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Executive Summary (Statewide) 

Rationale 
Aim 
Policy Overview: California Senate Bill x7-7 “20-by-2020” 
Scope of this health impact assessment 
Linkages with health 
Findings 
Recommendations 

 

Rationale 

In 2009 the California State Legislature passed Senate Bill 7x7 (SB X7-7 aka “20 by 2020”).  Part 

of a comprehensive suite of water policies and infrastructure funding, SB X7-7 requires the 

state’s water suppliers to develop and implement plans to reduce urban water usage by 20% by 

2020.  Urban water suppliers are allowed to select the mix of conservation measures that they 

deem best suited for meeting these targets.  Their conservation strategies are to be outlined in 

their in their “Urban Water Management Plans” (UWMPs) submitted to the state’s Department 

of Water Resources starting in 2010 with progress reports and updated plans to be submitted to 

the in 2015 and 2020. 

Efforts to meet these targets may have unintended consequences for the health of water users 

and their communities.   Some health effects could be beneficial; some could be harmful; some 

could impact different populations differently.  Assessment of the potential health effects of 

different water conservation options will provide decision-makers and community stakeholders 

with information that will help identify options to minimize harm and maximize potential health 

benefits while achieving water conservation goals and service mandates. 

Aim and scope 

This health impact assessment (HIA) aims to provide local decision-makers and community 

stakeholders with information on potential health-related impacts linked to different water 

conservation measures, particularly those being considered to meet the mandates of California’s 

SB X7-7.  According to Section 10631(g)(1) of the State Water Code, water suppliers to consider 

health and other secondary effects of water conservation measures.  Information from this HIA 

can be used to help weigh the pros and cons of alternative conservation options, develop 
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mitigation measures to minimize potentially harmful effects, and identify strategies to maximize 

potential health benefits. 

This HIA starts with the premise that water is a valuable resource for health.  From this 

perspective, water is not something to be rationed, but rather to be used wisely and efficiently.  

A second premise is that efforts to advance public health must focus on those who bear the 

greatest burden of ill health.  Throughout this HIA, social equity concerns and reduction of 

health disparities will be raised repeatedly.  Public health has long recognized that social and 

economic inequalities provide fertile ground for disease, disability and early death.  Water 

conservation efforts that seek to protect and promote the public’s health need, at a minimum, to 

avoid exacerbating these inequalities, and better yet should seek to reduce them and provide 

protection against their effects.   

The assessment is divided into two sections:  (1) a general portion describing research on the 

linkages between specific water conservation options and health-related conditions, general 

estimates of the size and significance of effects, effects on vulnerable populations and 

descriptions of current conditions throughout the state, and (2) a case-study analysis of water 

conservation in the city of Burbank California.   

Water conservation measures for achieving SB X7-7 targets 

Although SB X7-7 does not mandate how water providers meet their water use reduction 

targets, it does require that providers report on their implementation of fourteen “demand 

management measures” (DMMs) as part of their Urban Water Management Plans (UWMPs) 

submitted to the state every five years.   Most utilities develop their water conservation 

programs around these fourteen DMMs.  These DMMs are similar to the Best Management 

Practices (BMPs) developed by the California Urban Water Conservation Council (CUWCC), a 

voluntary organization of water agencies and utilities.  In general, the state’s DMMs are more 

specific and measurable than the CUWCC’s BMPs (see Table ES1-1 below), making them more 

conducive for analysis in an HIA, since fewer assumptions are needed for the analysis. 
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Demand Management Measures SB X7-7 (CA Water Code Section 10631) 

A. Water survey programs for single-family residential and multifamily residential 
customers 

B. Residential plumbing retrofit 
C. System water audits, leak detection, and repair 
D. Metering with commodity rates for all new connections and retrofit of existing 

connections 
E. Large landscape conservation programs and incentives (not addressed) 
F. High-efficiency washing machine rebate programs 
G. Public information programs (not addressed) 
H. School education programs (not addressed) 
I. Conservation programs for commercial, industrial, and institutional accounts 
J. Wholesale agency programs (not addressed) 
K. Conservation pricing 
L. Water conservation coordinator (not addressed) 
M. Water waste prohibition 
N. Residential ultra-low-flush toilet replacement programs 

Table ES1-1: Demand Management Measures (DMMs) for Urban Water Conservation listed in 
the California State Water Code.  

Urban water uses are typically categorized as residential, commercial/industrial and institutional, 

with non-residential uses collectively referred to as CII uses.  Residential use accounts for nearly 

half of urban water use (Figure ES1-1).  Among different residential water end-uses, outdoor 

water use comprises by far the largest share.  Because these uses seem to offer the greatest 

potential for urban water use reduction, the DMMs that address these uses are emphasized in 

the analysis.  In addition to DMMs, which focus on reducing water use among end-users, this 

HIA also examines expanded use of recycled water to reduce use of potable water but which 

does not necessarily reduce water consumption overall.   

Linkages between health and water conservation 

A systems view of the state’s water delivery system can help guide understanding of how 

conservation measures might affect health.  Key components flowing through this system are 

water, money and energy (Figure ES1-2).  The HIA follows the effects of conservation measures 

on these components and how they in turn affect various health determinants and outcomes.
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Notes:  Sector totals from the CA Dept. of Water Resources. State Water 
Plan: Update 2009. Data Summary:  1998-2005, Water balances (revised 03-
10-11).  Residential total and split of indoor residential uses from California 
Urban Water Plan 2013 Update and DeOreo et al., 2011. Analysis of Water 
Use in New Single Family Homes.  Split of use by industry and commercial 
use from Gleick et al. 2003 cited in Pacific Institute 2012.  Pacific Institute, 
2012. Urban Water Demand in California to 2100:  Incorporating Climate 
Change. August 2012. 

 

 

 

Figure ES1‐1: Water use in California. Annual averages 2005‐2009 (excluding environmental)	
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Changes in water availability and quality 

Proactive, strategic water conservation measures help ensure sufficient water for priority uses.  

Decisions about which uses, which users and whether water use reductions are achieved 

through simple restrictions or improved efficiencies have important implications for health.  

Water is crucial for bathing, washing clothes and dishes, and for the function of sewer systems.  

Clean drinking water is essential for life and the prevention of waterborne disease.  How these 

affect health is fairly obvious, but urban water also supports health in other ways.  In most areas 

of California, urban vegetation is dependent on the application of water.  This vegetation 

provides places to play and relax and helps reduce urban heat island effects by providing shade 

and through the evapotranspiration of leaves.   

Figure ES1-2: The flow of water, energy and money in the urban water delivery system 

Changes in water costs 

The distribution of water costs among different users, as well as water suppliers, affects equity 

and health, the sustainability of the water delivery infrastructure, and the ability of utilities to 

provide safe, dependable water supplies.  Water costs and revenue are affected by changes in 

water in water supplies and use (i.e. demand) that may be the result of conservation and other 

water management decisions, as well as climate and environmental changes.  Conversely, price 

increases can reduce demand.  Reduced demand resulting from conservation efforts can also 

lead utilities to increase water prices since reduced demand may push revenue below levels 

needed by utilities to cover their fixed costs.   
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Changes in energy usage 

The third dynamic component of the urban water delivery system is energy.  Moving and 

treating water requires substantial amounts of energy.  Thus, water conservation is also energy 

conservation.  The energy intensity of water, (i.e. the amount of energy needed to move and 

treat a given volume of water), varies greatly between different sources (Figure ES1-3).  In the 

Los Angeles Department of Water and Power service area, the energy-intensity of desalinated 

ocean water (not yet in production) is over 100 times greater than water from the Los Angeles 

Aqueduct and more than 39 times higher than recycled water.  Decisions that change the total 

volume of water or that shift reliance from one source to another source have significant effects 

on energy consumption and air emissions associated with the production of that energy.  

 

Figure ES1-3: Energy intensity (i.e. embedded energy) of different water sources drawn on by the Los 
Angeles Department of Water and Power.1 

																																																								
1 Energy intensity of LADWP water sources includes energy for conveyance and treatment but excludes energy for 
delivery and wastewater treatment since these do not vary by source.  Data from: 
LADWP 2010 Urban Water Management Plan.  
http://wwwwatercagov/urbanwatermanagement/2010uwmps/Los%20Angeles%20Department%20of%20Water%
20and%20Power/LADWP%20UWMP_2010_LowRes.pdf. 
California Sustainability Alliance 2012 The Role of Recycled Water in Energy Efficiency and Greenhouse Gas 
Reduction: Appendix E: Water Agency Profile: City of Los Angeles 
http://sustaincaorg/sites/default/files/FINAL%20APPENDIX%20E%20MAY%202%202008pdf 
Energy intensity estimates for desalination from Wilkinson RC 2007 Analysis of the Energy Intensity of Water 
Supplies for West Basin Municipal Water District http://eecucdavisedu/events/documents/water‐
energy_ucsb_methodology‐for‐analysis‐of‐the‐energy‐intensity‐of‐ca‐water‐systemspdf 
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How water is used, not just its source, affects energy intensity, as well.  Indoor water from toilets, 

showers and sinks drains into sewer systems where energy is used to pump and treat it.  Hot 

water usage is highly energy-intensive due to the energy needed to heat that water.   Thus, low-

flow showerheads and high efficiency clothes washers and other conservation measures that 

decrease hot water usage result in especially large energy savings (Figure ES1-4).   

 

Figure ES1-4:	Cost and energy savings of saving one million gallons of water using different conservation 

The HIA logic framework (Figure ES1-5) organizes the water conservation options, water system 

components and effects on health determinants and outcomes into a hierarchy of effects.  HIA 

logic frameworks typically show specific causal pathways linking policy alternatives with 

downstream health effects.  In this case, however, showing each of these linkages would result in 

a graphic that was more confusing than helpful.   The underlying logic, evidence and magnitude 

of each linkage is still addressed in the text of the HIA. 
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Figure ES1-5: Logic Framework showing potential health effects related to urban water conservation strategies   
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Health-related effects of specific conservation measures 

The linkages between conservation measures and potential health effects are grouped into 

seven main pathways, including: 

 Air quality and greenhouse gas emissions on a regional and global scale from energy 

production related to the embedded energy of water, local air emissions from gasoline-

powered lawn maintenance equipment and from stagnant wastewater; 

 Ambient temperature/urban heat island effects modified by changes in the 

composition and irrigation of landscape vegetation; 

 Water quality and waterborne disease risks:  run-off affecting surface water quality, 

groundwater quality affected by recharge using recycled water,  exposure to pathogens 

through the use of recycled water and graywater in outdoor landscape irrigation and 

other applications; 

 Arthropod-borne disease risks affected by landscape irrigation and run-off; 

 Household finances and fiscal equity affected by conservation pricing and by rate 

increases in response to declines in revenue for water suppliers due to decreased sales; 

 Access to park and greenspace affected by decisions to change the composition and 

irrigation of landscaping in parks and alongside streets; 

 Exposure to mold and indoor air pollution affected by water leaks in structure that 

can be detected and repaired as part of efforts to control water losses. 

Summary and Recommendations 

Achieving SB x7-7 water use reduction targets will be easier for some communities than others, 

but virtually all will need to employ a combination of strategies.  The information in this HIA can 

help decision-makers and the public weigh public health considerations as they plan and 

prioritize strategies for water conservation.  In many cases implementation of water conservation 

measures will yield valuable co-benefits for public health (see Figure ES1-6 and Table ES1-3).  

When water conservation measures have the potential to negatively impact the public’s health, 



Executive	Summary	(Statewide)	

	

Urban	Water	Conservation	HIA	 ES1‐10	 May	28,	2014	

mitigation measures can be adopted to minimize harm, or based on this awareness a 

community may decide to first adopt other measures with less potential for harm. 

	

 Figure ES1-6:  Potential water savings, costs and health impacts of select conservation 
measures (Detail in Appendix B) 

In prioritizing strategies for reaching SB X7-7 water use reduction targets water suppliers and 

communities need to weigh many factors including the appropriateness of a particular 

conservation measure for that service area, its potential effectiveness, cost and cost-

effectiveness.  While water agencies may not see it within their purview to consider broad health 

impacts, priority should be given to strategies that generate more co-benefits, such as 

reductions in air emissions from decreased energy usage, and fewer unintended harmful side-

effects, such as loss of urban park and greenspace.  As illustrated by the City of Burbank case-

study, local elected officials can play a valuable role in passing ordinances to support 

conservation goals and prioritize conservation strategies that generate the broadest range of 

community benefits along with water use reductions. 
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The 20% reductions for SB x7-7 are just a first step.   On-going efforts will be needed to 

maintain these reductions and deal with the water needs of a growing population in the face of 

shrinking and less dependable supplies resulting from climate change.  Sustainable conservation 

actions pose difficult choices that only become more difficult and expensive if they are delayed.  

Wise, effective action now can help keep future options open and make future reductions easier 

without compromising the economic, quality-of-life and health benefits provided by water.   

 
Table ES1-3: Water savings and health impacts of urban water conservation measures 

Water conservation 
measure 

Priority  Good  !Caution 
Water 

Savings 
Potential Health-related Effects 

Benefit              Harm Recommendations 

R
es

id
en

ti
al

 

Free in-building leak 
detection services, 
targeting homes with 
higher likelihood of leaks 
  

Fair 

Cost savings to 
homeowners. 
Decreased mold 
exposure. 

Wastewater 
concentration 

Water savings are 
contingent on taking 
follow-up action. 
Potential benefits 
with little downside 

Rebates for water-
efficient fixtures and 
appliances 
(faucets, toilets)  
! (expensive appliances) 

Moderate-
High 

Cost savings, 
particularly when out-
of-pocket costs are 
low relative to savings 
on water costs. 
Reduced energy 
footprint, esp. for hot 
water fixtures 

Rebates for 
expensive items 
(e.g. washing 
machines) may be 
fiscally regressive, 
Wastewater 
concentration 

Eventually 
diminishing returns 
but should be a high 
priority 

Requirements on water 
efficiency of appliances 
and fixtures sold in state 
 

Moderate Energy/environmental 
benefits 

May increase costs 
of appliances. 
Wastewater 
concentration 

Would avoid 
problems of uptake. 
Does not speed up 
retrofit. 

Rebates and tax 
incentives for owners of 
rental housing installing 
water-efficient fixtures 
and appliances    

Moderate 
Water cost savings to 
renters if they pay 
water bill directly. 

May increase 
rental prices. 
Wastewater 
concentration 

 

Building standards 
requiring water-efficient 
fixtures   

Moderate 

Decreases the 
environmental 
footprint of new 
housing 

Marginal increase 
in new housing 
prices. Wastewater 
concentration 

Benefit primarily for 
more affluent HHs 
and communities 
with new housing 

Restrictions on outdoor 
watering   

Moderate 
to high Reduced run-off 

Home gardens 
impacted if ban on 
outdoor watering 
is absolute 

Needs on-going 
enforcement 

Rebates for WBICs 
Moderate 

but 
Variable 

Decreased run-off 
from lawns, improved 
surface water quality 

 

Water savings 
depend on correct 
installation and 
maintenance. May 
increase water use. 
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Water conservation 
measure 

Priority  Good  !Caution 
Water 

Savings 
Potential Health-related Effects 

Benefit              Harm Recommendations 

Rebates for converting 
lawn to water-efficient 
lawnscapes    ! 

Moderate 
to very 
high 

Decreased run-off 
from lawns, improved 
surface water quality. 
Decreased water 
costs 

Out-of-pocket 
costs. May be 
fiscally regressive 

Potentially high, 
persistent savings but 
depends on the 
quality of the 
landscaping, type of 
irrigation, and 
previous water use 

Conservation pricing   Very high 
Protect low income 
households from rate 
increases 

Cost impacts on 
households that 
have high water 
use that cannot 
quickly be reduced 

Priority.  Success 
depends on budget-
based, tiered rates 
with steep gradient. 

Pa
rk

s,
 S

tr
ee

ts
ca

pe
s 

Install more efficient 
sprinkler heads   

Low-High 

Reduced run-off. May 
lower contamination 
risk if recycled water 
is being used. 

 

Water savings 
contingent on types 
of sprinkler heads 
now in use 

Install weather-based 
irrigation controllers 
(WBICs)  

Moderate Reduced run-off  
Suitability depends 
on climate and size of 
area 

Convert turf to low water 
use landscape High 

Reduced run-off.  
Since conversion 
typically uses drip 
irrigation, any risk of 
pathogen exposure 
from recycled water 
will be reduced. 

 

Needs to be done 
carefully in order to 
maintain 
environmental and 
health services of 
irrigated landscape 

Co
m

m
er

ci
al

 

Expanded use of 
recycled water  

High 

Cost savings if rates 
for recycled water are 
lower than drinking 
water 

Requires proper 
treatment and 
application to 
prevent 
transmission of 
communicable 
disease 

Under-utilized 
resource.  Cities can 
use permitting rules 
to incentivize 
expansion of recycled 
water systems and 
utilization 

Sy
st

em
 

System leak detection. 
Infrastructure 
improvements to 
decrease water loss   

Very High 
More efficient usage, 
increased 

Substantial costs 
may lead to higher 
taxes and/or water 
rates. May be cost-
prohibitive for 
small utilities. 

Federal and state 
governments should 
explore ways to 
incentivize  

Expanded use of 
recycled water  

High 

Cost savings if rates 
for recycled water are 
lower than drinking 
water 

Requires proper 
treatment and 
application to 
prevent exposure 
to pathogens. 

Under-utilized 
resource.  Building & 
zoning rules can 
incentivize expansion 
of recycled water 
systems and use. 
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Specific Recommendations 

1. Make early, well planned efforts to conserve water that lead to significant, maintained 

reductions in usage 

Failure to use less water and to make water-use more efficient will harm the public’s health, 

particularly the health of low income households and communities.  Further long-term 

reductions in per capita water use are necessary to avoid water crises brought on by the 

confluence of increased water demands of a growing population and shrinking water 

supplies due to climate change.  Since low income households tend to have less 

discretionary water use than higher income households, draconian water rationing and 

escalating water prices in response to these shortages will hit these households hardest.   

2. Prioritize conservation measures that have environmental and health co-benefits 

2.1. Plan based on quadruple bottom-line – water savings, cost, greenhouse gas emissions, 

local health impact. 

2.2. Promote high efficiency showerheads.  This low cost alternative can yield substantial 

water, cost and energy savings.    

2.3. Make water-efficient toilets, showerheads and faucets a condition of home resale and 

rental.  Consider requiring a “Water Efficiency Disclosure Statement” for home sale 

transactions. 

2.4. Expand recycled water use and infrastructure.  Prioritize review and updating of public 

health restrictions on recycled water use based on newest technologies and research.  

Use business and land-use permitting processes to incentivize expansion of recycled 

water systems and to bring down the initial costs of building out recycled water 

systems. 

2.5. Explore the development of a recycled water pricing system, similar to pricing schemes 

for pollution reduction,2 which would incentivize recycling by pricing water discharges 

and use a portion of proceeds to fund expansion of water recycling infrastructure. 

																																																								
2 World Resources Institute. 2009. Issue Brief: Water Quality Trading Programs: An International Overview. 
http://www.wri.org/sites/default/files/pdf/water_trading_quality_programs_international_overview.pdf 
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2.6. Draw on funds from Carbon Cap & Trade, energy efficiency and air quality incentive 

programs to fund household, community and regional water conservation programs 

that reduce both energy and water consumption.  

3. Encourage property owners to install and properly maintain more water-efficient 

landscapes while taking steps to minimize unintended harm  

3.1. Provide strong incentives for water-efficient landscaping.  Irrigation of residential 

landscapes accounts for over 50% of urban water use in California.  Achieving long-term 

reductions in urban water use will require significant reductions in water used for 

outdoor landscape irrigation. Careful planning that accounts for local needs and 

conditions can reduce water used for landscape irrigation while maintaining most of the 

benefits of outdoor vegetation.  Rebates, rates and fines used to reduce outdoor water 

use need to be structured in a way that is not fiscally regressive (e.g. increasing rates for 

low income households while providing rebates for higher income households). 

3.2. Encourage the use of locally appropriate, cost-effective technologies for reducing 

demand for system-supplied water through the use of rainbarrels and graywater 

systems. 

4. Invest in infrastructure that reduces wastage, thereby reducing consumer costs and 

increasing the use efficiency of water 

4.1. Provide free in-home leak audit, identify homes and areas where leaks are more 

prevalent to target leak detection efforts. 

4.2. Improve water delivery systems with targeted, proactive identification and repair of 

potential failure of pipes and other equipment.  Consider grant programs and no 

interest loans to assist small water agencies with small cash flows. 

4.3. Replace old system elements that waste water, such as dead-ends and old pipes that 

require frequent flushing. 

5. Minimize regressive combinations of rebates and rate increases that benefit higher 

income households while increasing water costs for low income households 

Adopt tiered conservation pricing to promote conservation, minimize unintended regressive 

revenue transfers and help stabilize revenue streams. 
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6. Institutionalize integrated inter-agency conservation planning at the local level to 

develop joint sustainability plans to improve water and energy efficiency while 

supporting economic and health goals.  Expedite implementation with state-issued 

benchmarks and incentives. 

7. Monitor health impacts of water conservation policies with metrics such as the ones 

outlined in this report.  Since many of these metrics are outside the expertise of water 

agencies, monitoring will require the cooperation of multiple agencies and sectors.
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Executive Summary (Burbank) 

Setting and population 
Water system 
Water uses and trends 
Summary 
Recommendations 

 

Setting and population 

The City of Burbank is located 12 miles north of downtown Los Angeles on the eastern edge of 

the San Fernando Valley, surrounded by the cities of Los Angeles and Glendale.  The climate is 

mild with summer average daytime temperatures in the 80’s and winter daytime temperatures in 

the 50’s.  Average annual rainfall is 17.5 inches with most rain coming in the winter months.  The 

average evapotranspiration deficit (the additional amount of water needed to support the area’s 

average plant cover that is not supplied by available soil moisture) is 38 inches per year. 

About one-quarter of the city’s 17 square-miles consist of hilly open-space.  The developed 

portion of the city is highly urbanized with a downtown core of high rise buildings, commercial 

zones on the south and southwest edges of the city, an airport and residential development in 

the remainder.  While residential areas are predominantly low-density development, medium 

and high density residential development has grown considerably and its share of the city’s 

housing stock is expected increase.  The current population of 103,000 is expected to grow to 

nearly 117,000 by 2035 with most of the increase driven by an influx of new workers.  Future 

housing is expected to be concentrated in mixed-use developments near transportation hubs. 

Water system 

Burbank Water and Power (BWP) is a city-owned utility providing water and electricity to city 

residents and businesses.  BWP obtains water from local groundwater sources and imports water 

supplied by the Metropolitan Water District (MWD) from the State Water Project and the 

Colorado River.   

Due to contamination with volatile organic compounds, chromium and nitrates, Burbank’s 

groundwater undergoes special treatment prior to distribution.  VOCs are removed by filtration, 
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but residual chromium and nitrates not removed by the treatment process are diluted down to 

levels below safety thresholds.  BWP’s blended potable water deliveries, totaling 16,500 acre-

feet per year, average about 60% treated groundwater and 40% MWD water. 

Water pricing 

Water rates are tiered for BWP residential customers living in single-family structures with a top 

tier rate 55% higher than the rate charged for the first tier of usage.  The price gradient for these 

tiers is relatively flat compared to the steeply tiered conservation pricing implemented by the 

Irvine Ranch Water District which has a top tier rate 700% higher than the bottom tier.  The 

amount of water qualifying for the first tier rate, 1,500 cubic-feet per month, is also relatively 

generous.  In Long Beach, for example Tier 1 usage is capped at 500 cubic-feet.  Multi-family 

residential, commercial and industrial customers in Burbank do not have volume-based tiers.  

They are, however, assessed different seasonal rates with a summer rate twice that of the winter 

rate.   All BWP customers are also assessed a flat “water availability charge” of $10.78 per month. 

Water uses and trends3 

Nearly three-quarters of the water 

delivered by BWP goes to residential 

uses (Figure ES2-1).  Although Burbank 

does not have separate indoor/outdoor 

meters for residential customers, if 

patterns of residential water use are 

similar to the rest of the state, about 

30% of BWP water is used for residential 

landscape irrigation.4 Commercial water 

use comprises 20% of BWP water 

																																																								
3 Data from the Burbank Water and Power 2010 Urban Water Management Plan. 
4 Calculation assumes that landscape irrigation comprises 54% of water used by single family residences (DeOreo 
et al. 2011.  California single‐family water use efficiency study. http://www.aquacraft.com/node/63), water used 
for landscape irrigation in multi‐family homes is about half that of single‐family homes (Hanak E, Davis M. 2006. 
Lawns and water use in California. California Economic Policy (Public Policy Institute of California), 2(2)), 51% of 
Burbank residents live in multi‐family housing. 

Figure ES2-1: Water uses in the City of Burbank (2010 Urban 
Water Management Plan, Burbank Dept. of Water and Power). 
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deliveries.  This includes water used for cooling office buildings and studios, landscape irrigation 

of commercial properties and irrigating golf courses.   

Burbank’s water demand decreased from 39 million gallons per day (mgd) in the 1970s to 19.6 

mgd in 1999, as a result of economic shifts from manufacturing to services, shifts from single-

family to multi-family housing, and conservation programs implemented during a series of 

droughts.  Until declines in the last five years, water usage had held steady for the more than a 

decade at about 200 gallons per capita per day (gpcd).   

BWP with support from a number of City ordinances aimed at promoting water conservation 

have helped to bring current per capita usage down to 156 gallons per day (2010) from a pre-

2005 baseline level of 190 gallons per day.  This achievement has also been supported by the 

economic recession and continued shifts away from manufacturing to services and from single-

family to multi-family housing.  Specific water conservation programs and achievements include: 

 Green Home House Call Program: assisted over 1,600 homes in its first year and is 

credited with saving over 56 million gallons of water; 

 Requiring all businesses (including owners of multi-family residential buildings) to verify 

installation of water-efficient plumbing fixtures.  90% compliance among 6,200 business 

customers after 9 months.  Estimated savings of 231 million gallons (710 acre-feet) of 

water annually. Non-compliant customers were assessed a 25% water surcharge. 

 Recycled water use 

o Recycled water used to irrigate all parks and large green spaces.  

o Recycled water from BWP is supplied to areas in Glendale and Los Angeles 

without access to recycled water from their own water agencies. 

o Burbank pays for permitting fees for commercial customers to connect to 

recycled water sources.  

 System losses of only 2.2% (compared to the state average of about 10%) due to 

investment in high quality pipes, aggressive leak detection/repair, and soil and water 

with low corrosivity. 
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Despite these achievements, per capita water use in Burbank’s water is mid-range compared 

to other cities in the region with similar climates and far above usage levels in the most 

water-efficient cities.   

Table ES2-1:  Per capita water use in Burbank and nearby cities, including comparisons with 
Prescott, AZ and Melbourne, Australia (both with noted water conservation programs) 

City 
CA DOE 

Climate Zone 
SB X7-7 Baseline 

use* (gpcd) 
2010 Water Use 

(gpcd) 
Glendale 9 143 117 

Los Angeles 8/9 152 128 

Pasadena 9 210 150 

Burbank 9 195 156 

Irvine 8 258 214 

Prescott, AZ (single 
family residence only) 

Drier with 
hotter summer	 --	 98 

Melbourne, Australia 
(residential only) Similar	 --	 39 

* Comparisons of SB X7-7 baseline usage levels may be misleading because utilities use different 
five- or ten-year windows to calculate averages for these baselines. 

