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4. Distinguish between the costs of transterring goods from one individual to another 4
exchange costs. How would you class transportation of goods between producer and ¢ ﬁufw Wﬂ.
o . . n - i & ; L R
sumer? What about the costs of negotiating a contract? Enforcing a contract? ; . 0 s *,”,ﬂ =

For Further Thought and Discussion

et
Y A

1. Omar Khayyam wrote:

[ often wonder what the Vintners buy

One half so precious as the Goods they sell.
Khayyam seems to be suggesting that vintners ought not engage in exchange, becat
wine is more precious than anything else. Where is the fallacy in his reasoning?
Compare the likely effects of taxes levied upon consumption, upon production, and up
exchange of a commodity.

#3.  Suppose Robinson Crusoe is superior to Friday in producing both fish and bananas. ]
example, it may take Crusoe one hour to catch a fish and two hours to pick a bunch of
nanas, whereas it takes Friday four hours to do either. Show that they still can engag
mutually beneficial exchange. (In international trade this is called the principle of compy
ative advantoge.) , . A ;

¢ Borrowing-Lending Equilibrium with Zero Net Investment 431

An Application: Double Taxation of Saving? 434

[magine an initial Bdgeworth-box competitive equilibrium, starting from an endowni
position where individual i has all of commodity G (grain) and Individual jhas all of ¢
modity Y (the numeraire). Suppose s endowment of grain doubles, everything el
maining unchanged. Can we be sure that 1 is better off at the new competitive equi
rium? That j is better off? That at least one of them is better off? (Hint: Are wheat farny
necessarily better off if the crop is large? What about consumers of wheat?)

5.

Give examples of markets that have existed historically, but do not now exist. Can you
plain theiv disappearance?

The Separation Theorem 442
The Present-Value Rule 443
The Rate of Return (ROR) as Decision Criterion 450

i

6. According to the economist Kenneth E. Boulding, a tariff can be regarded as a “negati
ailroad.” Whereas a railroad connects trading communities, a tariff separates them, Is il
analogy valid? '

The text stated that, in a world of two commeodities X and Y, trade would normally lea
greater quantities produced of both goods. Is this necessarily the case? Might there pe
bly be, say, greater production of X but reduced production of ¥? Explain. (Hint: G
sider the case where only trader ¢ [Ida] has productive opportunities, whereas tr
[John] has a fixed endowment.)

oweys provide bees with nectar, while bees facilitate the pollination of flowers. Is this
change?

9. Presh fruits are cheaper at farm roadstands than in ity markets. Does the price differ
reflect transfer costs or trading costs, or are there elements of each?

10, Give examples of exchange costs that are reduced by the existence of money as 1 mediu

of exchange. Of money as a store of valye. munEE@Nmm

F11. If rationing is introduced, money is no longer fully effective as a medium of excha .
What types of additional exchange costs emerge in a world where ration coupons i . 4.1 Scholarships and Saving 436
cash are both required in order to effectuate a transaction? 142 Growth versus Investment: International Comparisons 440
143 Social Security, Saving, and National Income 441
144 Education and Barnings 446
14.5  Interrupted Careers and the Discounted Value of Knowledge 448
146 Rateof Return to Education—International Comparisons 454

According to elementary textbooks, a commodity selected to serve as money should
portable, divisible, storable, generally recognizable, and homogeneous. In terms o
discussion in this chapter, why ave these desirable qualities? Can you think of other d
able qualities? (Hint: ‘Think of cigarettes serving as money in a prisoner-of-war camp.).
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14,10 Saving and Unemployment Insurance 467

o far we have studied two types of decisions: (1) how to spend income (what ¢
sumption goods to purchase) and (2) how to earn income (what amounts of
source services to offer on the market). This chapter examines another econo
choicer (3) how to strike a balance between consuming in the present and consumin
in the future, ,
To balance between present and future, people “save” and Savingi
mmr:sm from current consumption. Investment means actually creating new resour
that will generate more income in the future. These resources can take the forp
physical capital (tangible assets such as factories and machines) or human capital (¢,
a course of training that improves personal skills).
For an isolated Robinson Crusoe, the amounts saved and invested must coj
spond. Crusoe saves by not eating up all of his current corn crop; he invests by putti
the saved corn into the ground as seed for next year. In an exchange economy, how
ever, those who save and those who invest need not be the same people. Savers
money in the bank or purchase corporate securities; the financial system then transfe
this purchasing power to investors for building a house, enlarging a factory, or acquit.
ing a college education.! However, as will be seen, the aggregate totals of saving and in
vestment must correspond.
Why save or invest rather than consume today? Only so you, or someone you
designate, or your heirs, can consume more in the future. A person builds a house i1y
order to obtain future shelter; an orchardist plants a tree to harvest fruit in the futus
Similarly, it is in order to achieve higher future incomes that businesses construct
physical capital and students take courses of training to build up their human capital;
Section 14.1 of this chapter covers the elements of the economics of time. As ar
extension of standard microeconomics, we will see how the interest rate serves as a
kind of price in relation to time. The next two sections cover the logic of choices be-
tiveen present and future. Section 14.4 discusses an important practical topic: the cr
teria used by business firms and by government agencies for evaluating investment
projects. In section 14,5 we will see how money, an artificial commodity serving as
numeraire, affects investment and interest. Section 14.6 looks into why interest rates
vary as among different financial instruments, for example, the rates on long-term
versusishort-term bonds. Finally, section 14.7 reexamines the fundamental consider-
ations that cause saving and investment to be large or small and interest rates to be
high or low.

s

mvest,

»

"In ordinary discussions, this distinetion between saving and investment is not always carefully
maintained. A financial writer may recommend that readers “iuvest” in stocks or bonds or savings
deposits—although, strictly speaking, buying such financial instruments represents saving, not

investment,
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MENTS OF THE ECONCMICS OF TIME

For simplicity, suppose corn C 5 %.m only nozm::%,m,wo:, good. ‘W:c, wﬂoon_w M»CM,WEMW
are dated quantities of corn: C, (this year’s corn), €, ?.on: csn ,?w.: ron ic?m w,,
(corn two years from now), and so on. V,Eﬁ.w Q:.é%o:.%sm w:r,ﬁ W w aw_.,wuw.ma « ”,:_.m
P, Py, and so on. (Note: These are the prices today m.c_. rwn: ﬁw, z,(m r.w ‘ ﬁw e
specified dates.) Let current corn Cy be the numeraire or basis of pricing, so the

o= m_.):m economics of time falls easily into place once it is “wm:,\v,.& that r.:ﬁ,ucmim ﬂ?.
tween this year’s corn and next year's corn (between G, w:a C _,.v, aA nwsdmwawmw\ MM.M nw
to the logic previously employed in choosing wﬁ,,,é.m: this v,.g.ﬂ,, ,,..sm&_w:.p 5 W_, (SM )
manufactures. Just as supply and demand %—.E.::s.mw the price E:w m?wrmﬂ vheat
and manufactures, supply and demand will determine the price ratio P\/P, betwee

;
H N P oy ear s COrn.

this year’s corn and next year’s co . - . .
' i i this price r: 5 e current annual
The rate of interest is related to this price ratio. Specifically, the vJ A »,..m, el

rate of interest r, is the exfra amount of one-year future corn that has to be offere

the market per unit of current corn:

24 (14.1)

=k

re current co Ac, W oeiving

The minus sign indicates that a person can get more current corn (Ac,) only by w_: g

: e 1 H . T feanse i arket exchange

up some future corn (A¢), and vice versa. Furthermore, because in market ;m,fh:m.,

8 a o k at PAc = P Ac. Substi-
the values offered and received must be the same, we know that c.y:_ P A, Sub

tuting, and given that Cy is the numeraire so that P, = 1, we can write:
P
I (N

t+n B

(14.1)

i

corn, is “discounted” e factor 1 + ry relative
Thus P, the value of one-year future corn, is “discounted” by the factor ,,..q i m,w ©
to current corn. Equivalently, ry is the “premium” on current corn relative to future

corn.

SEXERCISE 14.1

Cthe Trmboarnet raks e P ercent
(a) If the interest rate is r, = 10 percent, what : ne-year futury
claim to corn? (b) What if r, = 10097 (¢} If future claims become almost valueless (P,

what is Py, the price today of a one-year futire

approaches zero), what would happen to n?

