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INTRODUCTION
The Phoenix metropolitan area obtains its water from three main sources: the Colorado
River via the Central Arizona Project (CAP), the Salt and Verde watersheds via the Salt River
Project (SRP), and groundwater aquifers. In addition to these three sources, treated effluent is
becoming a more frequently used source for non-potable uses. The Phoenix metropolitan area is
part of the Phoenix Active Management Area (Phoenix AMA). The 5,646 square miles that is the
Phoenix AMA sits on top of seven groundwater aquifers that supplied much of the water up until
the construction of the Central Arizona Project (Bolin et al. 2010). 37% of the water used in the
metropolitan region continues to come from groundwater sources while the remaining 63% is
from renewable sources such as CAP, SRP, and treated effluent (Bolin et al. 2010). Climatically,
the Phoenix AMA is dry, receiving an average of 8 inches of rain annually (White 2013), while
maintaining a large and growing population that uses 2.3 million acre feet (maf) of water
annually (Bolin et al. 2010). However, its diversified water sources have permitted its continued
development.
The Phoenix metropolitan area sits at the basin of 8.4 acres-worth of large watersheds.
Two main rivers that feed these watersheds are the Salt and Verde Rivers. The Salt and Verde
Rivers make up another large portion of the renewable water sources of Arizona. The Salt River
Project delivers the water from these sources. The Salt River Project is the oldest water supplier
in Arizona as it was developed shortly after the establishment of the City of Phoenix, and,
therefore, the Salt River Project serves many older cities towards the center of the Phoenix
metropolitan area (Bolin et al. 266). In addition to these surface water sources, Arizona has water
rights to the Colorado River. This source is primarily accessed via the Central Arizona Project.
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The Central Arizona Project is a 336-mile long canal that stretches from Lake Havasu through
central Arizona to Tucson. This canal carries water from the Colorado River throughout Arizona
delivering one-third of Arizona’s municipal water supplies (Gober et al. 2016). The water on the
Colorado River has been allocated among the seven basin states. Arizona, which is part of the
lower basin states of Arizona, Nevada, and California, is junior rights holder to the water on the
Colorado River. Specifically, California, Arizona, and Nevada are allocated 4.4 maf, 2.8 maf,
300,000 acre-feet, respectively (Bolin et al. 2010). The Central Arizona Project has also been
making efforts to artificially recharge groundwater aquifers; this has allowed water to be stored
for future use (Gober et al. 2016). However, concerns are growing regarding the reliability of
Colorado River flows. In recent years, the Colorado River system has been experiencing a
drought that has led key players in the Colorado River allocation to begin following a drought
contingency plan. This plan consists of storing water in Lake Mead to avoid dead pool levels
which would not only essentially eliminate the Colorado River as an Arizonan water source but
also eradicate power generation from the river. Nevertheless, the cuts discussed in the drought
contingency plan could still reduce water allocations to Arizona since it holds junior rights to the
system; ultimately, Arizona would have to rescind its water rights before California would see
any cuts to its supplies.
Groundwater, the final major contributor to Arizona’s water sources, has been used since
the area was first settled and continues to be the primary water source for many developing cities
on the urban fringe of the Valley. However, this source is essentially non-renewable. After
World War II, the Phoenix metropolitan area saw significant increases in urbanization and
agricultural irrigation, and in the 1960s and 1970s, severe overdraft of the groundwater aquifers
occurred; the aquifers were not sustainably used or managed (Larson et al. 2013). The increased
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urbanization resulted in unsustainable groundwater mining that caused issues such as land
subsidence, fissuring, and damage to infrastructure (Bolin et al. 2010). The annual overdraft of
2.5 maf was not sustainable (Bolin et al. 2010). Therefore, in response to this overdraft, the
Groundwater Management Act of 1980 was established (Gober et al. 2010). The goal of this
policy was to achieve groundwater sustainability by 2025, meaning that the amount of water
withdrawn from the aquifer is equal to the amount of water recharged (Gober et al. 2010). In
addition, the act required that all new developments have proof of “a 100-year ‘assured water
supply’ for every new home platted” (Gober et al. 2016).
Many scholars have noted that the Phoenix metropolitan area has a unique water profile.
The state’s diversified water portfolio has allowed for its urbanization and agricultural growth of
the past (Murray et al. 2012). Figure 1 below illustrates the breakdown of water sources by
location within the Phoenix AMA.

