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Executive Summary 
The Spray-to-Drip Conversion Pilot Project (S2D Program or Program) was developed by the Municipal 

Water District of Orange County (MWDOC) to provide monetary incentive, in the form of a rebate, for 

customers to replace inefficient, high-water-using spray heads with efficient, low-water-using drip 

irrigation.   The S2D Program was implemented throughout Orange County within the service area of 

MWDOC’s 28 retail water agencies.  This Program targeted the conversion of 175,126 square feet of 

inefficiently irrigated area to low-water-using drip, reducing irrigation water use and runoff, and was 

projected to save more than 188 acre-feet over the life of the irrigation system improvements. The S2D 

Program provided a base incentive of up to $0.50 per square foot, up to $0.30 from Reclamation and a 

match of $0.20 from the Metropolitan Water District of Southern California.   

 

A Program Evaluation was conducted to evaluate what successes and challenges came with 

implementation of the Program, the results of the Program in terms of actual water savings, and to 

provide a recommended rebate rate to help establish a regional S2D Program. This evaluation had two 

parts, a Process Evaluation where over 100 customers were contacted about their experiences with the 

S2D program, and an Impact Evaluation that includes a statistical analysis to evaluate actual changes in 

customer water consumption.  The goal of the Process Evaluation was to survey the participants in the 

Program regarding their observations and satisfaction since completing the project, experience with the 

program process, and general marketing information in order to evaluate the overall effectiveness of 

the S2D Program. The purpose of the Impact Evaluation was to quantify the actual water savings 

resulting from the S2D program; meaning realized water savings that could be discerned at the meter.  

 

The Process Evaluation survey revealed an overall positive customer response to the Program. Over 70% 

of participants reported that since completing their project, they have noticed water savings and a 

positive change to their landscape, and most would not have converted to drip irrigation if not for the 

S2D rebate. Additionally, participants indicated that, based on their experience, there was a high 

likelihood they would participate in another water-savings program. Overall, satisfaction with the 

program was high; 5 –point Likert scale answers regarding customer satisfaction averaged from 3.6 to 4. 

 

The Impact Statistical Analysis showed there were statistically significant reductions in water 

consumption once completing a S2D project. The average residential water savings was 0.121 gallons 

per day per square foot (gpd/sq. ft.) and 84 gpd per project site, or a 24% reduction in total water 

consumption. Commercial water savings were 0.066 gpd/sq. ft. and 473 gpd per meter, or a 19% 

reduction in total water consumption. The statistically quantified water savings established through the 

Program will contribute to setting the rebate rates for a broader program within the MWDOC and 

Metropolitan service areas. 

 

Through the S2D Program 562,682 sq. ft. of inefficiently irrigated landscape was converted to drip 

irrigation, decreasing water consumption and irrigation runoff. Overall, residential projects saved 27.25 

AFY and commercial projects save 26.74 AFY, a total savings for Orange County of 53.99 AFY. Over the 

10-year project life of the drip irrigation, 540 AF of water will be conserved.  
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Introduction  
The Municipal Water District of Orange County (MWDOC) commenced the S2D Program in August 2012.  

The Program was offered to residential and commercial sites located within participating MWDOC 

service territories, which includes 28 retail agencies.  The purpose of the Program is to encourage and 

incentivize the replacement of traditional spray heads with drip irrigation, and is aimed at reducing 

water consumption and runoff from residential and commercial landscape irrigation. Stationary or fixed 

spray irrigation nozzles apply more water than any other typical domestic irrigation nozzle or head, and 

they are the most common irrigation head installed for ornamental beds and small turf grass areas. 

Spray irrigation also applies water at a rate faster than the infiltration rate of local soils, causing runoff 

(Figure 1). Runoff caused by inefficient irrigation systems not only wastes water, but can transport 

fertilizers, pesticides, herbicides, trash, and other pollutants throughout the watershed, often reaching 

the oceans of Orange County’s beaches. Drip irrigation results in more efficient water application 

because it targets the root zone of the plants and irrigates 50% or less of the area, eliminating runoff.  

See Figure 3 for an examples of laid drip line before it is covered with mulch.  

To ensure the drip irrigation system will work efficiently and last a minimum of 10 years, the following 

equipment and rules are required: 

 Filter – to keep the drip system clean from debris that may clog the emitters and damage the 
equipment and flows. 

 Pressure Regulator – to maintain the system at a maximum 30 psi, which is the recommended 
pressure for drip irrigation. Unregulated Household water pressure  is typically too high for the 
drip systems 

 Embedded Emitter Tubing – flow rate may be a maximum of 1 gallon per hour to maintain 
efficiently. 

 If all spray heads are not removed from the conversion area, they must be capped off. 

Reference Figure 2 for images of these required components.  

Figure 1. Spray irrigation applied to a lawn with visible runoff (left) and flowerbed (right).  
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Figure 3. Examples of sites with drip irrigation installed. 

Figure 2. Pressure regulator and filter combination (left), drip tubing (right). 
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Project participation begins with the submission of an application to MWDOC by a residential or 

commercial property owner (Participant). A Program workflow diagram can be found in Figure 1. A 

photo-based pre-inspection is then conducted to confirm that the site has working spray irrigation in 

place. If the site further qualifies, an authorization to proceed is emailed to the Participant, giving the 

Participant sixty (60) days to complete the conversion project. When all work is completed, the 

Participant contacts the Project Administrator to indicate that the project is finished and to schedule the 

mandatory post-inspection, which includes a measurement of the conversion area and verification that 

the appropriate equipment has been installed. Upon successful completion of the post-inspection, the 

rebate check is issued and mailed to the Participant. Program participation criteria include: 

• The conversion area must be a minimum of 250 ft2 and must be irrigated with working spray 
irrigation. 

• Projects that have been started or are already completed prior to the completion of the rebate 
application are not eligible.  

• Conversions must comply with all applicable laws, codes, policies, covenants, conditions, and 
restrictions. 

• Drip equipment installed must be listed on the Eligible Products List (see Appendix A). 
Deviations from the Eligible Products List are considered on a case-by-case basis prior to 
installation. 

• Only one Spray-to-Drip rebate per meter will be issued. 

Program goals included converting 175,126 square feet of inefficiently irrigated area to low-water-using 

drip, reducing irrigation water use and runoff, and to reach a water-savings target of 188 acre-feet over 

the life of the irrigation system improvements. 

The Program is funded by a Field Services Grant provided by the United States Department of Interior, 

Bureau of Reclamation (USBR), along with additional funding from the Metropolitan Water District of 

Southern California (MWD), and the Family of Orange County Water Agencies.  As part of the Program, 

the funding agencies require that a Program Evaluation be performed.  
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Evaluation Need  
The purpose of this Program Evaluation is to evaluate Program impact, participation, and trends. In 

addition to fulfilling a grant agreement requirement, MWDOC is looking to determine what successes 

and challenges came with implementation of the Program, as well as the results of the Program in terms 

of actual water savings.  This Program Evaluation assesses two central aspects of the S2D Program: 

Program process and Program impact. As part of the Program Process Evaluation, an anonymous survey 

was distributed to Program participants to determine Program participation trends and customer 

response to the Program. This information is used to identify the strong aspects of the Program and 

those which may need tweaking in order to best improve the existing Program. As part of the Program 

Impact Evaluation, a statistical analysis was performed to determine the impact of Program participation 

on customer water use. This is used to evaluate Program effectiveness in terms of water saved, but will 

also contribute to setting the rebate rates for a broader program within the MWDOC and Metropolitan 

service areas and to increasing the broader pool of data which makes up the water savings metric 

associated with converting from traditional spray to drip irrigation.  

Figure 4. S2D Program work flow. 
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A key requirement for receiving the grant funding from USBR was the performance of a Program 

Evaluation to determine either the successes and/or challenges faced by the Program and the water 

savings achieved. The results from this Program Evaluation will help determine the effectiveness of the 

Spray-to-Drip Program and will provide information on how to best focus the Program for the future, 

including suggested rebate incentives for a MWD regional Spray-to-Drip program.  

Program Evaluation Objectives 
The goal of the Program Evaluation is to determine: 

1. Impact on water consumption 

2. Program participation trends 

3. Customer response to the Program 

4. Future rebate incentive levels  

Program Effectiveness 
Since the launch of the Spray-to-Drip Pilot Program in August 2012 through the reporting period ending 

September 30, 2017, a total of 562,682 square feet was converted from spray irrigation to drip, 321% of 

the initial goal. The breakdown of the conversion is outlined in Table 1. The water savings metric used to 

calculate estimated water savings is 0.090 gpd/sq. ft. The total estimated savings is 61 AFY and over the 

10-year project life total water savings is 610 AF. 

