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45 minutes
Abstract
This problem examines the challenges of achieving sustainable development in a world of unintended consequences with a hypothetical example of cotton production in India. First, the basic agricultural production challenge of developing world agriculture is quantified. Second, development challenges are clarified with a study of capital constraints, which prevent adoption of high profitability agriculture. Then, two policy responses to this development challenge are offered—microlending and subsidies—both of which are shown to overcome capital constraints. Finally, the classic 'Tragedy of the Commons' problem in introduced as an unintended consequence of the development policy intervention, which shows how difficult it is to achieve sustainable development. A policy response to this sustainability problem is suggested.
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Format of Delivery
For successful delivery of this problem, we recommend the following preparations and procedures:
1. Format for a single sheet of paper, double-sided, if possible.
2. Have students assemble in small groups. Ideally the groups would be four members. However, we have had success with groups from two to five members.
3. To facilitate conversation, the instructor may want to consider having the groups assign each member of their group one of the following roles:
a. Reader: Reads each section aloud and poses the question to the group verbally.
b. Recorder: Writes down the group’s answers.
c. Calculator: There are many calculations in this problem. It may be easiest for the group to assign to one member the tasks of performing the calculations on a calculator.
d. Reporter: Reports out to the entire class the group’s answers during discussion.
4. Report out to the class after groups work on the problem. This ensures everyone has the right answers (i.e., the calculations), and then allows for deeper discussion of the implications.
Student Learning Objectives
Upon completing this exercise students will be able to:
1. Understand the pressing need to increase productivity in developing world agriculture.
2. Understand, roughly, the incentives facing a developing world farmer when making production decisions.
3. Understand how capital constraints may prohibit otherwise optimal decisions.
4. Understand how policy works to alter incentives; in this problem, two possible policies are applied (microlending and subsidies).
5. Appreciate the complexities of sustainable development in that solving the development problem with a well-intentioned policy can exacerbate an environmental problem.
6. Understand how policy can try to solve environmental problems; in this case, the Tragedy of the Commons.
Student Resources
Several sources are listed in the problem.
In addition, the students may benefit from examining: Hardin, G. (1968). The tragedy of the commons. Science 162, 1243-1248.
Note that most students will need a calculator.
[bookmark: _vnnu1erh5b5k]Instructor Resources
Source 1: Relates agricultural issues to groundwater depletion in India (NPR news clip): Zwerdling, D. (13 April 2009). India's farming 'revolution' heading for collapse. [NPR news clip]. National Public Radio, World News. 
http://www.npr.org/templates/story/story.php?storyId=102893816
Source 2: Discusses current issues regarding Bt cotton in India, including economic differences based on price of seeds: A growing problem: Is there a future in India for genetically modified seeds? University of Pennsylvania, 3/11/10:
http://knowledge.wharton.upenn.edu/india/article.cfm?articleid=4456
Source 3: Summarizes the relationship between groundwater irrigation and Indian agriculture: Reuters. Veeralapalam, A.P. and Lubana Teku, P. (10 Sept. 2009). When the rains fail. The Economist.
http://www.economist.com/displaystory.cfm?story_id=14401149
Source 4: Discusses the difference in yield between Bt cotton and traditional cotton as well as pesticides required for growth: Qaim, M. and Zilberman, D. (7 Feb. 2003). Yield effects of genetically modified crops in developing countries. Science, 299, 900-902
http://www.sciencemag.org/cgi/content/short/299/5608/900
Author's Teaching Notes
This problem was tested in multiple classes and changes were made based on feedback from students and observations of their progress while completing the problem.
Most students seem to appreciate the tension of production efficiency in task one. They also readily understand credit constraints in task two, though few had considered this before. The policy steps in task three take most students well beyond where they had previous considered the solutions to development problems. When we bring in sustainability in task four, very few students recognized that this may be an unintended consequence. Classes with more students in economics tend to immediately see this issue.
I typically offer about 25-30 minutes for the students to tackle the calculations. I cut off groups that do not finish after, say, 30 minutes because it is very important to report out and discuss.
