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Bill Gates


Problem Set 3:  Answers

MN4145  Policy Analysis

1.
Brief summary of a cost benefit analysis of increasing the minimum wage.  I will briefly discuss sections 5-10 in OMB circular A-94.


Section 5
Benefit-Cost analysis is appropriate in this case because the analysis is examining a single alternative for accomplishing a undefined level of benefits.  The objective is to determine if the program's benefits justify its costs.  Cost effectiveness analysis is appropriate for finding the least costly approach to accomplishing a given objective.  The analysis will assume that the government has two goals:  reduce the number of families below the poverty line and increase the equity of the income distribution.  


Section 6
The costs in this case are primarily reductions in efficiency.  The direct costs can be seen by examining the effects the minimum wage will have on the industries currently hiring labor at rates below the new minimum wage (presumably these will be the industries most directly affected.  Examining the effect of the minimum wage on the industry supply curve will indicate the loss in consumer and producer surplus, the gain in employee compensation and the net welfare loss (see first two figures below).  The elasticity of supply and demand will help indicate the size of the welfare costs and income transfers across industries.  In addition, there are interactive effects.  The minimum wage law may increase or decrease the number of people qualifying for other federal assistance programs (see third figure on following pager).  People having jobs will earn more income, but there may be fewer people employed.  The elasticity of labor supply and demand will help indicate the relative magnitude of these effects.  There may be international effects if higher market prices reduce international competitiveness.  Again, the elasticity of world supply and demand will help estimate these effects.  Transfers have been indicated above, though they cannot be counted as a cost of benefit of the program.  The benefits would be the reduction in the number of people below the poverty line and the change in the income distribution.  The former depends on the number of people working at the higher minimum wage (and the number of jobs lost); the latter could be measured by estimating the effect on the Lorenz curve or Gini Coefficient.  The hard part is to associate a value with these benefits.  Note that this discussion only considers the impact of increasing the minimum wage.  Any impacts from the current minimum wage are "sunk costs and benefits" and should not be considered.


Section 7
In my analysis, I would measure all future costs and benefits in terms of current (1995) dollars.  Therefore, inflation is not included.  As a result, I would also use a real discount rate (no inflation term).


Section 8
OMB circular A-94 specifies the real discount rate to use in evaluating government programs.  I would use this rate as the base case.  However, I believe this understates the actual opportunity cost of federal expenditures.  Therefore, I would perform a sensitivity analysis using several higher discount rates to determine if the benefit-cost ratio depends on the discount rate.


Section 9
I would incorporate uncertainty regarding the effects of increasing the minimum wage by performing a sensitivity analysis using different supply and demand elasticities in both the product and labor markets.  This would indicate how sensitive the results are to these assumptions.  If the results are sensitive, I would consider trying to determine probabilities for the different values and calculating expected costs and benefits.  These could be adjusted for risk by estimating certainty equivalents for the expected costs and benefits (though I don't know the utility of income, probably swag it and perform sensitivity analysis).


Section 10
Distributional effects were discussed briefly above.  I would also consider effects of higher wage rates a product prices across income levels.

This is one possible approach to answering this question.  I expect a great deal of variety in your interpretation.
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2.
a.
E(VA) = 50(0.5) + 40(0.3) + 30(0.2) = 43 = E(VA)



E(VB) = 60(0.5) + 30(0.3) + 20(0.2) = 43 = E(VB)



E(VC) = 70(0.5) + 20(0.3) +  0(0.2) = 41 = E(VC)


A = (50 - 43)2(0.5) + (40 - 43)2(0.3) + (30 - 43)2(0.2) = 61


B = (60 - 43)2(0.5) + (30 - 43)2(0.3) + (20 - 43)2(0.2) = 301


C = (70 - 41)2(0.5) + (20 - 41)2(0.3) + (0 - 41)2(0.2) = 889

To choose between these investments, you have to trade-off expected value with variance.  This trade-off depends on risk preferences.  Project A is preferred by all risk avoiders because it has the highest expected value (along with B) and the lowest variance; risk neutral people are indifferent between A and B because they have the same expected value (and it is higher than C); risk lovers would prefer B (milder risk preference so that consumer is not willing to give up that much return for the additional uncertainty of C) or C (stronger risk preference).


b.
The expected net present value for is given by the formula NPVA = -IO + E(VA)/(1+r) + E(VA)/(1+r)2 + E(VA)/(1+r)3.  In this case r, the discount rate, equals 0.1.  The other NPVs are calculated by similar formulas.  The net present values are as follows NPVA = 16.9, NPVB = 21.9 and NPVC = 27.  On this basis, you would select C.  However, this calculation does not consider the risk involved.


c.
Noting that U = I1/2, we want to calculate the expected utility of each project as follows:  E(UA) = U(50)(0.5) + U(40)(0.3) + U(30)(0.2) = 6.53, E(UB) = U(60)(0.5) + U(30)(0.3) + U(20)(0.2) = 6.41 and E(UB) = U(70)(0.5) + U(20)(0.3) + U(0)(0.2) = 5.52.  From the problem, if U = I1/2  =>  I = U2.  Thus,  CE(A) = 42.62,  CE(B) = 41.10, and CE(C) = 30.52.  Plugging this value into the NPV formula for E(V) yields:  NVP(CE)A = 15.99, NPV(CE)B = 17.20 and NPV(CE)C = 0.91.  In this case, Alternative B would be selected because the decision maker is risk averse.  Any risk averse decision maker would select B over C because the higher expected return from C is not sufficient to offset the higher variance of C.