 

Table 1. Spray to Drip Conversion Pilot Program Activity and Estimated Savings 

 

 

 

 

 

The spatial distribution of projects was across Orange County, California, with nearly a project within 

each retail provider’s service area (see Figure 5). The spatial range of participation is slightly 

concentrated in southern Orange County, specifically in the Moulton Niguel Water District and Santa 

Margarita Water District service areas. However, this trend is not uncommon for rebate programs in 

Orange County. Temperatures in Orange County’s inland areas can be 15° warmer than on the coast, 

especially in summer months. Coastal Orange County falls within California Irrigation Management 

Information System (CIMIS) Evapotranspiration (ETo) Zones 2 and 4, whereas the non-coastal portion of 

the County falls in Zone 6, which can be as much as 1.5 times the rate of Zone 2 and 0.6 times the rate of 

Zone 4. The wide spatial spread of projects across Orange County’s diverse geography presents a unique 

opportunity to study the effects of converting to drip irrigation in different microclimates. 

 
Number of 

Sites 
Square Feet 
Converted 

Number of 
Kits 

Est. Water 
Savings 
(AFY) 

Residential Sites 205 201,019 418 22 

Commercial Sites 29 361,713 N/A 39 

Total 234 562,732 418 61 
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Program Promotion 
MWDOC and the retail agencies were proactive in marketing the S2D Program.  Marketing for the 

Program involved local retail agencies including bill stuffers informing customers of the rebate available 

through this Program. Additionally, the Program was advertised on the MWDOC and local retail agency 

websites, and MWDOC used a variety of social media platforms as a promotion tactic. MWDOC also 

promoted the Program at public outreach and industry-specific events.   

For the period of Fall 2015 through Winter 2017, the following promotional activities occurred: (1) Bill 

Figure 5. Spatial distribution of completed sites that participated in the S2D Program. 

    Residential Site 

    Commercial Site 

    Non-retail Service Area 

    Non-retail Water Agency 

Completed Spray-to-Drip Program Sites 
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inserts were sent out in Fall 2015 and 2016, Spring 2016 and 2017, Summer 2017, and Winter 2017 - 

total number of inserts sent was 862,350; (2) Full page flyers were produced - total number of flyers was 

17, 450; and (3) Six weeks of Facebook and Instagram advertisements were posted – total reach was 

33,926. The residential incentive is up to $175 per kit, with a cap of three kits, meaning the maximum 

residential rebate is $525. The commercial incentive rate is up to $0.20/sq. ft., with a cap of 45,000, 

meaning the maximum commercial rebate is potentially $9,000.  
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Process Analysis 

Customer Survey 
As a component of the Process Evaluation, a Program results and satisfaction survey was distributed via 

email to customers who applied to the S2D Program. The purpose of this survey was to gain insight on 

participants’ experiences with participating in the S2D Program.  Any customer who submitted an 

application was invited to participate, regardless of their status in the Program, and all surveys were 

completed anonymously to avoid bias through fear of consequence. Ninety-eight people completed the 

survey, and six people partially completed the survey, for a total of 104 responses. Partial responses 

were included for the questions that were answered. The questionnaire covered a variety of categories 

including customer observations and satisfaction since completing the project, experience with the 

Program process, and marketing information. Customers who did not complete a project were not 

directed to complete questions regarding observations and satisfaction since completing project, but 

were included in the Program process and marketing sections. A complete copy of the S2D Customer 

Survey can be found in Appendix B.  

Most customers who participated in the survey received a rebate. The survey participant makeup is as 

follows: 72% completed a project and received a rebate; 14% completed a project and did not receive a 

rebate; 14% did not complete their project and did not receive a rebate; and 1% are currently 

completing their project. The most common reason cited for not completing a project was wanting to 

install equipment not on the Eligible Products List.  

Observations and Satisfaction since Completing Project 

Perceived Results 

Customers were asked a series of questions pertaining to their perceived results from converting to drip 

irrigation. These questions provide information on how the customer feels about their project post-

installation and helps to evaluate how customers have responded to their new system in terms of 

perceived efficiency achieved from the conversion.  

Seventy percent of survey participants indicated that they noticed lower consumption (water savings) 

on their water bill since installing drip irrigation. A small fraction of participants, just 10%, indicated they 

did not notice water savings, and almost a quarter of participants were unsure if their water 

consumption had changed (see Figure 6). One participant commented that with increased rates and a 

confusing billing structure from their retail water agency, it was too difficult to tell if consumption was 

lower. This customer, and most likely many others, may use the price of their bill to gauge water 

consumption, which may not have a linear correlation. During the drought, particularly 2014 to 2015, 

many retailers altered their billing structures so that decreased water consumption was not necessarily 

represented by a lower water bill.  Unfamiliarity with water utility bills and/or rate increases may have 

influenced customer response to this question, most likely causing participants to select they were 

unsure.    
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Seventy-one percent of participants noticed a positive change to their landscape since installing drip 

irrigation (e.g., healthier plants and soil and less run off), and only 9% reported a negative change.  

Twenty-one percent said there was no change, or they were unsure if a change occurred (see Figure 7).  

Of the participants who reported a negative change, 62% completed their projects, but did not receive a 

rebate, and 62% also reported that they did not experience water-savings. Over 85% of customers who 

reported a negative change in their landscape also rated the Program processes unfavorably and 

provided a comment categorized as negative. While this question is meant to be answered 

independently from thoughts regarding Program process, it is very possible that negative feelings 

towards the administrative side of the Program affected answers in the perceived results section.   

Yes, I have 
noticed water 

savings
70%

No, I have not 
noticed water 

savings
10%

Unsure
20%

Have you noticed any water savings?

Figure 6. Customer perceived water savings since completing an S2D Project. 

 

 

Positive change
71%

Negative change
9%

No change
12%

Unsure
8%

Have you noticed a change in your landsacpe?

Figure 7. Customer perceived landscape changes since completing an S2D Project. 
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The high percentage of participants who noticed water savings and a positive change to their landscape 

after they have completed their project is positive validation for the S2D program. These results indicate 

that customers were able to maintain or improve the health of their landscape while using less water. 

Due to the drought, customers were being asked to cut back on water use, specifically outdoor use 

through irrigation, and to follow landscape watering schedules. These results suggest that converting to 

drip irrigation was a way to help customers maintain or improve their landscapes in drier than normal 

conditions while still complying with drought restrictions. 

Actions 

Figure 8 represents actions taken by customers since they have completed their project. Thirty-nine 

percent of participants reported installing additional drip since completing their project. Installing 

additional drip is viewed as a positive factor. It indicates the customer was happy with the installation 

and was inclined to install more drip without receiving a rebate incentive. Thirty-eight percent reported 

making additional modifications to their drip system since completing the project. Information 

pertaining to what specifically was modified was not requested. However, it may imply that 

modifications to increase water flow were performed, which would be viewed as a negative action. The 

product eligibility requirements for this Program are very specific - purposefully so to ensure customers 

are installing quality product in a manner that will save water. Although Program requirements state 

that the project must remain in place and meet requirements for at least five years, it is important to 

note that customers seem to sometimes modify their systems. Stronger, more visible language and 

educational materials on why product eligibility guidelines are in place may help prevent customers 

from modifying their systems.  

Seventy percent of participants indicated they would not have made the conversion to drip if not for the 

rebate, or were unsure if they would have made the conversion. The high number of projects that may 

not have occurred without the S2D Program is strong validation for the Program’s purpose and 

expansion. 

Figure 8. Customer motivations and actions since completing an S2D Project. 
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Experience with Program Process 

Customers were asked a series of questions focusing on their experience with the Program process, 

including the relationship between S2D and Turf Removal, and their overall satisfaction with the 

Program. These results provide feedback on the Program’s process workflow, usability, ease, and 

customer satisfaction with finding information, interaction with customer service, effectiveness of the 

available information, and general feelings about participating in the Program.  

Spray-to-Drip and Turf Removal Participation 

The ability for customers to participate in multiple programs at once is extremely important, especially 

among outdoor devices. It is common for a homeowner or HOA to do a renovation which transforms 

landscape, irrigation, and more. The Turf Removal Program requires low-flow irrigation be installed, 

prompting many customers to install drip irrigation to fulfill this requirement. Participation in the S2D 

Program helps to maximize the rebates they are eligible to receive.  

The majority (64%) of survey participants participated in the S2D Program and the Turf Removal 

Program at the same time and 8% participated in both separately (see Figure 9).  Of those who 

participated simultaneously, 70% thought it was easy to go through both programs simultaneously, and 

19% thought the process was moderate. Only 11% of participants indicated it was difficult to participate 

in both programs at the same time. This shows that the two programs flow well together, but that some 

steps could be taken to maximize cohesion. The implementation of the Droplet platform, explained in 

the Steps Moving Forward section below, will further improve the unity between the two programs.   

