Study Guide for Bernheim and Whinston


CHAPTER 10

CHOICES INVOLVING TIME

CHAPTER DISCUSSION
Borrowing and saving are the highways through time that allow us to move our resources between periods. Whenever we save and deposit money in the bank for later withdrawal, we are lending to the bank. In general, there is a toll for moving resources from the future, and there is a bonus for moving resources to a future period. That toll–or bonus–is the interest rate. The amount of money being transported is called the principal. The interest rate is a percentage applied to the principal per period, usually one year, so the total amount of interest that is paid or received per period is the interest rate multiplied by the principal. If we are shipping money to the present from more than one period in the future, the freight charge must be paid on both the principal and any accumulated interest. This process is called compounding. The more periods over which we move the money from the future, the greater the total balance on which we must pay the interest rate. Analogously, the more periods we move money into the future, the greater is the balance on which we receive the bonus. Compounding works both ways. The general expression for the value of a compounding deposit D left at interest rate R for T periods is:
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We can speak of the present discounted value (PDV) of a sum of future money as being the amount of money that would have to be deposited at interest today in order to accumulate to the future value (F) in T years. It is discounted because it is worth less today than in the future.
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This concept can easily be generalized to a series of payments, each of which is to be realized at a different time in the future. If F0 is a payment today, F1 is an amount of money to be paid one period hence, F2 is a sum to be paid at the end of two periods from now, etc., then the present discounted value of the stream of payments is given by the expression: 
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This expression simplifies if all the payments are equal to F, and they begin at the end of the first year. This stream is called an ordinary annuity, and its present discounted value is given by the expression:
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If the constant stream of payments goes on forever, then it is logically called a perpetuity, and its present discounted value is given by the expression:
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A very important use of the idea of present value is in valuing a bond. One particularly popular bond is a level coupon bond, which is a promise to pay an equal given payment per period, called the coupon (C), for a specific number of periods, called the maturity (M), plus a final payment, called face value (V), to be paid along with the final coupon payment. The present discounted value of a level coupon bond is:
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The PDV of the bond will depend upon the value of the interest rate at which it is discounted. It must be equal to the interest rate that a potential purchaser of the bond (lender) could expect to earn on an equivalent lending opportunity elsewhere. That rate must take into account the default risk of the borrower, that maturity of the debt, and other characteristics of the bond contract itself.

There is generally a difference between the nominal interest rate, which is just the stated rate on a loan and the real interest rate, which adjusts for inflation. 
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The consumer’s budget constraint was a useful assumption to simplify our study of spending, but it was obviously unrealistic. This chapter relaxes that assumption and explores the possibility that someone might rationally decide to spend an amount different from their actual income in any one period, either more or less. Hence, we must address the consumer’s timing of consumption. Consumption of a good right now is fundamentally different from consumption of the same good a year from now. We can envision an indifference curve between consumption of the same good at two different points in time. It will be negatively sloped and convex in the normal way. If you have very little consumption today but know you’ll have much consumption later, you would probably be willing to sacrifice quite a lot of the future consumption just to get a little more today.

Consumption now and consumption later are both enjoyable acts, and being able to do more of both would be great, but in order to consume we need to purchase consumption goods for a price, and that means we need income. An endowment of income consists of a certain amount of money we receive now (M0), along with the certain promise of another amount of money we shall receive in one year (M1). We could always consume exactly today’s income today and exactly next year’s income next year. But there are other possibilities as well that we can realize through borrowing and saving. 
By borrowing, we can spend more than today’s income today, but we have to be sure that the present discounted value of our two-period consumption expenditures is equal to the present discounted value of our two-period income. The quantity of goods we can consume in the future is related to the quantity we choose to consume today according to the following equation:
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For someone who is already saving part of today’s income, a change in interest rate will have an ambiguous effect on today’s consumption expenditures, and hence may cause saving to rise, to fall, or not to change.