Summary 

Challenges to continued water use reductions 

Several factors will make it increasingly difficult for Burbank to continue its pace of water use 

reduction.  Water use reduction always becomes more difficult over time as programs have 

progressively fewer “low hanging fruit” available for achieving reductions and a shrinking 

number of residents and businesses have water-wasting fixtures and applications that can be 

changed cheaply and easily.  Because shifts in housing and business in the city will eventually 

stabilize, the winds behind the sails of conservation will slacken, making continued progress 

even more difficult.  This does not necessarily mean that water consumption will increase, but 

rather that efforts to decrease water consumption below current levels are likely to involve more 

difficult and more expensive choices than they have been in the past.  The legacy of 

groundwater contamination will continue to present a challenge to water conservation efforts 

and other water management decisions in Burbank, along with added costs. 
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Going forward Burbank does have a number of assets that facilitate water conservation, 

including:  

 Compact development with relatively high land-use density; 

 Strong support for water conservation from a proactive City Council; 

 High proportion of residents in multi-family housing; 

 Local water treatment/recycling capacity; 

 Large commercial sector not dependent on water-intensive processes 

Recommendations 

1. Implement tiered conservation pricing 

A steeply tiered conservation rate structure, similar to the “budget-based”5 tiered pricing 

used by the Irvine Ranch Water District can greatly reduce water use, especially if 

accompanied by a robust public education program.   

Health Issues: If adjusted for household size, a more steeply sloped tiered rate structure that 

is revenue-neutral relative to the current rate structure could benefit low income households 

since their per capita usage is more likely to be low.  If not adjusted for household size, 

larger households could end up paying more for water under the current rate structure.  If 

increased top-tier rates increase revenue, and if this additional revenue is used exclusively 

for conservation programs, as is the case in Irvine, the entire community would benefit from 

the added investment in water conservation. 

2. Expand recycled water use for landscape irrigation, industrial use and groundwater 

recharge. 

Burbank has substantial capacity to make greater use of recycled water for landscape 

irrigation and groundwater recharge.  Expanded use of recycled water will reduce 

dependence on expensive, energy-intensive imported water.  The city’s compactness and 

																																																								
5 Under a budget‐based pricing system the amount of water qualifying for a particular block rate is determined in 
part by household size, property size and other factors determining household water needs. Simple tiered rates 
use fixed thresholds for determining the rate for each progressive tier of water use. (See Box 5 ‐page 56). 
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land-use density will make it cheaper and easier to build out a recycled water distribution 

system than elsewhere.   

Health Issues:  

 Decreased air emissions associated with generating electricity to convey water 

(energy intensity of recycled water is much less than that of imported water) 

 Small potential risk of disease transmission via recycled water could be minimized for 

residential landscape irrigation if regulations are amended to allow for recycled water 

use in sub-surface drip irrigation for non-turf landscaping.  

 Groundwater recharge with highly treated water could improve the quality and 

sustainability of groundwater sources.  

3. Require new construction to have dedicated meters for new indoor/outdoor water use 

and submeters for each unit in new multi-unit housing 

Separate indoor and outdoor meters would give better information to customers about how 

they can reduce water use and allow levying separate rates for indoor use and outdoor water 

use.  Requiring them for new housing units would add minimal additional cost to new 

construction.   

Sub-meters for each unit in new multi-unit housing would allow residents to track their 

water use and take action to reduce use.  If water costs are incorporated into rent payments 

residents have little incentive to conserve water.  Sub-metering also prevents charging 

water-conserving households for the water used by households that don’t conserve. 

Health Issues: Health benefits from added mechanisms to incentivize conservation.  Split 

indoor/outdoor metering, if accompanied by lower rates for indoor water use, could benefit 

cost-sensitive low income households for whom high costs now constrain beneficial indoor 

water use. 

4. Implement new filtration and bioremediation technologies as they become available 

for removing contaminants (VOCs, chromium, nitrates) in order to more cost-

effectively expand groundwater use without relying on dilution with MWD water 
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Management of groundwater contaminated with VOCs, chromium and nitrates will play a 

leading role in decision-making about water use and conservation in the city.  Currently 

VOCs are filtered out and chromium and nitrates are diluted down to “safe” levels using 

expensive imported MWD water.  Changes in concentrations of these contaminants and 

changes in what are deemed to be “safe” levels could radically alter risks and the costs of 

control strategies.  New membrane and biofiltration technologies may offer cost-effective 

solutions to these problems that were not available in the past.  Improved filtration will 

improve Burbank’s ability to safely and sustainably utilize its groundwater resources and 

help address health concerns with “diluting to safety” as a management approach, 

particularly with hexavalent chromium, for which safety thresholds are in flux.6  

Health Issues: Decreased health risks associated with residual contaminants of drinking 

water.  Cost impacts, which could strain operational resources and/or increase reliance on 

expensive imported water, are difficult to determine.  Higher treatment standards will result 

in higher costs to achieve required levels of treatment, but recently developed technologies 

offer some prospect for controlling these cost increases. 

5. Pursue desalination only as a last resort 

In the 2010 Urban Water Management Plan BWP mentions desalination as a potential future 

source of water, but that it was not currently being pursued due to cost and environmental 

issues.  Air emissions from power stations providing energy for the energy-intensive 

desalination process make this an unwise alternative from a public health perspective, unless 

no other option is available.  Water conservation measures and expanded use of recycled 

water can balance water demand and supplies in a way that generates fewer negative health 

and environmental externalities and even some benefits. 

 

 

																																																								
6 California Department of Public Health. 2014. Chromium‐6 in Drinking Water:  MCL Update (webpage). Updated 
January 30, 2014. http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Chromium6.aspx 
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I. Introduction 

Rationale 
Aim 
Policy Overview: California Senate Bill 7x7 “20-by-2020” 
Scope of this health impact assessment 

 

Water through the lens of public health 

Helping provide clean drinking water is an essential public health function that has shaped 

public health from its earliest days.  The linkages between water and public health go far beyond 

the quality of drinking water.  Understanding the multiple complex linkages between water and 

public health provides valuable insights for understanding how regulations and actions to 

conserve water might 

Our food, our economic well-being, the livability of our cities, and the availability of places to 

play and relax are all important determinants of health, and all of them depend on water.  Our 

water systems even affect the quality of the air we breathe.    While the health benefits of clean 

drinking water are direct and fairly obvious, many of the other effects of water on health are less 

direct and less obvious.    The availability and cost of water shapes the choices of crops planted, 

methods used to grow them and the prices consumers pay at the grocery store.   In addition to 

the water used to grow crops, water is also a crucial component of food processing.  Water is 

used in factories that drive economic activity and provide jobs.  It greens our parks and 

streetscapes, providing opportunities for physical activity, helping clean the air, buffering us 

from roadway noise and benefiting mental health.  We depend on water for washing clothes 

and ourselves.  Ample flows of water are critical to the modern sewage systems that made 

possible the sanitation revolution of the twentieth century. 

On the other hand, too much water, water in the wrong place or the wrong kind of water can 

pose a threat to health.  Overwatering fields and yards can lead to run-off that transports 

fertilizers and pesticides into waterways and aquifers, disrupting aquatic ecosystems and 

threatening human health with contaminated drinking water and seafood and water that is not 

safe to touch or even live next to.  Aquifers that are important sources of drinking water may be 

contaminated with industrial and agricultural chemicals requiring expensive, energy intensive 



I.	Introduction	

	

Urban	Water	Conservation	HIA	 2	 May	28,	2014	

“California	is	facing	one	of	the	most	significant	water	crises	in	its	history—one	that	is	hitting	hard	because	it	has	

many	aspects	and	consequences….	

Californians	must	fundamentally	change	how	we	use	and	manage	water	and	account	for	future	uncertainty.	We	

need	to	make	water	efficiency	and	conservation	a	priority	at	home,	in	our	communities,	on	the	farm,	and	at	the	

office.	And	we	must	act	now	to	provide	integrated,	reliable,	sustainable,	and	secure	water	resources	and	

management	systems	for	our	health,	economy,	and	ecosystems	today	and	for	generations.”	

California	Water	Plan:	Update	2009		

treatment before they can be used.  Naturally occurring floods, as well as those resulting from 

human activity, can pose an immediate threats to life and leave residue contaminated with 

toxins and pathogens.  Saltwater intrusion can contaminate freshwater aquifers, threatening 

human water sources and ecosystems as a result of over-pumping wells. 

This HIA starts with the premise that water is a valuable resource for health.  From this 

perspective, water is not something to be rationed, but rather to be used wisely and efficiently.  

A second premise is that efforts to advance public health must focus on those who bear the 

greatest burden of ill health.  Throughout this HIA, social equity concerns and reduction of 

health disparities will be raised repeatedly.  Public health has long recognized that social and 

economic inequalities provide fertile ground for disease, disability and early death.  Water 

conservation efforts that seek to protect and promote the public’s health need, at a minimum, to 

avoid exacerbating these inequalities, and better yet should seek to reduce them and provide 

protection against their effects.  

Efficiency, equity and disparities reduction all point to the importance of planning and taking 

action sooner, not later.  Delay means fewer, more expensive choices, fewer opportunities to 

find and leverage co-benefits, and increased likelihood of running headlong into unforeseen 

consequences that are impossible to avoid.   A few communities in the state are already nearing 

the end of available water supplies and adopting strict water rationing rules.  Across-the-board 

water rationing will likely be unfair, disruptive and harmful to health and economic activity.  For 

the rest of the state, effective action now can not only delay, and hopefully avoid water 

rationing, but it is also a chance to take advantage of opportunities to improve public health 

and well-being provided by some of the conservation measures outlined in this HIA. 
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Rationale for the HIA 

In 2009 the California State Legislature passed Senate Bill 7x7 (SB X7-7 aka “20 by 2020”).  As 

explained in section below on the law, SB X7-7 requires the state’s water suppliers to develop 

and implement plans to reduce urban water usage by 20% by 2020.  Urban water suppliers are 

allowed to select the mix of conservation measures that they deem best suited for meeting 

these targets.  Their conservation strategies are to be outlined in their in their “Urban Water 

Management Plans” (UWMPs) submitted to the state’s Department of Water Resources starting 

in 2010 with progress reports and updated plans to be submitted to the in 2015 and 2020. 

Efforts to meet these targets may have unintended consequences for the health of water users 

and their communities.   Some health effects could be beneficial; some could be harmful; some 

could impact different populations differently.  Assessment of the potential health effects of 

different water conservation options will provide decision-makers and community stakeholders 

with information that will help identify options to minimize harm and maximize potential health 

benefits while achieving water conservation goals and service mandates. 

Aim of this HIA 

This health impact assessment (HIA) aims to provide local decision-makers and community 

stakeholders with information on potential health-related impacts linked to different water 

conservation measures, particularly those being considered to meet the mandates of California’s 

SB X7-7.  According to Section 10631(g)(1) of the State Water Code, water suppliers to consider 

health and other secondary effects of water conservation measures.  Information from this HIA 

can be used to help weigh the pros and cons of alternative conservation options, develop 

mitigation measures to minimize potentially harmful effects, and identify strategies to maximize 

potential health benefits.  In addition to improving the public’s health in general, an important 

goal of this analysis and HIA in general is to reduce existing health disparities that take a 

disproportionate toll on the health and well-being of low income individuals and historically 

disenfranchised social groups. 
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The value of HIA 

Growing interest in HIA is fueled by a recognition that many of the most important 

determinants of health are beyond the traditional purview of public health and health care, in 

areas such as land-use planning, economic policy, agriculture and education.  HIA is particularly 

valuable when potential health impacts might not otherwise be recognized or well understood.7  

Throughout its history public health has been deeply engaged in assuring clean drinking water 

quality and preventing pollution of surface and groundwater resources.  Public health has 

generally not, however, dealt with other water-related issues, that might have a less direct, but 

nonetheless profound effect on health, such as the effects of outdoor irrigation on urban heat 

islands, emissions of greenhouse gases resulting from the transportation and treatment of water 

and the use of potable water to prevent saltwater intrusion into freshwater aquifers.  

Health impact assessments have been conducted on a wide range of policies, program and 

projects.  Some HIAs are conducted concurrently with or are embedded in environmental impact 

assessments (EIAs) mandated by the National Environmental Policy Act (NEPA) and the 

California Environmental Quality Act (CEQA) to expand the scope of human health impacts 

examined in those reviews.8,9,10,11  This HIA, however, has been conducted to provide information 

to decision-makers and stakeholders on policy decisions that probably do not trigger a NEPA- 

or CEQA-mandated EIA. 

 

																																																								
7 National Research Council. 2011.  Improving Health in the United States: The Role of Health Impact Assessment.  
National Academies Press, Washington, D.C. 
8 Steinemann, A. 2000. Rethinking Human Health Impact Assessment. Environmental Impact Assessment Review 
20: 627– 645.... [link to article] 
9 Cole BL, Willhelm M, Long PV, Fielding JE, Kominski G, Morgenstern H.  2004. Prospects for health impact 
assessment in the United States: new and improved environmental impact assessment or something different? J. 
Health Polit. Policy Law 29(6):1153—86. [link to article] [alternate link] 
10 Bhatia R, Wernham A.  2008.  Integrating Human Health into Environmental Impact Assessment: An Unrealized 
Opportunity for Environmental Health and Justice.  Environmental Health Perspectives 116(8):991‐1000. [link to 
article] 
11 National Research Council. 2011.  Improving Health in the United States: The Role of Health Impact Assessment.  
National Academies Press, Washington, D.C. 
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What is Health Impact Assessment (HIA)? 

Health impact assessment (HIA) is a systematic process using an array of analytic methods and data,  
including input from stakeholders, to determine the potential effects of a proposed policy, plan, 
program, or project on the public’s health and how those effects are distributed in the population.*  

HIA aims to provide evidence-based, actionable information to policy-makers about the potential 
health effects of pending decisions affecting policies, projects and programs.   

HIA can bring attention to issues affecting health as they are affected by public policies and projects, 
and suggest alternatives to maximize the potential benefits and minimize potential harm, especially 
when public health considerations are not already a major consideration.  

HIAs vary greatly, however, with respect to their scope of analysis, types of information utilized, how 
findings are introduced into policy deliberations, and the types of decisions that they seek to inform 
(HIA Clearinghouse Learning and Information Center at http://www.hiaguide.org). 

For a given project or policy proposal, an HIA will attempt to determine: 
1. Potential health affects; 
2. Affected populations; 
3. The significance of potential health effects; 
4. The distribution of potential health effects and effects on existing health disparities; 
5. Actions to maximize potential benefits and minimize harm to the health of affected populations. 

Since HIAs tend to be most valuable as a tool to highlight unrecognized or under-appreciated health 
effects, they typically focus on projects and policies outside the purview of public health and health 
care, such as transportation, land-use planning, agriculture and economic policy.  Recognizing that 
decisions about these policies and projects involve weighing many, varied priorities, the role of HIA is 
not to make decisions about which alternative is best, but rather to provide decision-makers and 
stakeholders with sound, evidence-based information about how a proposal is likely to affect the 
public’s health; information that might not have otherwise been fully considered without an HIA. 

 ____________________ 

* National Research Council, Improving Health in the United States: The Role of Health Impact 
Assessment, 2011 

Box 1: What is “health impact assessment” (HIA)? 

Policy overview:  California SB X7-7 (aka “20 by 2020”) 

In response to on-going drought, worries about the deteriorating integrity of the state’s 

infrastructure to collect, transport and deliver water, and growing concern about the effects of 

global climate on water supplies, the California State Legislature passed a set of bills in 2009 to 

address water infrastructure, management and conservation.   Efforts to conserve water used in 
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agriculture, which accounts for nearly 70% of the water used in California,12  were limited to 

requirements to measure water deliveries, to base pricing at least partly on the volume of water 

delivered and to improve efficiency where feasible.  On the other hand, requirements to reduce 

urban water use, constituting 31% of the water used in California were much more specific and 

prescriptive. SB X7-7 lays out specific conservation measures and a target for urban water 

suppliers to reduce per capita water use by 20% by 2020.13  Although the legislation lists 

recommended conservation strategies (see Section II below), water suppliers are allowed to 

select the mix of conservation measures that they deem best suited for meeting 20-by-2020 

targets.   They are required to outline their conservation strategies in their “Urban Water 

Management Plans” (UWMPs) submitted to the state’s Department of Water Resources starting 

in 2010 with progress reports and updated plans to be submitted to the in 2015 and 2020. 

Since some water suppliers had already made significant progress in reducing water use prior to 

the law’s adoption, the legislation allows agencies to select from several alternatives for 

complying with SB X7-7 targets including: 

1. Performance standards (55 gallons per capita per day for indoor residential use, meeting 

standards of the State’s Model Water Efficient Landscape Ordinance14 for residential 

landscaping, and a 10% reduction in water use from the baseline commercial, industrial, 

and institutional water use) by 2020. 

2. Reducing water use to 95% or less of the State’s targets for that hydrologic region; 

3. Alternative targets developed by the State’s Department of Water Resources for meeting 

a 20% statewide reduction in per urban daily per capita water use by December 31, 2020.  

Recognizing the diverse water needs and technologies among different commercial, institutional 

and industrial water users, SB X7-7 takes a slightly less prescriptive approach for conserving 

water among these users.  The legislation requires the Department of Water Resources to work 

with the California Urban Water Conservation Council to establish a task force that shall identify 

																																																								
12 California Department of Water Resources. 2011.  2009 State Water Plan: Appendix: "Statewide water balance 
(1998‐2005) revised April 28, 2011.  
13 SBX 7‐7 (2009). Water Conservation. Chaptered. http://www.leginfo.ca.gov/pub/09‐10/bill/sen/sb_0001‐
0050/sbx7_7_bill_20091110_chaptered.html 
14 1.  Chapter 2.7 (commencing with Section 490) of Division 2 of Title 23 of the California Code of Regulations, 
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best management practices to assist the commercial, industrial and institutional sector in 

meeting the water conservation goal. 

 

 

 

 

 

 

Scope 

This health impact assessment examines potential public health effects of water conservation 

options that regional and local water agencies can use to meet 20-by-2020 targets.  SB X7-7 was 

only one part of a comprehensive package of water management strategies passed by the 

legislature in 2009.  Other pieces of legislation that were part of this legislative package, but 

which are outside the scope of this HIA, address: 

 Investment in the State’s water supply infrastructure, 

 Steps to improve the efficiency of agricultural water use, 

 Measures to improve water quality, 

 Water management planning procedures. 

Also outside the scope of this HIA is an analysis of the health impacts of responses to acute 

water shortages, such as mandatory water rationing, which are not part of longer-term demand 

management measures specified by SB X7-7.   It is valuable, however, to keep in mind the 

potential consequences of non-action in an era of decreasing water supplies.  The availability of 

water has been a recurring problem throughout California’s history.   High variability in the 

amount and geographic and temporal distribution of precipitation is a normal feature of 

California’s climate.  Even without the threats to the state’s water supplies posed by global 

“The	decisions	we	are	making	now	—	how	efficiently	we	use	water	and	where	
we	build	our	new	communities	—	dictate	how	much	flexibility	we	will	have	in	
the	future	and	what	the	quality	of	life	will	be	for	the	next	generation	of	
Californians.”	

Lester	Snow,	Former	Director,	California	Dept.	of	Water	Resources	
“Better	Land	Use,	Better	Water	User”	Los	Angeles	Times	April	9,	2008		
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climate change,15,16 fluctuations in supply coupled with population growth are virtually certain to 

result in periodic water shortages.  In recent decades laws requiring water-efficient plumbing 

fixtures in new buildings, voluntary reductions in water use, water transfers and expanded 

infrastructure have helped avoid mandatory water rationing during droughts, but this will be 

increasingly difficult without more substantial reductions in per capita water use.17  Abruptly 

imposed mandatory rationing limits the ability of water users to innovate, maximize efficiencies 

and mitigate harm.  The consequences of emergency water rationing are likely to more severely 

impact the public’s health than planned reductions implemented gradually over time.  Across-

the-board water conservation mandates are also likely to hit poor households especially hard.  

With fewer discretionary water uses, such as large yards and swimming pools, poor households 

would be forced to cut back on more health-related essential uses such as bathing and washing 

dishes. 

The assessment is divided into two sections:  (1) generic portion describing research on the 

linkages between specific water conservation options and health-related conditions, general 

estimates of the size and significance of effects, effects on vulnerable populations and 

descriptions of current conditions throughout the state, and (2) a case-study analysis of water 

conservation in the city of Burbank California.   

Because climate, hydrology, water delivery systems and populations vary so much throughout 

the state, portions of this HIA are unavoidably general and cursory but hopefully have sufficient 

detail to help readers better understand the linkages between water conservation and health.  

The generalizability of information from the case-study may be limited, especially outside of 

Southern California.  Nonetheless, decision-makers in other locales can still use this information 

as a roadmap to understand how public health considerations can be taken into account when 

identifying and implementing water conservation strategies.   

																																																								
15 Tanaka SK, Zhu T, Lund JR, et al. 2006. Climate warming and water management adaptation for California. 
Climatic Change, 76(3‐4):361‐387. 
16 California Department of Water Resources. 2008. Managing An Uncertain Future Climate Change Adaptation 
Strategies for California’s Water.  
17 Gleick PH, et al.  2003. Waste Not, Want not: The Potential for Urban Water Conservation in California, Pacific 
Institute.  http://www.pacinst.org/wp‐content/uploads/sites/21/2013/02/waste_not_want_not_full_report3.pdf 



I.	Introduction	

	

Urban	Water	Conservation	HIA	 9	 May	28,	2014	

This HIA considers both potential benefits and potential harm to the public’s health.  Where 

appropriate, recommendations are made for mitigating potential harm and maximizing 

potential benefits.  When information is available, the general magnitude and significance of 

impacts is estimated.  Quantification is limited, however, by the lack of information on direct 

program effects (i.e. water consumption and financial costs) on individual households, long lag 

times before health outcomes are realized and numerous contingencies and mediating factors. 

Principles guiding the analysis 

Three principles, discussed in detail below, provide useful lenses for identifying, organizing and 

understanding the linkages between water conservation strategies and downstream health 

effects:   

1. Recognition of water’s value for health; 

2. Prevention of unintended consequences that negatively affect health; 

3. Advancement of health equity and reduce health disparities. 

Water’s value for health: Doing more with less, or doing less with less? 

While water conservation can have valuable public health co-benefits, simply using less water 

does not necessarily benefit the public’s health.  Water, especially clean freshwater, is a valuable 

resource for health.  It is a physiologic necessity and an essential element of food production.  

Personal hygiene, sewer systems, irrigation to support urban landscapes for shade, recreation 

and greenspace, and maintenance of natural ecosystems all depend on water.  Reducing water 

used for these and other health promoting services and resources without improvements in 

efficiency is likely to diminish the health benefits generated by these services and resources.  

Important distinctions between the concepts of water use reduction, conservation and efficiency 

are addressed in Section II below. 

Prevent unintended consequences:  Unintended does not have to be unanticipated 

Prevention of harm is a core principle of public health.  Many regulations and studies address 

intentional efforts to assure drinking water quality, prevent the spread of water-borne diseases 

and protect the quality of surface and groundwater resources.  Their effects are usually direct 

and well understood.   By their nature, unintended consequences tend to be more complex and 

difficult to anticipate.  Insights from California’s long history of water conservation programs can 
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help anticipate and manage undesired side-effects of water conservation.  Lessons learned from 

other locales with extensive experience in water conservation, such as Arizona, Nevada, Australia 

and Singapore, also provide valuable lessons that will be drawn upon in this HIA.  

Advance health equity and reduce health disparities 

Promoting health equity and reducing health disparities is a core principle of health impact 

assessment.18   Aside from ethical imperatives to protect vulnerable populations, there are also 

pragmatic reasons for focusing on equity.  Depending on the health outcome, vulnerable 

populations might include individuals with chronic health conditions, groups with a high 

prevalence of health risk factors, children or the elderly.  Standards and interventions to protect 

vulnerable populations will also help protect the entire population.  Whether preventing harm or 

promoting better health, targeting resources towards protecting the health of the most 

vulnerable is often more cost-effective than a more generalized allocation of resources.  Since 

vulnerabilities vary depending on the particular health risks and health conditions in question, it 

is important to identify who is vulnerable and why for each health impact.  Effects on low 

income populations are given special scrutiny in HIA, due to the high prevalence of multiple risk 

factors, relative dearth of protective factors and disproportionate burden of health conditions.  

Potential health risks among children, the elderly and individuals with chronic health conditions 

are also given particular attention.

																																																								
18 National Research Council, Division on Earth and Life Sciences.  Committee on HIA.  2011.  Improving Health in 
the United States: The Role of Health Impact Assessment. Washington DC, National Academy of Sciences. 
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II. Urban water management in California 

Water uses in California 
California’s water supply system – Hard infrastructure 
California’s water supply system – Management and regulation  
Responses to past water shortages and the need for new approaches 
Urban Water Management Plans 
Conservation vs. efficiency vs. productivity 
Demand management measures (DMMs) identified in SB x7-7  

 

Water uses in California 

From a network of reservoirs, levees, aqueducts, pumping stations and wells, California’s water 

system supplies farms, residents, businesses and public facilities with 40.1 million acre-feet of 

water per year, over 13 trillion gallons.  About one-third of this water goes to urban uses, 

including indoor residential uses, irrigation of yards and public spaces, and commercial, 

institutional and industrial applications (see Figure 1 below).19 Of water used in residential 

settings, about 14.7% of all water used, over half is used to irrigate yards and gardens (i.e. 

“outdoor” use).  The magnitude of the share of residential water that goes to irrigating outdoor 

landscapes is all the more striking when one considers that one-quarter of the state’s population 

lives in multi-family housing (American Community Survey, 2011) with little irrigated landscape 

compared to the typical single-family, detached dwelling.  The second largest use of water in 

residential dwellings is for flushing toilets, followed by showers, faucets, leakage (e.g. dripping 

faucets, leaky toilet flanges, etc.) and clothes washers.  Each of these uses only one-sixth to one-

seventh the water used for irrigating outdoor landscaping. 

Water used in commercial and institutional settings, such as schools, hospitals, offices, golf 

courses and parks, accounts for 4.5% of the water used in the state, Energy production and 

industrial uses account for another 1.5% of the state’s water use.   The water used for 

commercial, institutional and industrial (CII) uses is about 40% of the total used in residential 

applications.  Among CII users, no one type of use stands out in terms of the total amount of 

																																																								
19 Sector totals from the 2009 State Water Plan/ Appendix: Statewide Water Balance 1998‐2005. These and the 
percentages cited below exclude water used for environmental purposes, such as support for fish spawning areas 
and wetlands restoration, that the state now includes in its water balance calculations.     
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water used as shown in Figure 1, but these totals can be misleading since the total amount of 

activity represented in each category varies greatly whether measured by economic output,  

numbers of employees or numbers of people served.    

“Water factor” is a commonly used measure, expressed in terms of gallons per employee per 

workday, to compare how much water is used in different types of businesses and industries.  As 

shown in Table 1, the water factor for different businesses and industries varies greatly, from 

11,399 gallons/employee/day (GED) in the petroleum industry to 31 GED in construction.  One 

can see how economic shifts from a 

manufacturing-based economy to a 

service-based economy will reduce 

water use, since water factors for 

manufacturing are one to two orders of 

magnitude greater than water factors in 

the service sector.  Even shifts within 

manufacturing from heavy industry and 

mineral extraction to metal fabrication 

can substantially lower water use.  