Figure 1: Water Sources by Large Providers in Metropolitan Phoenix (Murray et al. 2012)
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Currently, the Phoenix AMA is home to approximately 4.5 million people (Gober et al.
2016) and is composed of some of the fastest growing cities in the United States (Murray et al.
2012). The water resources are significantly affected by population growth; nonetheless, the
local economy depends on this development (Keeler et al. 2015). Between 2000 and 2010, the
population of Phoenix grew by 24.2% (Murray et al. 2012) and between 2010 and 2015, 100,000
new residents were added annually (Gober et al. 2016). It is expected that the metropolitan area
will continue to grow; however, the growth rates vary based on city; “providers have very
different population growth trajectories, with those on the urban fringe expected to double, triple,
or even quadruple in size, while landlocked older cities have leveled off in population, and hence
water demand” (Murray et al. 2012). Population projections vary from the lower end of 6.8
million people to the higher end of 8.7 million people by 2050 (Gober et al. 2016). Not only is
the Phoenix metropolitan area expected to grow, but also the seven basin states. It is expected
that by 2030, 23 million new residents will live in the Colorado Basin States (Georgescu et al.
2012). According to an additional study, it is anticipated that by 2100 “developed lands (exurban
or greater)” will increase between approximately 19 to 23 percent in the United States
(Bierwagen et al. 2010). Moreover, the study concluded that by 2100, impervious land cover
would increase between 20,000 to 70,000 square kilometers depending on fertility rates and
migration patterns in the United States (Bierwagen et al. 2010). Thus, this anticipated growth and
uncertainty due to regional changes, is bound to bring water resource challenges.
As inhabitants of a desert, a sustainable water source has always been and will continue
to be a crucial component in living, developing, and growing the cities Arizonans call home.
Phoenix and the surrounding municipalities make up a large metropolitan area that continues to
grow in spatial size and population. However, as climate change becomes more of an evident
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challenge, Arizona is forced to plan and make decisions regarding its ability to safely and
efficiently maintain its livelihood and/or growth. With the effects of climate change in mind,
Arizona will need to continue to innovatively and proactively address issues of water
management and the effects of urban heat island (UHI). The objective of this thesis is to study
the socioeconomic impacts of four extreme scenarios of the future Phoenix metropolitan area.
Each of the scenarios will showcase a different hypothetical extreme and uniquely impact factors
related to water management and the urban heat island effect. The four scenarios are a green city,
desert city, expanded city into desert land, and expanded city into agricultural land. These four
scenarios were designed to emphasize different aspects of the urban water-energy-population
nexus, as the future of the Phoenix metropolitan area is dynamic. Primarily, the Green City and
Desert City serve as contrasting viewpoints on urban heat island and water sustainability.
Moreover, the Expanded Cities show the influence population growth and land use has on water
sustainability. The socioeconomic impacts of the four scenarios will be analyzed. Water
management and the effects of urban heat island directly impact many aspects of the cities’
futures, and thus analyzing the implications of the four water scenarios will give interesting
insight to the extremes of Arizona’s future development.

RESEARCH METHOD AND TOOLS
The quantitative data of the report was completed using the online user interface of
WaterSim 5.0. WaterSim 5.0 is a program created by the Decision Center for a Desert City
(DCDC) at Arizona State University (Sampson et al. 2016). This model was developed to guide
the design of future water resource scenarios and policies for interactions among stakeholders,
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including researchers, water resource managers, landscape planners, and policy makers. In
particular, this online tool allows users to adjust various water-related attributes to determine the
influences on water resources in the Phoenix metropolitan area. Using the online tool, single
scenarios can be constructed by adjusting visual controls of which demand and supply indicators
and figures are produced after running the simulation. Stationarity is no longer a valid means to
determine climatic attributes, and WaterSim was constructed to study water resource options
without relying on this concept. The program considers 33 regional providers in the Phoenix
AMA. WaterSim utilizes three types of modules: “modules to characterize the uncertainty within
factors that influence water supplies and demand in the Southwest,” “modules to define water
flow through the urban water infrastructure and the complexity of institutions that manage local
and regional water rights and systems in central Arizona,” and “modules that integrate a wide
range of policy levers for water supply and demand management options” (Sampson et al. 2016,
Sampson et al. 2011)). The user interface allows users to adjust anticipated hydrological flows
which impacts supply, as well as demand oriented options: percentage of wastewater reclaimed,
percentage of farm water used by cities, environmental flows, per capita water use, population
growth, and outdoor water use. In addition to the policy levers, the user can adjust the length of
the simulation. The simulation can be carried out until 2085 and some of the policy levers not
fully achieved until this point (such as Farm Water to Cities). In addition to adjusting temporal
settings, geographical choices can be made regarding the regional water suppliers that are
analyzed. After running the simulation, the user interface presents the user with demand and
supply oriented graphics as well as sustainability indicators. The sustainability indicators include
Groundwater Value, Environment Value, Agriculture Value, Personal Value, and Population
Value. The Groundwater Value is what percentage of groundwater had to be used into order to
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meet demand. The Environment Value represents how much water from Arizona’s portion from
the Colorado River is allocated to restore the Colorado River delta. The Personal Value is the
daily per capita water use (referred to as gallons per capita per day or gallons per person per
day). The Population Value is the number of years of assured water supply that exists for the
estimated population size. Much of the data for the simulation was from the Maricopa
Association of Governments as well as the Arizona Department of Water Resources. Figure 2
below illustrates the processes used by the program to implement the scenarios created by the
program user.

Figure 2: City-Model Water Use Network (Sampson et al. 2016)
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The qualitative portion as well as additional quantitative data was acquired through an
extensive literature review using studies that had been completed using WaterSim 5.0 as well as
without WaterSim 5.0. Once the scenarios were simulated in WaterSim 5.0, the literature read
was used to synthesize of the results to related research previously completed.