3.  TBD

4.
a.
An efficient mix of products is the mix that maximizes the value of the goods and services produced given the country's limited resources.  At this point, the social indifference curve is tangent to the production possibilities frontier.  For a planned market to find this point, the planners would have to have information regarding both the production functions for all producers in the economy and the social welfare function.  Given this information, the planners could maximize social welfare subject to the production possibilities available.


b.
In a market economy, as long as producers and consumers treat prices as given (i.e., assume that their actions do not influence prices), producers and consumers will automatically find the efficient output level by pursuing their own self interest.  In particular, consumers maximize profits by producing where P = MC.  If all firms follow this rule, firms will produce the output where the market price line is tangent to the production possibilities curve.  At the same time, consumers maximize utility by consuming where their budget constraint is tangent to their indifference curve.  This is where the market price line (i.e., budget constraint) is tangent to the indifference curve.  If the market price line is tangent to both the production possibilities frontier and the indifference curves for each individual, then the productions possibilities curve and the social indifference curve must be have the same slope.


However, this would not ensure that the two curves where tangent to one another because the tangencies could occur at different output levels.  This condition could not persist, because supply and demand would not be equal in all industries.  In the diagram below, the demand for coffee exceeds the supply, and the supply of doughnuts exceeds the demand.  Thus, the price of doughnuts would decrease and the price of coffee would increase.  As prices adjust, producers increase coffee output and reduce doughnut output.  Consumers increase doughnut consumption and reduce coffee consumption.  This moves the economy to equilibrium.  (Graphically the market price line becomes steeper and the tangency point for producers and consumers moves closer together.)  This process continues until D = S in both industries.  This must occur where the social indifference curve is tangent to the productions possibilities curve (see diagram).
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c.
If the state picks the production mix, output cannot change in response to changes in market price.  The point on the PPF is fixed.  However, demand is sensitive to price.  Thus, prices must adjust until D = S at the select PPF point.  Consumers will select this output mix if the market price line is tangent to the social welfare function at this point.  However, the market price line would only be tangent to the PPF at this point by sheer coincidence (see diagram).  If the Market price line is not tangent to the PPF, then the PPF and social welfare function are not tangent.  Therefore, the output mix could not maximize social welfare.
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d.
If output could respond to market price, this would not be an equilibrium.  Prices, output and demand would adjust according to the process described in (b) above.  This would increase the economy's social welfare.  Of course the distribution of products across citizens in a market economy depends on the initial allocation of resources (i.e., human capital, physical capital, etc.).  Thus, the output mix and distribution is efficient, but it may not be fair.  This creates a trade-off between equity and efficiency.

5
a.

	
	
	1991
	1992
	1994
	1997
	2001
	

	Machine 1
	Old
	10
	12
	18
	28
	42
	

	
	New
	24
	14
	14
	14
	14
	

	
	Savings
	-14
	-2
	4
	14
	28
	Total NPV

	
	NPV Savings
	-14.00
	-1.82
	3.31
	10.52
	19.12
	17.13

	
	
	
	
	
	
	
	

	Machine 2
	Old
	8
	11
	14
	17
	20
	

	
	New
	33
	7
	7
	7
	7
	

	
	Savings
	-25
	4
	7
	10
	13
	Total NPV

	
	NPV Savings
	-25.00
	3.64
	5.79
	7.51
	8.88
	0.81



b.
Old machine 1 has a lower operating cost than new machine 1 in both 1991 and 1992.  Therefore, you should delay purchasing the new machine 1 until at least 1993, the first year in which there is a positive net operating cost savings.  New machine 2 saves operating costs in 1991, therefore it can be purchased in 1991.


c.
The discount rate should represent the opportunity cost of capital.  In a private business, this might be the after tax weighted average cost of capital, if there are no capital constraints (i.e., the firm can raise sufficient capital to finance all investment projects for which the NPV is positive using this discount rate).  If there are capital market constraints, so that all profitable projects cannot be funded, the firm should use the opportunity cost of capital which would equal the internal rate if return on the most profitable project not funded (assuming uncertainty is incorporated by using the certainty equivalent).

