approximately 244,000 sg. miles, of
which over 95% is in the United States. Officially, the river channel extends ovemdi/é50

from high in the Colorado mountains to the Gulf of California, but the river rarely makes it to
the ocean. In most years, the flow is completely exhausted soon after the river crosses into
Mexico.
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0 200km

Along its path, the Colorado is controlled by = g WY
_ S Fy
approxmately two-dozen significant = ] ] {6 Doiag
storage and diversion projects, including e | Y b o,
Lake Powell (formed by Glen Canyon Dam) <% M WU WSS
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and Lake Mead (formed by Hoover Dam).
Collectively, these two reservoirs can hold
over 3 years of flow; overall, the structures
on the river albw for storage of 4 years of
flow. These reservoirs have transformed the
region and the river in countless ways,
including altering the river from an
unpredictable and sedimedteavy warm
water stream to an elaborate plumbing |
system of relatively clear anzbld water mmc’ - \%—\,& \
(Fradkin, 1981; Carothers and Brown, 1991)2¢#4%  ~ M® xtie o @\
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Figure Al. Colorado River Basin.
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of Colorado River watet* It comprises interstate compacts, traties (with Mexico and Indian

tribes), Congressional legislation, and numerous court decisions. The seminal document is the
Colorado River Compact, signed in 1922. The seven basin states are legally bound by its
guantitative apportionments, which are aflated in perpetuity (Hundley Jr., 1975; Tyler, 2003).
Despite the intentions of its drafters, the Compact has been the subject of highly contentious
litigation and numerous supplemental agreements. Additionally, there remain numerous
ambiguities and omigsns in the Law of the River.

¢CKS LINAYI NEBE LlzN1J2asSa 2F GKS /2YLJ) O 6SNB GKS
of the Upper Basin and Lower Bd$jrthe elimination of current and future interstate disputes,

and the promotion of orderly river delopment and management. Some of the key

provisiong discussed later in more detailinclude:

1 Atrticle lli(a) allocates 7.5 million aefieet (MAF)/year to each Basin, while Article 111(b)
reserves an additional 1 MAF/year for the Lower Basin.
1 Atrticle ll{c) provides for administration of any later apportionment to Mexico.
(Similarly, Article VII anticipates, but does not otherwise address, future apportionments
to Indian tribes.)
1 Atrticle llI(d) calls for a minimum flow volume at Lee Ferry (the dividiing petween
the two basins) of 75 MAF over all-§8ar periods.
1 Atrticle VIl describes water rights already being exerciseddbed Present Perfected
WAIKGAa0 da 0SAYy3 dadzyAYLI ANBRE o6& (GKS [/ 2YLJ

The Compact achieved congressionalfiadtion as part of the Boulder Canyon Project Act of
1928, which also authorized the construction of the Boulder (now Hoover) Dam and Al
American Canal, as well as providing the thstate division of the Lower Basin apportionment.
As later confirmedn Arizona v. Californifl963), the apportionment annually provides 4.4 MAF

*The Law of the River is the subject of a vast body of literature. Legal overviews are provided by many authors,

including Getches et al. (1995) and Lochhead (2001, 2003). Excellenthlstewviews of key events and

institutional innovations are provided by Hundley Jr. (1966, 1975, 1986), Reisner (1986), Fradkin (1981), and many
others.

PeKS /2YLI OG dzasSa GKS GSNXYa G5AOAaA2YyE YR .d.aAyARyE (2 |
SyO2YLIl aaSa RNIYAYF3IS INBlFaz gKA{S GRAGAEAAZ2YE Aa fAYAGS
paper, the terms will be used synonymously. For this paper, Upper Basin will mean the states of Colorado,

Wyoming, Utah, and New M&o, and Lower Basin will mean the states of Arizona, California, and Nevada.
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to California, 2.8 MAF to Arizona, and 0.3 MAF to Nevada. A Treaty with Mexico in 1944
provides the downstream nation with a minimum apportionment of 1.5 MAF annually. The
broadcontours of the interstate apportionment were finalized in 1948 in the Upper Colorado
River Basin Compact, which allocates the Upper Basin apportionment by percentages: 51.75%
for Colorado, 23% for Utah, 11.25% for New Mexico, and 14% for Wydfnisytibal rights

are quantified in court cases (e.gwizona v. Californjal963) and negotiated settlements,

these allocations come out of the apportionment of the state in which the reservation is

located.

The Law of the River also includes several act®ofi@ss relating to water project
authorization and operation, including the Colorado River Storage Project Act (1956) (which
provided an Upper Basin development plan and authorized the construction of Glen Canyon
Dam (Lake Powell)), and the Colorado RBesin Project Act (1968) (which authorized several
projects, including the Central Arizona Project (CAPProblems with salinity led to the
enactment of the Colorado River Basin Salinity Control Act (1974) and Minute 242 (1973)
amending the treaty beteen the United States and Mexico. A variety of national and region
specific environmental laws also are part of the Law of the River.

Reservoir Operations

Implementation of the interstate (and international) apportionment is largely implemented by
the policies for reservoir operations, and specifically, the management of Lakes Powell and
Mead. Since these reservoirs are located on opposing sides of Lee Ferry, the point of division
between the Upper and Lower Basin, the coordinated operation of thervess is closely tied

to Compact administration. As mandated by the Colorado River Basin Project Act (1968) and
further defined in 1970 legislation, the Secretary of Interior is required to prepare both long
range and annual plans for reservoir operasorSection 602(a) of the 1968 legislation is of
particular importance in these efforts, as it provides guidance on when water is retained
upstream in Lake Powell, and when it is released downstream to the Lower Basin. As expected,
Upper Basin users fighar policies that retain as much water as possible upstream in Lake
Powell, whereas downstream interests prefer frequent releases beyond the minimum
necessary to satisfy Compact and Treaty obligations.

3 Additionally, 50,000 acréeet is allocated to users in northeastern Arizona.

*The Central Arizona Project (CAP) is a multipurpose water resource development program videpveater

for irrigation, municipal and industrial needs, power production, flood and sediment control, recreation, and
environmental purposes. It also provides water for tribal water settlements. Water from CAP is used in Maricopa,
Pima, and Pinal couiets as well as the metropolitan areas of Phoenix and Tucson (USBR, 2010).
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Until recently, longrange operating criteria onlyJN2 @A RSR NBf S aS aOKSRdz S
GadzNLX dza ¢ O2yYyRAGAZ2YEAD | 26 SOSNE Ay NBalLkRyasS
02y Of dzZRSR Ay wunnt (2 I faRrROPERRNBREE @G@AXKR2AKNI RS Ew;
Guidelines for Lower Basin Shagies and Coordinated Operations for Lake Powell and Lake

aSIRé¢ O0GKS AGLYGSNRY DAdZARStAYSaédo o!{.wX HAANTDO
schedule of reservoir operations during shortage conditions, but include a schedule of Lower

Basin curtailmets when insufficient storage exists in Lake Mead to support 7.5 MAF of Lower

Basin consumption from the mainstem. Curtailments are enacted in stages (based on reservoir
elevations), and primarily target water delivered by the CAP, which is junior tcalifer@ia

apportionment and to other Arizona uses of mainstem water. The Interim Guidelines also
SaitloftAakK GKS aLyildSyildAzylrftte [/ NBIFGSR { dzNLJ dza ¢
GKS [26SNJ . aAry (KNP daskch asSabdifading, ddral yhing\E ¢ Y S| & dz
desalination, and terminal reservoir constructioto be stored in Lake Mead for later use

(USBR, 2007; Schiffer, 2007; Grant, 2008). The guidelines will remain in effect until 2025 for

water supply determinations and until 2026 forsexvoir operations.

Additional Lower Basin Arrangements

The Interim Guidelines are just the latest example of Law of the River reforms aimed primarily
at better clarifying and more flexibly using the Lower Basin apportionment. Many of the other
notable 2 4 SNJ . F &AY | NNIy3ISYSyida INE RSaAONAROGSR | a
provide for storage of unused water. Most arrangements provide for underground storage of
water in Arizona (by the Arizona Water Banking Authority), under arrangementsiatsgl

with users in Nevada (the Colorado River Commission of Nevada and the Southern Nevada
Water Authority) and California (the Colorado River Board of California and the Metropolitan
Water District of Southern California). Major agreements, negotigtedarily between 2001

and 2009, are noteworthy not only for allowing states to store and retain ownership of
apportionments not otherwise used, but for facilitating the trading of stored water across state
lines (in the Lower Basin). Some additionatiistate water trading (again, only in the Lower
Basin) is also provided for in the ICS progfam.

*® A variety of studies discuss these many interrelated programs se@AWBA, 2009; USBR, 200Vash. DOE,
2004; Henley, 2005chiffer, 2007; Gallogly, 2003; Grant, 2008; SIBZQ;Zolo. River Board of California, 2008;
and USBR, 2010).
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I1l. Legal Omissions and Ambiquities

5SaLIAGS RSOFRSa 2F RAALWzOS FYR yS320AF0A2y 3> a
Law of the River, providg the potential for future conflict and litigation. Many of these issues

become dramatically more pressing as reservoir levels decline and as shortages (and

curtailments) become reality. A discussion of six of the most significant issues is described

belowt namely:

ISSUE 1: Deliveries to Mexico

ISSUE 2: The Interbasin Apportionment

ISSUE 3: The Upper Basin Delivery Obligation
ISSUE 4: Compact Rescission or Reformation
ISSUE 5: Magnitude of Present Perfected Rights
ISSUE 6: Administration of Comp@etils

= =4 =4 4 A4 -

This list is not exhaustive, and our review of these issues is not intended to be complete or
authoritative. The point is to merely indicate the wealth of potential disputes that are likely to
emerge as water scarcity increases.

ISSUE 1: Delisies to Mexico

As provided by Article X of the 1944 Treaty with Mexico, the United States must annually

deliver to Mexico 1.5 MAF (or 1.7 MAF in surplus ye8r3his obligation is clear and

uncontroversial in years where there is an abundance of wai@rnever, during scarcity,

numerous legal ambiguities exist. Two are of particular concern and are discussed below: the
PLILISNY . FaAyQa RSEAOSNE 20t A3l GAZ2Yy G2 aSEAO2Z

¢KS LIJIJISNI . aAYQ8 aSEAOLY ¢NBFG& hoftAIlGAz2

Article Il )L FXPGKS | yAGSR {GF0Sa 2F ! YSNAOI &Kl f
United States of Mexico any right to the use of any waters of the Colorado River

System, such waters shall be supplied first from the waters which are surplus over

and abowe the aggregate of the quantities specified in paragraphs (a) and (b);

and if such surplus shall prove insufficient for this purpose, then, the burden of

**Treaty with Mexico Respecting Utilization of the Waters of the Colorado and Tijuana Rivers and of the Rio
Grande, Feb. 3, 1944, 59 Stat. 1219, 1265 T.S. No. 994 (effective Nov. 8, 1945).
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such a deficiency shall be equally borne by the Upper Basin and the Lower Basin,

and whenever necessathe States of the Upper Division shall deliver at Lee Ferry
watertosupplyon&K | £ ¥ 2F (KS RSTAOASYO&XAYy FRRAGAZY
paragraph (d).

--- Colorado River Compact of 1922

According to the Colorado River Compact, deliveries to Mexicaodre thade from surplus

g GSNI Ay GKS 6/ 2 amdwih&agregatad&dideniedtsiaf Aticlé 1l1(a) and

NMp)*®2 KSy GKSNB A& y2 aadzNLJX dzaé¢ o G6SNE G(KS ! LILIS
deficiency up 750,000 AF per yeamwvhich whencombined with Compact obligations to the

Lower Basin, results in a minimum delivery of 8.23 MAF/year at Lee Ferry, and perhaps more if
compensation for transit losses is requir€dn periods of scarcity, this could result in

curtailment of Upper Basin ass. Carlson (1989), quoting a 1979 report of The Comptroller

General of the United States, summarized the dispute as follows:

¢KS [26SN) . laAy {GFrdSa O2yGSyR (KIGd GKSNB A
the Mexican treaty delivery obligationtiserefore onehalf of the total obligation of 1.5

maf plus onehalf of the losses incurred in delivering the water from Lee Ferry to the

Mexican border. The Upper Basin States believe that surplus water exists in the Lower

Basin and therefore they are notquired to release any water to meet the Mexican

treaty obligation. The flow and use of Lower Basin tributary water is poorly

documented, but has been estimated by the Bureau of Reclamation as averaging 2.5

MAF per year (and as high as 4.5 MAf)SBR, @4).

QX

This dispute was nearly negxistent until the Supreme Court, Arizona v. Californja

disregarded Arizona and Nevada tributaries when determining state allocations in the Lower
Basin. The Court declared that under the scheme established by Cengitee Boulder

[ ye2y t Ner2SOG ! OGT aiGKS NAOdzil NASThe oS vy 2

“The/ 2f 2NI R2 WAOGSNI {eadSY A& GGKIFIG LER2NIA2Y 2F GKS /2f 2N2
I 'Y S NJCGdrado River Compact, art. Il (a); 70 Cong. Rec. 32253Q028)).

*8This can mean either when there is more than 16 MAF in ther@ib River (the Lower Basin argument) or

when there is more than 8.5 MAF in the Lower Basin (the Upper Basin argument) (Carlsogat®ey and

Boles, 1986).

*“The 8.23 MAF/year figure is a prominent element of river management, and is the typicauminielease from

Lake Powell. Presumably, it is comprised of 7.5 MAF, which is the average annual delivery requirement from

I NIAOfS LLLOROE FYR TtpnZnnn !'C F2NJ GKS ! LIISNI . FaiyQa L
This totals 5 MAF; the actual release from Lake Powell is 20,000 AF lower, which is accounted for by inflows

from the Paria River, which is downstream of Lake Powell but before the official Lee Ferry point.

