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1. Background 
In June 2014, HDR prepared for the City of San Diego (City) the “Nonstructural Non-Modeled 

Activity Pollutant Load Reduction Research” technical memorandum (memo). The memo 

presented research findings that may potentially be used to quantify pollutant load reductions as 

well as the uncertainties associated with those findings.  

The memo concluded that each nonstructural strategy may be anticipated to produce a wide 

range of pollutant load reduction. Factors influencing the results include the level of control the 

City has over the strategy, and the behavioral constructs that are affected by the outreach 

campaigns (guilt, social norm, etc.). The range of pollutant load reduction could be as low as 

around 2% for a minor pollutant that is a partial consequence of a strategy, to as high as 72% 

for a major pollutant that is entirely the consequence of a behavior that the City has significant 

control over (i.e. City staff behaviors). These pollutant reductions were per strategy and no 

single strategy was expected to be responsible for all of the pollutants entering the watershed. 

Each of the corrections to behaviors and implementation of potential strategies will only affect 

some fraction of the pollutant entering the watershed as there are typically numerous sources of 

a pollutant. That fraction was not evaluated. The original memo is included as Attachment 1. 

2. Average Percent Removal 
To streamline the modeling of pollutant load reduction, the City has asked HDR to estimate a 

generalized average percent removal that can be used for all nonstructural activities and for all 

pollutants.  

The memo presented the pollutant load reductions that may be anticipated from each 

nonstructural activity as either “High” percent removal or “Low” percent removal. The “High” 

values represented the pollutant removal that may be anticipated from any strategies with which 

the City has significant direct control (i.e. city staff are performing the behavior desired). The 

“Low” value would be anticipated with any strategies associated with only public behavior 

change.  

To determine an appropriate percent removal for the activities, Appendix D – Range of 

Anticipated Pollutant Reduction for Nonstructural Strategies of the memo was reviewed. Each 

nonstructural strategy was evaluated to determine if it would be considered City controlled or 

public education. An additional document was prepared and the activities that were considered 

to be City controlled and therefore the higher pollutant removal anticipated are highlighted in 

orange in Attachment 2. The activities highlighted in blue are the public behavior change 

focused activities and would be anticipated to have lower pollutant removal. The average 

percent removal of all activities was then calculated for each constituent. 

Table 1 presents an example showing two activities and the average percent removal of each 

constituent. For example, operations and maintenance of roads would be controlled by the City. 

The previous memo presented both the high and low range of percent removal that may be 

anticipated. Those values are shown in Table 1. Because this is a City controlled activity, the 
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higher percent removal could be used and the value used to calculate the average percent 

pollutant removal is shown with an orange highlight in Table 1. An activity like pet waste pickup 

would rely more on public education and the lower value could be used (shown in blue 

highlight). It should be noted that this value does not include any additional factors, such as 

guilt, that would increase the percent removal that may be anticipated. Activities previously 

found to have varying benefits that were not previously evaluated are not evaluated herein.  

Table 1. Range of Pollutant Load Reduction Effectiveness (%) 

Nonstructural 
Strategy/Pollutant 
Generating 
Activity 

Description 

O&M for public 
streets, 

unpaved roads, 
paved roads, 

and paved 
highways. 

Pet Waste 
Pick Up 

Average 
Percent 

Bacteria 
Low 3.6 10.7 

13.3 
High 15.8 47.5 

Metals  
Low 10.7 0 

23.8 
High 47.5 0 

Organics 
Low 3.6 0 

7.9 
High 15.8 0 

Sediment 
Low 10.7 0 

23.8 
High 47.5 0 

Pesticides 
Low 0 0 

0 
High 0 0 

Nutrients 
Low 10.7 7.1 

27.3 
High 47.5 31.7 

Oil and Grease 
Low 0 0 

0 
High 0 0 

Dissolved Minerals 
Low 3.6 0 

7.9 
High 15.8 0 

Trash 
Low 10.7 0 

23.8 
High 47.5 0 

 

3. Results 
Using the values as described above (high value for city controlled activities, low value for public 

activities) for each constituent, the average removals for each of the constituents (bacteria, 

metals, organics, sediment, pesticides, nutrients, oil and grease, dissolved minerals, and trash) 

were calculated. The results are presented in Table 2 below. 