EXPLANATION AND JUSTIFICATION OF MODELING
WaterSim 5.0 was used to construct four future scenarios: two of which focus on the
expansion of the current population and land area, and the other two looking into the intriguing
interplay of urban water-energy management and their trade-off: one which deals directly with
combating urban heat island, and one strictly concerned with water sustainability.
The Desert City emphasizes water sustainability with no concern for combatting urban
heat island effect; water savings is the primary concern. Outdoor water use represents 75% of
residential water use (Gober et al. 2010). This is a significant portion that could be saved by
eliminating water for turf, swimming pools, fountains, etc., and given that there is an 80%
chance that between 2050 and 2099 there will be an extended drought (Gober et al. 2016),
beginning to emphasize only necessary indoor water use could become a priority. On the
contrary, Green City attempts to mitigate urban heat island through increased outdoor water use;
water sustainability is not the primary concern contrary to the Desert City. The Green City serves
as the counterpart of the Desert City with opposite guiding principle/strategies of urban
development. With increasing temperatures, combatting urban heat island may present itself as
the primary concern to the current inhabitants of the area.
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In addition, two scenarios, the Expanded City into Desert Land and the Expanded City
into Agricultural Land, illustrate a projected increase in population due to anticipated local
socioeconomic development. It is anticipated that the Phoenix metropolitan area will continue to
expand and the growth of the Valley has been essential to the economic success of the area.
Population projections vary; however, growth is expected and the Expanded City scenarios serve
to exaggerate this potential increase. Moreover, where the urbanization occurs influences the
water sustainability of the area. The Expanded City into Desert emphasizes population and
spatial growth while maintaining agriculture; urbanization occurs in undeveloped desert lands.
To contrast this mode of development, the Expanded City into Agriculture serves to show the
water impact of eliminating agricultural by further urbanizing it. Therefore, the emphasis of the
Expanded City into Agriculture is population and spatial growth in agricultural land.
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Table 1 below shows the emphasis on population, land use, water sustainability, and
urban heat island of the four scenarios.

Table 1: Explanation of Future Urban Development Scenarios of Phoenix Metropolitan
Desert City

Green City

Emphasis on water
sustainability.
Water use is major
concern.
Mitigating effects
of urban heat
island are not a
concern.
Projected growth

Emphasis on
green space, The
primary concern
is to mitigate
effects of urban
heat island.
Water use is not
a concern.
Projected growth

Land Use

Relatively
stagnant

Relatively
stagnant

Water
Sustainability

Emphasis on
conservation

No emphasis on
conservation

Urban Heat
Island

Adapt to effects

Mitigate effects

Development
Plan

Population

Expanded City
into Desert
Emphasis on
population and
spatial growth.
Agricultural land
will remain as is
and urban
development will
be in desert land.
Greater than
projected growth
Increasing into
desert land while
maintaining
agriculture
No emphasis on
water
sustainability
Adapt to effects

Expanded City
into Agriculture
Emphasis on
population and
spatial growth.
Agricultural land
will be eliminated
and replaced by
urban
development.
Greater than
projected growth
Increasing into
agricultural land
while eliminating
agriculture
Some emphasis
on water
sustainability
Adapt to effects

FUTURE SCENARIO MODELING
The simulations were each run for projected urban development until year 2050.
Buckeye, Phoenix, Scottsdale, Gilbert, and Chandler were the cities analyzed for their somewhat
varied population, water use patterns, and anticipated growth. In addition to looking at the
individual cities, the regional impacts were also analyzed. Table 2 illustrates the exact values
which were entered into WaterSim 5.0 to simulate the four scenarios.
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Table 2: Scenario Simulation Settings
Desert City

Green City

Expanded City
into Desert

Expanded City
into Agriculture

19%

19%

19%

19%

100%

100%

100%

100%

Farm Water Used
by Cities

30%

30%

30%

100%

Environmental
Flows

0%

0%

0%

0%

Per Capita Water
Use

100%

100%

100%

100%

Population Growth

100%

100%

150%

150%

Outdoor Water Use

60%

100%

100%

100%

% of Wastewater
Reclaimed

For each scenario, it was determined that Environmental Flows would remain at 0%. This
is because currently only one environmental flow was released to Mexico under accordance with
Minute 319. Since the single release, the area has been studied for the release’s environmental
impacts to deem how beneficial it is. Therefore, for this simulation, it was kept at 0% because it
is currently not a consistent event.
The Desert City and Green City simulations are intended to emulate “Business As Usual”
scenarios; however, only the Outdoor Water Use differs. Since the intention of the Desert City is
to be as water sustainable, outdoor water use was cut to as low as possible in the user interface of
WaterSim 5.0. Meanwhile, the Green City was maintained at 100% in attempts to emulate a city
that is primarily concerned with combatting urban heat island rather than being sustainable with
its water use.
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The expansion scenarios were created to look at solely the impacts of an expanding
population in the Phoenix metropolitan area, through the trade-offs between urban-agriculture
water or urban-desert conversion where the growth occurs. The Expanded City into Desert
maintained agricultural water use where it currently stands while increasing the projected
population to 150%. On the contrary, the Expanded City into Agriculture would entirely
overtake the agricultural land by the year 2085. These scenarios served to study the impacts of
urbanization in the metropolitan area.
Lastly, the percentage of Wastewater Reclaimed was analyzed for two cases: business as
usual and an extreme increase in reclaimed wastewater. Therefore, each scenario was analyzed
when Wastewater Reclaimed was 19% (Business as Usual) and 100% (extreme uptake in
wastewater reclamation).
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RESULTS AND DISCUSSION
Table 3 below summarizes the sustainability indicator results of the four scenarios. The
implications of these results are discussed in terms of wastewater, outdoor use, and agricultural
water use.