Figure 9. Participation crossover in the S2D and Turf Removal Programs. 
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Participants are given a 60-day window to complete their S2D project. Similarly, Turf Removal 

participants are also given 60 days to complete the Turf R. If a customer is participating in both 

programs at the same time, Program staff will give both projects the same 60-day window to complete 

the projects.  Eighty-nine percent of participants thought the 60 day window was an adequate amount 

of time. Specifically, 53% noted they finished with time to spare, and 36% noted that they finished on 

time but with more difficulty (see Figure 10).   

 

There is a negative correlation between simultaneously participating in S2D and Turf Removal and ease 

of finishing within the 60 day project window (see Figure 11). Of those participants who had to request 

more time, 80% simultaneously participated in the Turf Removal Program, compared to 60% of those 

who finished with time to spare. Because Turf Removal Program projects typically involve more work 

than a stand-alone spray to drip irrigation conversion, the difficulty in finishing within 60 days is most 

likely strongly tied to the Turf portion of the project requiring longer than 60 days.  This correlation is 

important to note when evaluating a customer extension request for general program management.    

Figure 11. Negative correlation between simultaneous participation in Spray-to-Drip and Turf 
Removal and ability to finish the project within the 60-day window. 
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Figure 10. Participant response to the 60-day project completion window. 
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Program Ease and Satisfaction 

When asked if help was needed at any point in the process, about a quarter of participants indicated 

that they found all of the help they needed on the website, and 22% indicated that did not need help at 

all.  About 9% of participants indicated they needed to call customer service multiple times, and 8% of 

participants reported they were lost and help was difficult to find. However, as indicated in Figure 12, 

the majority of participants were able to obtain Program information through the Program website and 

a call to customer service. While numerous customers needed to call customer service, only a few 

indicated that they needed to call customer service multiple times, implying their questions were 

cleared up on the first attempt.  

Survey participants were asked two sets of Likert scale questions, one set pertaining to the ease of the 

Program and one set regarding overall satisfaction with the Program. The majority of ease-of-the-

Program questions were answered positively. Over 90% said it was at least moderately easy to find 

information about the Program, over 88% said it was at least moderately easy to understand Program 

instructions, and 73% thought it was at least moderately easy to obtain customer support. The average 

Likert scale answer to the three ease-of-Program process questions are shown in Figure 13. The average 

responses fall between moderate and easy, which is positive but also suggests there is some room for 

improvement. Such improvements may include more descriptive program instructions, and making sure 

contact information for customer support is easily found.  

The majority of responses to the Likert scale Program satisfaction questions indicated high or highest 

satisfaction levels. Approximately 70% of participants reported they were likely to participate in another 

water savings rebate program - 50% selecting the highest likelihood and 20% selecting a high likelihood. 

This is a greatly encouraging response, as an understated goal of all MWDOC-sponsored water-saving 

rebate programs is to provide an experience that may help propel the customer to participate in other 

programs to maximize their water savings.    

Figure 12. Participant response regarding Program assistance.  
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Of those who indicated they contacted customer service, about 70% ranked that experience as high or 

highest. Twenty-six percent of participants selected that this question was inapplicable (presumably 

indicating that they did not contact customer service), meaning they did not need assistance throughout 

the process of participating in the Program.  When asked about their overall program satisfaction, 72% 

selected high or highest (5). The average responses ranged between 3.8 and 4, meaning on average each 

aspect of the program was rated close to “high.” See Figure 14 for the average Likert scale scores and 

complete results.   

0% 10% 20% 30% 40% 50% 60%

Based on your experience with this program, how
likely are you to participate in another water-
savings rebate program?

If you called or emailed customer service, how
would you rate that experience?

Overall, how satisfied are you with the Program?

Not Applicable 1 (Lowest) 2 (Low) 3 (Neutral) 4 (High) 5 (Highest)

Mean Response 
4.0 

Mean Response 
3.8 

Mean Response 
3.9 

Figure 13. Likert scale questions regarding ease of process. 

0% 10% 20% 30% 40% 50%

Was it easy to find information about the
program?

Were the program instructions easy to
understand?

Was it easy to obtain customer support?

Not Applicable 1 (Very Hard) 2 (Hard) 3 (Moderate) 4 (Easy) 5 (Very Easy)

Mean Response 
3.6 

Mean Response 
3.8 

Mean Response 
3.7 

Figure 14. Likert scale questions pertaining to customer satisfaction.  
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Marketing 

The questions in this section were asked to gain perspective on how customers found out about the S2D 

Program and how to best reach them in the future. This input will be used to evaluate marketing efforts 

moving forward. 

Around one half of participants learned about the S2D Program through participation in the Turf 

Removal Program or other water savings programs, and about a quarter of participants found out about 

the Program through information provided in their water bill/bill inserts (see Figure 15). The Turf 

Removal Program received a lot of attention and publicity during the drought, causing participation 

rates to in that program to skyrocket, especially in 2014 and 2015. Because of the close relationship 

between Turf Removal and S2D, many customers who applied for the Turf Removal Program were 

provided information about the S2D Program as part of that application process. While maintaining the 

relationship between Turf Removal and S2D is essential, it is also important to focus on other ways 

customers may be informed about the Program, especially reaching those customers who are not 

necessarily interested in replacing turf grass. It is important to see that almost 30% of participants found 

out about the S2D Program through bill inserts, which will be a key way to promote the Program in the 

future.    

  

 

 

 

                                

Similarly, when asked about the best way to be contacted about future water-savings opportunities, the 

overwhelming majority (87%) of participants selected bill inserts (see Figure 16). This indicates that bill 

inserts are one of the most powerful marketing tools for water-savings rebate programs and represents 

the importance of connecting different rebates programs in a collaborative marketing effort. Of those 

who selected “other,” the most common suggestion was to be reached through the email associated 

with the water account.   
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Figure 15. Customer S2D Program awareness. 
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Steps Moving Forward  

Steps are already in progress to further improve areas of the Program. The S2D Program application 

process has been moved to the Droplet Technologies platform (Droplet), an interactive dashboard which 

houses the application and process steps that must be completed by the customer and staff. This online 

platform allows a customer to create a username and password to visit the dashboard at any time, fill 

out the application and other forms, upload photos and documents pertaining to their project, and 

notify MWDOC of their project completion.  Droplet has streamlined the process on behalf of staff and 

the customer (see Figure 17 for an example of Staff’s view of a customer application). The Droplet 

platform also houses the Turf Removal Program, which, through the customer survey, is noted to be the 

most common way participants found out about the S2D Program. As customers apply for the Turf 

Removal Program, they are exposed to the S2D Program and are able to apply for both on the same 

platform at the same time. This switch helps to resolve any issues brought up with Program ease and 

customers’ abilities to find Program information and will simplify participating in S2D and Turf Removal 

concurrently. In addition, efforts are being made to have pre-assembled kits available for customer 

purchase from several different vendors. Customers indicated that the Eligible Products List and building 

a “kit” can be confusing. An actual kit with one SKU may make it easier for customers who have difficulty 

assembling a kit via the Eligible Products List by providing a clear understanding of drip equipment 

requirements, and will also allow Program administrators more easily ensure proper equipment is being 

installed.   

 

  

Figure 16. Effective selected methods for reaching customers in the future. 
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Figure 17. Staff view of a customer’s S2D Program application. 
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Impact Analysis 
A statistical analysis was performed to evaluate the impact of the S2D Program on customer water 

consumption, and to quantify the volume of water that has been saved as a result of this Program. This 

analysis is used to evaluate how effective the S2D Program is as a water savings tool, realize actual 

water savings, compute rebate incentive levels, and will contribute to the pool of data that makes up 

the established water-savings metric for converting from traditional spray to drip irrigation in Orange 

County.  

This evaluation used historic customer water consumption data provided by MWDOC’s retail agencies, 

per signed permissions granted by the Program participants. Water consumption data was requested of 

the 205 residential project sites and 56 commercial project sites, which encompass 150 metered 

accounts that were completed before March 2017. Of these, 62 residential sites and 21 commercial sites 

(representing 49 metered accounts) are included in the analysis. See Figure 18 for the spatial 

distribution of water consumption datasets used in the analysis.  

To quantify the change in water consumption patterns before and after participating in the S2D 

Program, pre-project water use was compared to water use occurring after a project was completed. A 

One-Way Analysis of Variance (ANOVA) tested the following hypothesis: 

H0: There is no statistical difference between pre-project water consumption and post-project     

water consumption. 

Ha: There is a statistical difference between pre-project water consumption and post-project 

water consumption.   