Now that we are familiar with the process of borrowing and saving, we can visit a very famous concept in economics: the life cycle hypothesis. It assumes that the earning of income first rises then peaks and perhaps tapers off a bit before the date of retirement. Then, income declines to zero, but life goes on.

When we first studied the goal of the firm, we concentrated on one-period profit, which is revenue minus cost. Now that we have studied the time dimension, we can broaden our understanding of the firm’s decisions just as we have expanded our understanding of the consumer’s path of consumption through time. The process of spending a large amount of money up front in anticipation of a stream of services to be received over a number of periods in the future is called investment.

In valuing investments, we look at the net cash flow (NCF) in each period, including the initial one, which is negative because we have to shell out cash to acquire the asset. The present discounted value of all the positive and negative net cash flows from an investment opportunity is called the net present value of the investment:
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To judge whether the investment should be undertaken, the net present value criterion is straightforward: If NPV is positive, the project is justified.

Note that we are discounting at interest rate R, so we need to think a bit about which value of R to use. The appropriate R is the opportunity cost of funds, that is, the next best alternative use of funds that we are committing to this project. There will be a value of R that makes NPV exactly equal to zero. That value of R is called the internal rate of return of the investment. If the IRR is greater than the opportunity cost of funds, then the investment is said to be justified, according to the internal rate of return criterion. Because bonds are just streams of negative and positive cash flows, the IRR concept can be applied directly to these financial instruments. The IRR of a bond is known as its effective yield. It is the rate of return that equates the PDV of all the positive coupon payments, plus the ending face value payment, to the initial cost of the bond.
This chapter reminds us that investment certainly need not be restricted toward physical assets. You are at this moment engaged in an investment in human capital. You could be consuming a lovely day at the beach, but instead you are deep in the bowels of the library studying microeconomics. Congratulations! Studies show that an investment in higher education tends to have a positive NPV–and those studies don’t take into account the painful cost of sunburn.
OUTLINE

Choices Involving Time

· Transactions involving time

· Interest rates and compound interest

· Principal is the amount borrowed when one person lends money to another

· Interest rate is the percentage rate paid per period on the principal balances

· Interest is interest rate per period times principal balance

· Compounding takes place when interest draws interest and the principal balance grows at an increasing rate

· Let D be amount deposited and R be interest rate

· Balance equals D, then D(1+R), then D(1+R)(1+R), then D(1+R)(1+R)(1+R), etc.

· BT = D(1+R)T
· Present value and the price of a future dollar

· Present discounted value (PDV) of a claim on future resources is the monetary value of that claim today.

· PDVT = $1/(1+R)T
· Valuing streams of future payments or receipts

· 
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· If stream is constant the stream is called an annuity

· 
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· A bond is a stream of coupons and a final payment of face value

· C=level coupon payment each period

· M=maturity, or number of coupon payments

· V=face value to be paid back at maturity date, along with the last coupon

· 
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· When interest rate R rises, PDVbond falls

· Why do interest rates differ?

· Default risk: if borrower is seen to be riskier, lender requires higher expected return

· Maturity: interest rate varies with length of time before payoff

· Specific differences in the bond contract, itself may result in different interest rates (eg., is the bond callable?)

· Real versus nominal interest rates

· Nominal rate (Rnominal) is the stated interest rate

· Real rate adjusts for purchasing power of dollars being paid back

· INFL= inflation rate of general price level

· 
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· Saving and Borrowing

· The timing of consumption

· Two otherwise identical goods consumed at different points in time are different goods

· Indifference curves represent consumers’ tradeoffs between consumption now and consumption later

· MRS for now with later is the rate at which the consumer must be compensated for a decrease in current consumption with an increase in future consumption

· Inter-temporal indifference curves are negatively sloped and convex

· The inter-temporal budget constraint shows all combinations of goods today and goods later that can be purchased given any endowment of income in the two periods, M0 and M1
· PDV of consumption expenditures must equal PDV of income stream

· 
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· Consumers’ best choice of bundles puts them on the highest inter-temporal indifference curve subject to the budget constraint

· Saving, borrowing, and the interest rate

· An increase in interest rate R has two effects

· Substitution effect means consuming now is relatively more costly than consuming in the future, so consumer tends to substitute away from consuming now toward consuming later

· Income effect depends upon whether consumer is currently saving or borrowing

· A current saver will experience an increase in income as the interest rate rises because the interest payment received on savings will rise.

