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Presenter
Presentation Notes
Today, I will be talking about urban landscape water conservation tools that we have been developing through the Center for Water Efficient Landscaping at Utah State University. I will present a Logan City Case Study where we applied those tools to evaluate the water conservation outcome of a landscape water check program. And lastly, I will share research insights and some of the implications of our results for water providers and conservation programs.



Part 1

Urban Landscape Water Conservation

TOOLS
developed through CWEL at USU



Urban Water Conservation Tools
developed by

Presenter
Presentation Notes
The Center for Water Efficient Landscaping was created to conduct research on effective irrigation techniques, landscape water demand analysis, low-water use landscaping and plant water needs. Roger told us about current research to develop satellite-based Urban ET. CWEL provides information to water purveyors, the Utah green industry, local USU Extension offices, and the public to support public education in water efficient landscaping. CWEL’s urban water conservation research integrates social and policy science with the plant and irrigation science of other research areas to provide an integrated approach to promoting water-efficient landscaping. The tools I will be talking about today are part of CWEL’s urban water conservation research.



ASSESS:
identify locations with 
capacity to conserve

urban irrigation water

DELIVER:
water use reports

to help people 
conserve

TRACK:
water use change over 

time; monitor 
conservation success

Presenter
Presentation Notes
One of the greatest challenges in conducting water conservation research is determining how to assess the effectiveness of programs at the household level. WaterMAPS was developed to address this issue. WaterMAPS is Water Management Analysis and Planning Software that processes meter data, remote sensing data, property records and weather data to produce a site-specific water budget and landscape irrigation ratio or LIR. We use it to assess, deliver and track water use information.The Urban Landscape Water Use Assessment Tool identifies locations with “capacity to conserve” water applied to urban landscapes. The LIR is a comparison of landscape water use to landscape water need. This assessment function helps water managers to:diagnose urban landscape water conservation potential at a given location,direct and tailor conservation programs to appropriate locations, andpromote greater efficiency in urban water use.The Water User Information Delivery Tool produces water use reports for individual locations that summarize and interpret the appropriateness of their landscape water use. This information function aids water users to:understand their landscape’s water need in relation to current and historical weather data,monitor their landscape water use and progress toward conservation goals, andmake landscaping decisions and plans.The Water Management Tracking Tool enables water managers to track and analyze changes in landscape water use over time and in relation to weather patterns. This tracking function assists water managers to: evaluate conservation program outcomes and effectivenessencourage water users’ long-term habit change through consistent and repeated messaging and conservation program delivery, andprepare for droughts and growing scarcity by fine-tuning water users’ ability to water their landscapes appropriately.



Defining Appropriateness of urban landscape irrigation 
relative to plant water needs

Beneficial Use 
without waste Recognizing different water 

needs of turf vs. trees & shrubs
Can transition to native 

or low-water use 
landscapes

Based on a standard of ecologically appropriate water use given variations 
in urban lots, people’s landscape choices & local climate estimates (ET) 

Presenter
Presentation Notes
How do we define “appropriate” urban landscape irrigation in a way that is perceived by water users as being objective and fair?First, we rely on western water law that describes our right to use water as the amount of water that can be put to beneficial use on a parcel of land.Then we base it on a standard of ecologically appropriate water use given the variation in urban lots, people’s landscape choices, and local climate estimates.



Landscape 
Classification

Determines water
need for existing
landscapes

• Reference Eto

• Plant Factors:
o Turf 0.8
o Trees/Shrubs 0.5

• Turf under trees

multispectral 
imagery

classified 
imagery

Presenter
Presentation Notes
We use remote sensing data to identify plant types and landscaped area for each property.We calculate landscape water need from the reference ET rate adjusted for plant types on the landscape to estimate a water budget for each property.



