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INTRODUCTION

W

ater demand in urban areas changes
over time in response to a variety
of factors, including population,
economic activity, demographics, weather, and
the implementation of conservation and efficiency
measures. In California, urban per capita water
demand has declined dramatically over the past
several decades (Cooley 2020). Several studies
have demonstrated that greater uptake of waterefficient devices, primarily in the residential
sector, has been a key driver in reducing per capita
water demand. For example, DeOreo et al. (2016)
demonstrated that market penetration of highefficiency clothes washers between 1998 and 2015
accounted for the largest reduction in per capita

water use, from 15.0 to 9.6 gallons per capita per
day (gpcd), followed by toilets, from 18.5 to 14.2
gpcd (Figure 1). Fewer studies have examined the
non-residential sector, but there is an indication
that efficient devices are playing a role in reducing
water usage there as well (e.g., Frost et al. 2016).
Reductions in per capita demand have important
implications for estimating future water demand.
Water utilities develop long-range water-demand
forecasts to inform capital planning and major
financial expenditures, such as investments in
additional water supplies and treatment facilities
(Billings and Jones 2008). Previous studies suggest
that water suppliers routinely overestimate future

Figure 1. Per Capita Residential Water Demand Between 1998 and 2015, as Described by the Residential End
Uses of Water Studies in 1999 and 2016 \
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water demand due, in part, to a failure to account
for the long-term trend of declining per capita
water demand (e.g., Heberger, Donnelly, and
Cooley 2016; Diringer et al. 2018). This can lead to
unnecessary and costly investment in unneeded
infrastructure and new sources of supply, increased
water utility bills, and adverse impacts on water
quality and local economies.
In this report, we examine the accuracy of longrange demand forecasts for California’s 10 largest
urban water suppliers using data and information
provided by each water supplier in their Urban
Water Management Plans (UWMPs). In 2015,
these 10 suppliers served 25 percent of the state’s
population. We found that per capita water demand
declined for all water suppliers between 2000 and
2015. In most cases, reductions in per capita water
demand were so large that total water demand
declined during this period. Further, we found
that all water suppliers overestimated demand.
This was largely driven by inflated estimates of per
capita water demand, although overestimates of
population growth were also factors. On average,
water suppliers projected that per capita demand
would decline by less than one percent per year;
actual per capita demand declined twice as fast.
Greater effort is needed to improve the accuracy
of long-range demand forecasts, and we offer
recommendations for these improvements.

METHODS
For this assessment, we evaluated water demand
forecasts submitted by urban water suppliers in
their Urban Water Management Plans (UWMPs).
In California, water suppliers that provide more
than 3,000 acre-feet of water annually or serve
more than 3,000 customers (referred to as urban
water suppliers) are required to prepare a UWMP
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every five years and submit those plans to the
California Department of Water Resources (DWR).
The first UWMPs were published in 1990, and the
most recent plans provide data and information
for the year 2015.1 The UWMPs contain past and
projected future water demand for the supplier’s
service area. While utilities may develop and
publish demand forecasts in other documents, the
projections in the UWMPs allow for a consistent
evaluation across California’s urban water
suppliers.
Historically, data and information from UWMPs
were only available as individual portable
document format (pdf) files. Given that there are
more than 400 urban water suppliers in California,
this has made it difficult to evaluate regional and
statewide trends. Beginning in 2015, key data from
the UWMPs were aggregated and made available
electronically, which will make it easier to conduct
these assessments in the future. Given our interest
in evaluating pre-2015 UWMPs and the limited
data available, we evaluated actual and projected
water demand for the 10 largest urban water
suppliers in California (Table 1). In 2015, these
suppliers provided water to a total of nearly 11
million Californians, or about 25 percent of the
state’s population. Given their size and available
resources, we would expect that their demand
forecasts would be among the most sophisticated
in the state. Future work should assess demand
forecasts for small and mid-sized water suppliers.
For this analysis, we rely on data and information
from four UWMPs (2000, 2005, 2010, and 2015) for
each of the 10 urban water suppliers. While the
UWMPs for 2005, 2010, and 2015 were available
online, we received UWMPs for each of the 10
water suppliers for the year 2000 through a public
1 UWMPs for 2020 are under development and will be
submitted to DWR in 2021.
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records request.2 We were unable to obtain UWMPs
for 1990 and 1995 for all suppliers, and therefore
excluded those years from this assessment.
Table 1. Ten Selected Urban Water Suppliers and
their Populations in 2015
Water Supplier
East Bay Municipal Utilities District

