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ABSTRACT=Inithe Wasatch Range Metropolitan Area of northern Utah, water management
decision makers confront multiple forms of uncertainty and risk. Adapting toudhesetainties
andrisks is critical for maintaing the long-term sustainability of the region’s water supply. This
study draws on interview dataassess the major challengdisnatic and social changgose to
Utah’s water future, as well as potential solutions. The stightifies the water management
adaptation.decision-makirgpaceshaped byhe interacting institutional, social, economic,
political ;and-biophysical processes that enable and constrain sustainablenaa@gement. The
study findswater managerand other water actosee challenge®lated tareallocating water,
including equitable water transfers and stakeholder cooperation, addressingiqogutavth,

and locating additional water suppli@s, more problematic than the challenges posed by climate
change. Further, there is significant disagreement between water actanewwerbest adapt to
both climatic and social changes. This paper concludes with a discussion of the path
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dependencies &t present challenges to adaptive water management decision making, as well as
opportunitiedor the pursuit of a new water management paradigm based on soft-path solutions.
Such knowledge is useful for understanding the institutional and social adaptetexedor

water management to successfatidress futurencertainties and risks.

(KEY TERM S:path dependence, semi-arid and arid region, water policy, water governance,

climate'change; water infrastiture sociatecological changg

INTRODUCTION

In the Wasatch Range Metropolitan Area (WRMA) of northern EGBURE 1 from
Hale et al."2015)yhereover 85% of the state’s population resides (Utah Governor's Office of
Management and Budget 2015), water management depisikersconfront multiple formsf
uncertainty and risk, complicating thability to plan forlong-term sustainability of the regitn
water supply for human and ntwasman usesScientific consensus aboprtojected effectsf
climate changen Utah’s water supply is coalescing at $hene time the state is experiencing
increases in water demand duedpid population growth, aggressive economic development,
and concentrated urbanization in the WRMA (Utah Foundation 2014). Shifting public values,
growing. recognition of the need for environmental flows, and changeatewater law and
policy are challenging the state’s traditional wateanagement approa¢@rimmel 2014) At
present, water iamong a host of growttelated issues (including air gjity, transportationand
education)wying for the attention of state law makéhese risks andhallenges will require
water managers and usersiake difficult decisions and adapt thpractices ifwater is going to
be sustainably managed in theuiwt [INSERT FIGURE 1 HERE]

Sometimes referred to as the “crossroads of the Wl iscentrally located irand
characteristiof the Intermountain West region of the UT8e state liest the intersection of
several major. physiographic provinces: the Great Basin or Basin and Range prbeince, t
Colorado Plateau province, and the Rocky Mountain proidtzh Geological Grvey 2015).
Utah exhibits.a great deal of climatic and hydrologic diversity, even though it isdbledsmost
arid state in th&).S.on a statewide averaggfter settlement by LatteDay Saint{LDS)
pioneers in the mid-1Bcentury,Utah territorial and subsequently state watenagement
emphasizedeveloping irrigation works and othemter infrastructuréo support permanent

This article is protected by copyright. All rights reserved



agricultural communitie§McCool 1995). During the J0century, Utah garneresignificant

federal subsidies that made laigmale watetransfers possible to support the state’s
urbanization, whichvasconcentrated in the WRMA, home to Salt Lake @icCool 1995
Crimmel 2013. As Utah moved into the ZTentury,it became th¢hird fastestgrowing state in

the nationwith,its population growing by 23.8% from 2000 to 2010 (Mackun and Wilson 2011),
andis among the top ten fastest growing states in sabkequent yeadtah’seconomy and
populationhavebecome highly diversified, with greater dependence orstm and recreation

that relyon'water of sufficient quantity and appropriate quality being left in streams, ke
otherwatersources to maintaitne state’iaturalenvironment.

The,water system in Utah is an adaptation to the state’s arid, drought-prone, and highly
variable waterresource contekitah water law is based on prior appropriation, a doctrine that
allocates watemia priority system based on which users initially and continuallyvptér to
beneficial use anthatspecifies which users receive water first in times of shortage. Several
interstate compacts and agreemetitscate he shared waters of interstate streams and water
bodies dividediby state boundariébe state’s water infrastructure is designed to capture and
store spring snow melt from mountainous regions and deliver it to agricdigldsl and valley
communitiedn late summer t@xtend the irrigation seasdrarge infrastructure projecttore
water on.aminteannual basiand collect water when and where it is more plentdtien
moving the water between watersheds to take it to areas where population amii@cono
enterprises are concentrated

Watermanagemeirt Utahhas long relied on the assumption of hydrologic stationarity
(Matalas1998); whichpresumeshe range of events observed in the past will be a good
representation of future conditions. Engineered to deal with the high but somewhat predictable
spatial and temporal variability in water supply experienced itesethan 170 years since LDS
settlement, Utah’s current water system can accommodate approxifiveeigars of drought
(Anonymaus, May 2014 personal communicatigrHowever, climate change may result in
hydrologic regimes not well represented by historically-observed records (Maly2008
Woodhouseret al. 2010), renderihg assumption of hydrologic stationarity no longefensible
for engineering, planning, and management applications (Craig 2010). Obsenpedatures in
northern Utathave risen significantly in recent decades, thngltrend irojected to continue
Utahhasalsoexperiencedanore winter precipitatiofalling as rain instead of snow (Gillies et al.
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2012),and projections indicate a likely future decrease in lawd mid-elevation snowpack and
earlier and potentially diminished runoff volumes (Barnett et al. 2Bafdsley et al. 2013

Using a casstudy approach, this paper contributes to an emerging body of knowledge on
water managemeutecision making in the context of adaptingtzioecological change.
Specifically;our case studylraws on interviews witlvater managers and other water aciors
the WRMAto answer the following research questionsMWhgatare the major challengdésey
face?(2)'Whataretheir perceptions of howarious socicecologicalchangs will affectthe
water systemin' the WRMAand (3Whatsolutions dahey propose taleal withthesechange
and theirassociated challenge§¥erall, our case studglentifiesthe space in which adaptation
decisionsaremade andsituaesadaptation decisiongithin the interacting institutional, social,
economic, political, antliophysical processes that enable and camsiustainable water
management. It alstharacterize how water managers and other water actors understand
climate change and climathange adaptation, and shows h@imate changéteracs with
other ongoingocial and environmental trends and stressors to areatmanagement
challengesrand opportunitidsinally, our case study characterizes the path dependent nature of
the dilemmaswater managers and other water aoboifsont in adapting tolimateand other
socialandwenvironmental changes. We conclude by discussing opportunities for parsgwg
water management paradigm basednsights offered by previous policy research.

INSTITUTIONAL WATER MANAGEMENT ADAPTATION

In this'paper we define climate charaggaptation following Moser and Ekstrom (2010)
as “changessin‘socta&cological systems in response to actual and expected impacts of climate
change inthe context of interacting ndimatic changes.Much of the literature owater
management adaptationdlimate change has focused on clarifying the biophysical aspects of
climate uncertainty through improved modeling (Gober 2013), and on understanding how to
effectivelypresent water managers with climate data and information tbeirdiecision
making. Reeent work has identifitlie need to understand “the social dynamics of water
systems” and.how sociahcertainties related to “lifestyle preferences, growth prospects, and
public attitudes” impact the sustainability of water resources under climate cdraohgdluence
adaptation decision makirand capacityGober 2013)Likewise, the broader literature on
institutional adaptation to climate change has recognized the importance of understanding how
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structural forces and individual and institutionationsinteract to shape the adaptive capacity of
institutional actors andefinethe space in which adaptation decisiares made and implemented
(Pelling 2011; Wyborn et al. 2014).

Observersncreasingly recognizthe risks posed bglimatechangealone may not
promptsustainablevater management decisions. The exact weight of climatic andlimaatic
factors in water management decisimaking processes is deternuney local context,
including interactions between decision makers’ jurisdictional and perceiVeatities and
responsibilitiesexisting institutional structureand ongoing dynamics among public and private
stakeholders at various scalesy(, Dyck and Kearns 200Bownard and Endter-Wada 2013;
Welsh et al 2013; Wyborn et al. 2014&v8ral recenstudies havempirically documentethe
process throeugh which water managers develop and implement adaptation policiestegie st
to deal with climate chandge.g., Arnell and Delaney 2006; Crabbé and Robin 2D@6sai and
Hulme 2007 Charlton and Arnell 2011). These studies largight intothe socieecological
contextshatshape the trajectory of adaptation processes and outcomes (Pelling 2011), and
signal an increasing recognitianthin research and management communities many of the
uncertainties‘in‘current water systems are social in nature. In addition to climate change, social
factors sueh agopulation growth, economic development, land use change, and shifts in public
attitudes.and policy all drive decisions about how water is used and how adaptdtiakewil
place(Gober et al. 2010; Gober 2013).

