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Volunteer programs are effective at
reducing urban water use in Marin

County, California

Households receiving tips from Master Gardeners use less water for their landscape irrigation.
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ater conservation through education is an
Abst ract important element in meeting urban water

needs by reducing water demand (Borisova
Reducing irrigation usage for residential landscapes is a key strategy and Useche 2013a; McCue et al. 2007). This study aims
for managing water demand, but many property owners struggle to assess the impact of conservation education on
to implement effective water conservation. Garden Walks is an water use at the homeowner scale. The Garden Walks
educational program that supports trained volunteers to visit local program in Marin County, California, provides on-site
residential properties. They suggest improvements to irrigation consultations to local residents of single-family homes,
systems, mulch usage, grouping plants based on similar water needs, demonstrating how to assess their irrigation systems
and other water-efficient landscaping techniques. Working with a for leaks and efficiency, as well as providing garden-
Marin County water district, we measured water use for 481 households specific water conservation measures such as mulching
participating in Garden Walks and 478 non-participating households and hydrozoning (grouping plants on the basis of their
for six years to assess potential water savings. On average, participating water needs). This evaluation compares the water use
households used 7,780 gallons less water in an irrigation season (8% of program participants with non-participating house-
less) than non-participating households. Much of the water savings holds and finds that use was reduced as a result of the
appears to have come from leak detection. Irrigation leaks were on-site consultations.
detected in 6% of participating households, and fixing those leaks Managing demand by optimizing water use is a key
accounted for nearly 40% of program water savings. strategy for extending existing water supplies. Marin

County relies primarily upon seasonal rainfall stored in

UC Marin-Master Gardeners
conduct a Garden Walks
consultation to help a Marin
County homeowner analyze
how to best save water and
hydrozone their plants.
Photo: Pam Polite-Fisco.
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reservoirs for the majority of its water supply. No new
reservoirs have been built in Marin County since 1980,
and the capacity of existing reservoirs has not been
expanded since 1982 (Adriane Mertens, Marin Water,
personal communication). Approximately one-quarter
of the water supply is imported from outside of the
county, with other predetermined allocations for this
water restricting its availability. Despite this fixed water
supply, Marin County’s population has increased 15%
since 1980 (U.S. Census Bureau 1980, 2022), putting
additional pressure on existing water supplies.

The Marin Municipal Water District (now Marin
Water) has used a variety of conservation measures to
manage demand, including rebates for water-efficient
appliances, and household water use evaluations
conducted by water district personnel. Marin Water
also uses a tiered water rate system and rate increases
to give price signals to customers about water use.

In this system, the rate for a given amount of water
used is higher for higher tiers, or quantities, of water
used. Tiered water rates are designed to provide some
low-cost water to every household, and more water, if
needed, at successively greater cost to the consumer.
Rates were increased across all four Marin Water pric-
ing tiers, totaling a cumulative 39% increase within
each tier over five years from 2007 to 2011 (fig. 1).

Tiered pricing structures have been demonstrated to
change urban water consumption (Arbués et al. 2003),
although the variety of factors that influence water use
make it difficult to determine exactly how much water
is saved. Some inherent factors include feedback loops
between rising water rates and water conservation
(Olmstead et al. 2007); in this case, customers’ fear of
using too much water in tiered pricing systems can lead
to decreased water use, which in turn forces water utili-
ties to raise prices to remain financially solvent, which
leads to further reductions in customer water use.

Whatever water savings are realized through de-
mand management programs are offset by continuing
increased demand from growing populations. More
people demand more water, which in turn calls for new
water sources and/or further reduction of per-capita
water demand. This is the case in Marin.

Educational programs may influence water con-
sumption, although the efficacy of these programs has
been the subject of much debate (Arbués et al. 2003;
Worthington and Hoffman 2008). A study in Florida
suggested that the savings from on-site water use au-
dits of single-family landscapes were as high as 13%
(McCue et al. 2007), but there was no control group for
comparison in that study.