2015 Population
1,390,000

Eastern Municipal Water District

540,895

City of Fresno

520,159

Irvine Ranch Water District

387,501

City of Long Beach

483,371

Los Angeles Department of
Water and Power
City of Sacramento
City of San Diego

4,008,954
480,155
1,314,290

San Francisco Public Utilities
Commission

846,601

San Jose Water Company

990,000

Total

10,961,926

Source: Conservation Portal, State Water Resources Control
Board

We extracted data from UWMPs for current and
projected population and demand for potable,
raw, and recycled water (Table 2). Each UWMP
contained water demand projections for at
least the subsequent 20-year period in five-year
increments. We found that water demand is
reported inconsistently in the UWMPs.
For example, some include the use of recycled
water in their estimates of actual demand, others
report it in a separate table, and for some, it is
unclear how it is reported. Likewise, some report
water losses, and others do not. Moreover, the
categories reported have changed over time.
For each supplier, we carefully selected end-use
categories that were consistently reported across

2 UWMPs for 2005, 2010, and 2015 can be found online at
https://wuedata.water.ca.gov/.

3

each of the UWMPs. Data reporting is improving,
but additional effort is needed to clarify definitions
and ensure consistent reporting across water
suppliers and over time.

—————

“

—————

Data reporting is improving,
but additional effort is needed
to clarify definitions and
ensure consistent reporting
across water suppliers and
over time.
—————————————
Table 2. Data Collected from Urban Water
Management Plans
Category
Service Area

Water Demand

Recycled Water

Data Collected
Current population
Population projections
Current total demand, summed across
consistent end-use categories as
applicable
Total demand projections, summed
across consistent end-use categories as
applicable
Current recycled water demand, summed
across consistent end-use categories as
applicable
Recycled water demand projections,
summed across consistent end-use
categories as applicable

Note: In some cases, the total water demand reported in the
UWMPs only included demand for potable water, and the use
of recycled water was accounted for in a separate table. We
included recycled water in both the actual and projected water
demand and took every effort to avoid double counting it.
Source: Based on information contained in UWMPs submitted to
DWR by each water supplier in 2000, 2005, 2010, and 2015
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KEY FINDINGS
TOTAL AND PER CAPITA WATER USE
All water suppliers experienced dramatic
reductions in per capita demand between 2000
and 2015, ranging from 14 percent to 47 percent.
During this period, per capita demand declined by
an average of 25 percent across all water suppliers
(Table 3). For eight of the 10 suppliers, per capita
demand peaked in 2000 and declined in every
subsequent five-year period. For the remaining
two suppliers, per capita demand peaked for
one in 2005 and the other in 2010 and declined
thereafter.
For most water suppliers, the reduction in per
capita water demand was substantial enough to
offset population growth such that total demand
declined. Between 2000 and 2015, total demand
declined by an average of 18 percent across all
water suppliers. During this period, total demand

declined for nine of the 10 water suppliers despite
continued population growth (Table 3). Despite
large reductions in per capita demand, Eastern
Municipal Water District experienced an 84
percent increase in population and was the only
water supplier whose water demand increased
during this period.

—————

“

—————

For most water suppliers,
the reduction in per capita
water demand was substantial
enough to offset population
growth such that total
demand declined.
—————————————

Table 3. Percent Change in Total Demand, Per Capita Demand, and Population Between 2000 and 2015
Water Supplier
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Per Capita Demand

Population

Total Demand

East Bay Municipal Utilities District

-17%

9%

-9%

Eastern Municipal Water District

-39%

84%

12%

City of Fresno*

-22%

11%

-14%

Irvine Ranch Water District

-33%

43%

-3%

City of Long Beach

-25%

4%

-22%

Los Angeles Department of Water and Power

-25%

4%

-22%

City of Sacramento

-47%

18%

-38%

City of San Diego

-16%

3%

-14%

San Francisco Public Utilities Commission

-30%

8%

-25%

San Jose Water Company

-31%

1%

-30%

All Water Suppliers

-25%

9%

-18%

Note: The UWMP for the year 2000 was not available for the City of Fresno. The values here are therefore calculated as the change
between 2005 and 2015. The per capita change across all suppliers was calculated accounting for population differences.
Source: Based on data provided in UWMPs submitted to DWR by each water supplier for 2000 and 2015
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Statewide data are not yet available to evaluate
water use since the most recent drought ended.
However, monthly reports to the California State
Water Resources Control Board (State Water
Board) suggest that urban water use increased
slightly after the drought ended but remains lower
than before the drought.