Table 2. Average Pollutant Removal per Constituent 

Description % 

Bacteria 11.7% 

Metals 10.2% 
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Table 2. Average Pollutant Removal per Constituent 

Description % 

Organics 7.2% 

Sediment 17.9% 

Pesticides 9.2% 

Nutrients 13.4% 

Oil and Grease 4.6% 

Dissolved Minerals 6.4% 

Trash 10.0% 

Average of the averages above 10.1% 

 

4. Conclusions 
The overall average percent removal for all constituents and all activities is 10.1%. Because the 

lower public education value used does not consider any of the other behavioral constructs that 

are affected by the outreach campaigns (guilt, social norm, etc.), this overall percent removal 

may be lower than what will be observed. When considering the pollutant load removal of all 

nonstructural activities, 10% may be generally applied.  

5. Assumptions and Limitations 
The following assumptions and limitations should be taken into account when considering using 

the values presented. 

• The percent removals are not based on specific geographic areas and may not apply 

equally to all geographic areas. For example, activities with a high degree of City control 

where they are performed by City employees, these may only apply to areas where City 

employees act, such as maintenance facilities or public buildings and may represent a 

fairly small portion of the entire pollutant load to a watershed of a particular pollutant. 

This geospatial variance is not taken into consideration in the averaging techniques 

employed. 

• If only pollutant removals for activities with low degrees of City control – i.e. those that 

require public behavior change were to be included, the overall average percent 

removals would be lower. This assumes that the activities affective public behavior 

change do not achieve all the constructs necessary to maximize behavior change 

(Intention, Moral Norm, Attitude, Perceived Behavioral Control, Guilt, Social Norm, 

Internal Attribution, Problem Awareness). 

• If all the constructs necessary to maximize behavior change were successfully achieved 

throughout the population of the City, then the percent removals would potentially be 

higher than the average values presented herein. 

• The percent reductions are based on a theoretical assessment of the potential reduction 

that could occur for a specific pollutant within a limited geography should a behavior 

actually change with respect to the release of that pollutant. Specific field studies are few 

that have measured changes in pollutant loads as correlated with behavior change.  
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• The data is more thorough for the measurement of behavior change through the use of 

survey instruments and observations of random samples through a population to 

correlate the constructs with changed behavior. The relationship between the behavior 

change and a measured concentration of a pollutant in runoff is more tenuous and the 

authors are relying on theoretical relationships between behavior associated with use of 

certain materials and pollutant releases during the uses of those materials. 
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Reviewed By: Scott Lowe 

Date: June 2014 

Subject: Final - Nonstructural Non-Modeled Activity Pollutant Load Reduction 
Research 

 

1. Introduction 
The City of San Diego (City) seeks to quantify pollutant load reductions from nonstructural 

strategies that have not been modeled and for which pollutant load reductions have not been 

quantified. This technical memorandum (memo) presents research findings that may potentially 

be used to quantify pollutant load reductions. This memo also presents the uncertainties 

associated with those findings. The research includes available literature that reports studied 

effectiveness of nonstructural non-modeled Best Management Practice (BMP) activities that fall 

within the City’s minimum Jurisdictional Runoff Management Programs (JURMP). 

2. Background 
As part of the Comprehensive Load Reduction Plan (CLRP), the City identified several 

nonstructural BMPs for the Scripps, Tecolote Creek, Chollas Creek, Los Penasquitos, and San 

Dieguito watersheds. The requirements of the municipal separate storm sewer system (MS4) 

permit include development of Water Quality Improvement Plans (WQIPs) by the permittees to 

identify the strategies they will implement to achieve Waste Load Allocations (WLAs) in Total 

Maximum Daily Load (TMDL) basin plan amendments. The City is leading three WQIPs: 

Mission Bay, San Dieguito, and Los Penasquitos. A significant part of the WQIPs is to identify 

the strategies that can be implemented and the pollutant load reductions expected from the 

implementation of those strategies. As a result, the City has prepared draft Potential Water 

Quality Improvement Strategies documents (Potential Strategies). The Potential Strategies 

documents also provide pollutant reduction assumptions for each strategy and the associated 

water chemistry, physical, and biological benefits achieved from strategy implementation. These 

use best professional judgment based on literature reviews, practical experience, and 

stakeholder input. Structural strategies are also evaluated in the Potential Strategies 

documents, but are not evaluated as part of the scope of this memo. 

3. Approach 
The nonstructural strategies discussed herein are a combination of the identified BMPs in the 

City’s Potential Strategies documents. The Potential Strategies document prepared for Mission 

Bay served as the primary list of strategies. Strategies that were identified in the San Dieguito 

and Los Penasquitos documents, but not in the Mission Bay document were added.  
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Regarding identification of the pollutants, the Potential Strategies documents were initially 

reviewed and used as the base of evaluation. The CLRPs and information found in the Center 

for Watershed Protection’s (CWP’s) Urban Subwatershed Restoration Manual Series were also 

reviewed to determine the pollutants that may be affected by each strategy.  

