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Executive Summary

Estimates of water demand in the Rock River Water Supply Planning Region (WSPR)
were developed for the period 2010 to 2060. The estimates were developed separately for five
major water demand sectors: (1) public supply; (2) self-supplied domestic; (3) self-supplied
thermoelectric power generation; (4) self-supplied industrial and commercial; and (5) self-
supplied irrigation, livestock, and environmental. Estimates were developed for all sectors on a
county level and for public supply at a facility level for 42 dominant public systems, including
the largest systems in each county.

The techniques used to develop estimates differed by sector and included unit demand
methods and multiple regressions. These methods provided estimates of future demand as a
function of demand drivers and explanatory variables for many sectors and subsectors.
Explanatory variables are those that influence unit rates of water demand, such as summer-
season temperature and precipitation, median household income, marginal price of water,
employment-to-population ratio, labor productivity, and precipitation deficits during the
irrigation season. For most sectors and subsectors, total demand was estimated by multiplying
unit rates of water demand by demand drivers. Demand drivers included such measures as
population served by public systems, population served by domestic wells, number of
employees, gross thermoelectric power generation, irrigated cropland acreage, irrigated golf
course acreage, and head counts of various livestock types.

For each sector, three scenarios were developed of future water demand that reflect
different sets of plausible socioeconomic and weather conditions. These include a less resource
intensive (LRI) scenario, a current trends (CT) (or baseline) scenario, and a more resource
intensive (MRI) scenario. A “normal” climate, based on 1981-2010 climate “normals,” was
assumed in all scenarios. Although the estimates suggest a plausible range of future demands,
they do not represent forecasts or predictions nor indicate upper and lower bounds of future
water demand. Different assumptions or different future conditions could result in predicted or
actual water demands that are outside of this range.

Total water demand in the Rock River WSPR was an estimated 1332 million gallons per
day (Mgd) in 2010. Demand for self-supplied water for thermoelectric power generation
dominates water demand in the region, making up 87 percent of the total water use, or about
1160 Mgd. Water for thermoelectric power generation is used almost entirely for cooling and
generally returned to the source water body from which it was withdrawn, and thus is considered
to be mainly non-consumptive. The consumptive loss, mainly in the form of evaporation, was
estimated to be about 67 Mgd in 2010, or about 3.7 percent of the total. The CT and LRI
scenarios assumed that regional gross thermoelectric power generation remains constant from
2010 to 2060, with no change in water demand. The MRI scenario assumed that one new
thermoelectric plant having a gross capacity of 1200 MW with a closed-loop cooling system
supplied with surface water would begin operations in Lee County in 2030. This would increase
regional water demand for the thermoelectric power generation sector by 11 Mgd to 1171 Mgd.

The second most important demand sector in the Rock River WSPR was public water
systems, at 79 Mgd in 2010. Two counties accounted for more than 60 percent of the public
water system demand, Winnebago County accounting for about 39 percent and Rock Island
County about 23 percent. The irrigation, livestock, and environmental (ILE) sector was the next
most important sector, with a demand of 52 Mgd in 2010, and most of this demand was for
irrigation of cropland. Two counties, Whiteside and Lee, accounted for about 61 percent of the
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irrigation demand in the region. The self-supplied industrial-commercial sector had a demand of
28 Mgd in 2010, with Rock Island County accounting for about half of this demand. The self-
supplied domestic sector had the smallest demands, with 11 Mgd in 2010. Domestic demand was
spread fairly evenly across the region, ranging from 0.4 Mgd (Lee County) to 1.6 Mgd (Ogle
County).

From 2010 to 2060, total demand in the region, not considering thermoelectric power
generation, is estimated to decrease by 9 Mgd under the LRI scenario and increase 51 Mgd under
the CT scenario and 141 Mgd under the MRI scenario. Most of the increase in total demand is
accounted for by increases in self-supplied ILE demand, primarily for irrigated cropland. ILE
demand is predicted to increase from between 7 Mgd (LRI) and 92 Mgd (MRI). The decrease in
demand predicted by the LRI scenario is primarily due to decreasing demand (-16 Mgd) in the
public supply sector. The sector totals for the thermoelectric power generation and industrial-
commercial sectors are subject to revision, specifically, the simulation of new power plants and
water-intensive industrial facilities as well as the retirement of existing facilities.

Three climate change scenarios, ranging from hot/dry to warm/wet, were analyzed to
determine the impact that increasing temperature and changing precipitation patterns could have
on water demands. Public water system demands were calculated to increase between 6.0 and 8.7
percent because of climate change, and increases in domestic demands were similar. Irrigation
demands varied from a decrease of 3.2 percent in a wetter future environment to an increase of
10.1 percent in a drier environment. The impact of periodic droughts was also examined. For a
severe drought, public water system demand was calculated to increase by 8.7 percent and
cropland irrigation demand by 34.0 percent. Demands would return to normal once the drought
ended.



1 Introduction

1.1 Background

Two important requirements in water supply planning and management are the
knowledge of the amount of water that is currently used and that will be required in the future,
and the availability of existing and potential sources of supply. Although Illinois is endowed
with abundant water resources, the availability of water supplies is a concern in some regions of
the state. In some areas, water demands have been increasing while water availability is limited
because of court-ordered limits on water allocation, minimum flow requirements, or local
hydrological conditions, especially during periods of drought.