= 10%, then Py = 1(L + r) = 75 = 0.909

%, then Py = & = 0.5, (¢} As P, approaches zero, ry goes 0

Answer  (a) Using equation (14,1'), if n,
approximately. (b} If r, = 100

infinity.

R

As a check upon understanding, mocmamw the .a:m,.ﬁc:” Are :mméé _M:JC_
-ates (ry <X 0) possible? From equation (14.17), Smmu:é, interest rates ,82: Z,:, .:_,
ture claims are worth more than current &a:r,“ in today’s wo.,.:‘wﬁ. Z%s:mw EEJ:; ,
this is not impossible. It might come about if people anticipated great scarcities in
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i imit: rates less than — ercent are not
the fature. However, there is a limit: interest rates less than ~100 mr?m ) ¢
.:, H.m r <2 —1, in equation (14.1") either Py or Py would have to be :cm&;mﬂ
ossible. Ifr <0 —1, 3 : b or vould have to be negaive
wos:ﬁ&n::m our assumption that current corn and future corn are g
" o
rather than bads. , ,, . o vear
. So far we have considered only two periods: “now” (date 9‘55% w:w aw .
. . 3 130} 3 o alei o Ces c F
from now” (date 1). More generally, individuals will be making choices aboul ° :_M.m
, G i i F prices Py, Py, Py, .. —up to some fu
i dates Gy Cpy G the light of prices Py, Py, Py, ut
various dates Gy, G, Cytlnint ght « : Lo U 10 Some e
r,Sw\c: T, So we need to generalize equations (14.1) and (14.1"). ,:H.JF MMW ﬁwz diter
1 doi i illustrated in Table 14.1. First, consider the successive
seful ways of doing this, as illustrated in Table 14.1. First, X
ent useful ways of doing this, e 14.1. First, cons he successive
year-to-year m_.mnm ratios P,/ Py, P/ Py, .., PylPyy. These can be used ﬁoﬁwﬁﬁn zﬁw o
A=t~ yen 3 h pood to ceie
vear short-ters interest rates ry, fa . - - » £y Shown in column 1 of z,FTS g.ra MW_ wncc:w
the \ 1 date 3o is S
W the discount factor for transactions between date 0 and date 1, 1 + r is th
factor between date 1 and date 2, and so wvs?u b ip b/ where B, appears n
AR - cicdor the ...ﬁCm v Pof Py, ooy Pyl Py, . " :
Alternatively, consider the ra s Pl By, Py , 1/ Py, where ppears 1
all the denominators. In column 2 of Table 14.1 ﬂra.vm ratios are used to Mmyo_wa o
,N, term interest rates R;, R, , Ry associated with transactions between date
QHE-LeriY ere ates Ky, &g . e - y o oot an
w:% any future date up to T. Notice that R, is a kind of méZmM M;U I m,:a xm GH: o
,, [ i corn two years off e found by us
¢ e roday of a unit of corn two years off could i )
other way, the worth today o i 3 ars 4 be found by using
either the long-term discounting formula for P/ Py in r&::,_: 2 oM %w Zﬁm o ehe
by successively using the short-term one-year discounting formulas for Py/Py
P[P,

Table 14.1 Interest-Rate Equivalents

G M 7 ) PR fN
SHORT-TERM LONG mﬁw, e
INTEREST RATES INTEREST RATES

P 1
waiw.ﬂzﬁ
P, 1
.Nwl_l_.fn.w

EXERCISE 14.2

{a) Let P, = 1, and suppose that r, = 10% and r, = 20%. (a) ‘2 hat is %a‘zaag &L_z
om a _:_,#”& of corn at date 22 (b) What is the worth today of a bushel of corn at ¢ u?,
{c) What is the implied long-term interest rate Ry?

; (a) We want to compute Py/P,. Using Table 14.1, Ernw: = No.c\o this rat
equals 75 = 0.833. (b) P/ Py = (Py/P)) X (P/Py), and in the mw.aﬁoﬂ,% .nxmmnza we MM
hat P/P, = 0.909 when r, = 10%. ‘E:;,,,u bushel two years \o: is %9,9” cww
01.909 = 0.75% todav. (<) Using column 2 of Table 14.1, set 0.758 = 1/(1 + Ry)". Then
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The next two exercises illustrate the power of compound interest,

EXERCISE 14.3

{a) If Py = 1 as usual, and supposing that all the short-term Interest vates r, r,, . ., are
equal to some common value r = 10%, what is the value of a bushel of corn to be re-

ceived in 5 years? In 10 years? In 20 years? (b) Same questions, if r = 20947

(Questions such as these are most easily answered by reference to the interest

tables published in many financial and accounting texts.) (a)
in the future is worth 0.683 today, a payment 10 years o
20 years off is worth 0.149. (b) At 20%, th
0.026.

At 10%, a payment 5 years
ff is worth 0,386, and a payment
¢ corresponding numbers are 0,402, 0.162, and

So, we see, as the length of the term increases, the force of compound interest
more and more drastically erodes the value today of a future payment, Furthermore;
the effect becomes disproportionately stronger at higher interest rates,

EXERCISE 14.4

Suppose you had to plan ahead whether to cut a tree for timber after 10 years or after 20
years, (a) If r = 5%, how much greater would the timber value have to be at the later
date to justify letting the tree grow that long? (b) If r = 10%2

. (a) Using interest tables, at 5 percent a payment 10 years off is worth 0.614
today, whereas a payment 20 years off is worth only 0.377. To justify
the later date, the timber value at that date would have to be

: 8614
portion {7
2.15.

not cutting until
greater by at least the pro-

63, approximately. (b) At r = 10% the corresponding ratio js 248 =

The analysis that follows deals with choices between consumption now versus one year
from now: between ¢, and ¢. Using the same kind of simplification as in chapter 13
(section 13.2), we can begin with a hypothetical “pure exchange” economy. In the in-
tertemporal context, pure exchange means that no net investment is taking place. (Pro-
ductive activities such as building a house or planting a tree are ruled out.) If aggregate
investment is zero, then aggregate saving must also equal zero, which means that the
saving of some people must be balanced by the “dissaving” of others. (If some are lend-
ing, others must be borrowing.) Intertemporal productive opportunities, and their im-
plications for saving and investment, will be covered in the next section.

Borrowing-Lending Equilibrium with Zero Net Investment
Figure 4.1, which pictures choices between consumption this year and copsumption
next year (between Cy and (), closely resembles the “optimum of the consumer” dia-
grams in chapter 4. Once again there are indifforence curwee 111 110 1

R R



FIGURE 14.1
Consumption This Year vérs
Consumption Next Year

The choice between €, and C;
involves the preference map
(indifference curves U, U", U
endowment B, and budget lin.
The intertemporal consumptio
optimum is C*. The individua)
shown here chooses to lend th
amount & — ¢ of current claim
recelving in repayment the amog

Consumption Mext Year

¢}~ ¢, of future claims, W is't
endowed wealth measured in unit
of current claims Cy.

Consumption This Year

endowment position on the vertical axis, here the endowment position £ = Ega€y) 18
the interfor. Thus, the individual—let us call him Karl—has an initial entitlement
positive amounts ¢, of this years corn and ¢, of next year’s corn. .

Suppose Karl wants to consume more than his endowed %, units of corn in th
current period. Since productive investment is ruled out under the pure-exchange ¢
sumption, Karl can do so only by borrowing from someone else. If instead he prefers
onsume more than & next year, he can achieve this only by lending to others.
diagram, lending means moving northwest along the budget line KL, from E—giving up

current corn in exchange for future corn.? Moving southeast along K1, increasing ¢, a
the expense of ¢, is borrowing. As pictured in Figure 14.1, the utility-maximizing con
sumption basket is the tangency point C* = (¢3,¢%). Karl's optimum involves lending
£ — ¢} units of current corn, the anticipated future repayment being ¢} ~ & units of
next year’s corn.

What if, with the same preferences and budget line, the endowment position £
had instead been located northwest of C* along the budget line? Karl would then bor-
row ¢ — Ty and repay & — ¢}, Such a person, with an endowment mainly in the form?
of future income, is like the “heir with great expectations” in Charles. Dickens’s novel:
short of finds today, but in a position to borrow thanks to his future prospect

In the “optimum of the consumer” diagrams of chapter 4, the absolute slope of
the budget line was —~Ay/Ax = P,/ P, the price ratio between goods X and Y. Similarly

*As the term is used here, lending includes depositing funds in a savings account or purchasing
financial ingtruments such as stocks and bongs. v

“In nineteenth-century Britain there was a poputar financial instrument known as the “pre-
obit.” Prospective heirs could borrow, repayment being postponed until after succession to an entailed
estate. (The entail certified to Jenders that the borrower could not be disinherited, making him a
relatively good credit risk despite possible improvident habits.) v

here in Figure 14.1, the absolute slope of the budget line-—the market rate at c.?av E.
dividuals can trade current corn against future corn {can lend or borrow)—is
—Acg/Ag, = Py/P,. From equation (14.17) we know that this :&c also equals 1 4+ .
Thus, a higher interest rate means a steeper slope of the ?.imm.ﬁ line. .