Otherresearch hamcused on understanding “what structures, relationships, processes,
and other yariables” (Engle 2012) act as barriers or bridges to the abiligtesf management
agenciego adapt to climate chang€larvis and Engle 2013). For examgdngle (2012)
assessed(the adaptive capacity of large urban community water systems in ArizGieaayal
by examining their preparations for and responses to recent drought events. The author found
learning education, information, knowledge exchange, finance, and reseazdhceerilitate
adaptatiopwhile humanperceptios and cognitive issuestedas importanbarriers to
adaptationSimilarly, Gallaheret al. (2013) investigated how Colorado lawmakers adapted water
policy to deal.with changes in water demand and public values in theeR€ury. They found
previousmaragement decisiorinhibited adaptive capacity while the development of new policy
tools, such as collaborative forums for stakeholders to resolve their difsreatside of the
court systemincreasd it. Other studies have gone beyond assessing how certain variables such
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as access to information influence water eg@ns’ adaptie capaciy to demonstrate the role
local context plays in structuring adaptation actions and outcomes. For exampée\iada et
al. (2009) and Welsh et al. (201d=monstrated water useaslaptation to drought in tHgear
River Basinof Idaho,Utahand Wyomingwvasenabled by mutual recognition of their linked
interdependent water uses and vulnerabilities, which led to cooperative agreamengst
water users that perrtetdthem to cope with droughurther, they demonstrated thatadapting
to drought,;"'wateusers wer@ot only adapting to changed biophysical conditionsalsdto
each other's'water uses and needs in order to achieve mutually agreeablessolution

While not specific to the literature on climate change adaptatieralso draw on the
concept ofspath, dependence in institutional procassie final section of this paper to interpret
the contextwithin which adaptation decisions are madele&cribed by Pierson (2000), path
dependence demonstratestitutional and technological infrastructure frequently become
entrenched once decisionsparsue certain policy and management patesmplemented. As
such, with*‘[e]ach step along a particular path” the relative cost of reversing course to pursue a
new path becoemes increasingly expensive and the relative benefits of taking “further steps”
down the existing path increases, a phenomenon known as increasing retunuCEipdof
path dependenazriginated within the economics literatupeexplain indistrial development
(David 1985) and how technologies become locked-in through market choices and early
adoption (Arthur 1989). Over the past 30 years, research on path dependence has expanded to
examinethe selfreinforcingsocial, politicaltechnologicaland economic processes related to
environmentakdecision makingor examplethe concept has been used to examine-loak
agriculturakpractices and technologies, such as pesticide application (Cowan and Gunby 1996
Wilson and Tisdell 2001; Vanloqueren and Baret 2008). In the field of veatecent study by
Libecap (2011) employed the concept of path dependence to demonstrate the insti@itions t
enable water.delivery to agriculture in the arid American West can also restrict the &bility o
water transfers:through market mechanisms to play a role in climate change adaptation.

The path dependence literature suggests reversing the current water management path
will entail high,social, economic and political coatthe physical and policynfrastructure that
underlie how water is managed involve lahggtoricalcommitments of time and moneyhile
creating social expectations for how and when water is delivered. Path dependencaltdo
suggests modifying existing physical and policyastructure to meet new needs is more
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attractive than reversing course and beginning anew (Ingram and Fraser 2006). Building upon
this literature, our discussion of path dependencies in Utah’s water systenmienaded to

imply the current path is irr@cably locked inRather, we arguiéis important to investigate

path dependencies that affect the adaptation deaisaking space in Utah in order to identify
decision-making points where alternative paths may be possible, while remaigmgant of

the potentially high economic, social, and political costs of pursuing those palasgweé it is
important to"evaluate kether climate change forces reconsideratich@gxisting water
management'path, especially in light of time frames needed fonsitiiaddress the risks

climate chang@oses.

METHODS

The data used in thgaperwere gathered from 41 sewstructuredfaceto-face key
informantinterviews conducteth the WRMAIn the summer of 2013 und&tah State
University Institutional Review Boardpproved procedure$he interview protocol can be found
in Burnhamretal. (2015)nterview questions focused on the most pressing water
managementiehallenges in the WRMA&) major lessons learned from past experiences with
drought;(8).planning for and adapting to climate, hydrologic, and social change(4aie
information*needs for making decisions about adapting to climate and other chdagesed a
gualitative approach to examine water management decision making in the conteid-of soc
ecological change because it providesd for gathering information not likely to be captured
in astructuredsurvey yielding easily quantified results (Prokopy 2011). A qualitative approach
provides participants with an opportunityexplain theilmnswersn detail,which facilitates a
deepewunderstanding of complex water policy andnagement decisiamaking processes
(Sandelowski 2000)Vhile our cae study does not allow fetatistical generalizabilityf
enablesieyvelopmenbf amorenuanced understanding wéter decisiormaking than does a
survey approachnd contributes to generalizalpielicy-relatedtheory (Flyvbjerg 2006; Yin
2014. It alserallowduture researchers and practitionersletermine if sufficient similarities
exist betweemasestudies to makgeneralized statements abdir findings (Wehlage 1981

Our interviewees were primarifgderal, state, and conservancy distniater managers;
plannerslegal and agricultural expertsater industry representatives; atdff members of
environmental and recreation organizations in the WRMAfiW8t contacted water policy
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researchers at Utah State University to identifynéial set of key informaninterviewees whom
we invited to participate in our interviewSubsequenhtervieweesvereidentified through
snowball sampling. Snowball sampling is effective for identifying study participaatsarget
community and building rapport and trust between the researcher and participaits, -
random andnay lead to &aomogenousample oindividuals involvel in a particular social
network (Browne 2005; Noy 2008)o minimize this potentiddiasand ensure broad
representationof water expertise in the regiomasked interviewees to recommexutiitional
individualsfrom-different sectors of the water % (e.g.government agencies, industnon-
profit organizations, urban water actagricultural water acrs) and individuals who may not
share the same opinions about water management.

Tworresearchers attended each interview. laehviewlasted betweeA5 minutesand
three hourswas recordeavith the permission of the interviewesndwastranscribedrerbatim
before being analyze@wo researchers manually coded each transcript indepentizetigure
inter-coder.reliability (Hruschka et al. 2014achtranscriptwasanalyzed using tareestep
coding schem@leuman 2011)In the first step, eadnarscriptwas coded to identify the major
themes and insights relevant to water management adaptation to climateamogger socio-
ecologicalkehanges. These initial codes were compared between the two codentifyo ide
agreements‘and disagreemettien revised and combined into one set of codes (i.e., the
codebook)This step identified the followinfive major themes: 1) majavater management
challenges.facing water managers and other water a2)destors interacting withvater
managementhallenges3) the role ofclimate changén water management challenges; 4)
proposed selutions to water management challenges5pitnd path dependence of water
managemendilemmasand decisionsA second round of coding was conducted using the
codebook to organize key ideas and identify gidmes within the initial set of five major
themeswith.a focus on deeper understanding and characterizationiotehactions, causes,
and consequences$ watermanagement adaptatioecisionsThe final stepnvolvedselectively
identifying.direct quotes to highlight themes and sumesdrawn out in the first two steps
order to provide contextual richnesshe findings (Sandelowski 199Rrokopy 2011). In the
next sectionye present ouresults focusing primarily on major findings from ounterviews
butalsorelying on supplemental secondary, publialyailable dat#o fill in contextualdetails
andinterpretcompeting perspectives when necessary.
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RESULTS AND DISCUSSDN

Major Non-Climatic Water Management Challenges

We asked water managers and other water actors to identify major chafsiggs
water managemem the WRMA. Sveral challengesere consistently reportdxy
intervieweesOne wasclimate change, which we discuss independdrglgw GeeClimate
Change“and'Water Management Challenges). In this sesgareporton four sets ofon-
climatic challengesonsistentlyemphasizetby intervieweeslt is worth notinginterviewees
commonlystated the challenges they face are not new per se, but the pressure to address them
simultaneously,is, resulting in what owatermareger described as a “perfect storm.”
Moreover, these four sets of nolimatic challenges are not independdifitey are linked with
one another, illustrative of the multifacetaiold complex nature @fater managemeim Utah

