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Chapter 5  Applications of Rational Choice and Demand Theories

Chapter Summary

Policy questions can often be answered using micro analysis. This chapter considers a gasoline tax and school vouchers first. Then consumer surplus is used as an instrument to evaluate consumer welfare. Indifference curves and demand curves are used to show consumer surplus. The effect of housing price changes and the biases of the CPI are discussed, after which market demand elasticity cases are analyzed. 

The remainder of the chapter deals with intertemporal choice topics so that the consumer's choice problem can be seen as a choice among goods which become conditioned by time. The interaction of the consumer's time preference with the intertemporal choices she faces is observed in numerous settings including alternative interest rate and lifetime income scenarios. 

An appendix section dealing with price indexes considers the biases of indexes and the ideal index concept. 

Chapter Outline

Chapter Preview

Using the Rational Choice Model to Answer Policy Questions

Consumer Surplus

Overall Welfare Comparisons

Using Price Elasticity of Demand

The Intertemporal Choice Model

Summary

Appendix: Additional Applications of Rational Choice and Demand Theories
 Teaching Suggestions 

1. In a sense this chapter is its own instructor's manual because it is really an application chapter of the theory learned in earlier chapters. School vouchers and a gasoline tax are among the most interesting examples of this theory, but the time value of money may be the most important concept that needs constant reinforcing. 

2. The notion that time enters into a determination of value is one of the most important concepts a student must master. Discount rates and interest rates are important because we prefer things now rather than in the future. One way to start the discussion is to ask students which clothes they wear first after they have finished their wash and have all their clothes to choose from. Do they pick the favored shirt first or get the less favored "out of the way" by wearing it first? When they see this behavior as part of the response to a person's discount rate, ask students to predict the discount rates of various faculty in the department or of each other. Before long they get the idea that time preference is as much a matter of individual choice as any commodity choice. Given the differences in time preference, it should be clear that a market will evolve to provide opportunities to exchange things across time. Examples other than clothing are equally useful. Which food do you eat first if you must eat both your favorite and something healthy? Do you do your homework first and then party or the other way around? Is religion a matter of time preference? It is hard to overdo the importance of time preference, so some time should be spent on the reasons for differences in time preference that are presented in the text.

3. Consumer surplus is learned in principles classes. Most students can tell you that it shows the difference between the value a consumer places on a product and the amount she must pay for the product. If you go through the indifference model of consumer surplus, many students wonder why we bother with indifference curves if the demand curve shows it more clearly. Is there more to consumer surplus than just taking an area measurement and converting it into a vertical measurement? The answer to this question is yes, but only if you want to get into an involved discussion further than the text will take you. It may be enough to say that the indifference curve approach is more theoretically sound because it starts from the givens of preferences and prices, whereas the demand curve presupposes that background. I have found that the opportunity cost of time is too high to elaborate on the differences between the two measures of consumer surplus that derive from nonparallel indifference curves. 

4. Price indexes are among the most useful applications of indifference curve theory. Although labor unions and management negotiators do not draw indifference curves and budget lines in their struggle to achieve their goals, they should be keenly aware of the difficulties of price indexes. Surely students should be able to argue a coherent verbal case for or against both a Paasche and a CPI Laspeyres index, and they should be able to explain why the ideal index is not used regularly. 

Stumbling Blocks for Students

1. On the price index graphical models, the second income line drawn is the money income required to purchase the initial market basket being measured. It is not the same nominal income as the first budget line with a different set of relative prices. Because of the way demand curves are derived, students will associate changing budget line slopes with constant nominal income.  The new budget line can be described as the amount of income the price index thinks the consumer needs in order to maintain the same standard of living. 

2. The voucher model will not be understood well until the budget line segment from B to C is explained well in Figure 5-2.  It must be clear to students that the tax must be paid whether or not a private school is used and that the quality of each school is the same. The demand for vouchers is often articulated in ways that imply that more quality for the same money would be possible without a monopoly school. 

