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Intensive Pesticide Use in California 
• California has 2-3% of the nation’s croplands, yet 

accounts for 25% of the nation’s pesticide use (Brady 
et al. 2006). 

(CDPR 2008) 

Pesticide Use Parcels 

Introduction 



Outline 

I. Pesticide Use Reporting (PUR) Database  
http://www.cdpr.ca.gov/docs/pur/purmain.htm 

II. PUR Query Tool - PURWebGIS 
http://purwebgis.ucdavis.edu/PURwebGIS.html  

III. Pesticide Use Risk Evaluation (PURE) System 
http://pure.ucdavis.edu  

IV. Surface Water Quality Modeling Using  
           Soil and Water Assessment Tool (SWAT) 

http://www.cdpr.ca.gov/docs/pur/purmain.htm
http://purwebgis.ucdavis.edu/PURwebGIS.html
http://pure.ucdavis.edu/


Identifications 
County code 
MTRS (section) 
Operator ID 
Permit number 
Site Location ID 
Site (crop) ID 
Qualifier code 
Commodity treated 
Acres planted 

Chemical Use 
Chemical code 
Lbs of chemical used 
Acres treated 
Lbs of product used 
# of applications 
Date of application 
Application method 
…… 

Record keeping 
Record # 
  (Ag vs non-Ag) 
Batch # 
EPA registration # 

Relational database 

P U R 
Pesticide Use Report 

1. Assist in addressing water and air quality issues 
2. Assess pesticide use trends for pest management 
3. Used to conduct worker health and exposure…… 

I. Pesticide Use Reporting (PUR) Database 



Database 
Scheme 



History of PUR 

• California first required limited reporting of 
pesticide use by 1950. 

• The PUR database contains records starting in 
1974. 

• Current full use reporting system started in 
1990. 

• The PUR database contains about 2.5 million 
records for each year since 1990. 



What is Reported? 

• All pesticide applications in California 
production agriculture must be reported to 
the appropriate County Agricultural 
Commissioner’s office. 

• All pesticide applications made by commercial 
pest control businesses must be reported. 

• The exceptions: pesticide applications made 
by home and garden use or most institutional 
use are not reported. 
 



Two Types of PUR Records 

• Production agricultural applications 
– Applications to agricultural fields 
– California defines agriculture broadly, including 

forests, parks, rangelands, turf 
– Each record in the PUR refers to one application of a 

pesticide product 
• Monthly summary reports 

– All other uses by commercial applicators (post 
harvest, landscape, structural) 

– Each record refers to total use of a pesticide during 
each month on a site in a county by the applicator 



Data Collected for Production 
Agricultural Records 

• Pesticide product used (its name and EPA registration 
number) 

• Amount of product used, in gallons, pounds, or other units 
• Crop treated 
• Area of the crop planted 
• Area of the crop treated 
• Date of treatment 
• Geographic location of the treatment (to a square mile) 
• Grower of operator identifier 
• Field identifier 
• Method of application (by air, ground, or other method) 



Process from Grower to PUR 

 

Web based application for countries 
and anyone submitting use reports. 



PUR Data Quality 

• All records are checked for 40 different 
possible errors 

• Error rate less than 0.5% 
• Probably 80 to 90% of actual use is reported 



Strengths of PUR 

• PUR data includes detailed records of each 
agricultural application. 

• Data are obtained from a census not just 
samples. 

• Data are GIS friendly. 
• Data can be linked with many other databases 

on the chemical, environmental, and health 
properties of pesticides. 



Uses of the PUR 

• Dietary risk and exposure assessments 
• Epidemiological studies 
• Environmental monitoring 
• Volatile Organic Compound (VOC) regulations 
• Endangered species 
• Pest management strategies 
• Marketing 
• Almost endless number of ways… 









Raw Data Format of PUR 

 



II. PURWebGIS 













Pesticide Transport 

(Birkved and Hauschild 2006) 

III. Pesticide Use Risk Evaluation (PURE) System 





Pesticide Environmental Risk 

• Risk = Exposure + Effect 
• PURE (Pesticide Use Risk 

Evaluation) Indicator 
– California based 
– Modularized 
– Transparent 
– Freely accessible 



Parameters for each 
compartment 



AI Property 

CIMIS SSURGO/ 
STATSGO 

GIS 
Layers 

Climate 
Parameter 

Soil 
Property 

Topography Product 
Property 

Pesticide 
Use 

CDPR/ 
FPPD 

PURE 
Risk Scores 

PUR CDPR 

Main Data Sources 

Pesticide 
Properties 

Environmental 
Conditions 



PURE Database Schema 



Risk Score Calculation and Classification 

Risk Score Risk Class 

0 ≤ R ≤ 25 Low 

25 < R ≤ 50 Moderate Low 

50 < R ≤ 75 Moderate High 

75 < R High 



California Almonds 

• Spatiotemporal patterns 
– Pesticide use intensity (UI; kg/ha) 
– Pesticide risk intensity (RI; R/ha) 