· Income effect will tend to cause today’s consumption to rise, saving less.

· A current borrower will experience a decrease in income as the interest rises because the interest payment paid on debt will rise.

· Income effect will tend to cause today’s consumption to fall, borrowing less

· In summary, for a current saver, an increase in R will have ambiguous impact on saving, but for a current borrower, it will cause borrowing to fall.

· Saving and consumption of the life cycle

· Modigliani, Brumberg, and Ando’s Life Cycle Hypothesis

· Earnings may rise, peak, fall, then go to zero at retirement

· Consumers tend to favor smoother consumption than earnings

· Borrowing takes place early in career, followed by paying off debt, then accumulating assets.  Finally, negative saving, or drawing down assets funds continued consumption during retirement

· PDV of lifetime consumption = PDV of lifetime earnings

· IRAs and saving for retirement

· IRAs increase after-tax interest earned on qualified accounts

· Accounts have limits on which tax-favored interest rate is earned

· If saving is within contribution limit, result on saving is ambiguous because of income and substitution effects

· If saving exceeds contribution limit, only the income effect prevails, reducing current saving

· Empirical studies are not conclusive regarding the IRA impact on saving overall

· Investment

· Investment occurs when an upfront cash outlay is made in anticipation of a future stream of received payments

· Net present value (NPV) as measure of investment profitability

· NPV= PDV of cash receipts minus PDV of cash outlays

· 
[image: image15.wmf](

)

(

)

(

)

R

NCF

R

NCF

R

NCF

NCF

NPV

T

T

+

+

+

+

×

×

×

+

+

+

=

1

1

1

2

2

1

0


· Discounted at the opportunity cost of funds, the NPV will be positive on profitable investments and negative on losers

· NPV criterion: invest if NPV greater than zero

· Opportunity cost of funds is the next highest rate of return available on funds if they were invested elsewhere

· Internal rate of return (IRR)

· IRR is the discount rate that makes NPV equal to zero

· IRR criterion says invest if IRR is greater than the opportunity cost of funds

· If opportunity cost of funds, or market interest rate, rises, fewer investment projects will be undertaken

· If cash flows vary from negative to positive to negative, there can be multiple IRRs, and it’s not clear which is preferable

· The IRR of a bond is called the effective yield on the bond

· Choosing between mutually exclusive projects

· IRR and NPV may give conflicting advice on which to choose

· NPV is preferable criterion because total profit is the goal, not just a high rate of return

· Payback period finds number of periods before total cash received equals or exceeds total cash outlays.  Favors less risky, front-loaded investments, but is not a good criterion in general

· Projects generally can have a variety of start dates, so one option is always to postpone investment.  

· Investment in human capital can be achieved through education 

· Studies show that investment in higher education yields positive NPV

PRACTICE MULTIPLE CHOICE

1. A deposit today of $100 will accumulate to which future value in 12 years if it earns annual compound interest at the rate of 8%?

a. $128.12

b. $129.60

c. $251.82

d. $1,440.00

e. $1,555.20

2. Dorothy wants to buy a new pair of red shoes in exactly three years.  She can earn an annual compound interest rate on her deposit equal to 6%, and the shoes will cost $80 when she buys them.  How much does she need to deposit today to fulfill her wish?

a. $66.99

b. $67.17

c. $75.47

d. $77.67

e. $80.00

3. A level-coupon bond promises to pay a coupon (C) of $6 at the end of each year for 15 years, at which time it also promises to pay a face value (V) equal to $100.  If the appropriate discount rate for such a security is 8%, what is the present value of the bond today?