3.   When using the tradeoff curve between present and future income it is helpful to show how changing interest rates alter the present and future money available. It is not obvious to many at first why the tradeoff line is rotated around the beginning budget allocation. From the earlier chapters, students have learned to rotate the budget line by changing the slope of the line while maintaining the starting point on the vertical axis. It must be pointed out that the money endowments are not being altered when the interest rate is changed so the coordinate of present and future income cannot be changed.
Answers to Questions for Review

1. Because gasoline is relatively more expensive than other goods after the tax, consumers substitute away from it and will spend only part of the tax rebate on gasoline. consequently the consumption of gasoline does fall, but not as much as it would if the rebate were not given. 

2. A two-part pricing scheme exists when a seller charges a initiation fee or cover charge and then a per unit charge as well. This is an attempt on the part of the seller to capture as much consumer surplus as possible. 

3. The demand of each individual will be different, but the industry demand for education will surely be more inelastic than the demand facing any given school. 

4. Heavy drinkers are generally lower income and consume a sizable portion of their budget in alcohol. Therefore the income effect is stronger than is often thought. 

5. The interest rate is the premium required to move future income to the present. Since future goods are on the vertical axis and present goods are on the horizontal axis the budget line becomes an exchange rate between future and present income.

6. 





The most important reason is the increase in income. Assume that, 30 years ago, the budget constraint was b and the optimal consumption was q0. Although the price of gas has increased, so has income. The budget constraint (a) has become steeper, but it has also shifted outward. Optimal consumption increases to q1, despite the increase in price. 

7. According to the permanent income hypothesis, consumption in each year is a constant proportion of the present value of lifetime income, or permanent income.  Jennifer's lottery winnings more than double her current income, but have a much smaller proportional effect on her permanent income.  So the proportional increase in her current consumption should be smaller than the proportional increase in her current income.

Answers to Chapter 5 Problems

1.

Other goods ($/year)


             Yr - Pe


          Yr - 2Pe


            Yp - Pe


         Yp - 2Pe




                  1         
       Y*                      (Yr - Pe)/Pe






Quality of Education

The rich family has income (Yr), the poor family has income (Yp), where Yr>Yp. The two families have the same indifference maps. The rich family's budget constraint is the heavy line, and the poor family’s budget constraint in the thinner one.  The poor family maximizes utility by purchasing only public education (i.e., 1 unit of quality), but the rich family buys Y*>1 units of private education.

2.

Other goods ($/year)




 M + 1000




M






 1000         M/2       (M + 1000)/2
M








Gas(gallons/year)

Assume the consumer's original income was M. His original budget constraint is a; after the gas price increase, it is b; and after the money from his uncle it is c. At the very end, he can afford the original bundle he bought. But his indifference curve at the original optimum is below his new budget constraint. By decreasing his gas consumption and increasing other goods consumption, he can reach a higher indifference curve. (see dotted indifference curve)

3. The loss in consumer's surplus is 5, the area of the shaded trapezoid in the diagram:
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P= $4/movie, Q=8 movies/year, consumer surplus = $64. So maximum he will pay for membership is $64.

5. Since her demand for caviar is inelastic at all prices, the increase in the price of caviar will cause her total spending on it to go up. The money left over for hot dogs will decrease. Since their price stays the same, consumption of hot dogs will decrease.

6. The two budget lines and last year's optimal bundle are shown in the diagram.  A closer look at the tangency point for last year's bundle shows that this year Jones can afford a bundle he prefers to last year's.

              Y



42

Last year's bundle






This year's bundle


34


30




      Last year's budget                       This year's budget


    0
20 

70





170    X

7.   PV = 210 + 210/1.05 = 210 + 200 = 410  .




8. 1-for-1 substitutes means MRTP = 1 (slope of indifference curves = -1).  In this case, Smith will consume all of his resources in the next period.
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9. From Problem 7, Smith's intertemporal budget constraint is C2 = 430.5 - 1.05C1. Since Smith views current and future consumption as one-to-one complements, he will consume equal amounts in both periods C1 = C2. Setting C1 = C2 in his intertemporal budget constraint C2 = 430.5 - 1.05C1 yields C2 = 430.5 - 1.05C2, which solves for C1 = C2 = 210.