Particularly relevant to California with its 

large agriculture sector is food 

manufacturing with a water factor that is 

ten times higher than that for services 

and is even greater than the water factor 

for primary metals.  

In addition to the water that gets used 

in farms, homes, businesses and public 

facilities, another 10.7% of California total water use (4.3 million acre-feet/year) is lost due to 

system leakage or is used for recharging groundwater aquifers. 

 

Table 1: Water intensity of select industries and 
commercial activities in California 

Type of business or 
industry 

Water Factor 
(Gallons/Employee/Day) 

Petroleum & coal products  11,399 

Beverage manufacturing  2,169 

Food Manufacturing 
(excluding crop irrigation) 

1,967 

Primary metals  1,318 

Fabricated metals  738 

Education services  237 

Computer/electronic 
products (high tech) 

203 

Health care  155 

Retail trade  152 

Financial activities/offices  47 

Construction  31 

From Pacific Institute, 2012. Urban Water Demand in 
California to 2100. Incorporating Climate Change. 
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Notes:  Sector totals from the CA Dept. of Water Resources. State Water 
Plan: Update 2009. Data Summary:  1998-2005, Water balances (revised 03-
10-11).  Residential total and split of indoor residential uses from California 
Urban Water Plan 2013 Update and DeOreo et al., 2011. Analysis of Water 
Use in New Single Family Homes.  Split of use by industry and commercial 
use from Gleick et al. 2003 cited in Pacific Institute 2012.  Pacific Institute, 
2012. Urban Water Demand in California to 2100:  Incorporating Climate 
Change. August 2012. 

 

 

 

Figure 1: Water use in California. Annual averages 2005‐2009 (excluding environmental)	
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California’s water supply system – Management and regulation  

California’s cities, farms and industries 

draw water from two sources: surface 

water (i.e. rivers and lakes filled with 

water from snowmelt and rain) and 

ground water.  To move this water from 

sources to users is a complex network 

of aqueducts, reservoirs and channels, 

comprised of 4 major aqueducts—the 

Colorado River Aqueduct, the State 

Water Project/California Aqueduct, the 

Central Valley Project, and the Los 

Angeles Aqueduct (Figure 2). 

The State Water Project and the California Aqueduct (Figure 3), which transport water from the 

Sacramento/San Joaquin River Delta, are controlled by California’s Department of Water 

Resources. The State Water Project brings water from Northern California to Southern California, 

where most of the state’s population lives. The dependability of this source is increasingly 

threatened by deterioration of century-old 

earthen levees and salt water intrusion in 

the Sacramento-San Joaquin delta.  In 

addition to these on-going problems, is 

the threat of earthquakes along the major 

fault lines near the aqueduct and the delta 

that could lead to a sudden and 

catastrophic failure of this water system.20  

The Colorado River Aqueduct carries the 

bulk of California’s allocation of Colorado 

																																																								
20 Ingebritson SE, Ikehara ME (U.S. Geological Survey). Sacramento‐San Joaquin Delta: Sinking Heart of the State.  
http://pubs.usgs.gov/circ/circ1182/pdf/11Delta.pdf 

Figure 2:  Three of the State’s four major aqueducts serve 
Southern California.  The fourth major aqueduct (not 
shown) is the Central Valley aqueduct serving primarily 
agricultural users in the San Joaquin Valley. Map courtesy 
of Irvine Ranch Water District (original labels modified). 

Figure 3:  : California Aqueduct (State Water Project). 
Courtesy CA Water Resources 
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River water across hundreds of miles of desert to the urban areas of Southern California.  This 

source of water is especially threatened by climate change.21  Colorado River water is already 

over-allocated by agreements between California, six other states and the federal governments 

of U.S. and Mexico.  These agreements, which date back to 1922, assumed annual water flows in 

the Colorado River far above historical averages, even before the onset of what appears to be a 

long-term decline.22   At the same time that the supply of Colorado River has been declining, 

surging populations and expansion of irrigated farmland across the arid Southwest have 

increased water demands. 

The two Los Angeles aqueducts, owned and operated by the Los Angeles Department of Water 

and Power (LADWP), transport water over 200 miles water from the Owens Valley on the eastern 

slope of the Sierra Nevada Mountains to Los Angeles.  These two parallel aqueducts, the first of 

which was built in 1913, made it possible for Los Angeles to grow from a small city to a major 

metropolis.  The diversion of water, though, meant an end to much of the farming and ranching 

in the Owens River Valley and turned Owens Lake into a dry lakebed.  Dust storms from the 

lakebed have severely impacted the region’s air quality.  Portions of the lakebed are now being 

rehabilitated, but tensions remain high, especially as current water supplies are at historic lows. 

Groundwater 

Groundwater and surface water are interconnected in multiple ways.  Aquifers that are within a 

few hundred feet of the surface are naturally replenished by surface waters filtering down 

through layers of earth, groundwater-fed springs provide freshwater flows in streams that would 

otherwise be dry during dry seasons, and groundwater serves as a water “bank” that can be 

drawn on during dry years when surface water is insufficient to meet demand.  Unlike surface 

water, groundwater is available year round.  The state’s groundwater aquifers are estimated to 

hold nearly 20 times the amount of surface water stored in dams – roughly 85 million acre feet.   

Groundwater is stored underground in spaces between the soil and alluvial (sand, rocks, silt, 

clay) material in formations called aquifers.  Aquifers can stretch for hundreds of miles. 

																																																								
21 Barnett TP, Pierce DW. 2009. Sustainable water deliveries from the Colorado River in a changing climate. 
Proceedings of the National Academy of Sciences. 106(18):7334‐7338. 
22 Green D. 2007. Managing Water: Avoiding Crisis in California Los Angeles, University of California Press. 
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California’s aquifers are estimated to hold 85 million acre-feet of water, nearly 20 times more 

freshwater than California’s surface water reservoirs.  Groundwater is recharged naturally 

through rainfall and snowmelt, and through human activities such as agricultural and urban 

landscape irrigation, surface water impoundments, and direct pumping into the ground.  

Under drought conditions, groundwater is increasingly relied upon to meet both agricultural 

and urban water demands.  Groundwater withdrawals are sustainable as long as they are 

replenished.  Commonly, however, withdrawals exceed replenishment even during many non-

drought years.   Prior to the most recent drought, groundwater in the Central Valley had been 

depleted by more than 16 million acre-feet.23  An overdrawn aquifer cannot sufficiently 

compensate for low surface water supplies during drought years.  Overdraft can also lead to 

land subsidence and saltwater intrusion. 

The problems with groundwater overdraft are compounded in coastal areas where lowered 

groundwater levels can allow saltwater into the porous spaces in the soil, contaminating 

remaining groundwater and making the aquifer unfit for future groundwater replenishment.  

Saltwater intrusion barriers maintain a “ridge” of subterranean freshwater in low-lying coastal 

areas that can prevent the influx of saltwater into lowered freshwater aquifers on the inland side 

of the barrier.    

Groundwater is also easily contaminated by industrial and agricultural chemicals, making it 

difficult, sometimes impossible, to use as a source for potable water.   A number of aquifers in 

Southern California are contaminated with hazardous industrial chemicals, including organic 

solvents used in the aerospace industry, petroleum products, the gasoline additive MTBE, 

chromium, nitrates and perchlorate (a component of rocket fuel).24  Groundwater in the Central 

Valley has extensive nitrate contamination from fertilizer, along with other agricultural chemicals.  

Remediation of a contaminated aquifer is expensive and may take decades.   Without other 

																																																								
23 UCCHM Water Advisory #1, Water Storage Changes in California's Sacramento and San Joaquin River Basins from 
GRACE: Preliminary Updated Results for 2003‐2013, UC Center for Hydrologic Modeling, University of California, 
Irvine, February 3, 2014. https://webfiles.uci.edu/jfamigli/Advisory/UCCHM_Water_Advisory_1.pdf 
24 California State Water Resources Control Board. 2013. Communities that rely on a contaminated groundwater 
source for drinking water (Report to the Legislature). 
http://www.waterboards.ca.gov/gama/ab2222/docs/ab2222.pdf 
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affordable alternative sources, water agencies may still utilize draw from contaminated aquifers, 

filtering out those chemicals for which filtration is feasible, such as volatile organic compounds, 

and diluting others, such as chromium and nitrates, down to levels deemed safe by existing 

standards.25 

Reliance on groundwater in California varies greatly by region, water district, year and season.  

Some areas are wholly dependent on groundwater.  In the area served by the LADWP 

groundwater supplies about 11% of the water used.  While groundwater in the Los Angeles area 

is tightly regulated, in much of the state groundwater pumping is subject to little or no 

regulation.26   Nineteen groundwater basins in California are managed by “watermasters,” 

committees whose job it is to assure that water resources are allocated according to established 

water rights, monitor groundwater withdrawals, prevent overdraft and protect groundwater 

from contamination.27 

LOCAL WATER DISTRICTS 

State and regional agencies control California’s main sources of water then hand over control to 

local water districts responsible for delivering water to its customers across their service areas. 

Over 3,700 public and private agencies handle aspects of water supply, use or treatment in 

California.  Governed loosely by state regulations, these water districts maintain water treatment 

facilities, contract with wholesale water suppliers, set their own rates and implement their own 

sets of water conservation programs. 

Responses to past water shortages and the need for new approaches 

Drought is familiar to California. Planning at the state and local level has adapted to drought 

conditions and threat of future drought.  In the 1970’s, several drought years, combined with 

new perspectives brought on by the emerging environmental movement, prompted many local 

and state agencies and water suppliers to implement water conservation measures.   
																																																								
25 Mueller DK, Helsel DR. 2013. Nutrients in the Nation's Waters‐‐Too Much of a Good Thing? U.S. Geological 
Survey, Circular 1136. U.S. Geological Survey, National Water‐Quality Assessment (NAWQA) Program. 
http://pubs.usgs.gov/circ/circ1136/circ1136.html 
26 California Legislative Analyst’s Office. 2014. Improving Management Of the State’s Groundwater Resources. 
http://www.lao.ca.gov/handouts/resources/2014/Groundwater‐Resources‐03‐11‐14.pdf 
27 Weatherford G, Malcolm K, Andrews B. 1982. California groundwater management: The sacred and the profane. 
Natural Resources Journal, 22:1031‐1043. 
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Over the past forty years California has had four major droughts:  1976-1977, 1987-1992, 2007-

2009 and the current drought that began in 2012.  During the 1987-1992 drought, which was 

the most severe until the current drought, statewide reservoir storage was only 40 percent of 

average.  It was not until 1994 after a 200% increase in rainfall that water storage levels were 

back up to normal levels.28   With more than 6 million more residents since the 1987-1992 

drought and a significant decline in groundwater reserves that have historically been relied on 

during droughts, the urgency for conservation has taken on a new urgency. 

Faced with a naturally arid climate, a large population and dependence on expensive imported 

water, Southern California has been especially aggressive in implementing water conservation 

programs.  Plumbing codes that require water-efficient fixtures, use of recycled water for 

irrigating parks and streetscapes, and other technologies have enabled, Los Angeles, for 

instance, to hold aggregate water consumption steady over the past twenty-five years despite a 

population increase of one million people.29   Even before the most recent drought, many cities 

and water districts have implemented a combination of restrictions and conservation incentives.  

In Long Beach, these combined measures have succeeded in reducing per capita water use by 

one-third of what it was in 1980.30 In Irvine, tiered conservation pricing implemented by the 

Irvine Ranch Water District in 1991 has resulted in a sustained 12% decrease in water use and 

stabilized revenue that would have otherwise dropped as a result of reduced water 

consumption.31  

Urban Water Management Plans 

In response to concerns about the long-term sustainability of California’s water systems that 

were highlighted by the 2007-2009 drought, California Governor Arnold Schwarzenegger issued 

a historic water legislation package, which included Senate Bill x7-7 (SB x7-7), also known as “20 

																																																								
28 California Department of Water Resources. 2000.  Preparing for California's Next Drought: Changes since 1987‐
1992.  http://www.water.ca.gov/waterconditions/docs/Drought_Report_87‐92.pdf 
29 Los Angeles Department of Water and Power. 2008. Securing L.A.’s Water Supply. 
http://www.lacity.org/mayor/stellent/groups/electedofficials/@myr_ch_contributor/documents/contributor_web
_content/lacity_004714.pdf 
30 Long Beach Water Department. 2011.  2010 Urban Water Management Plan.  
http://www.lbwater.org/sites/default/files/file_attach/pdf/2010_uwmp.pdf 
31 Wilkinson R, Gleick PH, Wong AK, Owens‐Viani L, Steding A, Haasz D, Fidell M and Gomez S. 1999 Sustainable use 
of water: California success stories Oakland, CA, Pacific Institute. 
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by 2020,” calling for California water districts reduce urban water use by 20 percent per water 

district by the year 2020.  Given current urban use of 8.8 million acre feet per year, a 20 percent 

reduction in water use would result in a 1.74 million acre foot savings per year.32 

With the enactment of SB x7-7, California water suppliers serving at least 3000 connections or 

more than 3,000 acre-feet of water annually are required to incorporate “20x2020” conservation 

plans into their Urban Water Management Plans (UWMPs) submitted every five years to the 

state’s Department of Water Resources (DWR) under the Urban Water Management Planning 

Act (UWMPA).33  The conservation plans incorporated into the UWMPs must identify a specific 

mix of Demand Management Measures (DMMs) and recycling and reuse strategies that will be 

adopted in order to reach water conservation targets. 

Efficiency vs. conservation 

To understand how water use reductions might impact health, it is necessary to understand the 

distinction between water conservation and water efficiency.   “Water conservation” typically 

means simply using less water, whereas “water efficiency” takes into account how well it is being 

used for its intended purpose.   A water-efficient washing machine washes the same amount or 

more laundry with less water.  On the other hand, an equal amount of water could be conserved 

without improving efficiency by washing clothes less often.  Paving over a yard might be more 

effective at reducing water use than replanting the yard with native, drought-tolerant plants and 

installing a weather-sensitive drip irrigation system, but it would also mean losing the aesthetic, 

health and environmental benefits of appropriately irrigated greenspace.   The concept of water 

efficiency encompasses both “water conveyance efficiency,” (i.e. preventing leakage, evaporation 

and other wastage in water transport and delivery systems), and “water-use efficiency,” (i.e. 

doing the same or more with less water).  Since SB X7-7 focuses on reducing demand, water-use 

efficiency is more salient, but improved water conveyance efficiency can also reduce water use. 

Efficiency is good, but it comes at a price.  Sometimes this cost comes in the form of a trade-off:  

a water-efficient appliance may take more time to complete a task, or may require special 

																																																								
32	Lauer S. 2009. A Briefing on California Water Issues. Sacramento, The Water Education Foundation.	
33 California Department of Water Resources. 2010.  About Urban Water Management (webpage). 
http://www.water.ca.gov/urbanwatermanagement 
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training to install and use.  Direct, financial costs of improved efficiency are sometimes 

negligible, for instance, the cost difference between a water-efficient showerhead or faucet and 

its less efficient counterpart.  Often though, the direct financial costs of improved efficiency can 

be substantial.  Water-efficient washing machines, for instance, are typically several hundred 

dollars more expensive, than less efficient models.34 Replacing a turfgrass yard with water-

efficient landscaping and irrigation can easily cost homeowners thousands of dollars, even with 

rebates.35  Even when improved efficiency saves money over time, the higher cost of the initial 

outlay may not be recouped for years, making the cost differential of the initial outlay a 

significant obstacle, especially for lower income households, small businesses and cash-strapped 

public agencies. A study of water conservation options in a public park in Apple Valley, 

California estimated that replacing that portion of the park’s turf not used for sports with more 

water-efficient landscaping would save the city money in reduced water bills, but that it would 

take thirty-three years to recoup costs.36 

Water efficiency also tends to be viewed rather narrowly, focusing on short-term water savings 

from improved efficiency of a particular product or process.  Savings from increased efficiency 

can stimulate increased consumption.  Such “rebound effects” are well documented for energy 

conservation programs, but less so for water conservation.  Rebound effects may cause lower 

than expected water use efficiencies observed for water-saving toilet rebate programs.  

Researchers have even posited scenarios in which rebound effects combined with tiered pricing 

could increase net water use.37 A narrow view of water efficiency may also miss unintended 

effects that increase other types of water use.  In response to a decision by municipal authorities 

to cut back or eliminate irrigation of vegetation in street medians, some homeowners might 

increase irrigation on their property to compensate for decreased shade and increased 
																																																								
34 U.S. Department of Energy. 2012. Technical Support Document: Energy efficiency program for consumer 
products and commercial and industrial equipment: Residential clothes washers. 
http://www.regulations.gov/#!documentDetail;D=EERE‐2008‐BT‐STD‐0019‐0047 
35 Turf conversion costs of $5‐$20 per square foot reported by homeowners participating in Long Beach’s lawn to 
garden program (http://www.lblawntogarden.com/node/89).  Current rebate rate in Long Beach is $3 per square 
foot of front yard turfgrass converted to drought tolerant landscaping with drip irrigation. 
36 Leal J, Mendoza C 2012 Outdoor water conservation: Compliance and costs California Parks & Recreation 
68(2):36‐42 
37 Bennear LS, Lee JM, Taylor LO 2011 Participation incentives, rebound effects and the cost‐effectiveness of 
rebates for water‐efficient appliances Duke Environmental Economics Working Paper No 11‐10 
http://www4ncsuedu/~jmlee7/research/Bennear_Lee_Taylor_JPAMpdf  
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temperatures in their neighborhood.  In Los Angeles, fluctuations in water pressure caused by 

restrictions on days that outdoor watering was allowed caused a spike in water main breaks38   

with a loss of 50 million gallons of water in one month.39 While these losses are less than one-

half of one percent of the water saved by the watering restrictions, they still represent a 

significant volume of water.   

Efficiency is also linked to the concept is water productivity, which is a measure of the output for 

a given use of water, such as value added or jobs.  While this concept has been applied 

extensively in studies of commercial and industrial uses of water, it is a useful concept when 

thinking about other uses of water, even when the desired output is a non-economic benefit 

that is difficult to monetize.  An example of such an analysis is an industry-sponsored report in 

Australia detailing the environmental, health, economic and social benefits of outdoor irrigation.  

The report’s authors recommend a “triple bottom line” approach that comprehensively 

considers benefits as well as costs of water when planning water conservation programs.40 

BMPs, DMMs and Performance Standards 

State water conservation regulations and reports are peppered with references to “Best 

Management Practices” (BMPs) and “Demand Management Measures” (DMMs).  These are the 

specific conservation strategies that water suppliers can implement to meet SB X7-7 water use 

reduction targets.  There is little difference between the BMPs and DMMs (see Figure 4), except 

that implementation of BMPs, which apply to CUWCC members, is voluntary, while reporting 

implementation of DMMs in their urban water management plans submitted to the state every 

five years is mandatory for all urban water utilities in the state, except those with less than 3,000 

connections and delivering less than 3,000 acre-feet of water annually. 

Best Management Practices (BMPs), Demand Management Measures 
																																																								
38 USC Center on Megacities 2010 Expert Review of Water System Pipeline Breaks in the City of Los Angeles during 
Summer 2009 Report to the Steering Committee on Water Pipeline Breaks of the City of Los Angeles 
http://megacitiesuscedu/assets/004/71455pdf 
39 Authors’ calculations based on figures provided by Los Angeles Department of Water and Power “Information 
Regarding Mainline Breaks and Repairs” (Updated November 2, 2009) 
http://wwwladwpnewscom/go/doc/1475/331909/Information‐Regarding‐Mainline‐Breaks‐and‐Repairs 
40 Fam D, Mosley E, Lopes A et al  2008  Irrigation of Urban Green Spaces: a review of the Environmental, Social 
and Economic benefits  Cooperative Centre for Irrigation Futures Technical Report No 04/08 
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California Urban Water Conservation Council 

1. Foundational: Utility Operations Programs 

1.1. Operations 

a. Conservation coordinator 

b. Support policies to prohibit water waste in 
landscape applications, commercial and 
industrial activities  

1.2. Water loss control: Detect and remedy system 
and customer leaks  

1.3. Require meters for new development, retrofit 
currently unmetered customers with meters 

1.4. Conservation pricing 

2. Foundational: Education Programs 

2.1. Public Information programs 

2.2. School Education Programs 

3. Programmatic: Residential 

3.1. Residential assistance program: leak detection, 
water-efficient plumbing fixtures 

3.2. Landscape water survey: survey landscape water 
use, provide information and recommendations 

3.3. Incentives for and ordinances requiring high-
efficiency clothes washing machines 

3.4. Incentives for and ordinances requiring water-
efficient toilets 

3.5. WaterSense specifications for residential 
development 

4. Programmatic: Commercial, Industrial and 
Residential (CII): Implement measures to reduce CII 
water use by 10% over a 10-year period 

5. Programmatic: Landscape  Landscape water use 
surveys and assistance for commercial, institutional, 
industrial customers 

California State Legislature, 2009 (SB X7-7), 
State Water Code Section 10631) 

A. Water survey programs for single-family residential 
and multifamily residential customers. 

B. Residential plumbing retrofit. 

C. System water audits, leak detection, and repair. 

D. Metering with commodity rates for all new 
connections and retrofit of existing connections. 

E. Large landscape conservation programs and 
incentives. 

F. High-efficiency washing machine rebate programs. 

G. Public information programs. 

H. School education programs. 

I. Conservation programs for commercial, industrial, 
and institutional accounts. 

J. Wholesale agency programs. 

K. Conservation pricing. 

L. Water conservation coordinator. 

M. Water waste prohibition. 

N. Residential ultra-low-flush toilet replacement 
programs. 

 

 

Figure 4: CUWCC Best Management Measures compared to SB x7‐7 Demand Management Measures

The 14 urban water conservation BMPs were developed by the California Urban Water 

Conservation Council (CUWCC), a voluntary organization made up of water agencies and 

environmental groups dedicated to increasing efficient water use.  As of November 2009, 227 

water suppliers, representing 80% of all of the urban water supplied in California, have signed 

the CUWCC’s Memorandum of Understanding (MOU), agreeing to develop and implement 

urban water conservation BMPs.  Although the BMPs are voluntary for urban suppliers under the 

CUWCC MOU, the BMPs are mandated for federal water contractors.   
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The State Water Code defines Demand Management Measures (DMMs) as “those water 

conservation measures, programs, and incentives that prevent the waste of water and promote 

the reasonable and efficient use and reuse of available supplies.”41 The 14 DMMs listed in SB X7-

7 are recommended strategies for achieving the legislation’s mandated water use reductions.    

This HIA will focus primarily on assessing the potential health effects of the DMMs laid out in SB 

X7-7.  Assessing these DMMs’ potential health effects requires information on program 

implementation, costs and potential water savings (see Appendix B).  Several DMMs lack such 

information and are therefore excluded from explicit consideration in the HIA:  

1. Public information programs. 

2. School education programs. 

3. Conservation programs for commercial, industrial, and institutional (CII) accounts. 

4. Wholesale agency programs. 

Education and information programs are implicitly analyzed as part of other DMMs for which 

they encourage adoption and continued adherence.  Except for outdoor irrigation, conservation 

programs for CII accounts are highly variable depending on particular types of industries, 

technologies and structures.  Most wholesale conservation programs ultimately manifest as one 

of the DMMs listed, so analysis of their effects would also be largely redundant.   

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Water savings and costs of selected demand management measures (Detail in Appendix A)  
																																																								
41 California State Water Code. Section 10611.5 
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Water suppliers are not confined to the DMMs when selecting strategies to achieve the SB X7-7 

targets.  Suppliers could also reduce system water pressure to decrease leakage or promote the 

use of small-scale rainwater collection for landscape irrigation.  Although not strictly a DMM, 

cities and counties may also take steps to limit sprawl, residential parcel size and construction of 

new single-family, detached housing, all of which are associated with increased water use.  

These are briefly discussed in the HIA but the primary focus remains the DMMs listed in SB X7-7.  

A note of caution: Why per capita conservation measures can be misleading 

Even if all water agencies throughout the state achieve the 20% reduction targets laid out in SB 

X7-7, long-term projections show water use increasing in the state.  Why?  SB X7-7 calls for per 

capita reductions in water use, typically expressed as gallons per capita per day (GPCD).  While 

this provides a fair measure for tracking improvements in water efficiency, it obscures changes in 

total water use due to: 

 Population growth; 

 Unaccounted water loss that may increase over time; 

 Changes in water use due to economic shifts, not conservation 

Population growth 

Increased water demands due to population growth can easily outpace reductions in per capita 

water use, resulting net increases in aggregate water use.   Exacerbating the problems posed by 

population growth, water demands are also likely to increase under warmer drier conditions 

resulting from global climate change. Reductions in per capita water use much greater than 

those required under SB x7-7 will be needed just to keep aggregate water demand at current 

levels as California’s population grows by an expected 20% over the next century. 42    

Unaccounted for water loss 

Dripping faucets, a leaky toilets and broken sprinkler heads waste water that is measured and 

paid for by customers.  Detecting and repairing end-users’ water leaks is an important step 

towards reaching 20-by-2020 targets.  But what about losses that occur upstream in water 

																																																								
42 Christian‐Smith J, Heberger M, Allen L. 2012. Urban Water Demand in California to 2100: 
Incorporating Climate Change. Oakland, CA: Pacific Institute.  
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delivery systems or even further upstream in reservoirs?  About 10% of the state’s water is lost 

and unaccounted for due to system leaks and evaporation.  Deteriorating infrastructure and 

increased evaporation due to climate change are expected to increase system losses.  While this 

may not affect attainment of SB X7-7 targets over the next several years, it will make it 

increasingly difficult to meet future water needs even with current conservation efforts in place.   

Economic shifts 

Economic growth, recession, off-shoring of production and other changes to the state’s 

economy have and will continue to change patterns of water use.    Commercial and industrial 

enterprises differ greatly in the amount of water used per employee (i.e. “water intensity”).  

Shifts in the types of business and land-use in a service area will affect per capita measures of 

water use, making conservation programs appear more or less effective than they really are.   

These shifts, not conservation programs, are the main reason water withdrawals remained 

steady after 1970 but GNP continued to increase (Figure 7). 

 

Figure 6: U.S. GNP and water withdrawals from 1900 to 1995.43 

																																																								
43 From Gleick PH 2003 Water Use Annu Rev Environ Res 28:275‐314 
http://wwwannualreviewsorg/doi/pdf/101146/annurevenergy28040202122849 
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Until the early 1970s U.S. economic growth was tightly linked to the use of water, but this 

linkage has since decoupled, not as a result of widespread adoption of conservation programs, 

but rather due to the transformation of the U.S. economy.   As the economy has shifted away 

from water-intensive activities, such as agriculture and raw material extraction and processing, 

to a more service-based economy that required much less water, increases in economic growth 

were no longer contingent on providing increasing amounts of water.  This does not mean that 

water is no longer an essential element of economic of well-being or that conservation is not 

necessary, only that conservation and technical efficiency are probably not the main reasons U.S. 

economy now generates more economic output for every gallon of water consumed. 
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III. Health & urban water conservation linkages 
Air quality and greenhouse gas emissions 
Ambient temperature/urban heat islands 
Water quality and water-borne diseases 
Arthropod-borne diseases 
Household finances 
Access to greenspace (recreation, mental health, physical activity) 
Exposure to mold and indoor air pollution 

 

Downstream effects of urban water conservation policy 

Implementation of water conservation policies, as well as the failure to implement such policies, 

may affect the public’s health in a myriad of ways, some harmful, some beneficial.  A systems 

view of the state’s water delivery system can help guide understanding of how conservation 

measures might change the flow of key components: water, money and energy, eventually 

giving rise to health effects.   