%0 Actually, Lower Basin tributary consumptive use was S8FNh 1981, but the 5 year average for this period

(1981-1985) was only 4.4 MAF (USBR, 1991; Carlson, 1989).

*! Arizona v. Californjs873 U.S. 546, 5880 (1963).
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reasoned that, while the tributaries were naturally included in the Colorado River Compact

dzy RSNJ G KS RSTFAYAUAZ2Y 27Ff 8RBatil 2X 281 RR& ivaA KIS NJ Y |
LINP LR Al f&a GKFIG S@SyddzZ ffte Odz YAYFEGSR Ay (KS
F2NJ RAGA&AZ2Y 2F GKS YIAYyadaNBlIyYy 2yftéezr NBaSNDAyY

¢ KS / 2 dzNI Qisredard the tébitarig’s isia@ ongoing concern in the Upper Basin.

' YRSNJ GKS LI FAY flFy3adzxr3S 2F GKS /2YLI OGz GKS
Colorado River System water, which includes both mainstem and tributary water. Negotiation
transcripts show that the Compact Commissioners certainly intended to subject the Lower

Basin tributaries to future Mexican obligatiorisContemporaneous support for the inclusion of

the tributaries in the Compact comes from the failure of amendmentsitoBoulder Canyon

Project Act that would have exempted tributaries from the Mexican obligation. Moreover,

I NAT 2yl Qa LI ad O2yRdzOGZX Ay 2LIJ2aAy3d NI GAFAOLI G
inclusion of the tributaries in the Article IlI(c) surpliand its argument in the 193%izona v.
Californiacase that Article Ili(b) was intended to compensate Arizona for the inclusion of the

Gila River and other tributaries in the Compact, illustrate that the tributaries were intended to

be included in thévasin allocations (Carlson, 1989; Getches, 1985).

9t AYAYFOAY3a (GKS GNROdziFNASA FNRBY GKS [26SNI . |
bear a bigger relative burden than the Lower Basin in ensuring adequate Mexican deliveries
(Getches, 1985). THeLJLJISNJ . | Ay Qa 0dzZNRSYy gAff FTdzZNOKSNI Ay
for transit losses occurring between Lee Ferry and the Mexican boundary. The Lower Basin
argues that the Upper Basin must deliver an amount of water equal to one half or more of the
channel losses (Carlson, 1989). However, the Compact negotiations do not suggest that this
gl a GKS [/ 2YYAaaA2ySNBRQ AyiaSydrzyo Ly (62 0N
suggested to Colorado Commissioner Carpenter that the Mexican obligatidelibered at
Yuma>* However, Carpenter and the other Upper Basin commissioners objected, because this
would increase the burden on the Upper Basin stateBhe Compact states that the Upper

FaAaAyYy aakKlFfft RSEtAGSNI G [ S&nd@sdiiabed (CarlgoR, y2 G , dz
1989).

*2 Arizona v. Californiat 569. The Court held that the Boulder Canyon Project Act effegtdredcted a
O2yaANBaaA2ylf FLILRNIA2YYSYyd 2F YFIAYadSY NAGSNI gl GSNI aol
Fdz K2NAGe (2 GKS {SONBGINER 2F GKS LYGSNAR2NI G2 fft2010a8S
%3 Article l1i(b) was inserted to plate Norviel of Arizona who unsuccessfully argued against the inclusion of

tributaries in the Compact. Its inclusion conceded to the Lower Basin the right to an additional 1.0 MAF of surplus,
expected to come from the tributaries, but, in exchange, subjécteli KS G NRA o dziF NASa (2 GKS [/ 2Y
(Hundley, 2009).

**1 Record, Sess. No. 16 at 26; 2 Record, Sess. No. 20 at 60.

°>1 Record, Sess. No. 16 at 26; 2 Record, Sess. No. 20 at 60. They would have to deliver sufficient water to ensure

that 750,000 emained in the driest stretch of the Colorado River by the time it reached Yuma, Arizona.
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Further complicating this issue is that the Mexican Treaty obligation is generally considered the
first priority on the river (Carlson, 1989). Any shortage on the river would mean that the

Mexicans have the first prioritgnd the power to curtail both Upper and Lower Basin users. The
Colorado River Basin Project Act further highlights this concept by stating that the Mexican

20t A3l GA2Y aakKlIftf 6S GKS FANRG 206t A3l GA2Y 27F
SOd Anmodé

As a practical matter, the Upper Basin is not currently using its full apportionment and has not
faced curtailments; therefore, there has not been a problem ensuring adequate deliveries to
Mexico. However, as the Upper Basin continues to develag if climate change or drought
further reduces flows, the chance for confrontation grows and the resolution of this ambiguity
takes on increasing importance.

What is Extraordinary Drought?

¢KS GSNXY GSEGNI 2 NRAYIl NE R NBtyrdisitdefifedinafg & RSTAY
parallel agreement. Nonetheless, Article X of the Treaty provides that:

In the event of extraordinary drought or serious accident to the irrigation system

in the United States, thereby making it difficult for the UnitedeStao deliver

the guaranteed quantity of 1,500,000 acfeS S XI &SI NE GKS 41 GSNJ I €
Mexico under subparagraph (a) of this Article will be reduced in the same

proportion as consumptive uses in the United States are reduced.

¢KS GSN)Y 6 SNRINIRINRANG NBf 8R2 dzaSR Ay ! NIAOES =+ 3
Mexican deliveries on the Rio Grande to users in the United Stat®sring a prolonged

drought in the 1990s, Mexico claimed extraordinary drought along the Rio Grande and failed to

deliver sufficient water to irrigation districts in the United States. Its invocation of

extraordinary drought was controversial, and similar disagreements are likely to occur should

the U.S. declare extraordinary drought on the Colorado Rfver.

*43U.S.C. §1512 (2010). Sec. 201 authorized the Secretary of the Interior to developaadmngater supply

and demand plan. It also prohibited the Secretagnirpursuing importation projects.

*"There are, however, some differences between the use of extraordinary drought in Article X and Article V. Article

X says that deliveries to Mexico will be decreased in proportion to consumptive use decreases in tieStiés.

Article V permits Mexico to deliver less water for five years, but requires it to make up delivery deficiencies in the

next fiveyear cycle (The Treaty with Mexicupra Art. 5, Art. 10 (1944)).

*%|n the 1990s, the Rio Grande Basin in Mexiqueeienced a severe drought that caused Mexico to miss required

deliveries. Mexico claimed extraordinary drought, and, under Article V, obtained the ability to make up deliveries

inthe nextfived SI NJ LISNA2R® ¢ SEIl ya NBf Al goivth id Mexibokadd MeticanStaagdf I A Y SR
of Rio Grande water was to blame instead of the drought (Mission 2012, 2010; U.S. Water News, 2002).
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In the 2007EIS (Appendix Q), the magnitude and timing of basinwide curtailments during
periods of scarcitare discussed, including an assessment of the Mexican pritri§enerally,

if Lake Mead elevations are low enough to trigger shortages in Lower Basin dsliteen the
Secretary of the Interior is instructed to consult with the Department of State, the USIWBC,
and the Basin States to determine whether and how the United States should reduce deliveries
to Mexico consistent with the 1944 Treaty (USBR, 208IErA2008). While the EIS includes

some assumptions about possible levels and timings of curtailments, the scenarios presented
were not approved by Mexico, and await completion of ongoing international negotiatfons.

ISSUE 2: The Interbasin Apportiomine

Article 11l (a) There is hereby apportioned from the Colorado River System in
perpetuity to the Upper Basin and to the Lower Basin, respectively, the exclusive
beneficial consumptive use of 7,500,000 dert of water per annum, which

shall include khwater necessary for the supply of any rights which now may exist.

--- Colorado River Compact of 1922

¢CKS Llz2N1J2asS 2F GKS /2f2NIXR2 wWAGSNI /2YLI OG Aa
apportionment of the use of the waters of the Colorado RivefiSys¥’d dzi R2Sa & Slj dzi |
YSIFEYy aSljdz féK I NIAOES LLLOIO g2dA R adzZa3sSad A
AKIFNBasx T1Tdp a!C lLyydatftes 0SG6SSy GKS | LIISNI |
ensure that each Basin had the opparity to develop its water without interference from the

other Basin® Yet despite this implication, the g0 f f SR aSljdz- f &KIFNB& (KS2
of controversy and contention (Carlson and Boles, 1986).

The most significant effect of this ambiguisyon shortage sharing. From stream
NEO2YyaidNHzOUlA2ya 2F (GKS /2ft 2N R2 wAOSNIRAE KA&aG?

* Current thinking on curtailment is that the Upper Basin would be curtailed first. Not until only present perfected

right remained in the Upper Basin, would cutbacks begin in the Lower Basin. The Secretary would first curtail CAP,
GKSYy bS@F Rl | AP whttJahddinally Califoryi@ (Getches, 1994).

® The USIBWC is the United States section of the Interndt®Bmandary and Water Commission (IBWC), the bi

national organization responsible for administration of the 1944 Treaty.

®|n furtherance of this agreement, on June 17, 2010, the U.S. and Mexican representatives to the IBWC signed the
Conceptual Frameworloif U.S-Mexico Discussions on Colorado River Cooperative Actisosknown aMinute

317.

%2 Colorado River Compact, art. |, 70 Cong. Rec. 32423224928).

B5 S8t LK / FNLISYGSNI 2F /2t 2NFR2 &Gl GSR Al (psadmyplana ¢ KS { G G
which would degenerate into a mere contest of speed whereby an unfortunate, an unnatural growth would be
F2NOSR Ay 2yS aSOiGA2y Ay 2NRSNI G2 1SSL) LI OS gAlGK gKIQ
Record Sess. No. 14 at 11).
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flows, it is clear that the river will rarely have sufficient volume to allow each basin to consume

7.5 MAF/year of mainsim flows (see Appendix B). Under the current operating regime, the
deficiency is likely to come out of the water available to the Upper Basin (McDonald, 1997).

6{SS GKS RA&OdzaaAz2y 2F (GKS a! LIISNI . laxy /[ fAYl
GKS NBadz d A& y2a Fy aSljdzaté RAGAAAZYT odzi Aa

LY RSUSNNYAYAY3I 6KSGKSNI 0KS /2YYA4adaA2ySNER AydS
necessary to review the Compact negotiations, and to remember that they took place against a
background of Supreme Court litigation (Tyler, 2003). These decisions framed the allocations

made in the Compact. Kansas v. Colorad@06 U.S. 46, 1907), the Court first announced the
R2OGNAYS 2F aSljdzAdlof S | LILI2 NINEYS Shval 2& S IISazILIt A (k&
NRA Phyiiesiie ySOSaal NAte aSljdz tAdGe 2F Y2dzyda | LILIZ2 N
yS3I20A1LGA2yas NBFSNBYOS (2 aSldzadlofS | LILIRNIA
Colorado River into equal amounts, but insteadant that the rights of each state were

considered equally and the ensuing allocation was just and fair.

At the time of Compact negotiation, the future water needs of each Basin had been roughly
calculated to be equdf This fact, when balanced againsethegotiating leverage of each

party, prompted Delph Carpenter of Colorado to propose an equal divisionf{fiftybetween

the basins. This would preserve the right of the Upper Basin to develop in the future, but also
provide the Lower Basin with ampdeirrent supplies. Specifically, he suggested that each

division receive 8.7 MAF per year from the Colorado River water, with the Lower Basin
apportionment including water from their tributari€. He hoped his formula would establish

Gl LISNXYI y SSUidziHfy Ra (LBSiNdzd ¢ 0 SG oSSy GKS olaiya ol d
Response to his proposal was largely, but not universally, po&itivee most vehement
2LILRYSYd gl a 2 ®{d b2NIBASE T NER-iftyaldcaion2 Md K2 RA
wanted half of the mainstem water for the Lower Basin as well as all of the Lower Basin

tributaries. Back and forth negotiations ensudThe negotiations seemed to stall as the

% Each state is on the same level in the legal system as the other state, and has the same powers and rights under

0KS /2yadAddziaAzy IyR AYyGiSNaRGFGS RAA&LIzIiSa FNB aSaiaft SR A
at the same time establishwa € 2dza A0S 6SisSSy GKSYé¢ oYlyala @ /2t 2N
®BeKS 'LIISNI . FAAY QA LINBASY(d YR FdzidzNB ySSRa FTNRY (GKS YI
while the Lower Basin required between 5.1 to 6.1 MAF per y&eel(Recod, Sess. No. 6 at 700; 1 Record,

Sess. No. 11, at 61; 1 Record, Sess. No. 12, at 11; 1 Record, Sess. No-4A%, bR&eord, Sess. No. 15, at3f9

1 Record, Sess. No. 16, at24; 1 Record, Sess. No. 17, at 7; 2 Record, Sess. No. 20, at 62.)

® THs means the Upper Basin would deliver 6.264 MAF per year at Lee Ferry.

" While the commissioners of California and Nevada opposed some details, they supported the basic equal
FLILRNIAZ2YYSYd a0KSYS® al/ f dzNB T NEB YF I ANIAGH2ANE/E | T 20N yRIA 3RCBdx
Record, Sess. No. 12 at-22.

®| Record, Sess. No. 16 at 25; 1 Record, Sess. No. 57 atRecord, Sess. No. 17 atZ)
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Lower Basin, led by Norviel, insisted on receiving 82 MAF every ten years, \eHilpper Basin
refused to deliver more than 65 MAF every ten y&agsiundley, 2009).

In the face of this impasse, Herbert Hoover presented a memo compiling the basic principles of

GKS /2YLI OG> 6KAOK a0l 0SRI Gl LILING égosktyoli A 2y & Y
right as between them, up to a total of 7,500,000 a@r& S LISNJ | yydzY2 F2NJ St O
CAdINIKSNXY2NB>X Ay |1 22@08SNDa LINRLRalFtX Ay | yeé 7Fdz
water to one division will carry automatically anincras Ay G KS NAIKGE 2F GKS

| 22 SNR& adGrkGSySyidas 02dzl SR gA0GK GKz2asS 2F 210
to sharethe flow equally and that these equal allocations would have equality of rigiual

priorityt between them. Howver, this exact language did not end up in the final draft.