In Marin County, to increase the public’s under-
standing of the importance of water conservation in
the home and for landscape irrigation, publications
and educational programs have been produced by
the University of California Cooperative Extension
(UCCE) and other organizations and agencies, such as
ReScape and the Marin County Stormwater Pollution
Prevention Program. In 2008, Marin Water, UC

Cooperative Extension Marin, and the UC Marin
Master Gardeners teamed up to expand household
education through individual consultations on home
garden and landscape water use. From 2008 to 2010,
more than 500 households participated in the Marin
Friendly Garden Walks program, receiving in-
person assessment and recommendations from two
trained volunteers.

Consultations in home gardens

The Garden Walks program offers a consultation ap-
proach to garden and landscape water demand man-
agement. While traditional educational workshops
are typically held at a library or other gathering place
(Borisova and Useche 2013b), Garden Walks provides
hands-on education on the participant’s property, al-
lowing them to learn water conservation techniques
in their own garden. In 2008, a joint team of academ-
ics and water district personnel established Garden
Walks, enlisting University of California (UC) Marin
Master Gardener volunteers to assess landscape ir-
rigation efficiency at single-family residences within
Marin Water’s service area. The result is a hybrid model
combining extension workshops, which present prin-
ciples of water conservation for homeowners to use in
reducing their water consumption, and on-site garden
water use assessments. The on-site assessments offer
direct water conservation principles, such as hydrozon-
ing and watering in the early morning; indirect water
conservation principles, such as the use of compost
and mulches; assessment tools, such as leak detection,
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FIG. 1. Marin Water rate pricing structure (upper) and cumulative percent rate change
(lower) from 2006 to 2011.
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Garden Walks consultations include teaching residential gardeners how to read their
water meter. Photo: Rebbeca Ryan.

measurement of flow rates, and systems mainte-
nance; and technologically based approaches, such as
smart controllers, rain sensors, and proper control-
ler programming.

Training Master Gardeners

Before becoming UC Marin Master Gardeners, vol-
unteers are trained in sustainable gardening practices
by UC academics and experienced UC Marin Master
Gardeners, including general irrigation system design
and assessment by Marin Water personnel. This train-
ing provides a broad overview of gardening, including
pruning, planting, soils, plant taxonomy, basic plant
physiology, and other related topics, presented at
weekly five-hour meetings over a five-month period.
Once a volunteer is trained as a UC Marin Master Gar-
dener, the volunteer can join the Garden Walks team
by participating in a Marin Water one-day intensive
irrigation course. Course content includes hands-on
experience with irrigation system design, function,
troubleshooting, and leak detection. This is then fol-
lowed by a half-day practical demonstration conducted
by the Garden Walks Coordinator in the Master Gar-
deners’ own gardens, allowing new volunteers to prac-
tice giving Garden Walks consultations.

Coordinating with water district

The Garden Walks program is managed by a part-time
paid staff position via a contract with Marin Water,
supervised and housed by UCCE Marin. The Garden
Walks staff is responsible for coordinating program
outreach efforts, overseeing walk scheduling, and man-
aging a database of completed walks. Pairs of trained
volunteers are assigned to visit local residences and
evaluate multiple aspects of landscape irrigation ef-
ficiency, including leak detection, hydrozoning, and
other sustainable landscaping practices.

Property and environmental data

Participant households self-selected by submitting a
request for a Garden Walks consultation. Just over 500
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walks were performed from 2008 to 2010. Given that
our participant pool was self-selecting, there is always
the possibility that this will introduce some bias into
our results. We hoped to avoid some of this bias by hav-
ing large sample sizes drawn from the same residential
population for the non-participant households.

In order to generate our control (non-participant)
household group, we used Google Earth to randomly
select one of ten similar households that did not request
a Garden Walk within approximately 437 yards (400
meters) of each participant household. Similar non-
participant households were defined by having similar
property and house size (within 20% of the participant
house and property size), and either did or did not have
a swimming pool, as relevant.