Buffering 
Routine

Parking strips
included as part of 
landscapes people
water

• Assess – Methodology
• Equitable comparisons

• Deliver – Credibility
• Water user acceptance

• Track - Planning Policy

• Evaluate effect

overlay of parcel 
boundaries

adjusted to 
include landscape 

in parking strips

Presenter
Presentation Notes
In addition, we use a buffering routine in our spatial analysis to include parking strips as part of the landscape that people water. This buffering routine is unique and sets WaterMAPS apart from other evaluations of landscape water use.We’ve found that the buffering routine has important implications in more accurately assessing water use, delivering credible information to water users, and the ability to track the effect of planning policy.In any city, there is a wide variation in the size of parking strips that reflects the age of a neighborhood. In Logan, for example, parking strips can be anywhere from 3 to 12 feet wide and contain a substantial part of the property’s landscape. If a lot is located on a corner, it can be even greater. The buffering routine allows us to made equitable comparisons between all lots.Cities often require that the adjacent property owner care for the parking strip. When we explain to water users that we’ve accounted for their particular landscape plants including the parking strip to the estimate their water budget, we gain a lot of credibility with water users because they can see they are being treated fairly.Cities also often require that certain kinds of landscaping be installed on parking strips, so the buffering routine gives us a way to analyze the effect of a city ordinance on water use and evaluate the effect of changing an ordinance.



Landscape Irrigation Ratio (LIR)

Identifying Capacity to Conserve

LIR =

Landscape Water Use 
estimated

(derived from meter data)
___________________________

Landscape Water Need 
estimated

(derived from imagery and 
ETo rates modified by plant 
factors)
(per unit of landscaped area)

Farag, Neale, Kjelgren, Endter-Wada, 2011, PE&RS

Presenter
Presentation Notes
We derive the landscape irrigation ratio from the water meter data and the water budget. The LIR compares water use to water need per unit of landscaped area. The LIR is easy to interpret – 1 means people are watering to meet plant need, while 2.5 means people are using 2.5 times the water needed by plants on their landscape.The LIR can be categorized on a scale of Efficient to Excessive water use to characterize the capacity to conserve at a given location. The categories a water provider creates can be based on policy goals or water conservation goals set out in their conservation plan.The big advantage of the LIR approach is that it’s a standardized metric that allows us to compare locations or to look at one location over time. We don’t need to create matched comparison groups to evaluate water use.



Participant 
Outcome 

Evaluation Tool

• Characterizes 
response to water 
check

• Illustrates 
appropriateness of 
water use relative to 
plant need, and

• Direction of change

Presenter
Presentation Notes
We have developed a tool to evaluate the participant’s response to a conservation program. It is based on a scatterplot of the baseline LIR on the x-axis and the response LIR on the y-axis and categorized by the outcome score that describes how the participant’s water use changed.Participant’s in the green and blue areas are deemed to be successful, while those in the yellow and red areas are not. Again, the categories that are created and the cut points are policy decisions that can be tailored to the water provider’s needs.



Program 
Evaluation Tool

• Characterizes success 
of the program

• Describes need for 
further or different 
interventions

Presenter
Presentation Notes
We have developed a similar tool to evaluate the success of the conservation program itself. For this tool, we defined 5 categories that describe the need for further intervention by conservation program administrators.Groups 1, 2 and 3, the green and blue groups, need no further intervention, while Groups 4 & 5, the yellow and red groups, need further intervention.A follow-up visit is recommended to reinforce the intervention for the yellow Group 4 participants on the right who reduce their LIR but remain inefficient, or to refine the intervention for Group 4 participants on the left who increase their LIR above 1 but remain below 2.Group 5 participants who increased their LIR above 2 or remain above 3, likely need an entirely different intervention approach.



Evaluating 
Water Conservation Outcomes

Logan City Case Study

Part 2

Presenter
Presentation Notes
Now, I would like to present a case study of research we conducted in Logan City utilizing these tools to evaluate the conservation outcome of a landscape water check program.



Coauthors Journal Article
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Presenter
Presentation Notes
This research was recently published in Landscape and Urban Planning and I have copies of the article available or I can give you the citation – catch me after the session.