Other language in the Compact further supports the concept of equal shares. The inclusion of

Article 1l1(b), as the sole exception to equal division, emphasizes by negative implication that

the commissioners intended to equally divide the Colorado River System between the Basins.
Additionally, in Article 1li(c), the burden of Mexican delivery when surplus water proves
AYIRSIljdzZ-6S Aa G2 06S aSldzrffe o02Nywsheneer 6§KS | LILIJ
ySOSaalNeE GKS {GF0Sa 2F GKS | LIJIShdlfobthe@ A A A 2y &K
RS T A OR this érdphiesizes that each Basin intended to bear the Mexican burden equally

during nonsurplus conditions, in accordance with the basic camad equal allocation of the

Colorado River. But this language is largely offset by other Compact elements that revert back

G2 GKS aSldzAdGlIofS FLILRNIA2YYSyldé GSNXYAy2f23ex
of allocations, butis simply arecogni A 2y 2F GKS adl dSaQ Sljdz £ NR3¢
articulated inKansas v. Coloraglo This interpretation is reinforced by Articles 1l1(f) and 111(g)

concerning future appropriations of unallocated watéfs.

Ly adzYYFNESX A(G0RASEdOaSANISYFRBRBIARGYSIY aSljdz
might be available to address the growing imbalance in the allocation between the Upper and

®The proposed delivery of 82,000,000 maf every ten years constituted a much higher delivetiyetdpper

Basin was willing to make due to concern that in low flow years it would be unable to meet the delivery without

OdzNIiF Af Ay3a AdGa 26y dzaASNE® {(SLKSYy 5F0A4&8 FNRY bSgs aSEAO:
lowest ten years forwhich S KIF @S | NBO2NRXA G Aa LI NBYIGXiKFGIXFye &adz
Record, Sess. No. 17 at 2.

1 Record, Sess. No. 17 at 23.

1 Record, Sess. No. 18 at 32.

2 Article IlI(b) was included to provide an additional 1.0 MAF to the Lowen Basffset the inclusion of its

tributaries in the Compact allocatiori€arlson and Boles, 1986).

8 Colorado River Compact, art. Il (c), 70 Cong. Rec. 32£2530428).

"INGAOES LLLOTOU LINROARSA F2NJ &7F dzNds &f $bldvatets dexhé Cobofadd | LILIZ NI /
River System unapportioned by paragraphs (a), (b), and (c) may be made in the manner provided in paragraph

630Xé I NIAOES LLL 630 LINRP@GARSA GKIG FdzidzNBE NBLINBaSydl G
equitabf @ 0SG6SSy (KS ! LILISGulorado RieyCompAde, arf. Bd@d, N0 CohgaRey, 824,

32425 (1928).
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Lower Basins. What is clear is that this issue will only grow in importance, and that the
resolution ofthis issue could potentially involve significant, protracted litigation.

ISSUE 3: The Upper Basin Delivery Obligation

Article Il (d} The States of the Upper Division will not cause the flow of the river
at Lee Ferry to be depleted below an aggrega#té5,000,000 acréeet for any
LISNA2R 2F GSy 0O2yaSOdziaAgdS &SIFNER NBOJ2YySR A

--- Colorado River Compact of 1922

At issue is whether the prohibition on the states of the Upper Division from depleting flows
below 75 MAF/10 yearoperates as a delivery requirement and makes water rights held by the
Lower Basin senior to those held by the Upper Basin, or if acts as an obligation not to deplete
flows, and if so, is that practicably different than a delivery obligation.

From the &nguage of the Compact and other Law of the River components, most

commentators have adopted the working assumption that Article Ili(d) operates as a delivery
requirement in favor of the Lower Division states, not just a division of available water

(MacDomell, 1994; Clyde, 1960). Language in the Compact is prohibitory towards the behavior

2F GKS ! LIWISNI 5AQGAaA2Yy adaldaSao LG adrdasSa GKIG
RSLJ SGSRe IyR GakKlff y20 6A0KK2T{ Rsedce af BNX ¢ T NP
g2NR a3dzr NI yiGSSz¢e Ay addieladdd kiverloperatin @acionioKS / 2 Y
ensure the Lower Basin receives at least 7.5 MAF per year (on aveyag®),theLower

Divisiona de factohigher priority (seniority) than theights of the Upper Division statés.

The Congressional testimony of Herbert Hoovlee,federalrepresentative irthe Compact

negotiations, further bolsters the interpretation that Lower Division rights are senior to Upper

Division rights. He testified #t in the case of a Compact Call, Lower Division rights would be
completely satisfied before Upper Division rights (excluding Present Perfected Rights). He
aGFrG0SR GKFG 020K GKS ! LIISN YR [26SNI 5APAaA2Y
the improbable event of a deficiency, the lower basin has the first call on the water up to a total

of 75,000,000 ack¥ SS G S O K Simitrlyghs langEagesf the Upper Colorado River

" The language of the Colorado River Compact does not explicitly discuss water rights seniority. However, the

delivery requirementy’ ! NI AOf S LLLORO O2dzLf SR ¢AGK ! NOAOfES LLLOSULQ
not withhold water that cannot be reasonably used for agriculture or domestic uses from delivery to the Lower
S5AGAaA2Yy adza3Sada i rslaré sefidf® th¢ PopeSDisbt A AA 2y Qa NA IKI

64 Cong. Rec. 271€ee alsd dwd 5200 b2d TMTE ynidK /2y3Ids HR {S&daod ! v
must be considered in context. Hoover was responding to questions from an Arizona congressman, CarlAtiayden.

the time, Arizona had not ratified the compact and hostilities were developing in Arizona. Hoover was well aware
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ARy [/ 2YLI OG 6!/ w. /0 dzaSa o020KRA@KEARYZG 6 & IR:
ultimately seems to accept the delivery obligation interpretatiénAdditionally, later federal

legislation about reservoir operations emphasizes a delivery obligation (MacDonnell, 1994).

Several aademic studies also emphasibés delivery requirement. For example, a tpbase

dddzReéx SYGAGEt SR a/2LAY3A 6A0GK {SOSNBE FyR {dzadl

a0F4dSR GKIFG a2yf@ FTFAOSNI GKS FdzZAt [20SNI 5A0A4A

begintosasfy postm bHH RSYIl yR&¢ Ay | GAYS 2F RNRIZAKG 6]

| 26 SOSNE RSALIAGS GKA& 02Re& 2F SOARSYOS adzLJi2 N
Compact does not use this terminology, and this fact may be increasingly important in an era of
cimai § OKl y3So C2NJ SEIFYLX Sz 2yS | ylLtead | NHdSa
such as climate change rather than by Upper Basin consumption, then mitigating that decline in

flows is not the responsibility of the Upper Basin, as it was notipger Basin that caused the

flows to be depleted (Kuhn, 2007). This argument can be married to the debate about whether
GKS /2YLI OG 61 & AYUSYRSR (G2 LINRPOGARS |y aSldzd
Under either interpretation, it can be argudkat the Upper Basin should not bear the full

brunt of climate change flow reductions. The fact that the 7.5 MAF/year allocation to each
oFraAy Aa adGFrdiSR GLINRBYAYSyi(Gfe IyR SYLKIGAOKT T @
that this principle isuperior to all other provisions, including the ndepletion language of

Atrticle 111(d) (Carlson and Boles, 1986).

ISSUE 4: Compact Rescission or Reformation

The Colorado River Compact apportioned water to the Upper and Lower Divisions based on

data fom 1899 to 1920 an unusually wet period. This data prompted negotiators to believe

the river featured an averagarginflow of (at least) 16.4 MAF per year. However, based on

pre-historic treering data, the actual average flow of the Colorado Riveomsiderably legs

probably no more than 15 MAF (see AppendiemBmore detaily. As a result, the Colorado

River is significantly ovallocated, a problem made worse by later commitments to apportion
additional water in the Treaty with Mexico and by&h { dzZLINSYS / 2 dzNIiQa RS OA a A
Lower Basin tributaries from the basic apportionment. As noted elsewhere, these inaccurate

2F GKAA YR KFER 32yS 2dzi 2F KAa ¢le& (G2 OFYLIAIY F2NI Al
supportive of the delivery oblagion requirement when considering the context in which it was mgdarlson and

Boles, 1986; Kuhn, 2007).

TeKS '/ w./ dzaSa (GKS az2oftAdliGrazy y2i ®ZIRBIWHSS | & 2FF 6 R dlf
G2 RStAGSNI gl (G SNEColaaSmaindF SNNA Yy 3 (2

8 Also see Wegner (2000) and Getches (1997), among many others.
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flow assumptions have serious consequences primarily for the Upper Basin states (Grant, 2003;
Clemons, 2004; Erhardt, 1992).

While interstate Compacts are both statutory and contractual, courts have normally applied
contract doctrine to resolve compact issues (Grant, 2003; Getches, K885as v. Coloradd
Texas v. New Mexitt(acknowledging that a compact is statutory but &fipg contract

doctrine)). Accordingly, there are two contract remedies available to the Upper Basin states:
rescission (i.e., voiding) or reformation (i.e., altering) of the Compact based on mutual mistake.
Rescission is possible only if the Upper Bdglmot knowingly accept the risk of factual

mistake; if they did, honoring the Compact would still be requffe@his determination may
hinge on the interpretation of Article Ili(d). If it is, in fact, a delivery requirement, then it seems
to allocate tre risk to the Upper Division. However, if it is an obligation not to deplete or is an
expression of the equal shares theory, then perhaps it is less likely that this article expressly
allocates the risk of mistake to the Upper Division, and rescissiorthmaye possible.

The second possibility that the Upper Basin bears the risk of the mistake is that it was aware
that it had only limited facts at the time the Compact was made, but treated those facts as
sufficient. Throughout the negotiations, data waesented to the Committee from the Bureau

of Reclamation, the United States Geological Survey, and their owocsntittees®? The
negotiations and subsequent congressional testimony illustrate that nearly all representatives
believed that they had suffient information to apportion the River, and furthermore, believed
that the Colorado River had more than 15 MAF of ffdW¢hile the Upper Basin Commissioners
treated their knowledge as sufficient, the fact that they were unaware that it was so biased
brings into question if they knowingly accepted the risk of mistake in apportioning the Colorado
WA PSNRa Ft26 Ay GKS [/ 2YLI Od o DA@YSYy GKSasS FI O
rescission of the Compact based on mutual mistake; however, ifileelynthat the remedy

"Kansas v. Colorag633 U.S. 1,-B (2001).

8 Texas v. New Mexicd82 U.S. 124, 128 (1987).

8 Rest. (Second) of Contracts § 156 (1981).

81 Recordsupra Sess. bl 6.

BWAOKFNR {f2tys (GKS t83If FROAA2NI G2 ! NAI 2yl Qa / 2f 2Nl R:
FaadzYLliaAzya 2F GKS /2YLI OGO s6Fa GKIG aadzFFAOASYd 41 GSNI
for agricultural and businesiza S 620K Ay GKS dzZLJJSNJ FyR f26SNJ olaAyaze
G§KS NAGSNI YR 2F @FNR2dza SadGdAYFiSa YIRS o0& NBOtIFYlIGAZ2Y
Cong., 2d Sess. A66 (1948)). Delph Carpenter (ColotadoRs i K | {i Z-yedr te¢of that swShadivill not be

improved by more records at this point. And the hydrographs and experts advise me that a-freantsecord on

a river is adequate in its completeness and includes enough years to warrant an aissuthat the average there
RSRdzOSR ¢2dZ R 0SS G(KS I @SNr3IS Ft2¢g 2F GKS NAOYGSNI Ay GKS
remarked that engineers presenting to the group had indicated that aiégr record would be best to determine

an exteme minimum, but that general calculations could be accomplished through a tweatyrecord (1

Record, Sess. No. 12 at 29).
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would provide any real benefit to the Upper Basin. Since the Lower Division uses more water
and has more senior water rights than the Upper Division, voiding the Compact and equitably
apportioning the Colorado River may be unlike\oenefit the Upper Division more than the
current Colorado River Compdg€arlson and Boles, 1986).

Reformation of the Compact to resolve some of legal ambiguities discussed may be another

option for the Upper Basin if it is able to successfully arga¢ risformation should follow the

/ 2YLI OGQa | LILINPFOK 2F RAGARAY3I (GKS NARIKG G2 dz
due to mistake is only permitted when the mistake is to a reduction in writing or where the

parties are mistaken as to the legafesft of the language usef.As discussed earlier, there is a

strong argument that parties were mistaken as to the legal effect of certain termgused
GSlidZAdlIo6tS RAGAAAZYE 0SAy3I +y SEFYLX So a2 NB
when thirdparties have relied on the contract in acquiring property inter&38ince 1922,

numerous water users in the Upper and Lower Basins have relied on the provisions in the

Compact. This includes individual irrigators, municipalities, water supply comppovest

companies, and recreational users, among others. Reformation to ensure equal shares would

likely affect Lower Basin users more severely than Upper Basin users, and could unfairly affect
GKS NRIKGEA 2F GKANR LI NI A Fcvision®(Carlso@and BoleNB t A I y O
1986).

