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Landscape Indicators for 
Pesticide Study

• Long-term series of regional programs designed to 
investigate water quality and biotic integrity of small 
streams

• To date, data have been collected in the Mid-Atlantic 
Coastal Plain (2000) and the Midwestern Corn Belt 
(2004) 

• Collaborative effort among many EPA and USGS 
scientists



• Discuss the Mid-Atlantic Coastal Plain study in 
general terms

• Discuss the methods and results for predicting the 
likelihood of detecting nutrients and pesticides 
above threshold values for small streams in the 
Mid-Atlantic Coastal Plain

Objectives 



Study Design and Background

• Target population was all non-tidal, 
headwater (first-order) streams in the 
Mid-Atlantic Coastal Plain during base 
flow

• Approximately 10,000 streams



Study Design and Background

• Two approaches combined:
Random, probability-based design
Targeted sampling

• 175 sites selected using a stratified unequal-
probability approach to ensure desired land-
use distribution

Stratified on the basis of a hydrogeologic 
framework 
Inclusion probabilities were adjusted on the 
basis of land use to ensure an equal number of 
sites in each of 5 land use categories



Study Design and Background
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• One-time sampling
• Late winter/spring field 

study 
• Samples collected during 

base flow
• Watershed size varied 

from 0.2 km2 to 14.1 km2

Study Design and Background



Landscape and Soil Metrics

• Compiled a data base containing landscape and soil 
metrics for each of the 175 watersheds

Sources of GIS Data
• National Land Cover Data Base 

(NLCD)
• State Soil Geographic 

(STATSGO) 
• 30 meter digital elevation models
• RF3 stream reach data
• U.S. Census Bureau 1995 Roads 

Data 



Urban
Agriculture
Forest
Wetland
Barren
Water

Land Cover
(early 1990s)



Landscape and Soil Metrics
• Land Cover- Percentages of ag, forest, 

urban, wetland, barren, and ag on slopes >3%
• Human Stresses- Road density, roads 

crossing streams, and roads in close proximity 
to streams

• Riparian Buffer Land Cover-
Percentages of ag, forest, urban, and wetland 
in stream grid cell

• Topography- Elevation mean, range, slope 
mean, and slope curvature

• Soil-related Metrics- Percentages of clay, 
organic matter, and sand; available water 
capacity; mean bulk density; moisture content, 
permeability; and depth to water table 

ATtILA

RUSLE/ 
SEDMOD



Data Analysis Objective

• Develop predictive models of nutrient and pesticide 
levels from landscape and soils data for the 175 
watersheds

• Apply above models to all headwater watersheds in 
the region



Data Analysis Methods

• Principal components analysis of all landscape and 
soils data to reduce the number of independent 
variables 

• Stepwise logistic regression to relate nutrients and 
pesticides to the landscape and soils data

• Predict the likelihood of detecting compounds above 
threshold values



Principal Components Analysis
• PC1- upland (vs. low-relief) areas (27%)
• PC2- urban and road influences (16%)
• PC3- soil texture, well-drained soil (14%)
• PC4- agriculture (9%)
• PC5- wetland influences (7%)
• PC6- barren land influences (5%)
• PC7- mixed: low-organic-matter wetlands 

and roads crossing streams (4%)



Logistic Regression Models
Compound Threshold PC1 PC2 PC3 PC4 PC7 Date

Topo Urban Soil Ag Wetl
Nitrate 0.71 mg/L X X X
Nitrate 1.5 mg/L X X
Total Nitrogen 0.71 mg/L X X X
Total Nitrogen 1.5 mg/L X X X X
Ammonia 0.71 mg/L X
Total Phosphorus 0.03 mg/L X
Total Phosphorus 0.06 mg/L X X
Metolachlor plus 
metabolites

0.06 µg/L X X X X

Atrazine plus 
desethylatrazine

0.02 µg/L X X

Diazinon 0.002 µg/L X X



Logistic Regression Models

Once the logistic regression models were 
developed and validated, they were applied to 
other first-order watersheds in the Mid-Atlantic 
Coastal Plain (n=9,150 watersheds)



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of nitrate
concentrations greater than

or equal to 0.71 mg/L

Urban
Soil Texture
Ag

C = 0.77



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of nitrate
concentrations greater than

or equal to 1.5 mg/L

Soil Texture
Ag

C = 0.73



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of ammonia
concentrations greater than

or equal to 0.71 mg/L

Topography

C = 0.81



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of total nitrogen
concentrations greater than

or equal to 0.71 mg/L

Topography
Urban
Ag

C = 0.79



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of total nitrogen
concentrations greater than

or equal to 1.5 mg/L

Topography
Urban
Soil Texture
Ag

C = 0.81



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of total phosphorus
concentrations greater than

or equal to 0.03 mg/L

Topography

C = 0.66



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of total phosphorus
concentrations greater than

or equal to 0.06 mg/L

Topography
Wetland

C = 0.69



Moving on to Pesticides…



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of metolachlor (including 
degradates) at concentrations greater 

than or equal to 0.06 µg/L

Topography
Ag
Wetland
Date

C = 0.87



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of atrazine (including 
desethylatrazine) at concentrations 
greater than or equal to 0.02 µg/L

Ag
Date

C = 0.85



NASS LAND COVER



Urban land cover

No
Yes

Diazinon measured at
concentrations greater
than or equal to 0.002 ug/L

Urban 
All other land cover



0.0 - 0.1
0.1 - 0.2
0.2 - 0.3
0.3 - 0.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 0.9
0.9 - 1.0

Probability of diazinon at 
concentrations greater than or equal 

to 0.002 µg/L

Urban
Date

C = 0.91



Conclusions…..and caveats

• Successful in developing models capable of  
predicting levels of nutrients and pesticides in 
small headwater streams of the Mid-Atlantic 
Coastal Plain

• Models only apply to this region and only 
during base flow 

• Process can be applied to other regions, 
other flow regimes



Conclusions…..and caveats

• Land use was a significant factor in most of 
the models

• We chose threshold values based on 
professional judgement, threshold values can 
be chosen based on user’s needs and 
models can easily be rerun as long as 
modeling effort is supported by the data

• Ability to identify areas with high probabilities 
of impairment may be helpful for TMDL 
development  



Any Questions
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