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Abstract In this study a water consumption model is built
into a scenario-based planning support system (SB-WCPSS).
The SB-WCPSS consists of four components—(1) a model
input graphic user interface, (2) acommunity spatial database,
(3) a set of drinking water consumption models, and (4) output
display. The SB-WCPSS is implemented with a commercial
planning support system software package—Community Viz.
The model is applied using data in Cincinnati, Ohio, USA to
demonstrate the scenario development. In the application,
water consumption consists of land use based indoor, turf, and
pool water usages. Climate change is reflected in monthly
temperature and precipitation. By specifying anticipated
future land uses and associated water consumption rates,
temperature, and precipitation, SB-WCPSS users can analyze
and compare water consumptions under various scenarios,
using maps, graphs, and tables. Parcel-based daily water
consumptions were computed and summarized spatially by
neighborhood, block group, or land use type. The results
demonstrate that water conservation strategies, such as xeri-
scape, can reduce turf water usage. Indoor water consumption
depends on the number of people who use water and how they
use water. The study shows that the SB-WCPSS structure is
sound and user friendly. Future improvement will be on
enhancing various components, such as using parcel-based
data and more robust water consumption models. The system
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may be used by water resource managers and decision makers
to adapt water resources (e.g., watersheds and infrastructure) to
climate change and demographic and economic development.
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1 Introduction

While water resources in some areas are plentiful allowing
over consumption to go un-noticed other locations are not
as fortunate. Further, the availability of water resources in
some regions of the world is erratic due to climate change.
A study in 2007 found that water consumption is positively
related to climate change. The study discovered that for
every 1 °C temperature increase in mean annual tempera-
ture there is a 60.76 L increase in the amount of water per
dwelling (Balling and Gober 2007). Therefore, as the
temperature in cities increases, so does water consumption.
An increase in precipitation has the opposite effect on
water consumption. Balling and Gober (2007) also found a
reduction (increase) in annual precipitation of 10 mm
would increase (decrease) water use by 4 L per capita per
day according to data taken in Phoenix, Arizona.

Finding ways to conserve water is a concern for those
less fortunate areas. Water consumption in the United
States is seven times greater than the amount necessary for
survival (Kenny et al. 2009). Research and practices in
water resource conservation have already begun. One of
effective route for conserving water is to focus on resi-
dential water conservation. The USEPA Water Resource
Adaptation Program (WRAP) aims to provide water
resource managers and decision makers with the tools they
need to adapt water resources to future climate change,
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change in demographics, and economic development
(United States Environmental Protection Agency 2009).
One aspect of the WRAP research is to understand the
demand for water and energy under various urban devel-
opment scenarios. Scientists have developed forecasting
and assessment tools to forecast long-term variations or
trends in precipitation and stream flows (United States
Environmental Protection Agency 2009). They also have
started to compile ways in which decision makers can plan
for changes in water availability in arid regions and have
documented engineering marvels that work to conserve
water.

This paper presents another way to support three of the
five EPA WRAP goals: clean air and global climate change,
clean and safe water, and compliance and environmental
stewardship (United States Environmental Protection
Agency 2009). A scenario-based water conservation plan-
ning support system (SB-WCPSS) is developed to establish
the connections between domestic water consumption and
planning alternatives in the context of climate change. The
objective of the SB-WCPSS is to enable planners to relay
water conservation methods into the plan making process in
ways that are easily understood. After a user adjust water
consumption rates, land use configuration, and/or climate
change (precipitation or temperature) in a study area SB-
WCPSS displays water consumption for each scenario using
maps, graphs, and tables. The differences between scenarios
also can be compared.

