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Instructions for Today
 Participants will be muted
 Asking questions – send via chat
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Topics
 Background

 Key Concepts

 Introduction to Outcome Types

 Introduction to Strategic Planning for Stormwater Programs

 Case Studies
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Background
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A Brief History of Recent Effectiveness 
Assessment Work

CASQA (2007) SWRCB (2011) Prop 84 Grant
(2012-15)

CASQA (2015)
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https://www.casqa.org/effectiveness_assessment
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Proposition 84 – Web Portal Project
 Task 3 - CASQA Guidance Manual Update
 Task 4 - Assessment of Existing Practices and 

User Needs 
 Task 5 - Education and Outreach
 Task 6 - Project Evaluation
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Proposition 84 – Web Portal Project
 Task 3 - CASQA Guidance Manual Update
 Task 4 - Assessment of Existing Practices and 

User Needs 
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Proposition 84 – Web Portal Project
 Task 3 - CASQA Guidance Manual Update
 Task 4 - Assessment of Existing Practices and 

User Needs 
 Task 5 - Education and Outreach
 Task 6 - Project Evaluation
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Next Steps

Jan JanNovSepJulyMayMar Mar NovSepJulyMay

2014 2015

Assessment of 
Existing Practices 
and User Needs

Education and 
Outreach

Project 
Evaluation

Jan
2016

Task 4
Task 5 Task 6
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Questions?
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Key Concepts
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Effectiveness assessment consists of the 
methods and activities that managers use to 
evaluate how well their programs are working 
and to identify modifications necessary to 
improve results. 
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The Relationship of Planning and 
Assessment

 Planning provides a road map for assessment
 Assessing “after-the-fact” limits managers’ ability to evaluate
 Assessment measures and methods should be identified during 

planning
 Programs that “plan to assess” increase measurability and 

effectiveness 16



Outcomes are measurable endpoints associated 
with programs, people, and physical systems. 
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Receiving Water Conditions

MS4 Conditions

Source Contributions

Target Audience Actions

Barriers & Bridges to Action

Stormwater Program Activities

Physical 
Systems

People

Programs



Outcomes are Interrelated
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Core Steps in a Structured Planning 
Process
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Key Concept 2
Problem conditions are "causally" linked
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Key Concept 3  
Relationships between conditions 
resemble webs more than chains



Key Concept 1
Prioritization is Essential to Strategic 
Planning
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Key Concept 4
Linkages and Relationships exist in 
different stages of certainty
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Questions?
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Introduction to Outcome Types
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Three Planning and Assessment 
Elements

Sources and 
Impacts

(Section 4.0)

Target Audiences

(Section 5.0)

Stormwater 
Programs

(Section 6.0)
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First Element Second Element Third Element



First Element
Source & Impact Strategies
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Level 6 Outcomes
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31

Level 5 Outcomes
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Level 4 Outcomes

General Source Categories
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Types of Source Contributions
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Drainage Areas
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Drainage Area Attributes
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Constituent-based organizational approaches (start at 
Levels 5 and 6)
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Source-based organizational approaches (start at Level 4)



Questions?
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Second Element
Target Audience Strategies
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Potential Target Audiences by Source Category

Level 3 Outcomes
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General Types of Target Audience Actions
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Level 3 Outcomes

PGA-BMP Packages
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Behaviors are Distributed within Target Audience Populations
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Level 2 Outcomes

Barriers + Bridges = Influencing Factors



45



46

Personal Factors
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External Factors



Questions?
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Third Element
Target Audience Strategies



50

Level 1 Outcomes



Facilitation Activities
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Facilitation Activities
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Questions?
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Introduction to Strategic Planning for 
Stormwater Programs
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Overview of Structured Planning 
Process
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Structured Planning Process
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62

Multiple Problem Conditions 
Require Prioritization

• Bacterial indicators exceed 

Rec-1 indicators

• Hydromodification in creek

• Low DO levels in estuary

• Bifenthrin toxicity

• Wet weather TSS above 

benchmarks

• Benthic impairment



Task 3 Prioritizing Problem Conditions
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First Prioritization Step
Rating Problem Conditions
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Tier 1

Tier 2

Tier 3
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Second Prioritization Step 
Ranking Problem Conditions
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Prioritized Problem Conditions 
Can Be Targeted for Change
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Establishing End-state Targets
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Timelines for Achieving Targeted Outcomes