In an effort to avert potential future water resources problems, state agencies and the
Illinois State Water Survey (ISWS) prepared the Illinois State Water Plan reports that identified
the need for long-term water supply and demand projections for the state (Illinois State Water
Plan Task Force, 1984). Following these earlier efforts, a Strategic Plan for Implementation of
Statewide Water Supply Planning (SWSP) was developed in 2008 in response to Illinois
Executive Order 2006-01. The plan has been used to facilitate the development of three regional
water supply plans to date. Recently, an updated Action Plan for Statewide Water Supply
Planning was developed by the Illinois Department of Natural Resources (IDNR) in consultation
with the ISWS to create a State of Illinois Water Supply Plan with all of the necessary
components of regional and statewide plans. This report covers one of the regional components
of the assessment of water demands.

1.2  Purpose and Scope

The purpose of the project is to prepare future water demand scenarios for all major user
sectors in the Rock River Water Supply Planning Region (WSPR), which includes 11 counties:
Boone, Bureau, Carroll, Henry, Jo Daviess, Lee, Ogle, Rock Island, Stephenson, Whiteside, and
Winnebago (Figure 1.1). Water management in this region is of significant importance, partly
because of the conflicts in water use during the 2012 drought. A comprehensive regional water
supply assessment process to identify future water needs and viable water supply sources is
essential for the future sustainable economic development of the region. We have concurrently
developed this report, covering the Rock River region, with reports discussing water demand in
two other WSPRs, the Kankakee subregion and the Middle Illinois region (Figure 1.1).

Estimates of water demand in the Rock River WSPR from 2010 to 2060 were developed
separately for each of the five major water demand sectors: (1) public supply; (2) self-supplied
domestic; (3) self-supplied thermoelectric power generation; (4) self-supplied industrial and
commercial; and (5) self-supplied irrigation, livestock, and environmental.

Estimates were developed for all sectors on a county level, but estimates of demand for
public supply were also developed at a facility level for 42 dominant public systems, including
the largest systems in each county. The future demand scenarios (defined later in this chapter)
represent water withdrawals under current trends as well as under less and more resource
intensive demand assumptions. The three scenarios focus only on off-stream uses of water in the
region and do not include the future water needs for aquatic ecosystems or other in-stream uses.
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1.3 Data Sources

Historical water withdrawal data for the benchmark years of 1990, 1995, 2000, 2005, and
2010, including the facility-level historical water withdrawal data, were obtained from the ISWS
Illinois Water Inventory Program (IWIP) database. The data were compared with county-level
compilations developed by the U.S. Geological Survey (USGS), which for many sectors are
based on IWIP data. Counts of domestic wells were also obtained from a database maintained by
the ISWS.

The data on water withdrawals in each sector were supplemented with corresponding data
on demand drivers and explanatory variables for each demand area and sector. The explanatory
variable data included (1) resident population and population served; (2) employment by place of
work; (3) median household income; (4) marginal price of water; (5) gross and net
thermoelectric generation; (6) irrigated acres of cropland and golf courses; (7) livestock counts;
(8) air temperature during the growing season; and (9) growing-season precipitation.

Supplemental data on historical and future values of demand drivers and explanatory
variables were obtained from a variety of state and federal agencies, including the Illinois
Commerce Commission; Illinois Department of Employment Security; Illinois Department of
Public Health; Illinois Environmental Protection Agency (IEPA); Midwestern Regional Climate
Center, Center for Atmospheric Science, ISWS; U.S. Census Bureau; U.S. Department of
Agriculture; U.S. Department of Labor Bureau of Labor Statistics; and the U.S. Energy
Information Administration.

1.4  Withdrawals versus Consumptive Use

This study is focused on future water needs as measured by off-stream water
withdrawals. The scope of the study does not include determinations of consumptive and non-
consumptive uses for each category of water withdrawals. The term water use is often applied
using its broad meaning that denotes “the interaction of humans, and their influence on the
hydrologic cycle and may include both off-stream and in-stream uses such as water withdrawal,
delivery, consumptive use, wastewater release, reclaimed wastewater, return flow, and in-stream
use” (Hutson et al., 2004). The term water withdrawal is more precisely defined as a component
of water use. It designates the amount of water that is taken out from natural water sources such
as lakes, rivers, or groundwater aquifers.

The difference between the amount of water withdrawn and water returned to the source
(or discharge) is usually taken to represent consumptive use. This is the “part of water withdrawn
that is evaporated, transpired, incorporated into products or crops, consumed by humans or
livestock, or otherwise removed from the immediate water environment” (Hutson et al., 2004).
The quantity of water “consumed” is used in calculating regional annual and monthly water
budgets, and represents a measure of the volume of water that is not available for repeated use.

Although a major portion of water withdrawals for public water supply, power
generation, and industrial purposes represent “non-consumptive” use, these withdrawals can
have significant impacts on water resources and other uses of water. For example, water
withdrawn from an aquifer and then returned into a surface water body may have a positive
impact on streamflow or lake water levels but a negative impact on the groundwater source.
Similarly, water withdrawn from a river for public water supply must be continuously available
at the intake and is not available closely upstream or downstream from the intake for other uses,
such as irrigation or industrial cooling facilities.



