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Evaluating BMP effectiveness 
to reduce volumes and 
improve quality of runoff 
from urban environments

Runoff From Urban Landscapes



Project outline
• Controlled landscape studies 
• Residential runoff characterization
• Load estimation
• Outreach
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Collaborations

•
 

UCD, UCR, UC-IPM, USDA-CUFR
•

 
UCCE Sacramento and Orange Counties

•
 

NGOs and consultant



Project outline
• Controlled landscape studies
− Landscape installations at SCREC
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

 
Irrigation Practices


 
Pesticides


 
Plant Selection


 
Vegetative Buffers

Porous Surfaces
Sediment Control
Alternative Pest Control



Landscape Demonstration Sites
 South Coast Research & Extension Center

“Conventional”
 

landscape

•

 

Trees in turf, exotic species
•

 

Cool season turfgrass
•

 

Concrete drive, walkways, patio
•

 

Standard solid wall drain line 
•

 

Standard spray heads
•

 

Automatic irrigation timer on default setting

Photo: L. Oki

Graphics: Clark & Green



Landscape Demonstration Sites
 South Coast Research & Extension Center

Low Impact 1 landscape

•

 

More drought tolerant species
•

 

Warm season turfgrass
•

 

UC Verde buffalograss
•

 

Slot drains added to drive
•

 

Flagstone walkways, patio
•

 

Rain barrel collection
•

 

Low flow spray heads
•

 

Soil moisture -based irrigation 
controllers

•

 

Hydrozones

Photo: L. Oki

Graphics: Clark & Green



Landscape Demonstration Sites 
South Coast Research & Extension Center

Low Impact 2 landscape

•

 

Predominantly native species
•

 

Meadow (Carex pansa)
•

 

Interlocking pavers
•

 

Flagstone walkway
•

 

Dry well
•

 

Drip irrigation
•

 

ET based irrigation controller
•

 

Hydrozones

Photo: L. Oki

Graphics: Clark & Green



Graphics: Clark & Green
Conventional Low Impact 1 Low Impact 2

Landscape Demonstration Sites 
South Coast Research & Extension Center



Project outline
• Controlled landscape studies
• Residential runoff characterization

•

 

8 sites in Sacramento and Orange Counties
•

 

Site criteria
-

 

150 to 460 homes
-

 

4-20 years old
-

 

Primarily single-family residential
-

 

Outfall access

Runoff From Urban Landscapes
Evaluating BMP effectiveness



Runoff From Urban Landscapes
Evaluating BMP effectiveness



Site Selection Report



• Residential runoff characterization
•

 

Data collected includes:
−

 

Nutrients
- NO3

 

, TKN, PO4

 

, total P
−

 

Drinking Water Constituents of Concern (COCs)
- TOC, DOC, Br¯, Cl¯, TDS, TSS, turbidity

−

 

Pesticides
- diazinon, chlorpyrifos, pyrethroids, fipronil
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Residential landscape studies
•

 

Data collected includes:
−

 

Nutrients
−

 

Water Constituents of Concern (COCs)
−

 

Pesticides
−

 

Pathogens
- Total coliform
- Giardia
- Cryptosporidium
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- E. coli
- Enterococci
- Somatic coliphages
- Male-specific coliphages
- Clostridium perfringens



Runoff From Urban Landscapes
Water Sample Collection

Q1 Q2 Q3 Q4

2006 Weekly* Weekly* Weekly

2007 Biweekly Weekly Weekly Weekly

2008 Biweekly Biweekly Biweekly Weekly

2009 Monthly Monthly#

Up to 5 early storms of each season
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Water Sample Collection

Photo: B.Hollings
Photo: L.Oki

Photo: L.Oki



Project outline
• Controlled experiments
• Residential landscape studies

•

 

Data collected includes:
− Flows (depth, velocity)
− Temperature
− pH
− Electrical Conductivity 
− Rainfall
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Runoff From Urban Landscapes
Sensors

Flow velocity and depth
pH, EC, temperature

Photos: L. Oki



Runoff From Urban Landscapes
Sensors

Flow velocity and depth
pH, EC, temperature

Photos: L. Oki



Pesticide Detection Frequency
Sacramento County
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Presentation Notes
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Pesticide Concentration