Water use data was provided by Marin Water
in anonymized batches, for participant and non-
participant households for the irrigation season from
May through October for the years 2006 to 2011. Our
dataset comprises these six annual irrigation season
water use amounts for 481 participant homes and 478
non-participant homes. The difference between our
treatment or participant and control or non-participant
numbers is due to incomplete datasets for three of the
control households. Because the data was anonymized
and delivered in batches, when we found any control
household datasets that were incomplete, it was impos-
sible to retrace the participant households for which
we needed a new control dataset. We therefore chose to
move ahead with the analysis without the three control
households. Two other participant household datasets
were similarly thrown out prior to control selection due
to incomplete datasets.

Additional environmental data was gathered
from multiple sources. Annual precipitation and an-
nual and season evapotranspiration for the six years
was obtained from two local California Irrigation
Management Information System stations, run by the
California Department of Water Resources. Values for
the Standard Precipitation Evapotranspiration Index
(SPEI) (Vicente-Serrano et al. 2010) were used to ac-
count for precipitation and potential evapotranspira-
tion in determining drought for both the 12-month
and 6-month time step through October of each year.
These were sourced from the Climatology and Climate
Services Laboratory (LCSC 2025).

Analyzing water use

We used two different statistical approaches to analyze
the data. We used a linear mixed effects regression
model to tease apart the reduction in water use com-
pared to the many different factors influencing water
demand. However, Nataraj and Hanemann (2011)

have shown that the use of linear regression statistical
models to analyze water use reduction in water billing
systems with tiered pricing structures (such as those
employed by Marin Water) can create the internal feed-
back loops discussed above; this may lead to estimation



errors. We therefore also analyzed the same water use
data using a difference of differences approach to ana-
lyze for water savings resulting strictly from the Gar-
den Walks program.

Each household’s water use was measured three
times (bimonthly) per irrigation season (May through
October) and summed for the resulting measurement
of water used. Based on this sum, each household ir-
rigation year was treated as one irrigation season mea-
surement. Measurements were taken starting in 2006
for all households. Garden Walks were conducted for
three consecutive years (2008 to 2010). Each household
experienced its Garden Walk in only one of these years.
For each of the years, we used different years for their
pre- and post-Garden Walks data. For example, for
the 2009 Garden Walks, we used 2006-2008 for their
pre-Garden Walks water use data, and 2010-2011 for
their post-Garden Walks data. For 2010 Garden Walks,
we had only a single year, 2011, of post-Garden Walks
data. Time frames for each control household water use
were paired with the same time frames for each par-
ticipant household.

We employed the data-driven linear mixed effects
modeling, using STATA/IC 15.1, to confirm relation-
ships of water use changes per household relative to
participating in the educational Garden Walks pro-
gram, and to consider other explanatory variables
(Pinheiro and Bates 2000). Irrigation season water
use for each household was set as the outcome vari-
able, with each participant or non-participant home
set as a group effect to adjust the P-values for repeated
measures of water use at the same home. A forward
stepping approach was used to develop the multivari-
ate regression model, with P-value < 0.05 set as the
criterion for inclusion of the variable in the final model.
This included testing the relationship of water use
to annual cumulative rate change, annual precipita-
tion, annual total evapotranspiration, SPEI 12-month
and 6-month time step, program participation, and
year of consultation delivery. We also tested for in-
teractions and, specifically, the interaction between

participation in the Garden Walks program and the
year of the Garden Walks consultation for a partici-
pant household.

For complementary statistical confirmation, we
also conducted a difference of differences estimate
(Angrist and Pischke 2009; Card and Krueger 1994).
In this analysis, we differentiated between participat-
ing (treatment) and non-participating households
(control), and water use before and after the Garden
Walks consultation.

Program helped reduce water use

Water use generally decreased from 2006 to 2011 for
both participants and non-participants; table 1 and fig.
2 show mean seasonal water use for both groups. The
environmental factors that affected the area generally,
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FIG. 2. Individual homeowner seasonal water use from 2006 to 2011 for water education
program participants and non-participants. Box and whisker plot with mean water use by
year maximum or top whisker, first quartile or top of box, median or line in box middle,
third quartile or bottom of box, and minimum or lower whisker. Dots illustrate outliers.