a. $31.524

b. $51.357

c. $77.698

d. $82.881

e. $100.00

4. The real interest rate is 5% and the nominal interest rate is 8%.  What is the precise inflation rate consistent with these observations?

a. 2.787%

b. 2.800%

c. 2.857%

d. 3.000%

e. 3.012%

5. Lloyd won the “Million-dollar Lottery,” which will pay him $50,000 at the end of each year for twenty years.  If the prevailing interest rate is 8%, how much could Lloyd expect to receive if he sold his rights to the income stream on the open market?

a. $1,000,000

b. $214,548.21

c. $409,907.37

d. $425,678.19

e. $925,925.93

6. Consumption in the future is measured on the vertical axis and consumption today is measured on the horizontal axis in an indifference curve diagram.  Which statement is correct?

a. If Wendy is more impatient than Peter, her indifference curves would tend to be less steep than Peter’s.

b. If R is the interest rate and the price of consumption remains unchanged, the slope of the budget line would equal –(1+R).

c. If Peter’s tangency between his indifference curve and budget line is currently to the left of his endowment, an increase in interest rate will clearly cause him to save more.

d. If interest rate is positive, the budget line will lie above the point representing Peter’s income today and income in the future.

e. All of the above are correct.

7. Janice is now choosing to save some of her current income.  Which statement must be correct?

a. An increase in interest rate will have a substitution effect tending toward less saving.

b. An increase in interest rate will have an income effect that unambiguously tends toward more saving if consumption today is a normal good.

c. An increase in interest rate will have a net effect tending unambiguously toward more saving.

d. The income effect of an increase in interest rate is in the direction of saving less if consumption today is a normal good.

e. An increase in the income she will receive in the future will cause the budget line to become steeper.

8. Which is true regarding the Life Cycle Hypothesis?

a. A rational person would never engage in negative saving.

b. The PDV of lifetime saving must equal the PDV of lifetime consumption.

c. People are assumed to favor smoother consumption over their lifetimes rather than more varied consumption from period to period.

d. It is assumed that people must consume their current income in the period in which they receive it.

e. People’s overriding objective is assumed to be to maximize their net worth at death. 

9. Regarding Individual Retirement Accounts (IRAs), which statement is correct?

a. If a person chooses to save less than the contribution limit, both with and without the tax benefit, the effect of an IRA is definitely to increase saving.

b. If a person chooses to save more than the contribution limit, both with and without the tax benefit, the effect of an IRA is simply a substitution effect toward more saving.

c. The empirical evidence regarding IRAs is clearly in favor of the conclusion that IRAs increase saving for retirement.

d. There is no evidence that people actually borrow to fund their IRA contribution, so IRAs increase saving.

e. For a person who chooses to save more than the contribution limit, both with and without the tax benefit, an IRA is primarily an income enhancement, which would normally lead to less saving for retirement.

10. A firm purchases a machine today for $230,000.  The machine will result in cost savings in the production plant of $50,000 at the end of the one year, $120,000 at the end of the second year, and finally $110,000 at the end of the third year.  The firm’s relevant discount rate is 9%.  What is the net present value of the decision to purchase the machine?

a. $1,813.34

b. $45,871.56

c. $101,001.60

d. $101,831.34

e. $50,000

11. Concerning criteria that can be used to evaluate different investments, which statement is correct?

a. In evaluating investments, NPV and IRR are interchangeable criteria: they always give the same ranking.

b. Because of its ease of use, the payback period is the method recommended by most economists.

c. For the NPV method, the higher the opportunity cost of capital, the fewer investment projects will be eliminated as being unprofitable.

d. For complex cash flows that switch from negative to positive and then back to negative, the IRR method may give more than one rate of return.

e. The IRR method is usually preferable to the NPV method, especially when ranking mutually exclusive projects.

12. One possible justification for using the payback period to rank investment opportunities is _____

a. It is often more accurate than the PDV method.

b. Because it gives more consideration to early payoffs, it tends to steer investors to less risky choices.

c. It makes proper use of discounting, whereas IRR does not.

d. It gives full recognition to all the later cash flows in a project.

e. It uses real interest rates to discount instead of nominal rates.

