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As the development of Bacillus thuringiensis (Bt) progresses, policy makers in all the countries planting Bt crops are facing the challenge of designing their own optimal refuge policies to manage the buildup of resistance to the expressed toxins in pest populations. Although most developing countries have also adopted refuge strategies similar to those the United States uses, there are reasons to believe that the United States-style refuge polices may not be designed in a way that is appropriate for developing nations. The goal of this study is to answer how to design refuge strategies in a developing country. Using Bt cotton in China as a case study, this study will provide a general framework to design optimal refuge strategies for a developing country. Specially, the study will answer whether China even need non-Bt cotton refuge to mange the pest’s resistance revolution; and if non-zero refuge is needed, is it appropriate to implement it in practice.

In this study, we developed a dynamic bio-economic model of the evolution of pest populations and pest resistances to characterize the socially optimal refuge strategies.  The dynamic optimal refuge strategies show that establishment of refuge areas might be delayed until the buildup of the resistance in the pest population becomes an important concern if it is needed for a long run refuge strategy. And for a short run refuge strategy, our simulation result shows that non-Bt cotton refuge is not needed considering the role of natural refuge crops. In other words, this study shows that China do not need to re-think its zero-refuge policy at least for a short run refuge strategy. This study also provides an example that empirical analysis is needed for each Bt counties to determine their own optimal refuge strategy, instead of simply following the refuge policy of the United States. 