TABLE 1. Values for mean seasonal water use for Garden Walks education program participants and nonparticipants, annual total precipitation,
irrigation season evapotranspiration, and 12-month time scale Standardized Precipitation Evapotranspiration Index (SPEI) from 2006 to 2011

2006 150.8 (53.29)
2007 149.0 (52.65)
2008 152.9 (54.03)
2009 130.6 (46.15)
2010 118.7 (41.94)
2011 116.9 (41.31)

147.6 (52.16) 73.0(185) —25.6 (—65.0)

149.1 (52.69) 36.3(92.2) —28.2(-71.6) -0.8
150.2 (53.07) 41.2(105) —28.7 (-72.9) -0.3
134.3 (47.46) 42.9(109) —29.4 (-74.7) 0.1
127.9 (45.19) 58.2(148) —28.9(-73.4) 0.4
127.9 (45.19) 70.2 (178) -28.1(-714) 0.9

* Precipitation is for calendar year (Jan. 1-Dec. 31 of each calendar year), matching Garden Walks program calendar.

T Evapotranspiration is for irrigation season (April 1 to Oct. 1 of each calendar year).

* Sourced for Marin County from Laboratory for Climatology and Climate Services (https:/spei.csic.es/database.html).
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TABLE 2. Linear mixed effects regression model for associations of participation in Garden Walks education program,
using dummy variables for homeowners receiving and not receiving a consultation and years before and after

consultations delivered

Constant or intercept term for the model

Standardized Precipitation Evapotranspiration Index (SPEI)t
Cumulative rate change

Interaction of participation and consultation delivery
Participation in education program*

Consultation deliverys

151.9 (142.6,161.3) <0.0001
=2 (-3.8,-0.5) 0.010
-0.6 (0.7, -0.4) <0.0001

-10.3 (=15.1,-5.6) <0.0001

0.7 (-12.4,13.8) 0918
=17 (-6.9,3.4) 0.506

* Adjusted for potential lack of independence due to repeated sampling of specific household water use across six years.
* Sourced from Laboratory of Climatology and Climate Services, August 2025 (https://spei.csic.es/database.html).

* Referent condition is non-participation in education program.
§ Referent condition is pre-consultation delivery.
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FIG. 3. Results from data-driven model illustrating the relationship of reduction of water
use on the y-axis to cumulative increase in water rate on the x-axis. The difference in water
use associated with participation in the Garden Walks education program is represented
by comparing the blue and green lines (without Garden Walks) to the red and grey lines
(with Garden Walks). The blue and red lines are associated with minimum SPEI (-0.8)

or driest year, with the green and grey lines associated with maximum SPEI (1.4) or the

wettest year.
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such as annual precipitation and seasonal reference
evapotranspiration, reflected the year-to-year variation
that is common in a drought-prone region (table 1). For
example, 2006 and 2011 experienced 73 and 70.2 inches
of precipitation, compared with 36.3 inches in 2007. As
indicated by SPEI, 2006 was the wettest of the six years,
and 2007 was the driest.

Linear mixed effects model results for associations
of household water use with explanatory variables are
presented in table 2. Modeling was conducted using
six years of water use measured for the 481 partici-
pant households and 478 non-participant households,
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resulting in 5,754 individual irrigation season measure-
ments of household water use. The model constant is
151.9 hundred cubic feet of water (430.1 cubic meters
[m?]) (hereafter CCF, the billing unit used by Marin
Water; 1 CCF equals 748 gallons). This is the starting
point or baseline of seasonal home water use for par-
ticipant and non-participant households during the
irrigation season.

The climate measurement with the clearest relation-
ship to water use was the SPEI for the 12-month period
through October of each year. Water use and SPEI have
a negative or inverse relationship, with approximately
2.2 CCF more water used for a one-unit decrease in
SPEL This reflects an increase in water use in drier
years (fig. 3), with not only less rainfall but greater po-
tential evapotranspiration.