Participant 
Recruitment  Eligibility:

 Single-family residential
 Metered culinary water
 In-ground irrigation system

 2004 Volunteers – self-selected

 2005 Recruits – above average water users
 2 out of 3 years: 2002, 2003 or 2004
 1150 gal. or more per day, and
 0.18 in. or more per day

Presenter
Presentation Notes
We offered free landscape water checks in Logan City to single-family residential households using metered culinary water who irrigated their landscapes with in-ground irrigation systems. We offered the program to volunteers in 2004. But in 2005, we recruited “above-average” water users. We defined  water use  as “above-average” if 2 out of 3 years they used an absolute volume of 1150 gals or more per day and if it was a fifth of an inch or more per day in normalized depth units.



Landscape Water 
Check Services

• Walk-thru evaluation
o Landscape plants
o System design & 

Maintenance

• Catch cup tests
o Distribution Uniformity
o Precipitation Rate

• Soil Test

• Water schedule

• Recommendations

Presenter
Presentation Notes
The Water Efficient Landscaping graduate students conducted the landscape water checks.The services included:An evaluation of the irrigation system design and maintenance,Catch cup tests to determine the system’s distribution uniformity and precipitation rate,A soil feel test to determine soil type, A recommended watering schedule, andConservation recommendations for the irrigation system, plants, and soil.



Water User 
Interviews  Pre-Water Check Interviews establish:

 Baseline watering habits
 Conservation attitudes
 Conservation practices adopted

 Post-Water Check Interviews document:
 Recommendations adopted
 Problems encountered and how dealt with
 Participant evaluation of water check effectiveness

Presenter
Presentation Notes
We conducted water user interviews both before and after the water check.The pre-water check interview, explored watering habits, conservation attitudes, and conservation practices they may have already adopted.Then in the post-water check interview at the end of the irrigation season, we documented the recommendations they adopted, any problems they encountered and how they dealt with them.



Participant 
Outcome 

Evaluation Tool
A - green cases: 29%
Low capacity to conserve

B - blue cases: 30%
Good response decreased use

C - orange cases:  38%
Poor response increased use

D - red cases:  3%
High capacity to conserve

(N = 144)

Presenter
Presentation Notes
We used the Participant Outcome Evaluation Tool to characterize the response to the water check, illustrate the appropriateness of water use relative to plant need, and the direction of change in water use. The baseline LIR is the average of the 2 years prior to the water check and is plotted on the x-axis. The response LIR is the average of the 2 years after the water check year and is plotted on the y-axis. The data points are categorized by the outcome score. The scatterplot depicts the distribution of cases.We also looked at the difference in water use on average for each group:Group A, the green dots, increased their water use 2%, but were well below their landscapes’ water requirements and have a low capacity to conserve.Group B, the blue triangles, reduced their water use 30% and are headed in the right direction.Group C, the yellow triangles, increased their water use 23% - 34 of the 55 households in this category received watering schedules that recommended higher use.Group D, the red squares, increased their water use 18%.Groups C and D are the primary audience for conservation interventions.



Adoption of soil 
recommendations:

• Mulching bare soil

• Aerating compacted 
soil

Significantly effected 
success:

• 25% less water use on 
average 

• Avg. response LIR 1.15

Presenter
Presentation Notes
In our post-water check interviews, we asked participants which recommendations they adopted. This chart depicts the distribution of water check recommendations that were adopted and whether the participant was successful in reducing their LIR.We found that the adoption of the soil recommendations to mulch bare soil in beds or aerate compacted turf significantly effected success. On average, participants who adopted this recommendation used 25% less water and had an LIR slightly over 1.



Time constraints 
significantly effected 
success:

• 23% more water use 
on average

• Response LIR 1.74 on 
average

Presenter
Presentation Notes
We asked participants why they chose not to adopt the water check recommendations. We found that time constraints significantly effected their success. On average, participants citing time constraints used 23% more water than participants who did not.



Volunteers are more 
conserving than Recruits:

• 39% less during 
baseline

• 41%  less during 
response

Volumetric thresholds 
did not identify “above-
average” water use:

• 63% of Recruits were 
Efficient or Acceptable

Data based on 144 cases that had no leaks, received correct irrigation schedules, and 
had the same residents 2002-2007.