• Period: 1996 – 2010  
• Pesticide use categories: 

– Insecticides, Fungicides, 
Herbicides, Fumigants 

• Statistical Methods:  
– Mann-Kendall test 
– Theil-Sen Slope 



Insecticides Fungicides Herbicides Fumigants 

Insecticides Fungicides Herbicides Fumigants 



Insecticides Fungicides 

Herbicides Fumigants 

Annual UI at Regional Level 



** p<0.01; * p<0.05; · p<0.1 

Top-five pesticides for each use category (kg/ha) 



Surface Water Groundwater Soil Air 

Surface Water Groundwater Soil Air 



Surface Water Groundwater 

Soil Air 

Annual RI at Regional Level 



** p<0.01; * p<0.05; · p<0.1 

Top-five pesticides for each risk type (R/ha) 



PURE Website 





Pesticides in Surface Water 
• Contamination of pesticides in water and 

sediment 
• Modeling vs. monitoring 

– Continuous predictions 
– Not limited by site locations 
– Key processes/parameters 
– Scenario analysis 

 
 

Initialize and 
evaluate models 

Guide future 
monitoring efforts 

IV. Surface Water Quality Modeling Using SWAT 



Model development 

 

Transport simulation 

 SWAT  model (USDA) 
 PRZM model (USEPA) 
 Hydrology simulation 
 Pesticide transport 
 Management practices 
 Weather generation  
 Plant growth  

 

ArcGIS/ArcObjects 

 Spatial framework 
 Geo-database 
development 
 Spatial analysis 
 Input preparation 
 Output visualization 
 Web-GIS 

 

Evaluation system 

 Statistical evaluation 
 Stochastic simulation 
 Model calibration 
 Model validation 
 Uncertainty and 
sensitivity analysis 
 Scenario analysis 

 



Modeling studies 

 
Watershed model 

 Model development 
 Model evaluation 

 

Structural BMPs 

 Model sensitivity 
 BMP representation 

IPM 

 Integrated pesticide 
management 

Human health risk 

 Cumulative risk 
analysis for 13 OPs 

Climate change 

 Hydrology 
 Agricultural runoff 

Soil property 

 Soil data processing 
 Impact on model 
performance 

Scaling effects 

 Spatial delineation 
 Impact on model 
performance 

Field-scale model 

 Linear routing 
 Eco-system risk 
analysis 



SWAT model overview 

• Basin-scale, continuous time, daily step 
• Predict the impact of management on water, 

sediment and agrochemicals 
• USDA NRCS 
    continuous  
    improvement 
• TMDL  
• Efficacies of BMPs 

 



SWAT functions 
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Water balance Spatially Distributed 
hydrologic simulation 

Water quality 

In-stream processes 

Reference: Neitsch et al. 2005  



SWAT equations 

• Soil water (SW) balance 
 
 

• Channel routing 
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Landscape characterization 

• Simulation domain 
Northern San Joaquin Valley watershed 
• Watershed delineation 
15 sub-basins following CVRWQCB 
• HRU (Hydrologic Response Unit) distribution 
Overlaying land use and soil maps 

 



Simulation domain 

 

Reference: Luo et al., 2008 



GIS databases 

• National Elevation Data (USGS ) 
• National Hydrography Dataset (USGS) 
• Land use survey data  (CDWR ) 
• Soil Survey Geographic (SSURGO) database 

(USDA) 
• Weather data (CIMIS ) 
• Pesticide use data (CDPR PUR) 
• Monitoring data for streamflow rate and 

water quality (USGS and CDPR) 



GIS databases 

 
• DEM and stream network 



GIS databases 

 
• DEM and stream network 
• Land use 



GIS databases 

 
• DEM and stream network 
• Land use 
• Soil 



Simulation scenario 

• Model initialization and parameterization 
• Test agents: diazinon and chlorpyrifos 
• Daily simulations during 1990 though 2005 
• Model calibration 

– Hydrology (stream flow), and  
– Water quality (sediment, nutrients, and 

pesticides) 

 



Model evaluation 

• Nash-Sutcliffe (NS) coefficient 
 
 
 

• Sensitivity index (S) 
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I : Model input 
O: Observation 
P: model prediction 



Model results: stream flow 

 

Predicted and observed stream flow (m3/s) in the San Joaquin 
River at Vernalis during 1992-2005 (Reference: Luo et al., 2008) 



Model results: sediment 

 

Predicted and observed sediment load (kg/mon) in the San Joaquin 
River at Vernalis during 1992-2005 (Reference: Luo et al., 2008) 



Model results: pesticide 

 

Dissolved chlorpyrifos loads (kg/mon) in the San Joaquin River at 
Vernalis during 1992-2005 (Reference: Luo et al., 2008) 



Spatial distribution 

 



Summary 

• PUR: a valuable data source on pesticide use 
• PURWebGIS: a user-friendly query tool 
• PURE: an integrated pesticide environmental 

risk assessment system 
• SWAT: a reliable model to simulate pesticide 

surface water concentrations 
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请各位老师批评指正！ 
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