Table 3: Simulation Results
Desert City
Wastewater
Reclaimed
Groundwater
Value
Environment
Value
Agriculture
Value
Personal Value
Population
Value

Green City

19%

100%

19%

100%

Expanded City
into Desert
19%
100%

Expanded City
into Agriculture
19%
100%

18%

14%

20%

14%

24%

16%

24%

16%

0%

0%

0%

0%

0%

0%

0%

0%

81%

81%

81%

81%

81%

81%

27%

11%

70
gpcd
90
years

70
gpcd
89
years

117
gpcd
85
years

117
gpcd
85
years

116
gpcd
76
years

116
gpcd
81
years

116
gpcd
83
years

116
gpcd
90
years

WASTEWATER
The increase in percentage of Wastewater Reclaimed from 19% to 100% impacted the
Groundwater Value for all scenarios. In every case, the Groundwater Value decreased when the
percent of Wastewater Reclaimed was increased; thus less groundwater needed to be pumped as
the amount of wastewater reclaimed increased. This is to be expected given that increasing the
amount of wastewater reclaimed for potable functions will decrease the need to reliance on
groundwater pumping. The greatest change in groundwater reliance is seen in the Expanded City
scenarios, suggesting that the increased population size would increase the amount of wastewater
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produced. The larger volume of produced wastewater due to the significant population increase
could cause this. On the contrary, the Desert City and Green City would not necessarily see an
increase in wastewater volume. According to a recent technical report completed by Decision
Center for a Desert City, the amount of wastewater has essentially flat-lined for populations
increasing at the predicted growth rate such as the Desert City and Green City. This flat-lining
has been attributed to increased awareness of indoor water-use and thus a decreasing demand for
indoor water (Middel et al. 2013).
For the Desert City and Green City, the increase in reclaimed wastewater has little to no
impact on the number of years water is available beyond the simulation. For the Desert City, the
increase in reclaimed wastewater actually causes a decrease in number of years, 90 years to 89
years. This decrease could be attributed to the lack of available wastewater. Since outdoor water
use is minimized causing an extreme reduction in per capita use (70 gallons per capita daily
(gpcd)), there is little “extra” water. This per capita water use is a result of extreme changes in
both outdoor and indoor water use which would cause an overall reduction in the amount of
wastewater. As the technical report, Water Reuse in Central Arizona, explains, current
population growth trends do not necessarily correlate with an increase in wastewater. Moreover,
much landscape in Central Arizona is already irrigated with effluent and/or reclaimed
wastewater. Therefore, the combination of these two factors ultimately results in no change for
the Population Factor for the Green City.
The increased in Reclaimed Wastewater significantly impacted the Agriculture
Production for the Expanded City into Agriculture scenario. Ultimately, effluent is reallocated
from agriculture to reclaimed wastewater treatment plants when effluent is transferred to
"reclaimed water" (Wastewater Reclaimed). This transfer, along with phasing out agriculture’s
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access to groundwater and surface water sources, causes a larger decrease in agricultural
production when the amount of wastewater reclaimed is increased. While this would negatively
impact agricultural production, it positively impacts the urban sector as it increases the
Population Value from 83 years to 90 years.
Increasing wastewater reclamation is positively impacts the use of groundwater for all the
scenarios as each scenario resulted in a decrease in groundwater pumping. Moreover, the
increased in wastewater reclamation was pivotal in increasing the number of years of assured
water supply for a drastically expanding population. Nevertheless, increasing wastewater
reclamation will be no easy feat. Currently, the Environmental Protection Agency does not have
regulatory standards for potable water made up of entirely reclaimed wastewater (Middel et al.
2013). Moreover, Arizona does not use any amount of effluent or reclaimed wastewater for
potable use. Reclaimed wastewater is defined as “a subcategory of effluent that has been treated
to a standard that allows its reuse for purposes that have limited human contact, such as watering
a golf course” (Middel et al. 2013). However, “in California and Florida, municipalities already
consider effluent as a viable source of water to replenish drinking water supplies and are
blending their drinking water sources with highly treated effluent” (Middel et al. 2013) because
the “EPA does have guidelines for blending effluent with source waters and recharge of treated
effluent into an aquifer” (Middel et al. 2013). Therefore, it is not to say this is technologically
impossible. It would require much change in EPA standards to allow for the direct use of treated
effluent as potable water; however, Arizona could immediately begin practices like California
and Florida have done. Nevertheless, treating wastewater comes with its challenges and high
energy costs. According the Water Reuse in Central Arizona, “wastewater treatment is the
largest user of all energy uses” in central Arizona (Middel et al. 2013). Wastewater treatment in
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Arizona comes with quality challenges such as high salinity, high total dissolved solids, and
traces of pharmaceuticals. In addition to the technical challenges, come obstacles with the
public’s perception of wastewater reclamation. The public is often weary of the quality of treated
wastewater and the concept of “toilet to tap” misleads the public into perceiving treated
wastewater as non-potable (Middel et al. 2013). Wastewater treatment is costly and its high
economic costs may result in it being difficult to market.