Instructors in non-economics classes probably will opt to exclude issues of social efficiency. My classes are mainly in economics and the social efficiency construct has been introduced. If this is implemented in a course where students do not have an economic background, they should be provided with information regarding the definition of profit prior to completing the problem tasks in order to calculate numerical solutions.
[bookmark: _2fpna54vyx5e]Assessment Strategies
I have yet to grade this problem; however, one could easily adapt this to be a short assignment. There are numerical answers to most problems. For all sections, including the reflective answers, groups could report out or submit their responses for evaluation.
[bookmark: _skyobqqzj3lg]Solution Notes
Although instructors can adapt this problem to their classes to make the most appropriate fit, we teach it with an economics focus and so the criterion for adoption of any technology is profitability. Profit is defined as revenue minus cost. As such, there is a single correct answer for most of the questions. However, if a faculty member wanted to grade it using different criteria, they could do so based on their preferences to generate a more free-flowing discussion.
[bookmark: _m65bp3w93jh9]Task 1.
· Low Score:
· No comparison of cotton technologies
· No application of profit
· No calculations
· Misapplication or no application of correct concepts
· Average Score:
· Compares some cotton technologies
· Makes an attempt to calculate profit
· Some correct calculations, leading to a recommendation?though not the correct recommendation
· Applies some concepts correctly
· High Score:
· Compares all cotton technologies
· Calculates profit as a means of comparison
· Makes all correct calculations, leading to the correct recommendation
· Correctly applies concepts
Irrigated Bt cotton: 4050 - (900 + 1350) = 1800 
Non-irrigated Bt cotton: 2250 - 1350 = 900
Traditional, irrigated cotton: 1800 - (900 + 112 + 225) = 563
Traditional, non-irrigated cotton: 1710 - (112 + 225) = 1373
Farmers choose irrigated Bt cotton because profit is highest.
[bookmark: _4q2uykqoxaoi]Task 2.
· Low score:
· No comparison of technologies
· No application of profit
· No comparison of interest rates
· No calculations
· Misapplication or no application of correct concepts
· Average score:
· Compares some technologies
· Makes an attempt to calculate profit
· Applies some interest rates to costs
· Some correct calculations, leading to a recommendation?though not the correct recommendation
· Applies some concepts correctly
· High score:
· Compares all cotton technologies
· Correctly calculates profit
· Applies interest rates to costs
· Makes all correct calculations, leading to the correct recommendation
· Correctly applies concepts
Irrigated Bt cotton: Revenue: 4050 - 2250(1.25) = 1237.5
Non-irrigated Bt cotton: Revenue: 2250 - 1350(1.25) = 562.5 
Traditional, Irrigated cotton: Revenue: 1800 - 1237(1.25) = 253.75 
Traditional, Non-Irrigated cotton: Revenue: 1710 - 337(1.25) =1288.75
Farmers choose non-irrigated traditional cotton at an interest rate of 25% because profit is highest.
Irrigated Bt cotton: Revenue: 4050 - 2250(1.1) = 1575 
Non-irrigated Bt cotton: Revenue: 2250 - 1350(1.1) = 765 
Traditional, irrigated cotton: Revenue: 1800 - 1237(1.1) = 439.30 
Traditional, non-irrigated cotton: Revenue: 1710 - 337(1.25) =1339.30
Farmers choose irrigated Bt cotton at an interest rate of 10% because profit is highest.
Examples of acceptable answers to parts of the task:
Better credit markets enable farmers to pursue capital-intensive technology. Without international credit, farmers choose to grow traditional, non-irrigated cotton as opposed to irrigated Bt cotton due to a much lower initial cost. This causes farmers to produce less, however they do not rely on groundwater to irrigate their crop.
At the World Bank interest rate of 10%, farmers choose to grow the more expensive irrigated Bt cotton, which results in higher net benefits but also depletes groundwater. Therefore, international development policy can potentially impact the environment.
The enhancement of social welfare would depend upon the examination of the positive and negative effects of the microfinance program. On the positive side, farmers would have higher profit with access to a better credit market and the use of the Bt cotton would reduce the application of pesticides. In addition, the increase in cash would contribute to economic development in the region. On the negative side, the program costs money to implement and could potentially cause groundwater depletion. Summary: benefits (higher profit, less pesticides, economic development) and costs (water depletion and cost of running program)
[bookmark: _6lqtty7lxjeu]Task 3.