10. a) Facing an interest rate r = 0, Karen's intertemporal budget constraint is C2 = 150,000 - C1. Her constraint has endpoints (C1 = 150,000, C2 = 0) and (C1 = 0, C2 = 150,000). 

Future Consumption


($000)   150






C2 = 150000 – C1
75
    0



75


     150




Current Consumption ($000)

10. b) Facing an interest rate r = 0.1, Karen's new intertemporal budget constraint is                   C2 = 157,500 - 1.1C1. Her new constraint has endpoints (C1 = 143,182, C2 = 0) and (C1 = 0, C2 = 157,500).

Future Consumption

        ($000)    157.5






        C2 = 126000 – 1.2C1


     0






      143.2



Current Consumption ($000)

11. a) $50,000/1.08 = $46,296;      

11. b) $50,000/1.1 = $45,455;

11. c) $50,000/1.12 =  $44,643.

12. a)  The highest attainable indifference curve passes through the bundle (100, 100).
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12. b) Now the optimal bundle is to consume everything in the future.
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13. One of Crusoe's reasons for putting the coconuts in the cave might be to prevent himself from eating them too quickly.  The sleeping bears may thus act as a commitment device for solving Crusoe's self-control problem.

14. Kathy's intertemporal budget constraint is C2 = (1 + r)55,000 + 60,000 - (1 + r)C1. Her maximum current consumption would occur by setting C2 = 0 and solving for C1 = 55,000 + 60,000/(1 + r). To achieve C1 = 105,000, then 55,000 + 60,000/(1 + r) = 105,000 implies 60,000/(1 + r) = 50,000, which solves for r = 0.2 (20% interest). Similarly, her maximum future consumption would occur by setting C1 = 0 and solving for C2 = (1 + r)55,000 + 60,000. If C2 = 1200,500, then (1 + r)55,000 + 60,000 = 120,500, and so (1 + r)55,000 = 60,000, which solves for r = 0.1 (10% interest).

15. True
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The enlarged picture would look like the one above. The original intertemporal budget constraint is A (with slope -1.1), and the new constraint is B (with slope -1.2). The original decision was point a. The new budget constraint also passes through a. But she can do much better by choosing point b. The increase in interest rate causes her to save today and consume more next period. 

16. Because Joe's initial bundle (A in the diagram) was given to him, as opposed to having been chosen by him, there is no presumption that it was optimal for the initial prices.  Indeed, it may be that the initial bundle turns out to be optimal for the new budget constraint, as shown, in which case Joe is not better off as a result of the price change.  So false.

17. The original budget constraint and the post-change budget constraint are shown as B1 and B2, respectively.  Harry curtails his mileage from M1 to M2. The heavy line is the extra revenue Tom and Karen collect from the higher mileage charge, which is less than $10/wk. 
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18. a) Let R be the buyer's reservation price for the right to use the book for one year.  Let U be the price of a used book.  Then the reservation price for a new book is R + U/(1+r) = R + $20 = $50 => R=30.

Reservation price for book with disappearing ink = R= 30

18.
b) Profits with normal ink: (N/2)(R+20-m) = 25N -mN/2 = A

Profits with disappearing ink: N(R-m) = 30N - mN = B

B - A = N(5 - m/2) > 0 if and only if m < 10.

19. The opportunity cost of Herb's time is the $6/hr he can earn in the library.  His optimal 2-part tariff for tutoring is thus a $6/hr fee plus a fixed fee given by the 8 units of consumer surplus each tutee would receive if there were no fixed fee.  Thus his tutoring fee is $8 + $6/hr.  Confronted by this fee schedule, each graduate student will want to purchase 4 hr/wk of tutoring.  This gives Herb his desired 12 hr/wk, with total earnings of $96/wk.  He should not spend any time clerking in the library. 