Thefirst andmostfrequently citecthallenge was finding additional water supplies
meet the demands of a growing and increasingly urban population and a rising number of
legitimizedbeneficial uses ofater (e.g., environmental flowsecreatiorand other uses are now
recognizedl' Asone water manager framed it

“How,are we going to accommodate these larger demands that will eventually

exhaust our capability to use our resources the way we have been using them?”
This challengewas discussed by intervieweeashe context of two primargorollaries Frst,
intervieweesnoted water in Utah is nearly fully appropriated andctimeent water supply
infrastructure’is aging and in need of repiliany intervieweesxplained thabecausé¢he
federal governmers subsidization ofvaterinfrastructurehas declined dramaticallpbtaining
funds to buildand restorevater infrastructur@asbecome increasinglghallengingRelatedly,
theywere alsaoncermdthe financing burdehas falleron Utahcitizensthrough increased
taxes omwaterprices andthese funding mechanisms are highly contested and unlikely to provide
enough capitalto funfiiturewater infrastructur@rojects. Second, oumterviewessexplained
that buildingmnew water infrastructure projebts becomeven more difficult because nbgaall
of the easilyraccessible water has been developed and bdwapsiblicis generallyopposed to
potentialenvironmental impactsf water development. These findings sugtfestdecision

making space water managersrk within hasshifted renderingheinfrastructurebased
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solutions they have primarileliedonin the pastifficult. As one water manager tersely
posited, “[building newvaterinfrastructure] just ain’'t going to happen.”

Thesecondhon-<climatic challenge discussed by interviewegspopulation growth
which mostintervieweesuggesteavasthe underlying trend drivinthe challengeto find
additional water supplies. However, they noted population growth is considered a “givan” wit
the current,political, religious, and cultural milietlUtah The following quote illustrates the
nature of this'challenge:

“The'whole thing is population growth, [but] no one wants to tadidé We've

kind of built in we have to grow, but really we've got these limited resources.

Andswhy. do we need all this [growth)\We haven’t had the basic most

fundamental conversation [about it]. How do we produce that growth? That’s just

kind of a\'you€an'thavethatconversation topic’.”

Two divergent framings of the population grovethallengewvere present in our data.
Representatives of environmental and recreatiorgdnizationsended to interprehis
challenge imterms of excessive water consumpésrevidenced by the fadtah has one of the
highest percapita municipal water consumption rates in the colmtheirview, Utah has
sufficientwater but meeting future neadguiresusingthe watemlreadydevelopedvisely, as
evidencedsin the following quote:

“There is a preponderance of focus on supply. There is a lack of focus on demand.

... Addressing demand is one of the most basic first steps we coulfbiatkeye

refuseto even acknowledge that demand has any correlation or relationship to

supply:”
On the other hand, ater managers from water conservancy districts or state and federal
government agencies were more likely to frame the challenge as a problem of futiargeshior
water supply..liheir view, Utah has reached its limit in wateupply and the question becomes
where does.the new wateeeded to support population growthme from as evidencebtelow:

“Butiyou can’t conserve your way into the future. There just isn’t enough Wtater.

justwon’t work. ...it's part of that packagdyut that's what you dffind new

sources of water through infrastructure projetts]

As we discusselow GeeProposed Solutions to Water Management Challengesgtthe
framings led to two different sets of proposed solutionthbgifferentsets of actors
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Thethird nonclimatic challenge noted by nearly afitervieweswaswaterallocationis
becoming increasingly politicals morewvateruses are legitimated and new stakeholdgdesms
to water are recognize@heincreasedoliticizationof water allocatiorhas madét more
difficult tomeetand balancéhe water needs of all users @ondeach consensus amodifferent
user groupsSeme intervieweg argueduch difficulty iscausedartly by the factess waters
available now than irhe pasendfar more competitioexistsfor the limitedsupplies.
Intervieweedrequently noted managing water to meet the needs of the environment and people
simultaneoushhas created a new water decisioaking paradigm in whictvater decisionare
increasingly driven by negotiation among water interesterdieweegurther noted reaching
consensussamong differemaiteruses and stakeholdgrougs is amajorproblem:

“1 think sometimes one of th@oblems with water [managemeiglyou have

separate interest¥ou have agcultural interests, municipal interests,

environmental interests, and whatever other intereatsatie subcategories of

those. And they think that a good fight is better than understanding and coming to

consensus about what ought to happen with water. And that’s probably the

biggest:challenge that water managers have, is that those varied interests look
after.their own interest, rather than the interest of everybody.”

Thesnonwater managers we interviewed shared this view and discussed its impdication
for water policy and decision making. They argued that reaching conseshexzome
increasinghdifficult, though itwas seen by all interviewees as a prerequisite to developing
equitable and effective watpolicy and managementhese intervieweeargued|the] ability to
coordinate effectively among all stakeholders and to get all stakeholders tdocthradable
with real agendas instead of position statements” may be the bhiggekmwater management
in Utah fa@s.Thesenonwater managers identified the need for water managers to be
“sufficiently.inclusive in defining stakeholder groupgs’ensure all interests are represented
However,watermanagers themsehaguedhatgetting various publick participate in the
first placeisa’challenge to incorporating stakeholders into decision-making processes. As one
intervieweerdescribed:

“When we talk and visit with people, when we prepare basin plans and present

those plans, darn it, we’ll have a basin plan meeting and nobody will come. So

we’re talking to the walls.”
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Thefourth and final norclimatic challenge noted by our interviewees relatethe
aforementioned challenges, and pointsht® need for more equitable and effective pdicy
guide waer transfers As previously discussed, developimgw water infrastructure to
physically_ move water from Utah’s rural areas to the highly urbanized WRM#&reasingly
difficult. Thus;the majority of water managers we interviewed discussed the idea fef tiragns
water fromyremaining local agricultute meetmunicipal demands, but theirview this
approach'changes water management decision mikimgan arena concerned widlistributive
politics to'one“concerned with redistributive politics, a situation inquagtedoy agricultural
water transfergcreasinglybecoming the new source of urban water supply.

Twoaproeblems related to water transfers were nolée. irst relates tahe need to
develop ansequitable procdss determirnng how water transfers should be managed to ensure
when water moves between users, sellers are grimtedmpensation and impacts to other
usersand to the environmeiatre amelioratedCumrently, about 8% of Utah’s developed water is
used in agriculture, and many agricultural water rigineheld by private irrigation companies
(Utah Foundation 20145everal water managers, agricultural professionals, and representatives
of devdopmentiinterests believdrthnsferring water out of these private irrigation compaoies
away fromwgther agricultural useixs municipal uses would entail major difficulties because the
policies necessary to do so smoothly are not in pleus.was exemlified by the following
statement from one water manager

“The _problem that exists is that there isn’'t adequate compensation when it's

occurring and we don’t have a method to make it be adedquaéan, we're

starting'to go into water markets a little bit more, but the markets in the state are

not well-defined and they’re managed by individuals who make their deals and

they make money.”

A second problemelated to water transfevgasnoted by our interviewees who represent
environmentalrecreatioml and agricultural interest¥hesentervieweesvere concerned water
transfersyould posehreatsto accomplishing their goal of increasing the quantity of water
reserved fodtah’s natural environment (throughstream flowsand maintenance of lake
levelg. As oneintervieweeexplained:

“The Farm Bureau has in their polioyilling buyer, willing seller. You can

predict what's going to happen. All that water, all that land is going to go out of
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adriculture]. And that doesn't really necessarily help interests, because our

partners in many cases are agricultural users. They're the ones that have the

flexibility to do some stuff, municipal to a certamrtent, yes, but not as much. ...

Plus a lot of our begwildlife] habitat is still in these [areas]not in these

heavly.built up areas, but in agricultural areas.”

