PAGE  
1

Use of Spatial Models to Examine Producer Adoption of One- and Two-Toxin Bt Cotton and Pyrethroids to Manage a Mobile Pest Of Corn, Cotton, And Soybean: Why Structured Refuge Requirements May Not Be Needed to Promote Long-Run Economic Efficiency

Michael J. Livingston
The cotton bollworm (CBW), Helicoverpa zea, is the most damaging insect pest of cotton in the southeast United States, where initial generations develop in cornfields before flying en masse into cotton, soybean, and other crops. Cotton and soybean producers kill larvae with pyrethroids, cotton and corn producers plant Bt varieties, and the latter are required to plant minimum structured refuge(s) (refugia); however, appropriate refugia size remains a matter of debate. First, no change in Bt susceptibility in CBW collected from 14 States had been detected as of 2003. Second, pest mobility is a principle justification for government intervention; however, efficient refugia have not been examined using a spatially-explicit model with pest mobility. Third, Bt cotton varieties that express one (Cry1) and two (Cry1 plus Cry2) toxins are available and, even though the latter is over 80% more lethal to susceptible CBW and costs between $4–$8 more per acre, the same refugia applies to both varieties. Fourth, the impacts of producer adoption behavior, pyrethroid use, and pyrethroid resistance evolution are generally ignored in applied normative analyses (although see Amer. J. Agr. Econ. 86(1)(2004):1-13). Fifth, the effects of unstructured refuges (fields planted to other non-Bt crops) have not been explored. We use a spatially-explicit model to examine one- and two-toxin Bt cotton adoption, pyrethroid use, Bt and pyrethroid resistance evolution, economically efficient refugia, and marginal compliance costs in a region with multiple corn, cotton, and soybean fields infested by mobile CBW.

This study is important because registrations for Bt cotton are conditional and must be renewed and because the U.S. EPA is required to report regulatory costs and benefits before promulgating refugia. Our results suggest that refugia are not needed to promote long-run efficiency in eastern North Carolina for a 15-year horizon. In relatively cotton intensive areas, the annualized present value of an acre of cotton production (return) does not vary statistically with refugia size but, in areas where 42% of NC cotton is produced, current marginal compliance costs are an estimated 13% of profit per cotton acre. Refugia are generally binding for cotton growers in such areas; however, because of a substantial inverse relationship between acres planted to one- or two-toxin Bt cotton and pest pressure, a different adoption pattern occurs in relatively cotton intensive regions. During the first half of the horizon, the producer switches between planting the maximum (or close) number of one-toxin Bt cotton fields allowed and planting only non-Bt cotton the following year and, during the second half of the horizon, planting the maximum (or close) number of two-toxin Bt cotton fields allowed and planting only non-Bt cotton the following year. As a result, the average annual structured refuge planted is always much higher than the required minimum. When the length of the horizon is doubled, the return is statistically higher under the 0% relative to the 20% refugia for each cotton intensity examined, which suggests that marginal compliance cost increases with horizon length regardless of cotton intensity.