• Complexity
• Cost
• Scale
• Metrics and methods of measurement
• Variability



72



73

Examples of Potential Knowledge and Data Gaps (Level 4)
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Questions?
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Case Studies
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Case Studies 

 Case 1- Outcome Levels 6 through 1
 Receiving water and MS4 water quality data 

available
 Constituent based approach
 Potential sources have been identified

 Case 2- Begins at Level 4
 Source based approached
 Limited water quality data

77



Case Study 1: Assessment of 
Levels 6 through 1
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 What are the priority receiving waters? 
 Estuary, listed segments of creek upstream of estuary

 What are priority problems for each priority 
receiving water?
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Case Study 1: Assessment of 
Levels 6 – Receiving Water

Algae Blooms, Low 
DO and Sediment 

Deposition in Estuary

Biological Impairment in 
Creek based on 

Bioassessment Data

Evidence of 
Hydromodifcation in  

Local Streams
Total Nitrogen and 

Phosphorus 
Concentrations exceed 
water quality objectives 
in Creek dry weather 

flows
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 What Changes will be targeted for the receiving 
water? 
 Improvement in Water Quality– Reduce nutrient load 

from dry weather watershed flows
 Changes in Physical Characteristics – Reduce peak 

volume storm flows resulting in hydromodification in 
creek
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When and how will targeted changes be 
measured? 
 Long-term Trend (5-10 years) measurements of:
 Improvement in Water Quality –nutrient 

concentration and flows (load) from dry weather 
watershed flows

 Reduction of peak storm flow volume
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General Timelines Needed for 
Achieving Targeted Outcomes
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Targeting Change - Spatial
Level/Spati
al Area

Site Drainage 
Area

Hydrologic 
Unit

Watershed

Level 6 –
Receiving 
Water 

% Reduction 
in Nutrient
Load

Level 5 –
Urban 
Runoff/MS
4

% Reduction 
in Nutrient
Load

Level 4 -
Sources

% Conversion 
of High 
Fertilizer Use 
Landscaping

Complexity (depends) and Cost to 
Measure Targeted Change  
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 What data is still needed for characterization and 
targeting outcomes? 
 Adequacy and quality of the water quality data?
 How are nutrient concentrations impacting biological 

resources of creek and estuary?  
What are priority drainage areas that contribute to 

creek erosion due to hydromod? 
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Questions?
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Case Study 1: Assessment of 
Level 5- MS4 Contributions

Nutrient 
Concentrations highest 

in runoff from 
Upstream Agricultural 

Land Use MS4 Outfalls with highest 
dry weather flows also 

contribute largest Nutrient 
loads 

Peak Flows from MS4 
Outfalls linked to 

downstream evidence of 
extensive erosion of Local 

Streams
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 Which MS4 facilities convey flows to priority 
receiving waters? 

 Which facilities or portions of the MS4 are the 
highest priorities?
 MS4s discharging to listed segment of creek that 

have highest dry weather flows and/or nutrient 
concentrations 

 MS4s discharging to segment of creek with greatest 
erosion and increase in peak flow
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 What Changes in MS4 conditions will be targeted 
and how will they be measured?
 Reductions in priority MS4s dry weather flows and/or 

nutrient concentrations
 Annual flow monitoring and 2-5 yr. random sampling  

 Reductions in priority MS4s storm flow volumes
 Storm event flow monitoring 
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 What data is still needed for characterization and 
targeting outcomes? 
 Have baseline flows been measured in priority MS4 

outfalls to assess change (adequacy)?  
What contribution does groundwater have in nutrient 

loading to receiving water compared to MS4? 
What contribution does runoff from agricultural areas 

compared to MS4 outfalls?
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Case Study 1: Assessment of 
Level 4- Sources

Upstream Agricultural 
Land Use has 

measured higher
Nutrient 

Concentrations in 
runoff Residential and Commercial 

Landscaped areas in 
Priority Drainage Area with 
highest dry weather flows 
contribute largest Nutrient 

loads 

Priority Drainage Areas 
that contain older 

development linked to 
downstream evidence of 

extensive erosion of Local 
Streams
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Apply to Single or Set of Priority MS4 Outfalls
 Which drainage areas contribute priority flows or 

pollutants to the receiving water?
 Which portions of identified drainage areas are 

the highest priority?
 What are priority sources of pollutants or flow 

within drainage area?
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Case 1: Source and Impacts – Step A 
Characterizing Problems