With the help of scenarios-based planning approaches
planners can involve the public in the collaborative envi-
ronmental planning and decision-making process in order
to help communities better understand the challenges
and opportunities and make informed decisions (Randolph
2004; Klosterman 2007; Guo and Huang 2009; Wang et al.
2010). Previous studies have shown that scenario-based
planning has been used to facilitate group interactions and
to achieve agreed-upon goals and deal with common con-
cerns about public policy issues such as education, land
use, leadership, transportation, and environment (Klos-
terman 2001; Cummings 2007; Li et al. 2009, 2011). Using
a scenario-based planning support system to involve the
public more readily in community planning related to water
consumption will bypass the problems associated with
identifying issues only after major impacts have been
caused (Fletcher and Deletic 2008). It is important to show
water users that some water uses are not as necessary as
others. Therefore, planners and decision makers need to
educate the public of options and institute policy changes
that will reflect and encourage conservation (Schreck and
Farber 2009). Planning support systems can be used to
evaluate alternative futures in ways that may not have been
possible before their existence (Geertman and Stillwell
2003; Deviney et al. 2012).
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Another component of the SB-WCPSS is developing
scenarios. Scenarios are a mechanism employed by planners
to develop alternative plans for assisting decision making.
They are important in the planning process because of the
future aspect that they maintain. Scenarios can be used to
“discover unknown or poorly understood interrelationships”
and also to “engage broader public input into the planning
process” (Hopkins and Zapata 2007). The scenario-based
planning process works by creating a set of plausible alter-
natives and uses them to illustrate likely outcomes of various
decisions (Li et al. 2010). Scenarios need to reflect a devel-
opment story, explaining how life could feasibly be lived and
demanding that each possible scenario be analyzed objec-
tively (Avin and Dembner 2001; Liu and Tong 2011; Zhao
et al. 2012). Questions can be answered such as “What do
you think might happen if all residents of a city reduced their
indoor water consumptions by installing low flow toilets and
other technologies in their household?” The SB-WCPSS is
implemented with a commercial planning support system
software package—CommunityViz (Placeways, Boulder,
CO). CommunityViz can be used to make quicker, increas-
ingly informed decisions about planning of various issues
and can also be used to engage and inform the public (The
Orton Family Foundation 2004). The software can help to
make choices about “where and how to build, or how to use
land and resources” (The Orton Family Foundation 2004).
This analysis engine helps to reveal possibilities and
opportunities visually (Sipes 2003). The components used in
scenario constructor include data, assumptions, dynamic
attributes, indicators, charts, alerts, and reports.

The research presented in this article uses the following
progression. Section 2 covers the methodology and data
used in the building of the SB-WCPSS. Section 3 describes
the SB-WCPSS specifically including, inputs and outputs
and how to use the model. Section 4 explains the devel-
opment of the scenarios used in the model. Section 5
explains the results of the different scenarios. Section 6
summarizes contributions of the model to the planning
field, addresses limitations, and provides recommendations
for further research.

2 Materials and methods
2.1 Data

Data required for the SB-WCPSS include;

e Monthly average maximum daily temperature for
Cincinnati from 2004 to 2009 (National Weather
Service 2010).

e Monthly precipitation for Cincinnati from 2004 to 2009
(National Weather Service 2010).
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e Monthly aggregate water consumption for the Cincin-
nati region from 2004 to 2009 (Greater Cincinnati
Water Works 2010).

e Property parcel polygons with land use classification
(Cincinnati Area Geographic Information Systems).

e 2000 Census block group polygons with population and
number of households (Cincinnati Area Geographic
Information Systems).

e Zip code polygons (Cincinnati Area Geographic Infor-
mation Systems).

e Building polygons (Cincinnati Area Geographic Infor-
mation Systems).

e Pavement polygons and lines (Cincinnati Area Geo-
graphic Information Systems).

e Aerial photo (Cincinnati Area Geographic Information
Systems).

e Turf polygons and outdoor swimming pool polygons
were digitized from aerial photos in reference to
building and pavement data.