Presenter
Presentation Notes
This chart depicts the distribution of Volunteers on the left, compared to Recruits on the right, among LIR categories, the bars in the chart, for 3 time periods: the baseline period, water check intervention year, and the response period.It clearly shows that the Volunteers are more conserving than the Recruits in all time periods.If you recall, the Recruits were selected based on a volumetric definition of “above-average” water use and we can see here that this method did not identify “above-average” water use. Based on the WaterMAPS analysis, 63% of the Recruits were in the Efficient or Acceptable categories prior to the water check.



Program 
Evaluation Tool

1 Never needed 29%

2 No further intervention 
7%

3 Monitor billing records 
20%

4 Follow-up visit to fine-
tune or reinforce effort 
28%

5 Need different approach 
16%

Presenter
Presentation Notes
We use the Program Evaluation Tool to identify participants who may need more assistance. The scatterplot depicts the distribution of participants in each group.Group 1, the green dots, were efficiently using water prior to the water check and did not need the intervention. Interestingly, 95% of this group is comprised of Volunteers.Group 2, the dark blue triangles, successfully reduced their LIR below 1 and are efficiently use water. On average, they reduced their water use 51% from their baseline and do not need more assistance.Group 3, the light blue triangles, successfully reduced their LIR below 2 and on average, reduced their water use 25%. This group needs to be monitored to assure the downward trend continues.Group 4, the yellow-orange hourglass data points, is comprised of 2 groups that need follow-up, but for different reasons.The participants on the left and above the diagonal were efficient to begin with, but increased their LIR to >1 after the water check. They need a follow-up visit to evaluate why their use increased and fine-tune their efforts. Part of this group also received water schedules recommending higher water use and a follow-up visit is needed for further evaluation and refinement of the conservation recommendations.The Group 4 participants on the right and below the diagonal reduced their LIR below 3, and although they are moving in the right direction they are still inefficiently using water. They need a follow-up visit to reinforce their efforts and to determine what else could be done. On average, Group 4 as a whole increased their water use 11% over their baseline.Group 5, the red diamonds, increased their LIR above 2 or started and remained above 3. On average, they increased their water use 23% over their baseline. 35% of all the recruits are in this group compared to only 8% of all the volunteers. The water check as delivered to this group was ineffective and they may need a different kind of intervention or approach. This result made obvious the different needs of recruits compared to volunteers.



Research Insights and 
Implications

Part 3



Field 
Observations:

Water Check Program 
Delivery

• General observations 
during household site 
visits

 Volunteers and Recruits have different 
motivations, information requirements, and 
skill levels:
 Volunteers want more in-depth conservation 

information
 Recruits need basic conservation information, 

technical “how to” information, and on-going 
assistance

 Water checks delivered as one-time 
intervention
 Many participants wanted the opportunity to ask 

more questions

Presenter
Presentation Notes
During the course of our field work on this project, we gained several research insights.Volunteers and Recruits are different. Volunteers are generally already interested in conservation, have implemented many of the basic conservation recommendations, and are efficiently using water. They were looking for information that would take their conservation efforts to the next level to actually reduce the amount of water they need. On the other hand, trying to conserve water was a new effort for the Recruits. They needed to be convinced conservation was necessary and wanted on-going basic “how to” assistance.We delivered the water check as a one-time intervention. But, most participants would have preferred an on-going service. People wanted the opportunity to ask more questions as they tried to implement their water check recommendations.



Field 
Observations:

Water Check Program 
Delivery

• General observations 
during household site 
visits

 How program administrators interact with 
households appears to be important:
 Resolving household disputes over water use
 Person managing irrigation controller needs 

opportunity to ask questions
 Post-water check interviews revealed 

recommendations were often rejected by other 
householder

 Household circumstances change:
 Time constraints
 Budget constraints
 Varying interest
 Conflicting behaviors and goals within household

Presenter
Presentation Notes
We observed that how program administrators interact with households appears to be important. The responsibility for yard care is often divided among household members. We found that if there is a household dispute over water use, both parties need to participate in the water check. Also, whoever is in charge of programming the irrigation controller needs to have the opportunity to as questions as well.As we monitor water use, we need to keep in mind that households circumstances change and their conservation efforts wax and wane accordingly.