Reformation of the Compact is theoretical possible using either congressional or judicial

pathways. When Congress consents to an interstate compargsumablyretains the right to

revise or interpret the agreemen However, it is unlikely to do this in the absence of

demonstrable injustice. Alternatively, the Supreme Court could address, under original

jurisdiction, whether the Compact should be enforced when it produces an inequitable result

due to a mutual migke.| 2 6 SOSNE aAyOS GKS [/ 2dzNI | OOSLII SR
Arizona v. Californjdt may now be unlikely to modify the Compact (Getches, 1&85he

[ 2YLI OGQa Ifft20FGA2y (2 GKS | LIISNIS5ABAaAZ2Y al
modification, and itmay not be unconstitutional, in which case the Court is unlikely to allow

BWSTF2NNIFGAZ2Y RdzS G2 YA&adE1S a (2 6NRGGSY SELINBaarzy Y
agreement in wholer in part fails to express the agreement because of a mistake of both parties as to the
Oz2yiSyida 2N STFFSOGa 2F (GKS gNRGAYyITE 6wSaded wR 2F / 2y N
P¢KS O2dNI Oy NBF2NY (GKS O2y N} O (2 oSEHdNGBEes (KS | 3N
adzOK Fa 322R Tl AUK LIzZNOKI aSa F2N @FtdzS gAtft 0S dzy FF A NI
®¥LiQa 62N K Y2 Aizgha & CaifermpsirgasiwiBeusédkoh @n intrhasin dispute, and not the

inter-basin apportionment.
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modification on the basis of mutual mistakéNonetheless, climate change, if severe, may
dzf GAYI GSfte LINB@S G2 0SS | a3l Y Sorntxfioh afgiEadE NS I | N

ISSUE 5: Magnitude of Present Perfected Rights

Article VIIF Present perfected rights to the beneficial use of waters of the
Colorado River System are unimpaired by this compact. Whenever storage
capacity of 5,000,000 acifeet shall lave been provided on the main Colorado
River within or for the benefit of the Lower Basin, then claims of such rights, if
any, by appropriators or users of water in the Lower Basin against appropriators
or users of water in the Upper Basin shall attachrid be satisfied from water

that may be stored not in conflict with Article 111.

--- Colorado River Compact of 1922

Present Perfected Rights (PPRs) are the most senior water rights in the Colorado River Basin,
and not subject to curtailment during shortagje As discussed below, two issues surround the
precise quantification of Present Perfected Rights.

Are Present Perfected Rights Determined as of 1922 or 1929?

It is unclear if PPRs are those with a priority date prior to the signing of the Colorado River
Compact (November 24, 1922), or prior to the effective date of its ratification in the Boulder
Canyon Project Act (June 25, 1929). The Upper Colorado Basin Compact (1948) states that
rights in the Upper Basin must have been perfected prior to Novembet@22% However,

the Supreme Court iArizona v. Californjeheld that the PPRs in the Lower Basin include water
appropriated prior to the adoption of the Boulder Canyon Project Act on June 2521929.

¢CKS / 2dzNIQa | R2LIIAZ2Y 2rHingwhthelstatesdArizorfa, Lalipinia,S 2 F t
Nevada, New Mexico, and Utalinvolved in theArizona v. Californitigation. Colorado and
Wyoming are presumably not bound by this litigation and, accordingly, continue to use the date

¥ InTexasv. New Mexic| G KS / 2dzNIi KSf R (KFG adzyf Saa GKS O02YLI OG 3
dzy O2y aldAGdziA2y X y2 O02dz2NI YI & 2 NRGN. N Méxisdp2 WS O2y aAad S
554, 564 (1983)). In that case, thecBs Compact was found to be based on a flawed allocation formula that lead

to a variety of water delivery problems, leading the Court to enact a new allocation formula, but not relieving New

Mexico from the obligation of remedying the past failures under initial agreement.

® Upper Colorado Basin Compact, CREBT01(Art. IV)(c).
% Arizona v. Californjsb47 U.S. 150, 154 (2006).
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of the Colorado Compact hthe Boulder Canyon Project Act as the basis for determining their

PPRS® The primary ambiguity is whether the decisiominzona v. Californiainds New

Mexico and Utali’ The Court states that the determinations made in the 2006 decree do not

affectthS GNARIKGA 2N LINA2NARGASAE 2F g1 GSNIAY lye 27
2T XPbSg aSE NThce NgwRVekich andé digh were only joined to the extent of

their Lower Basin tributaries, this may suggest that their PPRs are those pernpeictetb the

Colorado River Compact as stated in the Upper Colorado River Basin Compact and not those
perfected prior to the Boulder Canyon Project Act.

Upper Basin Present Perfected Rights

PPRs in the Lower Division, including those held by five Lowar Bidaes, are codified in the
Arizona v. Californjs2006 decreé® Arizona holds 1,077,971 AF of PPRs, with only 298,003 AF
being nontribal rights** California has the largest amount of PPRs, totaling 3,019,573 AF, only
a small fraction of which areibral ™ Nevada, the last Lower Basin state to develop, holds only
13,034 AF of PPRs, only 500 AF of which do not belong to the #ibke.PPRs listed in the
decree are unlikely to change, except for minor adjustments after final boundary
determinations 6r some of the tribes’

The magnitude of Upper Basin PPRs, however, is much more uncertain. The amount of PPRs in

the Upper Basin has important implications for Upper Basin curtailments during shortages (i.e.,
GOFftagduvs I yR 7Fdzi dzNEecavse ti¢ ShBSems ¢airt rasfnotiguaiifiel A @S NJp
PPRs for Colorado, Wyoming, Utah, and New Mexico, these states are currently in the process

of internally calculating both state and tribal PPRs. In lieu of better information, perhaps the

best estimate for PRs in the Upper Basin comes from tables presented during the Colorado

River Compact negotiatiort Table Al summarizes these finding$.This table suggests that

“The recent Colorado River Water Availability Study used the 1922 date for its discussion of PPRs (CWCB, 2008).

o During the litigation, California had tried to join the rest of the Basin states; however, the Court permitted only

Utah and New Mexico to join, and limited their participation to their Lower Basin tributary interests. The Court did

not permit joinder of Colordo or Wyoming, so their PPRs are presumably those in use prior to the Colorado River

Compact Arizona v. Californi®50 U.S. 114 (1957); Kuhn, 2007).

%2 Arizona v. Californjsb47 U.S. 150, 166 (2006).

% Arizona v. Californjsb47 U.S. 150, 16881 (2006).

% Tribes in Arizona are entitled to 779,968 AF of PRRzona v. Californjs647 U.S. 150, 169 (2006).

% California Tribes hold 156,522 AF in PRRgona v. Californjs47 U.S. 150, 174 (2006).

% Tribes in Nevada are entitled to 12,534 AF of PRR=ona v. Californiagb47 U.S. 150, 181 (2006).

T4¢KS 6SaGSNY o02dzyRFENASA 2F G(KS C2NI az2l @S yR /[ 2f 2NJ |
02dzyRF NAS&E 2F (KS C2NI ,dzYlF LYyRALFY wSaSjNgdrent @rzofa Ay | NA T
v. California547 U.S. 150, 168 (2006)).

% These numbers are for circa 1920, and are very rough due to lack of adequate monitoring technology.
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Upper Basin PPRs range from 2,180,750 to 2,267,008 Auantification of these rights and

resolution of this ambiguity become increasingly important as water availability declines and

the threat of a Compact call increases.

Table Al. Estimates Used In Compact Negotiations of Upper Basin Present Perfected R
Water Consumption (AKfor irrigation), circa 1920
State Table A, Bureau of Table C, Committee on Wate
Reclamation Requirements

Colorado 1,110,000 1,105,000
New Mexico 68,000 99,750
Utah 538,500 376,000
Wyoming 550,500 600,000
Upper Basin Total 2,267,000 2,180,750

ISSUB: Administration of Compact Calls

ARTICLE V&hould any claim or controversy arise between any two or more of

0KS aArA3aylraz2Ne {GlF0Saxo00 a G2 GKS Iff20F4
performance of any article of this compact or the delivery ofensats herein

LIN2E A RSRX GKS D2@SNYy2NB 2F GKS {G4G1F40Sa +F¥7FS
shall forthwith appoint Commissioners with power to consider and adjust such

claim or controversy, subject to ratification by the Legislatures of the States so

affected.

--- Colorado River Compact of 1922

% The information in this table was presented during the Colorado River Compact Negotiatidrsymes from

two different tables. Table A was prepared by the Bureau of Reclamation, and Table C was prepared by the

Committee on Water Requirements, a subcommittee of the Colorado River Negotiations. Both the original and
GwSOAaASRe ¢l OF 6 O KzBS FRBY[ORILISNI . FaAy O2yadzYLJiA@S dza S
y2i AyOtdzRSR Ay GKS 2NRAIAYyLE GFofSaszx odzi Aa O £ OdzAf | GSR
t SNFSOGSR wAaIKGaeg gl a vy 2 ilesdnils Regdtigfion@angcBptzylt@ppiagsyhatéhad § K (G K S
figures included in the table above were accepted as current use (as of 1920) (1 Record, Sess. No. 6 at 74).

1% The estimate of 2.2 MAF is commonly cited in Colorado River discussions.
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Under the prior appropriation system, when flows in a river are insufficient to satisfy all rights

2y GKS NAGSNE I ASYA2NI FLIINBLINREFG2N) gAft LI I O
appropriatorstostopd GSNI Ay 3 dzy GAf GKS &aSyiaz2NXRa 6 G§SNI NA
two possible types of calls on the Colorado River, neither or which has ever happened: a Lower
Basin call against the Upper Basin, and an Upper Basin call against another Uppstda. A

Lower Basin call would only occur when, due to nearly empty reservoirs and severe low flows in

the Colorado River, the Upper Basin fails to meet either its Article fldg@yequirements or its

Article 1ll(c) deliveries to Mexico (MacDonn&B94). In an Upper Basin call, one Upper Basin

state would make a call on another Upper Basin state. This could conceivably happen when

2yS aGlrdi8SQa O2yadzyLIiaAgdS dzasS SEOSSRa Ala LISNDS
Basin Basin Compact (UCR&®) another state is injured, perhaps as part of efforts to comply

with a Lower Basin call.

Any such calls would likely be administered by the Upper Colorado River Commission. Despite
the detailed language in the UCRBC and the presence of a Comntissierare still many
ambiguities as to how Upper Basin curtailment rules would apply. The most common
interpretation is that any of the states that used, in the ten years prior to curtailment, more
water than they were entitled to use under Article Ifltbe Colorado River Compact must

supply the quantity of such an overdraft to Lee Ferry before any other state faces curtailment.

If there is no overdraft, then all states must deliver to Lee Ferry an amount of water
proportional to their consumptive us@& the preceding water year over total consumptive use

in the Upper Division. This theory is supported by the State Engineer curtailment policies of
many Upper Basin states as well as contemporaneous testimony from the UCBRC consulting
engineer!®® The alernate approach is to quantify curtailments based on apportionments.

Under this interpretation, each state would curtail its use based on its percentage allocation in
the UCRBC, not its consumptive use in the prior water year. Gregory Hobbs, a caloeat €
Supreme Court Justice, supports this interpretation (Hobbs, 2009). The Commission has yet to
F2NXIffte SYyR2NBS SAGKSNI AYGSNIINBGFGA2Y X odzi A
and policy for implementing curtailment of use in the Uppek &% (stler, 2009).

Regardless of the approach used, the magnitude of curtailments for each Upper Basin state

Ylpat Tyrrel,l K S OdzNNBy i 2 &2 YAy 3 { (he cuBailnsest BylescB Stis tabe | G SR G K G 4
proportionate to the [consumptive use] of Upper Colorado River System water made by each State during the

water year immediately preceding the year in which the curtaittlbecomes necessary" (Tyrrell, 2008). This

testimony is similar to that of Tipton during the Compact hearings (in 1949), in which he concludets thm,

OdzNIi I Af YSyilGs GKS aidlraSa eatt GF{1S I Odzirtiohto th&irlINR LI2 NI A 2 Y
FLILINIGAZ2YYSyYyidé 0¢KS ! LIISNI /2Tt 2N R2 WAGSNI . Faixy [/ 2YLI Oi
WegksS ' /Jw./ faz ALISOATAOFIEfE NBFTSNBYyOSa OdzNIFAf YSYd LIN
the Green River (Art. Xll), the Yanipaer (Art. XIll), and the San Juan River (Art. XIV). It is unclear how these

curtailment procedures fit in with curtailment procedures in the Upper Division as a whole.
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must be sufficient to result in the required delivery to Lee F&Ry.

5dzZNAYy 3 | OdzNIFAf YSYGs aAl ¢ Aparficulay SsesdbaiwifiBde G KS A
OdzNIi F Af SR G2 G 1 8 SriceNi reefit diougl8, eatld state i thé Wppey & ¢
Division has been working to promulgate curtailment rdf&sThese processes are still ongoing

as there are no federal or state gelines on how each state should implement curtailment

procedures, and there is no precedent for implementing an interstate call on the Colorado. As

a practical matter, the approaches that are used within and among the Upper Basin states may

be impossibldo fully determine without addressing many (if not all) of the other legal issues

already identified.

IV.Conclusion

Perhaps the most overlooked element of the Colorado River Compact is its stated goal of

LINE RdzOA Y 3 & Ay SNEAEIGI i6IS) OB fertraing a gbalonly padially | a Ay 6!
achieved, and a goal that appears increasingly in jeopardy in the basin given growing water
scarcity. The length of time normally required to resolve such omissions and ambiguities

whether this is done by Igiation or negotiation is disconcerting, and is an argument for being
proactive in confronting issues before the onset of crisis.

1% ypper Colorado River Compact, art. IV, C.R-52301 (2009).

% The Upper ColoradRiver Basin Compact: Hearing on H.R. 2325, H.R. 2336, H.R. 2327, H.R. 2328, H.R. 2329, H.R.
2330, H.R. 2331, H.R. 2332, H.R. 2333, H.R. 2334 Before the H. Subcomm. on Irrigation ad Re8lsh&iony.

38 (1949) (statement of Royce J. Tipton, Consyllingineer, Colorado Water Conservation Board).