Level 6 –
Receiving Water

•Water Quality - Eutrophication of Estuary -
Excess Algae and Low DO in Summer
•Bio-indicators – Benthic impairment in creek
•Physical Evidence of Hydromod. in creek

Level 5 – Urban
Runoff

•Water Quality -Nutrient Loading from MS4
•Physical Evidence of Erosion at and 
downstream of outfalls

Level 4 - Sources Likely Water Quality Sources:
•Upstream Agricultural Runoff
•Fertilized Landscape in Residential Comm.
•Landscape and Organic Debris in MS4
•Groundwater
•Air Deposition
•Natural Sources of Nutrients
•Physical - Concentrated Higher Peak Flows 
from Urbanized Areas
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What changes will be targeted for each priority 
source and how will it be measured?
 Reductions in nutrient loading in priority areas.
 Reduce yard waste in MS4
 Conversion to zero or minimal fertilized landscapes
 Measured reductions of dry weather flows

 Reduction in peak storm flows from priority 
drainage areas from older developed areas
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 What data is still needed for characterization and 
targeting outcomes? 
 Is there baseline data on nutrient contributions from 

residential and commercial landscaped areas and 
yard waste in MS4? (complex)

What baseline data is available on dry weather flows 
from targeted land uses?

What are contributions from other potential sources 
and how do they compare to targeted sources?
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Questions?
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Case Study 1: Assessment of 
Level 3- Target Audience Actions

Upstream Agricultural 
Land Use has 

measured higher
Nutrient 

Concentrations in 
runoff

Residential and Commercial 
Owners with Landscaped 
Areas in Priority Drainage 

Areas and Landscape 
Contractors – over-use of 

fertilizer, over-irrigation and 
poor management of yard 

waste

Older development 
owners and HOAs with no 
stormwater retention on-

site
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Who are the target audience responsible for each 
source contribution? 
What specific behaviors are contributing to priority 
source contribution?
 Commercial/Residential Property owners –High 

fertilizer use and over-irrigation in landscaped areas
 Landscape Contractors – Overuse of fertilizer, poor 

maintenance of irrigation systems and improper 
disposal of yard waste
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 What behavioral changes will be targeted to 
reduce or eliminate priority source contributions? 
 Decrease in pollutant generating activities – over-use 

of fertilizer, over-irrigation and improper disposal of 
yard waste

 Implementation of BMP – non-structural – change 
over-use of fertilizer and disposal practices of yard 
waste by residential and landscape contractors –
structural –turf replacement 
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Case 1: Targeted Change –Metrics
Level Interim Targeted 

Change 
5 Year Timeline- Measurement of Targeted 
Change

6 – Rec.  
Water

• Decreasing trend in 
• nutrient concen. 

• Monitor Nutrients, DO & Algae – 1X/5 years

5 – Urban 
Runoff

• % Reduction of 
Nutrient Load 

• Conduct Random Sampling of MS4 outfalls 
– 2-5 year intervals

• Annual Flow measurements

4 –
Sources

• Achieve % increase 
in converted lawns

• Reductions at 
priority sites 

• Count % of residences & commercial sites 
converted to lower fertilizer use landscape

• Conduct Runoff Monitoring of Selected 
Sites- converted landscapes 

3- Target
Audience

• Reduce % 
occurrence of 
high fertilizer use 
and improper 
disposal of yard 
waste

• Count % occurrence of activities by 
target audience with higher nutrient 
loading potential - compare with 
baseline year
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102

Potential Target Audiences by Source Category

Level 3 Outcomes



Tools to Measure Targeted Change – Targeted 
Sources & PGAs – Shorter Timeline

Increased Potential Nutrient Load Reduction
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Questions?
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Apply to each priority behavior

 Who are the factors that favor the 
implementation of pollutant generating activities 
(PGA)? 

 Which of these barriers is contributing to priority 
PGA’s? 
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Personal Factors



107

External Factors



Case 1: Target Audiences/ Barriers and Bridges 
Level 4 – Sources •Upstream Agricultural Runoff

•Fertilized Landscape in Residential Comm.
•Landscape and Organic Debris in MS4

Level 3 – Target 
Audiences

•Agricultural Community 
•Residences
•Landscapers
•Landscape Contractors
•Municipal O&M - Street/Catchment 
•Over-irrigation

Level 2 - Barriers 
& Bridges

Personal Factors (awareness, knowledge, 
attitudes)
• Lack of knowledge of over-use of fertilizer link 

to WQ
• Indifference to changing fertilization use or 

irrigation practices
External Factors (regulatory, financial, social)
• Agricultural community –under waiver 
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Apply to each priority behavior

 What bridges are necessary to address priority source 
contributions? 
 Change in regulatory regime to address agricultural 

waiver; training to increase knowledge of workers; 
training and education to change awareness and 
incentives to change old practices.