2.2 SB-WCPSS

The SB-WCPSS is made up of four components: user
input, database, simulation models, and output. The input
of the system consists of three parts. The first part is the
change of lifestyle, which represents how people use or
misuse water resources in light of climate change. In terms
of water consumption, it may be reflected in modifying
landscaping to reduce the amount of turf, using water
conservation showering heads, etc. The second input con-
sists of future land use and/or infrastructure plans which
are represented by spatial data layers such as a land use
plan map or water distribution network. A user may modify
data layers to analyze the impact of different development
plans. The third part of input is climate change, which is
reflected by changes in mean monthly temperature and
precipitation. The SB-WCPSS database contains both
spatial and non-spatial data, which represent user input,
city characteristics, and modeling output. The simulation
model component consists of various simulations or opti-
mization models which compute corresponding changes
from adjustment of input. The simulation results are saved
into the database for the output component to retrieve and
present to SB-WCPSS users.

Figure 1 describes the structure of the SB-WCPSS. Urban
domestic water consumptions consist of three types—indoor
consumption, turf consumption, and pool consumption for
each parcel (box a). The SB-WCPSS user adjusts the inputs
of the consumption rates to represent scenarios of different
human behavior. The parcel data layer contains population,
household, employee, and land use data (box b). The user

adjustment of those input values makes it possible to reflect
different development scenarios. The climate change input
variables provide a way of including climate change impact
in the scenario analysis (box c). Finally, SB-WCPSS can
accommodate different summary areas for spatial aggrega-
tion of water consumption.

2.2.1 Parcel level consumption (box d)

Parcel level indoor consumption is calculated from the
number of people and per capita water usage rates. The
water usage rates vary by land use, therefore, the parcel
level daily indoor water consumption is calculated as:

WC, = WR} x N, * Adj, (1)

where, WCL,u = daily indoor water consumption for the k™
month (gallons), k =1, 2, ... 12 and land use type u;
WRY, = per capita Indoor daily water usage rate for land
use type u (gallons per capita per day (GPCD));
N, = number of people/employees/guests; Adj, = Cli-
mate change adjustment for the k™ month.

Parcel level monthly indoor water consumption is cal-
culated as:

WC™ = WG, * Dy (2)

where, WC{™ = monthly indoor water consumption for the
k™ month (gallons), k = 1, 2, ... 12; Dy = number of days
in the k™ month.

Parcel level annual indoor water consumption is calcu-
lated as:

WCY=> "W, fork =1 ...12 (3)
where, WCY = annual indoor water consumption
(gallons).

Parcel level turf water consumption is calculated as
monthly water consumption rates multiplied by the turf
surface area.

WCI™ = WR % Al Adj, (4)

where, WCI™ = turf water consumption for the k™ month
(gallons), k = 1,2, ... 12; WR}, = turf water usage rate per
unit area for the k™ month (gallons per square foot), k = 1,
2, ... 12; A" = turf area (square feet).

Parcel level annual turf water consumption is calculated
as:

WC¥=>" wWq", fork=1..12 (5)
where, WCY = annual turf water consumption (gallons).

Pool water consumption calculation takes into account
the storage of a pool along with the rate of evaporation.

WCPY = VP 4+ EP s AP (6)
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Fig. 1 SB-WCPSS structure
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where, WCP = annual pool water consumption (gallons);
VP = volume of a pool (gallons); EP = annual pool
evaporation rate (gallons per square foot); AP = pool sur-
face area (square foot).

The total annual water consumption for a parcel is
finally calculated as:

WC = WCY + WCY + WCP (7)
where, WC = annual total water consumption (gallons).

2.2.2 Consumption by land use (box e) and by summary
area (boxes f and g)

Parcel level water consumption can then be summarized by
land use types (box e), or by different summary areas
(boxes f and g). The results can then be analyzed by sce-
nario or multiple scenarios can be compared (box h).

2.2.3 Climate change inputs
Literature has shown that climate can be a factor affecting

water consumption (Dandy et al. 1997; Guhathakurta and
Gober 2007). Before a more robust climate change model
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d) Indoor, Pool, Turf & Total
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is developed we constructed a set of linear regression
models to predict water consumption based on ambient
temperature and precipitation. Previous research has shown
that there is a positive correlation between temperature and
water consumption, thus leading to the creation of a linear
regression model for use as input into the SB-WCPSS.
When there is increased precipitation people use less water
(Balling and Gober 2007). Such regression models must be
specific to the study site.