· Low score:
· No comparison of technologies
· No application of profit
· No application of interest rate
· No application of government subsidy
· No calculations
· Misapplication or no application of correct concepts
· Average score:
· Compares some technologies
· Makes an attempt to calculate profit
· Makes an attempt to apply interest rate to costs
· Makes an attempt to apply government subsidy
· Some correct calculations, leading to a recommendation—though not the correct recommendation
· Applies some concepts correctly
· High score:
· Compares all cotton technologies
· Correctly calculates profit
· Applies interest rate to costs
· Correctly applies the government subsidy
· Makes all correct calculations, leading to the correct recommendation
· Correctly applies concepts
Examples of acceptable answers to parts of the task:
Irrigated Bt cotton (25% interest): Profit: 4050 - [(900+1350-225)1.25] = 1518.75
Non-irrigated Bt cotton (25% interest): Profit = 2250 - [(1350-225)1.25] = 843.75
Traditional, irrigated cotton (25% interest): Profit= 1800 - 1237(1.25) =253.75
Traditional, non-irrigated cotton (25% interest): Profit= 1710 - 337(1.25) = 1288.75
All farmers will grow irrigated Bt cotton after the subsidy because it has the largest profit.
[bookmark: _z7hq6fgst5p1]Task 4.
· Low score:
· No comparison of technologies
· No application of profit
· No application of interest rate
· No application of government subsidy
· No application of externality
· No calculations
· Misapplication or no application of correct concepts
· Average score:
· Compares some technologies
· Makes an attempt to calculate profit
· Makes an attempt to apply interest rate to costs
· Makes an attempt to apply government subsidy
· Makes an attempt to apply externality
· Some correct calculations, leading to a recommendation?though not the correct recommendation
· Applies some concepts correctly
· High score:
· Compares all cotton technologies
· Correctly calculates profit
· Applies interest rate to costs
· Correctly applies the government subsidy
· Correctly applies externality
· Correctly applies tax policy to externality
· Makes all correct calculations, leading to the correct recommendation
· Correctly applies concepts
10 new farmers Irrigated Bt cotton (25% interest):
Profit: 4050 - [(900+1350-225+100)1.25] = 1393.75 
Non-irrigated Bt cotton (25% interest): Profit: 2250 - [(1350-225)1.25] = 843.75 
Traditional, irrigated cotton: Profit: 1800 - (1237+100)(1.25) = 128.75 
Traditional, non-irrigated cotton: Profit: 1710-337(1.25) = 1288.75
Existing farmers’ irrigated Bt cotton (25% interest):
Profit: 4050 - [(900+1350+200-225)1.25] = 1268.75 
Non-irrigated Bt cotton (25% interest): Profit: 2250 - [(1350-225)1.25] = 843.75 
Traditional, irrigated cotton: Profit: 1800 - (1237+200)(1.25) = 3.75 
Traditional, non-irrigated cotton: Profit: 1710-?-337(1.25) = 1288.75
Examples to acceptable answers to parts of the task:
With the externality, new farmers would irrigate with Bt cotton. However, existing farmers would find that the externality puts too much cost on them. They would either be operating at a suboptimal irrigated Bt, or they would switch back to nonirrigated traditional. The water level may recover, but not enough to allow them to start irrigating again.
The benefits of the program are that ten new farmers produce with net profits of 1393.75 per year instead of 1288.75, or a gain of 105. The cost is that ten existing farmers went from 1518.75 to 1288.75, or a loss of 230. So, the total benefits are 1050 and the costs are 2300. Hence, the program is not efficient (and not fair to existing farmers).
If each farmer pays a tax for each new well equal to the harm (200), then the ten new farmers would not switch. Another option would be to remove the subsidy.

[image: Creative Commons License] Joshua Duke	      Challenges to Sustainability in the Developing World: Private Choices and Social Implications of Cotton Production in India	 Page /
image1.png
© 96