N1 N2 N3 N4
Max Median Max Median Max Median Max Median

Fipronil 122 5.8 1,849 3.1 222 11.4 323 7.0

Bifenthrin 170 2.3 116 3.5 197 22.8 670 8.4

n 95 91 77 88

Concentrations are ng/L

LC50 organism

Fipronil 140 Americamysis bahia

Bifenthrin 9.3 Hyalella azteca

S1 S2 S3 S4
Max Median Max Median Max Median Max Median

Fipronil 10,004 91.4 383 78.2 1,652 132 2,484 112.2

Bifenthrin 1,032 36.6 204 15.1 6,121 16.0 709 17.3

n 69 79 79 78



Intensive Dry Weather Sampling

•
 

Dry weather grab sampling
–

 

Tuesdays (N. California)
–

 

Wednesdays (S. California)

•
 

Monitor daily watering habits
–

 

When do residents water?
–

 

How much do they water?

•
 

For a 7 day period:
–

 

Nutrients, pesticides, and microorganism levels
–

 

Identify weekly flow and pollutant patterns



Intensive Sampling Locations

•
 

Northern California Site
–

 
consistent high flows

–
 

fairly reliable flow data
–

 
July 23-30, 2008

•
 

Southern California Site
–

 
significant pesticide concentrations

–
 

fairly reliable flow data
–

 
June 16–

 
23, 2008



Sample Collection &
 Parameters Measured

•
 

Physical parameters
–

 
TOC, TSS, turbidity

–
 

Hourly: 300 ml sample via autosampler
–

 
3-

 
300 mL

 
samples were composited

•

 

resulting in 8-

 

3hr composites per day

•
 

Pesticides
–

 
Pyrethroids, Organophosphates, and Fipronil

–
 

Hourly: 300 mL
 

sample via autosampler
–

 
12-

 
300 mL

 
samples were composited 

•

 

resulting in 2-

 

12hr composite samples per day



Sacramento County 
Location



Orange County 
Location



Synthetic Pyrethroids
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Fipronil

Southern California Neighborhood SiteNorthern California Neighborhood Site
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Microorganisms by Site

Data and graphic by M. Yates



Dry season runoff patterns
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Project outline
• Controlled experiments
• Residential landscape studies
• Load estimation
−

 
Runoff models 

−
 

Pollutant loadings
−

 
Pollutant load reductions

Runoff From Urban Landscapes
Evaluating BMP effectiveness
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Pollutant Load Modeling
 Multi-scale

•
 

4 Neighborhood 
drainsheds

Graphics: A. Manfree



Pollutant Load Modeling
 Multi-scale

•
 

4 Neighborhood 
drainsheds

•
 

Sacramento County
 LDR and VLDR

Graphics: A. Manfree



Pollutant Load Modeling
 Low & Very Low Density Residential Zones

Graphics: A. Manfree



Pollutant Load Modeling
 Multi-scale

•
 

4 Neighborhood 
drainsheds

•
 

Sacramento County
 LDR and VLDR

•
 

50 year projected 
growth

 LDR and VLDR 

Graphics: A. Manfree



Project outline
• Controlled experiments
• Residential landscape studies
• Load estimation
• Outreach of results
−

 
Promotion of low impact management

Runoff From Urban Landscapes
Evaluating BMP effectiveness



•

 

Landscape design & 
water quality

•

 

Fertilizing & watering
•

 

Lawn fertilizing
•

 

Lawn Watering 
•

 

Ant control
•

 

Lawn insects
•

 

Garden chemicals: 
Safe use & disposal

Outreach Materials



Project outline
• Controlled experiments
• Residential landscape studies
• Load estimation
• Economic evaluation of BMP effectiveness
• Outreach of results
−

 
Local, statewide, regional 

Runoff From Urban Landscapes
UC Master Gardener Advanced Training



Runoff From Urban Landscapes
Outreach Events
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Outreach Events



Project outline
• Controlled landscape studies 
• Residential runoff characterization
• Load estimation
• Outreach

Runoff From Urban Landscapes
Evaluating BMP effectiveness
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lroki@ucdavis.edu
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