We developed the regression models using monthly data
in Cincinnati—total water consumption, average of the
maximum mean daily temperature, and total precipitation.
A calendar year was divided into two 6-month seasons—
summer (April-September), and winter (October—March).
The seasons are broken by growing versus dormant season
because there is not much precipitation from October to
March in the study area. The temperature regression model
takes the form of:

w(!
AWC

where, WC' = water consumption in month i (gallons);
AWC = average monthly water consumption (gallons),

=a'T' +b" (8)
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derived by calculating the average of the monthly aggre-
gate water consumption for the region for month i.;
T' = average maximum daily temperature for month i;
a' =slope of the temperature regression model;
b = intercept of the temperature regression model.

The precipitation regression model takes the form of:

1

ZV“S c = a’P' + bP (9)
where, WC' = water consumption in month I (gallons);
AWC = average monthly water consumption (gallons);
P' = average maximum mean daily temperature for month
i; a” =slope of the precipitation regression model;
b® = intercept of the precipitation regression model.

3 The SB-WCPSS model
The SB-WCPSS interface consists of a display window, a

layer list window, and a control panel. Multiple scenarios
can be developed and compared (Fig. 2).

3.1 Input variables

A user may adjust input variables to represent different
scenarios. Since the model considers three types of water

consumption—turf, swimming pool, and indoor water
consumption, the input variables are grouped accordingly.
Input variables are treated in three ways in Community-
Viz—modification of the geometry of a data layer, change
of attributes of a data layer, or usage of assumptions. Four
land use based indoor water consumption assumptions are
developed, which represent per capita daily water usage for
single family (SF indoor), multi-family and mixed use (MF
MU indoor), resort and casino guests (RE guest indoor
consumption), and commercial, industrial, resort and
casino, and golf course employees (RE Emp COM IN PF
GC indoor) (Fig. 3). Two assumptions are developed for
pool water consumption. “Pool Evaporation” is the annual
water loss via evaporation measured as gallons per square
feet of pool surface. “Pool Depth” is the average depth a
swimming pool in feet (Fig. 4). Monthly water consump-
tion assumptions are developed for turf water usage from
April till September (Fig. 5). The unit is gallons per square
feet of turf surface area.

The effect of climate change is reflected in the change of
temperature and/or precipitation from the normal condi-
tion. In this model, a user may elect to consider climate
change reflected in temperature or precipitation by
assigning values for the linear regression model parameters
under the “Climate Change” assumptions (Fig. 6). Pa and
Pb are the slope and intercept for the precipitation
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Fig. 2 SB-WCPSS interface
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regression model. There are two temperature regression
models, one for April-September (TaAS and TbAS) and
the other, October—March (TaOM and TbOM). The climate
change input has the choice of considering temperature
(Temp), precipitation (Prec), or neither (None). We inclu-
ded 12 months for temperature and only considered pre-
cipitation for April-September, because there is not much
precipitation from October—March in the study area. Pre-
cipitation is measured in inches and temperature in Fahr-
enheit (Figs. 7, 8).
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3.2 Dynamic attributes

Dynamic attributes are created for parcels, block groups,
and neighborhoods. At the parcel level, daily indoor water
consumption is first calculated and then aggregated into
monthly and annual totals. Pool consumption is an annual
attribute but is only considered for months April through
September, since those are months that pools are typically
filled. Turf water consumption is first calculated by month
and then added to get the annual values. The monthly
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consumptions are only calculated for April through
September since those are the months when lawns are
more frequently watered aside from precipitation. Annual
turf consumption is the sum of the April through Sep-
tember turf consumptions. Figure 9 lists parcel level
dynamic attributes. The parcel annual total water con-
sumption can be aggregated spatially by block group and
neighborhood.