OUTDOOR WATER USE
Limiting outdoor water use can be a potential strategy to increase the Phoenix
metropolitan area’s water sustainability. In the Desert City scenario, limiting outdoor water use
to 60% of initial use positively impacted the Sustainability Indicators. This limit lowered the
Gallons Per Capita Daily to 70 gpcd which, according to WaterSim 5.0, results in significant
changes to both indoor and outdoor water use; outdoor water use is essentially eliminated
resulting in no grass, pools, and less trees. According to the WaterSim 5.0 results, the impacts of
decreased water use are not immediate. A significant decrease occurs around 2022, suggesting it
takes a little less than a decade to see a difference in per capita water use. At around year 2022,
Total Water Use decreases by approximately 200,000 acre-feet/year and then remains relatively
stagnant for the remaining duration of the simulation. This decrease is shown in Figure 3 below.
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Figure 3: Desert City Total Water Use (Wastewater Reclaimed = 19%)
This delay in decreased water use could be related to policy implementation. This
decrease in water use would not occur instantly; it is expected it would take time for policy to be
taken up by citizens as well as for the limited outdoor water use to become publically/culturally
accepted. Policy to decrease outdoor water use is not uncommon. For instance, the Southern
Nevada Water Authority in Las Vegas offers financial rebates for converting to more water
sustainable landscaping. This rebate is offered for “the first 5,000 square feet converted per
property per year” at “$1.50 per square foot of grass removed and replaced with desert
landscaping” (Gober et al. 2009). This policy reflects the results seen in the Desert City as a
transition phase is expected.
On the contrary, the Green City maintains 100% outdoor water use, and thus is
considered a “Business-As-Usual” option. Considering this mentality, the Gallons Per Capita
Daily value does decreased to 117 gpcd which, according to WaterSim 5.0, implies there is less
outdoor water use in terms of limiting fountains and grass. However, this per capita decrease is
17

regionally. The provider data reveals that Scottsdale would maintain over 250 gpcd by 2050 and
Chandler would be slightly below this. Figure 4 displays the per capita usage at a provider level.

Figure 4: Green City Total GPCD by Provider (Wastewater Reclaimed = 19%)
Therefore, while regionally there may be a slight decrease in outdoor water use, some
areas would maintain larger Gallons Per Capita Daily suggesting that their outdoor water use
would remain unchanged. The Total Water Use for the Green City remains relatively stagnant at
its current levels throughout the duration of the simulation. While some decrease in per capita
water use is anticipated, the Green City would still feature more mesic landscaping compared to
its Desert City counterpart. Nevertheless, some reduction in mesic landscaping is anticipated due
to already changing policy in requiring more water-friendly landscaping. This is exemplified
already in the Low Impact Development Toolkit which was implemented by Glendale and Mesa
in 2015 (Gober et al. 2016).
The Desert City can offer an assured water supply longer than the Green City by as much
as an additional 5 years; however, this comes at a price. Increasing water sustainability in this
18

scenario, results in an increase in the effects of urban heat island. In one study, it was found that
the transition to a desert city concept “would reduce outdoor water use by 40,756 hundred cubic
feet” at the expense of a decreased cooling rate thus intensifying the effects of urban heat island
(Gober et al. 2009). The Phoenix metropolitan area already suffers from UHI effects. According
to a recent study, “temperatures do not fall below 100°F on a typical summer evening until 8:00
or 9:00 p.m.” which greatly limit any outdoor activities for urban dwellers of the area (Gober et
al. 2009). The Desert City would further exacerbate this existing problem as another study
agrees that UHI effects are increased not only when lawns and other watered landscapes are
replaced by “impervious surfaces” but the effects are also increased by replacing these irrigated
landscapes with “drought-tolerant ones” (Larson et al. 2013). Thus suggesting that even xeric
landscaping exacerbates the effects.
This increase in temperature comes not only with the discomfort of hotter nights but also
with energy costs. Increased temperatures will come with increased energy costs. Hotter
temperatures will causes urban dwellers to use their air conditioning and cooling systems more
frequently in attempts to combat the heat. This increase in cooling will require more energy.
According to a previous study, for every 1 degree Fahrenheit increase, the peak electricity load
will increase by 1.5 to 2% for U.S. cities with more than 100,000 citizens (Santamouris et al.
2001). Furthermore, the study states that it is estimated that the effects of urban heat island
account for 3 to 8% of the current urban electricity demand in the United States (Santamouris et
al. 2001). Specifically, in Los Angeles, the urban heat island effect is responsible for an
additional electricity demand of 1.5 GW total since 1940 (Santamouris et al. 2001).
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AGRICULTURAL WATER USE
As the Phoenix metropolitan area expands, it has slowly engulfed the agricultural lands of
the area. The amount of water used by agricultural has primarily been on the decline because of
the increased urbanization. However, this transfer is not without both economic and
environmental challenges. As said in Bolin’s article, “without growth, water resources are under
less stress, but the economy slides into crisis. With growth, the housing-dependent economy
improves, but environmental quality and water resources are at increasing risk” (Bolin et al.
2010). Nevertheless, the transfer of agricultural lands for urbanization is occurring. Figure 5
illustrates this decrease in agricultural water but increase in municipal use.