This study is limited to the quantification of water demand in terms of the volumes of
water withdrawals from surface and groundwater sources in the study area of the Rock River
WSPR. It does not quantify the water volumes being recirculated or reused within industrial
facilities, discharges of treated wastewater to surface water bodies, or the infiltration of treated
effluents into groundwater aquifers.

At the time of this study, data on return flows, which could be matched to withdrawals,
were not readily available; therefore, the partitioning of the volume of water withdrawn into
consumptive and non-consumptive use could not be determined and validated. An inventory of
actual return flows should be developed in the future, and an in-depth analysis of the “matched”
data on withdrawals and return flows (as well as inflows unrelated to withdrawals) should
produce relationships that would be adequate for estimating consumptive and non-consumptive
use of water withdrawn for each major sector.

1.5 In-stream Uses and Aquatic Ecosystem Needs

The broad definition of water use also includes environmental and in-stream uses, which
are outside of the scope of this study. This study does not include water needs for aquatic
ecosystems or other in-stream uses (only environmental needs of public parks and wildlife areas
are considered). Some of the issues related to in-stream flow needs will be considered in other
reports.

The USGS defines in-stream use as “water use that occurs within the stream channel for
such purposes as hydroelectric-power generation, navigation, fish and wildlife preservation,
water-quality improvement, and recreation” (Hutson et al., 2004). In-stream uses include
ecosystem water needs for both in-channel and riparian uses where the streamflow supports a
wide range of ecological functions of rivers and other surface water bodies.

Increasing societal recognition of ecosystem services implies that in addition to increases
in future water demand to provide for new population and concomitant economic development,
there will be an increasing need to manage streams to support aquatic habitat, provide for
assimilative capacity to maintain water quality, and also for recreational values. During the past
four decades there have been an increasing public interest and growing efforts to protect
environmental resources and restore ecosystems. However, the effect of in-stream flow
requirements and other ecosystem needs on the availability of water supply for off-stream uses is
difficult to quantify. There are some rules of thumb, such as those developed by Tennant et al.
(1975); however, they are not directly applicable to Illinois streams. The actual values must take
into consideration a number of hydrological and ecological factors.

1.6  Analytical Methods

Standard QA/QC procedures were used to identify, correct, and/or discard data with
apparent errors caused by mistakes in collection or data input. The data checking procedures
included (1) arranging data in spreadsheets and visually inspecting for apparent anomalies; (2)
calculating and examining standard ratios (i.e., per capita water quantity, per employee, or per
acre water quantity); (3) graphing time-series data to identify outliers and large shifts in values
over time; and (4) comparing data values against other available data sources.

The overall accuracy of the data used in this project is not ideal, but the available data
and their quality are considered to be adequate for developing future scenarios of water demand.



1.6.1 Water Demand Models

The selection of analytical techniques for developing estimates of future water
withdrawals (plus purchases for resale by public water systems) was dictated by the type of data
on actual water quantities and the corresponding data on explanatory variables available for each
sector of water demand. The two principal techniques used in this report were the unit-use
coefficient method and multiple regression. The general approach to estimating future water
demand can be described as a product of the number of users (i.e., demand driver) and unit
quantity of water as:

Qcit = Ncit : qcit (11)
where:

Q.it = water withdrawals (or demand) in user sector ¢ of study area i in year t;

Ncit = number of users (or demand driver) such as population, employment, acreage, or head of
livestock; and

(cit = average rate of water requirement (or water usage) in gallons per capita-day, gallons per
employee-day, and so forth.

The unit-use coefficient method assumes that future water demand will be proportional to
the number of users Ncit, while the future average rate of water use, qcit, is usually assumed to
remain constant or is changed based on some assumptions. Modeling of water demand usually
concerns the future changes in average rate of water usage, qcit, in response to changing future
conditions.

Water-demand relationships which quantify historical changes in gcit can be expressed in
the form of equations, where the average rate of water usage is expressed as a function of one or
more independent (also called explanatory) variables. A multivariate context best relates to
actual water usage behaviors, and multiple regression analysis can be used to determine the
relationship between water quantities and each explanatory variable. The functional form (e.g.,
linear, multiplicative, exponential) and the selection of the independent variables depend on the
category of water demand. For example, public supply withdrawals can be estimated using the
following linear model:

PS, =a+) b X; +& (1.2)
i

where:

PSit = per capita public supply water withdrawal within geographical area i during year t;

Xj = a set of explanatory variables (e.g., air temperature, precipitation, price of water, median
household income and others) that is expected to explain the variability in per capita use; and
&t = a random error term.

The coefficients a and bj can be estimated by fitting a multiple regression model to
historical water-use data.



The actual models used in this study were specified as double-log (i.e., log-linear models)
with additional variables that served to fit the model to the data and also isolate observations that
were likely to be outliers:

INPS, =, + > B;InX; + D 7 IRy, +¢; (1.3)
i k

where:

PSit = per capita public supply water withdrawals (plus purchases) within geographical area i
during year t (in gallons per capita per day);

Xj = a set of explanatory variables;

Rk = ratio (percentage) variables such as ratio of employment to population;

&it = random error; and

ao, P, and yj = parameters to be estimated.