19513 2007, Colorado began crafting rules for curtailment in the Colorado River Basin as part of the Colorado River

Curtailment Studies. (Memo to CWCB,2007). New Mexico is currently preparing an ActiveRé&aterces

alylr3sSYySyd LyYyAGAIFIGA@S 6a!2waé¢o G2 ft2g GKS {dG1GS 9y3IA:
also in the midst of quantifying its present perfected rights and examining Colorado River issues, yet it is unclear

whether Utah is udertaking a comprehensive study on curtailment or whether Utah is in the process of

LINB Ydzt 3F GAy 3 OdzNI I Af YSyld LINROSRdAzZNBa® o65bwX Hamnod ¢KS
program entitled, the Colorado River Compact Administration Progaauh information gathered in this program

will be used in the case of curtailment necessary to fulfill obligations in the Colorado River Compact. (Tyrrell, 2008).

Wy 2YAtGee Aa F GSNY NI NBfeé dzaSR Ay aardvgeménts thdjield y 345 6 dz
courtesy, respect, and harmony among parties.
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Appendix B: Stressors and Threats to the Water Budget of the Colorado River

|. Introduction

The Colorado River faces many stressors which threaten the reliability of water supplies and the
integrity of ecosystems. The following pagamsarize the scientific, policy, and

environmental literature discussing these concerns, with the aim of informing discussions about
coping strategies. Most research is focused on two core threats, population growth and climate
change, although the watereeds of energy development are also increasingly in the
conversation, as carbon emissions and national security issues could suggest rapid changes in
that sector. Population growth and energy development are likely to further intensify

demands, while athate change is expected to reduce average flows and increase the frequency
(and intensity) of extreme events. The combined impact of these trends is highly disconcerting
given the observation (shown below in Figi&) that average demands have alrea@yught

up with average supplies.

Yolume [million acre-feet)

—10-YEAR RUMNING AYERAGE BASIMN WATER LISE

—10-YEAR RUNMING AVERAGE BASIN WATER SUPPLY

2004 7

Calendar Year

FigureB-1. Total water supplies and demands on the Colorado River S§4tem.

97| this figure provided by the Bureau of Reclamaticupplies are the sum of mainstem flows (from upstream

of Lake Mead) plus Lower Basin tributary flows that reach the mainstemeabgserial Dam. Demands are the
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Il. Growing Water Demands

Population Growth

The American Southwest experienced tremendous population growth throughout the 20
Century. Thisrend was especially evident towards the latter half of the past century; as shown
in the following figure from the U.S. Census Bureau, from 248ID, Colorado, Utah, Nevada,
Arizona, and California all experienced population growth levels of 200% er (dd. Census
Bureau, 2002, Figure 12; reprinted below as Figui®2). This trend of substantial growth in

the West has continued since the turn of the century. Since 2000, the Upper Basin states of
Wyoming, Colorado, Utah, and New Mexico have in@das population by 10.2, 16.8, 24.7,

and 10.5 percent, respectively, while the Lower Basin states of Nevada, Arizona, and California
have increased by 32.3, 28.6, and 9.1 percent (U.S. Census Bureau'’2009).

official accounting of consumptive uses of mainstem water. Note that water originating in Lower Basin tributaries
that is consumed before reaching the mainstem is neither included as either supplies or demands. Thus, the
supply line and demand line are both a little low (if the intent were to truly describe total surface water supplies
and demands in the Colorado River System), but the spread between them is accurate, which is the primary
purpose of this figure.

1% These wetern states are not only ranked among the highest in terms of population growth, but also among the
lowest in amounts of precipitation. Utah, Colorado, New Mexico, Arizona, and Nevada are all in the bottom ten
states in terms of annual precipitation. ala, the fastest growing state since 2000, receives the least amount of
precipitation in the entire country (less than 10 inches per year) (see:
http://www.nationalatlas.govprintable/precipitation.html#lis}.
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Figure 1-12.

Percent Change in Total Population by State:
1900 - 1950 and 1950 - 2000 Percent change
I 200 ar mare
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Source: UE. Census Bureau, decennial census of population, 15080, 1950, and 20040,

FigureB-2. Percent change in total poptibn by state: 1901950 and 195€000. (US
Census, 2002, Demographic Trends in tHeQentury, Chap. 1. Figurel®.)

Currently there are approximately 27 million people that receive water, at least in part, from
the Colorado River. Although the LemBasin already consumes its entire allotment each year
and the Upper Basin may be reaching its Colorado River water limits, the number of people in
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the region is projected to increase to 38 million people by 2020 (Bates et al., 2008; WEF, 2010).
An addiional 11 million people will need water from a system that is already stretched near its
limits (Overpeck, 2009§° For example, the state of Colorado is expected to grow from around
5 million people in 2010 to 7.6 million people in 2035. Most of the ¢inomill be along the

Front Range, further intensifying the call for additional tréasin diversions from the Colorado
River (Colorado State Demography Office, 2010; Williams, 2009). There are already many
existing large diversion projects on the Coloratftwith several more being proposed (WRA,
2009; Pontius, 1997; Fradkin, 1981). For example, two pipelines are being proposed to divert
water out of the Green River (a major Colorado River tributary) in southwest Wyoming and
ONAY3I Al G2 MhginwnithlisRasbithe ColEngrial Divlde and out of the
Colorado River Basin (Coyote Gulch, 2009; Warner, 2009).

Translating projected population growth into anticipated water demand is very difficult given
that the relationship is not necessarilgear; population growth does not and need not
automatically mean an increase in water demand. Water efficient land use, development, and
landscaping can all help reduce the amount of water needed for growth. In fact, as some
specific examples have shoyem increase in population growth can sometimes be achieved
with a net decrease in water consumption (NRDC, 2007; Best, 2008; National Academy of
Sciences, 2007). Nonetheless, demands on the Colorado are projected to increase.

Future projections of watedemand are reported in the Depletion Schedules developed by the
states and compiled by the Bureau of Reclamation. As shown in Appendix C of the 2007 EIS, in
the Upper Basin, Colorado, Utah, and Wyoming all expect continued consumption increases
throughou the planning period (to 2060), while use in New Mexico plateaus by 2035 (USBR

1991 addition to the basin states populations growing, several recent water right settlements have quantified

demands from Native American Tribes within the Colorado River Basin. For example, the Navajo Nation
lawmakes voted in November 2010 to approve a controversial settlement that allocated 31,000 af per year from
the Lower Basim{tp://www.deseretnews.can/article/700079134/Navajdawmakersapprovewater-rights
settlement.htm). The settlement also includes rights to two underground aquifers and unappropriated water

from the Little Colorado River (a Colorado River tributary). Congress still needsto@fynding for

infrastructure updates so the water can actually be brought to the reservation.

lloMajor transbasin projects in Colorado include the ColoradeTBigmpson Project (213,000 AF/yr)
(http://www.ncwcd.org/project _features/cbt _main.agp Denver Water Collection System (257,304 AF of total
capacity) littp://www.denverwater.org/Recreation/Dillony, and the Fryingpa#rkansadroject (69,200 AF/year)
(http://www.usbr.gov/projects/Project.jsp?proj Name=FryingpAnkansas+ProjektThe San Juan Chama Project

in New Mexico diverts 110,000FAear out of the Colorado River Basin
(http://www.usbr.gov/projects/Project.jsp?proj Name=San%20Xrama%20Projert In Utah, the Central

Utah Project, BonneWd Unit delivers 219,160 AF/year to eof-basin users
(http://www.usbr.gov/projects/Project.jsp?proj Name=Central%20Utah%20Project%20Bonngille%20Uni}.

Ly GKS [26SN) . FaAyz ySIENIe&e Ftft 2F /FftAF2NYAlI Q& non a! C
The Metropolitan Water District of Southern California delivers between 550,000 AF and 1.293 MAF per year from
the ColoraddRiver to users in San Diego and Los Angeles
(http://www.mwdh20.com/mwdh2o/pages/yourwater/supply/colorado/colorado04.htinl The Imperial Irrigation
District diverts3.1 MAF of Colorado River water per year out of the basin.
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Appendix C, 2007} The Lower Basin is already consuming its full apportionment (JSBR
Appendix D, 2007). Over the next year, the methodologies used to calculate curtent a
projected depletions will be subject to additional scrutiny as part of the Colorado River Basin
Supply and Demand Studknown simply as the Basin Study. This effort, funded and managed
jointly by the states and the Bureau of Reclamation, will analypelg and demand imbalances
through 20602 Similar research is occurring within several of the basin states as well. One
effort is the recently defunded Colorado River Water Availability Study (CRWAS), which
determined that the range of additional Colo@diver water available for development in the
State of Colorado extends from O to 1.0 MAF, depending primarily on the climate assumptions
utilized (CWCB, 20184

The Special Case of Enerqy Development

Providing energy to the residents of the Southwissha major strain on water resources. For
example, in 2005, thermoelectric power plants in Arizona, Colorado, New Mexico, Nevada, and
Utah used approximately 292 million gallons of water per day. This amount of water is roughly
GSlidzZl £ (2 61 GENIOENES dzREByad&E S | yR ! f 6 dzlj dz8 NJj dzS =
Furthermore, projected population increases are expected to be matched with an increasing
demand for energy, further stressing limiting water supplies. According to the Electric Power
Researchnstitute, restraints on thermoelectric power production due to limits on water

supplies will occur by 2025 in Arizona, Utah, and California (Bull, 2007). While a certain level of
water use for energy development is already embedded into projectionsofilation growth

related water demand, the water consumption implications of potentially shifting to a radically
new mix of energy sources in coming decades merits special attention.

Vast amounts of energy resources exist in the Colorado River Badiynexploiting these

extensive coal, oil, natural gas, uranium, and oil shale reserves has significant water demand
implications (Pitzer, 2009; URS Corporation, 2008). Additionally, development of alternative
energy sources also has water implications ED2000; Kyl, 2010; Woody, 2009). In recent

years, the link between water quantity and energy development in the Colorado River Basin has
become a major area of study and debate, in part because concerns over climate change and

! Since 2007, the Upper Basin states have slightly revised their Depletion Schedules, showing a slightly faster rate

of consumption.

Y2 hitp://www.usbr.gov/lc/region/programs/crbstudy. html

3 35ee Figure-37 (page 315) of the Draft Phase | repotitp://cwch.state.co.us/technicatesources/colorade
river-water-availabilitystudy/Documents/CRWAS1Task10PhaselReportDraftysdEric Kuhn, general manager of
the Colorado River Water Conservation District, has pointed out, the effort shouldendewed as an attempt to
identify the exact amount of water available, but as an exploration of the relationship between additional
development and the increased risk of shortage (Jenkins, 2009).

61


http://www.usbr.gov/lc/region/programs/crbstudy.html
http://cwcb.state.co.us/technical-resources/colorado-river-water-availability-study/Documents/CRWAS1Task10Phase1ReportDraft.pdf
http://cwcb.state.co.us/technical-resources/colorado-river-water-availability-study/Documents/CRWAS1Task10Phase1ReportDraft.pdf

energy independence are enaxaging a new look at possible energy development futures. An
extensive review of all the watanergy issues in the Colorado River Basin is beyond the scope
of this papet**, but a sampling of some of the most salient issues and questions is provided
below.

1 The Future of Coallhe majority of electricity generated and used in the Colorado River
Basin comes from local coal reserves. Mining, washing and transportation of coal are all
water-intensive, depending on technology and related factors, as is tineitg of coal in
facilities utilizing steam turbines (DOE, 2006; URS Corporation, 2008; Averyt, 2010). At the
point of consumption, the major codired power plants in the Colorado River Basin
annually consume approximately 163,000 afget from the Céorado River System (WRA,
2009). Many other plants rely on groundwater, recycled water, or surface water from other
watersheds (WRA, 2009). Producing electricity from coal is cost effective, but carries a high
greenhouse gas price. Even modest changdisd role of coal in generating electricity can
have significant implications for the Colorado River Basin.

1 The Growing Popularity of Natural Gadatural gas is enjoying increasing popularity due to
its local abundance and its reputation as a clednaning fuel than coal or oil. Natural gas
production requires water in drilling operations, pipeline transmission and treatment
2LISNIF GA2ya 6! w{ [/ 2NLENIGA2YZS HAnyOL® | 246 S @SN
methane (CBM) development, for example, uggs bringing huge quantities of
groundwater to the surface, which may or may not prove locally beneficial depending on
water quality, surface wategroundwater dynamics, and other consideratidns.
Additionally, like coal and uranium, natural gas is frextly used to power steam turbines,
a major source of water diversions and consumption (EPRI, 2002). For example, natural gas
power plants in Arizona consume approximately 3,568 AF of Colorado River water per year
(WRA, 2009). The number of natural fiaded power plants is expected to rise as well
because utility companies are looking to replace doat plants with cleaner burning
natural gas plants®®

 The Potentialof OilShale h ¥ (KS aySgé¢ SySNHE &2dz2NOSasz 27
significantin terms of potential Colorado River demands. The Green River Formation, which
is located in parts of Colorado, Utah, and Wyoming, holds the largest known oil shale

"% The Natural Resources Law Center will publish a Bogk G K S -Enefgy Nefuslih the Western United

{GFriSa¢ Ay Hnmm 69RGIFNR 9f3IFN tdzof AaKAYy IV ®

>Based on data from the USGS (2000), coalbed methane annually produces over 3,d@6tdorthe San Juan

Basin and nearly 4,000 aefeet in the Uinta Basinfhese values were calculated by the following formula: AF =

(wells per basin) x (average water production (bbl/day/well)) x (365 days) x (42 gal/bbl) x (1/325,851 gal).

oy . OSt fl edAl 8dz02yP8MERARY LI Iy F2N Y SGehR, Aughdhl4£@10.5 Sy S NJ
http://www.denverpost.com/ci_15775014
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deposits in the world: 1.5 to 1.8 trillion barrels. Of this quantity, approximatelyb830on

to 1.1 trillion is estimated to be recoverable (Bartis, 2005). If pursued, oil shale recovery
could use a very large amount of water, as water is required for refining, reclamation, dust
control, onsite worker demands, and power generation (Higho, 2008; Averyt, 2010;
Pitzer, 2009). Western Resource Advocates estimates that mining the extensive oil shale
reserves in northwestern Colorado could consume 280,43%f@eteannually (WRA, 2009).
Additionally, largescale oil shale development cowdtso have huge, but largely uncertain,
impacts on population growth in the source areas (e.g., see Bartis, 2005; Oil Shale, 2009;
Center of the American West, 2008).