3.3 Indicators and charts

Indicators and graphs are used to present water consump-
tion results. Their uses in this model include annual water
consumption by land use, by neighborhood, and by type for
the entire site. Figure 10 lists some of these indicators.
Figure 11 displays water consumption by different land
uses.
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Fig. 8 Input assumptions—
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4 Development of scenarios

Scenarios can be developed in three ways; (1) change of
water consumption rates; (2) change of population,
employees, and land use; and (3) consideration of climate
change. As shown in Figs. 3, 4 and 5, water conservations
may be represented in different indoor water consumption
rates by land use. We select seven scenarios to illustrate the
scenario development and comparison. The conservation
approaches considered are indoor conservations, xeriscap-
ing, and pool cover utilization.

The first scenario serves as the baseline scenario and we
called it “No Conservation”. Table 1 displays daily per
capital water consumption by land use under this scenario.
The values are derived from the literature. In addition, no
xeriscaping practice is applied to lawn in the study area and
swimming pools are not covered.

The second scenario is “Indoor Conservation”. Table 2
shows possible indoor water conservation methods by land
use. We constructed this table to adjust indoor water

@ Springer

consumption rate for each type of indoor consumption.
Indoor water consumption may apply to toilets, faucets, and
leaks on all land use types. The amount of water conserved
for each conservation method is derived from Vickers
(2001). Benefits from dishwasher water conservation may
only apply to residential land uses. Combining both tables
may set the basis for adjusting indoor water consumption rate
assumptions. Indoor water consumption depends on the
number of people who use water and how they use water. In
special cases, such as hotels, resorts and casino, the number
of guests also affect indoor water consumption. Modification
of corresponding attributes of the parcel data layer may
represent such change. Though we do not include such
change in this scenario. We also assume no other water
conservation is applied in the study area.

Water conservation from turf is achieved by reducing
turf water usage rates. As an example, xeriscape refers to
the conversion of turf to natural landscapes in the region
(Sovocool et al. 2006). Studies have shown that such
conversion may reduce turf water usage (Fig. 12). We
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PF Annual Consumption  gallons 1.561.953.507.14 763.283.9%4.78 lization” scenarios.
IN Annial Consumption _ | gelions 2103855630 | 107.267.995.65 To include the effects of climate change on a scenario a
COM Annual Consumption  gallons 1.24488944522 1,110,057534.£ . L .
M Al Canaantie, | el 17673849622 167.380,452.44 user can cl'lange the climate chatnge variables (Flgs: 7, 8
MF Annual Consumption ~ gallons 1.003.497.023.18  693,505.035.01 " and 9). If either PREP or TEMP is selected for the climate
Indoor Annual Consumpti... Gallons 2.991.318.025 2,991,318.025 : : . :
fod Kl Camasicn | Solo s S o change assumptlon., the resulting scenario V&{lll prc?sent the
Tusf Annual Consumption  gallons 2988312620  621.446.946 results of the various types of consumption given the
] » change in climate. Monthly turf water consumption, tem-

Fig. 10 Water consumption indicators

create two scenarios for 100 and 50 % xeriscaping to
represent all or half of the lawn in the study area is con-
verted to xeriscaping, respectively.

perature, and precipitation are all included in the calcula-
tion for climate change. The final scenario, “Indoor
Conservation with Climate change” reflects an increased
temperature by 2.86 ° while maintaining same values for
other input variable as that of the “Indoor Conservation”
scenario.
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< Chart Water Consumptlon by.. l_}_ﬂ

Water Consumptlon by Land Use

B single Family [T Public Facility
B Industry Commercial
[T Mixed Use B Multi-family

Fig. 11 Chart of water consumption by land use

Table 1 Daily per capita indoor water consumption by land use (gallons)

Land use Daily per Reference sources
capita water
consumption
(gallons)
Single family 69.3 AWWAREF (1999)
Multifamily 57.5 Vickers (2001)
Commercial 32 Computer Support
Group, Inc. (2009)
Industrial 32 Computer Support
Group, Inc. (2009)
Public facility 32 Computer Support
Group, Inc. (2009)
Mixed use 57.5 Vickers (2001)

Resort and casino 32 (employee) Computer Support

Group, Inc. (2009)
Cooley et al. (2007)

Computer Support
Group, Inc. (2009)

