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Abstract 
Domestic water-use and related socioeconomic and cli-

matic data for 2005–10 were used in an analysis of 21 selected 
U.S. cities to describe recent domestic per capita water use, 
investigate variables that potentially affect domestic water 
use, and provide guidance for estimating domestic water use. 
Domestic water use may be affected by a combination of sev-
eral factors. Domestic per capita water use for the selected cit-
ies ranged from a median annual average of 43 to 177 gallons 
per capita per day (gpcd). In terms of year-to-year variability 
in domestic per capita water use for the selected cities, the dif-
ference from the median ranged from + 7 to + 26 percent with 
an overall median variability of + 14 percent. As a percentage 
of total annual water use, median annual domestic water use 
for the selected cities ranged from 33 to 71 percent with an 
overall median of 57 percent.

Monthly production and water sales data were used to 
calculate daily per capita water use rates for the lowest 3 con-
secutive months (low-3) and the highest 3 consecutive months 
(high-3) of usage. Median low-3 domestic per capita water 
use for 16 selected cities ranged from 40 to 100 gpcd. Median 
high-3 domestic per capita water use for 16 selected cities 
ranged from 53 to 316 gpcd. In general, the median domestic 
water use as a percentage of the median total water use for  
16 selected cities was similar for the low-3 and high-3 periods. 

Statistical analyses of combined data for the selected cit-
ies indicated that none of the socioeconomic variables, includ-
ing cost of water, were potentially useful as determinants of 
domestic water use at the national level. However, specific 
socioeconomic variables may be useful for the estimation of 
domestic water use at the State or local level. Different socio-
economic variables may be useful in different States. Statisti-
cal analyses indicated that specific climatic variables may be 
useful for the estimation of domestic water use for some, but 
not all, of the selected cities. 

National average public supply per capita water use 
declined from 185 gpcd in 1990 to 171 gpcd in 2005. National 
average domestic delivery per capita water use declined from 
105 gpcd in 1990 to 99 gpcd in 2005. Average State domes-
tic delivery per capita water use ranged from 51 to 189 gpcd 

in 2005. The average annual total per capita water use in 
19 selected cities that provided data for each year declined 
from 167 gpcd in 2006 to 145 gpcd in 2010. During this time 
period, average per capita water use measured during the 
low-3 period each year declined from 115 to 102 gpcd, and 
average per capita use measured during the high-3 period 
declined from 250 to 211 gpcd. 

Continued collection of data on water deliveries to 
domestic populations, as well as updated estimates of the 
population served by these deliveries, is recommended for 
determination of regional and temporal trends in domestic per 
capita water use. Declines in various measures of per capita 
water use have been observed in recent years for several States 
with municipal water use data-collection programs. 

Domestic self-supplied water use historically has not 
been metered. Estimates of self-supplied domestic water use 
are made using estimates of the population that is not served 
by public water suppliers and per capita coefficients. For 
2005, the average State domestic self-supplied per capita use 
in the United States ranged from 50 to 206 gpcd. The median 
domestic self-supplied per capita use was 76 gpcd for States in 
which standard coefficients were used, and 98 gpcd for States 
in which coefficients were based on domestic deliveries from 
public supply. 

In specific areas with scarce resources or increasing 
numbers of households with private wells, an assessment of 
domestic water use may require metering of households or 
development of more specific per capita coefficients to esti-
mate water demand. 

Introduction
In the United States in 2005, about 86 percent of the 

population obtained its domestic water from a public water 
supplier, whereas the other 14 percent of the population was 
self-supplied (Kenny and others, 2009). Domestic water use 
includes indoor and outdoor uses. Typical indoor uses include 
drinking, food preparation, washing clothes and dishes, and 
flushing toilets. Typical outdoor uses include watering lawns 
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and gardens, and washing cars. Domestic self-supplied water 
is usually obtained from a private source such as a well, 
spring, or a cistern that stores rainwater or water hauled 
from another source. The U.S. Geological Survey’s (USGS) 
National Water Use Information Program (NWUIP) pub-
lishes State estimates of public supply withdrawals, domestic 
deliveries from public water suppliers, and withdrawals for 
domestic self-supplied use. These estimates are published 
every 5 years through the USGS report series “Estimated use 
of water in the United States” (for example, see Kenny and 
others, 2009). 

The availability and quality of water-use data varies 
considerably from State to State (National Research Coun-
cil, 2002). For some categories of water use, the relation of 
water use to another measureable value can be expressed in 
terms of coefficients, and these coefficients can be used to 
estimate water use in the absence of direct measurements. 
Domestic water use is commonly related to population counts 
and expressed in terms of gallons per capita per day (gpcd). 
Gpcd coefficients can be determined using available records 
of metered sales to public-supplied populations. These coef-
ficients can be used to estimate domestic deliveries to popula-
tions in areas without sales records, or to predict approximate 
future usage. Per capita coefficients are commonly used with 
estimates of self-supplied population to determine domestic 
self-supplied water use because this use is rarely metered. 
For some States, domestic self-supplied coefficients are 
derived from domestic delivery data, under the assumption 
that domestic self-supplied per capita use in a given area (for 
example, a county) is similar to that observed in the public-
supplied population. For other States, a uniform statewide per 
capita coefficient is used to estimate domestic self-supplied 
water use (Kenny and others, 2009). 

A 3-year study by the USGS was begun in 2009 to docu-
ment and interpret differences in domestic per capita water 
use among selected cities in various parts of the country in 
order to better evaluate coefficients used to estimate domestic 
water use and the methods used to develop those coefficients. 
Specific objectives of the study were to:
1. Describe domestic per capita water use for 21 selected 

U.S. cities for 2005–10;

2. Describe domestic per capita water use in the context of 
total water use for the selected cities; 

3. Investigate socioeconomic and climatic variables that 
potentially affect domestic per capita water use for the 
selected cities; 

4. Compare study results with per capita averages from 
published USGS estimates; and

5. Develop guidance for estimating domestic water use for 
USGS personnel and others that use NWUIP data. 

Purpose and Scope
The purpose of this report is to present the results of the 

USGS study to describe recent domestic per capita water use 
in selected U.S. cities, investigate variables that potentially 
affect domestic water use, and provide guidance for estimating 
domestic water use. Study objectives were met by the collec-
tion and analysis of 2005–10 domestic water-use and related 
socioeconomic and climatic data for 21 selected U.S. cities. 
Methods and results presented in this report will provide 
guidance and perspective for USGS personnel and others 
using NWUIP data in studies involving domestic water use for 
individual communities or as a component of local, state, or 
national water-use assessments. 

Previous Studies
Many studies have sought to quantify domestic water use 

in the United States. Common conclusions are that domestic 
water use varies considerably because of climate, socioeco-
nomic factors, and customer habits. Outdoor per capita water 
use is larger in arid climates, and is more common at single-
family dwellings than at multi-family dwellings. Indoor per 
capita water use is generally less in homes with greater num-
bers of occupants, unless those occupants tend to be at home 
during the day. Overall, water use is greater in dwellings with 
evaporative cooling systems (especially nonrecirculating ones) 
and those with older, high-volume fixtures or greater incidence 
of leaks (Vickers, 2001). 

Domestic per capita water-use assessments rely on popu-
lation counts and measures of water use ranging from physi-
cal recording of specific end uses at individual households 
to reported deliveries by individual cities and comparisons 
of aggregate use and populations in entire States. Several 
relevant studies are summarized here.

In the Residential End Uses of Water Study (REUWS) 
(Mayer and others, 1999), average domestic usage for a sam-
ple of 1,188 single-family households in 12 North American 
cities was 172 gpcd: indoor use averaged 69.3 gpcd, outdoor 
use 101 gpcd, and unidentified uses 1.7 gpcd. Mean daily 
per capita indoor water use among participating cities in the 
REUWS ranged from 57.1 to 83.5 gpcd, indicating that local 
and regional conditions affect indoor as well as outdoor use. 

In a study of water use in the Seacoast region of south-
eastern New Hampshire (Horn and others, 2008), a domestic 
water-demand survey of households in 25 towns was used to 
determine that there was little difference in indoor water use 
between self-supplied houses and those receiving public water 
supplies. Subsequently, a per capita water-demand model was 
developed using metered delivery data from four water suppli-
ers; the resulting estimate of mean domestic water use was  
75 gpcd annually, 63 gpcd during the winter, and 92 gpcd in 
the summer. 
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Per capita water use in 1990, 2000, and 2008 was 
examined in an analysis by the Pacific Institute of municipal 
deliveries to 100 cities and water agencies that use Colorado 
River Basin water (Cohen, 2011). Because municipal deliver-
ies in that study included all uses except those for agricultural, 
energy, and mining, the per capita figures are larger than those 
for domestic use only and are more comparable to the total 
per capita uses presented herein. The Pacific Institute study 
determined that nearly all the water agencies included in the 
study experienced declines in per capita deliveries from 1990 
to 2008. In some cases, less water was delivered in 2008 than 
in 1990 despite population growth in the service areas. 