While our interviewees representing environmental, recreadfiand agricultural
interests generally identified similar challenges as water managers, several differences also
emergedSpecifically, the majority of environmental organipatirepresentativessserted
Utah’swater is not being managed in a way that adequately supports wildlife populations, the
Great Saltl ake, and other environmental uses. According to one state employee,

“Water planning processes are strongly biased to building more structures, torgrovidi

more water, the same amount of water or as much water as possible for each person,

ignoring the environmental costs, ignoring the loss of species, ignoring thestardse

strains of various systems, various biological systems. They really don’t daeg if t

dewatera stream.”

Several otherintervieweesguedvater managers are oriented towards water development
because thetate strongly promotes economic growth, ey suggested such development and
growth js.at"odds with the public good, as indicated in the following quote:

“What about the public trust doctrine? What about the common good and what about

wildlife who have no vote with the Utalebislature?”

Forgnterviewees representing environmental interests, making the enviramivigger
part ofUtah'sswater management discussioras identified as a challenge and an imperative.
They noted a pervasive mindset in Utah that “any water that goes to the Gréak8as water
wasted.” They frequently cited the challenge of changing this mindset to one wheredhe G
Salt Lake is,seen as an inherently valuable ecosystem that needs to be protected. Associated with
this challenge of changing public perceptions about the need to provide water for enniednme
uses were.eonstraints posed by Utah’s water lawpahdly in terms ofallowing people to
legally protect.ipstream flowsWith in-stream flowshaving limited legal protection and no legal
provisions for proteatg water rights for the Great Salt Lalseme interviewees expresspaat
concers that“fish and wildlife populations would suffer, especially given climate change and
population growth,’and importanecosystems would remain unprotected.
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Two ContextuaFactors Interactingvith Water Management Challenges

Our intervieweegdentifiedtwo contextuafactorslinked to andjn some cases
exacerbaig the four majomwater management challenges discussed in the previous section
(i.e., identification of additional water supplies, population growth, increaspuijycized water
allocation decisionsand lack of equitable and effective poltoyguide water transfexg=irst is
a general'sensgatelegislatorsand stakeholder grougse less familiar withwater issueshan
in the pastinrelation to legislators, this decline in familiarity with wateas attributed to a
reduced numbasf legislatorswith agricultural or water managemdsgckgrounds and an
increasd number ofegislatorsallied withdevelopmenaind real estataterests However,
interviewees had different interpretationglod consequence of such a shifthe state
legislature Someintervieweesvere concerned abowater policy decisions being heavily
influenced by nortraditional water interests in the state:

“We used to have several legislators...in the agricultural industry or they were

waterattorneys. They were involved [in water policy decisions] pretty heavily.

[Someone] told me this year that 70% of our legislature is tied to the development

industry right now. There is some real influence going on through the legislature

abeut what we should do [with water]. We have lost a lot of our farming interests

through he legislature [as well].”
A few intervieweesacknowledgeauch concerns but considered the shithe makeup of the
legislatureasan,opportunityasoneenvironmental organization representastegted

“There«iS a concern about loss of a little Hibaain trust in terms of people

that understand water in the legislature. | think thatenaern, but it's not an

insurmountable concern. | mean people are going to learn this stuff as they go

on......Jjwhen | started] almost every leadership position was occupied by a

rural legislator, because they've been there a long time and they get returned

to office consistently. ...Now we have almost none. ...but is that a concern for

us? No; honestly not really, because in some ways it's easier to work with the

new faces than it is with some of the old guard.”

In relation to thadecline in familiaritywith water among general stakeholdemne
water managers we interviewpdinted outhatstakeholders making claims to Utah’s water
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increasingly fail to recognize water as a constitutionalyognizegublic trustresource that
must be managed for the public good in a way that promotes cooperation besererhey
also pointed out stakeholders frequently do not understand how their own use and appropriation
of water impacts other water s the system, and thtleeyignore the hydrologic
interdependencies between us&tany interviewees attributed the difficultidisey faceto
stakeholders’ insular conception of themselves within the water sysieone natd
“[Stakeholders] all seem to want to protect what is theirs and don’t have a lot of
understanding of how theivater right relates to everybody else’s.”
In the view ofwater managershis lack of understanding dlhe interdependencies between
water userhasifractured the water community and made management and policy decisions
challenging: Theygawa need for water managers to educate the public and various stakeholder
groups about the water system and to develop strategies to catalyze knowledge builditlg, as w
as cooperation and coordination. However, ¢fiisrt is largely @ unfamiliarrole forwater
management agencies aadmanyinterviewees noted, theyrenot trained taundertaket.
Thesecondexacerbatingontextual factors the changingpolicy and legalenvironmerd
for addressing-water management challengddtah. lllustrative of this challengis a serieof
controversies and changes enacted thraltghlegislation andSupreme Countulings over the
past five years\early allintervieweesarguedsome ofthesepolicy changesvould compromise
water managersbility to manage water fahe benefit othe public good While describing the
details ofvariouslegislative bills anatourtrulingsis beyond the scope of this paper, we note
here how gurintervieweesterpreedthese changeand th& broadeimplications for Utahis
water law andspolicgontext.In particularwe discuss one countling citedby nearly all
intervieweesas being indicative of the challenges to developifigr and equitable water
transferprocess,in UtahThe ruling alsexemplifieshow certain water interestmveattemped
to change,the basprior appropriatiotenetsof Utah water lawwhich under Utah Code Title 73
holds:i) all. water in the state is public property to which water rights holders are granted
usufruct rights; 1i) beneficial use is the measure and limit of rights to use wateroppsed
uses of water,cannot impair existing uses or other more beneficial uses of wate); \aater
rights are forfeited if the right has not bemmtinuously put to beneficial use.
In 2011,acase brought before th#ah StateSupreme CourtlJensen v. Jongsought to
change rules surrounding the retirement of unused water rights by chall&hgisjate
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Engineer’s authority to declare forfeiture of a water right as the basikehying a change
application” Ultimately, the court helthe State Engineer was not entitled to consider non-
adjudicated forfeiture when making a decision about approwd#mal of an application to
transfer a water righito a new usefJensen v. Joneslo. 20090742, October 28, 2011, 2011 UT
67).

Accordingto intervieweesthe Jensen v. Jones 20tdurt rulingsignificantly shapes
their future"decision-making space. In particuthe rulingpotentially alloved formerly
abandonetut'sometimes seniovater rights to be put back into the system when tivasnat
enoughactual water available to serve thosgghts without impairing existingightsthat had
been continueusly put to beneficial use as required by stat€taweern was expresstte
ruling would allow development interests to buy up “paper water” and make abandoned or
forfeited rights valid again, leaving it to markesed mechanisms or cities to decide how to
mitigate the hydrological impacts addterminefair compensatiorSeveralnterviewees
guestiordhow they couldmanage water because ruling male it difficult to know how much
waterwasdemanded withitthe systemAs mewater lawyemoted

“I f people try to take all of this paper water right out there to put gegand]

there,is not enough wateithis complicates distributing water to those who hold

laterrights,especially in time of shortage.”
Consequentlymany intervieweearguedthatwhen a “bogus right” comes back into the system,
water users who hold valid rightguld be harmed

From abroaderpolitical perspectivantervieweesliscussedhis court rulingand other
similar courtsehallenges and legislative acti@sthe outcome o€ertain water interests seeking
to reinterpret Utah’svater lawand policyto maximize their own benefit ¢he expense of the
public good Many intervieweesincluding both water managers and westter managerselt
thesdegal.controversiesignaled a changing political environment for addressing water
management challengesWtah, andepresentetian erosion of théegal principlé that water
rightsare usufructuary in nature. Further, they argaigzhcourt rulings indicada movement
towards waterrightsbeing treated aabstract propertgecontextualized from hydrologic
interdependencigbat shapehe socialecological context in whictvater is usedThey also
interpretedhe controversiess a challenge to theng-held prior appropriatiotenet of “use it or
lose it” that guideshemanagement of water in Utaimd other western statdaterviewees
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arguedthe water policy changeserecreatinga new model of water governance in which
monetary interestdrive who has access to and control over water, @éttain sectors
competing for water without consideration of how their water use wagtddtother users and
the greatepublic good As one water managput it:

“[ Utahis waterlaw andpolicy is] going from beneficial use being the limit of the

right.to powerful actors paying lots ofoney for a water right and being able to

obtain‘itjust because a city wants it.