80 (guest)
Golf course 32

5 Results

Figure 13 is a chart of the total water consumption by
scenario for the study area. The total annual consumption
without any conservation is 5.983 billion gallons per year
(BGPY). The largest change in total annual consumption is
in the “All Conservation” scenario. The water consump-
tion of the entire site dropped to 2.32 BGPY. This is
3.66 billion gallons less than when non-conservation takes
place, a 60 % decrease in consumption. Each scenario does
decrease the total annual consumption. 100 % Xeriscape

@ Springer

has the second largest decrease to 3.62 BGPY, a 40 %
decrease. 50 %  xeriscaping decreased 20 % to
4.801 BGPY. Indoor Conservation decreased consumption
to 4.69 BGPY, 22 %. Pool cover utilization has the
smallest change in consumption for the entire site, a
decrease to 5.982 BGPY. Total indoor conservation with
climate change is larger than when climate change is not a
factor in the scenario. An increase of 374-5.066 BGPY
occurred for only a 2.86 °F increase in temperature. There
was still a 1.29 BGPY decrease from the no conservation
scenario, 22 %.

Each scenario illustrates the potential water savings
from a particular water conservation approach. The all
conservation scenario had the largest drop in water con-
sumption, which is mostly contributed by adoption of
100 % xeriscaping. This means that using a combination of
water conservation methods will save the largest amount of
water. However, in order to achieve this goal, each indi-
vidual citizen needs to make a conscious effort to conserve
water.

The climate change scenario was initially expected to
increase water consumption above the expected conserva-
tion assumptions. The scenario did exhibit this expectation.
Therefore, it is likely that with the increase in temperature,
water consumption is affected and that needs to be included
in public education. The public must know that water
consumption increases with climate change and that con-
servation is that much more important if there are to be
resources for future generations.

Regardless of whether or not there is climate change,
citizens need to try to conserve water. The conservation
will depend on what options they have. If the government
provides rebates and incentives for conservation, the public
will more likely take advantage of those incentives or
rebates to conserve water. Decision makers have an obli-
gation to provide their citizens the information and the
tools to reduce water consumption and each individual has
the responsibility to conserve water. Maximum conserva-
tion as shown in the all conservation scenario is only
achievable if citizens and decision makers make the effort
to change. This model gives the decision makers the tools
they need to find what could happen using different con-
servation methods. It also can be used to show the public
what happens when they conserve and what ways they can
conserve. It is both a tool in public education and decision
making for water conservation.

6 Concluding remarks
This research extends the capacity of planning for the

reduction of water availability by using the GIS planning
software Community Viz to create scenarios based on water



Stoch Environ Res Risk Assess (2013) 27:629-641 639

Table 2 Water conserved by indoor water conservation method (gallons per capita per day)

Toilets Shower heads Faucets Clothes washers Leaks Dish washers Total
Multi-family 10.3 2.8 0.1 0 5.5 0.3 19
Commercial 10.3 0 0.1 0 5.5 0 15.9
Industrial 10.3 0 0.1 0 5.5 0 15.9
Resort and casino employee 10.3 0 0.1 0 5.5 0 15.9
Resort and casino guest 10.3 0 0.1 5 5.5 0.3 21.2
Golf course 10.3 0 0.1 0 5.5 0 15.9
Public facility 10.3 0 0.1 0 5.5 0 15.9
Single family 10.3 2.8 0.1 5 5.5 0.3 24

Turf vs. Xeriscape Water Consumption consensus building of multi-interest stakeholders to con-

14 S serve .water, whether it is through changc.ss in .developmc-:nt
12 directives, water resource adaptation engineering, or policy
5 ——Xeriscaping enactment. Better planning of water resources can help to
& 10 develop more sustainable communities in a time when
% sustainability is increasingly needed. The phrase “think
§- o globally, act locally” is as far as we go currently with
& 6. changing the habits of people to help our environment.
= This research can take the phrase a step further to “think
_5 4 globally, act locally, start with me!” It can give each
E individual community member the information they need
2 M to change their water consumption habits.
This model gives citizens and decision makers a tool to
0 + ;@9 :&é\ ;9{'\‘ @‘S\ \'\)& \ S ;9% ;,e.Q Ioé' 'e~°¢ ;)é_, make decisions abogt water consurr'lption. Decision mak.ers
Y can use the scenarios to find which water conservation

Month methods may have the greatest effect on their regions.