The pollutant evaluation focused on the water chemistry benefits and not physical or biological 

benefits. The pollutants evaluated are as follows:  

• Bacteria 

• Metals 

• Organics 

• Sediment 

• Pesticides 

• Nutrients 

• Oil and Grease 

• Dissolved Minerals 

• Trash 

The anticipated reduction of each of these pollutants was evaluated based on literature review, 

which presented a behavioral modeling approach to determine the effects of education and 

outreach efforts.   

4. Behavior Change, Education, and Identification of Pollutants 
A number of the nonstructural strategies identified are activities within Minimum Control 

Measure (MCM) categories. MCMs include 1) public education and outreach, 2) public 

participation and involvement, 3) pollution prevention and good housekeeping, 4) illicit discharge 

detection and elimination, 5) construction site runoff control, and 6) post construction site runoff 

control. 

MCMs 1 through 3, public education and outreach, public participation and involvement, 

pollution prevention and good housekeeping, are contingent upon education and behavior 

change. Although some of the strategies listed in the Potential Strategies documents could, 

upon initial review, belong in the MCM 4 through 6 categories, they have aspects that would 

include behavior change and have been left in the evaluation for inclusiveness.  

The following section discusses the methodology for evaluating the impacts of behavior change, 

education, and the identification of pollutants.  

4.1. Estimating Behavior Change 

To determine how behavior change could be estimated, research of meta-analytic studies and 

pro-environmental behavior was conducted. Meta-analytic studies pool from decades of studies 

evaluating the behavioral change based on public education and outreach. The most relevant of 

these studies is “Twenty years after Hines, Hungerford, and Tomera: A new meta-analysis of 

psycho-social determinants of pro-environmental behaviour” by Sebastian Bamberg and Guido 

Moser published in the Journal of Environmental Psychology in 2006. Bamberg and Guido 
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based their analysis on 57 samples of psycho-social variables and pro-environmental behavior 

and found that these studies generally view pro-environmental behavior as either:  

• motivated by self-interest; or  

• Motivated by pro-social interests such as concern for other species or later generations.  

Motivations for self-interest behaviors encourage people to seek rewards and avoid punishment. 

This type of behavior inspires an attitude, the intention to adopt a behavior, and a perceived 

behavioral control (PBC) based on an estimation of personal ability to perform a behavior.  

Motivations for pro-social behaviors are typically associated with conceived moral and social 

norms, internal attribution, and feelings of guilt. Each of these constructs may be viewed as 

predictors of behavior change, and research indicates that the self-interest and pro-social 

motives are not exclusive and may be best evaluated combined (Bamberg, 2006).  

The constructs noted above have the following definitions: 

• Behavior Change. The actual adoption of the intended pro-environmental behavior. 

• Intention. The intention to adopt a pro-environmental behavior. 

• Moral Norm. The belief that oneself has a moral obligation to adopt a pro-environmental 

behavior. 

• Attitude. A positive attitude or disposition towards a pro-environmental behavior. 

• PBC. Stands for “Perceived Behavioral Control.” The belief that adopting a pro-

environmental behavior is within your power and you have the tools to do so. 

• Guilt. The feeling that one ought to adopt a pro-environmental behavior and failure to do 

so includes negative emotions. 

• Social Norm. The belief that everyone else has adopted a pro-environmental behavior 

and that to not adopt the same would set you apart. 

• Internal Attribution. The concept of attribution is used to explain how you make sense of 

your own pro-environmental behavior and that of others. 

• Problem Awareness. Awareness that a behavior is a problem and understanding of the 

consequences of that problem. 

The research conducted shows that the constructs described above impact each other to some 

extent. Studies showed correlations between one type of construct and other behavior 

constructs. From these studies, researchers were able to hypothesize the potential degree of 

change one could observe in one behavior construct when another behavior construct was 

observed to change. 

The average impact of the predictors is displayed in a matrix in Table 1. In this matrix, the 

relative effect of one behavior construct on every other behavior construct is shown. For 

example, reading across the first row, "Behavior," shows that the “Intention” to undertake a 

behavior explains 52% of the change in actual behaviors; the adoption of a “Moral Norm” 

explains 15% of the change in actual behaviors, and so on until “Problem Awareness” (i.e., 

education) explains 18% of the observed behavior change. As can be seen in Table 1, intention 

has the largest potential affect on pro-environmental behavior. Of the research reviewed, 
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attribution had limited correlation to social norm, guilt, PBC, and attitude. It is included here for 

completeness, but should be used conservatively as a predictor of behavior.  