1 A Nuclear Energy Renaissarsggnificant amounts of water are required for uranium
mining and the operation of steam turbines in nuclear power plants. A renewed national
commitment to nuclear energy (as urged by the Obama Administration), therefore, could
have significant implications for the Colorado River Basin. Uranium mining claitesiloca
within 10 miles of the Colorado River have already increased from 2,568 in 2003 to 5,545 in
2008 (EWG, 20083’ Currently in the Colorado River Basin, there is only one operating
nuclear power plant, the Palo Verde Nuclear Generating Station locat&dzona (NRC,
HAMAUL ® ¢CKAA Ada GKS ylLraA2yQa I NBSa-deety dzOf S N
per year (EPA, 2004). Additionally, a new nuclear power plant has been proposed in
Southern Utah near the Green River, a main tributary to the CdtRiver. It is estimated
this plant would require 50,000 acffeet of Green River water annually for cooling
processes (Salt Lake Tribune, 2010).

1 Options for Solar Energylhe most popular technology for largeale generation of
electricity from sufight is concentrated solar power (CSP), which uses mirrors to
concentrate sunlight to power steawiriven power plants. Water use is highly dependent
on the cooling technology used: wet, dry or hybH8.The water requirements of extensive
CSP productionouild be significant; the Congressional Research Service has estimated that
the construction of 55 GW of CSP generating capacity, predominately in Arizona and

7 additionally, there are about 10,600 exploratory mining claims located near the Grand Canyon on BLM land and

within the Kaibab Nationaldfest (Pitzer 2009).

18\Wet cooling plants can use 0.85 gallons/kWh, and are highly efficient even in hot climates; dry cooling requires
much less water, often just 0.03 gallons/kWh, but is not efficient in some of the high temperature zones found in

the lower Colorado River Basin (Kyl, 2010; WRA, 2010; Averyt, 2010; Wang, 2009; Kaplan, 2008; SEIA, 2010). The
Department of Energy calculated that the amount of water needed per MWh of electricity produced at a CSP plant
with wet cooling technology is twicéat of fossil fuel plants and usually higher than a nuclear plant (Kyl, 2010).

One strategy for mitigating the high water requirements of CSP has been the use of hybrid cooling systems. The
Department of Energy studied hybrid facilities that used-w@bing only on hot days. The DOE discovered that a

hybrid system using only 50% of the water of a wet cooling system would maintain 99% of its performance, and a
KEONARR a2aidSyYy dzaAy3a 2yte mm: 2F + St O022é&ERF20@8p aiSYQa
These hybrid systems may reduce demand for water, while still ensuring solar remains a viable electricity source.
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California, could require 505,000 adeet/year of water (CRS, 2009; Kyl, 2010). The BLM is
currently preparing a Programmatic Solar Environmental Impact Statement foréaaje

solar development in twentyour locations. The entire process should be completed near
the end of 2010 (Uram and Cohen, 2009).

f The Introduction of Larg8cale Bioenergy¢ KS (SN WoA2SySNHe&Q Syo2yY
biomass power systems, with biofuels referring to the production of liquid transportation
fuels, while biomass systems generate electricity. Widespread pursuit of bioenergy in the
Colorado River Basin couldstepe cropping patterns and modify water demand. Unlike
traditional bioenergy crops such as corn, sugar, and soybeanle Southwest is probably
better suited to next generation bioenergy feedstocks such as algae, perennial grasses, and
woody biomass (GAQQ09; Berndes, 2008; Mulder, 2010).

1 Reliability of HydropoweHydropower is a major benefit of Colorado River development;
facilities on the river satisfy the power demands of roughly 3 million people. However,
hydropower production is threatened by gexted decreases in river flows, and by the
challenge of maintaining adequate head (storage) in the major reservoirs. According to the
U.S. Climate Change Science Program, for every 1% decrease in Colorado River flows, there
will be a 3% decrease in hygrawer production (Bull, 2007). Any loss in power generation
is likely to be replaced by generating technologies that require more wéter.

1 The Scale of Wind Generatioind power production uses significantly less water than
conventional power source©nce a wind facility is in operation, water is used primarily for
blade cleaning; removing dust and insect buildup ensures that performance is not
degraded. Compared to electricity produced by existing technologies, wind energy holds the
promise of, perlaps, 1/500 the water footprint (per kWh) (AWEA, 2010; Averyt, 2010).

1 Energy Demands of Water Managemeitonically, one of the biggest sources of energy
demand in the West is water management. A large amount of energy is needed to collect,
transport,treat and retreat water as it is delivered to water users throughout the
Southwest (CEC, 2005). For example, in California, the amount of energy needed to pump
Colorado River water to residents is 1,916 kWh/dorat (Wilkinson, 2000), and thirty
percentof all nonpower plant natural gas is used for watelated activities (including
pumping, heating, and treating water and wastewater) (Pitzer, 2009). The energy costs of

9t is difficult to calculate the water consumption associated with hydropower production, as storage reservoirs

associated wih hydropower facilities were often built to serve multiple purposes (Torcellini, 2003). The major
hydropower facilities at Glen Canyon and Hoover Dams, for example, were not built primarily for power
production; power is an ancillary benefit. When syststorage is high, evaporative losses from Colorado River
reservoirs can approach (or even exceed) 2 MAF/year.
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water management are also very high in other Colorado River Basin locales raliapiid

water pumping, such as the Central Arizona Project service area and many of the new

LIALISE AySa LINPLRASR 02NJ AY RSOSt2LIYSYydo Ay NEF
example, the Northern Integrated Supply Project (NISP), would require rotigt80

kKWh/AF to pump water from the Poudre River to reservoirs in Northeastern Colorado

(WRA, 2010). Other emerging water management strategies, such as desalination, also have
significant energy implications (Craig, 2010; Stokes, 2009; Busch, 2004 ektent that

future water supply approaches are more energy intensive than past approaches, the stress

on water resources is compoundétf.

Ill. Concerns Over Water Supplies

Understanding and predicting the hydrology of the Colorado River is a diffiallenge (Snow,
2005). The Colorado, like other rivers and streams around the world, varies in annual flow
depending on a variety of climatic and hydrologic conditions. Being a-dnovnated system,
winter and spring snowfall in the Rocky Mountaisarticularly salient. Natural ocean
temperature fluctuations, such as the-Eifio-Southern Oscillation (ENSO) and Pacific Decadal
Oscillation (PDO), can have significant impacts on the amount of precipitation in the Colorado
River Basin, which in turrffacts the amount of flow** Runoff and streamflow are also
influenced by landuse conditions (including human activities), weather patterns, and other
phenomenon, sometimes in highly complex and surprising Ways.

In recent years, severe drought on thear, combined with advancements in global climate

change research, has prompted intense interest in better understanding the past, present and
FdzidzNE 2F GKS /2f2NIR2Qa Fft2¢6 NBEIAYSP tINIAO
storage coinciding wh drought conditions since the early 2000s. As shown in FB@rdrom

1998 to 2010, combined storage in the two reservoirs dropped 22.15 MAF. This reduction in

lZOAdditionaIIy, growing energy consumption in the water sector is likely to increase the greenhouse gas emissions

that are attributed to the detimental climate changes affecting water systems throughout the region.

21 A 2010 study published in the Journal of American Water Resources Association found that a possible

convergence of these ocean conditions (ENSO, PDO, and ADO) could create substagtialconditions in the

Colorado River Basihttp://www.physorg.com/news205156605.html

2 Eor example, one recent study found that human activities that disturb soils have increased dust demsitio

ay2elLd 01 Ay GKS ! LIISNI/2t2NFrR2 .lFaAys RSONBIFaAy3a (GKS &
accelerating the timing of spring runoff, and ultimately, decreasing the annual flow of the river by roughly 5%

(Painter et al. 2010).
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reservoir storage has not only concerned water managers, but has been featured prominently
in reports by the mainstream public medi&.
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FigureB-3. Storage on Lakes Powell and Mead, 1998 to 2010 (Septenibealg@s).

2%severahews articles highlight the dramatic reduction in Lake Mead storage levels and potential future

consequences, against the backdrop of celebrations marking tﬁaﬁﬁiversary of Hoover Dam construction.

G[ 1S a $kaRlow, diirring mtioning fea Arizona Republic. By Shaun McKinnon. August 12, 2010.
http://www.azcentral.com/arizonarepublic/news/articles/2010/08/12/2010081 2lakeead-low-water-level.html

Gl F1S aSIFRQa 2 (SNSIHNOBNE dz3 iy J[SKY I SNEvavé b, ¢AYSaod . & t|
http://www.nytimes.com/gwire/2010/08/12/12greenwirdake-meadswater-levelplungesas11-yeardrou-
29594.html?pagewanted=d G2 GSN) ' asS Ay {2dzikgSaid | SFRa F2NJ I 51 @
Barringer. September 27, 201fttp://www.nytimes.com/2010/09/28/us/28mead.html?hpwa 2 I G SNJ / NAaA a | 7
2 Sa0SNY [/ Al CSBC. ByWRIly Mazilu.(B&ptemder 28, 2049.//ww w.cnbc.com/id/39397641

G9bowD,Y [ 228SNI5FY O2dzZ R aiz2Ll 3Sy SHBoimCOpumty BrieS. 8yi NA OA (& |
Eric Wolff. September 11, 201ttp://www.nctimes.com/business/article b7e44e9@87d53b2-9c49

7ea32262c9a9.htmty [ F 1S aSIR aAyla (2 | ySg KAAU2NRO f2¢d¢ ¢ KS
19, 2010http://www.azcentral.com/arizonarepublic/news/articles/2010/10/19/20101019lakeadwater-levet
new-historiclow.html
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These conditions have raised several important questions regarding river flows and water
supplies on the Colorado, pertang to drought frequency (and system vulnerability), and the
potential implications of longerm climate change. An overview of these issues and research is
presented below.

Hydrologic Variability and Water Supply Vulnerability

Understanding hydrologieariability on the Colorado requires viewing the river over a long time
period. The longest view is provided by paleo reconstructidres, estimates of past flows

based primarily on tree ring studies. A diverse suite of paleo reconstructions now@giss a

the basin, looking as far back as 762 A.D. (Meko et al., 2007). When comparing these studies to
the roughly one century of gauging data, two observations stand out. First, t(he&otury

was slightly wetter than average. Measured Lees Fernysfloivapproximately 15.2 MAF (USBR,
2008) are above the reconstructed lotgym estimates, which generally range from 13.0 to

14.7 MAF (Stockton and Jacoby, 1976; Michealsen et al., 1990; Hidalgo et al., 2000; Woodhouse
et al., 2006; Meko et al., 2007; Natial Academy of Sciences, 2007). And second, tfe 20

Century was unusually tame in terms of its hydrologic variability (National Research Council
2007; Woodhouse et al., 2006). This is shown below in Figydravhich shows only 5 years in

the past centiry falling in the lowest 1®percentile of Lees Ferry flow, compared to 14 in the

19" Century, 10 in 18 Century, 8 in 17 Century, and 9 in the partial reconstruction of thé"16
Century (see the small red dots above the tra?&)Going back furtherVeko et al. (2007)

found a mid 1100s event featuring a 25 year period where flows averaged less than 85% of the
historical average and with an absence of high flows for roughly six decades.

124 Although not shown, completing the 2@entury time seriesyadding data from 1998 and 1999 does not

change the results of drought frequency, as both years were slightly above thédiongverage.
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FigureB-4. Lees Ferry flow years categorized by percedi86-1997 (from Woodhouse et al.

2006).
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replicated in the future, there is no reason to believe that the range of variability and
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w

sequences that have occurred I8 6 LJ- & U
2007: U75). In other words, we may need to cope with droughts more frequently than in our
recent past; our current drought may be a sign of things to come. If that is the case, then it is
important to note that the impacts of the current event caught many water managers and
researchers off guard. Specifically, the speed at which reservoirs declined was beyond what
YR &1 a
(SSD) research project conducted in the early 1990s, which utilized a severe drought pulled
from the paleo record to test the water supply reliability of the modern system. As Kenney et
al. (2010) show in their comparison of the SSD study angrisent situation, a major lesson

of the current drought is that Lower Basin water supplies have become significantly more
vulnerable to droughts (of all sizes) in the past two decades, and the source of this vulnerability
is largely due to the growth inednands. As illustration, they cite the case of Lake Mead
elevations. As shown in FiguBeb, storage amounts in Lake Mead were stable in the early
1990s, but have declined steadily in the 2000s, despite the fact that releases from Lake Powell
in 1990199 were almost identical to those in 20@D10. The cause of storage declines, even
though Lake Mead inflows have not changed, can most likely be attributed to increased Lower
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Basin demands, specifically the completion and operation of the Central AfPzopect
(Kenney et al., 20105°
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FigureB-5. Relationship of Lake Mead Storage to Lake Powell Releases.

The continued decline in Lake Mead storage threatens to erase the modest recovery in Lake
Powell storage observed since 2004, thereby furtheraasing water supply vulnerability. As
explained in a recent New York Times arfi@&lB LI2 NI Ay 3 2y GKS . dz2NB I dzQ4&
hLISNI GAy3 tfly F2NJ/2ft2NFrR2 wAGBSNI wSaSNI2ANE&
mitigated over the next couple years Byy K y OS R  d § ijedaleléasek frotn A dke/ ¢

Powell in excess of the minimum objective release (of 8.23 MAF). The Annual Operating Plan
(AOP) projects Lake Powell releases in water year 2011 of 11.3 MAF, which may be sufficient to

P¢KS ySp aNMzZ S 2F (Kdzyoé F2NI[F 18 aSFR Aa GKFG adz2N}3s
full apportionment (and no more) and the Upper Basin makes the minimum objective release (8.23 MAF/year).