Many econometric studies of water demand have been conducted during the past 50
years. A substantial body of work on model structure and estimation methods was also
performed by the USGS (Helsel and Hirsch, 1992). The theoretical underpinnings of water
demand modeling and a review of a number of determinants of water demand in major economic
sectors are summarized by Hanemann (1998). Useful summaries of econometric studies of water
demand can be found in Boland et al. (1984). Also, Dziegielewski et al. (2002) reviewed and
summarized a number of studies of aggregated sectoral and regional demand.

1.6.2 Model Estimation and Validation Procedures

Several procedures were used to specify and select the water demand models. The main
criteria for model selection were (1) the model included variables that had been identified as
important predictors by previous research, and their estimated regression coefficients had some
statistical significance and were within a reasonable range of a priori values and with expected
signs; (2) the explanatory power of the model was reasonable, as measured by the coefficient of
multiple determination (R?); and (3) the absolute percent error of model residuals was not
excessive.

The modeling approach and estimation procedure were originally developed and tested in
a study conducted by Dziegielewski et al. (2002). Additional information on the analytical
methods, estimated model, and assumptions is included in the chapters that describe the analysis
of water withdrawals and development of future water demand scenarios for each major sector of
use.

1.6.3 Uncertainty of Future Demands

It is important to recognize the uncertainty in determining future water demands in any
study area and user sector. This uncertainty is always present and must be taken into
consideration while making important water supply planning decisions. Generally, the error
associated with the analytically derived future values of water demand can come from a
combination of the following distinct sources:



(1) Random error: The random nature of the additive error process in a linear (or log-linear)
regression model that is estimated based on historical data guarantees that future
estimates will deviate from true values, even if the model is specified correctly and its
parameter values (i.e., regression coefficients) are known with certainty.

(2) Error in model parameters: The process of estimating the regression coefficients
introduces error because estimated parameter values are random variables that may
deviate from the “true” values.

(3) Specification error: Errors may be introduced because the model specification may not be
an accurate representation of the “true” underlying relationship.

(4) Scenario error: Future values for one or more model variables cannot be known with
certainty. Errors may be introduced when projections are made for the water demand
drivers (such as population, employment, or irrigated acreage) as well as the values of the
determinants of water usage (such as income, price, precipitation, and other explanatory
variables).

The approach used in this study is uniquely suited to deal with the scenario error. By
defining three alternative scenarios, the range of uncertainty associated with future water
demands in the study area can be examined and taken into consideration in planning decisions. A
careful analysis of the data and model parameters was undertaken to minimize the remaining
three sources of error.

1.7 Water Demand Scenarios

Estimates of future water demand were prepared for three different scenarios. The
scenarios include a current trends (CT) or baseline case scenario, a less resource intensive (LRI)
outcome, and a more resource intensive (MRI) outcome. The scenarios were defined by different
sets of assumed conditions regarding the future values of demand drivers and explanatory
variables.

The purpose of the scenarios is to capture future water demand under three different sets
of conditions. The three scenarios do not represent forecasts or predictions, nor do they
necessarily set upper and lower bounds of future water use. Different assumptions or conditions
could result in withdrawals that are within or outside of the range represented by the three
scenarios.

In all three scenarios, total population growth in the 11-county study area is assumed to
remain the same. Additional general assumptions used in defining each of the three scenarios are
described below.

In this report, we provide for a revision of our estimates of future demand by the self-
supplied thermoelectric power generation and self-supplied industrial and commercial sectors
pending receipt of information from local authorities regarding plans for addition or retirement
of facilities within the study region.

1.7.1 Scenario 1 — Current Trends (CT) or Baseline Scenario

The basic assumption of this scenario is that the recent trends (past 10 to 20 years) in
population growth and economic development will continue. With respect to population growth,
the “current trends” are supported by official forecasts of population and employment in the
study area.



The CT scenario does not rely on a simple extrapolation of recent historical trends in total
or per capita (or per employee) water use into the future. Instead, the future unit rates of water
usage are determined by the water demand model as a function of the key explanatory variables.
The “recent trends” assumption applies only to future changes in the explanatory variables.
Accordingly, the CT scenario assumes that the explanatory variables such as income and price
will follow recent historical trends or their official or available forecasts. This scenario also
assumes that recent trends in the efficiency of water usage (mostly brought about by the effects
of plumbing codes and fixture standards, as well as actions of water users) will continue,
although at a rate that is slower than in the past. The conservation trend in the historical data on
water use is estimated as a part of the regression model.

1.7.2 Scenario 2 — Less Resource Intensive (LRI) Scenario

In this scenario, the efficiency assumptions include more water conservation (e.g.,
implementation of additional cost-effective water conservation measures by urban and industrial
users), as well as higher water prices in the future.

1.7.3 Scenario 3 — More Resource Intensive (MRI) Scenario

In this scenario, the efficiency assumptions include no additional water conservation
beyond that indicated by recent trends in the CT scenario. The price of water is assumed to
remain unchanged in real terms, which implies that future price increases will only offset the
general inflation. A higher rate of growth of median household income is also assumed.