Legislative and court actions since the time of our interviews reveal these issues are far
from settled. The 2015 Utah Legislature addressed the Jensen v. Jones castaliygysome
of the “gatekeeping” authority of the State Engineer to allow consideration oftguanti
impairmentsin change applications through House Bill 25. However, various bills to modify
sections of Title. 73 of the Utah Code indicate the balance between public and jpyhtatéor
water andhe policies that dictate how competing private rights and interests inavater
handledwill likely continue to change.

The Role oClimateChangein Water Management Challenges

In“addition to the aforementioned nolimatic challenges facing water managers and
other wateractorsjimate change was frequently mentioned as a challepgerrinterviewees
thoughdifferent types of intervieweeonceptualized the nature mfoblems posed bglimate
change in‘distinct ways. fajority of water managers stateltimate change does not present a
fundamentallysnew challenge or set of biophysical conditimrigather exacerbates the other
management-problems they are workingolve. In their viewglimate change wilentail
increased drougtgeverityand higher yeate-year uncertaintyWhile mostinterviewees
acknowledged climate changehiappening and ek to be addressednanyof themargued
Utahalready.experiences a largmount ofinter-annualvariability, with both very wet and very
dry years being common and often occurring bimekack They also positedtah’scurrent
water law and policy infrastructure is adequate for dealing withwaatgr scarcitycaused by
climate changerThis view waswell-characterized by one water manager who told us:

“So we are sensitive that there are changes coming, that there have been changes.

Our general discussion is that we know there are going to be changes, but we

know we are going to have to administer based on priority systems. When things
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drop, then junior appropriators are going to be cut offe just say,Hey, if we

drop 30%, here is where 30% cufBhat is what we are going to have to do. We

know we are going to have to plan for that, but more of it is just that there is a

warning out there that we are going to have to be aofdend]that you are

going.te have less water some years. You aregpisg to have to deal with it.”

Further,;amajority of water managers characteritied problems posed lojimate
change"as'wat@vailability and storage problemisiophysically similar tgoroblemscaused by
drought.Theynotedclimate change N cause shifts in the timing and availability of runoff as
more precipitatiorialls as rain rather than snaand winter temperatures increagéater
managersnoteitheseshifts mean there will be less snowpackact as aatural reservoimore
water will be available earlier in theigation season whepeople need it lesand less water
will be available in late summer when itrsicial formeetingmultiple environmental,
agricultural, and urbaneeds As oneintervieweestated, climate change igistone more
variable that affectthe supply curve.Consistent wittthis framing,nearly allwater manager
intervieweesarguedUtah already has limited water storage capacity and these storage limitations
will interact'with' shifts in the timing gbrecpitationto decreasannualwateravailability.

A'minority of water managerstatedclimate change preserdfundamentally new
challenge«They explaingtree forms ohovelty introduced by climate changea thewater
systemFirst, several intervieweesotedclimate change forces them to shift from making
primarily reactivedecisions to a more proactive decision-making paradifimey frequently
mentionedelimate change will need to beken into account in future reports and planning
processes.ivever, it is important to highlighhe challengemtervieweesassociated with
incorporating climate change into their planning and decision-makowessearedriven as
much by concerns over budgeinstraintsand lack of time and personresdthey are byalack of
appropriate climate datnd information.

Thesecandorm ofnovelty intervieweeassociatedvith climate change wais creates
new uncertainties and interacisth and exacerbates other ongoing challengesh as
population‘grewth, the need for and cost of water development pr@adtsyater quality issues,
making their impacts more acutes onewater managegxplainedclimate change will intensify

the population growth challenge for which they already haveeplicate the water supply that
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we have been working on for 150 or 160 years...in the 3@years” Anotherwater manager
explained

“Thosenew water projects, if we do put some of those variables in there of

climate change, all of a suddghey] become much bigger and more robust than

they.would have been otherwise, and cost a lot more money.”

These statements reflect the faetter managers seem to assume per capita water use will
remain ‘statiorincreasento the future Furthermorethey see little need to reduce per
capitawaterusethus ignoring societganadapt taclimate chage and population
growth, in part, by changing social expectations surrounding how water isSusddr
findings havesheen reported frolnizona, where wigr managers were ngenerally
concernedwithper capita water use in the region imereconcerned about increasing
water supply tojaddress future water challenges (Larson et al. Bi@®@stingly a more
recent studypy the same research group (White et al. 2015) found a majority of water
decision makers in Arizona expressed support for demand management, perhaps
signaling arsshift away from the supply side orientation identified by Larson 20@P)(
However, suclashift wasnot observed in our case study in Utah.

Thethird form ofnovelty intervieweeassociated with climate change wedile the
challenge-posed by climatbangemaynot be biophysically new, the solutions devised td dea
with it will need to beAs one water manager stated, 6intt think it's a new problem. | think
there's just going to be new ways to handldiit this framing the uncertainty climate change
introducesqdntoyUtah’s watelystemis not biophysical but rather soces harepath engineering
solutions,suehsas blding new reseroirs or other water infrastructure projediscome less
viable, angsoft-path governance solutions such as involving the publieliberative decision
making processevecome the norm (Wolff and Gleick 2002).

However, several water managers expressed concerns and wepémdtic about their
ability to deal withwater scarcity and increasing inmnual variability related tolimate
changeand.ethessocietalchallengesThese water managers argued climate change poses
only a watersupply challengd ensuring adequate water is available to meet user needs, but
also awater demandhallengewhereinstitutional and policy infrastructuraustfacilitate

cooperation between usexsercising differendemandsAs one interviewee stated
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“[With climate change] | think they [stakeholders] are going to have problems)deeca
everybody is going to be demanding their portion that they had associated with their
property and their stretches of streams. juss not [about] providing, but also how does
everybody work together? How do you know who gets to have what?”
When.comparing the views of our water manager andwetie+ manager interviewees,
four differencesmergedFirst, in contrast to theosition held byhe majority of water
managersallintervieweesvhorepresent environmental and recreatibiorganizations posited
climate changepresenainew set of challengeas Utah’s water systemin part,this is because
they viewedclimate change in the context of multiple interacting natural resource management
domains, as explained by one interviewee
“It is'going to happen in different conditions and different places than we afteause
dealing with. You will see it in more fiseand the kinds of things that wildfires lead to,
sedimentation and flashy runoffs after storms and clogging the river, the telsutari
reservoirs.”
Secondponwater managers viewed water storage differently frester managers
even though they generally agrddihh’s currentwater infrastructure is inadequate to deal with
shifts in"the,timing and availability of runadssociated with climate chandggpecifically,
environmental and recreat@irorganization representativegewed Utah’s currenteliance on
surfacewaterstoraganfrastructureas an inadequatevater management strategiyen thehotter
and drier conditions and increased evaporation estgsciated with climate changeveralof
thempointedout théimited discussion aboutlimate changé variouswater meetings held
across the'staia 2014is indicativeof how the problem is not takeseriouslyin Utah. They
arguedwater managers and the state legislatmesin denial, and worrigtflactionwasnot taken
soon, problems will ensue:
“I think.the latest projections we have seen, that are sort of the collective consensus of
studies.on the Colorado River, are that we are going to see a 20% reduction in flows over
the_next period of time. Well, 20% is a lot, but it is not an impossible amount to
accommodate. We can live within 20% less if we all get about that effort now. If we piss
away the time and don’t do anything but argue amongst ourselves for the next 20 years,

then maybe we are going to have a problene lon the water side(Note:arecent
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review of research conducted in the Colorado River Badinates the reduction flow

will likely be closer to 9%(Vano et al. 2014)).

Thethird difference immonwater managerfrequently discussed their concemisout
impacts of climate change on the Great Salt Lake and fish and wildlife populatioieswater
manages’ camments were focused on outcomes for hunfdmey noted increased droughts and
floodswill ‘put certain fish populations at risk, acldnate change will exacerbate the negative
effects of riverfragmentation arold-waterfish populations. Anothezoncern waslimate
change will'potentially have major impacts on the Great Salt Lake’s fish,doid brine shrimp
populatians by changinghe amount ofvaterflowing into the lake and altering salinity levels.
Theyalsoarguedt is not only climate changéself thatpresers threats to the environment, but
the way humans decide to adapit:

“If you take the people out of the equatitime rest of these ecosystems will adapt pretty

well. There are innumerable buffering systems in natural ecologic systemsotieat pr

against really sharp changes. But you introduce people into the equation and you get
wildersswings and the systems just don’t have time to adapt to the changes. So if we start
building‘dams and dewatering rivers, that doesn't give the plant community a éhance
shift.to less watedemanding species. It doesn'’t give critters, animal populations,

chance to move elsewherefitod water where they can. Humans introduce really

dramatic and quantum shifts.”