A residential water-use study, completed in 2009 by the 
Utah Division of Water Resources (DWRe), used information 
from randomly selected residents in 17 communities to deter-
mine average indoor and outdoor per capita water uses. In this 
study, indoor water use ranged from 51 to 74 gpcd, averaging 
60 gpcd statewide based on average per household occupancy 
rates. This average was 14 percent less than the average 
statewide indoor use of 70 gpcd determined in an earlier Utah 
DWRe study (Utah Division of Water Resources, 2001, 2010). 
Indoor per capita use was less in homes built after the 1992 
changes to the plumbing code and in households with greater 
numbers of people, and was larger in homes with floor space 
greater than 3,000 square feet and in homes with evaporative 
coolers. There was no substantial difference in indoor per 
capita use with respect to income level. Outdoor water use 
averaged 134 gpcd when averaged during 1 year, and varied 
greatly because of lawn sizes and availability of irrigation 
water from secondary sources. As was determined in the  
1999 REUWS, outdoor water use was larger with automatic 
sprinkler systems than with manual sprinkler systems. The 
2009 DWRe study also indicated lower indoor and outdoor 
water use in Salt Lake City homes that had heard of that city’s 
“Slow the flow” media campaign to promote conservation. 

Domestic water use and corresponding populations have 
been estimated for each State by USGS every 5 years since 
1950. Estimates of domestic self-supplied water use in 2005 
ranged from a State average of 50 gpcd in Kentucky to  
206 gpcd in Nevada, with a national average of 89 gpcd. 
Estimates of domestic delivery water use ranged from a State 
average of 51 gpcd in Maine to 189 gpcd in Nevada, with a 
national average of 99 gpcd (Kenny and others, 2009). Estima-
tion methods vary from State to State for the two types of 
domestic use (self-supplied and public-supplied), as discussed 
in the Guidance for Estimating Domestic Water Use section of 
this report. 

Methods
The objectives of the study were accomplished through 

an analysis of water-use and related data that were collected 
for selected U.S. cities. The following sections provide an 
explanation of how the cities were selected, a description of 

the data collected, an explanation of calculations performed to 
derive additional data, and a description of statistical analyses 
completed. 

Selection of Cities

Seven States in various geographic parts of the country 
were initially selected for the study. At the time the study was 
initiated, five of these States had agencies that do some type of 
annual water-use reporting for public water suppliers, whereas 
two did not. Water suppliers within each State were identified 
for possible inclusion in the study, and ultimately, 21 cities 
in 6 States were selected (fig. 1). These suppliers represented 
cities, towns, and villages, hereafter called cities. Cities with 
easily identified service areas and stable year-round popula-
tions were selected because computation of per capita aver-
ages depends on a reasonably accurate estimate of the popula-
tion served. The availability of records for water production 
and ability to identify sales to single-family and multi-family 
homes for each year from 2005 to 2010 also were impor-
tant selection criteria. Monthly water-production data were 
available for all cities. Annual sales data were used for cities 
without readily available monthly sales information, most 
notably for cities in Wisconsin. Annual reporting of water-use 
data to the California Division of Water Resources, the Kansas 
Department of Agriculture’s Division of Water Resources, and 
the Wisconsin Public Service Commission facilitated the data-
collection effort. Data requested directly from cities, without 
the benefit of a State reporting program, were more difficult to 
obtain.

Description of Data Collected

Data related to water use, population served, and water 
rates for the years 2005 through 2010 were obtained from sev-
eral sources, including city clerks, water superintendents, and 
State agencies. Information on water withdrawals, purchases, 
and sales to other water suppliers was needed to establish the 
total (net) water use for a given city. Records of water sales to 
different customer classes (residential, commercial, indus-
trial, and public uses) were needed to separate domestic use 
from the total. Domestic use was identified as sales to single-
family and multi-family dwellings. Some residential sales data 
were reported separately for single-family and multi-family 
accounts; others were reported as a single total. The popula-
tion served through retail sales to domestic users was reported 
by the cities annually or determined using census data if not 
reported. Numbers of residential service connections inside 
and outside city limits were helpful in adjusting the estimates 
of population served and evaluating changes in that estimate 
during the years 2005–10. Water rate structures in effect for 
residential customers during those years were obtained from 
the cities, their web sites, or State agencies that collect these 
data.



4  Description of 2005–10 Domestic Water Use for Selected U.S. Cities and Guidance for Estimating Domestic Water Use

Demographic, economic, housing, and social (hereaf-
ter called socioeconomic) data for the selected cities were 
compiled using estimates released by the American Com-
munity Survey (ACS) (U.S. Census Bureau, 2010). The ACS 
was begun in 2005 to collect socioeconomic information 
formerly collected through the decennial census long form. In 
2010, estimates based on ACS data collected during 2005–09 
were released for all areas, including those with populations 
fewer than 20,000 people. Types of ACS data compiled were 
population and household age, house age, household income, 
household size, and family size. 

Climatic data from weather stations in or near the 
selected cities (appendix 2) were compiled for 2005–10 
(Weather Warehouse, 2011). Weather stations are operated 
by agencies within the National Oceanic and Atmospheric 
Administration (NOAA). Data used for the study included 
monthly precipitation and mean monthly maximum tem-
perature. Weather stations chosen for the selected cities had 
missing data for 17 of 1,512 observations of monthly maxi-
mum temperatures and 17 of 1,512 observations of monthly 
precipitation. Values from a nearby station were substituted 
to complete the record for Dumas, Tex. Long-term average 
values were used to complete the record for Gilroy, Calif., and 
Jacksboro, Tex. 

 Data Calculations

Monthly water withdrawal and sales data from the 
selected cities were received in various units of measurement, 
including acre-feet, cubic feet, and various multipliers of gal-
lons. These units were standardized in order to calculate usage 
in gpcd. Several types of per capita averages were calculated, 
using the estimated population served and different quantities 
of water for varying time intervals, as described below. 

“Total” water use was defined as the net use by each 
city after sales to other water suppliers were subtracted from 
total production, which included withdrawals from their 
own sources plus purchases from other water suppliers. For 
several cities in California, sales to agricultural uses also were 
subtracted. Thus, the total use represents water that was used 
for customers, as well as water used for public services and 
system losses, within the city’s own service area. Total use 
by a public water supplier, as defined here, is comparable to 
the definition of public supply water use used by the NWUIP 
(Kenny and others, 2009). 

“Domestic” water use was defined as water sold to cus-
tomers at single-family and multi-family residences for indoor 
and outdoor uses. It was not possible to compute separate gpcd 
values for each type of housing without knowing the popula-
tion at each; therefore, the gpcd represents an average for the 
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population. Residences outside city limits that are within a 
city’s service area were included, and the number of residents 
at these locations was estimated using average numbers of 
persons per connection. 

“Low-3” gpcd was defined as the per capita average for 
the 3 consecutive months of lowest usage within a given year. 
“High-3” gpcd was defined as the per capita average for the 
3 consecutive months of highest usage within a given year. 
Low-3 and high-3 total gpcd were calculated for all cities 
because monthly production data were available. Low-3 and 
high-3 domestic gpcd were calculated only for cities that pro-
vided monthly sales data. Three-month intervals (set to  
90 days for calculations) were chosen for the low-3 and  
high-3 gpcd averages because reported monthly data do not 
always represent discrete months because of varied meter 
reading cycles. With sales data in particular, the calendar 
month cannot always be identified because sales may be 
reported for the month following the actual usage, or may be 
a composite of months because of continuous meter reading 
cycles. 

Total water use for each city was split into three subcat-
egories of use to enable comparative analyses. “Domestic” use 
included sales to single-family and multi-family dwellings. 
“Commercial and industrial” uses were combined into one 
category because of differences in how each of these customer 
categories may be defined from one city to the next, and 
because reported industrial sales, if any, were relatively small 
in the selected cities. The category “other” included all other 
uses, metered and unmetered. Other uses include water treat-
ment; public uses such as city buildings, parks, pools, and golf 
courses; public services such as firefighting and streetwashing; 
maintenance such as line flushing; and distribution-system 
losses. 

Water rates that apply to residential customers were 
calculated for various levels of monthly water usage. Rates for 
one system with bimonthly billing and one system with quar-
terly billing were adjusted accordingly. Rates for water billed 
in units of hundred cubic feet were calculated for equivalent 
volumes in units of thousand gallons. 

Monthly climatic data were summed or averaged to 
provide annual climatic data for each of the selected cities 
for 2005 through 2010. Monthly precipitation was totaled 
to determine annual precipitation for each year. The average 
monthly maximum temperature was used to determine the 
annual mean of monthly mean maximum temperatures (here-
after annual maximum temperature), and the May–September 
mean of monthly mean maximum temperatures (hereafter 
May–September maximum temperature). 