Figure 7: The flow of water, energy and money in the urban water delivery system 

 

Potential health effects addressed in this HIA occur as a result of changes in four mediators: 

1. The availability of water for household, commercial and public uses;  

2. The quality of water delivered to users; 

3. The price of water deliveries to distributors and users; 

4. Externalities, such as energy consumption and air pollution, linked to water usage. 
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The resulting health-related effects that are the focus of this HIA manifest as changes in the 

physical and social environments, household economic conditions, individuals’ practices and a 

broad spectrum of health outcomes ranging from asthma to gastrointestinal disease.  Changes 

in mediators and downstream health-related effects depend to a large extent on context—local 

climate, population demographics, economic conditions and water uses.   

The logic framework was developed and refined after review of published reports of water 

conservation efforts, mostly in the Western U.S. and Australia, and in discussions with the 

project’s Technical Advisory Committee members.  Potential health effects listed on the right-

hand side of the figure are seen as flowing from the conservation alternatives listed on the left-

hand side of the figure with mediators in the center of figure linking conservation alternatives to 

health-related outcomes.  While logic frameworks in HIA will typically use arrows to show 

specific causal pathways linking policies and outcomes, the plethora of complex linkages made 

the use of arrows here more confusing than helpful.  In the discussion that follows the major 

categories of health-related impacts are discussed with a summary of the nexus with water 

conservation and the significance for the public’s health. 
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Figure 8: Logic Framework showing potential health effects related to urban water conservation strategies  



III.	Linkages	to	Health	

	

Urban	Water	Conservation	HIA	 30	 May	28,	2014	

Air quality and greenhouse gas emissions 

Substantial amounts of energy are 

used to transport and treat water.  

Water supply and treatment 

consumes 20% of the state’s 

electricity and 30% of the state’s 

natural gas.44   Although urban 

water use constitutes one-third of 

the state’s total water use, it 

accounts for more than 70% of the 

energy associated with water 

supply and treatment.45  Most of 

this energy comes from the 

combustion of fossil fuels, which 

releases air pollutants and 

greenhouse gases into the atmosphere.  Using less water means less energy consumption, 

improved local and regional air quality and reduced greenhouse gas emissions. 

Energy is required to transport, treat, distribute water to consumers, and then treat wastewater 

(Figure 9).   The embedded energy of water used in California tends to be high since large 

amounts of energy are required to move water long distances, often over mountains, from 

sources to users, with the exception of the gravity-powered Los Angeles Aqueduct, which is a 

net producer of energy.  The embedded energy of water, which includes energy needed to treat 

water, also varies depending on the quality of water from a particular source and the level of 

treatment needed for a particular use.  The amount of energy required for ocean desalination is 

more than 50% higher than the next most energy-intensive source of water and more than 120 

times more energy-intensive than water from the Los Angeles Aqueduct (see Figure 10). 

																																																								
44 Elkind EN 2011 Drops of Energy  Conserving Water in California to Reduce Greenhouse Gas Emissions University 
of California: Berkeley Law and UCLA Law 
45 California Energy Commission 2005 California’s Water ‐‐ Energy Relationship (Final Staff Report) Prepared in 
Support of the 2005 Integrated Energy Policy Report Proceeding (04‐IEPR‐01E) 

Figure 9: Linkages between water use, energy and carbon  
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The embedded energy of water also varies by its use.  Significant amounts of energy are 

required for heating water used in showers, indoor faucets, dishwashers and certain industrial 

applications, and cooling buildings and equipment.  Water conservation programs for such 

energy-intensive applications are especially important for reducing the energy footprint of 

urban water consumption.  When it comes to cooling buildings and thermoelectric powerplants, 

however, “win-wins” are harder to achieve.   For a given level of active cooling, reductions in 

water consumption come at the expense of reduced energy efficiency, gains in energy-efficiency 

																																																								
46 Energy Intensity of LADWP water sources includes energy for conveyance and treatment, but not energy for 
delivery or wastewater treatment since the latter are the same regardless of source  Data from LADWP 2010 
Urban Water Management Plan. MWD data from the 2010 Regional Urban Water Management Plan, p. A.2‐3. 
http://www.mwdh2o.com/mwdh2o/pages/yourwater/RUWMP/RUWMP_2010.pdf  
http://wwwwatercagov/urbanwatermanagement/2010uwmps/Los%20Angeles%20Department%20of%20Water%
20and%20Power/LADWP%20UWMP_2010_LowRespdf and California Sustainability Alliance 2012 The Role of 
Recycled Water in Energy Efficiency and Greenhouse Gas Reduction: Appendix E: Water Agency Profile: City of Los 
Angeles http://sustaincaorg/sites/default/files/FINAL%20APPENDIX%20E%20MAY%202%202008pdf 
Energy intensity estimates for desalination from Wilkinson RC 2007 Analysis of the Energy Intensity of Water 
Supplies for West Basin Municipal Water District http://eecucdavisedu/events/documents/water‐
energy_ucsb_methodology‐for‐analysis‐of‐the‐energy‐intensity‐of‐ca‐water‐systemspdf 

 

Figure 10: Energy intensity (i.e. embedded energy) of different water sources drawn on by the Los 
Angeles Department of Water and Power.46 
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utilize more water.47 An exception to this trade-off is in newly constructed buildings that can 

incorporate passive cooling into their design.  

Air emissions from wastewater cogeneration 

Although not a technology for saving water, generating electricity from the biogas produced at 

wastewater treatment facilities provides another way to reduce the energy footprint of urban 

water.  Biogas cogeneration and its alternative (release to the atmosphere and open flaring) also 

have impacts on air quality and greenhouse gas emissions. 

Biogas, mostly methane produced by the anaerobic fermentation of sewage during the waste 

treatment, is carbon neutral but as a greenhouse gas it is twenty times more potent than CO2.48  

Using it to generate electricity can reduce greenhouse gas emissions and offset utilities’ energy 

costs.  Unfortunately, due to the presence of contaminants, engines that burn biogas are up to 

55 times more polluting than large central power plants burning natural gas.49  Sulfur and other 

biogas constituents cause increased formation of particulates, NOx, ozone and volatile organic 

compounds during combustion.  In addition, siloxane, an organic silicon compound formed 

during fermentation of sewage that has residues of silica that is an ingredient added to certain 

soaps, detergents and beauty products, renders catalytic converters used to clean engine 

exhaust inoperable.50  

Recent rules adopted by the South Coast Air Quality Management District (SCAQMD) will likely 

prevent the use of most current models of biogas-fueled engines.  The alternative is to flare 

biogas produced in wastewater treatment plants.  Even after accounting for the additional 

emissions from power-plants generating electricity that could have been produced from biogas, 

																																																								
47 Pistochini T, Modera M 2011  Water‐use efficiency for alternative cooling technologies in arid climates 
Energy and Buildings 43:631‐639 http://wwwsciencedirectcom/science/article/pii/S0378778810004019  
48 Daelman MRJ, van Voorthuizen EM, van Dongen UG,  Volcke EIP, van Loosdrech MCM. 2012. Methane emission 
during municipal wastewater treatment.  Water Research, 46(11): 3657‐3670. 
http://www.sciencedirect.com/science/article/pii/S0043135412002795 
49 South Coast Air Quality Management District 2012  Meeting Minutes:  Amend Rule 11102 ‐ Emissions from 
Gaseous‐ and Liquid‐Fueled Engines (Agenda no 32) Sept 7, 2012 http://wwwaqmdgov/hb/attachments/2011‐
2015/2012Sep/2012‐Sep7‐032pdf 
50 South Coast Air Quality Management District 2010 Proposal: Execute Contracts to Cosponsor Aftertreatment 
Emission Control Technology Demonstration Projects for Biogas Engines (Agenda no 9)  
http://wwwaqmdgov/hb/2010/May/10059ahtm 
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SCAQMD estimates that air emissions from flaring (i.e. open burning) of biogas will be less than 

those from biogas-fueled internal combustion engines.49  

Emerging technologies using biogas-powered turbines and fuel cells show promise for 

generating energy with much lower hazardous air emissions.  Both, technologies, however, 

require substantial cleaning of biogas prior to use.  From a public health perspective, fuel cells 

are a particularly attractive option since their operation produces virtually no hazardous air 

emissions or greenhouse gases. Currently, operational issues and high costs present significant 

barriers to broader use of fuel cells for generating electricity from biogas produced in 

wastewater treatment facilities. 51,52   

Hazardous dust from desiccated lake beds and de-vegetated land 

In certain regions of California, such as the Owens Valley, decreased water consumption can 

benefit air quality in another way.  Water that was previously diverted to cities and farms can be 

used to restore desiccated areas windblown dust creates a significant health hazard.  This is 

most vividly illustrated by the situation at Owens Lake at foot of the Owens Valley which lies at 

the eastern base of the Sierra Nevada Mountains.  Owens Lake once covered over 100 square 

miles, but it virtually disappeared after waters feeding into it were diverted to the Los Angeles 

Aqueduct in the early twentieth century.  The region’s fierce winds now scour the dry lake bed 

creating hazardous dust clouds laden with alkali salts and toxic metals.53 After decades of legal 

challenges the Los Angeles Department of Water and Power, which operates the aqueduct and 

owns the water rights for much of the valley’s water, agreed to a program to reduce dust levels 

by releasing enough water to restore part of the lake and support vegetation over much of the 

rest.  Reducing water demands among LADWP customers will make it easier to maintain this 

restoration program.  Other areas in California, such as the Tule Lake Basin in the San Joaquin 

Valley, face similar situations and similarly have potential for restoration if enough water can be 

diverted. 

																																																								
51 Mossinger T 2012  Biogas Use Alternatives: Economic and Technical Considerations Presented at Digesting Urban 
Organics Residuals A Forum on Technology, Economics and Permitting May 12, 2012 
http://wwwcalrecyclecagov/Organics/Conversion/Events/Digesting12/Mossingerpdf 
52 Papadias DD, Kumar SAR 2011 Fuel quality issues in stationary fuel cell systems Argonne National Laboratory pub 
no ANL/CSE/FCT/FQ‐2011‐11 http://wwwipdanlgov/anlpubs/2012/02/71803pdf 
53 Rheis 2003. http://esp.cr.usgs.gov/projects/sw/swdust/owens.html 
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Gases and odors from wastewater streams 

While water conservation is expected to improve air quality in general as a result of decreased 

energy demands and associated air emissions, there is at least one way in which water 

conservation could negatively affect air quality.  As early as the 1970s, wastewater systems 

operators noted problems, such as increased odors and settling of solids, during periods of 

acute water conservation.54,55 More recently, San Francisco residents began complaining about 

“rotten egg” odors emanating from the city’s combined sewer and stormdrain system.  The 

complaints coincided with stepped-up efforts to reduce water use.  Apparently reduced 

wastewater flows allowed sewage to stagnate and ferment.56  Among the gases given off by the 

fermentation of stagnant sewage is hydrogen sulfide—the most likely cause of the “rotten egg” 

odor reported by residents.  To minimize the growth of odor-producing bacteria, the city has 

begun adding bleach to the sewers, about nine million pounds of bleach each year at an annual 

cost of $4.6 million.56  In Australia water use reductions have been shown to increase the rate of 

sewage blockages.57  Besides being unpleasant, hydrogen sulfide gas is also highly toxic and 

corrosive.  Corrosion of sewage pipes can cause leaks and increase the need for repair and 

replacement.  Even more than water use reductions, diverting domestic wastewater from 

showers, baths and sinks (i.e. “graywater”) for use in irrigation, can concentrate the remaining 

wastewater, substantially increasing hydrogen sulfide levels and accelerating the corrosion of 

sewage pipes.58 

  

																																																								
54 Koyasako, J Effects of water conservation induced wastewater flow reduction: A perspective  US Environmental 
Protection Agency, Washington, DC, EPA/600/2‐80/137 
http://cfpubepagov/si/si_public_record_Reportcfm?dirEntryID=31159  
55 DeZellar JT, Maier WJ 1980 Effects of water conservation on sanitary sewers and wastewater treatment plants  
Journal (Water Pollution Control Federation) 52:76:88 http://wwwjstororg/stable/25040552 
56 Sabatini J 2011 San Francisco loads up on bleach to stop summer sewer stink  SF Examiner Feb 17, 2011  
http://wwwsfexaminercom/local/2011/02/san‐francisco‐loads‐bleach‐stop‐summer‐sewer‐stink 
57 Yarra Valley Water 2011 Data Sewer Blockages vs Average Water Usage per Household, Spreadsheet data of 
sewer blockages and Water Usage edn, Melbourne, 5 May 2011 
58 Marleni N, Gray S, Sharma A, Burn S and Muttil N 2012 Impact of water source management practices in 
residential areas on sewer networks – a review Water Science & Technology 65:624‐642 
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Metrics for tracking air emission impacts 

1. Average and aggregate energy intensity of water delivery and wastewater treatment;  

2. Carbon footprint of water deliveries and waste water treatment; 

3. Air emission exceedance days of power generation facilities that are dedicated to generating 
energy for water delivery or waste water treatment (e.g. operation of diesel-powered backup 
pumps, biogas generators at wastewater treatment facilities,  
http://www.emwd.org/modules/showdocument.aspx?documentid=3961); 

4. Estimated energy associated with per capita residential water use; 

5. Complaints of noxious odors (e.g. “rotten egg”/hydrogen sulfide odor) from sewers. 

 

Ambient temperature/urban heat islands 

Vegetation plays a significant role in moderating surface-level temperature extremes.  On hot 

days grass-covered surfaces and shade from trees can make outdoor activity more comfortable 

and enjoyable when it might otherwise be unpleasant or even dangerous.  Shade from trees can 

reduce the heat load on buildings on hot days thus reducing the need for air conditioning.  In 

neighborhoods with extensive greenspace, especially large canopy trees, daytime peak 

temperatures on hot days will average several degrees cooler than in adjacent neighborhoods 

with minimal greenspace, due to the effects of shade and plant evapotranspiration.   Water 

conservation policies that reduce the amount or quality of greenspace have the potential to 

exacerbate heat retention in urban areas and eliminate outdoor heat refuges.   

Urban heat islands as environmental justice issue 

The paved surfaces and buildings that make up a city hold heat better than land covered with 

vegetation (i.e. “greenspace”), thus creating “urban heat islands.”   As a result of urban 

development, average temperatures in downtown areas of California cities increased by 0.7˚ F 

per decade from 1950 to 2000. 59  Urban heat island effects can increase peak energy demands  

																																																								
59 McPherson EG, Simpson JR, Peper PJ, Xiao Q. 2001.  Benefit‐Cost Analysis of Santa Monica’s Municipal Forest.  
Center for Urban Forest Research USDA Forest Service, Pacific Southwest Research Station, Davis, CA.  
http://www.fs.fed.us/psw/programs/uesd/uep/products/cufr47_SMonicaBCA.pdf 
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 and air conditioning costs,66 increase air pollution levels by forming temperature inversions 

which can increase formation of smog and prevent its dispersal,67 and cause illness and death 

due to acute heat stress.  Extreme 

heat waves in Chicago in 1993 and 

Paris in 2003, which were far worse 

in built-up urban areas, led to 

thousands of deaths from acute heat 

stress.68, 69 

In addition to their potential for 

moderating temperatures and 

improving the quality of outdoor 

recreational spaces, trees and other 

plants can also reduce air pollutant 

levels by absorbing and precipitating 

pollutants.70  

  

																																																								
60 Bowler DE, Buyung‐Ali L, Knight TM, Pullin AS.  2010. Urban greening to cool towns and cities: A systematic 
review of the empirical evidence.  Landscape and Urban Planning 97:147–155. 
61 Taha H. 1997. Urban climates and heat islands: albedo, evapotranspiration, and anthropogenic heat. Energy and 
Buildings. 25(2):99‐103. 
62 Addink S.  2005. Cash for Grass – A Cost Effective Method to Conserve Landscape Water? University of 
California–Riverside Turfgrass Research Facility.  http://agops.ucr.edu/turf/topics/Cash‐for‐Grass.pdf 
63 Jo HK, McPherson EG. 2001.  Indirect carbon reduction by residential vegetation and planting strategies in 
Chicago, USA. J Environmental Management. 61(2):165‐77. 
64 Akbari H, Pomerantz M, Taha H. 2001.  Cool surfaces and shade trees to reduce energy use and improve air 
quality in urban areas.  Solar Energy. 70(3):295‐310. 
65  Buyantuyev A,  Wu J.  2010. Urban heat islands and landscape heterogeneity: linking spatiotemporal variations 
in surface temperatures to land‐cover and socioeconomic patterns. Landscape Ecol. 25:17–33. 
66 U.S. Environmental Protection Agency. 2012. Urban Heat Island Effect (webpage). http://www.epa.gov/hiri/ 
67 http://climateknowledge.org/downscaling/Wilby_Climate_Urban_Heat_EnvPlan_2008.pdf 
68 Klinenberg E. 2003. Heat Wake: Social Autopsy of a Disaster. Chicago’s University of Chicago Press.    
69 Basu R, Samet J.  2002. Relation between Elevated Ambient Temperature and Mortality: A Review of the 
Epidemiologic Evidence. Epidemiologic Reviews 24:190‐202.   
70 Nowak DJ, et al. 2006. Air pollution removal by urban trees and shrubs in the United States. Urban Forestry & 
Urban Greening 4:115‐123. 

Effects of vegetation on urban heat islands 
 Ambient temperatures in shaded parks average at least 

one degree Celsius cooler than adjacent areas;60 

 Evapotranspiration can lower local area temperatures by 
2-8 degrees Celsius;61  

 In an Arizona study, it was determined that soil 
temperatures in xeriscaped sites were generally 8 
degrees Celsius higher than under turf.62  

 Vegetation in densely vegetated urban blocks reduced 
energy needs for cooling by 3.5% compared to a 
reduction of 0.4% for blocks with minimal vegetation;63  

 Tree-shaded buildings in Sacramento had 26-47% lower 
energy demands for cooling than those without shade;64  

 Due to differences in the ratio of vegetation-to-
pavement, daytime surface temperatures in poor areas 
in Phoenix are significantly higher than temperatures in 
more affluent neighborhoods.65  
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Metrics for tracking urban heat island impacts 

1. Temperature differences in urban areas vs. green areas 

2. Hospitalization records in urban areas during heat waves vs. rural 

3. Mid-day surface temperatures of parks and playgrounds (irrigated and not) on hot days; 

 

Run-off: Water quality and water-borne diseases 

Urban runoff is a major source of pollution in California’s coastal waters and beaches.  

Rainstorms can produce large volumes of contaminated run-off, but in California’s arid climate a 

more persistent problem is run-off from landscape irrigation.  One source of this runoff is excess 

water of lawns, parks, golf courses and other irrigated landscapes that transports pesticides, 

herbicides, fertilizers and pathogens to surface waters.  These chemicals can accumulate in fish 

and other marine life making some fish unsafe to eat, causing harmful effects in other animals, 

including humans, who consume these contaminated foods.  	

Urban run-off also carries disease-causing bacteria, viruses, and protozoa from animal waste 

that may infect people when they drink, eat seafood from, swim in or have other contact with 

contaminated water.71  Urban irrigation run-off also introduces excess nutrients into aquatic 

ecosystems.  The same nutrients used to fertilize plants in gardens, lawns, parks and golf courses 

produce excess growth of algae and aquatic plants, resulting in declining oxygen levels in water, 

mass die-offs of aquatic organisms, and the release of toxic aerosols and hydrogen sulfide that 

can be harmful and even fatal to humans.72,73 ,74 In marine systems, nutrient enrichment can 

trigger red and brown “tides” that are a threat to marine organisms and human health.  These 

																																																								
71 Wade TJ, Calderon RL, Sams E, Beach M, Brenner KP, Williams AH, et al. 2006. Rapidly Measured Indicators of 

Recreational Water Quality Are Predictive of Swimming‐Associated Gastrointestinal Illness. Environ Health 
Perspect 114:24‐28. 

72 Natural Resources Defense Council. 1999. The consequence of urban stormwater pollution. Ch. 3 in Stormwater 
Strategies:  Community Responses to Runoff Pollution  http://www.nrdc.org/water/pollution/storm/chap3.asp  
73 U.S. Centers for Disease Control. 2012. Promoting clean water for health: Harmful Algal Blooms (HABs) 
(webpage).  http://www.cdc.gov/nceh/hsb/hab/default.htm 
74 California Department of Public Health. 2012. Blue‐green algae (cyanobacteria) blooms (webpage). 
http://www.cdph.ca.gov/healthinfo/environhealth/water/pages/bluegreenalgae.aspx 
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harmful algal blooms can cause potentially life-threatening illnesses and include symptoms such 

as diarrhea, nausea vomiting, abdominal cramping, chills, diminished temperature sensation, 

muscular aches, dizziness, anxiety, sweating, seizures, numbness and tingling of the mouth and 

digits, and paralysis, as well as cardiovascular and respiratory symptoms.75 Approximately 10% of 

all food-borne disease outbreaks in the United States are caused by eating seafood 

contaminated by algal toxins.76 When inhaled, aerosols of toxins from cyanobacteria (aka “blue-

green algae”) and dinoflagellates can cause respiratory distress even in beach visitors who do 

not enter the water.	

The amount and health risks of urban runoff are increased when aging wastewater and 

stormwater infrastructure breaks and leaks.  The same climate changes that create drier, hotter 

conditions are likely to increase the frequency and severity of extreme weather events, adding 

stress to these infrastructures and increasing breakage rates.  

Vegetation can slow and filter run-off.  Water conservation approaches that lead to a loss of 

green space that would normally allow for the slower, more effective infiltration of rainwater and 

runoff into the ground.  Paving over a playground or allowing the ground in a park or yard to 

become dry, impervious hardpan, may save water but it is likely to increase runoff and its health 

consequences.   

The key to minimizing the amount and health risks of run-off is to find locally appropriate 

vegetation that requires minimal water and chemical outputs.  Locally appropriate landscaping 

can slow run-off flows and allow run-off to filter into the ground without adding additional 

water or contamination.  In most of California, however, this will still require some irrigation to 

maintain this vegetation. 

  

																																																								
75 Woods Hole Oceanographic Institution, “The Harmful Algae Page,” www.whoi.edu/redtide/. 
76 Rose JB, Epstein JR, Lipp EK, Sherman BH, Bernard SM, Patz JA.  2001. Climate variability and change in the 

United States: potential impacts on water‐ and foodborne diseases caused by microbiologic agents. Environ 
Health Perspect. 109(Suppl 2):211–221. 
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Metrics for tracking run-off impacts 

1. Percent of urban area covered by impervious services; 

2. Volume of stormwater run-off in different areas (e.g. residential vs. commercial) 

3. Stormwater constituents and concentrations before vs. after storms; 

4. Number of reported gastrointestinal illness cases associated with surface water exposure (e.g. 
swimming in a lake or ocean) before vs. after storms. 

Arthropod-borne diseases 

Run-off that pools and becomes stagnant provides prime breeding habitat for mosquitos that 

can transmit West Nile Virus, Dengue and other arthropod-borne diseases.  In most cases, 

reducing run-off will reduce the availability of stagnant water that mosquitoes need for 

breeding.  In some places, however, when run-off is reduced but not eliminated, reduced run-off 

could increase mosquitos’ breeding habitat, leading to increases in mosquito-borne disease.  

Periodic flushing of pipes and canals, timed to interrupt breeding cycles, can decrease these 

risks, but since these cycles differ among mosquito species and by environmental conditions, 

local mosquito control experts must be consulted to properly implement this control strategy. 

 

Metrics for tracking arthropod-borne disease impacts 

1. Infection rates in sentinel animals maintained by vector control authorities; 

2. Mosquito-positive pools identified by vector control authorities. 

Household water costs 

While many experts assert that the price of water is too low for maximizing its efficient use,77 

water costs may pose a significant burden for many low income households with negative 

consequences for their health (See Box 2, next page).  For households struggling to make ends 

meet, money spent on high water costs means less money available for spending on food, 

																																																								
77 Murdoch JH. 1956.  75 years of too cheap water.  J American Water Works Association 48(8):925‐ 930. 
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housing and other health-related goods and services.  More affluent households are insulated 

from the health impacts of high water costs in two ways.  First, a marginal decrease in 

disposable income has less effect on their health than it does for low income households.78  

Household finances affect health, particularly for low income households 

Most people would prefer to have a bit more money, not less.  The expectation is that with a bit 
more money we might be a little more secure, more comfortable, perhaps even healthier.   While 
money might not buy love and happiness, not having to worry so much about making ends meet 
might make you healthier.  An extensive body of research has indeed shown a strong association 
between wealth and health.79, 80  The relationship is not, however, a simple linear relationship in which 
more money leads to a proportionate improvement in health. 

When incomes are sufficient to cover basic expenses, small changes in household income or 
expenses will probably have little, if any, effect on health.  For those who are struggling to get by, 
however, even relatively small changes in the balance between household income and expenses may 
result in difficult choices, possibly foregoing or cutting back on spending that would otherwise 
benefit health.  Such health-related spending includes not only spending on healthcare and 
medications but also spending on regular meals, healthy food at those meals, good quality housing, 
children’s daycare, a child’s membership in a recreation program and many other goods and services.  
In addition to the material benefits of income, health is also affected by stress resulting from income 
uncertainty81 and high levels of inequality.82, 83 

While there is considerable debate about the mechanism that explains the linkage between health 
and income, and even questions about the direction of causation (i.e. perhaps less healthy people 
earn less), the overwhelming evidence suggests that less income contributes to poorer health.  One 
study conducted by researchers affiliated with the National Bureau of Economic Research (NBER) 
followed working-age adults for 10 years found a clear increase in mortality risk subsequent to 
declines in income.78 These changes were on the order of about a 20% change in mortality risk for 
each $10,000 change in income. What is most interesting about that study is that changes in income 
had little effect on mortality risk for workers whose household incomes were above the national 
median, whereas mortality risks showed sharp changes for workers whose household incomes were 
below the national median.  Of course, mortality risk is just at the tip of the iceberg.   Many other 
health conditions are likely to be affected by smaller changes in income and expenditures that might 
not have a noticeable effect on mortality.  The bottom line is that decreases in household disposable 
income, whether due to reductions in income or increases in household expenses, can harm health.   

																																																								
78 Backlund E, Sorlie PD, Johnson NJ. 1999. A comparison of the relationships of education and income with 
mortality: the national longitudinal mortality study. Social Science & Medicine 49:1373‐1384. 
79 Adler NE, Newman K. 2002. Socioeconomic disparities in health: Pathways and policies. Health Affairs 21:60‐76. 
80 Ettner S. 1996. New evidence on the relationship between income and health. J Health Econ 15: 67‐85. 
81 McDonough P, Duncan GJ, Williams D, House J.  1997.  Income dynamics and adult mortality in the United 
States, 1972 through 1989. Am J Public Health 87:1476‐83. 
82 Marmot MG, et al., 1987. Social/economic status and disease. Ann Rev Public Health 8:111‐37. 
83 Wilkinson RG. 1997. Unhealthy society: the affliction of inequality. London: Routledge. 
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Box 2: Linkages between household finance and health 

Second, higher income households tend to have more discretionary water uses, such as lawn 

irrigation, swimming pools and car washing,84 for which water use reductions have less effect on 

health than basic needs uses such as drinking water, food preparation and bathing.85  For a low 

income household for whom most water use is for basic needs, reductions in water use, whether 

in response to high costs or mandated reductions, will have more of an impact on the health of 

that household.     