Table 1.  Standardized Total Effects (Bamberg, 2006) 

Construct 
Behavior 
Change 

Intention 
Moral 
Norm 

Attitude PBC Guilt 
Social 
Norm 

Attribution 
Problem 

Awareness 

Behavior 
Change 

— .52 .15 .15 .16 .11 .13 .10 .18 

Intention  — .29 .29 .31 .21 .26 .18 .35 
Moral norm   — — — .25 .26 .29 .65 
Attitude    — — .27 .36 .25 .34 
PBC     — .19 .25 .08 .19 
Guilt      — .32 .22 .63 
Social norm       — .23 .40 
Internal 
Attribution 

       — .43 

Problem 
Awareness 

        — 

 

What the public education and outreach type of activities generally control is Problem 

Awareness. Problem Awareness then can cause some change in attribution, social norm, guilt, 

PBC, attitude, or moral norm. These behavioral constructs can then affect intention. Intention 

then affects behavior change. One must intend to change, before actually changing. In order to 

intend to change, one must have some context in which to develop the intent to change: feel 

guilty, want to fit into a new norm, change one’s general attitude toward the importance of the 

behavior. In order to intend to change, one must also believe that one can change (PBC) and 

that one’s change matters (internal attribution).    

Figure 1 presents graphically the relationships between the constructs and applies the 

correlation values from Table 1. This can be called a meta-analytical structural equation model 

based on the pooled random-effects correlations. The figure represents the effects on each 

predictor as influenced by each independent variable. 

Public education and outreach strategies affect problem awareness most. Although the model 

shows correlations in constructs and is not necessarily causative, we can estimate that our 

strategies would achieve, on average, an 18% change in behavior. That is, of all the population 

that receives our messaging, we can expect, on average, that approximately 18% may change 

behavior in some manner depending on the nature of the message and the change being 

sought. It is important to note that the residuals in the statistical analysis of the data are in a 

range that shows fairly weak correlations, suggesting a wide variability in the observed 

outcomes. This shows that our messaging needs to include promotions of social norms, moral 

norms, possibly some guilt, and persuasion that individuals have the ability to change and that 

change will make a difference, in order to achieve greater than 18% behavior change. The 

figure below and the consideration of 18% behavior change both assume that the messaging is 

consistent and will be heard – that is, the messaging sent out will capture the recipients’ 

attention when competing with other messaging being promoted to capture what is understood 

to be a fixed amount of available attention among recipients. 
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Figure 1.  Results of Meta Analytic Structural Equation Modeling. Single headed arrows = standardized path 

coefficients. Double headed arrows = correlations. R2 = explained variance. (Bamberg, 2006) 

The meta-analysis provides a comprehensive model to evaluate behaviors. To test how closely 

this would replicate public education regarding stormwater BMP adoption, a report prepared in 

2013 for the University of Maryland’s (UMD’s) Center for Agricultural & Natural Resource Policy 

titled “Adoption of Household Stormwater Best Management Practices” was reviewed. The 

report summarizes the findings of a household survey conducted in 2012 by the UMD regarding 

the adoption of stormwater BMPs on residential properties. The study evaluated the adoption 

and awareness of the following four BMPs: low fertilizer lawn care, conservation landscaping, 

rain barrels, and rain gardens. For the survey, letters were sent to 10,000 households in Howard 

County, Maryland that resulted in 1,716 completed questionnaires. The results of the study are 

presented in Table 2. 

Table 2. Results of the 2013 UMD Study 

Practice Type Percentage of Households 

(n = 1,716 Households) 
Aware and 
Adopted 

Aware But 
Not 
Adopted Not Aware 

Low Fertilizer Lawn Care 23.4% 56.0% 20.6% 

Conservation Landscape 10.2% 50.0% 39.8% 

Rain Barrel 7.6% 83.5% 8.9% 

Rain Garden 2.5% 42.4% 55.0% 

Note: Results based on self-reporting by residents. 

 

If we evaluate the results of the study to consider only awareness, the average percentage of 

awareness with adoption versus awareness without adoption was evaluated and found to be 

15% (see Table 3). Evaluating further, the rain garden BMP has both the highest percentage of 

“Not Aware” and the lowest percentage of “Aware But Not Adopted.” This may indicate that only 
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residents particularly interested in the practice are using rain gardens and are not part of 

significant outreach efforts, and therefore this practice may not be an appropriate indicator. 