Fig. 12 Comparison of turf and xeriscape water consumption per
month (Sovocool 2005)

consumption characteristics per land use. The model was
created to use as a way of gauging different options for
planning for water resources in the future. It can help
encourage community participation, negotiation, and

They can decide on incentives or rebates to offer com-
munity members to reach a water conservation goal based
on the results of the model.

The SB-WCPSS is a simplification of reality. There are
several factors that are not included in the model that can
affect water consumption rates. Some of these include
household income, employment, race and ethnicity,

Fig. 13 Chart of total 1 illi .
'8 ol total annual Billion Total Annual Consumption
water consumption by scenario Gallons
? i
5.983 5.982
6 s -
N 4.801 k6 5.066
4 3.617 .
3 ' 2323
2 .
1 -
0 T T . T r T
No 100% Xeriscape S0% Xeriscape  Pool Cover Indoor All Indoor
Conservation Utilization  Conservation Conservation Conservation
with Climate
. Change
Scenario o

@ Springer



640

Stoch Environ Res Risk Assess (2013) 27:629-641

building structure age, commercial structure type (i.e.
restaurant vs. clothing store), and ownership of private or
public pools. Also, the consumption model does not
include information such as, customers at commercial
establishments per day, children per school, or patients per
hospital.

Ideally, the model would include everything that could
affect water consumption rates in significant proportions.
However, there are some things that cannot be quantita-
tively simulated. Many of the factors are not considered
due to time constraints. Others are not included because the
data are not available. For example, behavior can affect
water consumption. One person in the city may do every-
thing in her power to conserve water while another may use
everything she can get. This is hard to factor into a model.
Upon learning about water conservation methods, not
everyone will actually try to conserve water. A modifica-
tion of the model may include an input of percentage of
people in the study area will participate in water conser-
vation. Nevertheless, the development of the SB-WCPSS
has shown the potential to spatially model water con-
sumption and analyze water conservation effectiveness.

There are other limitations of the model besides it being
a simplification of reality. The model uses estimates of
water consumption per land use, rather than actual per
parcel usage. To create the most accurate representation, it
is ideal to use the actual data per individual household
because metropolitan averages can be misleading and
consumption of different households can vary considerably
(Troy and Holloway 2004). Localized data can also be used
to develop and verify simulation models. It is encouraging
to see that the modeling results are consistent with the
literature that water consumption is related to climate
change. For example, the comparison of the indoor con-
servation scenario to the indoor conservation with climate
change scenario shows a 374 million gallon increase in
water consumption.

Further development of the SB-WCPSS could expand
the model to include traffic, drinking water, wastewater,
storm water, air quality (black carbon and PAH), and cli-
mate model (precipitation and temperature). For example,
the SC-WCPSS model has the ability to support other
water resource management. For example, the spatial dis-
tribution of water consumption can determine the adaptive
usage of existing infrastructure. Increased vacancies will
decrease the rate water is used in potable water pipes and
can affect water quality as well, allowing stagnant water to
sit in pipes rather than be used be citizens. Additionally,
water consumption can be linked to wastewater. By
understanding the amount of water that will be used in an
area, the amount of water that will flow into a wastewater
system may be predicted. Similarly, understanding
spatial pattern of water consumption may indicate where

@ Springer

wastewater and potable water systems need to be expanded
or modified. In a system analysis that includes these
additional model types, a planning—-modeling—optimization
process would aim to define future scenarios of urban
transportation and water infrastructure, to quantify their
tradeoffs against multi-criteria of greener and smarter
developments, and subsequently to optimize the water—
energy—climate values of an urban infrastructure develop-
ment plan.
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