Statistical Analyses

Statistical analyses were used to investigate variables 
that potentially affect, and may be helpful in the estimation 
of, domestic water use. For this purpose, the coefficient of 
determination (R2) was computed to assess the linear relation 

between domestic water use and individual socioeconomic and 
climatic variables (table 1). R2 is the fraction of the variance 
explained by a regression model (Helsel and Hirsch, 1992) and 
provides an indication of the “goodness of fit,” or its ability 
to accurately model a data set. Generally, the larger the R2 (up 
to a maximum possible value of 1.0) the more reliable is the 
model. For this report, an R2 of 0.6 or greater was interpreted 
to indicate a possible relation between variables. 

To investigate socioeconomic variables that potentially 
affect domestic water use, data for 20 of the 21 selected cities 
were used in a combined assessment that included all the cities 
in a single data set. Socioeconomic data were not available 
for Greenville, Wis. The dependent variable used in these 
analyses was the median of the annual average domestic per 

Table 1. Water-use, socioeconomic, and climatic variables 
used in statistical analyses. 

Water-use variables

Median annual average domestic per capita water use.
Annual mean domestic per capita water use.
Annual low-3 domestic per capita water use.
Annual high-3 domestic per capita water use.

Socioeconomic variables

Median monthly cost for 10,000 gallons of water.
Median age of population.
Percentage of population age 18 and over.
Percentage of population age 65 and over.
Percentage of houses built 1939 or earlier.

Percentage of houses built 1940 to 1979.
Percentage of houses built 1980 to 1989.
Percentage of houses built 1990 and after.
Percentage of households earning less than $35,000 per year.
Percentage of households earning $35,000 to $50,000 per year.

Percentage of households earning $50,000 to $100,000 per year.
Percentage of households earning $100,000 to $200,000 per year.
Percentage of households earning more than $200,000 per year.
Median annual household income (dollars).
Percentage of households with one or more people under age 18.

Percentage of households with one or more people age 65 and over.
Average household size (persons per household).
Average family size (persons per family).

Climatic variables

Annual precipitation.
Annual maximum temperature1.
May–September maximum temperature2.

1Computed as the mean of monthly mean maximum temperatures.
2Computed as the mean of monthly mean maximum temperatures for 

May–September.
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capita water use observed for each city from 2005 to 2010. 
Independent variables used included the median monthly cost 
for 10,000 gallons of water for each city from 2005 to 2010, as 
well as an additional 17 socioeconomic variables that describe 
population and household age, house age, household income, 
household size, and family size (table 1). 

To investigate climatic variables that potentially affect 
domestic water use, data for all 21 selected cities were used in 
a city-by-city assessment. Three analyses were completed that 
used data for each year from 2005 to 2010. In the first analy-
sis, the dependent variable used was the annual mean domestic 
per capita water use. In the second analysis, the dependent 
variable used was the annual low-3 domestic per capita water 
use. In the third analysis, the dependent variable used was 
the annual high-3 domestic per capita water use. Independent 
variables used in all three analyses were annual precipitation, 
annual maximum temperature, and May–September maximum 
temperature. Only cities with complete domestic per capita 
water use and climatic data for at least 5 of the 6 years were 
included in each analysis. For the first analysis, all 21 cities 
were included. For the second and third analyses, only  
15 cities were included because monthly water sales data were 
incomplete or unavailable for Jacksboro, Tex., Greenville, 
Wis., Gresham, Wis., Mount Horeb, Wis., Pardeeville, Wis., 
and Prescott, Wis. 

Description of Domestic Per Capita 
Water Use for Selected U.S. Cities

Average Annual Domestic and Total Per Capita 
Water Use

Domestic per capita water use from 2005 to 2010 for the 
21 selected cities ranged from a median annual average  
of 43 gpcd (Gresham, Wis.) to 177 gpcd (Paradise, Calif.) 
(fig. 2A, appendix1). Among the States with data for three 
or more cities, median annual average domestic per capita 
water use was the most variable for Kansas (five cities) with a 
range of 45 to 159 gpcd. For California (five cities) and Texas 
(three cities), the respective ranges were 72 to 177 and 70 to 
123 gpcd. Wisconsin (five cities) was the least variable with 
a range of 43 to 62 gpcd (fig. 2A). On average, domestic per 
capita water use in Wisconsin’s cities was the lowest among 
the States sampled. In terms of year-to-year variability, the 
difference from the median ranged from + 7 percent (Watson-
ville, Calif.) to + 26 percent (Jacksboro, Tex.). Overall, the 
median year-to-year variability was + 14 percent. In addition 
to the median, figure 2A shows the range in annual average 
domestic per capita water use for 2005 to 2010 for each of the 
selected cities.

Total per capita water use from 2005 to 2010 for the  
21 cities ranged from a median annual average of 78 gpcd 
(Pardeeville and Gresham, Wis.) to 294 gpcd (Banning, Calif.) 

(appendix 1). Total per capita water use from 2005 to 2010, 
and the part each year that was domestic, is shown in figure 
2B for cities with median domestic gpcd of 100 or more. 
Total and domestic gpcd for cities with median domestic gpcd 
between 65 and 100 are shown in figure 2C. For cities with 
median domestic gpcd of 65 or less, total and domestic gpcd 
are shown in figure 2D. 

Domestic water use as a percentage of total use varied 
by city (figs. 2B–2D, appendix 1). In general, the percentage 
of total use that is domestic was larger in smaller cities that 
have less commercial and industrial activity, and in cities with 
relatively small amounts of water that were used for public 
services or unaccounted for. 

As a percentage of total annual water use, median annual 
domestic water use ranged from 33 percent (Natchez, Miss.) to 
71 percent (Paradise, Calif.) with an overall median of 57 per-
cent (fig. 3, appendix1). Among the States with data for three 
or more cities, Texas was the most variable with a range of 34 
to 64 percent followed by Kansas with a range of 42 to  
65 percent. California and Wisconsin were the least variable 
with respective ranges of 55 to 71 and 50 to 68 percent.  
In terms of year-to-year variability, the difference from  
the median ranged from + 2 percent (Banning, Calif.) to  
+ 30 percent (Natchez, Miss., and Jacksboro, Tex.). Overall, 
the median year-to-year variability was + 12 percent. 

Seasonal Domestic Per Capita Water Use

Low-3 and high-3 domestic per capita water use were 
calculated for the 16 cities for which monthly domestic water 
sales data were available. For Alice, Tex., monthly sales data 
were only available for 2005 to 2009, and for Greenville, Wis., 
the data were only available for 2007 to 2010. Monthly sales 
data were not available for Jacksboro, Tex., Gresham, Wis., 
Mount Horeb, Wis., Pardeeville, Wis., and Prescott, Wis. 

Seasonal differences in domestic water use were observed 
for the 16 cities for which monthly data were available. The 
lowest domestic per capita use observed during any 3 consecu-
tive months was indicative of a period during the year when 
outdoor water use was at a minimum. The highest domestic 
per capita use observed during any 3 consecutive months was 
indicative of a period when outdoor water use was at a maxi-
mum. The extent to which domestic use increases because of 
outdoor water uses was illustrated by a comparison between 
the median low-3 and median high-3 domestic per capita use 
for each city (fig. 4A). 

Median low-3 domestic per capita water use ranged from 
40 gpcd (Baldwin City, Kans.) to 100 gpcd (Banning, Calif.) 
(fig. 4A). In all but two cities, the median low-3 use was  
less than 80 gpcd. In Paradise (83 gpcd) and Banning, Calif. 
(100 gpcd), the higher median low-3 use may indicate that 
some outdoor water use occurs year-round. Year-to-year low-3 
variability, as indicated by the difference from the median, 
ranged from + 9 percent (Watsonville, Calif., and Hutchinson, 
Kans.) to + 30 percent (Helena, Mont.) with an overall median 
of + 13 percent. 
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Median high-3 domestic per capita water use ranged from 
53 gpcd (Baldwin City, Kans.) to 316 gpcd (Paradise, Calif.). 
Year-to-year high-3 variability, as indicated by the difference 
from the median, ranged from + 9 percent (Paradise and San 
Luis Obispo, Calif.) to + 30 percent (Atwood, Kans.) with an 
overall median of + 17 percent. The amount by which  
median high-3 exceeded median low-3 domestic water use 
ranged from 28 percent (Natchez, Miss.) to 281 percent  
(Paradise, Calif.) with an overall median of 110 percent  
(fig. 4A, appendix1). This is an indication of the magnitude 
of difference in seasonal domestic per capita water use. Cities 
with a small difference between low-3 and high-3 domestic 

usage (for example, Natchez, Miss., Baldwin City, Kans., San 
Luis Obispo, Calif., and Greenville, Wis.) have more con-
stant monthly water use than cities with large differences (for 
example, Helena, Mont., Miles City, Mont., Ulysses, Kans., 
and Paradise, Calif.). 