In chapter 4 it was the individual’s income I that constrained choices, as %9«5.7%
the budget equation P -+ Py = L That equation was valid only vanu:mm of an implicit
assumption that all decisions concerned only a single time period. For choices over
time, it is not a single period’s income that limits consumption choices but rather over-
all wealth W, More specifically, under the pure-exchange assumption, the constraint
on consumption now and in the future is endowed wealth W,

ﬁ\a = Ly, + P (14.2)

(The subscript 0 is attachied because wealth signifies a present market value, the worth
today of a person’s current and future income claims.)

e Endowed wealth W, is the present value of an individual’s endowment

of present and future claims

Since P, = 1 and P, = 1/(1 + r)), the definition in equation (14.2) can also be

written:
[
Wosgy + 1T+ 7

{14.2)

Nt

Endowed wealth, as just defined, is the horizontal intercept of the budget line KL
in Figure 14.1. The equation of the budget line can also be expressed in two ways:
Pyty + Py = (14.3)

(14.3)

G

Equation (14.3) looks very much like (14.2), and (14.3") looks very much like
(14.2"). Do not confuse them, however. Equations (14.2) and (14.2') define endowed
wealth W, (notice the identity sign =) in terms of the endowménts &, and ¢, as known
constants. But in equations (14.3) and (14.3") ¢, and ¢ are variables, chosen subject to
the fixed wealth W, constraint.

To find the market equilibrium, think in terms of supply and demand for cu rrent
corn €, as functions of the rate of interest ri. {The analysis here parallels section 13.2 of
the preceding chapter). Karl's supply of lending is his transaction supply of current corn.
If he is endowed with F, units and chooses to consume only ¢ units, he will be E:aﬁm
the difference g, — ¢, Similarly, his demand for borrowing is his transaction demand for
current cort, the difference ¢, — ¢, Whether he wants to be a borrower or a lender will
depend upon the interest rate, as shown by the b curve (demand for borrowing) and
the € curve (supply of lending) in panel (a) of Figure 14.2.

Panel (b) shows the market aggregate B and L curves, the horizontal summations
of the individual b and € curves. The intersection of B and L determines the equilib-
rium amounts of borrowing and lending (B* = L*) and the equilibrium rate of

interest r*,
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FIGURE 14.2

Supply of Lending, Demand for Borrowing , e
Panel{a) depicts an individual’s supply of lending curve m. ?74@ :.::m)un:od ﬂ,%m w »w ( ;w ¢ ,ﬁp .
demand for borrowing curve b (the transaction Lmsﬁ:i ::‘m\@,. as ».::n:o,:,, c,P n, he M_mrﬂﬂ“a
r;. In panel (b} the intersection of the z,::,?.,; y..:E.;M of lending Qw?a L .n:wp., the :::, mﬂ t Mg ””Mmi:m ,,
for borrowing curve B determines the equilibrium interest rate 77 and the amount of b ,

o T#

and lending B* =

An Application: Double Taxation of Saving? . .
1t has been asserted that income taxes tend to discourage saving. ,En_,cEm 7 Emn.,a ,c:,ﬁ.n
when initially earned, but then any amount 54 ved ww:ﬂna a mano:g, :Eo as.w.ﬁw,: m,r,ﬁrﬁ_
ates earnings in future years. Is this co:ﬂmzsc_w pr%.? resolve the issue we need to
consider the effects upon consumption and saving ns.o.mr.?,‘ o o

Figure 14.3 shows an individual's (Karl's) indifference curves. The endowment

i 3 tor Bomm ~ ( Therefore. oy BTN A“
position E is assumed to lie along the horizontal axis: £ = (%, 0). 1 herefore, 7&,_ Miv ¢
save if he is to make any provision at all for future consumption. In the &uua:?w o Zy_,m,
o e B - 4+ r_The line EK intercepts the vert
his budget line would be EK with absolute slope 1 + r,. The line EK ::n?mm”q p”:.« erl]

| H o o e - S e
cal axis at §,(1 + 1), the maximum attainable amount of future corn. €7 is bis cot
sumption optimum, o . . e

To verify whether income taxation is biased against saving, we need a baseline f
comparison. An appropriate baseline is a tax levied upon consumption Z%C. than ¢ ,
income, (For the moment, assume that imposition of income or consumption taxy
Jeaves the market interest rate ry unchanged.) o e N
Consider a consumption tax at the rate of 50 percent. This is taken to mean
current endowed amounts intended for consumption (any amounts not saved) p\_m !
. i so thi [ this as < ercent tax on actual cg
duced by one-half. (We might also think & this as o Sc mﬁwc:n tax or X X
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Consumption Next Year

Consumption This Year

FIGURE 14.3

Consumption Tax versus Income Tax

A consumption tax, that bears equally heavily upon Cy and C, shifts the budget
line proportionately downward from EK to B'K’. The original consumption
optimum C* shifts to C'—present consumption, future consumption, and saving
all fall about proportionately. An income tax bears upon all of current income
(whether or not saved) as well as upon future consumption and income; so the
budget line becomes E'K". Comparing the income tax optimum € with the

consumption tax optimum C', the amount of saving (horizontal distance
between E"and €” or €") may be about the same, but net provision for the future
is less.

For such a consumption tax the relevant budget line is F'K’, where both inter-
cepts of EK have been shifted halfy ay to the origin. If Karl were to maximize his cur-
rent consumption and not save at all, his attainable ¢ would equal half of the endowed
¢ If he chose instead to forgo current consumption entirely, saving as much as possi-
ble, the maximum attainable ¢ would be half of 2,(1 + r). Any intermediate choice
would lie upon the line F'K’ connecting these two intercepts, As can be seen, a con-
sumption tax has no systematic bias between current and future consumption. The
new optimum ¢ would be shifted more or less proportionately inward to the origin
from the original C*,

If instead a 50 percent fncome tax is imposed, the relevant budget line would be-
come E'K”. Why? The key point is that 50 percent of current income %, has to be paid
at date O regardless of the consumption/saving decision. (Whereas under a consump-
tion tax, if Karl saves the maximum possible amount €,/2 no tax payment would be due
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would be £1/2, where € is the amount lent (saved). In the nﬁnn.:g.m Eun ,:,.muwﬁc.,_ww,mm””w H
as much as possible (£ = 7/2), the net after-tax amount remaining is the :_;.n,_wrnm?un
the budget line E'K” on the vertical axis: ¢,/2 X (1 + r/2). Finally, along this budge
line the mosm::%acz optimum is shown as C”. . B
Returning to the original issue, as nc:,wx:.m‘a with a r.,,:zcw,:m:o: E,.J is mm :,.
come tax bigsed against saving? Is it biased against \N.:,.:Rx.wc,:,:S%ms:. It E:ww .cw:, ,H,n_vm
are two different questions. Geometrically, comparing C :,,?.v, ov:::.md J:»,WC,FA he MM "
sumption tax) and C” (the optimum under %m. income EMV.N,:. appears %mﬁ the w:mcé,
saved (as defined by the horizontal distance from point E V, is u?.:% S_n M:w? How-
ever, C” lies considerably below €, which means that provision for future consump
ion is considerably less. ) o
o ;zm Mz.wwwﬁmzﬁamwnﬁ this result in terms of %m. income ,&w.ﬂ u:a, ,,.:.vw:_w::%w nmm%ﬂc.m
the tax regarded as a price change. A 50 percent Enc_wn.‘wmw is m h _ﬁﬁ_u:ﬁ?:”c W‘W :
50 percent consumption tax; the opportunity set for E'K” is shrunken re a ,:. r: "w A;.
The income effect therefore suggests that Karl m.rc:E want to consume _ﬂ.v, o %Me “ : %
and C,." However, the income tax also makes C, more expensive ?Eﬁv:é ?M G ‘m M:”w
slope of the budget line), gnc:ammwsm current consumption wﬁﬁzuﬁ ﬂw Hmas,ﬂwaﬂ. .Fr
sumption. As the income and substitution am.mn.a counterbalance one mwﬁxx Fﬂ M _.., e
gard to current consumption, we are not mcam:m@,\_ that the N::Aocm” of rM: pA:. i ‘f m“
w:mE remain about the same. However, the income and substitution effects reinforce
one another when it comes to future conswmption.