Figure 5: Municipal and agricultural demand in billion cubic meters from 1985 to 2006 (Gober
et al. 2010)
As shown in Figure 5 above, decrease in agricultural water use coincides with the uptake
of municipal water use. Between 1985 and 2009, “agricultural water use declined from 57
percent to 33 percent of total demand” and “municipal water demand increased from 29 percent
20

to 47 percent of total demand” (Middel et al. 2013). The increase in urbanization has questioned
the viability of agriculture in Arizona and whether growing “water-intensive crops such as hay,
rice, and cotton from a rapidly urbanizing arid region” is logical (Gober et al. 2010). Between
1997 and 2007, 809,000 ha of irrigated agricultural lands were eliminated in the seven Colorado
River basin states (Gober et al. 2010), and this trend is expected to continue. However,
Arizonans will find themselves determining whether this agricultural transition continues as it
has been or to eliminate agriculture altogether; regardless, expansion is anticipated. Many
developments are planned to expand on the eastern and western fringe of the metropolitan area
such as Superstition Vista, a new development on the east edge of the metropolitan area (Bolin et
al. 2010). This development would be entirely groundwater dependent and could add as many 1
million citizens (Bolin et al. 2010).
In the Expanded City scenarios, population growth was maintained at 150% of
anticipated growth. The per capita water use was also held constant between the two scenarios
resulting in 116 gpcd. However, solely adjusting the amount of water allocated to municipal use
from agriculture impacted the amount of time the populations can be sustained. Maintaining
current reclaimed wastewater practices (at 19%) results in the Expanded City into Agriculture
sustaining the population for 7 years longer than the Expanded City into Desert. Furthermore, if
the amount of wastewater reclaimed in increased to 100%, the Expanded City into Agriculture
results in 9 additional years of sustained population compared to the Expanded City into Desert.
While expanding into agriculture allows the urbanized area and population to be sustained for
longer, it comes with costs. Eliminating agriculture would be challenging as this economic sector
has an extensive history and cultural roots in Arizona. Agriculture provides a local food source
as well as jobs for those in rural communities (Bolin et al. 2010). Decreasing the water to
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agriculture to 0% by 2085, would cause a significant decrease in agricultural production. The
Expanded City into Desert maintains agricultural production at 81% (consistent with the
simulations that do not increase population by more than the projected amount) whereas
Expanded City into Agriculture scenario results in only 27% agricultural production and even
less (11%) agricultural production when the wastewater reclamation is increased to 100%. Thus
this decrease in agricultural production in Arizona would impact the local food production
capabilities of the Phoenix metropolitan area as well as employment in rural Arizonan
communities.
Despite expanding into agriculture sustaining the population for longer, current
agricultural practices can positively influence water sustainability and changes can be made to
increase its water sustainability. Twenty-five percent of agricultural water use involuntarily
contributes to aquifer recharge (Bolin et al. 2010). This is seen in the results impacting
wastewater. When wastewater reclamation is increased, agricultural production decreases for the
Expanded City into Agriculture because there is no longer effluent available for recharge or
irrigation. Additionally, as opposed to households, agriculture can utilize effluent for irrigation
(Bolin et al. 2010). Agricultural lands provide open space that can help reduce urban heat island
effect (Bolin et al. 270). Agriculture also acts as buffering water source. In times of shortage, the
existence of agriculture allows for the transfer of water credits that otherwise would not exist if it
was eliminated (Bolin et al. 2010); specifically “maintaining some water for agricultural
irrigation allow[s] for flexible and relatively cheap water transfers during times of shortage, for
example, through conservation easements or other agreements that commit and/or incentivize
farmers to participate in such water transfers” (Larson et al. 2013). Agriculture could also
implement changes to farming practices. Simply changes in improving technologies for irrigation
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and choosing less water intensive crops can positively influence the water sustainability of
agriculture in Arizona (Bolin et al. 2010).