13. Which of the following is the expression for the present discounted value of an annuity with annual cash flows F, for number of years T, at discount rate R?

a. 
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c. 
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d. 
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e. 
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14. Which statement(s) is (are) correct regarding bonds?

a. Typically, a bond promises to pay a level payment, called the coupon, at the end of each period for the maturity of the security.

b. The final payment to a bond holder includes the last coupon payment plus the face value of the bond.

c. The value of a bond can be seen as a combination of the PDV of a level annuity payment per period plus the PDV of a final larger payment at maturity.

d. As market interest rates fall, the market value of a bond is expected to rise.

e. All of the above are correct statements regarding bonds.

MULTIPLE CHOICE ANSWERS

1) c

2) b

3) d

4) c

5) c

6) b

7) d

8) c

9) e

10) a

11) d

12) b

13) c

14) e
WORD PROBLEMS

1. A mortgage is said to be fully amortized if the payments are sufficient to pay both the interest and principal on the loan such that the loan is fully paid off with the last payment.  Because this stream of payments is just an annuity to the lender, use the equation for the present value of a level stream of payments (ordinary annuity) to find the annual payment necessary to pay off a loan of $400,000 at annual interest rate of seven percent in 30 years.

2. J.P. paid just $900 for a bond with a 30-year maturity, level annual coupons of $50, and a $1000 face value. The prevailing interest rate for an equivalently risky investment is six percent.  Did J.P. get a bargain, or did he pay too much?  Explain.

3. Two investments, A and B, each cost initially $100, and each has a life of four years.  Investment A returns the following payments at the end of each respective year: $50, $50, $20, $20.  Investment B returns the following payments at the end of each respective year: $0, $0, $100, $60.  Using the payback period, which investment is better?  Using the NPV method and a discount rate of nine percent, which investment is better?  At what discount rate would the two investments be equally desirable using the NPV method?

4. In question 4, above, find the approximate internal rate of return (IRR) for investment B by plotting the NPV at various discount rates from 13 percent to 17 percent.  If you have a financial calculator, check the precise IRR for that investment.

5. How long will it take a present value of $100 to grow to a future value of $158.69 at a compound annual growth rate of 8 percent? (Hint:  you will need to use logarithms to solve this.)

CHALLENGE YOUR MIND

1. If you have Microsoft Office Excel, try using the NPV formula and check the “Help on this function” box.  Carefully read about how Excel calculates NPV.  What does it assume about the timing of the initial outflow of money, C0?  When does it occur, relative to the first inflow, C1?  Is this the way most investments work?

2. Consider the following cash flows in periods 0, 1, and 2: -$59,154,-100.  Plot the NPV against discount rates from 20 percent up to 40 percent.  What is the IRR (or are the IRRs!)?  If the required rate of return is 20 percent, should a firm undertake this investment?  What if the required rate of return is 25%?

3. Coal mining companies that use open-pit techniques are often required to fill in the pit at the end of their mining operations and landscape the area.  For companies like this, there is an initial outflow of cash when they purchase the mining rights, then a series of inflows as they mine and sell the coal, and finally a large outflow of cash at the end of operations.  Can you think of other business operations that might experience such “unconventional” cash flow patterns?  Does the internal rate of return method of evaluating investment opportunities have special issues in these cases?  Explain.

4. Use indifference curves and budget lines to show that if, at current interest rates, Jane is choosing neither to save nor to borrow, any increase or decrease in interest rate will make her better off.
PAGE  
12

_1240753058.unknown

_1245675278.unknown

_1245675465.unknown

_1240753495.unknown

_1240753806.unknown

_1240753918.unknown

_1240753739.unknown

_1240753371.unknown

_1237013027.unknown

_1237013133.unknown

_1236768180.unknown

_1236770997.unknown

_1236771023.unknown

_1236786243.unknown

_1236769607.unknown

_1236761241.unknown