Income taxes might or might not discourage saving, compared with taxes
on consumption, but they definitely reduce provision for the future.

A more complete analysis would next trace out the effects of the &?ﬁ.w&, m.ﬁ., m‘%m.‘
tems upon the before-tax market interest rate, assumed to .cm no:wm:; in x? ,SH ,mmc:W
discussion. {Challenge to the Student: Would a mgngm:w: tax tend to S_uw the w; M
of interest r? Would an Income tax? Hint: Since a consumption tax ?A:F.ﬁ Q.:ﬂ.@,:m%wn
future consumption more or less proportionately, there would be no systematic effect
upon r.)

SCHOLARSHIPS AND SAVING

One of the most important motives for family saving is .3 ?::w.nm nm.:.r.:m:vm nczammymw:%cw.<~w_i
though higher education has become fiercely expensive, :E,,dzﬂ,% ,.Em nc_,y.ommv. ._mrzoz v
offer scholarships or other financial assistance to & c.:ﬁ burden. vznv,::u:,rs . ,=‘n. M,_M:w M
most always “means-tested”; that is, the richer the family, the less the assistance provided. It i
not widely realized that the effect upon parents is like a tax upon future income.

s 1 are al sunert
“This assumes that current consumption and future consumption are both normal superi
goods.
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Using data from the 1986 Survey of Consumer Finances, Martin Feldstein® analyzed the
“uniform methodology” employed until the late 19805 by the Col
Board. This methodology was a formula for reducing coll
assets and income. Feldstein caleulated that the 1986 ai
plicit 22 percent tax on the first $7,300 of what was called “adjusted available income,” rising to
47 percent above $14,500. (This “tax” is quite apart from ordinary federal and state income
taxes.) The caleulated aid reduction would then be multiplied by the number of children in
college each year,

lege Entrance Examination
ege financial aid on the basis of family
d reduction was equivalent to an im-

Thus, for families with college-bound children, provision for the future is heavily dis-
couraged. (The more family saving, the greater the accumulated assets, and thus the less the fi-
nancial aid.) Feldstein estimated that for a typical household—ivith a head aged 45 years, two
precollege children, and an annual income of $45,000—the effect would be to reduce family
assets at the date of first entry to college by $23,124. The reduction is about 50 percent of the
amount of financial assets that would otherwise have been accumulated. For the nation as a
whole, the reduction amounts to about $66 billion!

Comment

The effect upon saving is so large because, whereas ordinary income taxes bear
upon both current and future income, “means-tested” financial aid penalizes only
future assets and income. A family that consumes all
makes absolutely no provision for their ch
tirely escape the burden of this implicit tax.

its current income and
ildren’s college education would en-

“Martin Feldstein, “College Scholarship Rulss and Private Saving,” American Economic Review 85 (June 19951

Because there are no investment opportunities in
rium the savings of lenders have
when investment (productive) opportunities are available?

a pure exchange economy, in equilib-
to equal the dissavings of borrowers. What happens

Figure 14.4 pictures the situation of an isolated Robinson Crusoe, who has only
productive opportunities as indicated by the Production-Possibility Curve QQ. (Note
the similarity to Figure 13.8 of the previous chapter.) For

LFusoe, corn consumed
(6 and ) and corn produced (g5 and q;) must be the same: he can consume only what
he produces. His endowment E can therefore be written either as (0,00) or (o).
Robinson’s optimum occurs at point R* = {(c},c%) = (g5a1), where the Production-
Possibility Curve is tangent to his highest attainable indifference curve,

Crusoe’s saving (corn not currently consumed) is the horizontal distance ¢, — ¢¥.
Because he cannot lend (there is no one to lend to), Crusoe saves only in order to have
seed corn for planting, that is, for productive investment. His scale of plantings (invest-
ment) exactly equals his sacrificed consumption of current corn (saving): & — ¢t =
@ — q1. (The same holds true for an isolated country: in the absence of foreign trade, a

at must come from its own saving.) The return on investment t

country’s investme
the form of an increment of fiture corn: gy — G,

akes

=)~ 6




, Chapter 14 The Econontics of Time 439
438 Part6 Economics and Time ,

2
¢i.91 ] : : ) ,
Robinson Crusoe Optimum

over Time

Robinson Crusoe has no
intertemporal exchange (borrowing-
lending} opportunities, but can
engage In productive
transformations between
consumption this year and

FIGURE 14.5

Interterporal Production
Optimum and Consumption
Optimum, with Exchange

The individual here has
intertemporal productive
opportunities (the Production-
Possibility Curve QQ) as well as
exchange opportunities indicated by

budget lines such as MM and NN of
slope = Py/Py == ~(} + r). The
production optimum Q* involves
investment in the amount G~ qb
The consumption optimum C*
indicates that the individual saves
only €,

conswmption next year. QQ is the
Production-Possibility Curve
through his endowment E. The )
Crusoe optimum is at R*, where QQ
is tangent to the highest attainable
indifference curye, This is an
autarky solution: the amounts

Co.90  produced (g3,97) equal the amounts

Future Consumption Claims

; the remainder of the
investment is financed by borrowing

Consumption and Production Next Year

consumed (c§c1). . in the market.
. €0, 90
Current Consumption Claims ; do
. Consumption and Production This Year
.
s , . ith access th produc-
a1 S et mietres 4 dividual—say, Ida—with access to both prc . . . i . . o -
Figure 14.5 now pictures an :#::.n w e sare Figure 13.9 in the preceding ton optinum at point C¥, (Note that C* is on a higher indifference curve than R*.) The
tive opportunities and market opportunities. (Compare Fig - NN - budget-line equation corresponding to NN is:®
hapter.) As before, the productive opportunities are represented by the Production- . & o 3
chapter. 5 DE > o ) 4 Bree of o i
Possibility Curve Q. The market opportunities are shown by budget r.:ﬁ. of mew - LG W (1456)
DIV = . P . 1 § assogcrated Co =¥ 4.
— PP, = ~(1 + r) through attainable points on QQ. Each budget line is associated ot 3
- sfiredd e ; L
" with a specific level of wealth as defined in: - . oty e . . . Lo
13 , In Figure 14.5 Ida is investing ( planting sced corn) in the amount indicated by the
Wy =g, + & (14.4) . hotizontal distance g, — q6. However, her saving is only the horizontal distance
A = g, T - e 3 ~ . ¥ LS o : ; ;
S T ¢ — ¢ She “finances” the remainder of her investment by borrowing some of the sav-
In Figure 14.5, for cach budget line the level of wealth W, is the intercept . in Jg?w:ﬁm:m? n sacrifices) of other individuals—to be repaid out of the investment
£ LDy L ines are of special interest. MA . yield g - ¢y, :
. rizontal axis. Two of these budget lines are of specia St . e , R
along the :o:\,MEm_ P/Mv Q%:Es s like :W budget line KEL of Figure 14.1: i From the picture in Figure 14.5 it sould be possible to generate curves show-
o Fhi @ 2 N S & : L At 3 3 e 1 Ty o M > 1 o, e N o fer T
through the en %MECM o 1 by lending or borrowing alone. The horizontal inte ing Ida’s saving s, investment , lending €, and borrowing b—all as functions of the
. N P d he achievet 2 IV . o £y ract . i NN . H . - o
shows Mir: fc:? ¢ M :wa ﬁw;% T NN in Pigure 14.5, the highest attainabl rate of interest r.. We omit this step and move directly to the aggregate level of
e~ F . o se. eQ . .~ E o : C, g 1 E 3
cept of MM is the en cﬁnm ,v uct ¢ Possibility Curve QQ at point Q*, that i analysis. For the market as a whole the curves for S, L L, and B in Figure 14.6 are the
ot line: is tange e Production-Possib - d < ; . . , TN 2 g i o
budget line; is tangent to the ,M,ﬁ_ﬁ ﬁ_r izontal intercept of NN is the maximum . horizontal summations of the individual s, b €, and b curves. The market equilib-
 Tda’s producti imum. The horizont: eree & tae e e < : . . :
at Ida’s production opiin L i - rium is shown in two ways: (1) as a balance between S and I (between the supply of
tainable level of wealth W, . ving and the demand for investment), and (2) as a balance between L and B (be-
; - N . - N P
at . tween the supply of lending and the demand for borrowing). (Note the similarity to
Wi =gt 4+ L (45 ; A . o 8 .
=gt T " . Figure 13.11 of the preceding chapter.) The difference between the equilibrium
Having maximized wealth by choosing the production optimum, Ida can th . *The maximum attainable level of wealth W3 is defined in the identity (14.5), but appears in the
esioes oy bar el , raining her constn conditional equation {14.6) as a constrain P e possible cong ion choices (&6,
engage in market exchange (borrowing or lending) along NN, attaining . ¢ ] (14.6) as a constraint upon the possible consumption choices (ge).
&
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w : Growth, Investment, and Saving (1973-1984)
s Intertemporal Equilibrinm GROWTH RATE INVESTMENT SAVING
Supplyof with Productive Investinent OF GDP RATE RATE
lending * L chrent faleos
When E,ca:nﬁé .55&5.&,:., rwrmw Five highest growth rates
% o ww,mm_w o Place, the 2_:_:%” Em - ”,—%Hm” Egypt 8.5% 25% 12%
- s taneously balances { 3 - .
i r* simultaneously ba e . . Yemen Arab Republic 8.1 21 ~22
2 aggregate supply of saving § with the
c “ : e ) Cameroon 7.1 26 33
- aggregate demand for investment ], ) E
b . Svris v . i 24
° . yz Dmawzamwoqa and (2 the aggregate supply of Syrian >._. b Republic No 24 12
M investm lending L with the aggregate Indonesia 6.8 21 20
/ demand for borrowing B, The five lowest growth rates
B Demand for  difference between the two Zambia 0.4 14 15
™~ borrowing magnitudes, at any interest rate r, is Bl Salvador -0.3 12 4
1,5,0,8  accounted.for by the amount c” Ghana ~09 5 5
o L*=B* [*=8" investment mm:,m:ﬂ.u:a& out of Zaire - 1.0 NA NA
: investors’ own savings. ’ . N i
Saving, Investment, Lending, Borrowing © Uganda L3 8 G