Least Squares Means regressions identified if that statistical difference was a decrease in water 

consumption and by how much. Water consumption was evaluated in terms of customers’ gallons per 

day (gpd) savings, percent reduction, and gpd per sq. ft. savings.  

Methods 

Data Collection 

Water consumption history for customers who completed their projects before March 2017 was 

requested by MWDOC from the corresponding retail water agencies. Consumption history was received 

from retailers and homogenized into a standard format. Each water account’s gpd water consumption 

was calculated per that billing cycle and was associated with the month the majority of the cycle fell 

into. Additional information was added, including if that assigned month occurred during the peak or 

minimal irrigation season, if the customer also participated in the Turf Removal Program, if the site was 

within a coastal or non-coastal retail agency, and project size and/or number of kits approved. 

Residential and commercial sites were evaluated separately due to very distinct differences between the 

two, such as size, volume of use, indoor use consumption, and management practices. Residential sites 

have one meter per application, and the project site or application references one corresponding meter.  
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Commercial sites may have multiple meters per (accounts). Water data for each meter identified with a 

drip conversion project was considered for this analysis. Commercial sites will be referenced as 

accounts, as each site or application may have multiple accounts used in the study. Each account was 

evaluated independent of any relationship it may have to a sister account.   

Customer data was categorized into three stages: (1) Pre-Project: Water consumption occurring before 

starting the project; (2) Post-Project: Consumption occurring after completing project; and (3) Project 

Noise: Consumption occurring near or during project implementation, including the time of application 

Spray-to-Drip Sites Included in Water-Savings Analysis 

    Residential Site 

    Commercial Site 

    Non-retail Service Area 

    Non-retail Water Agency 

Figure 18. Spatial distribution of sites used in water-savings statistical analysis. 
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to completion. Consumption occurring during this time is considered ‘noise’ that may not accurately 

represent typical consumption patterns due to project construction, preparation, or mediation.  

The Project Noise stage was isolated for the purpose of being removed from the analysis to eliminate 

any interference or noise that may influence consumption patterns. The Project Noise stage is 180 

consecutive days, 90 days before and 90 days after the mean of the project application and completion 

date (see Figure 19). A customer’s Pre-Project Consumption is consumption occurring before the Project 

Noise, going back in time to a maximum of January 2010. Post-Project Consumption is water usage 

occurring after the Project Noise period up to October 2017 at the latest. Both Pre-Project and Post-

Project stages are a minimum of two years (730 days). Sites which did not have enough available data to 

meet these requirements were disqualified from the study. Sites were disqualified only for having 

insufficient data and not for any other purpose. See Figure 2 for the distirubtion of sites which had data 

meeting these requirements.  

Statistical Analysis 

A One-Way ANOVA compared Pre-Project Consumption to Post-Project Consumption under different 

variables using JMP Statistical Software. Residential and commercial data was analyzed separately. In 

some cases, extreme anomalies were found in the commercial data, and those outliers were excluded 

from tests. However, at least 97.5% of the data remained after outlier exclusion.  

Using JMP, Least Squares Means values were calculated and used to establish mean Pre-Project and 

Post-Project Consumption. The Pre-Project and Post-Project values were used to determine a percent 

reduction, the percent change from Pre-Project conditions to Post-Project, and the average savings per 

site (Pre values minus Post values) in gpd. Mean project square footage per variable was calculated 

using JMP. The water-savings in gpd per square foot (gpd/sq. ft.) is the mean gpd savings per site divided 

by the corresponding square footage mean.   

For residential sites and commercial accounts, both ANOVA and Least Squares Means was run five times 

to consider the following conditions: (1) With no variables, all Pre-Project Consumption was measured 

against all Post-Project Consumption; (2) Irrigation season; (3) Geographic location (spatial proximity to 

the coast); (4) Participation in the Turf Removal Program; and (5) Project size. For each variable, 100% of 

the sites or accounts are included in the analysis.  

Figure 19. Water consumption data classification method.  
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Definition of Variables 

The variables considered when evaluating customer water consumption are defined below. Table 2 

shows the breakdown of the number of sites that were evaluated per group under each variable. Each 

site is categorized into one group for every analysis, meaning all sites are evaluated for every category. 

Table 2. Population per Variable Group 

Variable  Group n (Residential 
Sites) 

n (Commercial 
Accounts) 

No Variable All 62 (All) 48 (All) 

Irrigation 
Season 

Min. Irrigation 62 (All) 48 (All) 

Peak Irrigation 62 (All) 48 (All) 

Coastal 
Proximity 

Coastal 19 13 

Non-Coastal 43 35 

Participation 
in the Turf 
Program 

Drip Only 18 10 

Drip and Turf 44 38 

Project Size 
(Residential) 

1 Kit 11 - 

2 Kits 24 - 

3 Kits 27 - 

Project Size 
(Commercial) 

Large Site - 18 

Small Site - 30 

 

Peak Irrigation and Minimal Irrigation Seasons 

For this study, the peak irrigating season for Orange County is considered April-October, and the 

minimal irrigating season is considered November-March. Historically, April and October can potentially 

be considered in either the peak or minimal water need season. These months sit on the periphery of 

Orange County irrigation-need seasons and are typically transition months in and out of the dry/warm 

and cool/wet seasons. For this study, April and October are both considered part of the peak irrigation 

season based on the past three years of precipitation and temperature in Orange County (2015-2017). 

From 2015 to 2017, October and April months have been warmer and drier than average (see Table 3). 

October did see above average rainfall in 2016; however, the extreme dryness of the preceding and 

subsequent years sets the three-year average at almost half of the accepted average. Every April and 

October month from 2015-2017 was warmer than the average high, average mean, and average low 

temperature. This distinction is used for both residential and commercial sites. Data was observed at the 

Santa Ana weather station in Orange County.  
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 Table 3. Precipitation and Temperature for April and October in Orange County 

Irrigation season is an extremely important variable to explore because it will differentiate patterns of 

water consumption over two climatically distinct parts of the year and will distinguish if any water 

savings achieved is weighted to one season in comparison to the other. This category differs from the 

others in terms of how the data is separated into the category group. For the Irrigation Season variable 

category, every site and account is included in both category groups; however, only data covering the 

corresponding months is included in that group. In contrast, in the other variable category groups a site 

or account’s complete consumption data will only be included in one group.  

Coastal Proximity 

Sites were determined to be coastal or non-coastal based upon the geographic location of their retail 

water agency to evaluate potential differences in water-use and water reduction in coastal versus non-

coastal areas. As mentioned previously, sites closer to the coast experience, on average, cooler 

temperatures and have a lower ETo than those further inland. Distinctions were made on the agency 

location as a whole, meaning agencies that touch the coast but have the majority of the service area 

inland were considered non-coastal. Coastal agencies with sites in this study include: Mesa Water 

District, Moulton Niguel Water District, South Coast Water District, City of Huntington Beach, City of San 

Clemente, and City of San Juan Capistrano. Non-coastal agencies with sites in this study include: City of 

Brea, City of Fountain Valley, City of Garden Grove, Golden State Water Company, Irvine Ranch Water 

District, City of Orange, Santa Margarita Water District, City of Tustin, and Yorba Linda Water District. 

This designation is the same for residential and commercial sites. See Figure 20 for coastal and non-

coastal distinctions. 

(Inches) Average Precipitation 2017 Precipitation 2016 Precipitation 2015 Precipitation 

April 0.86 0.07* 0.14* 0.16* 

October 0.42 0.00* 0.71 0.05* 

(°F) Average High Temp. 2017 High Temp. 2016 High Temp. 2015 High Temp. 

April 73.16 78.17* 75.52* 77.00* 

October 79.83 85.32* 81.39* 86.29* 

(°F) Average Mean Temp. 2017 Mean Temp. 2016 Mean Temp. 2015 Mean Temp 

April 62.36 67.53* 66.35* 66.37* 

October 68.44 74.02* 71.06* 76.31* 

(°F) Average Low Temp. 2017 Low Temp. 2016 Low Temp. 2015 Low Temp. 

April 51.60 56.90* 57.08* 55.73* 

October 57.03 62.71* 60.74* 66.32* 

*Above average temperature or below average precipitation 
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Participation in Spray-to-Drip and Turf Removal 

Many S2D Program participants also take part in the Turf Removal Program offered by MWDOC. The 

Turf Removal Program provides a monetary incentive for customers to convert their turf grass to a 

California Friendly landscape. In order to be eligible, customers must also make their Turf Removal 

project site permeable to air and water, install at least 3 new plants, and convert their irrigation to a 

low-flow system. To meet the irrigation system requirement, many customers convert to drip irrigation, 

prompting the simultaneous participation in the S2D Program.  