Household water expenses include more than the direct cost of water.  Households pay for 

water as part of their sewage fees based on estimated indoor water use, special assessments86 

for water system improvements that may be added to property taxes or other local taxes, and 

replacement costs87 – bottled water purchased to replace low quality tap water.   Households 

also pay indirectly for water through the various state and local taxes that go to the servicing of 

general obligation bonds for water system improvement projects.88   

There are large variations in how much households pay for water, depending on usage and 

where they live.  Different communities, even two sides of the same street, may be served by 

different water districts with widely varying rate structures.89  Equity concerns are raised when 

rate structures lead to low income households paying more for water as a percentage of 

income, and when some households pay more for water not because they use more but as a 

result of where they happen to live.   

Thresholds for the affordability of water have been determined mostly at the community level 

and are thus expressed in terms of percent of median household income.  The U.S. EPA uses a 
																																																								
84 Beecher JA.  2001. Socioeconomic Impacts of Water Conservation.  Edited by Janice A. Beecher, Thomas W. 
Chesnutt, David M. Pekelney.  AWWA Research Foundation, p. 50.  
85 Howard G, Bartram J. 2003.  Domestic Water Quantity, Service Level and Health.  World Health Organization. 
http://cdrwww.who.int/water_sanitation_health/diseases/WSH03.02.pdf 
86 California State Senate Local Government Committee. 2010. What’s so special about special districts, 4th edition. 
http://sgf.senate.ca.gov/sites/sgf.senate.ca.gov/files/2010WSSASD4edition.pdf 
87 Pacific Institute. 2013. Assessing water affordability: A pilot study in two regions of California. 
http://resources.pacinst.org/wp‐content/uploads/sites/21/2013/08/assessing‐water‐affordability.pdf 
88 Pacific Institute. 2013. Beyond water pricing: An overview of water financing options for California. 
http://pacinst.org/publication/beyond‐water‐pricing/ 
89 U.S. Army Corps of Engineers. 2013. Disadvantaged Community Planning. Final Report: City of Maywood, CA.  
http://www.ladpw.org/wmd/irwmp/docs/DAC_Outreach_Maywood_Reports/Final%20USACE%20Maywood%20O
utreach%20Report%20English.pdf 
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threshold of 2.5% of median household income for combined water and sewage bills.90  A 

threshold of 2% of median household income for water bills was proposed in California’s AB 

2334 (2011-2012) legislation.91   

Water costs for low income households 

Low income households generally have lower per capita water usage and consequently lower 

water bills than higher income households, primarily because they use less water for outdoor 

irrigation, swimming pools and other “luxury uses.”  Still, among low income households 

expenditures for water typically comprise a larger proportion of household income than among 

more affluent households.92,93  

The effects of water prices are experienced at the community-level, as well as the household 

level.  Water rates in California can vary 15-fold from one utility to the next.94  While there is no 

clear correlation between utility size and rates, small, poorly capitalized utilities are likely to find 

it particularly difficult to adjust to changes that impose new costs, whether those changes are 

paying for imported water when local supplies are insufficient, updating equipment to meet 

water quality and efficiency standards, or implementing a comprehensive water loss reduction 

program.95   

																																																								
90 U.S. Environmental Protection Agency. Small Drinking Water Systems Variances—Revision of Existing National‐
Level Affordability Methodology and Methodology To  Identify Variance Technologies That Are Protective of Public 
HealthPublished in Federal Register 71, No. 41 / Thursday, March 2, 2006 http://www.gpo.gov/fdsys/pkg/FR‐2006‐
03‐02/pdf/06‐1917.pdf 
91 California State Assembly. Assembly Bill 2334. 2011‐2012 legislative session.  Introduced by Assembly Member 
Fong. http://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201120120AB2334 
92  Pacific Institute. 2013. Assessing Water Affordability. 
http://www2.pacinst.org/reports/water_rates/affordability.pdf. 
93 American Water Works Association. 2013.  Affordability Assessment Tool for Water Mandates. 
http://www.awwa.org/portals/0/files/resources/water%20utility%20management/affordability/affordability‐
report.pdf. 
94 Black and Veatch. 2006.  2006 California Water Rate Survey.  Reported in the California Water Plan Update 2009, 
Volume 2, p. 14‐12. http://www.waterplan.water.ca.gov/docs/cwpu2009/1009prf/v2ch14‐
drinking_water_pf_09.pdf 
95 California State Water Resources Control Board.  2013. Communities that rely on a contaminated groundwater 
source for drinking water.  Report to the Legislature, January 2013.  
http://www.waterboards.ca.gov/gama/ab2222/docs/ab2222.pdf 
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The consequences of not metering water can also disproportionately burden low income 

households.  Although state law requires that all urban water deliveries be metered by 2025,96  

six to seven percent of California’s residential water customers are still unmetered, mostly in 

Central and Northern California.97  In the absence of meters, water bills are determined by other 

factors such as the number of bedrooms in a house.  Such pricing does not take into account 

the greater volume of water used by the non-poor for outdoor and luxury uses, effectively 

shouldering low volume users with no outdoor water usage with higher costs.  Even when water 

rates are based on volume of water used, most water bills also include a flat fee that also has a 

regressive effect (i.e. charging low income households a higher percentage of income than is 

charged to higher income households).  

The rural poor are especially subject to high water costs due to water quality issues, low 

capitalization and other inefficiencies.  A study conducted by the Pacific Institute in Oakland 

found that while 21% of households in the Sacramento area pay more than the 2% of monthly 

income that the U.S. EPA has set as the level of water affordability, 27% of households in the 

rural Tulare Lake Basin (TLB) paid in excess of this amount.  Since water delivered to TLB 

households is often not in compliance with drinking water standards, residents frequently buy 

bottled water.  After factoring in this replacement cost, the Pacific Institute found that 51% of 

TLB households pay above the affordability threshold.98 

Low income households are also more likely to live in multi-unit rental housing where water 

costs are incorporated into rents.  This may be a great deal for a high volume user, but it 

provides low income households with less control over water costs.  If there are substantial 

increases in water rates and these are passed on to renters through rental fees, there is little 

these households can do to reign in expenses.  Rent control can exacerbate disparities, since 

poorer, younger families who tend to have shorter tenure will absorb a disproportionate share 

of recent cost increased water costs since rent control will insulate longer tenure household 

from these increases.   

																																																								
96 California Assembly Bill 2572, State Water Code Section 525‐529.7. 
97 California Department of Water Resources. State Water Plan 2013 Update. 
98 Pacific Institute. 2013. Assessing water affordability: A pilot study in two regions of California. 
http://www.pacinst.org/wp‐content/uploads/2013/08/assessing‐water‐affordability.pdf 
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How conservation efforts affect water costs 

Water shortages and reductions in use have the potential to affect household water costs in 

several ways: 

1. Price spikes due to shortages: Extreme water shortages are likely to drive up retail water 

costs as utilities are forced to obtain water from more expensive wholesale sources. 

Shortages will also increase water replacement costs for households; 

2. Increased duration of less expensive supplies: Reduced demand may delay the need to 

switch to more expensive supplies; 

3. Conservation leads to reduced revenue: Reduced water sales resulting from successful 

conservation efforts may lead water suppliers to increase rates in order to maintain 

revenue flows needed to cover their fixed costs; 

4. Regressive effects: Across-the-board rate increases (#3) have the potential to be fiscally 

regressive when they are the result of successful conservation rebates that go 

disproportionately to more affluent households, particularly if the rebates were 

subsidized by all customers.99 

The financial and health consequences of a severe water crisis would impact low income 

household particularly hard.  Extreme water shortages and rationing are likely to drive up both 

direct (i.e. water bill) and indirect (i.e. replacement) costs.  Most water suppliers across the state 

are able to obtain water from several different sources.  As water supplies become scarce, 

suppliers are forced to draw from more expensive sources, eventually pushing up retail water 

prices.  Water suppliers may also respond to extreme water shortages with across-the-board 

water rationing, requiring all customers to reduce water use by a certain percentage.  This would 

be particularly harmful to low income customers, since their per capita consumption tends to be 

relatively low already and since less of their water use is discretionary.  Any reduction in use is 

more likely to negatively impact the health utility they derive from water consumption.  They will 

also suffer disproportionate harm as a result of any financial penalties that are assessed if they 

fail to reduce water use by the required amount. 

																																																								
99 Similar regressive effects have been demonstrated for energy conservation rebate programs.  See Sutherland RJ. 
1994. Income Distribution Effects of Electric Utility DSM Programs. The Energy Journal 15(4):103‐118.  
http://www.jstor.org/stable/41322568 
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Paradoxically, customers who “do the right thing” by decreasing water consumption may be 

rewarded with higher water prices.  When customers use less water, water suppliers collect less 

revenue.  Unless there are offsetting cost reductions, reduced water use will eventually make it 

necessary for water suppliers to increase water rates to cover their fixed costs.  In some cases 

such increases may be avoided if a water supplier has a mix of wholesale water sources and 

reduced water use enables reductions in the amount of water purchased from the most 

expensive of these sources.  For water suppliers not in this situation, increasing block pricing 

(IBP), especially sharply tiered budget-based “conservation pricing” that applies progressively 

higher rates for water used above an allocation for basic household needs, offers a way to 

minimize conservation-induced rate increases and their impact on poor households.  If 

structured correctly, such tiered pricing can maintain sustainable revenue streams, minimize cost 

increases for low volume users who are disproportionately poor, and avoid penalizing customers 

for successfully conserving water.100,101  Determining viable, effective rate structures for tiered 

conservation pricing can be technically, administratively and politically difficult.102  Although flat 

rate pricing may be simple, it becomes less sustainable as water use decreases in response to 

conservation mandates.  

Tiered water structures have the potential to reduce regressive rate increases.  Across-the-board 

rate increases are not necessarily regressive, but if they may be if they come in response to 

water use reductions achieved through conservation rebates awarded primarily to more affluent 

households.  Relatively few low income households are able to take advantage of turf 

replacement rebates, for instance, because they do not have lawns.  All water customers may be 

subsidizing these rate increases, but they are still not necessarily regressive because rebate 

awardees have likely been paying more prior to the rebate, assuming their water use is metered.  

But if rebates are subsidized by all users but go only to more affluent households and then rates 

																																																								
100 Brandes OM, Renzetti S, Stinchcombe K. 2010. Worth Every Penny: A Primer on Conservation‐Oriented Water 
Pricing. University of Victoria (Canada). 
http://www.allianceforwaterefficiency.org/uploadedFiles/Resource_Center/Library/rates/POLIS‐Primer‐on‐
Conservation‐Rate‐Structures‐May‐2010.pdf 
101 Veverka J. 2010.  Keeping water conservation afloat: Sustainable outdoor water conservation through 
progressively tiered pricing.  A report for the Los Angeles Sustainability Collaborative. 
http://lasustainability.org/wp‐content/uploads/2012/07/LASCWaterEfficiencyProject102‐JVeverka‐FullReport.pdf 
102 Donnelly K, Christian‐Smith J (Pacific Institute). 2013. An Overview of the “New Normal” and Water Rate Basics. 
http://pacinst.org/publication/water‐rates‐series/ 
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increase in response to water use reductions achieved by the rebate program, there is no longer 

a symmetrical distribution of benefits and costs across income groups; upper income groups get 

both benefits (rebates) while lower income users get only costs.  If rates are sharply tiered, 

however, low income users can be insulated from rate increases and the higher rates paid by 

upper tier water users can be used for a more equitable rebate program. 

Low income assistance programs can minimize some of the negative financial impacts of cost 

increases and regressive transfers, but these are applied unevenly, may depend on customers 

finding out about the availability of and applying for assistance, and entail significant 

administrative costs for water agencies.  Well-structured tiered rates are more sustainable and 

likely to benefit more low income households. 

Metrics for tracking household water cost* impacts 

1. Percent of households paying in excess of 2% of monthly income for combined water and 
wastewater bills (disaggregate by income quintile, neighborhood) 

2. Water rate increases in excess of a given threshold (e.g. 1% of monthly income); 

3. Percent of households eligible for payment assistance programs; 

4. Distribution of rate increases vs. distribution of rebates by quintile of household income. 

* See Affordability Assessment Tool for Federal Water Mandates. American Waterworks Assoc. 2013. 
http://www.awwa.org/resources-tools/water-utility-management/affordability-assessment.aspx 

 

Access to greenspace 

Water use restrictions and water-saving 

landscaping may affect the availability, quality and 

use of public greenspace, such as parks, 

playgrounds and streetside vegetation.  Links 

between greenspace and opportunities to 

participate in outdoor sports and exercise are fairly 

obvious, but greenspace affects health in many 

other more nuanced ways.  Time in close proximity 

Parks: Concrete or trees? 
"You go to a playground where there is no 
shade, and you just can't be out there on a 
hot day.  It's not good for your health... 
What you see when you go to school 
campuses in East Palo Alto is concrete.  
Many of them look like prison yards. It's 
clearly not a good environment for kids to 
be playing in, let alone learning in." 

Sid Espinosa, director of citizenship at Microsoft 
and mayor of Palo Alto quoted in USA Today 
“Shade: A weapon against skin cancer, 
childhood obesity. Liz Szabo, June 30, 2011. 
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to green spaces reduces stress,103,104 improves cognitive function105 and reduces symptoms of 

ADD/ADHD in children.106   Research indicates that the physical and mental health benefits of 

physical activity are greater when activity is conducted outdoors.107  

The availability of public green space is especially important to low income individual who lack 

access to privately owned spaces for recreational activity.  For households with limited 

transportation and limited finances, local parks might provide the only available opportunity for 

recreational physical activity, but access to parks is often limited in poorer and predominantly 

non-White neighborhoods.  In Los Angeles predominantly White neighborhoods have access to 

more than 18 to 50 times the park space of neighborhoods that are predominantly African 

American and Latino (Pincetl 2003).  Water conservation policies that limit the amount or 

suitability of parks and other public greenspace for recreation and relaxation should be given 

extra scrutiny, particularly where these resources are already below normative levels.108  

 

Metrics for tracking greenspace impacts 

1. Amount of park space irrigated by reclaimed/recycled water vs. water treated to drinking water 
standards; 

2. Amount of irrigated park space used for recreation; 

3. Number of users using irrigated park space 

4. Per capita availability of playing fields and outdoor shade; 

  

																																																								
103 Hull RB, Michael SE. 1995. Nature‐Based Recreation, Mood Change, and Stress Restoration. Leisure Sciences 
17(1):1‐14.  
104 Orsega‐Smith E, Mowen AJ, Payne LL, Godbey G. 2004. The Interaction of Stress and Park Use on Psycho‐
Physiological Health in Older Adults. Journal of Leisure Research 36(2):232‐257. 
105 Wells NM. 2000. At Home with Nature: Effects of "Greenness" on Children's Cognitive Functioning. Environment 
and Behavior 32(6):775‐795. 
106 Kuo FE, Taylor AF. 2004. A Potential Natural Treatment for Attention‐Deficit/Hyperactivity Disorder: Evidence 
From a National Study. American Journal of Public Health 94(9):1580. 
107 Gladwell V, Brown DK, et al. 2013. The Great Outdoors: How a Green Exercise Environment Can Benefit All.  
Journal of Extreme Physiology and Medicine. 2:3. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3710158/ 
108 For measures of park and greenspace needs see Loukaitou‐Sideris A, Stieglitz O. 2002. Children in Los Angeles 
Parks: A Study of Equity, Quality and Children's Satisfaction with Neighbourhood Parks. The Town Planning Review, 
73(4):467‐488,  http://www.jstor.org/stable/40112531 
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Exposure to mold and indoor air pollution 

If left undetected, water leaks in buildings and homes can cause respiratory health conditions 

from airborne exposure to mold growth, especially in children.109,110,111 In-home leakage 

accounts for 8% of residential water use,112 equivalent to about 35 gallons every day in every 

California household.  While water from a leaky faucet, toilet valve or irrigation sprinkler head 

will have little effect on mold growth, water leaking from pipes and water heaters into walls, 

foundations and ground adjacent to the home can result in growth of harmful molds.  These 

molds can trigger allergies and asthma.  Some mold species, so-called “toxic molds,” can release 

toxins into the air that result in severe illness.113  

Water system leaks in water mains and other parts of the water distribution system outside the 

home can allow bacteria and other contaminants into the water system.  High leakage rates are 

strongly associated with increased likelihood of failing water quality tests.114   In California’s 

urban water systems about 10% of the “finished” water, (i.e. water treated to drinking water 

standards), disappears each year, due to leaks and pipe failure, before it reaches customers.115  

This wastage reduces the productive value of water deliveries overall, and eventually makes 

water for health-enhancing uses more expensive.   
  

																																																								
109 Koskinen OM, Husman TM, et al. 1999. Adverse health effects in children associated with moisture and mold 
observations in houses. International Journal of Environmental Health Research 92: 143‐156. 
110 Mendell MJ, Mirer AG, et al. 2011. Respiratory and Allergic Health Effects of Dampness, Mold, and Dampness‐
Related Agents: A Review of the Epidemiologic Evidence." Environmental Health Perspectives 1196: 748‐756. 
111 U.S. Environmental Protection Agency. 2012. Mold Remediation in Schools and Commercial Buildings 
Investigating, Evaluating, and Remediating Moisture and Mold Problems (webpage). http://www.epa.gov/mold/i‐
e‐r.html#Hidden_Mold 
112 Pacific Institute, 2012. Urban Water Demand in California to 2100. Incorporating Climate Change. 
http://pacinst.org/publication/urban‐water‐demand‐to‐2100/ 
113 Flappan SM, Portnoy J, Jones P. 1999. Infant Pulmonary hemorrhage in a suburban home with water damage 
and mold (Stacybotrys atra). Environmental Health Perspectives. 107(11):927‐930. 
114 LeChevallier MW, Gullick RW, Karim M (American Water Works Service Company). 2002. The Potential for 
Health Risks from Intrusion of Contaminants into the Distribution System from Pressure Transients: Issue paper 
prepared for U.S. Environmental Protection Agency. 
http://water.epa.gov/lawsregs/rulesregs/sdwa/tcr/upload/thepotentialforhealthrisksfromintrusionofcontaminant
s.pdf 
115 U.S. Environmental Protection Agency. 2009. Control and mitigation of drinking water losses in distribution 
systems (Review Draft). http://www.epa.gov/safewater/pws/pdfs/analysis_wa‐
03_water_loss_doc_final_draft_v62.pdf 
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Metrics for tracking leaks and associated mold and indoor air pollution impacts 

1. Number, reason for and results of indoor air quality tests for mold conducted or reported to public 
agencies, private contractors and insurance companies;  

2. Number of indoor mold remediation projects in older, rental housing that is determined to be at 
higher risk of leaks; 

3. Number of leak detection audits conducted by water suppliers and public agencies, disaggregated 
by type of housing (e.g. single family detached, multi-unit, rental vs. owned) 
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IV. Health effects of specific conservation measures 

Water-efficient fixtures and appliances 
Building standards 
Residential plumbing retrofit 
Leak detection and repair 
Conservation pricing 
Metering 
Residential turf replacement/”cash-for-grass” programs 
Residential watering limits 
Weather-based irrigation controllers (Smart Controllers) 
Reduced irrigation of parks, street sides and other public spaces 
Irrigation of parks, street sides and other public spaces 
Water reclamation and reuse 

 

Building standards, water-efficient fixtures and plumbing retrofits  
   

Health Impacts 
 Reduced air pollution (esp. showerhead replacement) 
 Decreased household costs (over time) 
 Moderately regressive if no low income assistance) 

 

Increasing the use of water-efficient fixtures and appliances in homes and buildings can 

significantly reduce water use and help households save money. Installing low-flow toilets, 

shower fixtures, high-efficiency washing machines and faucet aerators can reduce household 

water use by up to 30%, saving a typical household $170 each year in water costs.116  

Plumbing fixture efficiency criteria established by the California Urban Water Conservation 

Council (CUWCC) 117 and required by state building codes118 have made significant progress in 

reducing per capita water usage in California by creating fixture efficiency criteria that 

																																																								
116 U.S. Environmental Protection Agency. 2012. "Water Sense: Statistics and Facts." from 
http://www.epa.gov/watersense/about_us/facts.html. 
117 California Urban Water Conservation Council. 2012.  Residential Fixture ‐ Appliance Descriptions. 
http://www.cuwcc.org/smartrebates‐res‐fixtures.aspx 
118 California Department of Housing and Community Development. Division of Codes and Standards. 2013.  Guide 
to the 2013 California Green Building Standards Code (residential). 
http://www.hcd.ca.gov/codes/shl/CALGreen_Guide_REV_12‐13.pdf 
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historically have been more stringent than those required by state law.  Requirements include 

toilets using 1.28 gallons or less per flush and showerheads using 2 gallons or less or minute.    

The fixture efficiency regulations do not eliminate fixtures grandfathered into the system. To 

combat existing inefficient fixtures, water districts introduced fixture rebate programs for their 

customers. The City of Cotati in Sonoma County is one example.  The city offers free toilet and 

fixture retrofits for city residents, replacing up three showerheads and up to two toilets with 

high efficiency models (1.28 gallons per flush) if existing toilets were installed before 1992 or use 

more than 1.6 gallons per flush.  Free in-home water conservation consultations offered by the 

city include assistance in developing seasonal landscape irrigation schedules.119 

Water-efficient fixtures and appliances that reduce the use of hot water are particularly 

beneficial since they reduce air emissions associated heating water, in addition to those related 

to the embedded energy of all water delivered to homes. 

 
 

Figure 11: Cost and energy savings of saving one million gallons of water using different conservation 
methods (Data and sources in Appendix B) 

 

																																																								
119 City of Cotati. 2012. Water Conservation Programs. from http://www.ci.cotati.ca.us/sections/services/water‐
conservation‐programs.cfm. 
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While water-efficient fixtures have substantial potential for reducing water use, household water 

costs and associated energy impacts, there are significant short-comings, including: 

 Out-of-pocket costs for retrofits; 

 Applicability of rental housing; 

 Diminishing returns over time. 

First, rebates do not cover all of the costs of buying and installing toilets and appliances.  

Replacing a toilet can easily cost $200.  A clothes washer might cost $800.  A $50 rebate for a 

toilet and a $150 rebate for a clothes washer leave substantial out-of-pocket costs. Although 

reduced water bills will help recoup these costs over time, the initial outlay and perceived hassle 

of changing fixtures and appliances may limit the reach of retrofit rebates, particularly among 

lower income households.   

Second, most residential rebate programs apply to homeowners not renters.  Some cities and 

water agencies have begun offering rebates for retrofitting multi-unit housing with water-

efficient fixtures and appliances, but the challenges of acceptance among landlords is even 

greater than it is among homeowners.120  Besides the upfront costs, many landlords may not 

believe they can recoup the costs of conservation retrofits.  Due to the lose coupling between 

water costs and usage, there is little incentive to change patterns of water use. 

Third, over time there will be diminishing improvements in water use efficiency since fewer 

homes will have old, inefficient plumbing fixtures and appliances.  Several state laws will push 

the rate retrofitting so that by 2019 virtually all housing sold, rented or remodeled in the state 

will have water-efficient fixtures.  Senate Bill 407 (Padilla) requires that as of January 1, 2014 

water-efficient fixtures be installed as a condition of receiving a building permit for remodeling 

a single-family home built after 1994.  Water-efficient fixtures must be installed in all single 

family homes by 2017 and in multi-unit buildings by 2019.  Senate Bill 837 (Blakeslee) requires 

that inclusion of “water-conserving plumbing fixtures” in real estate disclosure statements (TDS) 

when selling a house.  Homeowners not selling or remodeling older homes may hold out longer, 

																																																								
120 For an in‐depth discussion of similar challenges encountered in getting landlords to make energy‐efficiency 
retrofits see: U.S. Department of Housing and Urban Development. 2011. Quantifying Energy Efficiency in 
Multifamily Rental Housing. Evidence Matters. Summer 2011:1,3‐9. 
http://www.huduser.org/portal/periodicals/em/summer11/highlight1.html 
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but these laws plus requirements that newly constructed housing already have water-efficient 

fixtures means that new conservation savings from retrofits will pretty much dry up by 2017.   

Plumbing retrofits for conservation in Goleta, CA 

The Goleta, California Water District currently serves approximately 85,000 customers in Goleta and 
parts of Santa Barbara with more than 16,600 active municipal and industrial accounts.121  The Goleta 
water supply comes in part from Lake Cachuma, the State Water Project and groundwater wells.  In 
1989, a mandatory water conservation was imposed, requiring water districts to reduce water use by 
15% (during this time, the water delivery population was ~75,000 customers).122  Their plan to 
conserve emphasized plumbing retrofits, especially toilets and showerheads, and changes in their 
rate and metering structure, and public education programs.  

Goleta’s conservation measures were extremely effective.  The district issued rebates for 15,000 high 
efficiency toilets and 35,000 showerheads, which helped make significant water use reductions. Prior 
to this plan, only 2,000 high efficiency toilets were installed through rebate programs in the region.  
The implementation of increased water rates combined with public education efforts helped 
customers understand their water use and gave them extra incentives to conserve.  As a result, 
Goleta’s Water District saw a 50% drop in per capita residential water use between May 1989 and 
April 1990; total water use within the district fell from 125 to 90 gallons per capita per day.  These 
conservation efforts were instrumental in reducing sewage flow from 6.7 million gallons per day 
(mgd) to 4 mdg, which helped suspend the construction of a multimillion dollar sewage treatment 
plan expansion. 

Goleta, CA123 

Leak detection and repair 
   

Health Impacts 
 Cost savings for households and utilities 
 Decreased mold exposure 
 Small decrease in air emissions due to energy savings 

 

If left undetected for long periods of time, water leakage into a building’s structure can cause 

major health issues.  Water leaking into walls, floors and foundations supports the growth of 

																																																								
121 Goleta Valley Water District. 2012. About the District: Facts and Figures (webpage).  
http://www.goletawater.com/about‐the‐district/facts‐and‐figures/. 
122 U.S. Environmental Protection Agency. 2012. Cases in Water Conservation: How Efficiency Programs Help Water 
Utilities Save Water and Avoid Costs.  
123 U.S. Environmental Protection Agency. 2012. Cases in Water Conservation: How efficiency programs help water 
utilities save water and avoid costs. 



IV.	Specific	Conservation	Measures	

	

Urban	Water	Conservation	HIA	 54	 May	28,	2014	

mold that can trigger allergies, asthma, and other immune reactions.  Some species of molds 

may release toxins into the indoor air environment.124  The U.S. EPA reports that the average U.S. 

household loses 10,000 gallons of water each year due to leakage.125  Detecting and repairing 

leaks can protect the health of building occupants, conserve water and save money.  

Outside the home, many leaks occur below ground, infiltrating into the ground or flowing into 

storm drains or sewers.  A review of audit and leak detection programs in 47 water utilities 

across the state found that an average of 10% of distributed water was lost to leaks and pipe 

breakage.  Some agencies had loss rates up to 30%.126   

Leak detection allows for a more efficient and effective water system, reduced costs in pumping, 

treating and transport of water, and allows the preservation of potable water.  Positive features 

include reducing wear and tear on equipment, lessening the amount of water pumped through 

the system and delaying the need for additional infrastructure to meet drought conditions. The 

added value to health should give added impetus to leak detection and repair programs. 