Sowrce: Adapted from The World Bank, The World Development Repart {1986).

magnitude of saving and investment (8§* = I*) as compared with the amount ﬂ_:
chg,.i:m and lending (L¥ = B*) is accounted for by the investments that peop
“self-finance” through their own saving, (Challenge to the Student: Whereas Fig

NGO BN T T :

S S

STANEY

Ly s
PSRN TR FZAN

Conmment

ure 14.6 shows & = I* as larger than L* = B, this is not necessarily the case. Ex-
plain why. Hint: As shown for the pure-exchange economy discussed in the previ- Ahigh saving rate by Ew&o:?,._ ofa country would lead to increases in wealth, but not
ous ummﬁr:v lending and borrowing can take place even when there is no aggregat > necessarily to increases in GDP—if, for example, the savings are invested abroad.

A Conversely, a country can have high investment despite low saving if funds flow in
investment at all.) \

from abroad. Yemen clearly falls into the latter category; it had a very high investment
rate despite a large negative saving rate. (Saudi Arabia provided large financial assis-
tance to Yemen during this period.) Overall, however, there is some correlation be-
tween investment and saving, since it is generally easier and safer for people to invest
at home rather than abroad. The countries with very low saving rates here were al-
most all subject to great political disturbances durin g this period. The countries with
extraordinarily high investment rates were mainly beneficiaries of the oil boom.

In a regime of pure exchange, a person can achieve a wnwmmzdm 382&&@.?
ral pattern of consumption only by borrowing or _B.zmiw. At the equilib-
riwm interest rate, the overall market supply of lending equals Eo.oémé,
market demand for borrowing (L* = B*). But in a regime of production and
exchange, each individual chooses a level of msém:dm.:» as well as an
amount of lending or borrowing. The scale of investment is chosen to miaxi-
mize wealth, and it is this maximized wealth that serves as 9.@ Qnﬁ.az.m‘:: in
achieving a preferred time pattern of consumption. The equilibrium inter-
est rate balances the aggregate supply of saving with the aggregate %Ez.;m
for investment (S* = I¥) while still equating the aggregate supply of lending
with the aggregate demand for borrowing (L* = B*).

The distinction between saving and investment is also central to Example 14,

13

Example 14.3 SOCIAL SECURITY, SAVING, AND NATIONAL INCOME

2 le 14.2 GROWTH VERSUS INVESTMENT:
<, bramp INTERNATIONAL COMPARISONS

Before the Social Security program came into effect in the United St
provided for retirement by saving out of income earned in their productive working years.
Savers, by buying stocks and bonds or depositing money in banks, helped finance the produc-
tive investments that increased the real capital of the nation.

The expectation of Social Security benefits reduces the motive to provide for one’s old
age-through private financial instruments. Also,

ates, individuals generally

Some nations save and invest more than others. We would expect nations to grow m
rapidly the more they invest. The table below indicates that this tends to be the case, whe

. ; et e Thrre st D -+ (GDP). Social Security taxes on earnings leave peo hle
growth is meastured in terms of annual changes in Gross Domestic Product (GDP) ¥t ’ gs leave peop
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with less income available for saving, So aggregate private saving would be expected to decline
as a result of the Social Security program. On the other hand, Social Security taxes generate
large revenues for the federal government, If the government had “funded” these contribu-
tions, the cash inflows would have built up a financial reserve for covering the anticipated fu-
ture outlays. {Indeed, this is what private insurance companies do with premiams paid by indi-
viduals for retirement annuities.) The funds in the financial reserve could then have beén
channeled into productive investments. Thus, the collective saving of the Social Security Ad-
ministration would have balanced the reduction in private savings.

However, a political decision was made early on not to fund Social Security. Instead,
Social Security tax revenues were used to support the current expenses of government. On
balance, therefore, aggregate savings (and hence aggregate investment) would be expected to
decline for the nation as a whole.
artin: Feldstein® estimated that, as of 1992, the expectation of future Social Security
benefits had cumulatively reduced private saving by $400 billion, with a further reduction of
$84 billion through the effect of payroll taxes upon current disposable income. Overall, he cal-
culated, the Social Security program decreased nationwide personal saving by an astonishing
66 percent. Even if corporate saving, presumably unaffected by Social Security, is counted, the
reduction of national saving still amounts to 59 percent. Over the years, the reduced level of
saving has substantially lowered the growth of U.S. national income.

e

Muartin Feldstein, “Social Security and Saving: New Time Series Evidence,” working paper no. 5054, National Bu-
reau of Economig Research, 1995.

SRan

7]

53K

It s one thing to decide how #ruch to save or invest. Government and business decision
makers, and private investors as well, also have to make specific choices among financial in-
struments and investment projects. Typically there will be many possibilities: some pro-
jects might be of larger and others of smaller scale, some offer quick and others deferrec
returns, some are more risky and others less. Finding the appropriate criterion for selecte
ing and rejecting investment projects is an important practical issue in the world of affair:

The Separation Theorem
A crucial implication of the previous analysis is:

THE SEPARATION THEGREM:  The production optimum position Q* is entirely inde
pendent of personal preferences.

In Pigure 14.5, Ida’s indifference curves did not matter for finding her production opti
muny the location of Q¥ depends only on the shape of the Production-Possibilit
Curve QQ and the slope of the market lines. (Once wealth has been maximized by
choice of Q% however, time preferences do still matter when it comes to finding the i)
tertemporal consumption optimum C
When the Separation Theorem is applicable, important practical results folloy
Suppose an owner of a firm delegates all production decisions to a manager. The maj
ager would not have to know anything about the time preferences of the owner. Allt
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owner need care about is that the manager acts to maximize the firm’s wealth, that is,
achieves the production optimum Q. Even more important, the firm could have mul-
tiple owners with diverging time preferences. The Separation Theorem explains how it
is that large numbers of owners can come t gether to form a corporation, allowing
managers to make productive decisions on their behalf,
) Strictly speaking, however, the Separation Theorem applies only if the markets
for borrowing and lending are perfect and costless. Owing to transaction costs (see
chapter 13) in the lending/borrowing market, individuals and firms can typicaily bor-
row only at a higher interest rate than the rate at which they can lend. The choice of Qo
on the Production-Possibility Curve would then depend upon time preferences after
all. Take the extreme case of an isolated Robinson Crusoe, who can be thought of as
.?Q:m infinite transaction costs (there are no market opportunities at all). Since all his
investments must be self-financed, the shape of his indifference curves woul
fect his choice of F (as shown in Figure 14.4).
The Separation Theorem is an ideal, and therefore is never perfectly applicable, If
the borrowing and lending rates of interest differ substantially Q.E:m? individuals
m,rm_..m:m particular types of time preferences will tend to group Smmﬁ:mn as owne
firms, and managers

d surely af-

rs of
. will want to take these preferences into account. This explains why
utility stocks, which typically pay high current dividends, are attractive to older people.
In contrast, younger investors might prefer high-tech stocks paying little or no current

dividends but offering better growth prospects.