A detailed listing of assumptions for each of the three scenarios is given in Table 1.1.
Additional discussion of sector-specific assumptions for each scenario is included in the chapters
that describe estimates of water demand in each sector.
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Table 1.1 Factors Affecting Future Water Demands in the 21 Counties of Three Study Areas in lllinois

Factor

Scenario 1-
Current Trends (CT)
or Baseline

Scenario 2-
Less Resource
Intensive (LRI)

Scenario 3 -
More Resource
Intensive (MRI)

Total population

IDPH and trend-based
projections

IDPH and trend-based
projections

IDPH and trend-based
projections

Median household income

Existing projections of
1.0 %/year growth

Existing projections of
0.7 %l/year growth

Higher growth of
1.2 %lyears

Water conservation

50% lower rate than
historical trend

Continuation of
historical trend

No extension of
historical trend

Future water prices

Recent increasing trend
(0.8%/year) will
continue

Higher future price
increases (1.6%/year)

Prices held at 2010
level in real terms

Irrigated land

Constant cropland,
increasing golf courses

Decreasing cropland,
no increase in golf
courses

Constant cropland,
increasing golf courses

Livestock

Baseline USDA
growth rates

Baseline USDA
growth rates

Baseline USDA
growth rates

Weather (air temperature
and precipitation)

30-year normal
(1981-2010)

30-year normal
(1981-2010)

30-year normal
(1981-2010)
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1.8  Organization of the Report

This report is organized into an executive summary and eight chapters. The executive
summary combines the results for all sectors and briefly discusses some of the implications of
this study for further analysis of water demand in the Rock River WSPR.

Chapter 1 introduces the data and analytical models used to estimate future water
demands. The five water use sectors are described in the five subsequent chapters (Chapters 2, 3,
4,5, and 6). Each of these chapters begins with a brief review of the definition of the water
demand sector, a summary of the historical changes in reported water withdrawals in the sector,
and the procedure for deriving water demand relationships for the sector. This is followed by a
description of the assumptions used to develop water demand scenarios for the sector and a
summary of the scenario results. Most chapters are accompanied by one or more appendices
containing detailed tables with primary data and other information used in deriving future water
demand.

Chapter 7 describes the sensitivity analysis, which shows the impacts on water
withdrawals under climate change scenarios, as well as the potential increase in water demands
during a period of drought.

Chapter 8 provides a summary of the report. References for all chapters appear at the end
of the report.

Appendices A-G give details on how various demand and population forecasts were
made for different sectors and supplemental tables. Appendix H contains updates of several
tables in the body of the report. This was done to provide more recent data that were not
available when the initial draft of this report was completed in 2015. For the power generation
sector, we recognize that because the baseline condition was from 2010, the data are not current
and there are new trends and industry changes that may affect water demands in this sector. In
Appendix I, we provide updates and recommendations for future studies in the power generation
sector. Results of the draft water demand study were presented to the Rock River Regional Water
Supply Planning Committee (RWSPC) on May 30, 2018, at Lake Carroll in Lanark. The
RWSPC provided comments to the ISWS in October 2018. Responses to some of the RWSPC
comments are found in Appendix J.
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2 Water Demand by Public Water Systems

2.1  Background

Public water supply is water that is withdrawn from the source, treated, and delivered to
individual residential, commercial, industrial, institutional, and governmental users by public
water supply systems. Some or all water can also be purchased from a nearby system and
delivered to users. The U.S. Environmental Protection Agency (USEPA) defines a public water
system as a public or privately-owned system that serves at least 25 people or 15 service
connections for at least 60 days per year (U.S. Environmental Protection Agency, 2008).

Not all water users within the area served by a public water system rely on water
delivered by the system. Some users have their own sources of supply and are therefore
considered to be self-supplied. Self-supplied users include industrial and commercial
establishments that rely on their own wells or surface water intakes (Chapter 5) as well as
residential users who rely on private wells (Chapter 3).

2.1.1 Study Areas

According to the data from the IEPA, there are 255 public water supply systems in the 11
counties of the study area (Table 2.1). In 2010, these systems served an estimated population of
678,746 people, as well as local businesses and institutions. A comparison of total resident
population in each county with population served by public water systems shows that in 2010 an
additional 137,112 people (or about 17 percent of total population in the 11-county area) were
served by domestic wells and other sources in the self-supplied domestic sector.

To develop scenarios of future public water system use for the 11-county area, we
selected larger “dominant” public water supply systems from within each county as study areas
for detailed investigation of historical water use (Figure 2.1). The 42 dominant systems were
treated independently, with input parameters for water demand estimation based, to the extent
possible, on system-level data.