																																																								
124 U.S. Centers for Disease Control. 2013. Indoor environmental quality: Dampness and mold in buildings 
(webpage). http://www.cdc.gov/niosh/topics/indoorenv/mold.html 
125 U.S. Environmental Protection Agency. WaterSense: Fix a Leak Week (webpage). Accessed March 10, 2014. 
http://www.epa.gov/WaterSense/pubs/fixleak.html 
126 California Department of Water Resources. 2014. Leak Detection (webpage). 
http://www.water.ca.gov/wateruseefficiency/leak/ 
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Water Savings from a Leak Detection Program in Pennsylvania127 

In the mid-1990s in Gallitzin, Pennsylvania, the water authority served approximately 1,000 
connections and discovered their water losses were in excess of 70 percent. In 1994, after 
experiencing an elevated peak usage at 500,000 gallons per day, the water district recognized the 
need for action and identified major problems with their system: high water loss, recurring leaks, high 
operational costs, low pressure complaints.  To mitigate these issues, Gallitzin implemented a 7-day 
metering system at their pumps, maps to locate leakages and through leak detection was able to 
pinpoint 95% of their leaks.  Additionally, Gallitzin created a leak repair program and corrosion 
control program, which helped to repair system leaks, replace meters and improve customer billing. 

In 1998, four years after implementing lead detection programs, the Gallitzin water authority saw a 
significant reduction in water used: an average of 127,893 gallons per day after the program versus 
309,929 gallons per day before the program in 1994.  This reduction helped Gallitzin save over $5000 
in chemical costs and a staggering $20,000 in annual power costs over the four year period, which 
allowed the water authority to keep water rates down.  Additionally, these water savings helped to 
extend the life of equipment, save money from purchased water during drought conditions, and 
improve customer satisfaction.  

Box 4: Gallitizin, Pennsylvania Leak Detection Program 

Tiered conservation pricing 
   

Health Impacts 
 Benefit low income households with progressive pricing and minimizing 

stimulus effect of conservation on water costs 
 Financial sustainability of water conservation programs (which are 

generally beneficial for the public’s health) 
 

Conservation pricing uses financial incentives to penalize inefficiency and promote efficient 

water use, sending a simple, straightforward message to consumers:  “Use less, pay less.”  

Coupled with consumer education, conservation pricing promotes water conservation by 

making consumers more aware of their water use, less wasteful and more responsive to leaks. 

Tiered pricing refers to a block rate structure where the unit price of water changes with the 

amount of water consumed, and each tiered increase in water use accompanies a higher price 

per unit of water.  The table below shows an example of a tiered billing structure from the Lee 

																																																								
127 U.S. Environmental Protection Agency. 2002. Gallitzin, Pennsylvania: Leak Management by a Small System. Pp. 
15‐16 in Cases in Water Conservation: How Efficiency Programs Help Water Agencies Save Water and Avoid Costs. 
http://www.epa.gov/WaterSense/docs/utilityconservation_508.pdf 
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Lake Water District (LLWD) located near the city of Corona.  The first five units of water cost 

$1.85 per unit, but usage above this amount is priced at progressively higher rates.  Top tier 

rates of LLWD water are about 2½ times more expensive than Tier 1 rates.  

 
Table 2: Tiered pricing – Residential water rates, Lee Lake Water District, Riverside County 
Tier Monthly Usage Price 

Tier 1 0 to 5 units $1.85/unit 

Tier 2  6 to 15 units $2.02/unit 

Tier 3 16 to 30 units $2.37/unit 

Tier 4 31 to 45 units $3.15/unit 

Tier 5 46 and above $4.28/unit 

Other charges  
1. Water Service Charge $20.87 per month  
2. Sewer Service Charge $35.30 per month  
3. Zone Pumping Charge: This monthly charge is based on water usage in units and zone 

Conservation pricing differs from other tiered rate structures in that the price gradient is steep 

enough that there is a strong, unambiguous signal for the consumer when water usage is high.  

In the Irvine Ranch Water District (see below) there is a 10-fold difference between the price of 

water in the lowest tier of usage and the price in the highest tier.128  If customers have separate 

meters for indoor and outdoor water use, conservation pricing can also be structured to charge 

a higher price for landscape water use, which is considered more discretionary than indoor 

water use.129 The Irvine example also illustrates the importance of public education and other 

conservation assistance efforts for ensuring the success of conservation pricing programs. 

																																																								
128 Irvine Ranch Water District. 2014. Residential water rates (webpage). 
http://www.irwd.com/services/residential‐water‐rates 
129 Pacific Institute. 2013.  Water rates: Conservation and revenue stability (“Need to Know” Policy Brief). 
http://www2.pacinst.org/reports/water_rates/conservation_and_revenue_stability.pdf 
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Conservation Pricing in Irvine Ranch Water District130 

The Irvine Ranch Water District (IRWD) serves the city of Irvine and portions of surrounding 
communities.  The area has experienced significant population growth, growing from 150,000 when 
IRWD implemented conservation pricing to 330,000 people today (http://www.irwd.com/about-
us/irwd-basics.html). Recognizing the mounting pressure that anticipated population growth would 
put on limited water supplies the district chose to implement a number of conservation strategies, 
including conservation pricing. 

The IRWD adopted a five-tiered rate structure in 1991 to help promote conservation and to 
stringently identify areas of water waste .  IRWD took a unique approach by individualizing rates for 
each account based on landscape size, number of residents, personal needs of customers, and 
evapotranspiration rates.  When customers use more water than their allocated basic need, they are 
assessed penalty fees.  These penalty fees, which escalate with increased water use, act as warning 
flags for water customers of potential leaks, or of significant increases in water use. 

Following implementation of the new rate structure, water use declined by 19% during the first year.  
Thanks in part to a proactive education program, the new pricing structure was positively rated by 
85% of customers.  Between 1991 and1997 IRWD saw landscape water use drop from 4.11 acre feet 
per year to less than 2 acre feet per year, per capita residential water use remained 12% lower than 
previous levels, all while keeping rates stable for five years. 

Box 5: Tiered conservation pricing in the Irvine Ranch Water District 

Metering 
   

Health Impacts 
 Cost savings for low income households (assuming retrofit costs are 

fully subsidized) 
 Better leak detection with corresponding decrease in mold exposure 

 

Conservation pricing requires water meters.  Even without conservation pricing, metered billing 

helps consumers recognize high levels of water use and take steps to lower use.  Nearly all 

urban water customers in Southern California have meters tracking their water usage, but in 

Central and Northern California water use is still unmetered in some communities.  Statewide, 6-

7% of water use is unmetered.131  Even in Sacramento, water deliveries for over 50,000 

																																																								
130 U.S. Environmental Protection Agency. 2002. Gallitzin, Pennsylvania: Leak Management by a Small System. Pp. 
15‐16 in Cases in Water Conservation: How Efficiency Programs Help Water Agencies Save Water and Avoid Costs. 
http://www.epa.gov/WaterSense/docs/utilityconservation_508.pdf 
131 California Department of Water Resources.  2013.  Volume 3, Chapter 3. Urban Water Use Efficiency.  California 
Urban Water Plan Update 2013 (draft). http://www.waterplan.water.ca.gov/cwpu2013/prd/ 
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customers are still unmetered.  In the absence of meters, water bills are determined by other 

criteria such as number of bedrooms or lot size.  In addition to the direct effect of metering on 

conservation, most other consumer-centered conservation programs, such as conservation 

pricing and rebates, are of limited effectiveness without metering.   

Despite the value of metering, the high costs of retrofitting existing homes with meters, on the 

order of $700-$900 per home, has been a significant barrier to installing water meters on homes 

that previously did not have meters.  To address the slow pace of retrofitting unmetered 

residences with meters, the California legislature passed Assembly Bill 2572 in 2004, which 

requires all water suppliers to install water meters for all customers by January 1, 2025. 

Residential turf replacement/”cash-for-grass” programs 
   

Health Impacts 
 Decreased run-off 
 Decreased air pollution (from gasoline-powered lawn mowers, etc.) 
 Potential of increased urban heat island effects 
 Regressive effects if water use reductions trigger price increases 

 

Fifty-four percent of the water used by 

residential customers in California and 41% 

of all urban water use in the state is used for 

landscape irrigation.132  Virtually all of this, 

3.2 million acre-feet of water each year, 

goes to watering lawns, a landscape feature 

that is neither native to California nor well-

suited to the arid conditions found 

throughout most of the state.  Working 

against nature to maintain the deep green, 

uniform texture of the idealized turfgrass 

lawn requires lots of water and large 

																																																								
132 Based on California Department of Water Resources data shown in Figure 1. 

Figure 12: A front yard in Long Beach converted to 
drought tolerant landscaping with a rebate from the 
Long Beach Lawn-to-Garden Turf Replacement 
Program.  	http://www.lblawntogarden.com 
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applications of pesticides and herbicides.  Maintenance of such lawns also usually entails the use 

of air polluting gasoline-powered mowers and other equipment.133  That said, there are many 

positive features to turfgrass including providing comfortable, safe surfaces for play and sports 

and cooling the adjacent environment through evapotranspiration.134   

Considering the large proportion of urban water used to irrigate turfgrass, it is clear that 

replacing a large portion of this turfgrass with less water-intensive landscaping must be part of 

any successful water conservation strategy.  Since low-water landscaping requires less 

maintenance and fewer chemical inputs, turfgrass replacement will benefit the environment and 

homeowners’ pocketbooks. 

Convincing homeowners to give up their lawns, however, remains a challenge.   Californians, like 

other Americans, like their lawns.  Low-water landscaping usually does not provide the same 

quality of recreational surface for play and sports as turfgrass.  Low-water plants provide less 

shade and by definition have lower levels of evapotranspiration, so they will provide less 

environmental cooling.  And, they may be perceived as less aesthetically pleasing.62 Done right, 

however, low water landscapes can save water and provide aesthetic and other benefits that 

equal, if not exceed, those provided by more water-intensive landscaping.  Many utilities offer 

rebates for homeowners who replace lawn with low water landscaping.  An example of such a 

rebate program is the Long Beach Water Department’s “Lawn to Garden” program that offers up 

to three dollars for each square foot of front yard lawn replaced with low water landscaping.     

Residential landscape watering limits 
   

Health Impacts 
 Unusual fluctuations in water main pressure may cause breakage in 

pipes 
 Reduced run-off depending on the type of restriction 

 

																																																								
133 Robbins P, Birkenholtz T. 2003.  Turfgrass revolution: measuring the expansion of the American lawn. Land Use 
Policy, 20(2):Pages 181–194. 
134 Taha H. 1998.  Urban Climates and heat islands: albedo, evapotranspiration, and anthropogenic heat. Energy 
and Buildings 25(2):99‐103. 
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Limiting the days or times when homeowners can water their lawns can make a significant dent 

in water usage, especially when effectively regulated. Landscape irrigation consumes 52% of 

residential water use statewide.135  In a typical Southern California home 65% of residential water 

use is for outdoor irrigation.136  Reducing the amount of water used in residential landscape 

irrigation will be crucial for the success of urban water conservation efforts in California. 

Watering during the early morning or evening hours helps to maximize the water uptake by 

plants and limit the water lost to evaporation during the hottest hours of the day.  Limiting the 

days and times a resident can water may also promote use of native plants in landscaping 

(known as xeriscaping), which do not need to be watered as often in California’s dry climate. 

Assembly Bill 1881 passed by the California Legislature required water agencies to integrate and 

adopt efficient water landscape ordinances by January 1, 2010.  To comply with AB 1881, SB X7-

7 and other mandates many water districts have implemented lawn replacement rebate 

programs.  An oft-cited example is the City of Long Beach’s “Lawn to Garden” program that 

emphasizes the aesthetic benefits of such landscaping (http://www.lblawntogarden.com) in 

addition to water savings, and offers rebates of $3.00 per square foot for up to 1,000 square feet 

of lawn converted to water efficient landscape.137 

 Los Angeles Department of Water and Power (LADWP) has implemented a strict landscape 

watering schedule, allowing only lawns to be watered a maximum of 3 times per week for 8 

minutes at a time during early morning and evening hours; homeowners face fines for failure to 

comply.  In an effort to promote conservation, LADWP is also offering rebates for weather-based 

irrigation controllers to all homeowners and turf replacement.138 

  

																																																								
135 California Department of Water Resources.  2013.  Chapter 3. Urban water use efficiency, California Water Plan 
Update 2013. http://www.water.ca.gov/calendar/materials/vol3_urbanwue_apr_release_16033.pdf 
136 DeOreo et al. 2011.  California single‐family water use efficiency study (sponsored by the California Department 
of Water Resources). http://www.aquacraft.com/node/63  
137 Long Beach Water Department. 2014. Lawn to Garden Incentive Program (webpage). 
http://www.lbwater.org/Beautiful‐Long‐Beach‐Lawn‐to‐Garden 
138 Los Angeles Department of Water and Power. 2013. Rebates & Programs (residential) (webpage). 
https://ladwp.com/ladwp/faces/ladwp/residential/r‐savemoney/r‐sm‐rebatesandprograms 
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Weather-based irrigation controllers (WBICs)/Smart Controllers 
   

Health Impacts 
 Limited effectiveness as a conservation measure for households – 

opportunity cost for household and agencies if funds for WBICs could 
have been spent on conservation measures that yielded health benefits 

 Reduced run-off 
 

 “Smart” irrigation controllers are designed to apply just the right amount of water for outdoor 

landscape irrigation.  Using on-board sensors or radio signals broadcast from a weather station, 

these controllers can increase or decrease the amount of irrigation based on atmospheric 

temperature, humidity and precipitation. As much as 50% of the water used to irrigate lawns is 

wasted due to evaporation, over-watering and misdirected sprinklers.139  Since outdoor 

irrigation represents such a large portion of urban water use, reducing even a fraction of this 

wastage offers potentially large water savings.  

The real-world water savings of WBICs or SmartControllers is variable, sometimes even 

increasing water use when previous use was below levels deemed to be ideal for a particular 

location.140 In a large evaluation of several thousand WBIC sites in California, the mean reduction 

in outdoor landscape irrigation was just under 15% with a median reduction of six percent.  

Because almost as many sites under-watered landscapes as over-watered, use of WBICs 

increased water usage at 41% of sites.141  The complexity of these devices can pose a significant 

barrier to their success.  Failure to properly install and maintain the controllers frequently keeps 

water savings below their theoretical maximum.142    

																																																								
139 U.S. Environmental Protection Agency. 2013. Reduce your outdoor water use (WaterSense Series).  
http://www.epa.gov/WaterSense/docs/factsheet_outdoor_water_use_508.pdf 
140 Pittinger DR, Shaw DA, Richie WE. 2004. Evaluation of weather‐sensing landscape irrigation controllers, January 
through December 2003.  A Report Submitted to: Office of Water Use Efficiency California Department of Water 
Resources (University of California Cooperative Extension). http://ucanr.edu/sites/UrbanHort/files/80078.pdf  
141 Mayer P (Aquacraft).  2009. Evaluation of California Smart Controller Programs Results and Perspective on a 
Large Field Study (Presentation to the California State Energy Commission. 
http://www.energy.ca.gov/appliances/irrigation/documents/2009‐06‐
01_workshop/presentations/Mayer_Peter_Aquacraft_Smart_controller_presentation.pdf 
142 Mayer P, DeOreo W, Hayden M, et al. 2009. Evaluation of California Weather‐Based “Smart” Irrigation 
Controller Programs.  http://www.cuwcc.org/uploadedFiles/Resource_Center/Products/WBIC/Smart‐Controller‐
Programs‐Final‐Report‐07‐01‐09.pdf 
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Reduced irrigation of parks, street sides and other public spaces 
   

Health Impacts 
 Across-the-board cuts in irrigation of parkspace could reduce 

recreational, aesthetic and mental health benefits, especially for low 
income households and communities  

 Increased urban heat island effects 
 

In dry climates irrigation is essential for maintaining landscape vegetation, such as turfgrass for 

sports and trees for shade, that enhance the recreational and heath value of parks.  With water, 

what might otherwise be a dusty, vacant lot can become a highly coveted oasis of green. 

In response to Australia’s most recent drought crisis a number of cities reduced or eliminated 

irrigation of parks and playing fields.143  The likelihood of simply turning off the water to 

California’s urban parks is lessened somewhat by the fact that that since the 1970s recycled 

water (aka “reclaimed water”) is increasingly used to irrigate urban parks and streetside 

vegetation.  This provides some, but not complete, protection against draconian water use 

reductions.  Recycled water is under-utilized, relatively cheap compared to many other water 

sources and far less energy intensive.144  Prudent and efficient use of recycled and reclaimed 

water is still important, however, since this water is neither free nor unlimited.  And, while 

recycled water is generally exempt from SB x7-7’s reduction mandates,145  using it to irrigate 

parks precludes other uses that could help achieve SB x7-7 targets.  Furthermore, the installation 

of a separate “purple pipe” distribution system as required by state law presents a significant 

barrier to its greater use for park and streetscape irrigation.   

Whether using recycled water or water treated to drinking quality standards, agencies in charge 

of maintaining parks and streetside vegetation are still looking for ways to reduce water 

consumption in order to meet water conservation mandates and reduce costs.  Options include: 

																																																								
143 Chong J, Herriman J, White S, Campbell D (Institute for Sustainable Futures and ACIL Tasman). 2009. Review of 
Water Restrictions: Volume 1 – Review and Analysis. Final Report For National Water Commission (Australia). 
http://archive.nwc.gov.au/__data/assets/pdf_file/0019/11755/Water_restrictions_Volume_1.pdf 
144  California Sustainability Alliance. 2008.  The Role of Recycled Water in Energy Efficiency and Greenhouse Gas 
Reduction. 
http://sustainca.org/sites/default/files/publications/FINAL%20RECYCLED%20WATER%20MAY%202%202008a.pdf 
145 California Water Code section 10608.12 (g1)  
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1. Reduce or eliminate irrigation in parks and along streets; 

2. Improve irrigation efficiency, including use of more efficient sprinkler heads, weather-

based irrigation controllers (WBICs) and audits; 

3. Expand the use of low water landscaping to those areas that do not need turfgrass or 

other high water demand vegetation. 

Costs of making an existing park more water-efficient:  James Woody Community 
Park, Apple Valley, California146 

Hoping to reduce water bills and comply with water conservation mandates, the Apple Valley Parks and 
Recreation Department worked with landscape architects from the firm MIG to assess water conservation 
options for James Woody Community Park.  Annual water bills for the 27-acre park, which includes a 
community center, picnic area, and a half-dozen playing fields, totaled $17,000 per year with costs 
increasing about 12% per year. A 20% reduction in water was estimated to save more than $4,000 
annually.  Significant water savings would, however, entail potentially prohibitive upfront costs. 

The assessment determined that only about 25% of the irrigated space in the park was actually used for 
recreational purposes that required turfgrass.  Putting in low water use landscaping in the other 75% 
would reduce water use by 14% while maintaining and perhaps enhancing the aesthetic benefits of the 
converted area.  The high cost of the conversion, though, which included removal of turfgrass, planting 
drought-resistant vegetation and installing a new drip irrigation system would be extremely costly. 

 
Water conservation 

measure Water Savings 

Initial cost 
(rounded to 

nearest $1000) 
Time to recoup initial 

cost from water savings 

 

 Install more efficient sprinkler 
heads 10% Varies (probably 

less than WBICs) 
Varies (probably less than 

WBICs) 

 

 Install weather-based irrigation 
controllers (WBICs) 10% $15,000 6 years 

 

 Convert 75% of turf to xeriscape, 
retain (25% for recreation 

13.6% $817,000 33 years 
 

 

Box 6: Costs of water conservation measures in James Woody Community Park, Apple Valley, 
California 

As illustrated by the experience of Apple Valley, California (see box above), the initial costs of 

converting a park to more water-efficient landscaping can present a significant obstacle, even 

																																																								
146 Leal J, Mendoza C. 2012.  Outdoor water conservation: Compliance and costs.  California Parks and Recreation 
68(2):36‐42. 
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though reduced water use will save money over time.  Incorporating water efficiency into initial 

park designs is more cost-effective and likely to result in more sustainable water use reductions.  

Faced with high upfront costs for making existing parks more water-efficient, park agencies 

could evaluate which park areas get the most added value from irrigation.  Public-private 

partnerships might also provide a way to fund water efficiency improvements. 

CONSERVATION OF DISCHARGED WATER:  CLOSING THE URBAN WATER CYCLE 

Most approaches to water conservation focus on decreasing water use among residents, 

businesses and agencies that are the end-users of water.  A complementary approach is to 

recycle water, directly or indirectly, making local water use more efficient and thus decreasing 

demand for both imported water and groundwater.  Just as much as low flow showerheads and 

water-efficient landscaping, better managing water at the downstream end of the urban water 

cycle, is an essential part of doing more with our shrinking water resources.  Recycling, re-use 

and recharge of local water supplies can indirectly reduce demand on other water resources.   

Types of reuse include: 

1. Direct re-use (direct “toilet-to-tap” recycling) 

2. Indirect re-use (treated wastewater is put into a reservoir for later use, an option that is 

being explored in San Diego.147  This could include unplanned, indirect re-use as 

practiced by many cities around the world that obtain water from rivers downstream of 

other cities (e.g. St. Louis, New Orleans, Paris).  

3. Groundwater recharge (a special type of indirect re-use in which treated wastewater is 

allowed to filter naturally through soil to replenish groundwater stores; 

4. Recycled water use for irrigation (wastewater is treated but not to drinking water 

standards, then conveyed through a distribution system separate from domestic water 

for use in landscape and agricultural irrigation; 

5. Graywater re-use (shower, sink and laundry water diverted then used for landscape 

irrigation with or without some local treatment in a home or commercial building. 

																																																								
147 Steirer MA, Thorsen D. 2013. Potable reuse: Developing a new source of water for San Diego. Journal AWWA 
105(9):64‐69. http://www.sandiego.gov/water/pdf/waterreuse/awwajournal_sept2013.pdf 
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Since “direct” reuse is not under active consideration by any of the state’s water agencies it is 

not addressed in this report. 

Scope and water savings of water reuse in California  
   
Only seven of 58 counties do not have recycled water programs.148  Statewide, recycled water 

use has almost quadrupled since 1970.  The state aims to increase recycled water use from 0.67 

million acre-feet (maf) in 2009 to 1.5 maf by 2020 and to 2.5 maf by 2030.149  This still leaves 

considerable untapped potential.  In the Los Angeles region 1.5 million acre-feet of treated 

wastewater is produced each year, of which only 176,000 acre-feet (11%) was recycled.  Eighty-

nine percent, a total of 1.32 million acre-feet, is discharged into the ocean.150 

Recycled water is used for irrigating crops, parks golf courses and other outdoor landscaping, 

recharge of groundwater for drinking water and saltwater intrusion barriers and other uses 

(Table 3). Over one-third of California’s recycled water is used in agricultural applications, such 

as irrigating trees, sod farms and other non-food crops, especially in the Central Valley.  In the 

Los Angeles region, which has the second highest volume of recycled water use in the state after 

the Central Valley, groundwater recharge is the leading use of recycled water, about one-quarter 

of the region’s total recycled water use.  Irrigation, including agricultural, landscape and golf 

courses, comprises about 30% of the region’s total.  Statewide, about 60% of recycled water is 

used for irrigation.151 

																																																								
148 Newton D, Balgobin D, Badyal D, et al. 2010. Results, Challenges, and Future Approaches to California's 
Municipal Wastewater Recycling Survey. Sacramento, CA, State Water Resources Control Board.  
http://www.waterboards.ca.gov/water_issues/programs/grants_loans/water_recycling/docs/article.pdf 
149 California Water Resources Control Board. 2011. The California Water Boards' Annual Performance Report ‐ 
Fiscal Year 2010‐11. 
http://www.waterboards.ca.gov/about_us/performance_report_1011/plan_assess/12514_ww_reclamation.shtml 
150 Lyon G, Sutula MA. 2011. Effluent discharges to the Southern California Bight from large municipal wastewater 
treatment facilities from 2005 to 2009. In: Schiff, K., Miller, K. (Eds.), Southern California Coastal Water Research 
Project Annual Report 2011, Costa Mesa, CA, pp. 223–236.  
ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/AnnualReports/2011AnnualReport/ar11_223_236.pdf 
151 California State Water Resources Control Board. (2009). "Water  Recycling Funding Program, Municipal 
Wastewater Recycling Survey." 
http://www.waterboards.ca.gov/water_issues/programs/grants_loans/water_recycling/munirec.shtml 
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Table 3: Uses of Recycled Water by State Water Board Regions 2009 (% of recycled water used for beneficial uses in each region) 

Beneficial Use 

Regional Water Board 

Statewide 
total 

1  2  3  4  5  6  7  8  9 

North 
Coast 

San 
Francisco 

Central 
Coast 

Los 
Angeles 

Central 
Valley  Lahontan 

Colorado 
River Basin 

Santa 
Ana 

San 
Diego 

Agricultural irrigation  33.7%  13.1%  79.9%  10.7%  84.8%  19.3%  11.5%  23.0%  7.0%  36.5% 

Landscape Irrigation  2.5%  22.5%  9.7%  15.1%  1.8%  71.8%  11.6%  18.9%  64.7%  16.8% 
Groundwater 
Recharge           25.1%  2.9%        20.5%     11.9% 

Seawater Intrusion 
Barrier 

         6.5%           24.2%  0.5%  7.3% 

Industrial     21.1%  1.1%  15.1%  5.2%        1.7%  1.0%  7.0% 

Golf Course Irrigation  2.2%  14.8%  9.2%  4.8%  2.1%  8.7%  71.6%  3.7%  12.2%  6.5% 

Natural Systems/ 
Restoration  7.9%  22.0%     7.3%  0.7%     1.2%  2.9%  0.5%  4.4% 

Recreational 
I d

         11.7%        3.0%  3.5%     3.9% 
Geothermal Energy 
P d i

49.1%           1.3%              2.2% 

Commercial     0.3%     3.1%  0.4%        0.2%  0.0%  1.0% 

Other  4.6%  6.2%  0.1%  0.6%  0.9%  0.2%  1.0%  1.3%  14.1%  2.4% 

Total volume of 
beneficial use (Acre‐
feet per year) 

25,772  41,019  23,275  169,641  177,855  9,810  14,090  155,743  51,952  669,157 

 
Data from California Water Resources Control Board. 2011. The California Water Boards' Annual Performance Report - Fiscal Year 2010-11. 
http://www.waterboards.ca.gov/about_us/performance_report_1011/plan_assess/12514_ww_reclamation.shtml 
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Studies in California and other contexts have shown that a range of urban recycled water uses 

can create significant water savings and protect potable, fresh water supplies. Examples across 

California include: 

 Southern California’s West Basin Municipal Water District, where implementation of a 

recycled water program resulted in savings of over 20,000 acre feet through large scale 

turf irrigation (schools, city parks, golf courses) and seawater intrusion barriers.152   

 San Jose/Santa Clara Wastewater Pollution Control Plant projects savings of up to 9,970 

acre feet per year in recycled water, with the majority use for landscape irrigation.  