Seasonal reference evapotranspiration (ETo) was
not statistically significant. Neither was annual pre-
cipitation, perhaps because annual precipitation in
California is concentrated in wet winter months,
while landscape irrigation is concentrated in the dry
summer months.

The relationship between water use and cumulative
change in water rates was significant and inverse. For
every percent increase in cumulative rate change, there
is an associated 0.6 CCF decrease in water use (fig. 3).
Similarly, the interaction between participation in the
program and the year of the on-site consultation in-
dicates a significant decrease in water use among pro-
gram participants of 10.4 CCF (29.5 m?) after receiving
the educational consultation, as indicated by the model
coefficient. The year in which each Garden Walk took
place is important because water rates were increasing
over time. While both participants and non-partici-
pants decreased water use in response to rate increases,
participants had a greater reduction in their use than
did non-participants (fig. 3).

Analyzing the influence of the education program
on water use with the difference of differences approach
yields a 10.8 CCF (30.6 m?) reduction in seasonal water
use for program participants over non-participants



Garden Walks

provides hands-
on education on
the participant’s

Irrigation frequency and run times are reviewed for each planting zone at the sprinkler irrigation controller.
Photo: Rebbeca Ryan.

TABLE 3. Mean water use (CCF/summer season) for studied homes in Marin County for both the program
participants and non-participants before and after home consultations were provided, with sample size and

standard error provided

144.5 (1,831,3.1)
130.5 (1,037, 3.6)
-14.0(3.2)

Sample size n and standard error (SE) are presented in parentheses (e.g., 1,831, 3.1).

Before home consultation
After home consultation

Change in water use

(table 3). Prior to the Garden Walks consultation, par-
ticipating and non-participating households differed
in their water use by less than one CCF (2.8 m?) per
irrigation season, on average. After the consultation,
participating households used 10 CCF (28.3 m?) less
than non-participants.

Water savings as a result of participation in the
Garden Walks program averaged 8% or 7,780 gallons
per participating household during the irrigation sea-
son. Household water savings were calculated by evalu-
ating water use for two years after the Garden Walk
(except for walks done in 2010, which had only one year
of post-measurement), so we know savings lasted at
least that long. When we multiply the number of par-
ticipating households (481) by the number of gallons
saved per year, using 10.4 CCF from the linear mixed
effects analysis, and the number of years the effect is
known to last (at least two), we obtain a minimum net
savings of 7.48 million gallons (28,400 m?) of water
over the study period (10.4 CCF/household-year x 481
participating households x 2 year minimum), or about
23.0 acre-feet over the study period. The cost to run the

property,
allowing them
to learn water

1453 (1,858, 2.2) 0.8(3.8) conservation
120.5 (1,028, 2.4) -10 (4.4) techniques
-24.8(3.5) -10.8 in thelr

own garden.

program for those four years was about $75,000, saving
about 100 gallons (0.38 m?) of water per dollar. The av-
erage price of water, across all tiers and years, delivered
to residential customers by Marin Water in the analysis
period was $7.50 per CCF (2.83 m?), or about 100 gal-
lons (0.38 m®) per dollar.

Water rates and education affect
water use

Perhaps unsurprisingly, the price of water was the
largest driver of water conservation (Olmstead and
Hanemann 2007). Residential water users county-wide
reduced their water use by about 23.4 CCF (66.3 m?)

in response to rate tiers and increases, in comparison
to 10.4 CCF (29.4 m?®) for participation in the Garden
Walks program (fig. 3). However, participation in the
Garden Walks program was not only measurable and
statistically significant, but it made more of a difference
during an irrigation season than did drought condi-
tions (2.2 CCF, or 6.22 m®) (fig. 3).
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Garden Walks volunteer team members explore plant selection and hydrozones with a
residential gardener. Photo: Rebbeca Ryan.