Implications

Residential mobility 
affects program 
evaluation

 Important issue affecting program evaluation
 Who participated in program  water 

management skills that travel with participant
 Location where conservation programs 

received  influence of structural issues tied 
to location

 Under what conditions would a conservation 
program be more effective addressing 
site/infrastructure factors vs. human 
behavior issues?

Presenter
Presentation Notes
I want to talk a little bit about residential mobility. Because our analysis was focused on identifying behavioral change subsequent to the water check, we deleted all locations that were not occupied by the resident who received the water check from our analysis. But this is an important issue that effects program evaluation. We are a mobile society. Water providers and conservation managers need to develop databases that track who participated in a program AND the location  where the program as delivered, because knowledge and skills travel with people, while structural changes remain at a location.We need to track conservation program participants within a water service area to see if they continue to be successful at a new location. On the other hand, we also need to monitor locations where for example the water user received a rebate for retrofitting the sprinkler system to see if the new occupants are efficiently managing their water use.We don’t have a good sense of when it would be more effective for a conservation program to address structural factors affecting water use vs. water management issues. A good tracking system would help us gain a better understanding of this issue.



Implications

Value of Landscape 
Irrigation Ratio (LIR) 
approach

 Equitable comparison of residential lots
 Based on a standard of plant water 

need/demand
 Distinguishes efficient locations from those 

that are inefficient
 More reliably identifies locations with 

capacity to conserve than volumetric 
methods

Presenter
Presentation Notes
We found that our analysis using the Landscape Irrigation Ratio approach was more reliable in identifying locations with capacity to conserve than our volumetric methods for selecting our Recruits. The LIR approach:Provides an assessment standard that allows us to make an apples to apples comparison of any residential lot,Allows us to deliver conservation programs to locations with the greatest capacity to conserve, andFrom a policy perspective, it holds everyone equally accountable for their water use whether they have a large or a small landscape.



Implications

Landscape or 
personal constraints 
affect participant 
success

 Low capacity to conserve  transition to more 
drought-tolerant plants

 Over-watered lawns with short root systems 
need time to be weaned

 Poorly designed sprinkler systems and/or 
older controllers limit ability to reduce water 
use

 Adoption of recommendations  choosing 
those with greatest impact, household 
budgets, participant ability/skills

 Requires more time to address than most 
post-intervention monitoring allows

Presenter
Presentation Notes
We identified several constraints to success that takes people more time to work through than most post-intervention monitoring allows. For example, over-watered lawns with short root systems need time to be weaned. Or, water check program participants need time to figure out which recommendations they have the ability and skills to adopt on their own, what things they need to hire to be done, and when they can fit it into their household budget. It takes time and/or money that isn’t always readily available.We shouldn’t always expect to see immediate results and should monitor program participant’s water use for several years. 



Implications

Program Evaluation 
Tool - Water check 
intervention 
effectiveness

 Identifies locations that may need more help
 Adjust program procedures: current water 

schedule compared to recommended
 Reveal different information needs of 

participants:
 Tailored to provide contextual relevance
 Address barriers to change
 Address gaps in knowledge
 Address differences in participant skills

 Provides relevant information to guide 
program administration

Presenter
Presentation Notes
Our Program Evaluation Tool provided a conceptual model to evaluate the water check program and provided relevant information to guide program administration. It helped us identify who may need more help. One of the most helpful things we discovered from a program administration perspective was the need to adjust water check procedures. We should always calculate the total run time of the participant’s water schedule and compare it to the recommended water schedule. We don’t ever want to tell someone to use more water unless we can see that their landscape is clearly suffering. We should commend people for their efficient water use and then make recommendations in how they apply water that may give them better results. The Tool made it really apparent that volunteers and recruits needed different types of information. Information needs to be tailored to provide contextual relevance, address barriers to change, address gaps in knowledge, and variation in participant skills.Irrigated urban landscapes are sites of complex human-environment interactions mediated by irrigation systems. Water check programs can be effective in promoting water conservation when the information provided meets participants needs. 
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