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Abstract: Problem statement: In a simple economic model, water scarcity ar@desa result of an
imbalance between the supply of and demand for msdarces. Distribution in this setting is the
source of numerous conflicts globalljpproach: Already, the Southwestern United States (US)
suffers from annual drought and long-standing feuer natural water resourcd®esults: Population
growth in the Southwestern United States along Withcontinued effects of climate change (natural
and anthropogenic) predicts a perpetual declimataoral water sources, such as smaller snowpatks, i
the coming years. As the increasing number of conities across multiple US states that subsist off
of natural water supplies face water shortages witheasing severity, further water conflict will
emerge. Such conflicts become especially protravtieen the diversion of water from a source of
benefit to one community negatively impacts nearbgnmunities of humans and economically vital
ecosystems (e.g., marshlands or tributariéehclusion/Recommendations: The ensuing politics and
health effects of these diversions can be comglécaind future water policies both domestically and
internationally are lacking. To draw attention tedastimulate discussion around the lacking policy
discussion domestically, herein we document exgséind emerging consequences of watery scarcity
in the Southwestern United States and briefly natfiast and potential future policy responses.
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INTRODUCTION New Mexico and Arizona (US Congress, 2007). This
has led to exploitation of local ecosystems and a
There is limited literature and discussion on thechanging of the habitat to a degree where thesean
public health effects of water scarcity in the @dit states in particular will face more extreme andansd
States (US). Perhaps this stems from a false nthi@n droughts in the coming years, leading to thornytisal
it is only the countries of the developing worlétthwvill and legal conflicts over distribution. Changes aaal
contend with these and other consequences afcologies and/or water shortages could also résult
anthropogenic and natural climate change (Food andiversion of water for one community that negatyvel
Agriculture Organization of the United Nations, 800 impacts adjacent human populations and economically
Such an assumption would be far from the truth. Thevital ecosystems (e.g., marshlands or tributaiesher
wide-ranging public health effects of water strese  and Acreman, 2004). To draw attention to the lagkin
complex and somewhat unpredictable, beyond the baspolicy discussion domestically, herein we briefly
tenet that they are never positive (Woodcecld., 2009;  highlight examples of existing and emerging chajkn
Markandyaet al., 2009; Frielet al., 2009; Smithet al.,  around watery scarcity in the Southwestern United
2009; Wilkinsonet al., 2009) and can have profound States and briefly outline past and potential fitur
health and economic ramifications on local popatsi policy responses.
(Guzman, 2009; McMichael, 2002). With the We begin with the Sierra Nevada mountain range
Southwestern United States’ growing populationswhich holds a snowpack that when melted, annually
dependent on limited natural water sources, thisnégy  accounts for one third of California’s drinking wat
water situation and thus equitable distribution isand irrigation supply. As temperatures increasés th
increasingly challenged by demographic trends, sisch snowpack is predicted to melt faster and therefare
heavy migration and attendant city growth to stéites  provide the steady stream of water in summer ahd fa
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that cities and farmers rely. In 2007 the snowplaa#t  ecosystems depend on a natural balance of predators
shrunk 10% below its wintertime average. Furtheamor prey and other resources. The Rush Creek bottomland
rising temperatures have caused the Pacific Ocean feeding Mono Lake for instance, hold many of thexsa
rise, risking salt water leaching into inland freslter  characteristics as other wetlands in the US. Nhtura
supplies (Young, 2007). In 2006 scientists at tHfe& U flooding carries the seeds of riparian vegetatighich
Department of the Interior simulated a breach ieds  after grown will provide habitat for bird populati®
surrounding the Delta of central California. Salisva that only migrate to the lake when algae and brine
intrusion from levee failure, which could be causgd shrimp populations are plentiful. If any of thesetbrs
rising sea levels or unstable ground due to subsile is changed, the delicate environmental balance bwill
was projected to cause long-term cessation of watatisrupted, leaving poorer-quality wetlands. As suhk
exports for months as breaches were repaired din@ sa beneficial aspects of the wetlands-groundwater

water removed (Blackt al., 2006). recharge and toxicant removal from agricultural-odin
Over the years, the increased need for waterduas | and sewage will become less productive.
the government of California to claim rights andedt Unfortunately, population movements to water-