Coastal and Non-Coastal Retail Water Agencies 

    Non-Coastal Service Area 

    Coastal Service Area 

    Outside of Service Area 

Figure 20. Spatial distribution of coastal and non-coastal agencies. 
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It is important to separately analyze water consumption patterns of customers who participated in only 

S2D and those who participated in both program groups in order to evaluate the water savings achieved 

from converting from spray to drip irrigation without the influence of removing turf and to ensure that 

savings are occurring not only from removing Turf, but also from the installation of drip. A separate 

analysis also provides insight to how water savings may be affected by participating in both programs. 

Each project site and project account was identified as either participating in both programs (Drip and 

Turf) or only the S2D Program (Drip-only). Classification came from a comparison of both program’s 

databases and using information provided on each customer’s S2D Program application, which 

specifically asks if the customer is also participating in the Turf Removal Program.   

Site Size 

The size of project sites in the S2D Program are variable and dispersed over a large range. It is important 

to evaluate projects grouped by size to see how project size may influence water-savings. Because 

residential and commercial rebates are calculated based on different metrics, there is a difference in 

data collection between the two. Therefore, there are two separate methodologies used to evaluate site 

size for Residential and Commercial accounts. 

Residential Size/Kits 

Residential rebates are based on a per kit basis. Analyses were performed comparing water 

consumption for sites with one, two, and three kits to evaluate how the number of kits installed 

(correlated to larger project size) may influence water consumption and reduction patterns. At the time 

of the post-inspection, residential sites were not measured for total project square footage. Therefore, 

the number of kits a customer was eligible for was also used to estimate the square footage for the 

project. The mean of the size range associated with each number of kits was assigned as the estimated 

square footage for the project. The number of kits each customer was eligible for was assigned when 

each application was received and reviewed, and was based upon project information provided in the 

application. The maximum number of kits each site could be eligible for is three, meaning the actual 

range for three kits is 750 square feet and above. The mean square footage for three kits is based on an 

extrapolated range max of 999 square feet. See Table 4 for the mean square footage and range 

associated with each number of kits.  

 

Table 4. Estimated Project Size per Number of Kits 

 

 

 

 

 

# of Kits Size Range (sq. ft.) Mean (sq. ft.) 

1 250-499 375 

2 500-749 625 

3 750+ 875 



Impact Analysis 

25 | P a g e  
 

Commercial Site Size 

Commercial sites are categorized as a large or small site based on the project square footage measured 

at the time of the post inspection. Sites larger than the mean project size, 7,170 square feet, are 

considered large sites, and those less than or equal to the mean project size are considered small sites. 

For applications that had multiple meters/accounts per application, total project square footage was 

divided by the number of accounts/meters per application, so each account associated with the project 

has an equal piece of the total project site as the sister account(s).  
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Results 

Residential  

Overall Water Savings 

A statistically significant reduction in customer water consumption can be seen Post-Project in 

comparison to Pre-Project Consumption (see Table 5).  Overall, average residential water consumption 

was reduced by 85 gpd per site, a 24% reduction. Outdoor irrigation is estimated to be 50% of water 

consumption, meaning that outdoor water use was approximately cut in half when converting from 

traditional spray heads to drip irrigation. The average residential project size is 702 square feet, 

translating to an average savings of 0.121 gpd/sq. ft.  

 

Table 5. Overall Residential Water Consumption 
 Mean 

Pre 
Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Savings 
Per Site 
(gpd) 

Percent 
Reduction 

Est. 
Mean 
Site Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/ sq. 
ft.) 

P-Value 

All Consumption 349 264 85 24% 702 0.121 <0.0001* 

*Statistical significance 

Figure 21 represents Pre-Project and Post-Project Consumption by month. Each month, water 

consumption decreased in terms of mean, median, and upper quartile ranges. Median water 

consumption in June and September had the largest reductions, while November had the smallest. In 

May, June, July, and September, median Post-Project Consumption dropped below the 1st quartile of 

Pre-Project Consumption. In June, July and September the Post-Project upper quartile was less than the 

Pre-Project median for that month. The trend lines show that mean water consumption was consistently 

reduced every month, with the largest reductions occurring during summer months.  

Water Savings by Irrigation Season 

When analyzed by irrigation season, there is a statistically significant reduction from Pre-Project 

Consumption to Post-Project Consumption in both the peak and minimal irrigation seasons (see Table 

6). Statistical reductions in both seasons implies that the savings occurring in the peak season are not 

solely responsible for the reduction in consumption. Water-savings occurred in both seasons; however, 

savings were higher during the peak irrigation months.  During the minimal irrigation season (November 

through March), mean consumption was reduced by 61 gpd per site or 22% of total water consumption. 

During peak irrigation months (April through October), consumption was reduced by 103 gpd per site, or 

26% of total water consumption. When considering project size, the average savings in the peak 

irrigation season was 0.147 gpd/sq. ft., 1.7 times more than in the minimal irrigation season (0.085 

gpd/sq. ft.) 
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Water savings during peak irrigation season is greater than during minimal irrigation season in terms of 

gpd per site, percent reduction, and gpd/sq. ft. This is most likely related to general consumption trends 

associated with climate patterns – outdoor water use increases as weather becomes hotter and drier. 

When looking at Pre-Project Consumption, water use was approximately 1.5 times higher in the peak 

irrigation season than in the minimal. During the minimal irrigation season, consumption is less so there 

are fewer opportunities for saving water by irrigating more efficiently. During the peak irrigation season, 

which is over 65% of the year in Orange County, precipitation is less, temperatures are high, and 

customers are irrigating more, so there are more opportunities to achieve water savings through 

efficient irrigation.  

Figure 21 displays the variations of water use month-by-month. The largest decrease between the Pre-

Project trend line (blue) and the Post-Project trend line (red) is observable during the peak irrigation 

months, April-October, and are at the greatest difference May-September. The curve of water 

Residential Water Consumption 

Figure 21. Residential water consumption per month, before and after completing a S2D project. 
Outliers are not present on the graph.  

Pre-Project Consumption            Post-Project Consumption 

Mean Pre-Project Consumption            Mean Post-Project Consumption 
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consumption over the calendar year is flatter for Post-Project than Pre-Project, which suggests a 

decrease in outdoor water-use. Indoor use, generally, is consistent throughout the year, while outdoor 

use increases in the warm, dry months. The smaller range of values, especially above the third quartile, 

suggests that a smaller percent of water consumption is going towards outdoor use, Post-Project. 

Table 6. Residential Water Consumption by Irrigation Season  

Water Savings by Coastal Proximity 

Both coastal and non-coastal participants saw statistically significant reductions in water consumption 

after completing an S2D project. Participants living in non-coastal areas saw a reduction of 98 gpd, or 

28% of water use, a slightly larger reduction than customers living along the coast. Although non-coastal 

sites experienced higher water savings, most likely due to climate, water consumption at coastal sites 

still decreased by 62 gpd, 17% of total water consumption, a strong, statistically-significant reduction. 

Coastal sites, on average, had slightly higher Pre-Project Consumption (4% higher) and smaller project 

sizes (3% smaller) than non-coastal sites. Non-coastal sites experienced 36% higher water savings in 

terms of average gpd savings per site (see Table 7). When evaluated with project size, coastal sites had 

an average savings of 0.090 gpd/sq. ft., and non-coastal sites had an average of 0.138 gpd/sq. ft. 

Population size of the non-coastal group, n=43, is more than double the amount of coastal sites, n=19 

(see Table 2).   

Table 7. Residential Water Consumption by Coastal Proximity 

 Mean 
Pre 
Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Savings 
Per Site 
(gpd) 

Percent 
Reduction 

Est. 
Mean 
Site Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/sq. 
ft.) 

P-Value 

Min. Irrigation 
Season (November-
March) 

275 215 61 22% 702 0.085 <0.0001* 

Peak Irrigation 
Season (April-
October) 

402 299 103 26% 702 0.147 <0.0001* 

*Statistical significance  

 Mean 
Pre 
Project 
(gpd) 

Mean 
Post 
Comp. 
(gpd) 

Savings 
Per Site 
(gpd) 

Percent 
Reduction 

Est. 
Mean 
Site Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/sq. 
ft.) 

P-Value 

Coastal 358 296 62 17% 690 0.090 <0.0001* 

Non-Coastal 343 246 98 28% 709 0.138 <0.0001* 

*Statistical significance 
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Non-coastal areas are generally warmer than those along the coast, which prompts increased irrigation. 

As noted in the Irrigation Season section above, increased outdoor water consumption allows for higher 

water-savings through increased irrigation efficiency. As shown in Figure 22, the largest reduction in 

water consumption (30%) occurred during the peak irrigation season for non-coastal sites, which is most 

likely linked to local climate conditions as the non-coastal region of Orange County is generally warmer 

than the coast especially during summer months.  

