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Problem 1

The “externalities” or an “external economy” refers to the impact that an agent’s actions 

or behaviors has on other agents that do not go through market mechanisms. Although 

externalities can have both positive and negative impacts, negative impacts are often 

argued to be a factor leading to “market failures.”

Question 1)

Consider an industrial cluster of small-scale enterprises located in a particular region 

within a developing country. Examples of industrial clusters include garment factories 

(the clothing industry), furniture industry, or metal parts manufacturers (the 

manufacturing industry). Choose one example of an industrial cluster and describe 

positive and negative externalities that may exist within that cluster.

Question 2)

The “internalization” of externalities is a typical solution to problems caused by 

externalities. For a negative externality you have identified in Q1, propose an 

arrangement or a solution mechanism that could enable its internalization. Your proposal 

should include a description of the main agents of the mechanism and what actions they 

need to take.

Question 3)

The arrangement or solution mechanism that you proposed in Q2 may not function well 

in developing countries. Consider main reasons why your proposal might not function 

well and discuss how the existing conditions, including policies and regulations, might 

be reformed to enhance the functioning of your proposal.



 
 

 
 

 



 
 

Problem 2

Answer the following questions on Food Loss/Food Waste.

Question 1)

Among the Food related problem, Food Loss is more of a problem for developing 

countries, whereas Food Waste is more of a problem for developed countries. Explain 

why.

Question 2)

ICT technologies are thought to be effective in reducing Food Loss and Food Waste. 

Provide two examples:1) how a specific ICT technology can be used to reduce Food Loss 

and 2) how a specific ICT technology can be used to reduce Food Waste.

Question 3)

Identify and describe as many relationships as possible between Food Loss and/or Food 

Waste reductions in developing countries and the 17 SDGs. In your answer, specify the 

number of SDG and whether it is Food Loss or Food Waste.
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Problem 3

Question 1

Consider the relationship between daily income z and working hours per day x of households in

a village in a certain developing country. We conducted a survey on N households in the village,

to obtain data on the daily income zi and working hours xi for the household i i = 1, ..., N .

Assume the following regression equation,

z = ax+ b+ εz [1]

where a and b are constants and εz denotes an error term.

Note: For Question 1, error terms are mutually independent.

(1) Equation [1] can be written as follows.

εz = z − ax− b [2]

Explain the validity of estimating the value of constants a and b by the least squares

method, when the error εz follows a normal distribution with the mean value 0. Let εzi

denote the error term of the household i. The probability distribution function f(ε) of the

normal distribution with the mean value 0 and the variance of 1 is given as follows.

f(ε) =
1√
2π

exp

(
−ε2

2

)
[3]

(2) It was found that the data of x includes errors that follow a normal distribution with the

mean value 0 and the variance of 1. For example, the working hours of a household i

whose true value of working hours is x̄i, is given as follows.

xi = x̄i + εxi [4]

Suppose the data xi is observed. What is the probability density function g(x̄i) of the

true value x̄i?

(3) We estimate the coefficients a and b for Equation [1] in which x is replaced by x̄. Since

the true value of x̄ is not known, we use the observed value x and write as follows.

z = ax+ b+ ξ [5]

Describe the probability density function that ξ follows.

(4) Using the observed values of xi and zi (i = 1, ..., N), how should we estimate a and b?

(Continued on the next page.)



Question 2

Consider three goods X, Y and Z, whose production quantities are denoted as x, y and z,

respectively. Consider a company that controls x, y and z to maximize its profit p which is given

as follows.

p = z − 1

4
(x− a)

2 − (y − a)
2

[6]

where a > 0 is a constant.

Each unit production of X, Y and Z generates greenhouse gases of the amount of 1, 1 and 1
β ,

respectively, such that the following constraint is satisfied.

x+ y +
1

β
z = c [7]

where c > 2a and β > 0 are constants and a > 2β.

(1) Assume the Lagrange multiplier method is used to obtain x, y and z that maximizes the

profit p. Using a Lagrange multiplier λ, define the Lagrangian.

(2) Derive the production values x∗, y∗ and z∗ that maximizes the profit, as well as the value

of profit p∗.

(3) When the company purchases X and Y from other companies, instead of Equation [7], it

optimizes the profit p under the new constraint

1

β
z = c. [8]

Derive the production values of x∗∗, y∗∗ and z∗∗ that maximizes the profit under the new

constraint, as well as the value of profit p∗∗.

(4) The constraint given in Equation [8] does not consider the generation of greenhouse gases

in the production of X and Y. In about seven lines, propose and explain a strategy that

can induce this company to produce the amount x∗, y∗ and z∗ as obtained in (2).

(5) How much will your proposed strategy change the amount of greenhouse gas emissions

and the profit of the company? Discuss how the value of β affects the cost the company

incurs in reducing greenhouse gas emissions by unit amount.

(End of Problem 3)