Considering the average of awareness-to-adoption of 15% and the higher adoption rate of a 

more common and easier to institute practice such as low-fertilizer lawn care of 29%, using 18% 

appears reasonable as a predictor for estimating the correlation of adoption following 

awareness for stormwater BMPs. 

Table 3. Evaluation of UMD Study Considering Only Awareness of Each Practice 

Practice Type Total Households 
Percentage of 
Households 

Description 

Total 
Households 
Aware and 
Adopted 

Total 
Households 
Aware But 

Not Adopted 

Total 
Households 

Aware 

Percent of 
Households 
Aware and 
Adopted 

Percent of 
Households 
Aware But 

Not Adopted 
Low Fertilizer Lawn 
Care 

 402   961   1,363  29% 71% 

Conservation 
Landscape 

 175   858   1,033  17% 83% 

Rain Barrel 
 130   1,433   1,563  8% 92% 

Rain Garden 
 43   728   770  6% 94% 

Averages 
 187   995  1,182 15% 85% 

Note: Table prepared using the values in the UMD study when “Not Aware” is removed from the study results.  

4.2. Estimating Education and Outreach Efforts 

The predictors presented in Table 1 can be used to determine the effectiveness of the public 

education or outreach efforts. As discussed previously, 18% of behavioral change is observed 

from becoming aware of a problem, presumably through education. This correlation will be used 

herein to calculate the effect of education. All outreach efforts are assumed to begin with 

education, and the effect of outreach campaigns that include multiple components, such as 

implications of a social norm, may be anticipated to increase the effectiveness of the campaign. 

Table 4 shows the standardized total effect of the combinations and the calculations used to 

obtain the range of results. As an example, an outreach campaign that implies a social norm 

that “everyone picks up after their pet” may be anticipated to result in an effectiveness of 

between 18% and 29% as presented in Table 4. The lower range implies the additional 

component provides no additional impact and the higher range implies maximum impact.  

Table 4.  Estimated Public Education or Outreach Effectiveness 

Outreach Method Calculation 
Standardized 
Total Effect 

Education (i.e., Problem 
Awareness) 

1 – (1 – .18) .18 

Education and Attribution 1 – ((1 – .18) x (1 – .10)) .18 to .26 
Education and Guilt 1 – ((1 – .18) x (1 – .11)) .18 to .27 
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Outreach Method Calculation 
Standardized 
Total Effect 

Education and Social Norm 1 – ((1 – .18) x (1 – .13)) .18 to .29 
Education and Attitude  1 – ((1 – .18) x (1 – .15)) .18 to .30 
Education and Moral Norm 1 – ((1 – .18) x (1 – .15)) .18 to .30 
Education and PBC 1 – ((1 – .18) x (1 – .16)) .18 to .31 
Education and Intention 1 – ((1 – .18) x (1 – .52)) .18 to .61 

 

4.3. Identification of Polluting Behavior and Related Pollutants 

The assumption in reviewing the nonstructural strategies is to identify the pollutants that may be 

affected as a result of the strategy. The Potential Strategies documents considered the 

pollutants associated with each strategy for each watershed and this report will use those 

findings. For example, “Implement pet waste program may include installation and maintenance 

of pet waste bag dispensers and trash bins, signage and education, physical removal of pet 

waste, or enforcement” will consider the pollutants that would be contributed from the pet waste 

wash off if it was not collected, namely, bacteria and nutrients. Likewise, “Review policies and 

procedures to ensure discharges from swimming pools meet permit requirements” will consider 

the dissolved minerals (i.e., chlorine) that may be released from a pool discharge and “Amend 

BMP Design Manual for animal-related facilities” will consider nutrients, bacteria, sediment, and 

pesticide that may be released from a facility such as an animal shelter if proper BMPs are not 

followed. See Appendix A for a list of the nonstructural strategies and associated pollutants. 

5. Estimating Behavioral Impact of Pollutant Category Per 

Nonstructural Strategy 
To consider the effect of implementing the nonstructural strategies, each pollutant associated 

with the strategy needed to be considered. The Potential Strategies documents identified the 

pollutant reductions of each strategy as either primary, secondary, or not addressed. The 

additional literature reviewed, particularly CWP’s Urban Subwatershed Restoration Manuals, 

identifies pollutant contributions from various polluting behaviors as major, moderate, or minor. 