 

Water Savings by Turf Program Participation 

Customers who participated in the S2D Program only (Drip-only) and those who participated in both the 

S2D and the Turf Removal Programs (Drip and Turf) each saw a statistically significant decrease in water 

consumption (see Table 8 for P values). 

Both groups experienced nearly identical water savings in terms of average gallons saved per day per 

site: 86 gpd for Drip and Turf sites and 85 gpd for Drip-only sites. Those who participated in both Drip 

and Turf saw a 26% reduction in consumption, and those who participated in Drip-only saw a 22% 

reduction.  Based on project site size, Drip-only customers had an average 0.118 gpd/sq. ft. savings, 

while those who participated in both Drip and Turf Removal had a slightly higher savings average of 

0.124 gpd/ sq. ft. The high water savings occurring for Drip-only customers is greatly significant as it 

strongly demonstrates the efficiency achieved through drip irrigation without the potential bias of a Turf 

Removal project.   

Figure 22. Mean water consumption by season and geographic location. 

Residential Water Consumption by Irrigation Season and Site Location 

                            Pre-Project Consumption              Post-Project Consumption 

16% 
24% 

18% 

30% 
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 It is important to note that the size of a customer’s S2D project area may not match the size of their 

Turf Removal are, which is often larger. Therefore, a customer who removed more turf on their property 

would likely see a larger reduction in water consumption, but only the square footage of the Drip 

portion of the project is factored into the analysis. There are more than two times as many Drip and Turf 

participation sites (n=44) than Drip-only sites (n=18) (see Table 2 for population distribution).  

Table 8. Residential Water Consumption by Participation in Turf Removal 
 Mean 

Pre 
Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Savings 
Per Site 
(gpd) 

Percent 
Reduction 

Est. 
Mean 
Site Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/Sq. 
Ft) 

P value 

Drip Only 
Participation  

379 294 85 22% 723 0.118 <0.0001* 

Drip & Turf 
Participation 

337 250 86 26% 693 0.124 <0.0001* 

*Statistical significance 

Water Savings by Number of Kits 

There is a statistically significant difference between Pre-Project and Post-Project Consumption for one, 

two, and three kit sites. Sites that were eligible for two and three kits had a stronger statistical 

significance than one kit sites (see Table 9). Sites with two kits saved the most water, with an average 

reduction of 97 gpd or 32% of their total water consumption, about double the savings of one kit sites. 

Those that were eligible for three kits saved 88 gpd on average (22%), and those with 1 kit saved 48 gpd 

(16%). When evaluated considering site size, those that were eligible for three kits saved 0.101 gpd/sq. 

ft., less than both the two kit sites (0.155 gpd/sq. ft.) and the one kit sites (0.128 gpd/sq. ft.).  

Table 9. Residential Consumption by Number of Kits 

 Mean 
Pre 
Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Savings 
Per Site 
(gpd) 

Percent 
Reduction 

Est. 
Mean 
Site 
Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/sq. 
ft.) 

P-Value 

1 Kit 296 248 48 16% 375 0.128 0.0002* 

2 Kits 305 208 97 32% 625 0.155 <0.0001* 

3 Kits 402 314 88 22% 875 0.101 <0.0001* 

*Statistical significance   

Figure 23 shows the average consumption reduction per number of kits. Pre-project water consumption 

is similar for sites that installed one and two kits. Sites with two kits had exactly double the average 

percent reduction than one kit. Average water use is around 100 gpd more for three kit sites, suggesting 
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that these sites may be larger as a whole (more irrigated landscape, occupants, etc.). Because 

consumption reduction and number of kits installed did not have a linear relationship, this may indicate 

that the three kit sites have higher indoor use, which would make it harder for irrigation efficiency to be 

identified, and/or that after two kits the majority of water savings has occurred. Sample size is another 

factor to consider as the majority of sites were either two or three kit sites, 24 and 27 sites respectively. 

Only 11 sites installed just one kit (see Table 2). 

 

 

Commercial Accounts 

Overall Water Consumption 

There is a strong statistically significant reduction in commercial water consumption before and after 

completing an S2D Project. The average savings per account is 473 gpd, a 19% reduction of total water 

use. When considering the mean project size, an average savings of 0.066 gpd/sq. ft. occurred (see Table 

10).  

Figure 23. Comparison of water savings by number of kits installed 

Mean Residential Water Consumption per Number of Kits Installed 

                          Pre-Project Consumption                     Post-Project Consumption 

16% 

 
22% 

 
32% 
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Table 10. Commercial Water Consumption 

 

Figure 24 represents Pre-Project and Post-Project Consumption by month. Monthly median 

consumption reduced consistently, with the exception of November, which had little to no difference. 

The largest reductions occurred in May, July, and August, with smaller reductions occurring during 

winter months. While the monthly medians decreased from Pre-Project to Post-Project, values above 

the upper quartile are more variable. In some cases, Post-Project maximum values (excluding outliers) 

exceeded Pre-Project values. The variability in values above the upper quartile affect the mean water 

consumption, shifting it higher than median values.    

 Mean Pre 
Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Mean 
Savings 
Per Site 
(gpd) 

Mean 
Percent 
Reduction 

Mean 
Site 
Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/    
sq. ft.) 

P-Value 

Overall** 2,554 2,081 473 19% 7,170 0.066 <0.0001* 

*Statistical significance  

** Outliers over 97.5% quantile excluded 

Figure 24. Commercial water consumption by month. 

  Pre-Project Consumption             Post-Project Consumption 

Median Pre-Project Consumption              Median Post-Project Consumption 

Monthly Commercial Water Consumption 
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Water Consumption by Irrigation Season 

During both minimal and peak irrigation seasons, there is a statistically significant reduction in Pre-

Project and Post-Project Consumption. There are higher water savings and a stronger significant 

difference between Pre-Project and Post-Project use during the peak irrigation season than the minimal 

use season (see Table 11.) The average reduction during the peak season was 685 gpd, a 20% decrease 

in total water consumption, versus 201 gpd, a 14% decrease, in the minimal irrigation season. When 

evaluated with site size, water savings is estimated at 0.028 gpd/sq. ft. during the minimal irrigation 

season and 0.096 gpd/sq. ft. during the peak irrigation season. In general, water consumption during the 

peak irrigation season is about 2.5 times higher than in the minimal season. However, the mean water 

savings per site during the peak season was about 3.5 times more than the minimal season savings. This 

suggests that the efficiency of drip irrigation has the greatest impact during hot, dry months. Figure 24 

illustrates the seasonal range of commercial water consumption and highlights the seasonal variations in 

water-savings. 

 

Table 11. Commercial Water Consumption by Irrigation Season 
 Mean 

Pre 
Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Mean 
Savings 
Per Site 
(gpd) 

Mean 
Percent 
Reduction 

Mean 
Site Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/    
sq. ft.) 

P-Value 

Min. Irrigation Season 
(November-March)** 1,389 1,188 201 14% 7,1701 0.028 0.0424* 

Peak Irrigation 
Season (April-
October)** 

3,446 2,760 685 20% 7,170 0.096 <0.0001* 

*Statistical significance 

** Outliers over 97.5% quantile excluded 

 

Water Consumption by Coastal Proximity 

Coastal and non-coastal accounts experienced similar gpd water savings per account (see Table 12). 

Both geographic classifications saw a 17% reduction in water consumption; coastal sites saw an average 

savings of 424 gpd, and non-coastal an average of 450 gpd. The reduction between Pre-Project and Post-

Project Consumption was statistically significant for both coastal and non-coastal accounts; however, 

non-coastal accounts had a stronger significant difference. Mean project size was not evenly distributed: 

coastal project sites were 56% larger than non-coastal sites on average, which impacts the gpd per sq. ft. 

ratio. With project size is taken into account, average water savings for non-coastal sites is close to 

double that of coastal sites, 0.073 and 0.037 respectively.  
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Table 12. Commercial Summary by Geographic Location 
 Mean Pre 

Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Mean 
Savings 
Per Site 
(gpd) 

Mean 
Percent 
Reduction 

Mean 
Site 
Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/    
sq. ft.) 

P-Value 

Coastal 2,462 2,037 424 17% 11,328 0.037 0.0456* 

Non-Coastal** 2,607 2,158 450 17% 6,149 0.073 0.0001* 

*Statistical Significance 

** Outliers above the 97.5% quantile excluded 

 

Table 13 represents mean consumption reductions in relation to both coastal proximity and irrigation 

season. As stated previously, these variables are linked through weather patterns as a site’s geographic 

location influences how the minimal and irrigation season may affect water use. There is a wide 

variation in water savings, ranging from 628 gpd during the peak irrigation season for non-coastal sites, 

a 19% reduction, to an average of 56 gpd savings for coastal sites during the minimal irrigation season, a 

4% reduction.  Reference Figure 25 for a visual representation of this data and the relationship among 

irrigation season, coastal proximity, and water reductions occuring after converting to drip irrigation. 