 The Irvine Ranch Water District (IRWD) began a recycled water project in 1977 that uses 

recycled water for landscape and crop irrigation, ornamental lakes, car washes, toilet 

flushing in high rise office buildings and some industrial uses. Their system provides 

roughly 12,000 acre feet of recycled water to 2,000 customers per year.153 

Recycled water for irrigating public spaces 
   

Health Impacts 
 Small increased risk of water-borne disease transmission 
 Decreased air pollution due to the relatively low energy intensity of 

recycled water 
 Reduced urban heat island effects if recycled water permits the 

preservation and expansion of public greenspace 
 

Using recycled water for landscape irrigation reduces demand for water from other sources, 

helping achieve conservation goals.  This may not, however, reduce total water use.  A valuable 

co-benefit of using recycled water to replace water from other sources is reduced air pollution 

and greenhouse gas emissions, since the energy intensity of recycled water is relatively low.  In 

Los Angeles the energy intensity of recycled water is one-fifth that of groundwater and less than 

one-twentieth that of water from the State Water Project.46 

																																																								
152 Wong A, Gleick P. 2000. Overview to water recycling in California. Environmental Management and Health. 
11(3):216‐238. 
153 Anderson J. 2003. The Environmental Benefits of Water Recycling and Reuse. Water Science & Technology: 
Water Supply 3(4):1‐10. 
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In 2009, the State Water Resources Control Board adopted the General Waste Discharge 

Requirements for Landscape Irrigation Uses of Municipal Recycled Water, which allows the use 

of recycled water for landscape irrigation.  Areas qualifying for recycled irrigation include: parks, 

playgrounds, schoolyards, athletic fields, golf courses, cemeteries, freeway, highway and street 

landscaping, and commercial and industrial landscaping, minus eating areas.154  For all existing 

public spaces recycled water use is voluntary.  Recycled water use is mandatory for landscape 

irrigation in new parks and similar public spaces.  Recycled water does require, however, 

separate purple pipes, which have no direct or cross connections with the drinking water pipes, 

and must be clearly marked as recycled and not for consumption.    

While irrigating landscapes with recycled water is generally considered safe there are some 

public health concerns.  Recycled water intended for irrigating outdoor landscapes undergoes 

microbial, chemical and physical treatment processes so that its quality is on par with surface 

water but it is still below potable water standards.  As a consequence, grass freshly irrigated with 

recycled water may have bacteria counts that are slightly higher than grass irrigated with 

potable water, but still far below levels observed from run-off after rain.  These counts drop off 

within hours of drying and sun exposure.155  Irrigating with recycled water at least several hours 

before use seems to minimize any theoretical risks. 

Graywater use 
   

Health Impacts 
 Risk of waterborne disease transmission 
 Impaired soil vitality with resulting decrease in plant-derived nutritional 

and environmental cooling benefits 
 Improved air quality resulting if high energy intensity potable water is 

displaced with very low intensity graywater 
 Can maintain environmental benefits of landscaping that would 

otherwise be eliminated if irrigation with potable water is prohibited 
during drought emergency 

																																																								
154 California Department of Water Resources. 2013. Recycled Water Policy (webpage). 
http://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/landscape_irrigation_general_pe
rmit.shtml 
155 Durand R, Schwebach G.  1989. Gastrointestinal Effects of Water Reuse for Public Park Irrigation. Am J Public 
Health 1989; 79:1659‐1660.) 
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Diverting domestic graywater156 (i.e. wastewater from showers, baths, sinks and clothes washers) 

for toilet flushing and use in landscape irrigation has the potential to reduce household use of 

potable water by nearly 50%.157,158 Until 2010 California’s plumbing code prevented most 

residential graywater use due to concerns about possible exposure to pathogens in 

contaminated graywater.159,160  New technologies for safer handling of graywater and mounting 

pressure to conserve water have made lawmakers and regulators more open to graywater use.  

State guidelines were developed and incorporated into the state plumbing code by the 

California Building Standards Commission in 2010, then revised and expanded in 2013.161  These 

guidelines set minimum standards for graywater sources, treatment and applications (toilet 

flushing and sub-surface landscape irrigation).  Local authorities are free to enact more specific 

and stringent rules. 

Although home graywater treatment systems vary, they all involve diversion of graywater for use 

in outdoor landscape irrigation and/or flushing toilets after some sort of treatment or 

filtration.162  Graywater may have some fecal contamination, along with nitrogen and 

phosphorous, but at much lower concentrations.160,161  Certain long-chain organic molecules 

from soaps, detergents and cleaning products may persist in graywater.  While not appearing to 

																																																								
156 Also spelled as “greywater.”  We use the spelling, “graywater,” which appears to be the spelling preferred by 
the California Department of Water Resources.  
157 Allen L, Christian‐Smith J, Palaniappan M. 2010. Overview of Greywater Reuse: The Potential of Greywater 
Systems to Aid Sustainable Water Management. Oakland, CA: Pacific Institute.  
http://pacinst.org/reports/greywater_overview/greywater_overview.pdf 
158 Maimon A, Tal A, Friedler E, Gross A. 2010. Safe on‐site reuse of greywater for irrigation ‐ A critical review of 
current guidelines. Environmental Science and Technology. 44(9): 3213‐3220. 
159 Appropedia.  2011. California greywater regulations and design (webpage).  
http://www.appropedia.org/California_greywater_regulations_and_design 
160 Wholly H2O. 2012. Graywater Use In California Single and Multi‐Residential Units: Potential Best Management 
Practices (prepared for the California Urban Water Management Council). 
http://www.cuwcc.org/WorkArea/downloadasset.aspx?id=19582 
161 California Plumbing Code. Title 24, Chapter 16. 
http://www.iapmo.org/2013%20California%20Plumbing%20Code/Chapter%2016.pdf 
162 Allen L, Christian‐Smith J, Palaniappan M. 2010. Overview of Greywater Reuse: The Potential of Greywater 
Systems to Aid Sustainable Water Management. Oakland, CA: Pacific Institute.  
http://pacinst.org/reports/greywater_overview/greywater_overview.pdf 
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be a significant direct threat to human health, these residual chemicals may over time build up 

and disrupt soil ecology, particularly where irrigation is comprised exclusively of graywater.163 

Public perception remains a major obstacle to expanded use of graywater in California.  In 

Sydney, Australia, graywater use is commonly utilized in conservation plans.   A study focused 

on a community's acceptance of graywater use in Northern Sydney found that 95% of 

respondents were amenable to graywater use for landscape irrigation and most were inclined to 

accept graywater for flushing toilets.164,165  To gain public acceptance, Australia promoted 

graywater through education and participation programs via government websites.  Australia’s 

National Rainwater and Graywater Initiative also provided rebates and other funding for 

households to install new rainwater tanks or graywater systems.166    

Expanded use of recycled water in Australia and Singapore 

The best examples of expanded use of recycled water in urban settings come from outside the U.S.  
Australia and Singapore have emerged as leaders in the use of recycled water community.  Arid 
climate and recent drought conditions, in Australia, and limited freshwater storage capacity in the 
case of Singapore have forced these countries to find innovative solutions for supplying their urban 
populations with sufficient water.  

In the 1990's, severe drought in Australia prompted extreme water restrictions and forced the 
country to expand and develop urban recycled water programs. One example is a new housing 
development in Rouse, Australia that was built with a dual piping system that supplies recycled water 
for toilet flushing, landscape watering, car washing and other outdoor purposes and potable water 
for most other indoor  uses. The system successfully supplies recycled water to 35,000 homes and 
10,000 people.167,168 

																																																								
163 Pinto U, Maheshwari BL, Grewal HS. 2010. Effects of greywater irrigation on plant growth, water use and soil 
properties. Resources, Conservation and Recycling, 54(7):429‐435. 
164 Brown RR, Davies P. 2007. Understanding community receptivity to water re‐use: Ku‐ring‐gai Council case study. 
Water Science & Technology. 55(4): 283‐290. 
165 Allen L, Christian‐Smith J, Palaniappan M. 2010. Overview of Greywater Reuse: The Potential of Greywater 
Systems to Aid Sustainable Water Management. Oakland, CA: Pacific Institute.  
http://pacinst.org/reports/greywater_overview/greywater_overview.pdf 
166 Australian Government, Department of the Environment.  National Rainwater and Graywater Initiative 
(archived webpage, accessed Feb. 14, 2014). http://www.environment.gov.au/topics/water/water‐cities‐and‐
towns/national‐rainwater‐and‐graywater‐initiative 
167 Wong A, Gleick P. 2000. Overview to water recycling in California. Environmental Management and Health. 
11(3): 216‐238. 
168 Anderson J. 2003. The Environmental Benefits of Water Recycling and Reuse. Water Science & Technology: 
Water Supply 3(4): 1‐10. 
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Although Singapore has plentiful rainfall, it is an almost completely urbanized island surrounded by 
salt and brackish water with very limited capacity to store freshwater. The country has built a system 
that collects and treats 100% of wastewater using advanced dual membrane technologies known as 
NEWater.169  While this recycled water is primarily used for industrial purposes, it is also used in other 
buildings for air conditioning and cooling. Most of this recycled water, 60 million gallons per day, is 
used in industrial and commercial applications.170   Another 30 million gallons per day is currently 
(dry season) released into reservoirs that supply drinking water where it is blended with water from 
other sources.171  Recycled water constitutes about 3% of the water supplied to households.172  

Box 7: Recycled water use in Australia and Singapore 

Groundwater Recharge 
   

Health Impacts 
 Increased levels of nitrates, pharmaceuticals and other residual 

chemicals in wastewater that are higher than other sources of 
groundwater recharge 

 Embedded energy less than that of imported water, thus reduced air 
emissions 

 
 

Groundwater recharge involves allowing stormwater or treated wastewater to filter naturally into 

the ground in “spreading fields” or pumping back into aquifers.  Recharge through natural soil 

filtration is typically used for aquifers supplying drinking water.   Active pumping of recycled 

water into the ground is used for recharging aquifers that function primarily to block the 

incursion of saltwater into aquifers further inland.  The term “groundwater recharge” may 

sometimes exclude maintenance of saltwater intrusion barriers, classifying only recharge of 

aquifers supplying domestic water as “groundwater recharge.” While they have distinct functions 

and raise different public health issues, they are grouped together for purposes of this report 

																																																								
169Tortajada C. 2006. Water Management in Singapore. International Journal of Water Resources Development, 
Special Issue: Water Management for Large Cities. 22(2): 227‐240. 
170 Singapore Public Utilities Board (PUB). 2013. NEWater (webpage). Accessed March 10, 2014. 
http://www.pub.gov.sg/water/newater/Pages/default.aspx 
171 Boon WS. 2014. PUB to up NEWater in reservoirs due to dry weather. Today (News Magazine), Feb. 13, 2014. 
http://www.todayonline.com/singapore/pub‐newater‐reservoirs‐due‐dry‐weather  
172 Estimated based on report that previous NEWater use of 25 mgd  constituted 2½% of domestic (i.e. non‐
industrial water. Singapore Public Utilities Board (PUB). 2013. Plans for NEWater (webage). Accessed March 10, 
2014.  http://www.pub.gov.sg/water/newater/plansfornewater/Pages/default.aspx 
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since there is not always a clear line between the human and environmental services provided 

by an aquifer. 

Maintaining saltwater intrusion barriers in south Los Angeles County from the South Bay to the 

outfall of the San Gabriel River in Long Beach, which together are the largest in California, 

requires injecting 30,600 acre-feet of treated freshwater annually to depths of 700 feet into the 

ground.173 This is equivalent to 15% of the water delivered each year by the Los Angeles 

Aqueduct.174  As sea levels rise and inland freshwater aquifers are drawn down the volume of 

water needed to maintain these saltwater intrusion barriers will increase. 

Health concerns 

Unlike recycled water used for irrigating landscapes and non-food crops that is treated but not 

to drinking water standards, water for groundwater recharge and saltwater intrusion barriers in 

California use highly treated water that is drinking water quality.  Higher levels of treatment are 

more expensive and energy-intensive, but necessary since recycled water introduced into 

aquifers may carry residual microbes and chemicals.  For these purposes it is essential to 

maintain high treatment levels and to not assume that natural filtration, degradation and 

dilution will by themselves sufficiently treat wastewater treated to standards below those for 

potable water.  For other, purposes, however, such high treatment levels may not be necessary.  

Fit-for-purpose treatment will assure efficient use of resources while protecting the public’s 

health. 

Although health risks of recycled water contaminants are almost certainly very small,175 

information on the long-term effects of low-level exposure to newly developed chemicals that 

may persist in treated wastewater, such as pharmaceuticals and food additives, is unknown.176  

																																																								
173 Johnson H. 2007. Battling Seawater Intrusion in the Central & West Coast Basins.  WRD Technical Bulletin, 
volume 13, Fall 2007. http://www.wrd.org/engineering/reports/TB13_Fall07_Seawater_Barriers.pdf 
174 Los Angeles Department of Water and Power 2010 Urban Water Management Plan reports that the L.A. 
Aqueduct delivered approximately 199,700 acre‐fee of water in 2009‐2010.  
175 International Water Association. Water Recycling and Reuse: Potential, Safety and Best Practices.  2009. 
http://www.iwahq.org/contentsuite/upload/iwa/Document/Water%20Reuse%20IWA%20%20SG%20flyer.pdf 
176 Anderson P, Denslow N, Drewes JE, Olivieri A,  Schlenk D, and Snyder S. 2010.  Final Report Monitoring 
Strategies for Chemicals of Emerging Concern (CECs) in Recycled Water Recommendations of a Science Advisory 
Panel. California Department of Water Resources. 
http://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/docs/cec_monitoring_rpt.pdf 
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By conventional measures, however, the quality of treated water greatly exceeds the quality 

water from other major sources.  In addition, in Southern California its embedded energy costs 

are still half those of water from the State Water Project.177   

Besides energy efficiency and reduced air emissions, another health-related environmental 

benefit of expanded recycled water use is reduced volumes of wastewater discharges to 

waterways.  This has been a prime impetus behind new recycled water use projects in 

Washington State and Florida.  There are still discharges from treatment facilities, however, and 

the remaining effluent may be more concentrated when more water is recycled.  In inland areas 

away from large bodies of water, the availability of places to safely discharge residual products 

may limit expansion of water recycling capacity. 178 

Costs also limit increased use of recycled water.  The cost of installing a new high level 

treatment facility may be cost prohibitive when compared to the marginal costs of more water 

from existing sources.  If existing supplies cannot increase output, however, the economics of 

recycled water become much more favorable.  Recycled water treatment facilities will usually be 

cheaper than new dams and aqueducts and certainly more environmentally sustainable over the 

long run.178 

 

																																																								
177 Wehner M. 2010.  Orange County’s Groundwater Replenishment System – Potable Reuse for the Best Available 
Water (Presentation from the Orange County Health District).   
http://www.watereuse.org/files/s/docs/OCWD_Tampa_Potable_Reuse_Workshop.pdf 
178 U.S. Environmental Protection Agency. 2012. 2012 Guidelines for water reuse. 
http://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf 
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V. Case-study: City of Burbank, CA 

Setting 
Population 
Profile of water uses 
Usage trends 
Pricing 
Water conservation measures 
Conservation achievements 
Future conservation measures 
Recommendations 

 

Setting 

The City of Burbank is located approximately 12 miles north of downtown Los Angeles on the 

eastern edge of the San Fernando Valley, surrounded by the cities of Los Angeles and Glendale.  

The climate is mild with summer daytime temperatures averaging in the 80’s and winter daytime 

temperatures averaging in the 50’s.  The California Department of Energy has designated the 

area as Climate Zone 9, similar to the nearby Pasadena.  Average annual rainfall is 17.5 inches 

with most rain coming in the winter months.  The average evapotranspiration deficit (the 

additional amount of water not supplied by available soil moisture that is needed to support the 

area’s average vegetative cover) is 38 inches per year. 

About one-quarter of the city’s 17 square-miles consist of hilly open-space.  The developed 

portion of the city is highly urbanized with a downtown core of high rise buildings, commercial 

zones on the south and southwest edges of the city, an airport and residential development in 

the remainder.  While residential areas are predominantly low-density development, medium 

and high density residential development has grown considerably and its share of the city’s 

housing stock is expected increase.  The current population of 103,000 is expected to grow to 

nearly 117,000 by 2035 with most of the increase driven by an influx of new workers.  Future 

housing is expected to be concentrated in mixed-use developments near transportation hubs. 
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Affected populations 

One hundred three thousand residents live within Burbank’s 17 square-miles.  The population 

density in Burbank’s urbanized portion is actually considerably higher than suggested by the 

average density of nearly 6,000 people per square-mile, since the official city boundaries include 

a large uninhabited area in the Verdugo Mountains on Burbank’s eastern edge.   

Table 4:  Burbank residents’ demographic, social and population characteristics (from 
American Community Survey, 3-year average – 2010-2012) 

 Neighborhood   Burbank 
Los Angeles 

County 
California 

Population   103,900 9,892,525 37,686,586 

Residential density (no./mi2) 5,992 2,438 242 

Ethnicity: African American 2% 8% 6% 

Asian/Pacific Islander 13% 14% 14% 

Latino/Hispanic 26% 48% 38% 

White (non-Hispanic) 56% 27% 40% 

Other 4% 2% 3% 

Age:  <18 20% 24% 25% 

18-34 24% 26% 25% 

35-64 42% 39% 39% 

65+ 14% 11% 12% 

Households with no one under 18 years 70.4% 63.4% 63.3% 

Education High school or less 30% 44% 40% 

  Some college 33% 26% 30% 

  Bachelor’s degree or higher 37% 30% 31% 

Median HH income  $64,603 $54,188 $59,368 

Poverty HH below Fed. Poverty Level 9% 18% 16% 

 HH below 200% FPL 24% 41% 37% 

No vehicle in household (2010 Census)  1% 5% 4% 

Housing: HHs in rental housing 57% 54% 45% 

 …in single-family detached 46% 50% 58% 

 …in multi-unit (≥3 units) 47% 40% 29% 

 

Compared to the rest of Los Angeles County and the state, Burbank’s population has fewer 

people over age 65 and fewer households with children.  Whites comprise a larger portion of 
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Burbank’s population (56%), compared to 27% in L.A. County and 40% statewide.  Nine percent 

of Burbank’s households’ earnings are below the Federal Poverty Level (FPL) and another 15% 

are deemed to be economically “struggling” with earnings between 100% and 200% of the FPL.  

These poverty rates are about that of Los Angeles County overall and about 50% lower than the 

state average.   Burbank’s residents live in 43,338 housing units, nearly evenly split between 

single-family detached structures and multi-family structures with an average of 2.5 persons per 

household.  Fifty-seven percent of residents are renters. 

 An estimated 95,000 workers are employed in Burbank.179  Burbank was once a hub for 

Southern California’s aircraft industry but aircraft and other manufacturing have declined since 

the 1970s.  Burbank’s economy is now primarily service-based, dominated by employment in 

entertainment and media, retail and healthcare firms.   

Statistics on the prevalence of health conditions and risks are not available for the City of 

Burbank.  Such statistics are collected by two surveys, the California Health Interview Survey 

(CHIS) and the Los Angeles County Health Survey (LACHS), but they are aggregated across a 

large area that includes a diverse assortment of communities, in addition to Burbank.  In the 

absence of other information, it could be assumed that the health status of Burbank’s 

population is on average relatively high, given that Burbank’s population is wealthier and has 

higher educational attainment than the rest of Los Angeles County and the state. 

Environmental Health 

Aggregate environmental pollution scores from Cal-EPA’s CalEnviroScreen Model 1.1180  

averaged across Burbank’s five populated zip codes is in the 80th percentile statewide, chiefly 

due to high levels of groundwater pollution and particulate air pollution.  The decline of 

aerospace and manufacturing in Burbank was capped by the departure of Lockheed in the early 

1990s leaving a legacy of contaminated groundwater, costing the city and its residents in terms 

of water treatment costs and additional costs for the purchase of imported water.  

CalEnviroScreen scores groundwater pollution in three of Burbank’s zip codes at or above the 

																																																								
179 City of Burbank. 2013. Burbank 2035: Final Environmental Impact Report. 
http://burbankca.gov/home/showdocument?id=23548 
180 California Department of Environmental Protection. 2014.  California Communities Environmental Health 
Screening Tool (CalEnviroScreen 1.1).  http://oehha.ca.gov/ej/ces11.html 
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90th percentile of zip codes statewide.  Traffic, especially truck traffic, on major freeways running 

through and around Burbank are largely responsible for the high levels of particulate air 

pollution observed in Burbank.  CalEnviroScreen PM2.5 and diesel particulate scores in Burbank’s 

five zip codes are at or above the 75hth percentile. 

Water sources and infrastructure 

Burbank Water and Power (BWP) is a city-owned utility providing water to city residents and 

businesses.  BWP obtains water from local groundwater sources and imports water supplied by 

the Metropolitan Water District (MWD) from the State Water Project and the Colorado River.   

Due to contamination with volatile organic compounds, chromium and nitrates, Burbank’s 

groundwater must undergo special treatment to make it safe for consumption.  VOCs are 

removed by filtration, but residual chromium and nitrates not removed by the treatment process 

are diluted down to levels below safety thresholds.  BWP’s blended potable water deliveries, 

totaling 16,500 acre-feet per year, average about 60% treated groundwater and 40% MWD 

water.   In addition to potable water deliveries, BWP supplies another 4,000 acre-feet of water 

for landscape irrigation and industrial use that is comprised of equal parts MWD and recycled 

water.  Recycled water currently makes up 11% of all BWP water deliveries.181  

Burbank treats two-thirds of its sewage in its own wastewater collection and treatment facilities 

and sends the rest to the City of Los Angeles’s Hyperion Treatment Plant.  About one-third of 

Burbank’s treated wastewater goes into its recycled water distribution system, mostly for park, 

golf, school playground and commercial landscape irrigation.  Some recycled water is provided 

to adjacent portions of the City of Los Angeles in exchange for groundwater pumping credits.181 

Most of Burbank’s water system is an open system with pressure derived from gravity and 

reservoir levels.  This open system design precludes using pressure management to reduce 

water losses, leakage and use.   

  

																																																								
181 Burbank Water and Power.  2011.  2010 Urban Water Management Plan. 
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Profile of water uses 

Nearly three-quarters of the water delivered by BWP goes to residential uses (Figure 13).  

Although Burbank does not have separate 

indoor/outdoor meters for residential 

customers, if patterns of residential water 

use are similar to the rest of the state, 

about 30% of BWP water is used for 

residential landscape irrigation.182 

Commercial water use comprises 20% of 

BWP water deliveries.  This includes water 

used for cooling office buildings and 

studios, landscape irrigation of 

commercial properties and irrigating golf 

courses.   

Usage Trends183 

As a result of its economic base shifting from manufacturing to services, an increasing share of 

households living in multi-family housing and conservation programs implemented during 

several droughts since the 1970’s, Burbank’s water demand has decreased from 39 million 

gallons per day (mgd) to 19.6 mgd in 1999.  Until declines in the last five years water usage had 

held steady at about 200 gallons per capita per day (gpcd) since the mid-1990s.   

Pricing 

Although pricing is tiered for residential customers living in single-family structures, the top tier 

rate is only 55% higher than the bottom tier rate.  This is relatively flat compared to the steeply 

tiered conservation pricing implemented by the Irvine Ranch Water District which has a top tier 

																																																								
182 Calculation assumes that landscape irrigation comprises 54% of water used by single family residences (DeOreo 
et al. 2011.  California single‐family water use efficiency study. http://www.aquacraft.com/node/63), water used 
for landscape irrigation in multi‐family homes is about half that of single‐family homes (Hanak E, Davis M. 2006. 
Lawns and water use in California. California Economic Policy (Public Policy Institute of California), 2(2)), 51% of 
Burbank residents live in multi‐family housing. 
183 Data from the Burbank Water and Power 2010 Urban Water Management Plan. 

 

Figure 13: Water uses in the City of Burbank (from 2010 Urban 
Water Management Plan, Burbank Department of Water and 
Power). 
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rate 700% higher than the bottom tier.  The baseline usage of up to 1,500 cubic-feet for the first 

tier is also relatively generous.  In Long Beach, for example Tier 1 usage is up to 500 cubic-feet.  

Multi-family residential, commercial and industrial customers in Burbank do not have volume-

based tiers, but there is a two-fold price difference between summer and winter rates.  All 

customers are also assessed a flat “water availability charge” of $10.78 per month. 

Table 5: Water rates for Burbank Water and Power (March 2014) 

Single Family Residence 
A. Water availability charge  $10.78/month 
B. Water usage charge 
        First 15 HCF/mo       $1.114  per 100 Cubic Feet  

      Next 15 HCF/mo       $1.372  per 100 Cubic Feet  
      Additional HCF/mo     $1.727  per 100 Cubic Feet         

C. Water Cost Adjustment Charge   $1.642  per 100 Cubic Feet 
Multi-family residential, commercial and industrial 

A. Water availability charge  $10.78 per month 
B. Water usage charge 

   Summer (Jun 1-Oct 31)     $1.533 per 100 Cubic Feet  
      Non-Summer (Nov 1-May 31)   $0.715 per 100 Cubic Feet  

C. Water Cost Adjustment Charge   $1.642 per 100 Cubic Feet 

These rates are on par for the region.  A BWP customer using 1,000 cubic feet of water (i.e. 10 

HCF) would pay $38.34, compared to about $23 in Los Angeles, $36 in Long Beach and Torrance, 

$42 in Paramount and $53 in Pasadena.184 

Water conservation measures 

Burbank achieved its 20x2020 water use reduction target of 156 gpcd in 2010.  Water use is 

expected to reach 137 gpcd by 2015.185  Achieving these targets has likely been helped by the 

economic recession and shifts from single-family to multi-family housing and from 

manufacturing to services, but a combined “carrot-and-stick” approach to conservation can be 

credited with most of this achievement.  The Burbank City Council has taken a proactive 

leadership role in the city’s water conservation efforts, passing a number of policies to 

encourage water use reduction, including: 

																																																								
184 Comparison rate data from 2011: U.S. Army Corps of Engineers. 2013. Disadvantaged Community Planning Final 
Report. City of Maywood, CA, p. 36.  
185 Burbank Water and Power. 2011.  2010 Urban Water Management Plan. 
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 Recycled Water Use Memorandum:  The City’s Recycled Water Master Plan and 

supporting Memorandum make recycled water use a condition for potable water service 

for many businesses.  Recycled water use is required on parcels within 1,000 feet of 

recycled water main that have more than 2,500 square feet of landscaped area or that 

use more than 50,000 gallons per year of potable water that could be substituted with 

recycled water.  Single-family residential structures and duplexes are exempted. 

Customers subject to the requirement must install separate plumbing on the property 

for recycled water.  BWP will pay all other connection, meter installation and delivery 

fees. 

 Restroom Aerator Ordinance: Requires 1.0 gallon per minute aerators on bathroom sink 

faucets in commercial and industrial and in restrooms located in common areas of office 

and apartment buildings. Burbank Municipal Code:  9-1-6-403.9 

 Retrofit Upon Resale Ordinance: Requires installation of water conserving plumbing 

fixtures in commercial, industrial and residential buildings prior to sale. Burbank 

Municipal Code:  Burbank Municipal Code: 5-3-1501 

 Sustainable Water Use Ordinance: Establishes six stages of mandatory water 

conservation measures, including restrictions on outdoor watering, other outdoor water 

uses (e.g. car washing, hosing down pavement), and mandates for water-saving 

equipment and processes for commercial and industrial establishments. Burbank 

Municipal Code: 8-2-300.  