Thus, it is the absence of high (surplus) releases, more so than the existence of low flows, that is the mechanism

for translating droughts into Lower Basshortages.

a2 GSNI ' AS AY (KS { 2dzi K¢ SHeiv YoriSTimesBy FeltiNIBarringet, Septénberw S 01 2 v
27, 2010.http://www.nytimes.com/2010/09/28/us/28mead.htrt?Pemc=etal
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keep Lake Mead abowdevation 1075feet)t the mark at which curtailments begin for Lower
Basin users (especially CAP customers), as outlined in the 2007 Interim Rules (USBR, 2010).
While this provides shoitierm relief to Lower Basin water users, this operating regime makes
very difficult to recover systerwide storage (and rebuild the drought buffer), and provides no
incentive for Upper Basin states to slow depletions, as much of the water saved is likely to be
lost to the Lower Basin through equalization. Drought vidbdity, therefore, is likely to be a
perpetual and growing problem, and is a function of institutional rules as much as a function of
natural climatic variability.

Average Flows and the Significance of Climate Change

Estimating average annual flows dretColorado River remains a complex and controversial
topic. Early gauges were inaccurate (and not always in ideal locations), not all major tributaries
FNBE Y2yAG2NBRZ FyR SadGAYlFGAYy3 ayldadz2N>F ¢ Ff2ga
2 dzi éstbeandziebletions still a difficult challenge. As noted earlier, tree ring studies have
suggested an average of 13.0 to 14.7 MA#th the higher number supported by the most

recent investigations (Meko et al., 2007). Including the recent drought intgaliged record
suggests an average of 15.0B\F from 19062006 (USBR, 2008). Of course, as understood by
every student of the Colorado River, these figures are all well below the estimates used by
Compact negotiators, who used the wet conditions of theead" Century to assume that

average flows were much higher. Records used by Compact negotiators suggested an annual
Lees Ferry flow of at least 16.8 MAF, althoughReelamation Service (Bureau of Reclamation)
suggested a more conservative estimafel6.4 MAF.However, onceghe Compact was signed

and the process of statby-state ratification began, it became evident that several negotiators
believed the 16.4 MAF/year wawerlyconservative, and many negotiators internally operated

on assumptions larger flows For example, in Utah, R.E. Caldwell told the state legislature

that the annualyield was in excess of 20 MAR Colorado, an estimate of 20.5 MAF was

offered by Delph Carpentewhileinz @ 2 YAY 3> CNIJ y1 9 YSNA 2yl whasNHdzS R
22 MARHundley Jr., 1975)in retrospect, all these estimates were widely optimistihe
significance of this error hovers over all current Colorado River disputes, and provides the
backdrop to modern climate change studies that are nearly unangnn predicting further
reductions in average flows.

Although many people view climate change as a relatively new phenomenon and area of study
in the Colorado River Basin, scientists have hypothesized for several decades that
anthropogenic emissions gifeenhouse gasses and subsequent increases in temperature will
decrease the flow of the Colorado River (Revelle and Waggoner, 1983). For example, a 1983
report of the National Academy of Sciences (by Revelle and Waggoner) found that a 2°C
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increase in temprature combined with a 10% decrease in precipitation would reduce virgin
flow at Lees Ferry by approximately 40%.4%.

According to the latest report from the Intergovernmental Panel on Climate Change (IPCC),

average global temperatures have increasgdapproximately 0.74°C since 1906 (IPCC, 2007).

This warming has been especially pronounced in the American Southwest, which, already being

a semiarid region, is highly susceptible to hydrologic changes deriving from increased

temperatures (Overpeck aUdall, 2010). Some of the more pronounced changes include a

reduction in lateseason snowpack levels and a trend towards earlier spring runoff (Barnett et

al., 2004; Barnett et al., 2008; Gleick and Chalecki, 1999; Karl et al., 2009; Miller and Piechota

2008). As a snowmeltdriven systeth ®S > | LILINRPEA Y| (St & yp: 2F (K¢
snowpack in the Upper Basirthese impacts resonate throughout the Basin.

As noted earlier, the general consensus of the scientific literature is that the gevélaw of the
Colorado will decline over the rest of this centdfy.The expected direction of change is not an
area of significant debate; predicting the magnitude of change, however, is an area of vastly
different opinions. While estimates range from#6%, a review by Milly et al. (2005) found
that greater than 90% of the GCM models project runoff decreases-80%0for the time

period 204120601% Other researchers cite similar numbeesd., seeSeager et al., 2007;
Barnett and Pierce, 2009). Addnally, these reductions in average flows are expected to be
accompanied by an increase in the frequency and duration of droughts (Overpeck and Udall,
2010; Hoerling and Eischeid, 2007; McCabe and Wolock, 2007). The combined impact of
reduced flows andnicreased droughts is particularly disconcerting, and is a major thread of
current research on the Colorado River.

Numerous studies have found that even small reductions in Colorado River flow can have
significant and immediate impacts on storage levessthee entire flow of the river is already
devoted to consumptive uses (USB&opendix U, 2007; Christensen et al., 2004; Christensen
and Lettenmaier, 2006; Harding et al., 1995; Nash and Gleick, 1993). For example, Nash and
Gleick (1993) theorized thawery percentage drop in runoff could result in as much as a three
fold reduction in storage level§® Along those lines, modeling by Christensen et al. (2004) for

“"For a comprehensive review, see Appendix U of the 2007 EIS. Other relevant studies include: Barnett et al.,

2004; Bates et al., 2008; Christensen and Lettenmaier, 2006; Christensen et al., 2004; Hoerling and Eisheid, 2007;
McCabe and Wolog¢kR007; Miller and Piechota, 2008; Milly et al., 2005; Nash and Gleick, 1991; Revelle and
Waggoner, 1983; Seager et al., 2007; and Stockton and Boggess, 1979; among many others.

128t is worth noting that one of the most modern of the studies (by Christerss®l Lettenmaier, 2006), using the

latest IPCC models associated with the 2007 IPCC Fourth Assessment (AR4), was on the low end of the projected
flow declines (67/% by 204€069).

2 The Nash and Gleick (1993) study was also among the first to consitletions in hydropower generation as

a function of climate change induced flow reductions.
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the time periods 201€B9, 204069, and 207®8 suggested runoff declines of 14%, 18%, and
17% respectively, with corresponding declines in reservoir storage of 36%, 32% arld’40%.

Going one step further, Tim Barnett and David Pierce in two studies (2008, 2009) sought to

relate pressures on reservoir storage to the ability to satisfy water delmamn their first, and
KAIKE& O2YyUGNBOSNEBAFTIZ LI LISNI SYyuAadtft SR G2 KSy gA
Mead would no longer be able to deliver water by 2021 due to the combined interaction of

climate change, natural variability, and curreveruse (Barnett and Pierce, 2008). Updated

research a year later took a slightly different approach. In that work, the authors looked at the

ability of the system to supply current scheduled deliveries under three runoff scenarios: no

climate change, 40% decrease in runoff, and a 20% decrease in runoff (Barnett and Pierce

2009)**! This study confirms previous findings that even relatively small decreases in runoff

can drastically affect the reservoir storage system. With further analysis, the authors
RSGSNNAYSR SN (& deafiayA3d/ I 6t S RSEADGSNASaE FNRY (K
deliveries to Mexico) to be in the 1113.5 MAF/year range.

The Barnett and Pierce papers moved the discussion of climate change on the Colorado one
step furthermr from climatology, to hydrology, to reservoir storage, to deliveries. Rajagopalan et
al. (2009) has begun the next logical step: assessing the ability to mitigate potential shortages
through management reforms. Much like the second Barnett and PierdgsasiaRajagopalan

et al. utilize three different flow scenarios (no climate change, 10% reduction, and 20%
reduction) to estimate future risk of depleting active system reservoir storage and thus losing
the ability to make deliveries. But within eachtlbése flow scenarios, five alternativese of
demand growth and management alternatives were examined to determine how risk of drying
differs depending a variety of variabl&8. FigureB-6 shows the results for each of the three
scenarios:

130Projected flow declines by mickntury are largely shaped by greenhouse gas emissions that have already

occurred, thereby resulting in relatively consistentjput among models and researchers. For longer term
projections, the GCM output is highly dependent on assumptions of future emissions. Widely different emission
assumptions lead to widely different projections in flow.

131Actually, each of these three variables was calculated against two datasets, the gauged record and the paleo
record, resulting in six scenarios. In each case, the gadsed scenarios produced earlier and more significance
shortages.

32 Al alternativessuggest consumptive uses of 7.5 MAF in the Lower Basin and 1.5 MAF in Mexico; Upper Basin
depletions follow the Depletion Schedule (found in the 2007 EIS) in Alternatives A and B, but call for a slower pace
of new depletions in Alternatives C, D and EchEaternative is also defined by a shortage policy that varies based
on the amount of the curtailment (ranging from 2.5% to 8% from Alternative A to E) and the trigger at which
curtailments occur (ranging from 36% of reservoir storage in Alternatives@%oin Alternative E).
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FigureB-6. (a) Risk of drying (depleting active systeide reservoir storage in a given year) for
five management alternatives under assumptions of no climate chamtyeed average flow
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variability and a superimposed 10% reduction in the annual average inflow over-{fea60
period. Inset shows the risk in the near term for the period 2008H ¢ @ 600 {lFYS I a
but for 20% reduction in annual average inflow éRajpalan et al., 2009).
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demand, and management alternative. After the Interim Rules expire in 2026, however, the
authors did find that the probability of drying dostart to increase nonlinearly, especially

under the 20% climate change reduced flow scenario. Under the 10% and 20% reduced flow
scenarios, the risk of drying after 2026 increases to about 26% and 51%, respectively, if there
are no changes in the currentanagement of the system (Alternative A). However, the study
found with aggressive institutional changes regarding shortage allocations and demand growth
limitations, the risk of drying under the 10% reduced flow scenario could be decreased (from
26%) t011% after 2026. It was not the scope of this paper to discuss exactly what these
management or demand growth policies could or should be, but the study did illustrate the
point that institutional reforms can reduce shortage risks for the system, evenflaitls

decreasing in the coming century.

IV. Conclusion

All of the research and trends discussed in this report show it will become increasingly unlikely,
given current practices, that streamflows in future years will be sufficient to meet current
demands. Satisfying current users while simultaneously meeting projected new demands and
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environmental flow goals is particularly unrealistic. Change, of some type, is not only needed,
but is inevitable; the disparity between supplies and demands will be cieden some way,

either planned or unplanned. Under the current management regime, the mechanism is the
steady depletion of storage, followed by curtailments. This approach has several negative
consequences, not the least of which is the enhanced drbuglmerability that is associated

with low reservoirs. Fortunately, a variety of options can be pursued to address the imbalance
between supplies and demands, but this will only occur once the shortcomings of the existing
pathway are more fully appreciedl.
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Appendix C: Colorado River Issues and Options: SuofeCRWUA Members

In order to better inform and guide research conducted through the Colorado River Governance
Initiative (CRGI) (at the University of Colorado), the following survey was administered in 2010
to the members of the Colorado River Water UsAssociation (CRWUA). Working from the

2008 membership directory, researchers identified 903 unique, individual email addresses.
Each of these individuals received an invitation to complete the survey online. A first
announcement was sent in May (ortrer the 13", 14" or 16"); a followup reminder was sent

in June (on either the 24 28" or 29"). The survey was closed on JUly ®uestions 4

pertain to issues of water supplies, demands and water availability; question 5 focuses on the
perceved need for institutional reform; and questions/&ocus on potential solution

strategies.

Compiling the data yielded 185 unique responses (i.e., responses from different individuals),
although not all respondents answered all questions. The surveycaapletely anonymous;
however, almost all respondents voluntarily indicated their location (by state) and
occupation/affiliation. As shown in the following tables, these variables have been used to
organize the results. Following the presentation af tfuantitative results, the unedited write

in comments are shown.
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Distribution of CRGI Survelgespondents

Occupation/Affiliation

Water Water Water Citizen/ Non- TOTAL
Manager/ Professional| User Otheror | governmental
Gowernment Unknown | Organization
Region
Arizona | 52.6% 36.8% 3.5% 5.3% 1.8% 30.8%
(30/57) (21/57) (2/57) (3/57) (1/57) (57/185)
47.2% 33.3% 11.1% 8.3% 0% 19.5%
California| (17/36) (12/36) (4/36) (3/36) (0/36) (36/185)
Nevada | 56% 24% 12% 4% 4% 13.5%
(14/25) (6/25) (3/25) (1/25) (1/25) (25/185)
57.1% 21.4% 7.1% 7.1% 7.1% 15.1%
Colorado | (16/28) (6/28) (2/128) (2/28) (2/28) (28/185)
New 50% 16.7% 16.7% 16.7% 0% 3.2%
Mexico | (3/6) (1/6) (1/6) (1/6) (0/6) (6/185)
Utah 38.9% 44.4% 5.6% 5.6% 5.6% 9.7%
(7/18) (8/18) (1/18) (1/18) (1/18) (18/185)
50% 25% 12.5% 12.5% 0% 4.3%
Wyoming| (4/8) (2/8) (1/8) (1/8) (0/8) (8/185)
Other/ | 42.9% 14.3% 0% 28.6% 14.3% 3.8%
Unknown| (3/7) (a/17) (0/7) (217) (1/7) (7/185)
TOTAL | 50.8% 30.8% 7.6% 7.6% 3.2%
(94/185) (57/185) (14/185) | (14/185) | (6/185)
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SUPPLIEEMANDS ANVATERAVAILABILITMOUESTIONS-4)

Question 1 Between now and 2026, what do you think the chances are that
Lake Mead storage will drop to a level that requires curtailments to CAP (as
called for in the shortag sharing rule¥?