Year-to-year variability in seasonal domestic per capita 
water use is illustrated in figure 4B for cities with more than 
a 100 gpcd average difference between low-3 and high-3 use, 
and in figure 4C for cities with less than a 100 gpcd average 
difference between low-3 and high-3 use. In general, during 
the 6-year study period (2005–10), high-3 domestic gpcd typi-
cally decreased whereas low-3 domestic gpcd was relatively 
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Figure 2. (A) minimum, median, and maximum domestic per capita water use for selected U.S. cities, 
2005–10, (B) total and domestic per capita water use for selected U.S. cities with median domestic use  
of 100 gallons per capita per day or more, 2005–10, (C) total and domestic per capita water use for 
selected U.S. cities with median domestic use between 65 and 100 gallons per capita per day, 2005–10, 
and (D) total and domestic per capita water use for selected U.S. cities with median domestic use of less 
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more consistent (figs. 4B, 4C). Larger per-capita values for 
2010 in Natchez, Miss., resulted from a decrease in the census 
population figure used that year compared to previous years. 

In general, the median domestic water use as a percentage 
of the median total water use was similar for the low-3 and 
high-3 periods. Median low-3 domestic water use as a  
percentage of median low-3 total water use ranged from  
32 percent (Natchez, Miss.) to 66 percent (Gilroy, Calif.) with 
an overall median of 57 percent (fig. 5A, appendix 1).  
Median high-3 domestic water use as a percentage of median 
high-3 total water use ranged from 31 percent (Alice, Tex.) to 
75 percent (Paradise, Calif.) with an overall median of  
58 percent (fig. 5B, appendix 1). 

Variables That Potentially Affect 
Domestic Water Use

As a calculated value, domestic per capita water use can 
be affected by numerous factors, mainly the accuracy of mea-
sured water pumped and metered water usage, the accuracy 
of the population count, and the extent to which the water use 
and population reflect the time period considered. For this 
study, cities were selected with the assumption that volumes of 
water pumped and purchased were measured accurately, that 
water sales to single-family and multi-family dwellings were 
accurately metered and adequately separated from commercial 
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Figure 2. (A) minimum, median, and maximum domestic per capita water use for selected U.S. cities, 
2005–10, (B) total and domestic per capita water use for selected U.S. cities with median domestic 
use of 100 gallons per capita per day or more, 2005–10, (C) total and domestic per capita water use for 
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and (D) total and domestic per capita water use for selected U.S. cities with median domestic use of 
less than 65 gallons per capita per day, 2005–10.—Continued
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Table 2. Coefficients of determination (R2) for median annual average domestic per capita water use compared to 18 socioeconomic 
variables for 20 selected U.S. cities, five selected California cities, and five selected Kansas cities, 2005–10. 

[n, number of samples; shading, R 2 value of 0.6 or greater; ( ), inverse relation]

Socioeconomic variable
Coefficient of determination (R 2 )

National (n=20) California (n=5) Kansas (n=5)
Median monthly cost for 10,000 gallons of water 0.11 0.07 0.35
Median age of population .31 .97 .40
Percentage of population age 18 and over 0 .06 .19
Percentage of population age 65 and over .23 .97 .07
Percentage of houses built 1939 or earlier .22 (.72) .03

Percentage of houses built 1940 to 1979 .17 .06 .67
Percentage of houses built 1980 to 1989 .06 .28 .13
Percentage of houses built 1990 and after .03 0 .20
Percentage of households earning less than $35,000 per year .06 .07 .10
Percentage of households earning $35,000 to $50,000 per year .03 .17 .36

Percentage of households earning $50,000 to $100,000 per year .10 .04 .01
Percentage of households earning $100,000 to $200,000 per year .02 .05 .26
Percentage of households earning more than $200,000 per year .01 .11 .15
Median annual household income (dollars) .07 .05 .12
Percentage of households with one or more people under age 18 .02 .14 .01

Percentage of households with one or more people age 65 and over .08 .89 .01
Average household size (persons per household) .01 .26 .06
Average family size (persons per family) .01 .21 0



10  Description of 2005–10 Domestic Water Use for Selected U.S. Cities and Guidance for Estimating Domestic Water Use

San Luis Obispo,    

Calif.

Gilro
y, C

alif.

Paradise, C
alif.

Banning, C
alif.

Watsonville
, C

alif.

Atw
ood, K

ans.

Baldwin City,
     

Kans.

Hutchinson, K
ans.

Wichita
, K

ans.

Ulysses, K
ans.

Natchez, M
iss.

Helena, M
ont.

Miles City,
 M

ont.

Alice, Te
x.

Dumas, Te
x.

Greenville
,    

 

Wis.0
20
40
60
80

100
120
140
160
180
200
220
240
260
280
300
320
340

A

Do
m

es
tic

 w
at

er
 u

se
, i

n 
ga

llo
ns

 p
er

 c
ap

ita
 p

er
 d

ay
 (g

pc
d)

 
M

ed
ia

n 
do

m
es

tic
 w

at
er

 u
se

, i
n 

ga
llo

ns
pe

r c
ap

ita
 p

er
 d

ay
 (g

pc
d)

 

Low-3 average (gpcd)

High-3 average (gpcd)

EXPLANATION

Low-3 average (gpcd)

High-3 average (gpcd)

EXPLANATION

Low-3 average (gpcd)

High-3 average (gpcd)

EXPLANATION

0
20
40
60
80

100
120
140
160
180
200
220
240
260
280
300
320
340

B

Paradise, Calif. Ulysses, Kans.

20
05

20
06

20
07

20
08

20
09

20
10

20
05

20
06

20
07

20
08

20
09

20
10

Miles City, Mont.

20
05

20
06

20
07

20
08

20
09

20
10

Banning, Calif.

20
05

20
06

20
07

20
08

20
09

20
10

Atwood, Kans.

20
05

20
06

20
07

20
08

20
09

20
10

Helena, Mont.

20
05

20
06

20
07

20
08

20
09

20
10

Dumas, Tex.

20
05

20
06

20
07

20
08

20
09

20
10

Gilroy, Calif.
20

05
20

06
20

07
20

08
20

09
20

10

0
20
40
60
80

100
120
140
160
180
200
220
240
260
280
300
320
340

C

Wichita, Kans.

20
05

20
06

20
07

20
08

20
09

20
10

Watsonville, Calif.

20
05

20
06

20
07

20
08

20
09

20
10

Hutchinson,
Kans.

20
05

20
06

20
07

20
08

20
09

20
10

San Luis Obispo,
 Calif.

20
05

20
06

20
07

20
08

20
09

20
10

Natchez, Miss.

20
05

20
06

20
07

20
08

20
09

20
10

Baldwin City,
Kans.

20
05

20
06

20
07

20
08

20
09

20
10

Greenville,
Wis.

20
09

20
10

20
07

20
08

Alice, Tex.

20
05

20
06

20
07

20
08

20
09

(Data for Greenville, Wis., represent 
medians for 2007–2010.  Data for 
Alice, Tex., represent medians for 
2005–2009.)

Figure 4. (A) median domestic per capita water use for lowest and highest consecutive 3-month 
periods for selected U.S. cities, 2005–10, (B) domestic per capita water use for selected U.S. cities 
with average difference between lowest and highest consecutive 3-month periods of more than  
100 gallons per capita per day, 2005–10, and (C) domestic per capita water use for selected U.S. cities 
with average difference between lowest and highest consecutive 3-month periods of less than  
100 gallons per capita per day, 2005–10. 
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uses, and that the year-round resident population served could 
be approximated using information on service connections and 
census data. The calculated domestic gpcd estimates provided 
the dependent variables with which to investigate the pos-
sible effects of the independent socioeconomic and climatic 
variables. 

Socioeconomic Variables

In the combined assessment, which used socioeconomic 
data for 20 cities, statistical analyses indicated that none of the 
socioeconomic variables considered were potentially useful 
as determinants of domestic water use. R2 values were small, 
ranging from 0 to 0.31 (table 2). 

However, in State assessments for California and Kansas, 
each of which used data for five cities, potentially useful 
variables were identified. For California, a direct relation was 
indicated between median annual average domestic water use 
and median age (R2 = 0.97), percentage of population age 65 
and over (R2 = 0.97), and percentage of households with one 
or more people age 65 or over (R2 = 0.89) (figs. 6A–6C,  
table 2). An inverse relation was indicated between median 
annual average domestic water use and percentage of houses 
built in 1939 or earlier (R2 = 0.72) (fig. 6D, table 2). For 
Kansas, a direct relation was indicated between median annual 
average domestic water use and percentage of houses built 
1940 to 1979 (R2 = 0.67) (fig. 7, table 2). 
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Figure 5. (A) median domestic water use as percentage of median total water use for 
lowest consecutive 3-month periods for selected U.S. cities, 2005–10, and (B) median 
domestic water use as percentage of median total water use for highest consecutive 
3-month periods for selected U.S. cities, 2005–10. 
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Because the two State assessments only included data 
for five cities, the indicated relations between domestic water 
use and socioeconomic variables may not be meaningful. 
Nevertheless, the results of the State assessments are worth 
noting for two reasons. First, it was demonstrated that specific 
socioeconomic variables, despite not being of apparent utility 
for estimating domestic water use at the national level, may be 
useful for the estimation of domestic water use at the State or 
local level. Second, it was demonstrated that different socio-
economic variables may be useful in different States. 