The Present-Value Rude

hat is the appropriate criterion or investment decision rude for choosing among pro-
eta? B At it e g . N . e (
jects? (In this discussion the Separation Theorem will be assumed to be valid unless in-
dicated otherwise.)
Any project is characterized by a sequence of dated cash flows or payments
Ty en, Zp :4,:: the present up to some horizon T. Normally, projects begin with an
outlay phase (one or more initial periods where the z, are all negative or zero) followed
anp (15¢ X per o N S EIe - - E Thie o 1
by i payoff phase A per _.oﬁr. with only positive or zero z,}. This time pattern charactérizes
an nvestment project, in the strict sense of the word. The opposite case, where the pay-
off phase precedes the outlay phase, would be a disinvestnent project. More comphi-
cated patterns falling into neither of these simple categories are also possible, and in-
deed are important in the world of affairs. To begin with, however, we can start with
simple investment projects

Zn

The fundamental criterion for selecting among investment projects is known as
the Present-Value Rule. For the simplest case of two periods—date 0 (now) and date 1
(one year from now)—Present Value Vo is defined as:

5m&+ﬂ%ﬂ (14.7)

There are different versions of the Present-Value Rule, dep

" ! . t . ending upon whether
the projects being considered are independent of one another.

PRESENT-VALUE RULE 1: (Independent Projects)

Adopt any project whose Present
Value V, is positive; reject any project with neg

ative Present Value V,,

m. 2
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The justification for this investment criterion is self-evident. The Present
Value of a project represents the additional wealth it generates for its owners, as can
be seen by comparing equation (14.7) with the definition of wealth in equation
(14.4).

But what if projects are interdependent, meaning that adopting one may change
the payoffs of another? Sowing corn, for example, may increase the benefit of digging
an irrigation canal. An extreme of interdependence occurs when projects are mutually
exclusive. A landowner may have to choose between putting a gas station or an office
building on a city lot. For this case:

T A ALL 3 (Mutually Exclusive Projects) Adopt the project with
largest Present Value V, provided its V, is positive.

“inally, the general rule, Present-Value Rule 3, subsumes rules 1 and 2:

able, including doing nothing, and then choose the set of projects that maximize:
overall Present Value,

This procedure will obviously maximize wealth for the owner or owners.

Rule 3 has the same form as rule 2, because the available projects can be
grouped into mutually exclusive combinations. Suppose a firm has three possibl
projects 4, B, and C. These can be sorted into the eight mutually exclusive combina
tions 0, A, B, C, AB, AC, BC, and ABC (where 0 represents adopting no project at all}
Whichever combination has highest V, is the firm’s wealth-maximizing investmen
choice,

@ EXERCISE 14.5
(a} A project has anticipated cash flows z, = ~100, and z, = 125. Is this an investmg
or a disinvestment project? (b) What is its Present Value V) when the interest rate ry is
percent? At r == 20967

e () Since z is negative and =, is positive, this is an investment project. 1
volves current sacrifice for future benefit. (b) If r, = 109, using equation (14.7), ¥
—100 -+ 125/(1 + 0.1) = 13.64. If r; = 209, the Present Value is ¥, = 4.167.

Notice that Present Value falls as the discount rate r rises. This will be true for
two-date investment projects, as is evident from equation {14.7).

EXERCISE 14.6

The table here shows payment sequences for two projects M and N. The first twa
show the payments when either project is adopted separately, and the third row
what happens when both are adopted. {Note that, owing to interdependence, the:dai
outlays and the date 1 payoffs shown for MN are not simple summations of the n
tudes for Mand N.) (a) If the interest rate were 20 percent and you could adopt oub

5 Tabulate all the possible combinations of projects avail
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or N, which, it any, should you choose? (b) If you could adopt both together, would you
want to do so? i

FROJECT & 4l

# —100 125
! - 50 9
n 160 240

G

A7

YESY

{a) If only one of them can be adopted, M and N are mutually exclusive. At 20
percent, Vy(M) = —100 + mmw = 417 and V(N} = ~50 + .ﬂﬁw, = 25, Because N has the
higher Present Value (and since this V; is positive), N should be adopted. (b} If the com-
Z%:aa: MN is also an available option, the calculation becomes VoMN) = —160 +

55 = 40. Thus, the combination is better than either project alone.

Generalizing equation (14.7) to any number of dates, the Present Value of a
stream of payments from date 0 to a “horizon” date T can be expressed either in terms
of the long-term or the short-term interest rates that were defined in Table 14.1:

4
I+ R

Z;

(1 + R

+

=
hEE

(14.8)

ol

z

I

Z o
+ 2
+n {1+ )1 + 1)

Tt T
A+ r) (L + )0+ 7

z + ] (14.9)

For some purposes the first formulation is more convenient, for other pur-
poses, the second. There is no logical difference between them, because the long-
term rate Ry is an average of the short-term rates r, 7. . . , ry between now and
date T.

While the “term structure” of interest rates (the differences between Iy Iy €LC.)
can be important, in practical project analysis it is usually assumed that the current rate
will maintain itself into the future. If all the rates reare all equal to some common value
7, equations (14.8) and (14.9) both reduce to:

Z Z2 Zr
+ A P T
T+r (w2 o (1+nt

(14.10)

i EXERCISE 14.7

?_w Suppose it costs 10¢ to plant a tree, Let the timber value of the tree, if cut at any time
¢ from the date of planting, be ¢ = V't net of harvesting cost. A partial tabulation would
be:

Year of cut () 4 9 16
Value of timber (g) 1 2 3 4

Considering only the possibilities tabulated (i.c., not interpolating within the table, or
extending it beyond 16 years), what is the best time to cut the tree if the interest rate is
constant over time and equal to 3 percent? (b) As a more difficult problem, suppose that
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after a tree is harvested (and only then) a new one can be planted in its place. Of the pos-

sibilities above, which period represents the best cutting cycle?

) R : el sive. we o se Prosent-
Answer: (a) Because the harvesting periods are mutually exclusive, we can use Present

Value Rule 2 to find the cutting period that maximizes V.

YEAR OF CUT PRESENT VALUE
i =~ 10411085 =01 +095= 85
4 =10+ 2/1.05% = —10 + 1.65 = 1.55
9 ~ 10+ 37105 = 10+ 193 =183

-0 + 4/1.05"% = — 10 + 1.83 = 173

A

Bvidently, it’s best to cut after nine years.

(b} For the one-year cycle, the Present-Value equation is:

I -0l 1 — 0.1
1

W= T e

L or 1+ 0
where the annual net return of 90¢ repeats itself forever. The Present Value works out to
Vo = $17.90. For the four-year cycle:

2 -0 201

Vo= 00+ B S

o+ a+

N

Here the net return is $1.90; repeating itself every four years forever. The Present Value
is V;, = $8.54, By analogous calculations it can be shown that for the w.knw: Q,Qm Vo =
$5.16 and for the 16-year cycle Vi, = $3.20. Thus, allowing for the possibility of replant-
ing drastically shortens the optimal cycling time from ¢ = 4 to t = L. (Challenge to mE,
Student: Can vou explain why?)

e . . . S R TN
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EDUCATION AND EARNINGS

Assaf Razin and James D. Campbell* calculated present values of lifetime earnings for roEma. af
bachelor’s degrees in various fields, nsing National Science Foundation 1968 data on-yearly in
to college, and terminate in year 44. So equation (14.10) was applied in the following special form

244
e

Calculating with an interest rate r = 3%, the table indicates some of the results cvSEwﬁ
(The relatively favorable position of the economics degree is consistent with the salary standing
of economists reported in Example 1.2.)
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Present Values of Earnings for
Holders of Bachelor’s Degrees

EARNINGS

fathematics $342,068
Economics 339,482
Computer science . 306,733
Political science 300,000
Physics 282,658
Psychology 262,127
Agriculture science 225,118
Bielogical science 215,691
Sociology 213,590

These numbers are not a firm indication of the value of education regarded as an invest-
ment project. For one thing, they do not allow for the costs of college, which include not only
tuition fees but also earnings forgone during the four college years. As another important qual-
ification, we cannot assume that the higher earnings of educated individuals are due to their
education alone. People who go to college may earn more because they work more hours (see
chapter 12}, or because they are smart to begin with, or because they come from more affluent
families.