 Water Conserving Fittings and Fixtures Ordinance: Requires water saving plumbing 

fixtures on new construction, additions over 100 sq. feet and bathroom remodels.  

Burbank Municipal Code: 9-1-6-403.0 

On the “carrot” side of promoting water conservation, BWP has several rebate programs for 

residential and business customers.  Most of these are similar to those offered by other 

agencies, including rebates for high efficiency toilets ($100/toilet), weather-based irrigation 

controllers ($80/controller), rotating sprinkler heads ($3/sprinkler), and turf replacement 

($2/square foot, up to $2000), but what really stands out is their free “Green Home House Call 
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Program.”  BWP offers provides home visits and water efficient fixture upgrades to customers at 

no cost. The upgrades include sprinkler adjustments to prevent over-spraying, toilet leak 

detection and repair, and low-flow showerhead and faucet installation.  This program assisted 

over 1,600 homes in its first year and is credited with saving over 56 million gallons of water.185 

Conservation Achievements 

 Per capita water use down to 156 gallons per day (2010) from a pre-2005 baseline level 

of 190 gallons per day; 

 Green Home House Call Program: assisted over 1,600 homes in its first year and is 

credited with saving over 56 million gallons of water 

 After 9 months, 90% of 6,200 business customers (including owners of multi-family 

residential buildings) had verified installation of water-efficient fixtures.  This program 

resulted is estimated to have saved 231 million gallons (710 acre-feet) of water. Non-

compliant customers were assessed a 25% water surcharge. 

 Recycled water use 

o Recycled water used to irrigate all parks and large green spaces.  

o Recycled water used to supply areas in Glendale and Los Angeles without access 

to recycled water from their own water agencies. 

o Burbank pays for permitting fees for commercial customers to connect to 

recycled water sources.  

 Due to investment in high quality pipes, aggressive leak detection/repair, and soil and 

water with low corrosivity, system water loss in Burbank averages about 2.2% annually. 

Future Conservation Measures  

Moving from good to better water conservation 

Comparisons of water usage between cities are complicated by differing land-use patterns, 

mixes of economic activity, types of housing and climate, each of which affects water use as 

much or more than conservation programs.  Nonetheless, comparison of water usage in nearby 
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cities with similar climates (see Table 6) shows that while Burbank’s water conservation efforts 

are good, having reduced water use from a 1995-2005 average of 195 gpcd, they could be 

better.  Current water use is on par with Pasadena, while it exceeds that of Los Angeles and 

Glendale.  It is 50% higher than per capita use in Prescott Arizona, where a greater proportion of 

the population lives in single-family housing, albeit newer, and it does not even come close to 

Melbourne’s 39 gpcd.   

Table 6:  Per capita water use in Burbank and nearby cities, including comparisons with 
Prescott, AZ and Melbourne, Australia (both with noted water conservation programs) 

City 
CA DOE 

Climate Zone 
SB X7-7 Baseline 

use* (gpcd) 
2010 Water Use 

(gpcd) 

Glendale 9 143 117 

Los Angeles 8/9 152 128 

Pasadena 9 210 150 

Burbank 9 195 156 

Irvine 8 258 214 

Prescott, AZ (single 
family residence only) 

Drier with 
hotter summer	 --	 98 

Melbourne, Australia 
(residential only) 

Similar	 --	 39 

* Comparisons of SB X7-7 baseline usage levels may be misleading because utilities use 
different five- or ten-year windows to calculate averages for these baselines. 

Challenges to continued water use reductions 

Several factors will make it increasingly difficult for Burbank to continue its pace of water use 

reduction.  Water use reduction always becomes more difficult over time as programs have 

progressively fewer “low hanging fruit” available for achieving reductions and a shrinking 

number of residents and businesses have water-wasting fixtures and applications that can be 

changed cheaply and easily.  To date, Burbank’s water conservation efforts have benefitted from 

the 2008 recession and shifts towards less water intensive patterns in the housing and 

commerce.  Less commerce overall, more people in multi-family vs. single-family housing, and a 

continued shift from manufacturing to services all lead to decreased per capita water 
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consumption.  Because shifts in housing and business in the city will eventually stabilize, the 

winds behind the sails of conservation will slacken, making continued progress even more 

difficult.  This does not necessarily mean that water consumption will increase, but rather that 

efforts to decrease water consumption below current levels are likely to involve more difficult 

and more expensive choices than they have been in the past. 

In addition to these trends, the landscape of water conservation in Burbank is shaped by a 

number of assets and challenges that are unique to Burbank’s geography, population and 

history (see Table 7).  Burbank is geographically compact.  Relatively high land-use density is 

generally more water-efficient than sprawling development.  The compact geography plus 

Burbank’s local wastewater treatment capacity facilitate expansion of recycled water 

infrastructure.  Commercial activity in Burbank is not reliant on inherently water-intensive 

processes, such as food processing.  Businesses have shown interest in improving water 

efficiency.  Most of all, Burbank has and will continue to benefit from the cooperative 

relationship between BWP and the City Council that have taken a proactive, comprehensive  

approach to water conservation in the city. 

Table 7: Inherent assets and challenges to water conservation in Burbank 

Assets Challenges 

 Geographically compact with 
relatively high land-use density 

 Municipal water agency with 
support from proactive City 
Council 

 High proportion of residents in 
multi-family housing 

 Local treatment/recycling capacity  

 Large, service-based commercial 
sector is not water-intensive 

 Groundwater contamination 

 Heavy reliance on imported water 

 Difficulty applying new plumbing 
standards to existing housing stock- 
median age for single-family 
residences is over 50 years 
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Recommendations 

1. Implement tiered conservation pricing 

BWP water rates are about average for the region, but the shallow slope of the three-tier 

rate structure provides a weak conservation incentive to customers who use high volumes.  

A steeply tiered conservation rate structure, similar to the “budget-based,”186 tiered pricing 

used by the Irvine Ranch Water District can greatly reduce water use, especially if 

accompanied by a robust public education program.  

Health Issues: If adjusted for household size, a more steeply sloped tiered rate structure that 

is revenue-neutral relative to the current rate structure could benefit low income households 

since their per capita usage is more likely to be low.  If not adjusted for household size, 

larger households could end up paying more for water under the current rate structure.  If 

increased top-tier rates increase revenue, and if this additional revenue is used exclusively 

for conservation programs, as is the case in Irvine, the entire community would benefit from 

the added investment in water conservation. 

2. Expand recycled water use for landscape irrigation, industrial use and groundwater 

recharge. 

Burbank is deservedly well recognized for its efforts to promote the use of recycled water.  

About 11% of the city’s water deliveries are comprised of recycled water, but there’s 

potential to greatly expand this for landscape irrigation and commercial applications (mostly 

evaporative cooling) where it is being used now and for groundwater recharge. 

Health Issues: Greater reliance on recycled water to meet the city’s water demands will 

decrease air emissions associated with generating electricity to convey water, since the 

energy intensity of recycled water is much less than that of imported water that Burbank 

currently uses to meet about half of its water needs.  The expense of building out the 

recycled water distribution system may negatively impact operating budgets if no action is 

taken to change water rate structures.  Trading pumping rights for recycled water deliveries 

																																																								
186 Under a budget‐based pricing system the amount of water qualifying for a particular block rate is determined in 
part by household size, property size and other factors determining household water needs. Simple tiered rates 
use fixed thresholds for determining the rate for each progressive tier of water use. (See Box 5 – page 56) 
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with neighboring cities, which Burbank currently does, is a creative way to financial support 

the build out of the recycled water system.   

Concern about a very small but potential risk of disease transmission via recycled water, 

along with a lack of dual piping infrastructure, has prevented expanding recycled water use 

to residential landscape irrigation in Burbank and elsewhere.  The problem of access to 

recycled water is surmountable, especially given Burbank’s small geographic size and 

compact development.  As Burbank’s recycled water infrastructure is built out to serve 

commercial, industrial and institutional customers, lack of access to recycled water will 

become less and less of a hurdle.  This leaves risk of disease transmission as the main 

obstacle.  This can be minimized if regulations are amended to allow for recycled water use 

in sub-surface drip irrigation for non-turf landscapes.  Combined with incentives for low-

water landscaping, the use of recycled water could be brought up closer to its capacity. 

Expanded use of recycled water for groundwater recharge could also decrease reliance on 

imported water if new membrane and biofiltration technologies are employed to reduce 

salts and other contaminants below levels in other water sources.  

3. Require new construction to have dedicated meters for new indoor/outdoor water use 

and submeters for each unit in multi-unit housing 

While virtually all water use in the city is metered, better metering could support 

conservation efforts.  Separate indoor and outdoor meters give better information to 

customers about how they can reduce water use and allow levying separate rates for indoor 

use and outdoor water use.  The health utility of indoor water use is greater than that for 

outdoor water use, so customers should be charged less for indoor water use.  Even if BWP 

does not currently have immediate plans to charge separate rates for indoor and outdoor 

water use, doing so in the future is likely as water supplies become tighter.  Meter retrofits 

are extremely expensive.  Requiring them for new housing units would add minimal 

additional cost.   

A bill requiring submetering on new multi-unit housing (SB 750) was proposed in the 2013 

legislative session but was not approved.  Given that the Burbank expects an increase in 

multi-unit housing, there is an opportunity to improve water metering in the city.   Doing so 
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would benefit households living in multi-unit housing, especially rental housing that is 

otherwise unlikely to be sub-metered by giving them more control over their water bills.  At 

the state level, resistance came mostly from apartment owners expressing concerns about 

administrative details of the requirement.187  Consultations with stakeholders in the city 

could overcome deficiencies in the state legislation and provide regulatory certainty for 

bulders.be improved.   

Health Issues: Health benefits from added mechanisms to incentivize conservation.  Split 

indoor/outdoor metering, if accompanied by lower rates for indoor water use, could benefit 

cost-sensitive low income households for whom high costs now constrain beneficial indoor 

water use. 

4. Implement new filtration and bioremediation technologies as they become available 

for removing contaminants (VOCs, chromium, nitrates) in order to more cost-

effectively expand groundwater use without relying on dilution with MWD water 

Contamination of groundwater with VOCs, chromium and nitrates, and how contaminant 

levels might change in the future, along with concerns about risking salinity levels in the 

aquifer present major challenges for water management in Burbank.  Since groundwater 

supplies over half of the city’s potable water, management of these risks will play a leading 

role in decision-making about water use and conservation in the city.  Currently VOCs are 

filtered out and chromium and nitrates are diluted down to “safe” levels using expensive 

imported MWD water.  Changes in concentrations of these contaminants and changes in 

what are deemed to be “safe” levels could radically alter risks and the costs of control 

strategies.  New membrane and biofiltration technologies may offer cost-effective solutions 

to these problems that were not available in the past.  Improved filtration will improve 

Burbank’s ability to safely and sustainably utilize its groundwater resources and help address 

health concerns with “diluting to safety” as a management approach, particularly with 

hexavalent chromium, for which safety thresholds are in flux.188  

																																																								
187 California Apartment Association. 2013. Apartment water submeter bill tanks, but hope remains for 2014. Sept. 
25, 2013. http://www.caanet.org/apartment‐water‐submeter‐bill‐tanks‐but‐hope‐remains‐for‐2014/ 
188 California Department of Public Health. 2014. Chromium‐6 in Drinking Water:  MCL Update (webpage). Updated 
January 30, 2014. http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Chromium6.aspx 
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Health Issues: Decreased health risks associated with residual contaminants of drinking 

water.  Cost impacts, which could strain operational resources and/or increase reliance on 

expensive imported water, are difficult to determine.  Higher treatment standards will result 

in higher costs to achieve required levels of treatment, but recently developed technologies 

offer some prospect for controlling these cost increases. 

5. Pursue desalination only as a last resort 

In the 2010 Urban Water Management Plan BWP mentions desalination as a potential future 

source of water, but that it was not currently being pursued due to cost and environmental 

issues.  Air emissions from power stations providing energy for the energy-intensive 

desalination process make this an unwise alternative from a public health perspective, unless 

no other option is available.  Water conservation measures and expanded use of recycled 

water can balance water demand and supplies in a way that generates fewer negative health 

and environmental externalities and even some benefits. 
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VI. Summary and recommendations 

Summary of conservation measures’ potential water savings and health impacts 
Recommendations  

 

The ideal mix of water conservations will differ in each community, depending on water uses, 

water infrastructure and a host of environmental and community factors.  Achieving SB x7-7 

water use reduction targets will be easier for some communities than others, but virtually all will 

need to employ a combination of strategies.  The information in this HIA can help decision-

makers and the public weigh public health considerations as they plan and prioritize strategies 

for water conservation.  In many cases implementation of water conservation measures will yield 

valuable co-benefits for public health (see Figure 15 and Table 5).  When water conservation 

measures have the potential to negatively impact the public’s health, mitigation measures can 

be adopted to minimize harm, or based on this awareness a community may decide to first 

adopt other measures with less potential for harm. 

Figure 14:  Potential water savings, costs and health impacts of select conservation measures 
(Detail in Appendix B) 
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The 20% reductions for SB x7-7 are just a first step.   On-going efforts will be needed to 

maintain these reductions and deal with the water needs of a growing population in the face of 

shrinking and less dependable supplies resulting from climate change.  Sustainable conservation 

actions pose difficult choices that only become more difficult and expensive if they are delayed.  

Wise, effective action now can help keep future options open and make future reductions easier 

without compromising the economic, quality-of-life and health benefits provided by water.   

 
Table 8: Water savings and health impacts of urban water conservation measures 

Water conservation 
measure 

Priority  Good  !Caution 
Water 

Savings 
Potential Health-related Effects 

Benefit              Harm Recommendations 

R
es

id
en

ti
al

 

Free in-building leak 
detection services, 
targeting homes with 
higher likelihood of leaks 
  

Fair 

Cost savings to 
homeowners. 
Decreased mold 
exposure. 

Wastewater 
concentration 

Water savings are 
contingent on taking 
follow-up action. 
Potential benefits 
with little downside 

Rebates for water-
efficient fixtures and 
appliances 
(faucets, toilets)  
! (expensive appliances) 

Moderate-
High 

Cost savings, 
particularly when out-
of-pocket costs are 
low relative to savings 
on water costs. 
Reduced energy 
footprint, esp. for hot 
water fixtures 

Rebates for 
expensive items 
(e.g. washing 
machines) may be 
fiscally regressive, 
Wastewater 
concentration 

Eventually 
diminishing returns 
but should be a high 
priority 

Requirements on water 
efficiency of appliances 
and fixtures sold in state 
 

Moderate Energy/environmental 
benefits 

May increase costs 
of appliances. 
Wastewater 
concentration 

Would avoid 
problems of uptake. 
Does not speed up 
retrofit. 

Rebates and tax 
incentives for owners of 
rental housing installing 
water-efficient fixtures 
and appliances    

Moderate 
Water cost savings to 
renters if they pay 
water bill directly. 

May increase 
rental prices. 
Wastewater 
concentration 

 

Building standards 
requiring water-efficient 
fixtures   

Moderate 

Decreases the 
environmental 
footprint of new 
housing 

Marginal increase 
in new housing 
prices. Wastewater 
concentration 

Benefit primarily for 
more affluent HHs 
and communities 
with new housing 

Restrictions on outdoor 
watering   

Moderate 
to high Reduced run-off 

Home gardens 
impacted if ban on 
outdoor watering 
is absolute 

Needs on-going 
enforcement 

Rebates for WBICs 
Moderate 

but 
Variable 

Decreased run-off 
from lawns, improved 
surface water quality 

 

Water savings 
depend on correct 
installation and 
maintenance. May 
increase water use. 
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Water conservation 
measure 

Priority  Good  !Caution 
Water 

Savings 
Potential Health-related Effects 

Benefit              Harm Recommendations 

Rebates for converting 
lawn to water-efficient 
lawnscapes    ! 

Moderate 
to very 
high 

Decreased run-off 
from lawns, improved 
surface water quality. 
Decreased water 
costs 

Out-of-pocket 
costs. May be 
fiscally regressive 

Potentially high, 
persistent savings but 
depends on the 
quality of the 
landscaping, type of 
irrigation, and 
previous water use 

Conservation pricing   Very high 
Protect low income 
households from rate 
increases 

Cost impacts on 
households that 
have high water 
use that cannot 
quickly be reduced 

Priority.  Success 
depends on budget-
based, tiered rates 
with steep gradient. 

Pa
rk

s,
 S

tr
ee

ts
ca

pe
s 

Install more efficient 
sprinkler heads   

Low-High 

Reduced run-off. May 
lower contamination 
risk if recycled water 
is being used. 

 

Water savings 
contingent on types 
of sprinkler heads 
now in use 

Install weather-based 
irrigation controllers 
(WBICs)  

Moderate Reduced run-off  
Suitability depends 
on climate and size of 
area 

Convert turf to low water 
use landscape High 

Reduced run-off.  
Since conversion 
typically uses drip 
irrigation, any risk of 
pathogen exposure 
from recycled water 
will be reduced. 

 

Needs to be done 
carefully in order to 
maintain 
environmental and 
health services of 
irrigated landscape 

Co
m

m
er

ci
al

 

Expanded use of 
recycled water  

High 

Cost savings if rates 
for recycled water are 
lower than drinking 
water 

Requires proper 
treatment and 
application to 
prevent 
transmission of 
communicable 
disease 

Under-utilized 
resource.  Cities can 
use permitting rules 
to incentivize 
expansion of recycled 
water systems and 
utilization 

Sy
st

em
 

System leak detection. 
Infrastructure 
improvements to 
decrease water loss   

Very High 
More efficient usage, 
increased 

Substantial costs 
may lead to higher 
taxes and/or water 
rates. May be cost-
prohibitive for 
small utilities. 

Federal and state 
governments should 
explore ways to 
incentivize  

Expanded use of 
recycled water  

High 

Cost savings if rates 
for recycled water are 
lower than drinking 
water 

Requires proper 
treatment and 
application to 
prevent exposure 
to pathogens. 

Under-utilized 
resource.  Building & 
zoning rules can 
incentivize expansion 
of recycled water 
systems and use. 
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Key recommendations 
 
Table 9 (below) lists agencies playing a role in implementation or monitoring each 
recommendation 

1. Make early, well planned efforts to conserve water that lead to significant reductions 

in usage 

1.1. Inaction and delay are probably the worst alternatives for protecting the public’s health 

from the consequences of water scarcity.  Early, well planned and significant efforts to 

conserve water are necessary to deal with the compounded effects of the current 

drought and long-term trends of increasing population growth, aging and inefficient 

infrastructure, and decreasing supplies of water.  Water conservation to protect the 

public’s health and maximize the economic, environmental and other benefits of limited 

water supplies needs to be an on-going effort. Even without an impending water crisis, 

a failure to use less water and make water use more efficient will harm the public’s 

health, especially the health of low income households and communities.  Long-term 

trends towards more people and a warmer, drier climate mean that greater reductions 

in per capita water use will be necessary to avoid future water shortages.  Simple supply 

and demand, coupled with increased reliance on water from more expensive sources 

drive up water prices.  Since low income households tend to have less discretionary 

water use than higher income households, draconian water rationing and escalating 

water prices will likely hit them hardest.   

2. Prioritize conservation measures that have environmental and health co-benefits 

2.1. Plan based on quadruple bottom-line – water savings, cost, greenhouse gas emissions, 

local health impact (how to save a million gallons) 

2.2. Promote high efficiency showerheads.  This low cost alternative can yield substantial 

water, cost and energy savings.    

2.3. Make water-efficient toilets, showerheads and faucets a condition of home resale and 

rental.  Consider requiring a “Water Efficiency Disclosure Statement” for home sale 

transactions.  Such a statement would verify that all toilets and fixtures meet water 

efficiency standards, declare the efficiency ratings of clothes washers and dishwashers, 
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and state estimated water use of irrigated landscape based on irrigated area, vegetation 

type and local evapotranspiration level. 

2.4. Expand recycled water use – connections, prioritize review and updating of public health 

restrictions on recycled water use based on newest technologies and research.  Use 

business and land-use permitting processes to incentivize expansion of recycled water 

systems and to bring down the initial costs of build out. 

2.5. Explore the development of a recycled water pricing system, similar to pricing schemes 

for pollution reduction,189 which would incentivize recycling by pricing water discharges 

and use a portion of proceeds to fund expansion of water recycling infrastructure. 

2.6. Draw on funds from Carbon Cap & Trade, energy efficiency and air quality incentive 

programs to fund household, community and regional water conservation programs 

that reduce both energy and water consumption.  

3. Encourage property owners to install and properly maintain more water-efficient 

landscapes while taking steps to minimize unintended harm 

3.1. Provide strong incentives for water-efficient landscaping.  Irrigation of residential 

landscapes accounts for over 50% of urban water use in California.  Achieving future 

water conservation targets will require significant reductions in water used for outdoor 

watering.  Turf replacement programs, weather-based irrigation controllers, more 

efficient sprinkler heads, restrictions on days and timing of outdoor irrigation, and 

irrigation system maintenance all have a role to play. In addition to reducing water use, 

most of these measures also have the potential to reduce run-off carrying pesticides, 

herbicides and disease-causing bacteria into waterways.  It is essential to recognize, 

however, that outdoor vegetation provides valuable health benefits, including cooling 

homes and neighborhoods, spaces for recreation and aesthetics that benefit mental 

health.  Careful planning can maintain most of these benefits and reduce water use at 

the same time.  Besides maintaining the health benefits of urban vegetation, it will also 

be important to structure rebates, rates and any fines in a way that is not fiscally 

																																																								
189 World Resources Institute. 2009. Issue Brief: Water Quality Trading Programs: An International Overview. 
http://www.wri.org/sites/default/files/pdf/water_trading_quality_programs_international_overview.pdf 
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regressive (e.g. increasing rates for low income households while providing rebates for 

higher income households). 

3.2. Encourage use of locally appropriate, cost-effective technologies for reducing demand 

for system-supplied water through the use of rainbarrels and graywater systems. 

4. Invest in infrastructure that reduces wastage, thereby reducing consumer costs and 

increasing the use efficiency of water 

4.1. Provide free in-home leak audit, identify homes and areas where leaks are more 

prevalent to target leak detection efforts 

4.2. Improve water delivery systems with targeted, proactive identification and repair of 

potential failure of pipes and other equipment.  Consider grant programs and no 

interest loans to assist small water agencies with small cash flows. 

4.3. Replace old system elements that waste water, such as dead-ends and old pipes that 

require frequent flushing. 

5. Minimize regressive combinations of rebates and rate increases that benefit higher 

income households while increasing water costs for low income households 

5.1. Adopt tiered conservation pricing to promote conservation, minimize unintended 

regressive revenue transfers and help stabilize revenue streams. 

6. Institutionalize integrated inter-agency conservation planning at the local level to 

develop joint sustainability plans to improve water and energy efficiency while 

supporting economic and health goals.  Expedite implementation with state-issued 

benchmarks and incentives 

7. Monitor health impacts of water conservation policies with metrics such as the ones 

outlined in this report.  Since many of these metrics are outside the expertise of water 

agencies, monitoring will require the cooperation of multiple agencies and sectors. 
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APPENDIX A: Data for Figure 5: Water savings and costs of selected conservation measures 

  
Aggregate Water Savings 

(1000 AF/year) Cost Effectiveness ($/AF)    
Water Conservation 
Measure health 
benefits(+) 
harm/risks (‐) 

Pac. Inst., 
2003 

Other 
Sources 
(see right)  Est used 

Pac. Inst., 
2003 

Sturm & 
Thornton, 
2007 

Other 
Sources 
(see right) 

Estimate 
used 

Year of 
estimate 
used 

Adjusted 
Estimate 
(2014 $)  Data notes and other sources 

Cash‐4‐turf  435     435     1100  512  512  2005  653 
CE: Addink 
CE: $274‐$717/af from state water plan 
2013 update 

Showerhead rebates  120     120  ‐1038        0  2003  0    

Toilet rebates  420  278  420     400  200  200  2012  205 
Savings: CA Homebuilders Foundation 
(CHBF), 2010 (single family only) 
CE: USC Sustainable Cities 

System leak repair     251  251     439     439  2013  448 

Savings: CA Water Plan Update 2013 
(draft). As high as 317 AF/year, based on 
a 36% reduction in losses (SCE pilot 
study) that total 0.88 MAF (CA Water 
Plan 2013 Update) 

Metering     77  77     250     250  2013  255 

Residential Savings: Total residential 
use=5.92 maf/yr, 6‐7% unmetered users 
(CA Water Plan 2013 Update), 20% 
reduction in use (CUWCC BMP cost 
savings study) 

Tiered Conservation 
Pricing     445  445           0  2013  0 

15% decrease in water use when moving 
from flat rate to increasing tiered block 
rate (Baerenklau, 2014); 50% of state 
residential water deliveries pay flat rate 
(Hanak, 2005) 

WBICs     126  126        40  40  2012  41  Savings: CA Water Plan Update 2013 
CE: USC Sustainable Cities 

Outdoor water 
2days/week     669  669                 #N/A  Savings: CA Water Plan Update 2013 
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Appendix B: Data for Figure 11—Cost and Energy savings from saving one million gallons of water 

Water  
Conservation 
Method 

Water Savings 
(gal./HH/day) 

No. 
HH 

Avg. 
upfront 
cost/HH 
($/HH) 

Aggregate 
upfront 
costs  ($) 

Embedded 
energy per 
gallon 

(kwh/gal/yr) 

Aggregate 
embedded 
energy 

(mwh/yr)  Notes 
toilet replacement 
(3.6 gpf to 1.6 gpf), 2 
units/HH 

9.8  280  500  139,782  0.0127  12.7 
Cost estimates from CHBF, 2010. Embedded energy factor 
from Calif. Energy Commission, 2005, appendix C (for 
Southern California) 

High efficiency 
washing machines  14.4  190  750  142,857  0.0813  81.3 

Cost estimates from h2ouse.org. Embedded energy factor 
from Calif. Energy Commission, 2005, appendix C multiplied 
by water heating factor in the same source 

Efficient 
showerheads, 2 
units/HH 

12.2  225  100  22,457  0.1600  160.0  Cost from CHBF, 2010 

WBICs  36.6  75  250  18,740  0.0102  10.2 

Cost data from CHBF, 2010. Does not include additional labor 
for installation. Based on Irvine data. Savings will differ in 
other climate zones and with different amounts/types of 
landscaping. 

Leak repair  25.0  110  18  2,019  0.0127  12.7 

Based on average cost of $658/acre‐foot saved reported in 
CA DWR 1988 (cited by Sturm and Thornton 2007) and 
annual savings per HH of 9,125 g/yr. (apparently only includes 
marginal cost/HH) 

Compact, water‐
efficient development  47.0  58  0  0  0.0102  102 

Avg California water usage at 105 gpcd (175 gpHHd) 
compared to Civano (Tucson) = 77 gpcd (est'd 128 gpHHd) 
reported in Western Resource Advocates. Assume water 
savings are all outdoor 

Smart Growth 
Development  35.0  78  0  0  0.0102  10,200 

Metro Square (Sacramento) development water used 20% 
less water than households in suburbs (US EPA 2006 Growing 
Water Effic…). Calif. avg. of 175 gpHHd used as reference 



Appendix	B:	Cost	and	Energy	Savings	

	

Urban	Water	Conservation	HIA	 97	 May	28,	2014	

Data sources for Appendices A and B 
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