The average monthly cost of water and the percentage 
water rate increase in cost during the 6 years (2005–10) was 
not necessarily related to domestic per capita use. Cities with 
the largest domestic per capita use included those with the 
lowest water rates (Dumas, Tex., Ulysses, Kans., and Gil-
roy, Calif.) but also some with large percentage water rate 
increases (Atwood, Kans., and Miles City, Mont.). Some of 
the cities with moderate or low per capita uses (Baldwin City, 
Kans., Gresham, Wis., San Luis Obispo, Calif., and Jacksboro, 
Tex.) had the largest average costs for water and often large 
percentage increases in water rates; however, other cities with 
low per capita use, such as Greenville, Wis., Prescott, Wis., 
and Pardeeville, Wis., had low costs for water. These Wis-
consin cities each utilize groundwater, which generally is less 
costly to treat than surface water. 

Climatic Variables

The city-by-city assessment indicated that the importance 
of climatic variables as possible determinants of domestic 
water use was city-specific. For the relation between annual 
mean domestic water use and annual precipitation, the R2 
values ranged from 0 (Natchez, Miss., and Pardeeville, Wis.) 
to 0.84 (Gresham, Wis.). In addition to Gresham, Wis. (fig. 8), 
other cities with an R2 of at least 0.60 were San Luis Obispo, 
Calif., Miles City, Mont., Alice, Tex., Jacksboro, Tex., and 
Greenville, Wis. (table 3). With one exception, the relation 
for these six cities was inverse. That is, annual mean domes-
tic water use decreased as annual precipitation increased. 
The exception was Jacksboro, Tex., for which annual mean 
domestic water use increased as annual precipitation increased 
(fig. 9). This unexpected result may, in part, be a result of the 
limited number of years of data used in the analysis. 

Likewise, the relation between annual mean domestic 
water use and temperature was city-specific. For the relation 
between annual mean domestic water use and annual maxi-
mum temperature, the R2 values ranged from 0 (Prescott, Wis.) 
to 0.87 (Miles City, Mont.). In addition to Miles City, Mont. 
(fig. 10A), other cities with an R2 of at least 0.60 were Gilroy, 
Calif., Paradise, Calif., Atwood, Kans., and Alice, Tex.  

Figure 6. Relation and coefficient of determination (R2) between median annual average domestic per capita water use and 
(A) median age, (B) percentage of population age 65 and over, (C) percentage of households with one or more people age 65 and 
over, and (D) percentage of houses built in 1939 or earlier for five selected cities in California, 2005–10. 
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(table 3). A direct relation was indicated for these five cit-
ies in which annual mean domestic water use increased as 
annual maximum temperature increased. For the relation 
between annual mean domestic water use and May–September 

maximum temperature, the R2 values ranged from 0.02 (Wat-
sonville, Calif.) to 0.87 (Miles City, Mont.). In addition to 
Miles City, Mont. (fig. 10B), other cities with an R2 of at least 
0.60 were Atwood, Kans., Natchez, Miss., Alice, Tex., and 
Pardeeville, Wis. A direct relation was indicated for these five 
cities in which annual mean domestic water use increased as 
May–September maximum temperature increased. For several 
of the cities, the strength of the relation between annual mean 
domestic water use and annual maximum temperature, as 
compared to the strength of the relation between annual mean 
domestic water use and May–September maximum tempera-
ture, was dissimilar (table 3). 

Figure 7. Relation and coefficient of determination (R2) between 
median annual average domestic per capita water use and 
percentage of houses built 1940 to 1979 for five selected cities in 
Kansas, 2005–10. 
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Figure 8. Relation and coefficient of determination (R2) 
between annual mean domestic per capita water use and annual 
precipitation for Gresham, Wisconsin, 2005–10. 
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Figure 9. Relation and coefficient of determination (R2) between 
annual mean domestic per capita water use and annual  
precipitation for Jacksboro, Texas, 2005–10. 

Table 3. Coefficients of determination (R2) for annual mean 
domestic per capita water use compared to three climatic 
variables for 21 selected U.S. cities, 2005–10. 

[shading, R 2 value of 0.6 or greater; ( ), inverse relation]

City (fig. 1)

Coefficients of determination (R 2)

Annual 
precipita-

tion

Annual 
maximum 
tempera-

ture1 

May– 
September 
maximum 
tempera-

ture2

Banning, Calif. 0.50 0.31 0.07
Gilroy, Calif. .22 .69 .34
Paradise, Calif. .48 .65 .57
San Luis Obispo, Calif. (.78) .22 .10
Watsonville, Calif. .10 .08 .02

Atwood, Kans. .03 .69 .75
Baldwin City, Kans. .49 .43 .33
Hutchinson, Kans. .10 .46 .05
Ulysses, Kans. .20 .08 .21
Wichita, Kans. .16 .50 .26

Natchez, Miss. 0 .18 .62
Helena, Mont. .13 .43 .23
Miles City, Mont. (.64) .87 .87
Alice, Tex. (.82) .85 .60
Dumas, Tex. .07 .38 .07

Jacksboro, Tex. .81 .09 .03
Greenville, Wis. (.69) .02 .19
Gresham, Wis. (.84) .08 .42
Mount Horeb, Wis. .16 .19 .48
Pardeeville, Wis. 0 .43 .67

Prescott, Wis. .48 0 .14
1Computed as the mean of monthly mean maximum temperatures.
2Computed as the mean of monthly mean maximum temperatures for 

May–September. 
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The importance of climatic variables as possible deter-
minants of low-3 and high-3 domestic water use also was 
city-specific. For the relation between low-3 domestic water 
use and annual precipitation, the R2 values ranged from 0 
(Atwood, Kans., Hutchinson, Kans., and Natchez, Miss.) to 
0.80 (Paradise, Calif.). In addition to Paradise, Calif., other 
cities with an R2 of at least 0.60 were Banning, Calif., Ulysses, 
Kans., Helena, Mont., and Alice, Tex. (table 4). An inverse 
relation was indicated for Banning, Calif., Paradise, Calif., and 
Alice, Tex., in which low-3 domestic water use increased as 
annual precipitation decreased. However, for Ulysses, Kans., 
and Helena, Mont., a direct relation was indicated in which 
low-3 domestic water use increased as annual precipitation 
increased. 

The relation between low-3 domestic water use and 
annual maximum temperature, as evidenced by the R2 values, 
ranged from 0 (Ulysses, Kans.) to 0.88 (San Luis Obispo, 
Calif.). Besides San Luis Obispo, Calif., other cities with an R2 
of at least 0.60 were Paradise, Calif., Alice, Tex., and Dumas, 
Tex. (table 4). For these four cities, a direct relation was indi-
cated in which low-3 domestic water use increased as annual 
maximum temperature increased. The relation between low-3 
domestic water use and May–September maximum tempera-
ture ranged from an R2 of 0.01 (Gilroy, Calif.) to 0.86 (San 
Luis Obispo, Calif.). Only two cities, San Luis Obispo, Calif., 
and Wichita, Kans., had an R2 of at least 0.60 (table 4). For 
these two cities, a direct relation was indicated in which low-3 
domestic water use increased as May–September maximum 
temperature increased. For several of the cities, the strength 
of the relation between low-3 domestic water use and annual 
maximum temperature, as compared to the strength of the rela-
tion between low-3 domestic water use and May–September 
maximum temperature, was dissimilar (table 4). 

For the relation between high-3 domestic water use and 
annual precipitation, the R2 values ranged from 0.01 (Nat-
chez, Miss.) to 0.84 (Alice, Tex.). In addition to Alice, Tex., 
the only other city with an R2 of at least 0.60 was Miles City, 
Mont. (table 5). For these two cities, an inverse relation was 

0

20

40

60

80

100

120

55 56 57 58 59 60 61 62

An
nu

al
 m

ea
n 

do
m

es
tic

 w
at

er
 u

se
,

in
 g

al
lo

ns
 p

er
 c

ap
ita

 p
er

 d
ay

Annual maximum temperature, in degrees Fahrenheit

76 77 78 79 80 81 82 83

May−September maximum temperature, in degrees Fahrenheit

A B

R 2 = 0.87 R 2 = 0.87 

Regression fit Regression fit

Figure 10. Relation and coefficient of determination (R2) between annual mean domestic per capita water use and (A) annual 
maximum temperature, and (B) May–September maximum temperature for Miles City, Montana, 2005–10.