To eliminate some of these biases, Jere R, Behrman, Robert A. Pollak, and Paul Taub-
man® compared the earnings of identical twins with different amounts of schooling. They
found that the following formula best fitted the observations for men aged 47-57 in 1973:

log(B/E,) = 0.2810g(S/S,) + 0.014

Here E, and E, represent the annual earnings of the two twins in 1980 dollars, and S and §,
represent their years of schooling.

With this equation we can estimate that if an individual has a twelfth-grade education
and earns $18,400 per year, then the identical twin with four years of college will earn $20,225
per year—an improvement of $1,825 or only 9.9 percent. Assuming a 40-year working life and
an interest rate of 3 percent, the present value of additional earnings attributable to attending
four years of college works out to $42,176. Note how much smaller this figure is than those in
the Razin and Campbell study, and recall that neither study makes any allowances for the costs
of college.

Does this suggest that college is 4 bad investment? Not necessatily. Presumably individu-
als derive some benefits from college apart from improvement in future earnings. Among the

possibilities are intellectual enrichment, new friends, potential marriage partners, and fun and
games.

“Assaf Razin and James D. Campbell, “Internal Allocation of University Resources,” Western Economic Journal 10
(September 1972, p. 315.

Yere R, Behrman, Robert A, Pollak, and Paul Taubman, “Parental Preferences and Provisi

on for Progeny,” Journal
aof Political Bconomy 90 (Pebraary 1982)
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Women planning on an academic career suffer from several disadvantages. Perhaps , Comment
¢ st important is the likelihood of one’s career being interrupted by family obliga- ) : o - : -
the most important is the E/nrwccm_ M: OTK muﬂ ot m,‘ ot b qaozv womar’s in- It is also possible to infer from this analysis that, as the birthrate falls and as men
ions, especially childbearing and ¢t caring, g to this interruption, « AIv's - . - . ) o P . . .
tions, especially childbearing and child rearing . (,H;:a Wv . w i > © ntries than @ . increasingly share other family responsibilities, the proportion of women in fields
- > AUTIAT FE ¢ Fpos T oectiia e 4 M ol ave fewer positive entries P > . e
come payments stream in equation S.,:S is i kely to have fewer pc e ,a such as physics and chenistry is ikely to grow.
man’s, on average and other things being equal. Furthermore, because the Present Value -
) g : ,.
of her academic career will be lower, a woman would rationally be somewhat less likely to .
make the necessary investment in training (in building human capital). L * John M. McDowell, “Obsolescence of Knowledge and Career Publication Profiles,” Amierican Economic Review 72

7 is eff an capit 3 decay V {September 1982)
There is a subtler factor that aggravates this effect. Human capital tends to decay . e
during career interruptions, since one’s training may be forgotten or superseded by
newer developments. The significance of this consideration is estimated in Example 14.5,

Certain special assumptions lead to a useful simplification of equation (14.10).
Suppose that the benefits of some asset or project begin at date 1 and continue on to in-
finity (the “economic horizon” is T = =), and that these positive future receipts z;,

& manEm 145 INTERRUPTED CAREERS AND THE .U; ISCOUNTED 2z, . .. are all equal to some common z The Present Value of these benefits, denoted By,
MMMWWM_‘,W VALUE OF KNOWLEDGE N . is mmdnﬁ Tvnc
John M. McDowell® examined the “decay” of knowledge in different fields as an influence , J B, MW or = Mw (14.11)
upon the specialization decisions of male and female academics. The decay rate of knowledge M
was estimated by the declining frequency in which research articles are cited by r;c,i .,:_;:.:.u. ,// . Por example, if r = 10%, the Present Value of $10 per year forever is B, = 899 = 5100,
The annual average decay rate was found to be 18.30 percent and 14.50 percent for leading /u/f , Expressing this another way, if you put $100 in the bank at 10 percent interest, it would
journals in physics and chemistry, respectively, but only 3.85 mn.?czﬂ and N.?a. percent »w:, no,n. /)%/»M/ vield z = 510 per year forever.
responding journals in history and English. (E.g., a physics article that was cited 100 s:,#,m m V,% ; As for the current-period element z, think of it as the asset’s acquisition cost ¢,
year t was on average cited only 100 — 18.3 = .ﬁ..u times in year ¢ + 1 for w,@c? the row.wﬁ , WV,M or price P. The asset’s overall Present Value is evidently the amount by which the Pres-
sponding numbers would be 100 versus ~.oc - W.Mu = 96.15.) These decay rates Emﬂa then used WM% , ent Value of the benefits aloe, denoted B, exceeds the Ammé.:mx?: cost:
to estimate, via a Present-Value calculation, the “discounted value of knowledge” in the vari- . o
ous fields, as indicated in the table. m//ww L _z )
, %«W@,W% Yo = = M T Ly (14.11")
Present Value of Knowledge and Costs of Interrupted Careers ; waw . , In equilibrium the acquisition cost or market price of any asset must equal the
DISCOUNTED VALUE LOSS OF H S«EW Aw%www D mw»w% . present value of the benefits it generates. Thus:’
(AT AGE 35) CAREER INTERRUPTION (3-YE : ! «%
Physics 4,53 42.30% fm w . P = ,‘N or  r= w (14.117)
: Chemistry $.08 35.27 : W/m/ .
History 8.03 10.91 , WMW/%WW
inglish 8.63 7.70 ,WW?% *Mathematical footnote: Under these special assumptions, equation { 14.10) can be written:
Sources McDowell (1982), table 2, p. 757. , /MWW ,W . P ‘.r.!wzl: bl ”
www /, Let /(1 + r) be-denoted k. Then:
The high decay rates (discount rates) in physics and chemistry lead to correspondingl W%«W By =z(1 + k+
lower figures for the Present Values of knowledge in those fields. The decay rates also permit J/w/ . mium the EQ,E.E for the sum of an infinite series, the expression within parentheses equals 1/(1 ~ k).
ted computing the cost of career interruptions, in terms of the loss of accumulated knowledge . From the definition of k, simple algebra shows that 1 — k = r/(1 + 7). faking the indicated
during off-the-job interfudes. . MW A substitutions: ) )
From the much higher cost of interruptions in physics and chemistry, it follows that %Mq Vmw B= 2|l Loz
women undertaking academic careers would tend to avoid those areas of specialization in favo M@%ﬁ i ° o r
of history and English, fields in which knowledge is more “durable.” That this is indeed th ,ﬂﬁ% . "Note that in these equations an equals sign (=) rather than an identity sign (=) appears. The
case is of course well known. . expression here is not an identity but a condition of equilibrium.
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This justifies the discussion in chapter 12—see equation (12.4") and (12.5)—that re-
lated the interest rate to the ratio between the hire-price h, of a resource and the value
or price P, of the resource itself. Setting aside possible appreciation or depreciation
AP, that discussion showed that r = I/ P, The hire-price h, corresponds to the bene-
fit zin equation (14.11"), because ki, is the annual amount received if the asset is rented
out, and obviously the asset price P, corresponds to P here.

The Rate of Return (ROR) as Decision Criterion

The Present-Value (PV) Rule is not the only one in common use. Another decision
rule for evaluating projects makes use of the measure known as the Rate of Return
(ROR), sometimes also called the Internal Rate of Return (IRR). The PV and ROR
rules often agree, but not always.

We have seen that the Present-Value Rule, in its most general form, calls for
adoption of the overall set of investment {and disinvestment) projects that maximizes

/.. The underlying justification is that, because Vj is an increment to owners’ wealth,
the best overall set of projects is the one that maximizes this increment. In the special
case of independent projects (Present-Value Rule 1), each and every project of positive
Present Value (V,, > 0) should be adopted.

