
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


 

 

Cross-crop spillover effects of pesticide use: Modeling reduced lygus 

damage to California cotton 

 

 

 

 

 

 

 
 

Yanan Zheng, Department of Agricultural and Resource Economics, University of California, Davis 

(yanzheng@ucdavis.edu) 

Rachael Goodhue, Department of Agricultural and Resource Economics, University of California, Davis 

 (goodhue@primal.ucdavis.edu)  

 

 

 

 

 

 

 

 

Selected Poster prepared for presentation at the 2024 Agricultural & Applied Economics Association 

Annual Meeting, New Orleans: July 28- 30, 2024 

 

 

 

 

 

 

 Copyright 2024 by Yanan Zheng and Rachael Goodhue. All rights reserved. Readers may make verbatim 

copies of this document for non-commercial purposes by any means, provided that this copyright notice 

appears on all such copies. 

mailto:yanzheng@ucdavis.edu
mailto:goodhue@primal.ucdavis.edu


Motivation

• Agricultural landscapes often include a diversity of crop species.

• A common problem of such cropping patterns is that pest

infestations and management in one crop can be heavily influenced

by surrounding ones.

• Lygus is the most important pest of California cotton.

• In the San Joaquin Valley (SJV), lygus migrates through a clear,

annual cycle of host crops.
➢ Lygus initially develops its populations in alfalfa and safflower

fields in early April to late July.

➢ When alfalfa and safflower are harvested, adult lygus may then

migrate into cotton (Sevacherian and Stern 1974).

• Lygus is not an economic pest for safflower or for alfalfa.

• One of the strategies to control lygus in cotton:
➢ Apply pesticides to alfalfa and safflower in the early season to

reduce lygus migrations into cotton (UC IPM 2013).

• Cotton growers may benefit from the cross-crop spillover effect of

pesticide use if pesticide use in nearby alfalfa and safflower fields

helps reduce lygus migrations into cotton.
➢ Alfalfa and safflower growers who apply such pesticides create

positive externalities for cotton growers.

➢ If they grow cotton, provide cross-crop benefits for themselves.

• Main Objective:

➢ Use daily field-level data on applications of pesticides that are

targeted at or incidentally control lygus in alfalfa, safflower,

and cotton in the SJV;

➢ Develop a bioeconomic simulation model to estimate the

reduction in economic losses to cotton producers that have

resulted from pesticide applications made to alfalfa and

safflower fields;

➢ Quantify the economic values of reduced cotton yield losses,

distinguishing positive externalities from cross-crop benefits.
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• First, prior literature often discusses that externalities generated by

nearby growers are a common problem in pest management

❑ Due to the general unavailability of crop management data, there

have been fewer empirical studies that can accurately identify

externalities and/or distinguish externalities from spillover

effects (exception: Karagiannis and Tzouvelekas (2012))

• Second, previous studies that examine the effectiveness of pest

management strategies on crop yield and profitability tend to use

observational data from one or a few representative and/or

experimental fields (e.g., McKee, 2011)

❑ These studies typically cannot quantify the economic values of

pesticide use decisions at the larger landscape level because pest

management benefits and costs are highly variable by
✓ location and timing of infestations

✓ choice of pesticide products

✓ number of pesticide applications

Data
This study employs data for five SJV counties of Fresno, Kern, Kings,

Merced, and Tulare spanning from 2010 to 2019. Our dataset combines

information from multiple sources.

• Pesticide use data
➢ Pesticide Use Report (PUR) database from California Department

of Pesticide Regulation (DPR)

➢ Store comprehensive, field-level pesticide application information
❑ application time and date; application method; crop, field, grower,

and county identification numbers; the acreage planted and treated;

and amount of active ingredient and pesticide product used

➢ Allow for GIS mapping, combined with geo-coded data from

CalAgPermits

➢ Nearby fields: within the central field’s 3-km radius

• Weather data
➢ UC IPM

➢ Keep daily temperature data for all weather stations in California

➢ Translate daily minimum and maximum temperatures to degree-

days using the single sine method

• Crop price data
➢ County Agricultural Commissioner’s (CAC) reports

➢ Annual county-level cotton price (in $/lbs) and planted acreage

Image source: https://images.app.goo.gl/NyCPrZcT7mRkMhNi6

Method
We employ a three-step procedure for the empirical analysis.

1. Develop a parameterized model to

▪ simulate the size of the lygus population and its daily

development in individual alfalfa, safflower, and cotton fields

❖ based on the spatial-temporal relationships of crop production

and pesticide use

▪ combine the model with grower behavior for managing lygus in

one field, while accounting for the effect of management

activities in nearby fields

▪ derive lygus populations with and without considering pesticide

applications made to nearby alfalfa and safflower fields.

2. Employ a bioeconomic simulation model to estimate

▪ the effect of the cumulative lygus population density on cotton

square and boll development

▪ the resulting impact on cotton yield and profitability.

3. Determine the economic values of reduced cotton yield losses due to

the effect of pesticide applications to nearby alfalfa and safflower

▪ compare the magnitudes of cotton profitability derived based on

the two sets of lygus population density

▪ distinguish the values of positive externalities from those of

cross-crop benefits

❖ based on the information on crop management (by the same or

different growers)

Results

• Pesticide applications to cotton’s nearby alfalfa and safflower did

help reduce cotton yield losses.

• By quantifying the change in revenue over the years 2017 to 2019,

we estimate that the corresponding economic value was about $2.1

million.

➢ The positive externalities accounted for $0.74 million (35%).

➢ The remaining $1.39 million was captured by cotton growers who

grew at least one of the other two crops near their cotton fields.

Table 1. Economic values of reduced cotton yield losses that were 

attributable to cross-crop spillover effects of pesticide use, 2017-19

Implications
• A clearer understanding of the dynamics of lygus populations, the

management decisions made by growers of the three crops, and

their economic impacts on crop production is critical as this

information can be useful to cotton growers who may benefit from

spillover effects of pesticide use.

• The bioeconomic model developed in this study can be calibrated

as a decision aid to guide growers’ crop management and pesticide

use decisions in the future.
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