Table 4. Coefficients of determination (R2) for low-3 domestic 
per capita water use compared to three climatic variables for  
15 selected U.S. cities, 2005–10.

 [shading, R2 value of 0.6 or greater; ( ), inverse relation]

City (fig. 1)

Coefficients of determination (R 2)

Annual 
precipita-

tion

Annual 
maximum 
tempera-

ture1 

May– 
September 
maximum 
tempera-

ture2

Banning, Calif. (0.76) 0.57 0.22
Gilroy, Calif. .51 .26 .01
Paradise, Calif. (.80) .64 .11
San Luis Obispo, Calif. .50 .88 .86
Watsonville, Calif. .19 .26 .14

Atwood, Kans. 0 .31 .14
Baldwin City, Kans. .47 .56 .50
Hutchinson, Kans. 0 .08 .03
Ulysses, Kans. .64 0 .50
Wichita, Kans. .39 .49 .60

Natchez, Miss. 0 .10 .54
Helena, Mont. .70 .07 .20
Miles City, Mont. .10 .45 .26
Alice, Tex. (.68) .80 .49
Dumas, Tex. .09 .71 .05

1Computed as the mean of monthly mean maximum temperatures.
2Computed as the mean of monthly mean maximum temperatures for 

May–September. 
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indicated in which high-3 domestic water use increased as  
annual precipitation decreased. The R2 values for the remain-
ing 13 cities were less than 0.45. 

The relation between high-3 domestic water use and 
annual maximum temperature, as evidenced by the R2 val-
ues, ranged from 0 (San Luis Obispo, Calif.) to 0.86 (Helena, 
Mont.). Besides Helena, Mont., other cities with an R2 of at 
least 0.60 were Atwood, Kans., Hutchinson, Kans., Miles City, 
Mont., and Alice, Tex. (table 5). A direct relation was indi-
cated for these five cities in which high-3 domestic water use 
increased as annual maximum temperature increased. The rela-
tion between high-3 domestic water use and May–September 
maximum temperature ranged from an R2 of 0.01 (Banning, 
Calif.) to 0.86 (Miles City, Mont.). In addition to Miles City, 
Mont., other cities with an R2 of at least 0.60 were Paradise, 
Calif., Atwood, Kans., and Alice, Tex. (table 5). For these four 
cities, a direct relation was indicated in which high-3 domestic 
water use increased as May–September maximum temperature 
increased. The strength of the relation between high-3 domes-
tic water use and annual maximum temperature, as compared 
to the strength of the relation between high-3 domestic water 

use and May–September maximum temperature, was similar 
for most of the cities (table 5). 

Overall, it was determined that the climatic variables con-
sidered in this assessment potentially may be useful for esti-
mating domestic water use for specific cities. However, given 
the frequently weak relation between domestic water use and 
the climatic variables, it also was apparent that nonclimatic 
factors were important determinants of domestic water use. 

Guidance for Estimating Domestic 
Water Use

Estimation of domestic water use, expressed as a per 
capita rate, is useful for understanding current usage and 
planning for future water supply. Differences in per capita 
water use among water suppliers and changes with time can 
be related to factors such as climatic conditions, economics, 
or implementation of conservation measures. However, such 
explanatory variables are unlikely to provide a convenient 
method for prediction of per capita use rates through linear 
relations. The periodic collection of water-use data for a large 
enough sample of suppliers is critical for establishing ranges 
in actual water usage. Data collection allows for the develop-
ment of gpcd averages, which often vary regionally or by year. 
These averages can be used to evaluate individual suppliers’ 
usage and to estimate unreported use. 

Several States included in this study collect annual 
water-use and population data that allows for calculation of 
per capita use. Since 2005, the Texas Water Development 
Board (TWDB) has calculated total municipal per capita use 
for approximately 800 water utilities that completed annual 
water-use surveys. In 2007, TWDB began requesting sales 
information for single- and multi-family residences; therefore, 
calculation of total and residential (domestic) gpcd values 
has been possible. Survey return rates from 2005–2009 were 
greater than 80 percent, and the median total gpcd ranged from 
127 to 154 for responding utilities. More than 60 percent of 
the responding utilities have provided residential sales infor-
mation, and the median domestic gpcd ranged from 86 to 88 
during 2006–2009. 

Collection of data with time can be useful for measuring 
larger trends in water use and how that use may affect avail-
able supplies. The California 20x2020 Water Conservation 
Plan (California Department of Water Resources and others, 
2010) established 2005 baseline gpcd for each of 10 hydro-
logic regions in the state, using water production and sales 
data compiled through the Department of Water Resources’ 
annual Public Water Systems Survey. Baseline gpcd values for 
total and residential use are highest in the arid inland regions 
and lowest in the cooler coastal regions where water sup-
plies are more limited and conservation efforts have already 
been implemented. Through continued data collection and 
refinement of the baseline values, progress towards legislated 
conservation goals can be measured. 

Table 5. Coefficients of determination (R2) for high-3 domestic 
per capita water use compared to three climatic variables for  
15 selected U.S. cities, 2005–10.

 [shading, R2 value of 0.6 or greater; ( ), inverse relation]

City (fig. 1)

Coefficients of determination (R 2)

Annual 
precipita-

tion

Annual 
maximum 
tempera-

ture1 

May– 
September 
maximum 
tempera-

ture2

Banning, Calif. 0.24 0.08 0.01
Gilroy, Calif. .04 .36 .31
Paradise, Calif. .07 .48 .70
San Luis Obispo, Calif. .29 0 .05
Watsonville, Calif. .17 .23 .11

Atwood, Kans. .11 .75 .81
Baldwin City, Kans. .40 .27 .25
Hutchinson, Kans. .17 .66 .17
Ulysses, Kans. .44 .19 .04
Wichita, Kans. .31 .38 .47

Natchez, Miss. .01 .23 .53
Helena, Mont. .02 .86 .59
Miles City, Mont. (.68) .79 .86
Alice, Tex. (.84) .80 .68
Dumas, Tex. .06 .27 .04

1Computed as the mean of monthly mean maximum temperatures.
2Computed as the mean of monthly mean maximum temperatures for 

May–September. 
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The Public Service Commission of Wisconsin (PSC) 
collects detailed annual reports from more than 580 regu-
lated public water utilities. Data include total withdrawals, 
retail sales volumes, water loss, population served, and water 
rates. PSC data indicate that average residential sales volume 
decreased from 63,100 gallons per customer in 2005 to  
51,970 gallons per customer in 2010, whereas average residen-
tial water rates have steadily increased. Total volume of water 
pumped for public supply has decreased each year since 2007 
(Public Service Commission of Wisconsin, 2011). 

In Kansas, most public water-supply systems are required 
to have permits to appropriate water, and file annual reports 
with the Kansas Department of Agriculture’s Division of 
Water Resources. Information collected on water production, 
sales, and unaccounted for water has been used to develop per 
capita water use averages for eight regions of the state, cor-
responding to water sources and climatic conditions. Regional 
average rates of total per capita water use are used to evalu-
ate the water usage and water rights of individual systems. 
Gpcd averages for Kansas utilities have been calculated since 
1987 using residential and commercial sales, public uses, 
and losses. Average Kansas gpcd based on these combined 
amounts varies somewhat from year to year, but overall has 
declined from 139 in 1998 to 114 in 2010 (Kansas Water 
Office and others, 2000; Kansas Department of Agriculture 
and U.S. Geological Survey, 2012). 

The USGS NWUIP reports provide estimates of total 
public supply and domestic water use for the whole population 
in the United States at 5-year intervals. However, information 
on water use, customer sales, and population is not routinely 
reported for every water supplier in every State, and self-
supplied domestic water use is not reported at all. As a result, 
some estimation of unreported uses is necessary to provide an 
accounting of total water use for an aggregate area such as a 
county, State, or the Nation. The following sections describe 
data collection and use of per capita coefficients in State and 
national programs, specifically for estimating public supply 

withdrawals, domestic deliveries from public supply, and 
domestic self-supplied use as part of the 5-year compilations. 
This guidance is provided for the benefit of USGS personnel 
generating domestic estimates as well as anyone using the 
national data to describe trends in per capita water use in the 
United States. 

Public Supply 

For most States, public supply and domestic water-use 
data are obtained in part through State reporting programs 
or surveys of public water suppliers. Where data are lacking 
or incomplete, estimation of public supply withdrawals and 
domestic deliveries is common. Per capita averages for total 
public supply use and domestic deliveries can be useful tools 
for evaluating reported data and for estimating unreported 
data, if reliable estimates of population served are possible. 
The percentage of total public supply that is delivered for 
domestic use is another useful tool for quality assurance and 
for developing accurate estimates. 