Thefourth and final difference between water managers andwaier managers is they
viewed thesrol@f potential crisis or catastrophic evemtifferently Several water manager
intervieweessargued:

“When we have our crisis, it will probably change people’s opinions about the value of

reservoirs and storage.”

However,environmental and recreati@rorganization rpresentatives tended to argerésis
would invoke ajparadigm shift in water management away &gistingengineering solutions
towards strategiesiore inclusive oenvironmental watemeeds:

“Crisis.is going to sharpen the mind. If we have more years of drought like we have had,

people will demand leadership and will acknowledge we have to change. The water

managers should be hoping for another drought, because it gives them the chance to
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move us into the next chapter of understanding what we are doing [with water] and to
change our [management] systems and change our thinking.”
These intervieweedieliefthatcrisis will be necessary to induce change is simildinttings in
other studies (e.g., Wyborn et al. 2014dwever, as one federal water manager noted, waiting
for a crisis te.occur to act on climate chargeroblematic:
“We wait until it break. That is a very American way of doing things. We wait until it is
a‘crisis'and then we are going to throw resources at it. But the problem is you can’t do

that' with"watefbecause water projects take a long timddwelop].”

Proposed Solutions to Water Management Challenges

In this section we report the resuitsm our interview questions about planning for and
adapting to future social-ecological change. As noted alb@oause the challengegmate
change and population growth pdsavater managememtere framed differently by the various
actors we spoke to, eafifaming led these actors to suggeistinctsolutions to the challenges
they elucidated (see Brugnach and Ingram, 2012). limtenviews with water managerabout
what needs tosbe dorfiese interrelatedsolutionsthemesemerged

Thefirst solutionstheme relates to how our interviewees perceive the need for more
water development projecfse., “an old-paradigm solution”) and the potential for water
conservatiorto address water management challengdse most frequently-mentioned solution
was to build morstorageand “develop more waterMost water managensotedin orderto
accommodatewprojected population growth and ensereapitavateruseequivalent to what
Utahhas beceme accustomed municipalwater suppeswould need to be doubled in the next
30years and climate changeauld onlyexacerbate this needs one water manager noted,
“most [climate change and population growth] scenarios mean we need more stamage.”
contrast to.thisdentified need fowater development projects, their view on water conservation
as a potential solution was much leasiguineNearly all water manager interviewees
acknowledged water conservation and increasing water use efficiency are imipottant
inadequatefor. addressing future climate change andigiredated challenges. As one manager
declared, [1 just] do not know how to make things better without additional storage.”

Interestingly, this argument that climate change is “all about storage” was prevalent across our
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interviews with water managemsyen thougmearly all of them stated elsewhénatbuilding
new storag@rojects was financially, politically, and socially difficult.

In contrast to the viewf water managersyearly allinterviewees representing
environmental and recreati@rorganizationgosited a stronger commitmentwater
conservation.would yield enough water to soost of Utah’s water problengo the
foreseeable futurérelatedly manyof them arguedvater managers are unablehk outside
of the old paradigm in which suppsydeengineerednfrastructuresuch as surface storage
reservoirsare 'seen as the only solutidnsvatershortagechallengesAs oneinterviewee

explained

“T he old,guards who have been working in water for decades want the same solutions ...

a new supply, new projects, more dams, more diversions from the rivers lvettheo
problem:lt really seenms lot of that won’t change until you get the next generation of
water managers to come and step in.”
Further, innomparison to water managengnwater managearwere far more likely to suggest
demand-sidersolutions, includimgcreased water rates and tiered pricing structtwegduce
per capita water consumption.

Thesecondsolutionsthemeto emergdrom our interviews relates to hostrategies to
address growthielated challengewere discussedhs previously notedopulation growth and
Utah’s imperative for economic developmerdrementioned asajorwater management
challengesHowever solutions to the problem of growth itself, as opposed to solutions that
would accommodate growthvere rarely explicithydiscussed binterviewees, particularly
among water-manage/hen asked about what can be done to address grelatke
challenges, water managers consistently posited engineering solstiongs increasingater
storage, as the only path forward rather than pointing towards solutions based on gonservat
policy, and planningo shape growthelated trajectories differently. In part, the favoring of
engineering,solutions nadbe explained by the fatttatpopulation growth in Utah is somewhat of
a political third rail Indeed, one longjme environmentabrganizatiorrepresentative pointed out
shifting waterumanagst attitudes away from a mindset that growth must be accommodated
through water developmenta$ prime importance to solving Utah’s water challengé®
absenceof considering limits to growth in proposed solutions is noteworthy, gheiproviding
water for a growing population was defined by mogtrvieweesas the central challenge they
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face andhatour discussionabout challengesften centered orssues related toow much
should Utah grow, where, and what that growth should look like.

Thethird solutionsthemerelates toa need to develop solutions for mediating conflict
inherent in managing water for varied and often competing ister&s noted abovesome
managers believiacilitating cooperatiomnd mediating conflict between stakeholders is equally
important to_detenining how to provide Utah’s growing population with water in the face of a
changing climate. According to one manager, solutions to providing water for relatively new
uses such as4stream flowswithin the context of climate change and population growth need to
go beyondypical engineering solutiongnstead, solutions ne¢a foster deliberative discussions
between stakeholdgroupsand amongdJtah’s public todecide how water can be used in way
that meethe needs of all stakeholders without caustrmgrhuch injury taany particular
stakeholder group

“We have to understand each other’s needs and learn to subordinate our wants to

others’ needs if we are going to put in place institutions that facilitafgecaton.

Therquestion is how to create institutional trust between stakeholder gooups s

peoplesare aware of each other’'s needs and the acceptable solutions to scarcity

befare crisis happens. There are a lot of stakeholders and it takes a lot of time to
build“up trust and listen to their ideas and reach a consensus aboutrhaneige

water in a way that is fair and doesn’t cause excessive harm to any one group.”

Related taheargumenthatUtah's water law and policy need to be adapted to facilitate
cooperation"between stakeholdesss water managerargumenthatit is imperativeto fix
problems intreduced into the water transfergess throughourt cases such densen vJones
In particular,our intervieweesirguedwater transfer policies need to ensadequate
compensation is provided to all involved partsseveryone “remains whole.”

While.the need for fair water reallocation was commonly supported, intengewee
disagreed.about the best mechanism to determine how water reallocaticondestisuld be
made and.what Utah’s water and landscape future should look like. Interviewees who
representedidevelopment and legislative interests frequently posited 1oaekeed solutions to
resolve conflict and allow for a diverse set of water needs to be met in a way that reflects

monetary values society places on each water use. They also tended to support g argum
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water rights should be formalized as a private property right rather than befngcisghts
held as part of a public trust.

Several interviewees questioned this way of thinking about water and insteadiaigued
the publicthat needs to make reallocation decisions and determine how the public good should
be realizedhroeughways water is put to beneficial use. These interviewees expressed several
concerns about privatizing water rights wedflected in the literature. For exale, applying
individuated property rights and market-based solutions to common-pool resowicklead to
declines inthe'resource’s sustainability through increased overuse anct ¢bfdhsfield 2004;
Robbins et al. 2012). Similarly, marke#sed slotions and firmer property rights could make it
possible for aetors with high caches of financial and political capital to contrbdieciaion
making processes, shutting out local voices of pesplelack these capitals, as well as the
interests of stterand federal government (Beder 1996; Robbins et al. 2012). Furthermore, when
monetary valuations of water are used to solve water allocation challengety, “sgjse of
place, and.communal values related to water” often loseespecially in rural laces (Ingram
2013).