Many of the polluting behaviors are similar to what the Potential Strategies are attempting to 

address. For example, CWP Manual 8 considers bacteria a major pollutant contribution 

regarding pet waste wash-off, while the Potential Strategies documents consider pet waste pick 

up a primary pollutant removal benefit for bacteria.  

The Potential Strategies information was reviewed and values were assigned to each pollutant 

for each strategy. It was determined to begin with three levels of pollutant removal in the 

calculations for each strategy. This is similar to how the pollutant contributions from polluting 

behaviors were identified in the CWP documents. The Stormwater Manager’s Resources Center 

offers BMP Fact Sheets on various structural BMPs. These fact sheets were reviewed to 

determine the various ranges of possible pollutant removal to begin the calculation for the 

nonstructural strategies.  No pollutant was considered to be removed 100% in any of the 

strategies, so the highest value considered was 90%. Thus, reasonable values for major, 

moderate, and minor removal are 90%, 60%, and 30%, respectively. The primary pollutants 

identified were assigned a pollutant reduction factor of 90%. The secondary pollutants were 
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assigned a value of either 60% or 30% based on additional literature review of the CWP 

Manuals and engineering judgment. Pollutants identified as not being reduced by that strategy 

or behavior was assigned a value of 0%. See Appendix B for a list of nonstructural strategies 

and the assigned pollutant removal factors. 

Next, the effect of the nonstructural strategy on the pollutant needed to be considered. For each 

strategy we categorize the pollutants as entirely, largely, or partially the consequence of the 

polluting behavior the strategy addresses. This is based primarily on the amount of control a 

strategy has on behavior. A discussion of the differences with examples follows. 

Some pollutant consequences would be entirely the result of a potential nonstructural strategy. 

For example, water from swimming pools is discharged or it is not discharged. If the water is not 

discharged, the pollutants from that activity are assumed to not be released to the environment. 

Some nonstructural strategies would largely affect their pollutant consequences by taking steps 

that reduce the associated pollutants. For example, the strategy addressing the correct 

application and use of pesticides and fertilizers on commercial, industrial, and municipal 

property would be expected to largely result in the reduction of pollutants associated with this 

behavior or activity. This would be different than strategies that are binary, such as the 

swimming pool example because the polluting behavior does not cease completely, but is 

modified to reduce pollutants. Nonstructural strategies that offer only some mitigation will 

partially affect the pollutant consequences. Outreach for over-watering would be a good 

example of a partial effect because watering will still occur, as well as natural precipitation. The 

difference between largely and partially is primarily the level of control available.  

To determine how the pollutant consequences would affect each of the pollutants in each of the 

nonstructural strategies, a value needed to be assigned. The values for entirely, largely, and 

partially were assigned 100%, 66%, and 33%, respectively. Considering the pollutant removal 

potential and the pollutant consequences together results in the matrix presented in Table 5. 

Table 5.  Matrix of Pollutant Removal Potential and Pollutant Consequence (% Reduction) 

Pollutant Removal 
Type 

Entirely (100%) Largely (66%) Partially (33%) 

Major (90%) 90.0% 59.4% 29.7% 
Moderate (60%) 60.0% 39.6% 19.8% 
Minor (30%) 30.0% 19.8% 9.9% 

 

Each of the City’s nonstructural strategies were assigned a pollutant behavior consequence of 

either entirely, largely, or partially based on the engineering judgment from a review of the City 

provided description of each. See Appendix C for the results of the pollutant behavior 

consequences on each of the nonstructural strategies. There is no way to guarantee that a 

behavior would result in a consequence entirely, largely, or partially controlled, but this 

assignment of consequences will help identify the range of pollutant reduction that may be 

anticipated. 
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6. Sample Evaluation 
As shown in Table 4, the correlation between behavior change and education is 18%. For the 

purposes of this study, that will be the minimum impact that would be anticipated from an 

outreach campaign. Table 6 presents a matrix of the impacts of education on the pollutant 

removal and behavior consequences. 

Table 6.  Matrix of Impacts from Education (% Removal) 

Pollutant 
Removal 

Type 

Entirely 
(100%) 

Largely 
(66%) 

Partially 
(33%) 

Factor 
Entirely 
(100%) 

Largely 
(66%) 

Partially 
(33%) 

Major (90%) 90.0% 59.4% 29.7% 

x .18 

16.2% 10.7% 5.3% 
Moderate 
(60%) 

60.0% 39.6% 19.8% 10.8% 7.1% 3.6% 

Minor (30%) 30.0% 19.8% 9.9% 5.4% 3.6% 1.8% 
 

To understand the effects of these impacts, it is helpful to consider a few examples. Table 7 

presents three example strategies from the Potential Strategies documents prepared by the 

City. The titles of each strategy have been shortened for simplicity, but the pollutants are as 

indicated by the City. 