We aggregated the remaining smaller systems within each county into a county-
remainder (or residual) study area. This allowed us to include all public water systems in
developing water demand scenarios. Water demand in the county-residual study area is
computed from aggregated county-level data. Several tables in this chapter (e.g., Table 2.2) list
all study areas employed in this project, including dominant systems and county-residual areas.
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Table 2.1 Public Water Systems in the Rock River Region by County

. Dominant Systems Used in

Estimated All Public Systems Detailed I¥1vestigation

County Residept 5 - -

Population opulation Population

(2010)* Number? Served Number? Served

(2010)? (2010)?
Boone 54,144 10 35,317 1 25,720
Bureau 34,905 26 25,397 4 16,454
Carroll 15,364 10 9,486 3 6,462
Henry 50,432 41 40,547 5 28,110
Jo Daviess 22,660 17 17,669 3 7,293
Lee 35,970 17 31,193 3 19,900
Ogle 53,448 24 33,434 5 23,385
Rock Island 147,632 52 135,945 5 116,367
Stephenson 47,680 14 33,274 3 29,319
Whiteside 58,472 12 40,211 5 35,748
Winnebago 295,151 32 276,273 5 236,973
REGIONAL TOTAL 815,858 255 678,746 42 545,731

1 U.S. Census Bureau (2014c)

2 1llinois Environmental Protection Agency (2014)
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2.1.2 Historical Water Demand Data

Data on public-system water demand were obtained from IWIP, administered by the
ISWS. Under this program, a questionnaire is sent to all of the nearly 1740 community water
systems (i.e., public water systems that supply water to the same population year-round; these
systems serve a population of 12,008,700) in the state (Illinois Environmental Protection
Agency, 2015). The questionnaire includes questions about water sources, withdrawals, and
water deliveries to residential, commercial, and industrial customers (lllinois State Water Survey,
2018). If system representatives do not complete the survey, IWIP staff estimate water
withdrawals by extrapolation from data submitted in previous years. The water demand and
population served data collected by the ISWS together constitute our database on historical water
usage by the 42 dominant system and 11 county-residual study areas.

The IWIP database contains data on annual withdrawals and purchases of water by public
water supply systems. Not all public water systems rely entirely on withdrawals from surface-
water and groundwater sources. Some systems rely entirely on water purchased from a
neighboring system or combine self-supplied withdrawals with purchases. For the purpose of this
study, the reported self-supplied withdrawals were adjusted by adding reported water purchases
and subtracting water sales to compute water demand in each system’s retail service area. This
computation was necessary to develop forecasts of future water demand because the
socioeconomic data correspond to water demand areas.

Table 2.2 shows the estimated historical (1990-2010) population served by the 42
dominant public water systems and by public water systems in the 11 county-residual study
areas. The 42 dominant systems served a population of 545,731 people in 2010, and public water
systems in the county-residual study areas served 133,015 people. Therefore, the total estimated
population served by public water systems in the 11-county study area is 678,746.

Table 2.3 shows the historical water demand by the 42 dominant public water systems
and by public water systems in the 11 county-residual study areas. Water demand by the
dominant systems totaled 68.8 million gallons per day (Mgd) in 2010, with an additional 10.7
Mgd used by public water systems in county-residual study areas. The combined public-system
demand in 2010 was 79.5 Mgd, and, dividing by the total population served of 678,746 people,
this total demand is equivalent to a per-capita demand of approximately 117 gallons per-capita
per day (gpcd). Between 1990 and 2010, total public system use decreased by 8.4 Mgd, or 9.5
percent. During the same period, the total population served increased by 15.2 percent. Per-
capita demand in the region reflects the opposing downward and upward trends of total public-
system demand and population served, declining from 149 gpcd in 1990 to 117 gpcd in 2010, an
average annual rate of decline of 1.2 percent.
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Table 2.2 Estimated Population Served by Public Water Systems

Study Area 1990 1995 2000 2005 2010
Boone County

Belvidere 15,500 17,700 20,820 23,500 25,720
Boone County Residual 3,298 5,119 6,146 9,597 9,597
Bureau County

Depue 1,725 1,775 1,773 1,773 1,905
Princeton 7,197 7,200 7,200 7,601 7,660
Spring Valley 5,264 5,271 5,398 5,398 5,398
Walnut 1,540 1,493 1,493 1,491 1,491
Bureau County Residual 11,188 10,206 10,367 10,691 8,943
Carroll County

Lanark 1,443 1,460 1,535 1,620 1,598
Mount Carroll 1,961 1,751 1,851 1,851 1,742
Savanna 4,553 3,630 3,542 3,575 3,122
Carroll County Residual 4,129 3,720 3,120 3,090 3,024
Henry County

Cambridge 2,160 2,169 2,235 2,108 2,108
Colona East 2,237 2,237 2,600 2,400 2,473
Galva 3,035 2,735 2,935 2,789 2,779
Geneseo 6,100 6,070 6,160 6,500 6,400
Kewanee 14,300 14,400 14,500 14,444 14,350
Henry County Residual 13,602 12,021 12,444 13,240 12,437
Jo Daviess County

East Dubuque 2,000 1,926 2,000 2,000 1,970
Galena 3,892 3,876 3,460 3,460 3,461
Stockton 1,890 1,921 1,931 1,934 1,862
Jo Daviess County Residual 6,834 7,824 10,377 10,642 10,376
Lee County

Amboy 2,410 2,500 2,650 2,600 2,600
Ashton 1,100 1,105 1,140 1,146 1,100
Dixon 15,206 15,389 16,240 16,490 16,200
Lee County Residual 10,194 10,661 10,976 10,642 11,293
Ogle County