Very Probable | Possible (4 Unlikely € | Very 52y QU
Likely (>70%) 50%) 30%) Unlikely Know
(>90%) (<10%)
Region
Arizona 14% 40.4% 31.6% 7% 3.5% 3.5%
(8/57) (23/57) (18/57) (4/57) (2/57) (2/57)
California 19.4% 30.6% 38.9% 8.3% 0% 2.8%
(7/36) (11/36) (14/36) (3/36) (0/36) (1/36)
Nevada 40% 32% 8% 16% 4% 0%
(10/25) | (8/25) (2/25) (4/25) (1/25) (0/25)
Colorado 3.6% 25% 32.1% 17.9% 14.3% 7.1%
(1/28) (7/128) (9/28) (5/28) (4/28) (2/28)
New Mexico 16.7% 16.7% 66.7% 0% 0% 0%
(1/6) (1/6) (4/6) (0/6) (0/6) (0/6)
Utah 27.8% 16.7% 22.2% 22.2% 11.1% 0%
(5/18) (3/18) (4/18) (4/18) (2/18) (0/18)
Wyoming 12.5% 25% 37.5% 25% 0% 0%
(1/8) (2/8) (3/8) (2/8) (0/8) (0/8)
Other/ Unknown | 14.3% 57.1% 28.60% 0% 0% 0%
a/7) 4/7) (217) (O/17) (0/7) (O/7)
Occupation /
Affiliation
Water Manager / | 17% 31.9% 29.8% 13.8% 5.3% 2.1%
Government (16/94) | (30/94) (28/94) (13/94) (5/94) (2/194)
Water 15.8% 31.6% 29.8% 10.5% 7% 5.3%
Professional (9/57) (18/57) (17/57) (6/57) (4/57) (3/57)
Water User 35.7% 28.6% 28.6% 7.1% 0% 0%
(5/14) (4/14) (4/14) (1/14) (0/14) (0/14)
Citizen / Otheor | 14.3% 42.%% 35.7% 7.1% 0% 0%
Unknown (2/14) (6/14) (5/14) (1/14) (0/14) (0/14)
Nongovernmental| 33.3% 16.7% 33.3% 16.7% 0% 0%
Organization (2/6) (1/6) (2/6) (1/6) (0/6) (0/6)
TOTAL
Count [18% 34/185 | 59/185 56/185 22/185 9/185 5/185
Percentages 18.4% 31.9% 30.3% 11.9% 4.9% 2.7%
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Question2a. What do you think the chancesar@ K| & | & 02 Y LI Q
between the Upper and Lower Basins by 2026

Very Probable | Possible (~ Unlikely € | Very 52y Ql
Likely (>70%) 50%) 30%) Unlikely | Know
(>90%) (<10%)
Region
Arizona 1.8% 28.6% 26.8% 21.4% 14.3% 7.1%
(1/56) (16/56) (15/56) (12/56) (8/56) (4/56)
California 8.3% 38.9% 22.2% 16.7% 8.3% 5.6%
(3/36) (14/36) (8/36) (6/36) (3/36) (2/36)
Nevada 17.4% | 30.4% 26.1% 8.7% 13% 4.3%
(4/23) (7123) (6/23) (2/23) (3/23) (1/23)
Colorado 3.7% 22.2% 14.8% 33.3% 22.2% 3.7%
(1/27) (6/27) (4/27) (9/27) (6/27) (2/27)
New Mexico 0% 50% 50% 0% 0% 0%
(0/6) (3/6) (3/6) (0/6) (0/6) (0/6)
Utah 5.9% 29.4% 17.6% 23.5% 23.5% 0%
(2/17) (5/17) (3/17) (4/17) (4/17) (0/17)
Wyoming 0% 37.5% 25% 25% 12.5% 0%
(0/8) (3/8) (2/8) (2/8) (1/8) (0/8)
Other/ Unknown | 0% 33.3% 16.6% 0% 50% 0%
(0/17) (217) ar/7) ar/7) (3/7) (0/7)
Occupation /
Affiliation
Water Manager / | 6.5% 29.3% 22.8% 18.5% 19.6% 3.3%
Government (6/92) (27/92) (21/92) (17/92) (18/92) (3/92)
Water 3.6% 23.6% 23.6% 25.5% 14.5% 9.1%
Professional (2/55) (13/55) (13/55) (14/55) (8/55) (5/55)
Water User 7.7% 69.2% 15.4% 7.7% 0% 0%
(1/13) (9/13) (2/13) (1/13) (0/13) (0/13)
Citizen / Otheor | 0% 50% 35.%% 14.3% 0% 0%
Unknown (0/14) (7/14) (5/14) (2/14) (0/14) (0/14)
Nongovernmental| 16.7% 0% 16.7% 33.3% 33.3% 0%
Organization (1/6) (0/6) (1/6) (2/6) (2/6) (0/6)
TOTAL
Count [180 10/180 | 56/180 42/180 36/180 28/180 8/180
Percentages 5.6% 31.1% 23.3% 20% 15.6% 4.4%
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Question2b.2 K & R2 @&2dz KAyl GKS OKI yOS:
between the Upper and Lower Basins by 2050
Very Probable | Possible (~ Unlikely € | Very 52y Q(
Likely (>70%) 50%) 30%) Unlikely | Know
(>90%) (£10%)
Regim
Arizona 21.3% 25.5% 23.4% 12.8% 6.4% 10.6%
(10/47) | (12/47) (11/47) (6/47) (3/47) (5/47)
California 30% 33.3% 13.3% 6.7% 10% 6.7%
(9/30) (10/30) (4/30) (2/30) (3/30) (2/30)
Nevada 28% 40% 8% 12% 4% 8%
(7/25) (10/25) (2/25) (3/25) (1/25) (2/25)
Colorado 25.9% 7.4% 33.3% 14.8% 11.1% 7.4%
(7127) (2/127) (9/27) (4/27) (3/127) (2/127)
New Mexico 40% 40% 20% 0% 0% 0%
(2/5) (2/5) (1/5) (0/5) (0/5) (0/5)
Utah 14.3% 14.3% 14.3% 42.9% 7.1% 7.1%
(2/14) (2/14) (2/14) (6/14) (1/14) (1/14)
Wyoming 37.5% 12.5% 37.5% 12.5% 0% 0%
(3/8) (1/8) (3/8) (1/8) (0/8) (0/8)
Other/ Unknown | 20% 20% 20% 0% 40% 0%
(1/6) (1/6) (2/6) (0/6) (216) (0/6)
Occupation /
Affiliation
Water Manager / | 23.9% 22.7% 23.9% 17% 6.8% 5.7%
Government (21/88) | (20/88) (21/88) (15/88) (6/88) (5/88)
Water 20.8% 25% 14.6% 14.6% 12.5% 12.5%
Professional (10/48) | (12/48) (7/148) (7/48) (6/48) (6/48)
Water User 44.4% 33.3% 22.2% 0% 0% 0%
(4/9) (3/9) (219) (0/9) (0/9) (0/9)
Citizen /Otheror | 50% 33.3% 8.3% 0% 0% 8.3%
Unknown (6/12) (4/12) (1/12) (0/12) (0/12) (1/12)
Nongovernmentall 0% 20% 60% 0% 20% 0%
Organization (0/5) (1/5) (3/5) (0/5) (/5) (0/5)
TOTAL
Count [162 41/162 | 40/162 34/162 22/162 13/162 12/162
Percentages 25.3% 24.7% 21% 13.6% 8% 7.4%
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Question3. Between now and 2050, do you expect average natural flows on

NAODGSNI 610G [ SSQa CSNNBO (2 o6SY
Roughly the Higher than | Lowerthanthe |52y Qi 1Y
same as the pas the previous | previous
century (about | century century

15 MAF/year)

Region
Arizona 31.6%(18/57) 1.8%(1/57) 56.19%(32/57) | 10.5%(6/57)
California 22.9%(8/35) 0%(0/35) 65.7%(23/35) | 11.4%(4/35)
Nevada 32%(8/25) 0%(0/25) 64%(16/25) 4%(1/25)
Coloado 35.7%(10/28) | 0%(0/28) 46.4%(13/28) | 17.9%(5/28)
New Mexico 0%(0/6) 0%(0/6) 83.3%(5/6) 16.7%(1/6)
Utah 38.9%(7/18) 0%(0/18) 38.9%(7/18) 22.2%(4/18)
Wyoming 25%(2/8) 0%(0/8) 62.5%(5/8) 12.5%(1/8)
Other/ Unknown | 42.%46(3/7) 0%(0/7) 57.1%(4/7) 0%(0/7)

Occupation /

Affiliation
Water Manager / | 27.7%(26/94) 1.1%(1/94) 60.6%(57/94) 10.69%(10/94)
Government
Water Professional 35.1%(20/57) 0%(0/57) 50.9%(29/57) 14%(8/57)
Water User 15.4%(2/13) 0%(0/13) 53.8%(7/13) 30.8%(4/13)
Citizen / Otheor | 42.%46(6/14) 0%(0/14) 57.1%(8/14) 0%(0/14)
Unknown
Nongovernmental | 33.3%(2/6) 0%(0/6) 66.7%(4/6) 0%(0/6)
Organization

TOTAL
Count [183 56/184 1/184 105/184 22/184
Percentages 30.4% 0.5% 57.1% 12%
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Question4. Based on your understanding of water use trends and projections
at what point in time do you expect total average water demands on the
Colorado River to meet (or exceed) total average supplies (based oypeHd
running averages)

It has By 2020 By 2050 Laterthan |52 y QU
already 2050
happened
Region
Arizona 35.1% 26.3% 21.1% 10.5% 7%
(20/57) (15/57) (12/57) (6/57) (4/57)
California 41.7% 38.9% 13.9% 2.8% 2.8%
(15/36) (14/36) (5/36) (1/36) (1/36)
Nevada 60% 20% 16% 4% 0%
(15/25) (5/25) (4/25) (1/25) (0/25)
Colorado 17.9% 17.9% 25% 14.3% 25%
(5/28) (5/28) (7/128) (4/28) (7/28)
New Mexico 50% 16.7% 33.3% 0% 0%
(3/6) (1/6) (2/6) (0/6) (0/6)
Utah 27.8% 11.1% 33.3% 22.2% 5.6%
(5/18) (2/18) (6/18) (4/18) (1/18)
Wyoming 62.5% 0% 37.5% 0% 0%
(5/8) (0/8) (3/8) (0/8) (0/8)
Other/ Unknown | 71.4% 28.6% 0% 0% 0%
(5/7) (217) (O/7) (OI7) (0/7)
Occupation /
Affiliation
Water Manager / | 36.2% 26.6% 23.4% 6.4% 7.4%
Goverment (34/94) (25/94) (22/94) (6/94) (7/94)
Water Professional 36.8% 22.8% 19.3% 14% 7%
(21/57) (13/57) (11/57) (8/57) (4/57)
Water User 42.9% 28.6% 14.3% 0% 14.3%
(6/14) (4/14) (2/14) (0/14) (2/114)
Citizen / Oberor | 64.3% 14.3% 14.3% 7.1% 0%
Unknown (9/14) (2/14) (2/114) (1/14) (0/14)
Nongovernmental | 50% 0% 33.3% 16.7% 0%
Organization (3/6) (0/6) (2/6) (1/6) (0/6)
TOTAL
Count [18% 73/185 44/185 39/185 16/185 13/185
Percentages 39.5% 23.8% 21.1% 8.6% 7%
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PERCEIVENEED FORISTITUTIONAREFORMQUESTION)

Question5. In your opinion, will addressing current and future water availabili
concerns on the Colorado River require making changes to the Law of the R
andNBf I SR aAyaluAddziAz2ylf£é& | NNYy3aSY

No, the Law Minor Significant | The Law of the| 5 2 y Q (i
of the River| updates or | changesto | Riveris Know
is adequate| revisions the Law of | inadequate
asis may be the River are| and requires a
needed necessary | fundamental
restructuring
Region
Arizona 17.5% 52.6% 12.3% 8.8% 8.8%
(10/57) (30/57) (7/57) (5/57) (5/57)
California 27.8% 36.1% 16.7% 13.9% 5.6%
(10/36) (13/36) (6/36) (5/36) (2/36)
Nevada 0%(0/25) | 28%(7/25) | 48%(12/25) | 20%(5/25) 4%(1/25)
Colorado 32.1% 39.3% 21.4% 0% 7.1%
(9/28) (11/28) (6/28) (0/28) (2/28)
New Mexico 16.7%(1/6) | 16.7%(1/6) | 66.7%(4/6) | 0%(0/6) 0%(0/6)
Utah 22.2% 50% 11.1% 11.1% 5.6%
(4/18) (9/18) (2/18) (2/18) (1/18)
Wyoming 50%(4/8) | 50%(4/8) | 0%(0/8) 0%(0/8) 0%(0/8)
Other/ Unknown | 50%(3/6) | 33.3%(2/6) | 0%(0/6) 16.6%(1/6) 0%(0/6)
Occupation /
Affiliation
Water Manager / | 21.3% 50% 17% 8.5% 3.2%
Government (20/94) (47/94) (16/94) (8/94) (3/94)
Water 22.8% 36.8% 26.3% 7% 7%
Professional (13/57) (21/57) (15/57) (4/57) (4/57)
Water User 14.3% 21.4% 28.6% 21.4% 14.3%
(2/14) (3/14) (4/14) (3/14) (2/114)
Citizen / Otheor | 15.4% 46.2% 7.7% 15.4% 15.4%
Unknown (2/13) (6/13) (1/13) (2/13) (2/13)
Nongovernmentl | 66.7% 0% 16.7% 16.7% 0%
Organization (4/6) (0/6) (1/6) (1/6) (0/6)
TOTAL
Count [184 41/184 77/184 37/184 18/184 11/184
Percentages 22.3% 41.8% 20.1% 9.8% 6%
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