What are the metrics to measure success? 
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Case 1: 
Level Interim Targeted Change 5 Year Timeline- Measurement of Targeted 

Change
3 – Target 
Audience

• % of highest priority 
agricultural properties 
implement BMPs 

• % of Residences for 
target are that use 
trained landscapers 

• Number of residences 
that use more efficient 
irrigation system

• Survey highest priority sites for pollutant
generating activities (PGA) modified per 
nutrient reduction plan

• Based on survey of residences within 
target area that have changed to trained 
landscaper 

• Based on applications for rebates for 
smart irrigation systems, turf replacement, 
drip irrigation upgrades

2 –
Bridges &
Barriers

• Change awareness  and 
knowledge of residences 
& landscape contractors, 
on PGAs and the BMPs 
to reduce over-use of 
fertilizer, over-irrigation & 
yard waste disposal.

• Surveys and interviews with residences
and landscape contractors in target areas

110



 What data is still needed for characterization and 
targeting outcomes? 
 Is the targeted audience that is surveyed for change 

in awareness and knowledge consistent or is there 
high turn-over reducing effectiveness?

 Are there other behaviors and barriers that contribute 
to greater source contributions that have not been 
identified, prioritized and targeted?   
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 What facilitation activities will be targeted to reduce 
or eliminate priority PGAs in target audience? 
 Cooperation Agreement with Agricultural Community
 Development of Nutrient Reduction Plans – BMPs
 Training Programs for Ag. Workers and Landscapers
 Establishment of Rebate System to incentivize residents 

to convert landscaping & irrigation system
 What program data collection, management and 

reporting is needed?
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Case 1: 
Level Interim Targeted Change 5 Year Timeline- Measurement of 

Targeted Change
1 –
Stormwater
Program 
Activities

• Obtain cooperation
agreements with % of 
priority agricultural  
sources

• Institute training for 
agricultural workers, & 
landscape contractors 
on BMPs 

• Establish rebate 
program

• Number of agricultural properties that 
sign up for cooperation agreement on 
nutrient reduction plan

• Record number of agricultural workers 
trained and use BMPs

• Number of rebates given for irrigation 
BMPs and number installed 
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Questions?
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Case Study 2: Levels 4 through 1

Stormwater Program 
has limited Water 
Quality Receiving 

Water Data 

Sources of MS4 Non-
Storm Flows from 
Stormwater IC/ID 

Inspection and 
Enforcement Program:

• Over-irrigation
• Broken/leaking 

irrigation valves
• Vehicle Washing

• Hard Surface 
Washing

• Pool Maintenance
• Dewatering 

Stormwater Program 
has limited MS4 

Water Quality Data 

MS4 Permit requires non-
storm water flows from 
MS4 to be eliminated 
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Apply to Single or Set of Priority MS4 Outfalls
 Which drainage areas contribute to greatest 

sources of non-storm flows?
 MS4 flow data or use inspection program data

 Which portions of identified drainage areas are 
the highest priority?

 What are priority sources of non-storm flows 
within drainage area?
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What changes will be targeted for each priority 
source and how will it be measured?
 Reductions in non storm flows in priority 

drainage areas.
 Measured reductions of dry weather flows from 

residential and commercial land uses within high 
priority areas
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 What data is still needed for characterization and 
targeting outcomes? 
What baseline data is available on dry weather flows 

from targeted land uses?
What non-storm flow data is needed from MS4 outfall 

monitoring to better prioritize drainage areas?
What are contributions from other potential sources 

and how do they compare to targeted sources?
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Who are the target audience responsible for each 
source contribution? 
What specific behaviors are contributing to priority 
source contribution?
 Commercial/Residential Property owners –Over-

irrigation in landscaped areas
 Landscape Contractors –Poor maintenance of 

irrigation systems
 Residences & Commercial Operators - vehicle and 

hardscape washing 119



Case Study 2: Assessment of Level 3-
Target Audience Actions

Stormwater Program 
has limited Water 
Quality Receiving 

Water Data 

Target Audience 
Behaviors:

• Over-irrigation
• Maintenance of 

Broken/leaking 
irrigation valves

• Vehicle Washing
• Hard Surface 

Washing
• Pool Maintenance

• Dewatering 

Target Audience:
• Residences with 

Landscaped Areas 
requiring irrigation

• Commercial  owners 
with Landscaped Areas 
requiring irrigation

• Landscape 
Contractors 
providing irrigation 
system maintenance
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 What behavioral changes will be targeted to 
reduce or eliminate priority source contributions? 
 Decrease in pollutant generating activities –over-

irrigation, poor maintenance of irrigation system, 
vehicle washing

 Implementation of BMP – non-structural –
enforcement of non storm flow prohibition – structural 
– drip irrigation, smart irrigation systems, leak 
detection
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Tools to Measure Targeted Change – Targeted 
Sources & PGAs 

Decrease in Non-Storm Flows
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Apply to each priority behavior

 What are the factors that favor the 
implementation of pollutant generating activities 
(PGA)? 

 Which of these barriers is contributing to priority 
PGA’s? 
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Case 1: Target Audiences/ Barriers and Bridges 
Level 3 – Target 
Audiences and 
Behaviors

•Residences; Commercial Property Owners; Landscape
Contractors

• Over-irrigation
• Maintenance of Broken/leaking irrigation valves
• Vehicle Washing
• Hard Surface Washing
• Pool Maintenance
• Dewatering 

Level 2 -
Barriers &
Bridges

Personal Factors (awareness, knowledge, attitudes)
• Barrier - Lack of knowledge of over irrigation 
• Barrier - Indifference to changing irrigation 

practices
External Factors (regulatory, financial, social)
• Barrier – Cost of replacing irrigation system
• Bridge – Drought awareness & rising cost of 

water
• Bridge - Non-Storm Water Prohibition 
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Apply to each priority behavior
 What bridges are necessary to address priority source 

contributions? PGA – over-irrigation
 Drought Awareness – education - connection to over-irrigation 
 Rising cost of water – education - connection to over-irrigation
 Non storm flow prohibition in MS4 Permit – enforcement of PGA
 Rebates for More Efficient Irrigation System or Turf Replacement 

- Incentives

 What are the metrics to measure success? 
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Case 1: 
Level Interim Targeted Change 5 Year Timeline- Measurement of Targeted 

Change
3 – Target 
Audience

• % of Residences for 
target area that 
implement turf 
replacement 

• Number of residences 
that use more efficient 
irrigation system

• Based on number of application for 
residential turf replacement 

• Number of commercial properties that 
have applied for green business program 
that provides rebates for more efficient 
irrigation systems 

• Based on applications for rebates for 
smart irrigation systems, turf replacement, 
drip irrigation upgrades

4 –
Bridges &
Barriers

• Increased in awareness 
of connection between
drought and over-
irrigation

• Increase knowledge of 
non-storm water 
prohibition

• Surveys of  residences in targeted areas 
on awareness of connection between 
drought and over-irrigation

• Surveys of commercial properties 
knowledgeable about non-storm flow 
prohibition and enforcement actions

• Number of enforcement actions that have 
been cited and addressed.
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 What data is still needed for characterization and 
targeting outcomes? 
What bridges are most effective in changing behavior 

in over-irrigation?
 Are there other behaviors and barriers that contribute 

to over-irrigation and other PGS that have not been 
identified, prioritized and targeted?   
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 What facilitation activities will be targeted to reduce 
or eliminate priority PGAs in target audience? 
 Establishment of Rebate System to incentivize residents 

and commercial properties to convert landscaping & 
irrigation system

 Expand Education and Outreach to increase awareness 
of non-storm flow prohibition, enforcement program and 
rebate incentive program.

 Increase Enforcement and Fines for Over-irrigation
 What program data collection, management and 

reporting is needed?
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Level 1 Outcomes



Case 2: Importance of Program 
Effectiveness Assessment

 Allows program managers to assess 
effectiveness of programs at multiple outcome 
levels – different metrics, timelines, interlinked 
outcomes

 What’s more successful: education, enforcement 
or incentives?  Or is it the combination that is 
most effective?

 What structural BMPs will ultimately be needed 
where more cost effective non-structural hits 
limitations? Most successful runoff reduction 
program will be 30-50% effective.
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Questions?
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Thank you!
 Jon Van Rhyn – County of San Diego
 Jon.vanrhyn@sdcounty.ca.gov

 David Pohl – ESA, San Diego
 dpohl@esassoc.com

 Karen Ashby - Larry Walker Associates, Davis
 karena@lwa.com
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