                    Price
20. If P0 is the tuition of other universities and Cornell provides a subsidy of kP0, CFCs will have to pay only (1-k)P0 after the subsidy.  The quantity (in 1000s) of CFCs attending other universities in the absence of any subsidy is Q0 = 2-(P0/5).  With the subsidy, this quantity goes up to Q' = 2-((1-k)P0/5).  The extra revenue Cornell will get (in $1000s) by being to sell the extra slots is 


              DTR = 15(Q'-Q0) = 15(kP0/5)= 3kP0.


Each subsidized CFC costs Cornell kP0.  Since there are Q' students subsidized, the total subsidy cost is equal to


              S  =  kP0Q' = kP0 [2-((1-k)P0/5)]  =  2kP0 -kP02/5  + k2P02/5 .


Cornell's goal is chose the value of k that maximizes


              D  =  DTR - S  =  kP0 + kP02/5  - k2P02/5  .


The first order condition is


dD/dk  =  P0 +P02/5  -2kP02/5  =  0,


which solves for k*  =  (5+P0)/2P0  .


Thus, if tuition at other universities (in $1000s) is P0 = 8, we have k* = 13/16.  

            Tuition in other universities (1000)


21. For P0=4, we have k*= 9/8 (see problem 10), which means that Cornell should pay not only 100% of the outside tuition, but also give a cash bonus of $500 to each CFC who attends an outside university.

22. His optimal strategy is to sell popcorn at marginal cost and then add the consumer surplus from popcorn to the consumer's reservation price for the movie ticket.  Thus, the price of popcorn should be $1/qt, which yields a consumer surplus of $4.50 from popcorn.  The ticket price should be $5 + $4.50 = $9.50.


Additional Problems

1. Indicate for the following goods which is likely to have the more inelastic demand:

a. Beck's beer or beer in general

b. insulin or Frisbees

c. gasoline over a 24-hour period or over a 6-month period

2. True or False: Suppose we measure the cross-price elasticity between automobiles and tires using tires as X and autos as Y. If we change this to a situation where tires are Y and autos are X, we will get the same answer. (Explain your answer.)

3. Joe and Rita are the only people in town that like peppermint stick ice cream. Joe's demand is given by the equation P = 10 - 2Q, and Rita's demand is P = 10 - Q.

a. What is the total town demand?

b. Suppose Frank moves to town. His demand is given by the equation P = 10 - 3Q.

      Now what is the total demand?

4. Suppose that the demand for crossing the Golden Gate Bridge is given by the equation 

Q = 10,000 - 1000P.

a. If the toll (P) is $2, how much revenue is collected?

b. What is the price elasticity of demand at this point?

c. Could the bridge authorities increase their revenues by raising or lowering their price?
                                             

d. The Red and White Lines, a ferry service which competes with the Golden Gate Bridge, began operating hovercrafts, which made commuting  by ferry much more convenient. How would this affect the elasticity of demand for the Golden Gate Bridge?

5. Indicate for the following whether the income elasticity of demand is likely to be positive, negative, or zero.

a. hamburger (you earn $3,000 a year)

b. hamburger (you earn $20,000 a year)

c. hamburger (you are a vegetarian)

d. yachts

e. champagne

6. The demand for candy bars is given by P = 5 - 0.01Q, where P is measured in dollars and Q in candy bars. 

a. How much revenue is collected at $3?

b. What is the elasticity of demand at $3?

c. At what point is revenue maximized?

d. If the supply curve is given by Q = 10P, what is the equilibrium price?

7. Is the cross-price elasticity positive or negative for the following items?

a. tuna and peanut butter

b. first-run movies and rental movies

c. beer and pretzels

d. personal computers and typewriters

Answers to Additional Problems

1. 
a) beer in general

1.
b) insulin

1.
c) gasoline over a 24-hour period

2.   False. A 50% increase in the price of automobiles will have a substantial (negative) effect on the quantity of tires demanded. A 50% increase in the price of tires will have very little effect on the demand for automobiles.