FUTURE DEMAND
For all of the water suppliers examined, the
demand forecasts dramatically overestimated
future water demand. Figure 2 shows actual and
projected water demand for each of the 10 urban
water suppliers. For this analysis, we examined a
total of 39 UWMPs: four UWMPs for nine suppliers
and three UWMPs for one supplier.3 Each UWMP
contained four to six estimates of future demand,
although some earlier UWMPs did not include
demand projections.4 This resulted in a total
of 177 data points. We found that the forecasts
overestimated demand in 98 percent of the cases
examined. The projections in UWMPs for the
years 2000, 2005, and 2010 overestimated actual
demand by 23 percent, 26 percent, and 26 percent,
respectively. For nine of the 10 water suppliers, the
overestimates were so large that their future water
demand was projected to rise while actual water
demand declined.
Future demand was overestimated largely due
to inflated estimates of per capita demand. While
the UWMPs provide insufficient detail on all the
factors contributing to such large overestimates of
demand, several inferences can be drawn for the
information provided. For example, we find that
population was overestimated in 80 percent of the
3 The 2000 UWMP was not available for the City of Fresno.
4 The City of Sacramento and San Jose Water Company
did not provide total demand projections in their 2000
UWMPs. The City of Sacramento provided five demand
estimates (2020, 2025, 2030, 2035, and 2040) in their 2015
UWMP.
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cases examined; across all suppliers, population
was overestimated by an average of five percent.
While this contributed to overestimates of future
demand, we find that the difference between actual
and projected per capita demand was a much
larger factor. Some water suppliers projected per
capita demand would increase, whereas others
projected it would remain flat or decline modestly
(Figure 3). On average, water suppliers projected
that per capita demand would decline by less than
one percent per year; actual per capita demand
declined twice as fast.

—————

“

—————

On average, water suppliers
projected that per capita
demand would decline by
less than one percent per year;
actual per capita demand
declined twice as fast.
—————————————
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Figure 2. Actual and Projected Total Demand Trends for the Ten Selected Water Suppliers (in Acre-Feet) \
Actual Total Demand
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Source: Urban Water Management Plans, DWR, 2000-2015
Note: The 2000 UWMP was not available for the City of Fresno; the 2000 UWMPs for the City of Sacramento and San Jose Water
Company did not contain total demand projections.
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Figure 3. Actual and Projected per Capita Trends for the Ten Selected Water Suppliers (in Gallons per Capita
per Day) \
Actual gpcd.
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Note: The 2000 UWMP was not available for the City of Fresno; the 2000 UWMPs for the City of Sacramento and San Jose Water
Company did not contain total demand projections; the 2000 UWMP for the City of Long Beach did not contain population projections;
the 2005 UWMP for Irvine Ranch Water District did not contain population projections.
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CONCLUSIONS AND
RECOMMENDATIONS

DEVELOP STANDARDS AND GUIDELINES
FOR URBAN WATER DEMAND FORECASTS

Over the last two decades, urban water demand
in California has changed dramatically. For many
urban water suppliers, total water demand has
declined despite continued population and
economic growth. Even for the one supplier whose
demand increased, the increase was far less than
anticipated. Moreover, for each of the 10 agencies
examined, actual per capita water use was far
below UWMP estimates. Unfortunately, longrange demand forecasting has been slow to keep
pace with these trends. Urban water suppliers
routinely overestimated future water demand,
projecting increases in water demand even as
actual demand declined. The is largely due to
inflated estimates of future per capita demand,
although overestimates of population are also a
contributing factor. Overestimates of future water
demands have important implications for local
communities and the state. Specifically, they can
result in unneeded water supply and treatment
infrastructure, higher costs to ratepayers, and
unnecessary adverse environmental impacts. We
offer three recommendations to improve longrange demand forecasts.

The state should convene stakeholders—including
the Department of Water Resources, State Water
Board, Strategic Growth Council, California Energy
Commission, land use planning agencies, water
utilities, data specialists, and non-governmental
organizations—to
develop
standards
and
guidelines for improving the accuracy of urban
water demand forecasts. One key issue that needs
to be addressed is how to adequately incorporate
efficiency improvements, denser developments,
economic changes, and uncertainty into forecasts.
Standards and guidelines are also needed for
integrating climate change into these forecasts,
as temperatures can have a major influence on
water demand, especially in regions with high
outdoor use. Finally, the state should require retail
and wholesale water suppliers to include regular
assessments of the accuracy of past demand
forecasts in their urban water management plans.

EVALUATE WATER USE TRENDS AND THE
ACCURACY OF DEMAND FORECASTS
California’s largest urban water suppliers
consistently overestimate future water demand.
Through interviews with water experts and
practitioners, Diringer et al. (2018) found that
water suppliers and consultants regularly update
the input data for their forecasts but do not
typically examine the underlying assumptions
and the degree to which projections match actual
demand. Rather than simply updating input data,
forecasters should examine the underlying trends,
assumptions within the models, and accuracy of
past projections.

ADVANCE TOOLS AND RESOURCES FOR
SMALL AND MEDIUM-SIZED WATER
SUPPLIERS
This research focused on demand forecasts from
the largest water suppliers in the state. Additional
work is needed to evaluate demand forecasts for
small and medium-sized water suppliers. These
communities may be growing faster and could
see even bigger reductions in per capita demand.
If, as was found in this paper, demand forecasts
assume that future per capita demand remains
unchanged, then overestimates may be even
larger. Moreover, smaller communities typically
have fewer resources to invest in developing
demand forecasts.
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