Table 7.  Pollutants Identified in Potential Strategies 

Nonstructural Strategy 
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Procedures for Swimming 
Pool Discharge 

! ! ! ! ! ! ! # ! 

Pet Waste Pick Up # ! ! ! ! $ ! ! ! 

Outreach for Over 
Irrigation 

$ $ $ $ # # $ $ $ 

Per the Potential Strategies documents, pollutant reductions identify the primary (#) pollutants, the secondary ($) 
pollutants, and the pollutants that the strategy does not address (!). 

 

The pollutant indicators were then transformed into values based on the removal potential. As 

discussed previously, pollutants were classified as major, moderate, and minor removal at 90%, 

60%, and 30%, respectively. These are applied to the three example strategies above to 

generate Table 8.  

Table 8.  Pollutant Assigned Values (% Removal) 

Nonstructural 
Strategy 
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Nonstructural 
Strategy 
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Discharge 
Pet Waste Pick Up 90.0% 0.0% 0.0% 0.0% 0.0% 60.0% 0.0% 0.0% 0.0% 
Outreach for Over 
Irrigation 

30.0% 30.0% 30.0% 30.0% 90.0% 90.0% 30.0% 30.0% 30.0% 

 

Nonstructural strategies were then determined to be entirely, largely, or partially responsible for 

the pollutant consequence. The appropriate factor from Table 5 was used to develop the results 

of the pollutant consequences presented in Table 9 for the examples. See Appendix C for a 

complete listing for all strategies. 

Table 9.  Results of Pollutant Consequence (% Removal) 

Nonstructural 
Strategy 
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Swimming Pool 
Discharge 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 90.0% 0.0% Entirely 

Pet Waste Pick Up 59.4% 0.0% 0.0% 0.0% 0.0% 39.6% 0.0% 0.0% 0.0% Largely 
Outreach for Over 
Irrigation 

9.9% 9.9% 9.9% 9.9% 29.7% 29.7% 9.9% 9.9% 9.9% Partially 

 

The pollutant consequences demonstrate what may be addressed in the nonstructural 

strategies if 100% control of behavior was possible, but do not consider the correlation between 

behavior change and education. To determine the affects of education and behavior change we 

assume that each nonstructural strategy’s pollutant consequence will be 18% effective as 

presented in Table 10.  

Table 10.  Results of Education Impacts (% Removal) 

Nonstructural 
Strategy 
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Pet Waste Pick Up 10.7% 0.0% 0.0% 0.0% 0.0% 7.1% 0.0% 0.0% 0.0% Largely 
Outreach for Over 
Irrigation 

1.8% 1.8% 1.8% 1.8% 5.3% 5.3% 1.8% 1.8% 1.8% Partially 
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Other variations will affect the percent effectiveness of each nonstructural strategy. As shown in 

Table 4, other constructs, such as guilt or implication of a social norm, may increase the range 

of percent effectiveness up to 61%.  

It is important to remember that the behavior being corrected is likely not responsible for 

100% of the pollutants entering the watershed. Of all of the pollutant sources entering the 

watershed, the behavior being corrected is responsible for only some fraction of those 

sources. This paper does not estimate the fraction of the sources coming from the 

behavior being corrected. 

For example, there are hundreds of potential sources of a pollutant, such as bacteria, into the 

receiving water. If a pet waste cleanup program and behavior modification program keeps 

people from leaving pet waste on the streets, the bacteria from pet waste will be reduced. 

However, this will not reduce the bacteria from other sources. 

The percent effectiveness will increase significantly if the nonstructural strategy is controlled by 

the City and could be as high as 100%.  However, various factors such as accidents and 

variations in locations and staff may decrease effectiveness. To be conservative, this control is 

evaluated herein with a percent effectiveness of 80%. A matrix is presented in Table 11. 