Byron 3,100 2,621 4,101 4,101 4,000
Mt Morris 3,100 3,025 3,000 3,300 3,100
Oregon 3,640 3,891 3,081 4,101 4,100
Polo 2,517 2,517 2,518 2,475 2,485
Rochelle 8,820 9,200 9,700 9,600 9,700
Ogle County Residual 6,963 7,273 8,077 8,696 10,049
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Study Area 1990 1995 2000 2005 2010
Rock Island County

East Moline 20,950 20,600 20,457 20,610 21,531
Milan 6,500 5,800 6,000 5,000 5,000
Moline 43,500 45,550 45,300 44,000 44,483
Rock Island 47,500 40,630 39,864 38,702 38,084
Silvis 6,100 6,050 6,926 6,000 7,269
Rock Island County Residual 18,797 19,848 21,318 21,505 19,578
Stephenson County

Cedarville 750 751 720 750 719
Freeport 26,126 25,910 27,500 26,443 25,800
Lena 2,500 2,850 2,900 2,600 2,800
Stephenson County Residual 5,505 4,582 4,850 6,284 3,955
Whiteside County

Fulton 3,910 3,782 4,010 4,000 4,000
IL American - Sterling 15,000 16,100 15,000 16,400 15,451
Morrison 4,363 4,478 4,504 4,410 4,447
Prophetstown 2,100 1,795 2,000 2,175 2,150
Rock Falls 9,652 9,000 9,700 9,669 9,700
Whiteside County Residual 4,583 4,453 4,860 4,611 4,463
Winnebago County

IL American - South Beloit 4,100 4,200 6,000 4,700 7,800
Loves Park 15,653 17,452 20,040 22,767 24,700
North Park PWD 22,229 24,000 26,000 30,000 34,737
Rockford 140,000 149,000 155,000 156,000 162,296
Rockton 2,928 4,300 4,900 7,875 7,440
Winnebago County Residual 15,540 17,886 20,559 23,593 39,300
REGIONAL TOTAL 589,184 601,703 631,778 650,949 678,746
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Table 2.3 Historical Public Supply Water Demand (Mgd)

Study Area 1990 1995 2000 2005 2010
Boone County

Belvidere 3.527 3.134 3.240 3.656 2.986
Boone County Residual 0.254 0.442 0.585 0.656 0.739
Bureau County

Depue 0.192 0.211 0.171 0.265 0.199
Princeton 1.170 1.260 1.260 1.065 0.951
Spring Valley 0.611 0.658 0.647 0.692 0.852
Walnut 0.221 0.223 0.174 0.163 0.150
Bureau County Residual 1.031 1.044 1.037 1.143 0.838
Carroll County

Lanark 0.212 0.208 0.221 0.185 0.174
Mount Carroll 0.173 0.198 0.212 0.177 0.138
Savanna 0.638 0.671 0.494 0.456 0.423
Carroll County Residual 0.407 0.389 0.419 0.423 0.372
Henry County

Cambridge 0.257 0.323 0.225 0.212 0.198
Colona East 0.151 0.149 0.145 0.210 0.193
Galva 0.454 0.270 0.289 0.383 0.260
Geneseo 0.646 0.651 0.657 0.705 0.647
Kewanee 1.470 1.631 1.573 1.553 1.894
Henry County Residual 1.024 1.106 1.081 1.086 0.924
Jo Daviess County

East Dubuque 0.245 0.240 0.218 0.201 0.196
Galena 0.811 0.641 0.831 0.671 0.431
Stockton 0.519 0.604 0.467 0.329 0.365
Jo Daviess County Residual 0.905 1.057 1.006 1.141 0.983
Lee County

Amboy 0.335 0.362 0.386 0.476 0.383
Ashton 0.245 0.266 0.285 0.138 0.158
Dixon 2.326 2.515 2.410 2.325 2.304
Lee County Residual 0.952 1.183 1.233 1.411 1.240
Ogle County

Byron 0.480 0.551 0.692 0.721 0.577
Mt Morris 0.303 0.318 0.325 0.346 0.295
Oregon 0.433 0.414 0.409 0.416 0.373
Polo 0.246 0.274 0.260 0.260 0.205
Rochelle 3.274 2.920 3.135 2.007 2.823
Ogle County Residual 0.768 0.805 0.814 0.963 0.848
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Study Area 1990 1995 2000 2005 2010
Rock Island County

East Moline 3.703 3.658 4.615 4.292 4.415
Milan 0.780 0.914 0.518 0.557 0.514
Moline 5.307 5.493 5.367 5.296 5.371
Rock Island 4,727 5.129 5.213 5.493 5.415
Silvis 0.632 0.644 0.412 0.553 0.596
Rock Island County Residual 2.588 2.269 1.762 2.142 1.748
Stephenson County

Cedarville 0.066 0.045 0.060 0.060 0.082
Freeport 4.504 4.220 3.220 3.219 2.920
Lena 226 0.242 0.254 0.280 0.271
Stephenson County Residual 0.428 0.467 0.465 0.480 0.366
Whiteside County

Fulton 0.305 0.422 0.429 0.351 0.318
IL American - Sterling 2.645 2.886 2.061 1.694 1.576
Morrison 0.849 0.739 0.575 0.543 0.498
Prophetstown 0.219 0.217 0.225 0.269 0.188
Rock Falls 1.081 1.136 1.298 1.138 0.970
Whiteside County Residual 0.345 377 0.372 0.395 0.308
Winnebago County