GENERAL IMPLICATIONS
Each scenario implements practices that impact the various sustainability indicators.
Ultimately, increasing wastewater reclamation reduces the amount of groundwater used for all of
the scenarios, suggesting that this practice is a helpful practice in water sustainability. However,
it does come with costs to agriculture production for the Expanded City into Agriculture as well
as reducing the Desert City’s Population Value when wastewater is entirely reclaimed.
Nevertheless, if the Phoenix metropolitan area wants to emphasize decreasing its groundwater
dependency, increasing wastewater reclamation would be an appropriate response. Similarly, if
the Phoenix metropolitan area aims to reduce its overall water use, minimizing outdoor water use
and moving towards the concept of the Desert City would be the appropriate action. Once again,
this comes with repercussions of intensified effects of urban heat island and consequently
increased energy usage, as well as significant changes in landscaping and outdoor lifestyle.
Lastly, decisions regarding land use will have to be made if the Phoenix metropolitan area
experiences larger than projected population growth. The Expanded City into Agriculture can
sustain the population longer than that of the Expanded City into Desert; furthermore, the
Expanded City into Agriculture with 100% reclaimed wastewater can sustain the larger projected
population just as long as the Desert City with normal projected population levels. However, this
comes at the expense of local food production, which would have economic repercussions.
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CONCLUSIONS
The future of the Phoenix metropolitan area is undetermined. While projections offer
well-educated estimates of anticipated populations, rainfall, temperatures, water use, etc., the
uncertainty is large and ubiquitous. Therefore, analyzing the implications of possible future city
scenarios (though potentially exaggerated) allow for governmental offices and other acting
agencies to prepare and take steps to construct the Phoenix metropolitan area they desire. The
Phoenix metropolitan area is still growing and will continue to grow. That being said, decisions
regarding increased urbanization effects on water resources need to be made. Specifically,
changing land use has direct water implications; agricultural land may be overtaken for
municipal uses which would sustain a population for longer. Though, removing agricultural
lands has both social and economic implications, and can actually cause the elimination of an
emergency source. While some of the action is future oriented, decisions regarding outdoor
water use and reclaimed wastewater can be made earlier. Decreasing outdoor water use and
increasing wastewater reclamation are currently occurring; however, these practices could be
augmented. Both practices require changes in the publics’ opinions on water use, nevertheless,
the technology and policy exists and can be intensified to become more water sustainable.
However, these practices come with higher energy usage and costs, therefore, simultaneous
action towards energy sources should be made. The Desert City, Green City, Expanded City into
Desert, and Expanded City into Agriculture offer insight into the implications of addressing
different water sustainability and urban heat island approaches. While these scenarios are
hypothetical cases of the future of the Phoenix metropolitan area, they identify important
circumscribing measures and practices that influence the Valley’s water resources.
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APPENDIX
The following pages are the results from the eight simulations completed in WaterSim 5.0.
Please note the headers on the top right-hand side of each page differentiate the simulations.
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WaterSim Scenario Report :

Desert City (Wastewater Reclaimed = 19%)

#2 Thu Feb 16 2017 10:32:37 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 19
Farm Water Used by Cities
= 30
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 100
Outdoor Water Use (% of initial) = 60
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 18 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.
Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
Agriculture
Value = 81 the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.
Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Desert City (Wastewater Reclaimed = 19%)
Value = 70

support the communities industrial and commercial businesses. One way
provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 90 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Desert City (Wastewater Reclaimed = 19%)

OUTPUTS:
Demand Charts

Desert City (Wastewater Reclaimed = 19%)

OUTPUTS:
Reservoirs/Rivers Charts

Desert City (Wastewater Reclaimed = 19%)

Desert City (Wastewater Reclaimed = 19%)

OUTPUTS:
Sustainability Charts

Final Loaded

WaterSim Scenario Report : Green City (Wastewater Reclaimed = 19%)
#3 Thu Feb 16 2017 10:34:32 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 19
Farm Water Used by Cities
= 30
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 100
Outdoor Water Use (% of initial) = 100
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 20 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.
Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
Agriculture
Value = 81 the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.
Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Green City (Wastewater Reclaimed = 19%)
Value = 117 support the communities industrial and commercial businesses. One way
provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 85 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Green City (Wastewater Reclaimed = 19%)

OUTPUTS:
Demand Charts

Green City (Wastewater Reclaimed = 19%)

OUTPUTS:
Reservoirs/Rivers Charts

Green City (Wastewater Reclaimed = 19%)

Green City (Wastewater Reclaimed = 19%)

OUTPUTS:
Sustainability Charts

Final Loaded

WaterSim Scenario Report :

Expanded City into Desert
(Wastewater Reclaimed = 19%)

#4 Thu Feb 16 2017 10:35:48 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 19
Farm Water Used by Cities
= 30
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 150
Outdoor Water Use (% of initial) = 100
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 24 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.
Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
Agriculture
Value = 81 the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.
Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Expanded City into Desert (Wastewater Reclaimed = 19%)
Value = 116 support the communities industrial and commercial businesses. One way

provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 76 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Expanded City into Desert (Wastewater Reclaimed = 19%)

OUTPUTS:
Demand Charts

Expanded City into Desert (Wastewater Reclaimed = 19%)

OUTPUTS:
Reservoirs/Rivers Charts

Expanded City into Desert (Wastewater Reclaimed = 19%)

Expanded City into Desert (Wastewater Reclaimed = 19%)

OUTPUTS:
Sustainability Charts

Final Loaded

WaterSim Scenario Report :

Expanded City into Agriculture
(Wastewater Reclaimed = 19%)

#5 Thu Feb 16 2017 10:37:08 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 19
Farm Water Used by Cities
= 100
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 150
Outdoor Water Use (% of initial) = 100
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 24 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.
Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
Agriculture
Value = 27 the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.
Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Expanded City into Agriculture (Wastewater Reclaimed = 19%)
Value = 116 support the communities industrial and commercial businesses. One way

provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 83 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Expanded City into Agriculture (Wastewater Reclaimed = 19%)

OUTPUTS:
Demand Charts

Expanded City into Agriculture (Wastewater Reclaimed = 19%)

OUTPUTS:
Reservoirs/Rivers Charts

Expanded City into Agriculture (Wastewater Reclaimed = 19%)

Expanded City into Agriculture (Wastewater Reclaimed = 19%)

OUTPUTS:
Sustainability Charts

Final Loaded

WaterSim Scenario Report :

Desert City (Wastewater Reclaimed = 100%)