Table 11.  Matrix of Impacts from Municipal Operational Changes (% Removal) 

Pollutant 
Removal 

Type 

Entirely 
(100%) 

Largely 
(66%) 

Partially 
(33%) 

Factor Entirely 
(100%) 

Largely 
(66%) 

Partially 
(33%) 

Major (90%) 90.0% 59.4% 29.7% 

x .80 

72.0% 47.5% 23.8% 
Moderate 
(60%) 

60.0% 39.6% 19.8% 48.0% 31.7% 15.8% 

Minor (30%) 30.0% 19.8% 9.9% 24.0% 15.8% 7.9% 
 

This identifies the high range of effectiveness that may be anticipated from each of the 

nonstructural strategies. See Table 12 for the example strategies from before. This is used to 

demonstrate the highest range that may be anticipated for all activities, even activities such as 

pet waste pickup where there will be limited City control. 

Table 12.  Results of Municipal Change Impacts (% Removal) 

Nonstructural 
Strategy 

B
a

c
te

ri
a
 

M
e

ta
ls

  

O
rg

a
n

ic
s
 

S
e

d
im

e
n

t 

P
e

s
ti

c
id

e
s
 

N
u

tr
ie

n
ts

 

O
il

 a
n

d
 

G
re

a
s

e
 

D
is

s
o

lv
e
d

 
M

in
e

ra
ls

 

T
ra

s
h

 Consequence 

Procedures for 
Swimming Pool 
Discharge 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 72.0% 0.0% Entirely 

Pet Waste Pick Up 47.5% 0.0% 0.0% 0.0% 0.0% 31.7% 0.0% 0.0% 0.0% Largely 
Outreach for Over 
Irrigation 

7.9% 7.9% 7.9% 7.9% 23.8% 23.8% 7.9% 7.9% 7.9% Partially 
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Table 13 presents the range of removal effectiveness for each nonstructural strategy’s 

pollutants. See Appendix D for the range of anticipated pollutant reduction for all of the 

nonstructural strategies. 

Table 13.  Range of Pollutant Load Reduction Effectiveness (% Removal) 

Nonstructural 
Strategy 
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Procedures 
for Swimming 
Pool 
Discharge 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.2 72.0 0.0 0.0 

Pet Waste 
Pick Up 

10.7 47.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 31.7 0.0 0.0 0.0 0.0 0.0 0.0 

Outreach for 
Over 
Irrigation 

1.8 7.9 1.8 7.9 1.8 7.9 1.8 7.9 5.3 23.8 5.3 23.8 1.8 7.9 1.8 7.9 1.8 7.9 

Note: Values shown are percentages. 
 

7. Using These Results for Modeling Reductions 
To quantify the reductions that may be expected from each strategy, use the following 

guidelines: 

• Review Appendix D to determine the low (changes from education) and the high (changes 
under City control) percent reduction that may be anticipated for each strategy.  

• The “Low” values should be used with any strategies based primarily on education 
efforts. 

• The “High” values should be used with any strategies with which the City has significant 
direct control (i.e. city staff are performing the behavior desired). 

• A value in-between the two could be used if it is determined that the strategy would have 
other behavioral constructs that would improve public participation (guilt, social norm, 
etc.). 

• Determine the pollutant load of each pollutant for each strategy. Note that each strategy 

affects some part of the pollutant load to the catchment. For example, bacteria enters the 

catchment from many sources other than only from pet waste, and behavioral change to 

reduced pet waste would be anticipated to only reduce that particular source of bacteria as 

shown in the tables. 

• Multiply the determined percent reduction by the pollutant load to estimate the modified 

pollutant load. 

8. Conclusions and Recommendations 
Each nonstructural strategy may be anticipated to produce a wide range of pollutant load 

reduction. Factors influencing the results include the level of control the City has over the 

strategy, and the constructs that are affected by the outreach campaigns (guilt, social norm, 
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etc.). The range of pollutant load reduction could be as low as around 2% for a minor pollutant 

that is a partial consequence of a strategy, to as high as 72% for a major pollutant that is 

entirely the consequence of a behavior that the City has significant control over (i.e. City staff 

behaviors). It should be reiterated that these pollutant reductions are per strategy and that no 

single strategy is expected to be responsible for all of the pollutants entering the watershed. 

Each of the corrections to behaviors and implementation of potential strategies will only affect 

some fraction of the pollutant entering the watershed as there are typically numerous sources of 

a pollutant. That fraction is not evaluated herein. 

For public education and outreach efforts, it is recommended to assume the lower pollutant load 

reduction presented in Appendix D will occur. For City efforts involving mandates on pollution 

prevention that provide additional control over the pollutants, the higher pollutant reduction may 

be assumed. If a pattern of lack of enforcement occurs, the assumed value of pollutant 

reduction will need to be lowered. 
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