3. 
a) P = 10 - 3Q

3.
b) P = 10 - 6Q

4. 
a) Q = 10,000 - 1,000(2) = 10,000 - 2,000 = 8,000. Total revenue = PQ = 2(8,000) = 16,000

4. b) Price elasticity is equal to: 
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4.
c) Demand is inelastic: price should be increased.

4.
d) Increase elasticity.

5. 
a) positive

5.
b) negative 

5.
c) zero

5.
d) positive although a change in income will have no effect over a considerable range

5.
e) positive except for non drinkers

6.   a) We can rewrite the equation as Q = 500 - 100P. At $3, Q = 200: 

         so revenue = P x Q = $3 x 200 = $600.

6. b) Elasticity = |dQ/dP x P/Q| = 100 x 3/200 = 1.5.

6.   c) Revenue equals P x Q = P(500 - 100P) = 500P - 100P2.  To maximize, differentiate this 

    function and set it equal to zero; we get: 500 - 200P = 0, or P = $2.50. At this point Q =   250 (so elasticity is equal to one).

7. a) positive

7. b) positive

7. c) negative

7. d) positive

Answers to Chapter 5 Appendix Problems

1. With 1-for-1 substitutes, you always spend all your income on the cheaper good, so:

                                            Px     Qx    Py     Qy


87
2
6
3
0

88
5
0
4
3
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1.   a) Divisia:  Cost of attaining IC87 at 88 prices/ cost of attaining IC87 at 87 prices = D To attain IC87 at 88 prices, you would buy 6 units of Y, which costs 24, so D = 24/12 = 2.0.

1.   b) Laspeyres = cost of 87 bundle at 88 prices/ cost of 87 bundle at 87 prices = L.

            So L = 30/12 = 2.5.

1.   c) Paasche = cost of 88 bundle at 88 prices/cost of 88 bundle at 87 prices = P.

          So P = 12/9 = 4/3.

2.


Px 
Py
Income

Period 1

10
10
100

Period 2

10
25
100

The general maximization problem is 


max U = XY




(*)


s.t. (X)(Px) + (Y)(Py) = M


(**)

Solve (**) for X:


X = M/Px - (Px/Py)(Y) .

Substitute this into the objective function (*):


U = XY = [M/Px - (Py/Px)Y] Y = MY/Px - (Py/Px)(Y2).

Taking the first derivative and setting it to zero will give the maximum value:


dU/dY = M/Px - 2 (Py/Px) Y = 0,

which solves for


Y= M/2Py .

Then
X = M/2Px 


U = (M2)/(4PxPy).

Period 1: 

We plug the values from the table into the above equations and get:
  
X = 5, Y = 5, and U = 25

Period 2: 

X = 5,  Y = 2, and U = 10

Divisia index:

We need to find the cost of attaining U=25 in Period 2 prices. The problem is:


min 10X+ 25Y
(***)


s.t  XY = 25

(****)

From (****) we have, 


X = 25/Y.

We substitute this into the objective function and get


Cost = C = 250/Y + 25Y

Minimizing C is the same thing as maximizing -C. Again we take the first derivative of -C and set it equal to 0 and then solve for Y.


d(-C)/dY = 250/(Y2) - 25 = 0,

which yields


Y = 
[image: image11.wmf]10

 and X = (5/2)(
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Therefore


C=50
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so we have: 


Divisia index = (50x10)/100=(
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)/2
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Laspeyres index = (5x10 + 5x25)/(5x10 + 5x10) = 1.75


Paasche index =  (5x10 + 2x25)/(5x10 + 2x10) 
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3.  Laspeyres index:  (6X0 + 12Y0 )/(6X0 + 6Y0).  To find X0 and Y0 we solve the constrained maximization problem:


max X0Y0   subject to    6X0+6Y0 = 36.