Our use of a controlled study builds on the find-
ings of an uncontrolled study in Florida (McCue et al.
2007), which estimated about 13% water savings from
a similar program. This is almost exactly what our un-
controlled back-of-the-envelope estimates looked like
in 2009. The difficulty in using linear regression models
to estimate water savings in tiered pricing systems
discussed by Nataraj and Hanemann (2011) does not
appear to be borne out in our results. The linear mixed
effects model identified a water savings of 10.4 CCF
(29.4 m?) as compared to the difference of differences
test, which identified nearly the same value for water
savings of 10.8 CCF (30.6 m®). The agreement of these
values provides confirmation that the association be-
tween Garden Walks program participation and water
savings is detectable in this dataset. Admittedly, our
data set spans only one rate increase period and there-
fore avoids the feedback loop between rate hikes and
water use over multiple rate increase periods.

Finding leaks saved water

Most of the water conserved through Garden Walks
appears to have been due to locating leaking irrigation
systems, which were found on 6% of the visits, but ac-
counted for nearly 40% of total water saved. The aver-
age water consumption of leaking irrigation systems
was seven times higher than systems in good repair,
with an average reduction in water use (after repair) of
141 CCF (399 m?), compared to the average reduction
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of 21.0 CCF (59.5 m?) for systems in good order. The
8% reduction in overall water use achieved by program
participants is similar to the installation of smart ir-
rigation controllers (Cominola et al. 2021), which are
more costly to install, but, like educational programs,
may also lead to long-term water savings (at least, as
long as they’re maintained). This in turn suggests that
routine monitoring of individual households’ water
use, whether by a volunteer program such as the one
described in this study, or some other means, such as
computer-detected large deviations in seasonal water
use that would indicate leaks, are important tools in
water conservation. Rupiper et al. (2022) recently re-
ported a similar finding.

The amount of water saved by an educational pro-
gram will be affected by the number of water-saving
landscaping practices put in place by the program
participants, and the amount of time the practices
remain in use. Since Americans are moving less than
they used to (Frost 2022), staying five years on average
in a given location, we expect that the water-conserving
landscaping practices implemented by the participants
will continue to operate for at least that long, provided
the systems are maintained. Because we did not explore
how long participants remembered and applied the
educational content, we will stick with the conservative
finding of two years for projecting water savings.

Many California water districts face the prospect
of trying to meet increasing residential water demand
with static or decreasing water supplies. In Marin
County, the cost of developing new water supplies,
such as piping water over the Richmond-San Rafael
bridge (presumably bought from water districts that
may be facing their own shortages), building new res-
ervoirs, or building desalination plants, far outstrips
the cost of conservation measures such as the Garden
Walks program.

We acknowledge that there is potential for bias in
this study. One potential source for bias is volunteer
selection (program participants were not randomly
selected for this study). The results and conclusions
may therefore be influenced by a strong environmen-
tal ethic on the part of participants. Even if this is the
case, Garden Walks enables those with strong environ-
mental ethics to make tangible changes in their water
management and use. Regrettably, a large proportion
of Marin Water’s customer base does not sign up for
Garden Walks, despite an outreach campaign aimed at
informing them of the opportunity. While the Garden
Walks program has proven to be a cost-effective way
for Marin Water to conserve water, we can’t help but
wonder how much more water could be saved if all
those other households participated.

S.V. Swain was Environmental Horticulture Advisor, UC
Cooperative Extension Marin and Sonoma counties; M.S. Mathers
is Community Education Specialist, UC Cooperative Extension



Marin County; D.J. Lewis is Watershed Advisor, UC Cooperative

Extension Marin County.

In memory of Steven Swain, 1966-2025. Steven'’s curiosity and
passion for science and his empathy and compassion for people
were catalysts for many projects, like Garden Walks. He respected
and adored the UC Marin Master Gardeners as colleagues and
friends. May this publication be one way to carry forward his
contributions and impact and for us to share our gratitude for his

presence in our lives.

The authors would like to thank Dr. Tina Saitone for direction
on the difference of differences statistical analysis; Dan Carney of
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