Similar to residential sites, the highest water savings is associated with non-coastal locations during the  

peak irrigation season, the hottest and driest location and season. 

 

Table 13. Commercial Consumption by Season and Geography 
 Mean Savings 

(GPD)  
Mean % 

Reduction 
Mean Savings 

(GPD) 
Mean % 

Reduction 

 Coastal Non-Coastal 
Minimal Irrigation 
Season 

56 4% 199 14% 

Peak Irrigation 
Season 

331 11% 628 19% 
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Water Consumption by Participation in Turf Removal 

Accounts associated with project sites that participated in both Drip and Turf saved an average of 479 

gpd per account, a 19% reduction in total water consumption per meter. Those who participated in Drip-

only saw an average reduction of 401 gpd per site, a 16% reduction. The mean project size for Drip-only 

participants was more than double that of Drip and Turf project sizes (reference Table 14). When water 

reductions are considered with project size, Drip-only accounts saved an average of 0.033 gpd/sq. ft., 

while Drip and Turf accounts saved an average of 0.080 gpd/sq. ft. It is important to note that the mean 

site size only represents the size of the S2D project and does not represent the size of the Turf Removal 

project. Areas specific to a Turf Removal Project may be a different size than the project size for drip 

installations in the S2D Program.  

 

                          Pre-Project Consumption                     Post-Project Consumption 

Figure 25. Commercial reductions per season and location. 

                  Pre-Project Consumption                     Post-Project Consumption 

Commercial Water Consumption by Location and Season 



Impact Analysis 

36 | P a g e  
 

Table 14. Commercial Consumption by Participation in the Turf Removal Program 
 Mean Pre 

Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Mean 
Savings 
Per Site 
(gpd) 

Mean 
Percent 
Reduction 

Mean Site 
Size (sq. 
ft.) 

Savings 
Estimate 
(gpd/    
sq. ft.) 

P-Value 

Drip Only 
Participation**  

2,468 2,067 401 16% 12,084 0.033 0.0371* 

Drip & Turf 
Participation** 

2,519 2,040 479 19% 5,968 0.080 <0.0001* 

*Statistical significance 

** Outliers above the 97.5% quantile excluded 

 

 

It is important to see significant water consumption reductions for accounts which only participated in 

the S2D Program. This implies that the overall water reduction pattern is occurring because of drip 

irrigation and not being overshadowed by participation in the Turf Removal Program. These results do 

suggest customers may save more water when participating in both; however, significant reductions do 

occur when converting from spray to drip irrigation only, and installing drip irrigation can help maximize 

water savings achieved through Turf Removal. 

Water Consumption by Site Size 

Both large and small sites had statistically significant reductions in water consumption. Small site 

accounts saved an average 423 gpd, a 17% reduction of water consumption. Large site accounts saved 

an average of 359 gpd, a 13% reduction. Pre-Project mean consumption was 11% higher for large 

project size site accounts. However, small project site accounts experienced 15% higher gpd savings and 

a stronger statistical significance (see Table 15). There is over a 14,000 sq. ft. difference between the 

mean large and small project site sizes. When including project size, large sites saved an average of 

0.022 gpd/sq. ft., and small sites saved an average of 0.193 gpd/sq. ft.  

 

Table 15. Commercial Consumption by Project Size 

  

 Mean Pre 
Project 
(gpd) 

Mean 
Post 
Project 
(gpd) 

Mean 
Savings 
Per Site 
(gpd) 

Mean 
Percent 
Reduction 

Mean 
Site 
Size 
(sq. ft.) 

Savings 
Estimate 
(gpd/    
sq. ft.) 

P-Value 

Large (> 7,170 sq. 
ft.)** 

2,857 2,498 359 13% 16,107 0.022 0.0297* 

Small (≤ 7,170 sq.  
ft.)** 

2,531 2,108 423 17% 1,837 0.193 0.0067* 

*Statistical significance 

** Outliers above the 97.5% quantile excluded 
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For the large project sizes group n=18, which is 40% less than small sites (reference Table 2). This 

difference in population size may impact the results. Similarly, it is possible that a small site may have 

actually converted more than what was included in the rebate, or participated in other water savings 

programs such as Turf Removal. Of the 30 small sites, 90% also participated in Turf Removal, which may 

increase savings and affect irrigation practices beyond the scope of the S2D project. Of the 18 large 

sites, 61% also participated in Turf Removal.  

Water Savings Achieved 

Based on the water savings calculated in this evaluation, 0.121 gpd/sq. ft. for residential and 0.066 

gpd/sq. ft. for commercial, the completed S2D projects will save 54 AFY of savings. Over the life of these 

projects 540 AF of water will be saved in Orange County, see Figure 26.   

 

 

 

 

  

Figure 26.  Water savings occurred by completed S2D projects and cumulative savings over 
project life. 
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Evaluation Discussion  
Overall, the S2D Program was very successful. The Process and Impact Evaluations validate each other 

through quantified, statistically-significant water savings, and survey responses showing that customers 

noticed water savings and a positive landscape change. Furthermore, some customers indicated that 

they installed more drip irrigation after participating in the Program, and many indicated that there was 

a high likelihood they would participate in another water savings rebate program due on their 

experience with S2D. This effect creates more water savings than accounted for in the calculations 

contained on the Impact Analysis. Customer feedback shows that the Program is viewed favorably and is 

relatively easy to participate in. The most constructive feedback suggested that the concept of the kit-

based Eligible Products List may need some additional improvements. 

The highest water savings were achieved during dry, hot conditions occurring in peak irrigation seasons 

and at non-coastal locations, however statistically significant reductions in water consumption occurred 

during peak and minimal irrigation seasons and across geographic locations. Customers who 

participated in S2D without participating in the Turf Removal Program and customers who participated 

in S2D and Turf Removal, both experienced statistically significant water savings. This demonstrates that 

customers may experience water reductions over 20% with or without being paired with a turf 

conversion project, and may achieve even higher water savings when the two are paired together. This 

further justifies the need and practicality for offering a drip conversion rebate program that can achieve 

substantial water savings on its own, and can also be easily paired with a landscape conversion for 

maximum savings.  

Rebate Incentive Recommendations 
Based on the results of this Evaluation, it is suggested that a spray to drip conversion rebate program be 

offered at a regional level through MWD to promote the use of efficient drip irrigation, assist customers 

in their water conservation efforts, and promote a healthy watershed approach to landscaping by 

eliminating irrigation-sourced runoff.  The recommended rebate incentive was calculated by the water 

savings metrics established in this Evaluation, 0.121 gpd/sq. ft. for residential sites and 0.066 gpd/sq. ft. 

for commercial sites, and MWD’s price per AF of water saved, $195/AF. To see the full calculation, 

please reference Appendix C – Rebate Recommendation Calculation.   

Within the frame of MWD’s Conservation Credits Program, the recommended incentive rate is: 

 $0.26/sq. ft. for residential projects 

 $0.14/sq. ft.  for commercial projects.  

Process Analysis Challenges 
The customer survey results were positive, but also inherently contain some human error and bias. 

Naturally some customers seemed to have difficulty separating any feelings of dissatisfaction with 

program management or process from questions pertaining to perceived results from the project. For 

example, some respondents who indicated they finished their project and did not receive a rebate, 

presumably owners of a denied project, answered all or almost all questions with the most negative 

answer available and provided negative comments when given the opportunity. While negative 

Annual and Projected Cumulative Water Savings
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responses are not brushed off as malice and are considered when evaluating how to make 

improvements to the Program, it is most likely true that some participants took the survey with the 

intent of answering questions negatively despite what was being asked. Similarly, some customers 

seemed to report responses meant for the Turf Removal Program and not the S2D Program, which 

became apparent in the open-ended answer sections. The close relationship between S2D and Turf 

Removal was clear even with responses to S2D-specific questions. These factors can potentially affect 

survey results. However, such imperfections are to be expected with a customer survey, and the high 

response rate (over 100 participants) helped to minimize any anomalies.  

Impact Analysis Challenges 

Drought Response Effect 

There are several factors that may potentially influence the statistical analysis results. Most 

prominently, the project used in the analysis were completed between 2014 and 2015 during the latest 

California Drought, which prompted Governor Jerry Brown to declare the drought a state of emergency 

in January 2014. Shortly after, water restrictions were imposed and customers throughout Orange 

County were asked to conserve water and were allowed to only irrigate their landscapes on specified 

days set by their retail water agency. During this time, a large amount of drought awareness and water 

conservation messaging was issued to the public, asking residents to do their part to save water and 

help the region make it through the drought. Because these S2D projects were completed during this 

time, it is possible that customer water consumption was reduced more dramatically because of the 

drought response messaging and restrictions. Pre-project to Post-project reductions represent water 

savings achieved from the S2D Program, but may also include additional savings as a result of other 

drought-response activities; e.g., irrigating only two days per week. However, the Program provided a 

clear route for customers to save water and meet the new restrictions, and it is very likely that 

participating in this Program was a major change implemented by customers to do their part to 

conserve water during the drought.  