            The constraint is satisfied when X0 = 6-Y0, so we have


max (6-Y0)Y0   or   max [6Y0-Y02] .

   
dU/dY0 = 6-2Y0=0 => Y0 = 3 => X0 = 3


Laspeyres index = (6X0+12Y0)/(6X0 + 6Y0) = 54/36=1.5


So income in year 1 is 50% larger than in year 0.

 M1 = 1.5M0 = 36 + 18 = 54.


max XY  subject to  6X + 12Y = 54


X = (54 - 12Y)/6 = 9 - 2y


max [(9-2Y)Y]


dU/dY = 9-4Y = 0



Y2 = 9/4



X2 = 9 - 9/2 = 9/2


U2 = (9/4)( 9/2) = 81/8 > U1 = 32 = 9


So he is better off in year 2.

4.   U = C1C2, so C2 = U/C1 is the general form of the indifference curve.

 
MRTP =  | dC2 /dC1 |  =  U/ C12 , 

which varies between infinity and 0 as C1 varies from 0 to infinity, so we will get an interior solution. In  equilibrium MRTP = 1.05.

5. When Al is free to eat at Aces as often as he wishes at a price of $50/outing, he attains the indifference curve I1.  If he were prohibited from eating at Aces, he would end up on I2.  On I2, we see that the most he would pay for six meals at Aces is $600.  On his original budget he had to pay only $300 for the same 6 meals.  His consumer surplus is therefore $300.



Expenditure on Outside Meals





         1000


           700

         300     




    I1

           400


      I2





       B2


       B1




   6                 10                                          20








Meals per year at Aces

6. At a price of $0.55/can, you attain point a. With p = $0.75/can, you attain the lower indifference curve and you are indifferent between points b and c.  At c, you are paying $6 for 8 cans. Originally, you were paying, $4.40 for the same amount. So your loss of consumer surplus is $1.60.
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Answers to Homework Assignment

Homework Assignment                                 key: ______Chapter 5______________

1. Seth could consume $120 next year if he saved all his current earnings. He expects to earn nothing next year. The intertemporal budget constraint for Seth is given by the equation C2 = 120 - 1.2C1  where C1 = possible consumption in year 1 and C2 = possible consumption in year 2. Assume that C1 is on the horizontal axis and C2 is on the vertical axis. 

a. What is the present value of the total consumption available?
If C2 is set to zero, then C1 must be 100. This is the same as the horizontal intercept.

b. What is the market interest rate?

The absolute value of the slope of the intertemporal budget line is -1.2 so the interest rate is 20% because a $1 reduction in present consumption equals a $1.2 increment in future consumption.

c. Seth will definitely consume zero in year 1 if his MRSC1 for C2  is less than ___1.2________at all points on his indifference curve.

d. Seth will definitely save nothing for next year if his MRSC1 for C2 is greater than __1.2____at all points on his indifference curve.

e. Assuming Seth starts from a position where he earns all his income in the beginning of year 1, sketch Seth’s intertemporal budget constraint and show one of his indifference curves for a case where he will save $20 for year two.

Yr. 2 Consumption



 120
                          20


                       0                       80   100      Yr. 1 Consumption


                                 

2. If I spent all my money ($300,000) on a new house I could buy a house with 3000 square feet. I settle for a 1500 square foot house. (Each square foot costs the same.) The day after I close the deal a nearby nuclear power plant is condemned and the value of homes in the entire area is cut in half. Show graphically what happens to my utility level and explain why the result is plausible.  Put numbers on your graph showing the wealth and housing possibilities after the housing prices fall. 

Wealth

 ($300,000)                   1    

        ($225,000)



   2

                                                 1500                    3000                       4,500              



Square Feet of  Housing 

The dotted line shows the new budget line after the housing prices have fallen. Your wealth value is now down at $225,000 because $75,000 in housing value is lost. However, because of the low housing prives you now move along the new budget line to where the higher indifference curve is tangent by purchasing a bigger house at the cheaper prices. This puts you on the higher indfference level so you are better off. 
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