A number of our interviewees recognized the above arguments, as well as a “willing
buyer, willing seller” approach to water reallocation decisions may riddistrwater in ways
that ignoresthireparty effects or aranathema to the public interest. They also argued Utah lacks
an appropriate deliberative decision-making forum where a functional and faiodeuisking
process can be undertaken to decide and manage Utah’s water future. As wenaectg our
interviews gUtah Governor Herbert appointed six water experts to oversee and ajténd ei
‘public listening sessionacross Utah and produce white papers on the results
(http://www.utahswater.org). These ‘public listening sessions’ initiastdta effort tonvolve
Utah’s diverse public in sharing their concerns about water challenges and charting Utah's water
future. While such effort had promise, many interviewees admitted public involvenesist toe
go further, A .number of our interviewees shared their pessimism about how public amput fr
these meetings would be used and to what effect. They noted in order to provide usable
information;spublic decision-making fora need to be designed to do more than solicit brief, one-
time input. Concrete steps need to be laid out in advance that detail how public lhpat wi
incorporated into longerm decisiormaking processes, and how conflicts between the needs and
wants of diverse publics will be mediated. In short, this position points to a negtizsd by
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all interviewees to develadme longterm and transparepblitical infrastructurenecessary to
balance water use across interests and compensate losers fairly in order to achieve a water future
in Utah that mitigates stakeholder conflict and injury to the gseatdent possible.

Thefourth solutionstheme presdracrossour interviews was the question of what the
public’s roleshould be in solving water management challengegas frequentlynentioned the
public needs to be educated about water law and policy, hydrology, and the role they can play in
water conservationothey become more efficient watesers More importantly, our
intervieweedrequentlyaccordedhe publica more prominent role water management
adaptatiomlecisionmaking process A majority of interviewees notetiatwithout direction
from the publieyto determindtah’s “desired landscape ethic” (i.ehat Utabs landscape
should lookslike in the futureggnd their assistande delineating water wants versus water needs,
watermanagers,would not know whalues, preferences, and priorittesmanage foin the
water systemFor exampleintervieweesoteda deliberative decisiemaking process is needed
in which the pubc provides direction on how much agricultuvarsus urbanized landscape
Utah shouldshaveand whether or not Utah should continue to provide water for municipal
outdoor landseaping to support lawns and native treesin addition, viile most interviewees
framed the.challengef population growth as determining howstapply wateto meetgrowth-
related needs= few intervievees framed the challenge as how the State of Utahegin a
discussion about limiting population growthn®water lawyer asked

“If Washington County is going to get up to about a third of a million people, are you

going'taytry to give them a drink or are you going to just close the doors and sag no

don’t.want [people] anymo8

Water managerdeclaratiorthatwaterrelated issues such as populatgpawth and
urban landscape design need to be decided by the public arose from their convictioir that the
role is to “secure, preserve, and protect” the uses of Watermined by the broader public. In
this way, water:managers positeattheir decisioamaking authority as being locatedthin the
decision-making space the public carves out for them, rather than defining foelWestise
nature oftheirdecision-makingpace. As several wateonservancylistrict personnel noted,
their charter is to provide water as demanded by their wholesale customers, so entities such as

cities need to decide what the demand for water wilAlkseone water managexplained,
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“We can't sit up in our office and make those decisions for the public... we have

to get feedback on what's acceptable and what is not in terms of how much water

we allow them to have in their yards... [We cannot sag,df next year we’re

going to plan for cactus and gravel that isn’t the water distrits decision.”

So farour resultare in line withrecent research calls for a new paradigm in water
management to promote collaboration and planning across sectors (Gob20&2xand
incorporatediverse stakeholdeend the publiinto participatory decisicimaking processes
(PahtWostl2002). However, ountervieweeslsopointedout several reasonshy engaging
water users in these deliberative discussions is diffiealtexample, many of the threats future
water scareitysposes are to landscape features of high cultural valug@tilicesuch as trees
and lawns;¥and moving away fralremto whata water managdermed‘responsible
landscapestvasseen asn intractable problem as it would require “huge cultural shiftggh
turnover in local government leadership was also pointed out as a barrier to endgagrandi
towns in more continuous ardfective lines of communicationith water conservancy districts
Furthermaoregseveramanagers noted when they tried to encourage public involvement in water
planning intthe‘past, participatiovaslow. Finally, as previously discussed as part of the third
solutions'theme, organizing meaningful public deliberation is no easgsaskny people are
not interested or unable tampicipate

Thefifth and final solutionghemeto emerge from our interviewsasa major leson
learned by.water managers for mitigating drought impaitts best to allow the impacted
communitysterdecide on the policies and stepiake in responsd his result echoes what has
been discussed in previous resediehdter-Wada et al. 2009; Welsh et al. 2013). As one former
water manager told us

“I learned a long time ago that if you talk about something, you can sit in your

desk.in Salt Lake City and say, this is what should happen in Koosharem. But the

best thing to do is go to Koosharem and talk to those people and say, what have
you.done in the past and how did grandpa handle this? Then you start to resolve
the real.issue. That is public awarenass the public involvement in solving the
problem.”

However,several of our interviewees questioned whether or notlstetewater

decision makerare sincere in theclaims they need public input to decide on Utah’s water
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future. Some of theroharacterizethe water management decistomakingprocessasopaque
and nontransparent, with water managers acting as if they khewestcourse of actiomnd
being unreceptive to outside suggestions. As one environnoegtalization representative
stated
“T hey.are doking for input as if no one [has been] giving input, right....But boy
we ‘have been giving this input for decades and it is not reflected [in their water

management decisions].”

ThePath Dependence d¥ater Management Dilemmasad Decisions

Ourinterview resultall attention to several dilemmas faced by Utah’s water managers
thatcomplicateadaptation decision this sectionwe employ the concept of path dependence
to lendinsight into the nature dhe primarydecisionmakingdilemmasdiscussed iour
interviews. Our resultlighlight how these dilemmas mightfactprovide a space for changing
the old water management paradigm and pursaiingw, more sustainable water management
path.

Building‘upon Piersos (2000) concept of path dependendigh’s water system
exhibits thredeatures that render it path dependant subject to increasing returrisirst,
when large“tigront, fixed costsas well as recurring maintenance coais associated with the
physial infrastructure such as the dams and reservoirs on which water managemetiteeties
is astrongincentive to continue to investire same type @hysical infrastructurdi.e.,
repairing, replacing, redesigning, and expandingis previously discussed, when asked what
needs to besdone to adapt to climate change and meet future water demands, the near unanimous
response from water managers \additional water storage and infrastructure developniére.
development of water storage in Utah has been an adaptive response to higtygaar-
variability in.water availability. Through building storafgeilities, water managers have been
able to store water in wet years and use storage teasepplemennatural flowin dry years.
Significant.money and time have been invested in the physical and institutivasiructureto
operate water,systems in this w&thougha number of water managers simultaneously
guestioned whether continued development of this typdydical infrastucture is viable given
social opposition and lack ééderalfunding,these intervieweegenerally struggled to imagine
alternative solutionsand severgbointed ouwhateveralternative solutionthere may be would
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be subject tgolitical and social resistance (i.bigh start-up costs). Thus, a paradox aroseir
interviews, pointingo a major dilemmégacingUtah’s water systendiscussions of the need for

a new water management paradigm were common but no alternative paradigm was presented or
indeed even seemed possible.

Thisparadoxs related to theecondeature of path dependeneghibited in Utah’s
water system thdielps to explain why Utalvater managers hawfficulty eitherswitching
paths or'identifying solutionshich fall outside the current pati reliance on storage and
deliveryinfrastructureo solvewater managemewhallengesin part,alternative paths would
forcewaterdecisionmakers to face qualitatively differetypes of decisi®ithan they have made
in the pastand-these decisions would haugh startup costs that they may or may not be able
to deal witheffectively Sgnificantinvestment has been made to deveaioponly physical
infrastructure but alsthe knowledgeand data streamrequired to operate tlstoragesystens in
ways that meeaturrentexpectations of water usess water manage@ccumulatknowledge
about their.water systesythey tend to become more effectiveratnaginghosesystens,
engenderingrincreased returns in further investmethigincontinued useSuchinvestments in
specific skill sets on the part of water management agetoctseratehe current system
further inereases the “attractiveness of existing institutional arrangements relative to hypothetical
alternatives™ (Pierson 2000.259). In addition nistitutional infrastructure in the form of laws
and policies such as prior appropriation have been developed and modified to determine how
water is distributed amongst users in times of shorBgeausehe development afurrent
institutionalrules togovern water delivery and use entailed high start-up costs (mostly political
and social)passtrong incéwve existsto maintain rather than change these rules and incur
transitioncosts, even if such rules may have become insufficient to address current and future
water management problems.

