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[bookmark: _voetfxrhla8]Problem Statement and Task 1
This problem poses a hypothetical situation, though some facts and scientific studies are used to inform the problem. Nevertheless, it is designed to capture tensions in designing policies to promote sustainable agriculture in the developing world and these tensions offer further intuition on the difficulties in resolving conflicts over the adoption of genetically modified varieties of crops.
In Andhra Pradesh, India, farmers face a dilemma about whether to grow traditional varieties of cotton or Bt (Bacillus thuringiensi) cotton, which is genetically modified to be resistant to pests called the American bollworm, the spotted bollworm, and the pink bollworm. Bt cotton contains the gene for Cry1Ac, which causes mortality in these pests, improving crop yields (Qaim et. al. 2003). Traditional varieties of cotton do not yield as much, but their seeds are far less expensive. In addition, reducing pesticide use can produce environmental and health benefits. This type of engineering is important for developing countries because it reduces the need to purchase pesticides, but it is costly and developing world farmers have limited cash reserves. From the farmer’s perspective, increased yields from Bt cotton must be balanced with the increased cost. Such a calculation, in turn, is affected by access to credit and credit markets in many parts of the developing world function poorly.
Water also plays an important role. Andhra Pradesh has uneven rain distribution throughout the cotton season. In certain districts, rainfall is less than 60cm/year, and rainfall varies both geographically and over time (Barua and Hubacek 2008). Precipitation can vary from 9,000mm/year in the northeastern state of Meghalaya to just 100mm/year in the western parts of Rajasthan (Barua and Hubacek 2008). Farmers are also vulnerable to years with little rain during the monsoon season, which causes massive crop loss. Not only are crops affected during monsoon season, but they are also affected during the dry winter seasons when both Bt and non-Bt cotton do poorly without irrigation (Herring 2008). For this reason, farmers face a strong incentive to irrigate their fields. If farmers choose to irrigate, they often rely on wells to extract groundwater for use on their crops. Groundwater levels drop each year, requiring wells to be deepened or costly engineering to help with recharge (Zwerdling 2009).
[bookmark: _br3zop27q51u]Data
This problem uses hypothetical data, describing a decision facing a farmer in Andhra Pradesh, India. There are four choices for growing cotton:
	

Type of Cotton Production Technology

	 
	Irrigated
Bt 
cotton
	Non-irrigated
Bt
cotton
	Traditional, 
irrigated 
cotton
	Traditional, 
non-irrigated 
cotton

	
	(Rupees)
 
	(Rupees)
 
	(Rupees)
 
	(Rupees)
 

	[bookmark: _xt1kjzyhu2cv]Revenue Expected
	4,050
	2,250
	1,800
	1,710

	Irrigation Cost
	900
	0
	900
	0

	Seed Cost
	1,350
	1,350
	112
	112

	Pesticide Cost
	0
	0
	225
	225

	Note: Irrigation, seed, and pesticides are expressed as yearly costs. 
Numbers are approximate and were designed to demonstrate economic reasoning in this problem.


[bookmark: _v2zbqz7yn44v]Task 1. Simple Technology Choice 
Based on these data, which type of cotton technology would farmers choose?
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Task 2: Impact of Credit Markets on Technology Adoption
In the developing world, farmers often need loans for irrigation, pesticides, and/or seeds, because they have limited access to cash. In addition, financial markets are poorly functioning when compared to the developed world. Instead, a private money-lending market offers loans at what the developed world would consider to be high interest rates (Zwerdling 2009).
Assume that farmers are offered a 25% interest rate and that all farmers need to take out a loan for all cash costs of production—meaning that it is assumed that farmers have no cash reserves at the start of the year. Which type of cotton technology do farmers choose to grow? Assume for this task that loans are for one year and that the task represents one year (i.e., farmers take out a loan at the beginning of the year and repay the loan and interest at the end of the year).
Assume the World Bank instituted a new microfinance program in Andhra Pradesh, which uses capital and international management training to create a market for lending to farmers. Assume the World Bank offers farmers a loan with a 10% interest rate. Assuming all farmers take out loans for all costs, now which type of crop technology will farmers choose to grow?
Explain how credit markets affect the profitability and sustainability of the cotton farmers’ decisions. In addition, explain how one would decide if the World Bank microfinance program enhanced social welfare (in the first year of operation).
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[bookmark: _p91eiek92xae]Task 3
In an effort to increase production of cotton and income to farmers, the Indian government decides to subsidize Bt cotton. The government issues a certificate to farmers, which gives them a coupon worth 225 Rs toward the purchase of Bt cotton. They can use the coupon immediately. Now what do farmers choose to grow under the World Bank microfinance program at interest rates of 25%?
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[bookmark: _ae0edeibk1wz]Task 4: Impact on Social Efficiency of Multilateral Externalities from Technology Adoption
If many farmers choose to irrigate their cotton, the groundwater levels drop. This may harm farmers and other groundwater users, because it imposes costs in the form of deepening existing wells or costly recharging efforts. Hence, the decision to begin irrigation using groundwater may be seen as an externality. Assume at present that the wells are sufficiently deep to handle current water use.
Now ten farmers are planning to construct new wells and switch from non-irrigated traditional cotton to irrigated Bt cotton, using the 225 Rs coupon and with local moneylenders (25% interest rate). The cost of a new well is 100 Rs per growing season, but each new well imposes a negative externality on ten other farmers who use water of 200 Rs each (for retrofitting their existing wells). What will the ten new farmers decide to grow? How does this affect the other farmers that were already using groundwater?
How does the Indian government subsidy affect social efficiency when groundwater depletion is considered?
Propose a policy to deal with the externality imposed by dropping groundwater levels. Hint: use a tax.
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