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	Paper Title: The Sensitivity of Agricultural Productivity to Climate Change:District Level Evidence from Pakistan
	Abstract: Purpose
According to the World Bank, Pakistan is amongst the most vulnerable countries to climate change risk. Being an agricultural country, Pakistan is rich in growing food and cash crops and the impacts of climate change significantly vary across its different districts. The purpose of this study is therefore to investigate what impact does the climate change has on agricultural productivity of major crops at district level.
Study Design/methodology
We estimate the impact of climate change on the productivity of five major crops: wheat, rice, maize, sugar cane, and cotton in a panel of 82 districts over a period of 21 years i.e., from 2000-2020. We designed a special composite index based on 30-year weather data from 7 weather stations across the country to calculate each district’s climate change score. We then apply Panel Corrected Standard Errors (PCSE) estimation to relate each district’s climate change score to the productivity of major crops across the districts. 
Findings 
We find that agricultural productivity has been negatively related to climate change in a majority of the districts. In 62 out of the 82 districts, climate change was found to be adversely affecting the agricultural productivity of major crops, while in 20 districts it was found to be positively related with agricultural productivity. 
Originality
We contribute to the literature on climate change and agricultural productivity in a number of ways. First, we provide gross root district-level evidence on the impact of climate change on the productivity of major crops. Secondly, as opposed to a number of previous studies who consider a single climate factor, we have considered a number of climate related factors simultaneously. Finally, to the best of our knowledge, we are the first ones to introduce a specially designed composite index to measure climate change at each district using long term weather data on a number of climate related factors.

	Keywords: Key Words: Climate Change, Pakistan, Food and Cash Crops, Index, Agricultural
	JEL Code: 
	Introduction: The main purpose of this study was to estimate the impact of climate change on the agricultural productivity of major crops in Pakistan. Our choice of observing this impact in Pakistan was largely motivated by the fact that Pakistan is amongst the topmost vulnerable countries to the adverse effects of Climate Change according to the World Bank. Moreover, Pakistan is also and Agricultural country where agricultural sector is a major contributor to the GDP. This contribution has greatly reduced from 70% in 1960 to 43% currently.  
	Methodology: We constructed a specially designed composite index to measure the level of climate change at district level based on 30-year weather data from 7 weather stations across the country. The impact of changes in that index was then measured over the agricultural productivity of five most productive and important crops of the country i.e., wheat, rice, maize, sugar cane, and cotton in a panel of 82 districts over a period of 21 years i.e., from 2000-2020. We applied Panel Corrected Standard Errors (PCSE) estimation to relate each district’s climate change score to the productivity of major crops across the districts. 
	Results: We find that agricultural productivity has been negatively related to climate change in a majority of the districts. In 62 out of the 82 districts, climate change was found to be adversely affecting the agricultural productivity of major crops, while in 20 districts it was found to be positively related with agricultural productivity. We believe that this positive relationship could be due to the diverse geography of the country where climate change varies from favorable to worse. Moreover, Climate events such as Floods which may have had adverse effects in one region have actually left positive effects on the agricultural production.
	Discussion and Conclusion: In an agricultural economy, the decline in productivity of food and cash crops sugarcane and cotton may be an alarming signal in the coming years. The government of Pakistan needs to take steps on an emergency basis to cope with climate change. While the government has recently taken some steps to curb climate change and its impacts such as a mega plantation drive of planting one billion trees, ban on plastic bags and instead introducing Biodegradable bags besides a number of other steps, however, in order to have the positive outcomes of these steps, the government needs to observe a consistent implementation of such measures. Farmer education and timely and accurate weather information systems across the country is also a need of the day so that the farmer at gross root level stay informed of any possible short term and long-term shifts in climate and hence accordingly adjust their choice of crops. Weather and disease resistant seeds might either be indigenously developed or imported on emergency basis so that the country’s food and economic needs from the agricultural sector are well met.