#9 Thu Feb 16 2017 10:46:45 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 100
Farm Water Used by Cities
= 30
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 100
Outdoor Water Use (% of initial) = 60
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 14 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.
Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
Agriculture
Value = 81 the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.
Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Desert City (Wastewater Reclaimed = 100%)
Value = 70

support the communities industrial and commercial businesses. One way
provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 89 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Desert City (Wastewater Reclaimed = 100%)

OUTPUTS:
Demand Charts

Desert City (Wastewater Reclaimed = 100%)

OUTPUTS:
Reservoirs/Rivers Charts

Desert City (Wastewater Reclaimed = 100%)

Desert City (Wastewater Reclaimed = 100%)

OUTPUTS:
Sustainability Charts

Final Loaded

WaterSim Scenario Report : Green City (Wastewater Reclaimed = 100%)
#8 Thu Feb 16 2017 10:43:19 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 100
Farm Water Used by Cities
= 30
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 100
Outdoor Water Use (% of initial) = 100
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 14 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.
Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
Agriculture
Value = 81 the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.
Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Green City (Wastewater Reclaimed = 100%)
Value = 117 support the communities industrial and commercial businesses. One way

provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 85 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Green City (Wastewater Reclaimed = 100%)

OUTPUTS:
Demand Charts

Green City (Wastewater Reclaimed = 100%)

OUTPUTS:
Reservoirs/Rivers Charts

Green City (Wastewater Reclaimed = 100%)

Green City (Wastewater Reclaimed = 100%)

OUTPUTS:
Sustainability Charts

Final Loaded

WaterSim Scenario Report :

Expanded City into Desert
(Wastewater Reclaimed = 100%)

#7 Thu Feb 16 2017 10:39:15 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 100
Farm Water Used by Cities
= 30
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 150
Outdoor Water Use (% of initial) = 100
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 16 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.
Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
Agriculture
Value = 81 the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.
Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Expanded City into Desert (Wastewater Reclaimed = 100%)
Value = 116 support the communities industrial and commercial businesses. One way

provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 81 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Expanded City into Desert (Wastewater Reclaimed = 100%)

OUTPUTS:
Demand Charts

Expanded City into Desert (Wastewater Reclaimed = 100%)

OUTPUTS:
Reservoirs/Rivers Charts

Expanded City into Desert (Wastewater Reclaimed = 100%)

Expanded City into Desert (Wastewater Reclaimed = 100%)

OUTPUTS:
Sustainability Charts

Final Loaded

WaterSim Scenario Report :

Expanded City into Agriculture
(Wastewater Reclaimed = 100%)

#6 Thu Feb 16 2017 10:38:03 GMT-0700 (MST)

Simulation Inputs
Input Description

Input Value

Policy
Wastewater Reclaimed
= 100
Farm Water Used by Cities
= 100
Water For the CO Delta
=0
Per Capita Water Use
= 100
Population Growth
= 150
Outdoor Water Use (% of initial) = 100
Climate
Alter Historical Flows- Colorado = 100
Alter Historical Flows- Salt-Verde = 100
River Flow
= Median ﬂow years
Colorado River Trace State Year = 1922
Salt/Verde Rivers Trace State Year = 1955

Indicator Results
The percent of groundwater that is used to meet total demand is one indicator of
Groundwater a sustainable water supply. The lower the percent groundwater used, the more
Value = 16 replensishable surface water is used, leaving more groundwater available for

use during surface water curtailes cause by droughts or emergencies.

We all beneﬁt from the environmental features we ﬁnd along and in our rivers.
Adequate water ﬂows in these rivers and streams is essential for these
Environment environments to thrive. Yet we withdraw millions of gallons a day from rivers
Value = 0
to irrigate frame lands and provide water for you to drink. This indicator
measures how much of water is left in the river to meet these environmental
needs.

Agriculture
Value = 11

Agrigulture provides the food we all need to survive. The closer that food is
produced to you, the lower the cost and the fresher it is. Today close to 50% of
the water in Maricopa county is used for agricultural irrigation. But this water
could be used to help meet the water needs of growing communities. This
idicator measures how much water is being used for irrigation or for urban use.

Personal

Water is essential for you to be healthy and comfortable. It is also needed to

Expanded City into Agriculture (Wastewater Reclaimed = 100%)
Value = 116 support the communities industrial and commercial businesses. One way

provide more water for other personal values and the economy is to personally
use less. But as you use less water, you also give up some comfort and at very
low consumption some health. This indicator measures how much water is used
by each person in the community.

Most communities require some population growth in order to maintain a
healthy economy and improve the community's quality of life. But more people
Population
Value = 90 requires more water and water supplies are limited. This indicator measures
how many years you can support the current population with water before you
will experience water deicits or have to ﬁnd more water at a higher cost.

Simulation Outputs
OUTPUTS:
Supply Charts

Expanded City into Agriculture (Wastewater Reclaimed = 100%)

OUTPUTS:
Demand Charts

Expanded City into Agriculture (Wastewater Reclaimed = 100%)

OUTPUTS:
Reservoirs/Rivers Charts

Expanded City into Agriculture (Wastewater Reclaimed = 100%)

Expanded City into Agriculture (Wastewater Reclaimed = 100%)

OUTPUTS:
Sustainability Charts

Final Loaded