IL American - South Beloit 0.684 0.616 0.569 0.607 0.765
Loves Park 3.112 3.157 2.223 3.424 3.182
North Park PWD 1.848 2.283 2.735 3.651 3.477
Rockford 27.190 26.323 24,575 25.639 20.221
Rockton 0.539 0.715 0.695 0.914 0.807
Winnebago County Residual 1.772 3.544 2.211 2.693 2.348
REGIONAL TOTAL 87.830 90.215 84.755 88.124 79.473
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2.2 Water Demand Model

2.2.1 Explanatory Variables

Substantial data collection and processing were required to estimate explanatory variables
to formulate a water demand model. We defined the dependent variable for the public supply
sector as gross water demand per capita; in addition to including residential deliveries, this
parameter includes deliveries to commercial, industrial, and institutional establishments within
the service areas of public water systems (as well as water losses in the transmission, treatment,
and distribution systems). Based on preliminary statistical analysis and previous water demand
studies, we employed five independent variables to explain the variability of per-capita water
demand across study sites and at different time periods: summer-season air temperature,
summer-season precipitation, ratio of local employment to local population, marginal price of
water, and median household income. Weather data were obtained from the Midwestern
Regional Climate Center, Center for Atmospheric Science, ISWS. Data employed for
characterizing weather included observations of monthly temperature and precipitation. To
characterize weather conditions at each dominant public system and county-residual study area,
we sought to employ observations only from within the county. In some cases, however, we were
required to use data from outside the county to develop comprehensive datasets (Table 2.4).

We estimated historical employment-to-population ratios for public system service areas
using 1990-2010 municipal population data available from the U.S. Census Bureau (U.S. Census
Bureau, 1995, 2004, 2014c) and employment totals aggregated by zip code (U.S. Census Bureau,
2015b). Data on median household income were obtained from the U.S. Census Bureau (U.S.
Census Bureau, 2014b) and from the U.S. Census Bureau’s 2006-2010 American Community
Surveys (U.S. Census Bureau, 2014a). Data on historical prices of water were obtained by
contacting all individual public water systems and from a survey of Illinois water prices
conducted in 2003 (Dziegielewski et al., 2004).

One additional variable was included to account for unspecified changes in water use that
will likely influence water demand over time, and it represents general trends in water
conservation behavior. This variable accounts for such influences as the increase in water use
awareness programs, implementation of federal laws mandating adoption of conservation
technologies, and a recent emphasis on adoption of full-cost water pricing. The conservation-
trend variable was specified as zero for 1990, 5 for 1995, 10 for 2000, 15 for 2005, and 20 for the
year 2010.
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Table 2.4 Stations Used for Weather Characterization in the Rock River Region

Station Used for Weather

County Characterization
Name Number*

Boone DeKalb 112223
Bureau Princeton 116998
Carroll Mt. Carroll 115901
Henry Geneseo 113384
Jo Daviess Elizabeth 112745
Lee Paw Paw 116661
Ogle Rochelle 117354
Rock Island Moline Airport 115751
Stephenson Elizabeth 112745
Whiteside Morrison 115833
Winnebago Rockford GTR 117382

* National Weather Service (NWS) Cooperative Observer Program (COOP) number (National Climatic Data Center,
2015)
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2.2.2 Per-Capita Water Demand Equation

A log-linear regression (see Equation 1.3 in Chapter 1) was applied to capture the
relationship between per-capita demand and the explanatory variables. The statistical model
explains per-capita water demand as a function of average maximum daily air temperature
during the summer landscape irrigation season (May to September), total precipitation during the
summer season, the ratio of employment to residential population, the marginal price of water,
median household income, and the conservation trend variable.

The estimated coefficients and some statistics of the regression model are shown in Table
2.5. A more detailed description of the estimation procedure and regression results is included in
Appendix A.

The estimated elasticities of the explanatory variables in the structural model have the
expected signs and magnitudes, although the statistical significance of the coefficients for the
two climatic variables is marginal. The variables with low significance are retained in the model
because the signs and magnitudes of the regression coefficients are close to expected values, and
low significance is caused primarily by high variance (i.e., noise) in the data. The constant
elasticity of the summer-season average maximum air temperature variable indicates that, on
average, a 1.00000 percent increase in temperature increases per-capita water demand by
1.13185 percent. The negative constant elasticity of the summer rainfall variable signifies that,
on average, a 1.00000 percent increase in total summer precipitation decreases per-capita water
demand by 0.05946 percent. Similarly, a 1.00000 percent increase in the marginal price of water
is associated with a 0.19770 percent decrease in per-capita water demand, and a 1.00000 percent
increase in median household income results in a 0.12183 percent increase in per-capita demand.

The coefficient of the variable representing the employment-to-population ratio (0.50331)
indicates that in study areas with higher commercial/industrial employment relative to resident
population, per-capita water demand is greater.

The estimated coefficient of the conservation trend variable is -0.00412. It indicates that
historical data exhibit a significant declining trend in per-capita water demand, which we
attribute to water conservation, of approximately 0.4 percent per year.

The regression model explains 35 percent of time-series and cross-sectional variance in
log-transformed per-capita water demand. This level of explanation is consistent with results of
simil