The best information on total withdrawals is reported by 
actual suppliers and includes information on wholesale water 
purchases and sales. Obtaining this information from the 
largest suppliers (at a minimum) is important for compilation 
of total public water supply use. Estimation of withdrawals 
using per capita coefficients is impractical for large or com-
plex systems because these coefficients cannot account for 
wholesale water transfers or for unique customer characteris-
tics, such as large industries or seasonal populations. System 
losses and water used for public services also are difficult to 
estimate for large water suppliers through coefficients because 
of the variability inherent in these components of use. Per 
capita coefficients can be used for estimating withdrawals for 
smaller systems for which the source of water is known and 
a population served can be determined. Coefficients used for 
estimation of total withdrawals should be based on total use by 
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similar sized systems in similar areas, and account for cus-
tomer use and losses. 

The average total per capita use for the 19 selected cities 
that were able to provide monthly production data for all  
6 years is shown in figure 11. Annual, high-3, and low-3 aver-
ages are shown for each year. Average total gpcd declined 
from 2006 to 2010 for all three measures: from 167 to  
145 gpcd (-13 percent) for annual use, from 115 to 102 gpcd 
(-11 percent) for low-3 use, and from 250 to 211 gpcd  
(-16 percent) for high-3 use. The decline was greatest for the 
high-3 average, indicating some attenuation of peak water use. 

Average total public supply per capita use for the United 
States for 1950—2005, as estimated in the USGS 5-year 
reports, is shown in figure 12. The national average public 
supply gpcd increased steadily from 145 gpcd in 1950 to a 
peak of 185 in 1990, then decreased to 171 in 2005. In 2005, 
the average public supply gpcd among the 50 States ranged 
from 105 gpcd in Vermont to 303 gpcd in Nevada (Kenny and 
others, 2009). 

Domestic Deliveries

USGS compiles domestic deliveries for all public water 
suppliers, including those that withdraw water and those that 
purchase water from other suppliers. The best information 
on domestic deliveries is reported by actual suppliers able to 
separate single-family and multi-family use from other sales. 
Such information is not routinely obtained through reporting 
programs, and cannot easily be determined by many suppli-
ers, so estimation of domestic deliveries is common. There 
are two primary methods for estimating unreported domestic 
deliveries. Estimates may be based on an amount of water 
(total production or sales) and average percentage domestic, or 
on the population served and average per capita use. The two 
methods are complementary, each providing a check of the 
other. 

Calculations of per capita water use and percentage 
domestic deliveries can provide useful quality assurance 
checks for aggregate data on population served and domestic 
deliveries in areas, such as a county or State. An anomalous 
domestic delivery per capita value may indicate that the 
estimate of population served needs adjustment. Unless there 
are substantial transfers of water into or out of an area, the 
domestic percentage of total public supply withdrawals should 
be reasonable. USGS estimates of domestic deliveries and 
population served for 2005 yielded State domestic delivery per 
capita averages ranging from 51 gpcd in Maine to 189 gpcd in 
Nevada, with a national average of 99 gpcd (Kenny and oth-
ers, 2009). The national average for domestic delivery water 
use was 105 gpcd in 1990 (Solley and others, 1993), 101 gpcd 
in 1995 (Solley and others, 1998), and not measured for all 
States in 2000. 

Domestic Deliveries Based on Percentage of 
Total Production or Sales

Amounts of water used by domestic customers of a water 
supply system are often estimated if sales to domestic users 
are not reported. Domestic use may be estimated as a percent-
age of the total water produced, or as a percentage of total 
retail sales. 

If sufficient information on withdrawals and wholesale 
transfers is available, domestic deliveries may be estimated as 
a percentage of a city’s total production. Total production is 
defined as the amount of water produced and (or) purchased, 
minus wholesale transfers (see section on Data Calculations). 
This method assumes average distribution of use among 
domestic use, commercial and industrial customers, public 
use, and losses. Domestic deliveries in the selected cities of 
this study ranged from a median of 33 percent of total use in 
Natchez, Miss., which has large percentages of commercial 
and other water uses, to 71 percent of total use in Paradise, 
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Calif., which has few commercial and no industrial sales. On 
average, domestic deliveries in the selected cities represented 
56 percent of the total water production. On a national scale, 
domestic deliveries represented an average 56 percent of total 
public supply withdrawals in 1995 (Solley and others, 1998). 
National estimates of domestic deliveries in 2005 averaged  
58 percent of total public supply withdrawals (Kenny and oth-
ers, 2009). 

If information on total retail sales is available, average 
percentages can be used to separate domestic deliveries from 
commercial and industrial deliveries. In general, small systems 
are more likely to serve primarily residential customers than 
large systems, in which a larger part of the customer base 
is composed of commercial and industrial users. According 
to the 2006 Community Water System Survey, on average, 
residential customers accounted for 69 percent of retail water 
deliveries, and nonresidential customers accounted for 31 per-
cent (U.S. Environmental Protection Agency, 2009). Domestic 
deliveries in the selected cities ranged from a median of  
52 percent to 85 percent of total deliveries, with an average 
of 71 percent. Domestic use was higher than this average 
percentage in most of the cities with a population of less than 
10,000. An exception was Baldwin City, Kans., whose small 
resident population and college campus tend to increase the 
percentage of nonresidential sales. Few of the selected cities 
had industrial sales, and industrial sales that were identified 
represented small percentages of total use. Estimation of 
domestic deliveries as a percentage of total sales in water sys-
tems with large industrial sales requires accounting for those 
large sales in the percentage of nonresidential use. 

When estimating domestic deliveries using average per-
centages of the total use or total sales, the resulting domestic 
per capita use should be compared to average gpcd rates for 
similarly sized water suppliers in similar geographic locations 
that have provided actual data. This comparison can serve as 
a quality-assurance check of the percentages used and of the 
population estimate. A domestic gpcd that is substantially less 
than expected may indicate that actual domestic deliveries 
are a larger percentage of the total than was estimated, and 
(or) that the estimate of population served was too large. A 
domestic gpcd that is substantially greater than expected may 
indicate that actual domestic deliveries are a smaller percent-
age of the total than was estimated, and (or) that the popula-
tion estimate was too small. 

Domestic Deliveries Based on Per Capita Use
The estimate of population served by a water supplier can 

be used with a per capita coefficient derived from average per 
capita water use to calculate domestic deliveries. The appro-
priateness of using a single coefficient to estimate domestic 
deliveries will vary by State and may only be applicable 
locally. For example, in this study it was indicated that use 
of a single coefficient would possibly be more appropriate 
for small cities in Wisconsin, a State with less geographic 

variability in climatic conditions and also in domestic per 
capita water use. Single coefficients would not be appropri-
ate for California or Kansas, States with a greater geographic 
range in climatic conditions and average per capita use. Aver-
age gpcd rates used should be similar to those observed from 
actual water suppliers in similar geographic locations. 

For individual water suppliers, estimates of domestic 
deliveries that are based on per capita coefficients should be 
compared to any available information on total withdrawals or 
sales to ensure that the domestic deliveries, as a percentage of 
these totals, are reasonable for the size of water supplier. If the 
percentage of domestic deliveries is comparatively small (for 
example, less than 30 percent of total use) there may be larger 
than average use for non-residential sales or other uses, or the 
gpcd coefficient or the estimate of population served may be 
too low. If the percentage of domestic deliveries is compara-
tively large (for example, greater than 75 percent of total use) 
the gpcd coefficient or the estimate of population served may 
be too large. An exception to this latter example is the very 
small water system, in which domestic customers comprise the 
largest use, and in which losses can be minimal. 

Domestic Self-Supplied Water Use

Most domestic self-supplied use in the United States is 
from groundwater (Kenny and others, 2009). In some areas, 
self-supplied populations may obtain water from springs, 
rainwater catchment, or hauled water from another source of 
supply. Few States require permitting for domestic water use, 
and such uses are rarely metered. As a result, domestic self-
supplied water use is calculated in each State using estimates 
of unserved population and per capita coefficients. For most 
States, the estimate of self-supplied population is deter-
mined as the difference between the total population and the 
aggregate population served by public water suppliers. Thus, 
accounting for population served directly affects the estimate 
of domestic self-supplied water use. 

Coefficients used to estimate domestic self-supplied 
water use vary by State and often by county. Average State 
domestic self-supplied water use in 2005 ranged from 50 gpcd 
in Kentucky to 206 gpcd in Nevada, and generally was lowest 
in the northern and eastern States and largest in the mountain 
and western States. The national average for domestic self-
supplied water use in 2005 was 89 gpcd (Kenny and others, 
2009). 