A third feature ofpath dependence exhibited in Utah’s water systdates toboth the
coordination.and learningffects between water usefgcording toPierson(2000),
coordinationseffects happ@swater users increasingparticipae in the water system and use
existing infrastructureand asnvestments in infrastructurecreasewhich in turnincreaseshe
number of individuals and organizations who use and rely on it. In the case of a public good such
as water on which many usegdy, one outcome dghese coordination effects is a complex set of
hydrological interdependencies. Relatedarningeffects, or the knowledge watgsersgain
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about using the systeralso create increased returhigt only have water users come to
understand the rules and howe thatersystem works, but through these rules a series of
expectations on the part of water users have become entrenched. According to Pierspn (2000)
even the mental maps, ideologies, and social identities of individuals as theyor@later are
subjet to inereasing returns, which makes alternative gdifiicult to pursue. Several of our
interviewees suggested Utah's public has certain expectations about what thenatisaburban
landscaping should look like, how water should be deliveredfaavehat water can and should
be used. In"particular, the public has come to expect reliable, inexpensive tladet having
to think about the systems that deliver it. As one water manager stated:
“Weshave done such a good job of providing a 24/7, safe, reliable supply, that no one
thinks they ought to pay anything for it.”
Otherinterviewees extended this statement to explain why public awareness of water issues is so
low, arguing their success at delivering water has rendered the process of water management
nearly invisible to the public. Thus, the public expects water to be provided witnanh
participationgimithalecisionmaking and fundingroceses These results point towards the path
dependentiexpectations harboredimst ofUtah’s public that may make incorporating
alternativepublic opiniongregardingsustainable water planningdinatalyzing behavior change
amongst.water useeven more challenging.
Thecurrent institutionatulesto govern water delivery and use and attendant
expectations of guaranteed water have allowed for investmeagsicultural enterprises and
urban propertyzdevelopment, among other things, creating dependencies on the existing set of
rules and rights across multiple sectors. Changes in the rules and rights that govern Utah’s water
system create uncertainti@Bouthow an alternativevater systemvould work andwhatthe
future viability of investments made based on the existing path would be. Such coordination and
learningefiectslead to an importardilemmaelucidated by our interviewees, whialas the
recognitionthatany solutions implemented to address climate change and population growth will
likely require'new institutions and policieshichwill be costlywill need to deal witltomplex
social interdependencies between water usersyaindntail tradeoffs between water uses
including the environmenfs was noted repeatedly in our interviews, Utalrentlylacks the

political infrastructure to undertake the process of negotiating treetenffsefficiently and
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equitably, creating a situation whgrersuing an alternative path would entail high st@rtosts
while benefiting certain water users at the expense of others.

The path-dependent nature of wateanagement dilemmas and decisions is not unique to
Utah. Ingram and Fraser (2006) provided a detailed account of how water systenifeini€al
are also path.dependent. They usecettaanpleof water policy changes related to the San
Francisco Bay.Delta Watershamdemonstrate circumstances under which, instead of gridlock
and crisis‘among various watesaus, sharp departure from past water policy was accepted
Specifically,"theyused punctuated equilibrium theory (Baumgartner pé®déxplainthe water
policy change process, starting from exposure of policy failure, to problem nedraimisocial
mobilization faeilitated by policy entrepreneurs, to the creation of publgspre for solutions,
to casting a‘policy innovation as experimental, and to the eventual institutadioaliaf the
policy innovation- the adoption of a markéased water transfer mechanigtowever, even in
such a “successful” case, subsequent observations reveal the transition has not been easy and
significant'.controversiesuch as debates/er reengineering the California State Water Project,
are ongoingy

In addition to this work, other policy research also offers insights into opportunities
switching*paths or identifying solutions outside the current path. For exdeasion {965
suggestedra political system responds to both “demands” arising from within the agstem
from the wider environment. Thus, a political systerselbmotivatedto distribute resources in
ways that maintaiboth “specific” and “diffuse’support from metners of the systenkt@ston
1975; Burpns'etial. 2013). As the population #rehumber of legitimized, notraditional water
usesin Utahseontinue to grow, water managers and the broader political systemwhiich
they operate will face various competittgemands,” which will stimulate competition in the
political system, leading to a cycle of changes and feedb&slen though we cannot predict
based upon.our, results how various competing water demands will interact ancegrolittic
“outputs” aver.timepur results reveal meed for more equitable institutional arrangements and
policy infrastructureo facilitate cooperation, examine a wider array of water management

alternativesand mediate conflicts between water users

CONCLUSION
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Our study providessights intathe challenges facing water managers and other water
actors, including identification of additional water supplies, population gromghreasingly
politicized water allocation decisions, and lack of equitable and effqmi®y to guidewater
transfers. Climate change was also identified as a water management chaltboggh it was
conceptualized differently by varioties of wateactors. Importantly, thesgimatic andnon-
climatic challenges were seenimberact with various pdical and social factor® exacerbate
Utah’s waterchallengefn particular state legislators have become less familiar with water
issues; the public does not have an adequate understanding of the hydrologic interdegendencie
between water usetisat would enable them to understand their own needs in relationship to
others; andreeent court rulings and policy changegardingwater transfers further reflect a
changing stat&egislative environmermniesponding to multiple challenges of urbanization and
population growth. Several solutions were discussed by our study participants. Howeeer, the
solutions mostly reflect “an oldaradigm” which relies owater development projects to address
growth+elated water management challenges and undermines the potermgrahfotingwater
conservationrand changing water user expectations and beh&vidiher, it became clearmpath
forward to ‘nediate conflics inherent in managing water for varied and often competing interests,
and to determine and facilitate the public’s role in solving water managemdéangka, is
needed if.a’new water management paradigm is tedieed

In this studywe used the conpéof path dependence to helparpretour results antb
counter reliance on the information deficit model (Sturgis and Allum 2004), whids te use
lack of beliefiimor information about climate change to explédie inertia apparent in adaptation
to climate change and population growth in Utah and the broader arid andrgbwestern
United StatesPath dependenseiggestigh economic, social, and political transition and start-
up costsare entailed imleveloping new infrastructure, institutions, skills, expectations, and forms
of social understanding between water users required to adapt teesmiagjical and climate
changes.

Our.study demonstrates the water management challenges Utah facesdrdrescen
traditional jurisdictional and knowledge capacities and boundaries of water nraardge
institutions in Utah. Dealing with the risks posed by the interacting stresfsdiate change,
population growth, and changing water policy will require watanagers and other decision
makers taconfront a qualitatively different set of decisions than they have made in th®past.
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results showvater managers tend to fit problems such as climate change and population growth
into the solutions enabled by the existing path rather than entertain options for deyelopw

path to solve them. Indeed, the increasing returns assouwitletthe old patkand the high start

up costs that would attend reversing the cumeter management paradidralp to explain

why, as one.water manger put it, “we continue to look in the wrong direction for the right
answers.’However, & water managerability to engineer their way out of growinvgater cri€s
reduca’overtimefinding other ways to address water scarcity and the tradeoffs posed by the
water reallocation process will become increasimgiyortant.

It is clear fromthe debates that played out in auterviewsthat many of thelilemmas
facing Utah’sseurrent water management @athacknowledgedndthatvariouswater actors
recognize the need to consigessible alternative path§he intent of highlighting the path
dependent nature of Utah’s water system is not to suggest the currentipattocably locked
in place. Rather, by pointing out the dilemmas inherent in chatiggngurrent water
management path, we hopectil attention to the processes that create increased raehdrie
provide ingightinto potential change opportunities invilagersystem where adaptation can
occurif strategies aabe developedtdecreasthe costassociated with switching paths.
addition,as,our study shows, theonomicenvironmentalsocial, and politicatosts associated
with continuing down the current water management path that heavily relies on new wate
infrastructure have increased over time. Who bears such costs has also changed, from
subsidization from the federal government to being largely doyndtah citizens at a time when
they confrent'budgetary tradefs related to multiple growtrelated challenges, including air
quality, transportation, education, preservation of agricultural land, and othex. Bguakinga
holistic, hardook at thereal costof continuing down the current path versus switching paths,
society may realize that some point in time the costs of continuing down the currentykth
becomehigher.than the costs of switching paths, and under such circumstance a window o
opportunity.for.change would emerge. Another insight from the path dependency liter#tere is
significancesofecisioamaking points. Utah is currently involved in a high-level, structured
policy decision-making process concerning its water future, which provides an opportite tim

comprehensively consider the lotegmcosts involved with various paths forward.
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