Influence of Weather and Social Drought Response 

To determine if weather variation was a significant influence on customer water use, consumption 

patterns were analyzed with precipitation patterns, dry year consumption was compared to wet year 

consumption, and ETo rates were compared over Pre-Project and Post-Project Consumption periods.  

Figure 27 represents residential and commercial Pre-Project Consumption and the corresponding 

precipitation for that year. Pre-Project Consumption trends are similar for residential and commercial 

sites.  Year 2010 was an extremely wet year; however, Pre-Project Consumption during this year is 

relatively similar to consumption in the following four years. As precipitation drops significantly, 

residential consumption also decreases slightly from 2010 to 2012, showing a positive and not an 

inverse relationship during this time. An inverse relationship is present in 2013; however, for 

commercial sites consumption and precipitation increased in 2014. This implies that precipitation is not 

a strong influence on consumption during this time period.  
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ETo, a representation of plants’ water need based on evaporation and transpiration, is also a strong 

representation of temperature and precipitation. When comparing ETo from a predominantly Pre-

Project timeframe, 2010-1014, to the ETo of a predominantly Post-Project timeframe, 2015-2017, there 

is no statically significant difference between the two. This means that there is not a statistical 

difference between water need during the time of Pre-Project Consumption and Post-Project 

Consumption.  

Figure 28 compares residential pre-project consumption to post-project consumption occuring during 

both a dry and wet year. There is a strong statistical signifigance between pre-project consumption (blue 

line) and wet year post-project consumption (green lines), and pre-project consumption and dry year 

post-project consumption (orange line). Post-project consumption covering an entire dry year is not 

statistically significant from an entire wet year. There is no statistcal differnce between wet and dry 

years during the minimal irrigation season, which is the rainy season. This suggests that customers water 
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Figure 27. Residential and Commercial Pre-Project Consumption and precipitation.  



Evaluation Discussion 

41 | P a g e  
 

their landscape similiarly during winter months regardless of weather. During the peak irrigation season, 

post-project consumption was statistically signifigant difference between dry and wet year 

consumption, with lower consumption occuring during the wet year. The wet year consumption took 

place during the first wetter-than-average year following several years of intense drought and may be 

an example of  drought bounce-back.  The dry year peak irrigation season consumption took place when 

drought messaging was high, which most likely influenced consumption.   

 

Commercial Post-Project Consumption during a dry and a wet year was evaluated with all Pre-Project 

data, shown in Figure 29. There is statistical significance between Pre-Project Consumption (blue) and 

wet year Post-Project Consumption (green), and also between Pre-Project Consumption and dry year 

Post-Project Consumption (orange). There is no statistical difference between consumption during a wet 

year and consumption during a dry year. Furthermore, there is no statistical difference between wet and 

year consumption specifically during the peak irrigation season, nor is there a statistical significance 

between consumption during a dry and wet year during the minimal irrigation season. There is, however 

strong statistical differences between Post-Project Consumption in the peak and minimal irrigation 

seasons. This suggests that irrigation season (difference of climate) is a driver of water consumption, 

and weather variation is not a significant influence.    
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The absence of a strong, consistent, inverse relationship between precipitation and consumption from 

2010-2014, the strong statistical difference between the higher residential peak season wet year 

consumption and lesser dry year consumption, and the absence of a statistical difference between 

minimal season wet and dry consumption suggests that social factors may be more influential on 

residential water use than short-term weather patterns. Similarly, commercial water consumption was 

not statistically different between wet and dry years overall, or between wet and dry years in the peak 

or minimal irrigation season. Because of these factors, and the lack of statistical difference between ETo 

during the pre-project period and the post-project period, consumption use will not be adjusted due to 

ETo, which may cloud the data unnecessarily. Because climate and not weather patterns appear to be 

drivers of consumption patterns, consumption differences due to climate are addressed in this study by 

evaluating consumption by irrigation season and coastal proximity.       
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Figure 29. Comparison of commercial consumption during a wet and dry year. 

Peak Irrigation Season Min. Irrigation 

Season 

Min. Irrigation 

Season 



Evaluation Discussion 

43 | P a g e  
 

Other Considerations 

The data used in this study was evaluated to ensure it met a number of requirements before it was 

used. This determined a level of accuracy and precision; however, it did reduce the population size of 

the test groups. The most common reason for data to be deemed unusable was because not enough 

time had lapsed since the customer completed their project, meaning there was a not a full two years of 

post-project consumption to use in the analysis. In the future, these sites will have a longer water use 

history available and could be revisited to expand the population size and evaluate any consumption 

changes for customers included in this analysis. Reanalyzing sites used in this study in the future could 

be helpful in evaluating drought bounce back and how that may relate to irrigation patterns.    

The difference in water savings results for commercial and residential sites is most likely related to their 

inherent differences in consumption patterns, management practices, and sheer volume of 

consumption, the precise reasons why the two classifications were evaluated separately for the analysis. 

Both the pre-project and post-project data on the commercial side was much more variable. Because of 

this, those extreme anomalies were removed from much of the commercial analysis to prevent the 

overall relationships and patterns from being skewed. Residential sites were much more uniform, and 

usage was more predictable and relatively consistent. A residential customer’s indoor water usage stays 

relatively constant over the year, and outdoor use generally fluctuates season to season. While house 

size and occupancy may vary, these are small variations in the overall pattern of consumption. A 

commercial meter, however, as represented in the data, can have extremely variable ranges that can 

complicate gauging exactly how much water is being saved through drip irrigation. Additionally, many 

commercial sites are professionally managed and may have been watering as efficiently as possible with 

spray irrigation. Despite using traditional spray heads, efficient irrigation practices during the pre-project 

stage can make the savings achieved through drip irrigation less apparent. 
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Evaluation Conclusion 
The S2D Program converted 562,682 sq. ft. of inefficiently irrigated landscape to drip irrigation, 

decreasing water consumption and irrigation runoff. Overall, these projects save Orange County 54 AFY, 

and will save 540 AF over the project lifetime. Converting to drip irrigation helped save the average 

residential customer 85 gpd and reduced their water consumption by 24%. The average commercial 

customer reduced total water use by 19% and saved an average of 473 gpd. Customers noticed they 

were saving water and also improving the health of their landscape. Significant water savings occurred 

for S2D participants who did not participate in the Turf Removal Program, proving the S2D Program 

saves water for not only customers replacing irrigation alone, but also for those replacing their turf 

grass. Without the S2D Program, approximately two thirds of participants would not have implemented 

the conversion, and most are highly likely to participate in another water-savings rebate program. The 

average water savings ratio is 0.121 gpd/sq. ft. for residential customers and 0.066 gpd/sq. ft. for 

commercial customers. This evaluation has demonstrated the S2D Program to be effective as a means of 

reducing water consumption and an easy to use and a pleasurable experience for customers who 

participated.  
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Appendix A- Eligible Products List 
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Appendix B- Customer Survey 
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Appendix C – Rebate Recommendation Calculation 
 

The recommended Incentive Rate was calculated based on the equations below: 

𝑊𝑎𝑡𝑒𝑟 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 𝑅𝑎𝑡𝑒 𝑋  𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐿𝑖𝑓𝑒 𝑋 
1 𝐴𝐹

325,851 𝑔𝑎𝑙.
 𝑋 𝐶𝐶𝑃 𝑅𝑎𝑡𝑒 = 𝐼𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑅𝑎𝑡𝑒 

 

Where: 

Water Savings Rate = Residential 0.121, Commercial 0.066 

Project Life = 3,650 days (10 years) 

CCP Rate = $195/AF of water saved 

 

Residential Recommendation 

0.121𝑔𝑝𝑑

𝑠𝑞𝑓𝑡
𝑋 3,650 𝑑𝑎𝑦𝑠 𝑋 

1 𝐴𝐹

325851 𝑔𝑎𝑙
 𝑋 

$195

1 𝐴𝐹
=

$0.26

𝑠𝑞. 𝑓𝑡.
  

 

Commercial Recommendation 

0.066𝑔𝑝𝑑

𝑠𝑞𝑓𝑡
𝑋 3,650 𝑑𝑎𝑦𝑠 𝑋 

1 𝐴𝐹

325851 𝑔𝑎𝑙
 𝑋 $

$195

1 𝐴𝐹
=

$0.14

𝑠𝑞. 𝑓𝑡.
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