Selection of appropriate coefficients for domestic 
self-supplied water use is made by each USGS Water Sci-
ence Center and described in unpublished documentation 
for each 5-year NWUIP report. For about 65 percent of the 
States (including Mississippi, Montana, and Texas), domestic 
self-supplied water use in 2005 was estimated using standard 
statewide coefficients that were based on previously published 
reports or generally accepted values. For these States, coeffi-
cients ranged from 50 to 165 gpcd; the median value was  
76 gpcd. The advantage of this method is its simplicity 
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because in most States a small minority of the population 
is self-supplied, and there are few opportunities to measure 
their use. Self-supplied populations may use less water per 
capita than populations on public supply because of limita-
tions on water supply, pump rates, or storage. Outdoor water 
needs may not be considered, or may be provided by separate 
sources than indoor water needs. Conversely, self-supplied 
populations may use more water per capita than public-
supplied populations because they generally occupy single-
family homes and are not billed for water service or subject 
to watering restrictions. The disadvantage of using standard 
coefficients is that they are unlikely to capture any regional or 
temporal trends in domestic water use. 

About 35 percent of the States (including California, 
Kansas, and Wisconsin) used per capita coefficients based 
on domestic delivery data to estimate domestic self-supplied 
withdrawals by county for 2005. This method is based on the 
assumption that the self-supplied population uses water at the 
same rate as the population served by public supply. Average 
domestic self-supplied per capita use for these States ranged 
from 52 to 206 gpcd, with a median of 98 gpcd. The primary 
reason that the average gpcd is larger when based on domestic 
delivery data is that many of the States using delivery data 
to develop self-supplied domestic coefficients are in the arid 
west. The advantage of this method is that the coefficients 
are related to actual rates of metered usage and can represent 
different regional use patterns. The disadvantage to developing 
coefficients from observed data is that it takes time to collect 
data, and there is no guarantee that self-supplied households 
use water at the same rate as those on public supply. 

In arid western States, the exemption of groundwater 
used for domestic and livestock purposes from permitting pro-
cesses can potentially affect groundwater availability, surface 
flows, and water quality (Bracken, 2010). In specific areas 
with scarce resources and increasing numbers of households 
with private wells, an assessment of domestic water use may 
require metering of households or development of more spe-
cific per capita coefficients to estimate water demand. 

Additional Considerations for National Data 
Collection

Quantification of domestic water use throughout the 
United States requires estimation because complete invento-
ries are not available. An evaluation of the NWUIP completed 
by the National Research Council (2002) recommended 
improvements to the 5-year summaries through statistical 
sampling and estimation techniques, as well as determina-
tion of standard error of the estimates. Collection of actual 
data is an essential element for a sampling program, develop-
ment of estimation methods, and determination of error in the 
estimates. 

Collection of information on household water use has 
typically depended on water suppliers’ ability to provide 
billing records specifically for residential customers. This 

information can be difficult to collect from a random sample 
because of differences in record keeping, availability of staff 
to respond to requests, and the fact that water suppliers are, 
in most places, under no obligation to provide such data. 
The most effective means for collecting domestic water-use 
information for this study was through existing State pro-
grams. There are advantages to minimizing the number of 
data requests from individual public suppliers, and to having a 
framework for periodic reporting. Among the States, varia-
tions in the quantity and quality of data collected are unavoid-
able, in part, because of differences in priorities, laws, and 
budgets. 

Per capita coefficients derived from water use are useful 
for comparing domestic use geographically and temporally. 
Development of reliable coefficients depends on data collec-
tion from a sufficiently large sample to identify any regional 
differences in per capita use. Evaluation of changes in use 
with time requires that data collection be repeated on a regular 
basis, so that any changes in per-capita use may be evalu-
ated in comparison to other variables such as annual climatic 
conditions, rate increases, or implementation of conservation 
efforts. Continued estimation of population served is essential 
for the development of representative per capita coefficients, 
and also for the subsequent use of these coefficients to esti-
mate unreported water use. 

Comparison of domestic per capita water use for individ-
ual cities with variables describing socioeconomic conditions, 
climatic conditions, and cost of water resulted in inconclusive 
relations. Rates of water use may be affected by a combination 
of many factors. Collection and interpretation of water-use 
data from water suppliers, particularly if sustained for a period 
of time, provides useful information that can be compared 
with other variables. 

Summary and Conclusions
A 3-year study by the U.S. Geological Survey was begun 

in 2009 to describe recent domestic per capita water use in 
selected U.S. cities, investigate variables that potentially affect 
domestic water use, and provide guidance for estimating 
domestic water use. Study objectives were met by the collec-
tion and analysis of 2005–2010 domestic water-use and related 
socioeconomic and climatic data for 21 selected U.S. cities. 
The results of this study are summarized below: 
1. Domestic per capita water use for the 21 selected cities 

ranged from a median annual average of 43 to 177 gpcd. 

2. In terms of year-to-year variability in domestic per capita 
water use for the 21 selected cities, the difference from 
the median ranged from + 7 to + 26 percent with an over-
all median variability of + 14 percent. 

3. As a percentage of total annual water use, median annual 
domestic water use for the 21 selected cities ranged from 
33 to 71 percent with an overall median of 57 percent.
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4. Median low-3 domestic per capita water use for 16 
selected cities ranged from 40 to 100 gpcd. 

5. Median high-3 domestic per capita water use for 16 
selected cities ranged from 53 to 316 gpcd. 

6. In general, the median domestic water use as a percentage 
of the median total water use for 16 selected cities was 
similar for the low-3 and high-3 periods. 

7. Statistical analyses of combined data for 20 selected cit-
ies indicated that none of the socioeconomic variables, 
including cost of water, were potentially useful as deter-
minants of domestic water use at the national level. 

8. Statistical analyses indicated that specific socioeconomic 
variables may be useful for the estimation of domestic 
water use at the State or local level and different socioeco-
nomic variables may be useful in different States. 

9. Statistical analyses indicated that specific climatic vari-
ables may be useful for the estimation of domestic water 
use for some, but not all, of the 21 selected cities.

10. National average public supply per capita water use 
declined from 185 gpcd in 1990 to 171 gpcd in 2005. 
National average domestic delivery per capita use 
declined from 105 gpcd in 1990 to 99 gpcd in 2005. 

11. The average total per capita water use in 19 of the  
21 selected cities declined from 167 gpcd in 2006 to  
145 gpcd in 2010. Average per capita water use measured 
during the 3 months of lowest use each year declined 
from 115 to 102 gpcd, and average per capita use mea-
sured during the 3 months of highest use declined from 
250 to 211 gpcd. 

12. Continued collection of data on water deliveries to 
domestic populations, as well as updated estimates of the 
population served by these deliveries, is recommended for 
determination of regional and temporal trends in domestic 
per capita water use. Declines in various measures of per 
capita use have been observed in recent years for several 
States with municipal water use data-collection programs. 

13. Average domestic delivery per capita use among all States 
ranged from 51 to 189 gpcd in 2005. 

14. Domestic self-supplied water use historically has not 
been metered. Estimates of domestic self-supplied water 
use are made using estimates of the population that is not 
served by public water suppliers and per capita coef-
ficients. For 2005, average domestic self-supplied per 
capita use among all States ranged from 50 to 206 gpcd. 
The median self-supplied domestic per capita use was  
76 gpcd for States in which standard statewide coeffi-
cients were used, and 98 gpcd for States in which coef-
ficients were based on domestic deliveries from public 
supply. 

15. In specific areas with scarce resources or increasing num-
bers of households with private wells, an assessment of 
domestic water use may require metering of households 
or development of more specific per capita coefficients to 
estimate water demand. 
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Appendix 2. Weather stations used for selected U.S. cities.

City (fig. 1)
Weather station city 

and State
Weather station name

Banning, Calif. Cathedral City, Calif. Palm Springs Rgnl Arpt
Gilroy, Calif. Gilroy, Calif. Gilroy
Paradise, Calif. Paradise, Calif. Paradise
San Luis Opispo, Calif. San Luis Opispo, Calif. McChesney Field
Watsonville, Calif. Salinas, Calif. Salinas No. 2
Atwood, Kans. Atwood, Kans. Atwood 2 Sw
Baldwin, Kans. Lawrence, Kans. Clinton Lake
Hutchinson, Kans. Hutchinson, Kans. Hutchinson 2 E
Ulysses, Kans. Ulysses, Kans. Ulysses 3 Ne
Wichita, Kans. Wichita, Kans. Wichita Mid Continent Arpt
Natchez, Miss. Washington, Miss. Natchez
Helena, Mont. Helena, Mont. Helena Rgnl Arpt
Miles City, Mont. Miles City, Mont. Miles City F Wiley Field
Alice, Tex. Alice, Tex. Alice Intl Arpt
Dumas, Tex. Dumas, Tex. Dumas
Jacksboro, Tex. Jacksboro, Tex. Jacksboro
Greenville, Wis. Appleton , Wis. Appleton 
Gresham , Wis. Shawano, Wis. Shawano 2 Sw
Mt. Horeb, Wis. Dodgeville, Wis. Dodgeville
Pardeeville, Wis. Portage, Wis. Portage
Prescott, Wis. River Falls, Wis. River Falls
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