6.
This is a constrained optimization problem.  Thus, the objective is to balance MB/MC for all uses of funds.  You need the same bang from the last buck spent in each area, assuming we can measure the bang in some way.


b.
Here MB becomes uncertain.  The value depends on the scenario.  Some how we have to incorporate this uncertainty into our decision making process.  One approach is to calculate the expected loss (damage) from different down-sized configurations under different possible scenarios.  Given this damage information and the probabilities associated with each scenario, decision makers could choose between configurations.  If they were very risk averse (probably a reasonable assumption for defense planners) they might want to choose the scenario that minimized the maximum possible loss.  Alternatively, if the objective of defense is to protect our income (a narrow view) and we express losses in terms of lost income, we could use the utility of income approach from class.  The trick is to express expected losses and their associated utility.


c.
This might be equitable if the draft were really compulsory.  However, it might be less equitable (wealthier people can buy their way out of the draft).  However it would not be efficient.  The draft might reduce labor costs by allowing the military to pay lower wages, but this would grossly understate the total cost of military service.  With the draft, the true measure of costs is the opportunity cost of what conscripts could earn in the private sector.  Because the draft would ​ select from all people, it would include some people with high opportunity costs.  Thus, it would not encourage an efficient use of our labor resources.  Furthermore, it might increase the military's training costs and reduce efficiency, leading to higher overall defense costs.

7.
a.
No this is not the optimal solution.  For efficiency we want MC(RA) = MC(RU) = MC(RF).  Because the cost (and MC) functions are different across pollution source, requiring each source to reduce by the same percentage would not be optimal.  To check, if:

RA = 15,000, MC(RA) = 6

RU = 20,000, MC(RU) = 8

RF = 25,000, MC(RF) = 50.

Thus, MC(RA) ≠ MC(RU) ≠ MC(RF).  The cost of this option is .0002(RA)2 + .0002(RU)2 + .001(RF)2 = 750,000.


b.
Again, this is unlikely to find the most efficient solution where MC(RA) = MC(RU) = MC(RF).  In particular, from the last option, the MC of reduction from autos is much less than the MC of reduction from factories.  Thus, we should increase the reduction from factories and increase the reduction from autos.  This option does the exact opposite, increases the reduction from factories and decreases it from autos.  To check, If:

RA = 10,000, MC(RA) = 4

RU = 20,000, MC(RU) = 8

RF = 30,000, MC(RF) = 60.

Thus, MC(RA) ≠ MC(RU) ≠ MC(RF).  The cost of this option is .0002(RA)2 + .0002(RU)2 + .001(RF)2 = 1,000,000.  Thus, the MCs are more unequal and the total cost increases.


c.
There are many ways to solve this problem.  You can use a Legrangian, if you like, and minimize C = .0002(RA)2 + .0002(RU)2 + .001(RF)2 subject to RA + RU + RF = RT = 60,000.  Or, you can note that two conditions must be satisfied:  MC(RA) = MC(RU) = MC(RF) and RA + RU + RF = RT = 60,000 (these are the considerations that evolve from the Legrangian).  Taking this approach, we know that

MCA = MCU  =>  .0004RA = .0004RU  =>  RA = RU
 Similarly, MCA = MCF  =>  .0004RA = .002RF  =>  .2RA = RF.

Plugging these results into the reduction constraint:

RA + RA +.2RA = 60,000  =>  RA = 27,272.73.

We know that RA = RU  =>  RU = 27,272.73.  Finally, .2RA = RF  =>  RF = 5454.55.  Checking, RA + RU + RF = 27272.73 + 27272.73 + 5454.55 = 60,000.  To verify that this is the optimal solution, if:

RA = 27,272.73, MC(RA) = 10.91

RU = 27,272.73, MC(RU) = 10.91

RF = 5,454.55, MC(RF) = 10.91.

Thus, MC(RA) = MC(RU) = MC(RF).  The cost of this option is .0002(RA)2 + .0002(RU)2 + .001(RF)2 = 327,272.73.



i.
If the emission tax were 10.91 (equal to the MC of pollution reduction) this solution would be obtained.  However, the total cost to the sources would increase over the 327,272.73 cost found above because each source would have to pay the government the pollution tax in addition to the costs of reducing pollution.



ii.
If we allocate 20,000 pollution permits to each source, a permit will sell for 10.91 and the amount of reduction will be the same as in the tax case.  Thus, autos will have 30,000 - 27,272.73 = 2727.27 permits (i.e., sell 17272.73); utilities will have 40,000 - 27,272.73 = 12,727.27 permits (i.e., sell 7272.73), and factories will have 50,000 - 5,454.55 = 44,545.45 permits (i.e., purchase 24,545.45).  The total cost of this option to the three sources would be the 327,272.73 found above.  Any proceeds from the sale/purchase of pollution permits is a transfer of income between sources with a zero net welfare impact.


d.
In this case, we have to find the point where MCT = MB.  Thus we have to horizontally sum the three MC curves.  To do this, we have to hold MC constant for each source and find out how much pollution each source would reduce for that MC.  In other words, we have to express Ri as a function of MC before adding.  Thus, RA = 2500(MC(RA)), RU = 2500(MC(RU)), and RF = 500(MC(RF))  =>  RT = 5500(MC(RT))  =>  MC(RT) = .00018RT.  The social cost or damage from pollution is given by D = (1/10,000)(120,000 - R)2.  Thus, the MB of reducing pollution by one unit is equal to the value of the decrease in damage = -dD/dR = (2/10,000)(120,000 - R).  Thus the optimal level of pollution reduction occurs where .00018R = .0002(120 - R)  =>  24 = .00038R  =>  R* = 62,856.  Using the same procedure from part c to find the optimal reduction by source yields RA = 28571, RU = 28,571 and RF = 5714.
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