water from remote areas. Take Owens Lake, whicth helstressed areas have only exacerbated regional water
water continuously for 800,000 years until 1913 whe problems. The US Congress (2007) found that the fiv
the Los Angeles Aqueduct began diverting water frommetro areas with the largest numeric population
Owens River at a point 51 miles above the Lake. Byincreases between 2000 and 2006 were in the Sadth a
1924 Owens Lake was dry. The remaining 60 squargVest, including Phoenix, Arizona and Riverside-San
miles of salt flats caused dust to be generatesh fftee = Bernardino-Ontario, California. Out of the 50 areas
dry lakebed, with dust storms traveling north aadts  with highest numeric growth during that same ti2@e,
through the Owens Valley (Libecap, 2007). The dustvere located in the West. Phoenix-Mesa-Scottsdale,
storms contain PAj (McMichael, 2002), a particulate Arizona was also one of the ten fastest-growingronet
matter smaller than 10 microns which is easilyudiéfd areas by percentage at 24.2%. Los Angeles was the
in the lower respiratory tract. Epidemiologicaldits of second most populous metro area in July 2006 wath 1
particulate air pollution have found that smallre@ses million people.
in PMy, levels have been associated with increases in A stewing fight over limited water between
bronchitis, chronic cough and acute and chronidydai Arizona’s and California’s growing cities began hwit
morbidity, as well as a decline in lung functiorefiRis, the Colorado River Compact in 1922. The Colorado
2006; McMichael, 2002; Popst al., 1995). Community River is shared by seven states: Arizona, Califgrni
doctors near Owens Lake anecdotally report incteaseColorado, Nevada, New Mexico, Utah and Wyoming.
hospitalizations and emergency room visits duringg¢  Though originally meant to avoid controversy, the
of high PMg concentration, especially among the Compact fails to appropriate water to the states
elderly, individuals with heart or lung disease andindividually because there was no agreement on
children (McMichael, 2002). equitable distribution. Instead, Herbert Hooveridida
Similar to the situation at Owens Lake, in 1944 th the states into Lower and Upper Basins, both ottvhi
Los Angeles Department of Water and Power begawould use 7,500,000 acre-feet of water per yeare(no
diverting water from the Rush and Lee Vining stream an acre-foot of water will cover an area of oneedora
feeding Mono Lake. This action caused a drop in thalepth of one foot). Arizona failed to ratify the iBpact
water level as well as an increase in the expolsgd f in part because the ratification of the Boulder y&am
that create dust storms and the threat offMposure  Project Act in 1928 approved creation of the Hoover
(McMichael, 2002). The Mono Basin Environmental Dam. Believing that this facility would provide neor
Impact (2003) also reports that lowered water kevel water to California at Arizona’s expense, Arizonan
decimated trout fisheries and increased salinityto court to argue that Congress lacked the powtake
threatening a population of brine shrimp. The leder water away from the stateArizona v. California
water level has already caused the disappearance mfached the United States Supreme Court in 193&. Th
lagoons in the area, with estimations that the dago Court ended up respecting the Boulder Canyon Projec
dependent migratory duck population of Mono LakeAct by maintaining that Arizona and California shkibu

has declined by 97% since the 1960s. receive 2.8 and 4.4 million acre-feet of water frima
These uncertain environmental domino effectsmain stem of the Colorado River, respectively.
contribute to the ongoing debate of how climatengea The recent end to a long-standing legal feud

and environmental degradation will affect publi@hle  provides a twist to this already complicated legal
(Horton, 2009). Consider the fact that to survia#f, precedent. A suit between the US government ana Gil
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River Pima Indian community in Arizona, one of buildings to include some type of rainwater techggl
California’s partners in determining water disttiobn ~ The Queensland Development Code in Australia, for
in the Colorado River Basin illustrates that chadies example, requires that new construction of houses a
regarding water distribution and rights extend meyo townhouses meet water savings targets by usingoone
the external habitat changes. The Pima communitynore conservation methods, such as installatiora of
recently won a water settlement in 2008 and will berainwater tank. Agricultural and industrial procesgseed
receiving 653,300 acre-feet of water along with 68 to be more efficient and research programs intated|
million to rebuild water infrastructure from the US technologies better supported, both politically and
government (Archibold, 2008). financially. Work has been done with wastewatempsyp
The Gila River Pima Indians originally survived drip and pivot irrigation systems and desalinizatio
Arizona’s arid climate by creating a system of dana plants (Food and Agriculture Organization of theiteth
that diverted water for crop irrigation. In thedat8th  Nations, 2009; Das and Kumar, 2009; Thompsoal.,
and 19th centuries, Europeans began settling in th2009; Survey USG, 2009). Also needed is research on
Upper Gila Valley and establishing farming improved water management (e.g., water banking) and
communities. Combined with periodic droughts, thedrought-resistant crops (Godfratyal., 2010; Whittlesey
water diverted for these agricultural purposes hegaand Huffaker, 1995).
native farming systems dried up (McNamee, 1998 Thear industrial areas, it has been relatively aliffi to
re.sultln.g dietary impact transformed the traditiona separate compounding factors and produce specific
Pima diet of beans, squash, okra and other vegstébl o aniitative data that supports the analysis ofthgle
government rations of yvhlte flour, canned. meats and 4 often latent impact of climate change on pdiaria
processed foods, leading to a community that thepisher and Acreman, 2004). Consequently, the publi
Natlonal Institutes - of Heqlth documents W!th. the has been slow to accept and respond to climategehan
highest prevalence and incidence of type 2 diakietes warnings and governments worldwide have yet to form

the world” (National Institutes of Diabetes and - : .
. . . . a global solution to halt environmental degradation
Digestive and Kidney Diseases, 2009). Other nOtabl?/\/r?ne the 2009 Copenhagen accord recognizes the

tittes include overweight rates as high as 80% for_ . ~ .. . h

women and 67% for men as well as an incidence O?C_|e_nt|f|c _need for keepl_ng temperature rises to a
kidney failure 20 times that of the general popalat minimum 1t doeg not provide pmdlng (_:ountry-spemﬂ
(American Obesity Association, 2009). It was theslo emission reductlo_n goals (United Nations Framework
of their original agrarian livelihood that led tbeir ~ COnvention on Climate Change, 2009). If our nationa

population health issues and thus the need forl leggOVernments can't get it right, how can expect more
action to recover the water that may help theffom our state governments? That answer still remai

community return to its previous lifestyle. unclear; what doesn't is the consequences of cotin
disregard and lack of acknowledgement of watersstre
CONCL USION in the Southwest and elsewhere in the US.
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