The Rate of Return (ROR) for any project is defined by setting up an equation in
Present Value form, but with the discount rate treated as an unknown. The ROR is the
value of the discount rate, denoted p, that makes this Present Value equal to zero. Thus,
adapting equation (14.10):

o = z

Ltp o (1 +py (1 T n’ (1412)

The associated rule, in the simplest case of independent projects, is to adopt any project
whose ROR exceeds the market rate of interest: that is, adopt if p > r. The underlying
thought is that the ROR represents a kind of “growth rate” of value over time. If funds
invested in a project grow in value more rapidly than compounding at the market in-
terest rate, it makes sense to adopt the project.

For independent projects in the two-period {date 0 and date 1) case, the Present-
Value Rule and the Initernal-Rate Rule always agree: V, > 0 implies that p > r® This is
also true for the special case discussed earlier, where a project has a date 0 acquisition
cost ¢, and vields annual benefits z forever.”

Furthermore, the equivalence between these PV and ROR rules holds for any se-/

quence of payments zq, 2, . . . » 2 meeting the strict definition of an investment project
To wit, where a single outlay phase (an initial sequence of negative or zero elements be-
ginning with z,) is followed by a single payoff phase (a sequence of positive or zero ele-

- %

SMathematival footnote: For the two-date case, by assumption z

- Z
definition z; -+ =
T+ p

“Mathématical footnote: For the special

== (). Thus, p > r.

14

se just described:

z.
IR 0 and

Once again, it must be that p > .

L
e
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ments). In other words, wher

the payments m:.om:,:m (Z» 20 ) = (=5, 1, 5) or (~1, —35, 8) meet this condition,
whereas the stream (2, 2, 2,) = (=1, 5, =2) does not.'"

e there is only a single alternation of signs. For example,
%)

i COMCLUSION

For independent projects, if the payments stream has only a single alterna-
tion of signs (at the point in time where the investment phase gives way to
the payoff phase}, then the Present-Value Rule (“Adopt if V,> 07) is equiv-
alent to the Internal-Rate Rule (“Adopt if p > 1),

Discrepancies between the two rules arise in two classes of cases: (1) independent
projects that violate the single-alternation condition, and (2) interdependent projects
of all types. ,

\ Cc:maﬁ,‘ first the project defined by the twice-alternating payments stream
(Zy 2 2;) = (—1, 5, ~6). Calculating the internal rate p leads to two solutions: p o=
100% and p = 200%." Attempting to apply the decision rule “Adopt if p > 1,” should
we use p = 100% or 200%, or is neither of these two appropriate? As another example,
consider the payments stream (20, 21, 2} = (—1, 3, —2.5). Here there are no solutions

for p in real numbers. How then can we compare p and r2'*

The difficulty is immediately explained if we think in terms of Present Value, Fig-
ure 147 shows, for a number of possible payments sequences (projects), how V,
changes as the &mmo::ﬁ rate varies upward from r = ~100%. S.amnm I, whose pay-
ments sequence is (1, 0, 4), is an investment project in the strict sense; its V, therefore
declines throughout as r rises. As follows from the definition of the Rate of Return

Wy ;. : $Eaati :

) ,,/?Sn.‘,:z:z:, footnote: In the simplest situation, a single negative z, would be followed by
series 2. positive elements up to zx Using the same method as in the preceding footnote, by
assumption: >

“1 1

e o e 230

L+r (5 TaEATT

<)

That is, Present Value V, is positive. And by definition of the [RR:

- . S
Lrp  dxpr T A

“

Comparing these two equations, it is immediately evident that p > r.

(If the ﬁvﬂ.p_w_v. phase extends for several dates before the payoff phase begins, the proof is
somewhat more difficult but the same principle applies.) )

g atical foo ] A
athematical footnote: O = —z A e is ¢ adratic equati 5
fi te: O &+ T s T SE Is a quadratic equation, Such an
equation may have two, one, or zero solutions among the real numbers,
27 vem v e | . Tt ey b . : e o s
hese two examples involve something stronger than alternation of signs in the benefit

stream, Notice that in each case the sumirmed magnitude of the negative elements e
positive elements. It has been proved mathematically that the ROR caleulation will lack a unique result
w::, under this condition, However, such situations may be qguite realistic. A mining project might
sofve s T its av {7 1s neoative) § T . 3 1T iy >

involve an initial outlay (z; is negative), followed by one or more vears of positive 2, @, 2y, and 50 on

Oce the mine is evhar rever. very far ~0s5TS { eat ;) } I o
Qnce the mine is exhausted, however, very lar ge costs {negative z7) may be incurred in closing it down
) " e gy K 7 h ~ o
at the terminal date T

xceeds the sum of the

A
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2
g 8.4
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@ 8.2
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r Rate of Interest

H:{~1,5,-6)

Hi: (=1, 8, 2.5}

Present Values and Rates of Return for Three Projects 4 . N
As the payments for project  show only a &:m_.a sign &,E.m.:&wcz A.:Ez Jmm“a.n;m ﬁ%%cﬂ:” ), it is
a simple investment project. Its Present Valueisa amarw::m ::.Emcz of :ﬂ. Mzﬂ,nmﬁﬁ: .nn mw:a
Projects [ and HI each involve more than sign &E:m:_czw their P _.wmmm~n/.~ alues _,;, M .M. .
then fall as r increases. Project [ has a unique Rate of xﬁ,:.:w p= -.co Y at ﬂ_w.n. ::mwwr.r M:w ﬁwmv @
¥, curve with the horizontal axis. Project I has two such S.Samm.ao:m.ﬁ h‘ ! :mm c ;m‘ ~a Ew :ﬁ“n
Muw,pv\wmnﬁ 111 has none. Thus, evaluating projects by a comparison of p with 7can be ambignous o
even impossible,

concept, its p is represented by the point where Aa.,.o, V,(I) curve cuts the r.o‘zgsﬁvmgw
Project I, with sequence (—1, 5, —6), has positive V, {and ﬁ,rﬁmmoma ,,,.:ﬂ.\iwsmm‘ M: pww;-
ing) for all r between 100 percent and 200 percent, but oz#w?ﬁwm E Ru&: v al :w is Ev..f
tive and the project should not be adopted. The two .&mmvﬁzm mormwo:w for P unnmnwm
spond to the two intersections of Vy{Il} with the horizontal axis. Finally, project I,

il f s er the P ~Value Rule, it
with sequence {— 1, 3, —2.5) has negative V, for all r; under the Present-V alu it

should never be adopted.” )
uvcsr‘wﬂw_% for m:aam@ws dent projects, the Present-Value W.:F, is clearly 90.59& »m_sauf
mental. Among other things, it tells us when the alterpative ROR Rule will or will not
be valid. o o
An even more serious problem with the ROR Eém.:ﬁm,i criterion axises in con=
sidering interdependent projects. Taking the extreme case 2, mutually wwc_w,uzw.mme,;
ects, it is not even clear what the ROR Rule would then be. Should the investor adopt

T T his statement is true if we consider only interest E?.& 7 that are r.,c:,w.n:,ﬁ over m:&m...mr,u
project (~1, 3, —2.5) may have positive Vg if r, and r, differ. Using equation {14.9), it may be verified
that V, > 0 if, for example, r, = 1009 and ry = 200

LR
L
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the mutually exclusive project that has highest p? That could be a serious mistake, The
project with highest p might be of such small scale as to provide only a tiny increment
to wealth; an alternative larger-scale project with smaller p might generate a much
greater wealth increment.

EXERCISE 14.8

(a) For the projects tabulated in Exercise 14.6, calculate the Rates of Return for M, N,
and MN. (b) I M and N are mutually exclusive options, which has higher p? Is that proj-
ect the same as the one with higher Present Value Vi? (¢} If MN is also available as a
third mutually exclusive option, which of the three possibilities M, N, and MN has the
highest p? Again, is that the same as the one with highest Present Value

72
0r

(a) Substituting the tabulated payoffs for M, equation (14.12) becomes

125

Qo= — + .
0 100 TFp

The solution & plM) Similar computations lead to the results
PUNY = 809%, p(MN} = 50%. (b} As between M and N, the latter has the higher p. N also
was shown in Exercise 14.6 to have higher Present Value. So here there is no disagreement.
(c) When MN is considered as well, p{N} remains the highest of the three. However, Exer-
cise 14.6 showed that MN is the option with highest Present Value V. So here the ROR cri-
terion does not correctly rank the projects,

We must conclude, therefore, that the ROR Rule (“Adopt if p > ) is not a reli-
able guide for investment decision. That does not mean the rate of return is mathemat-
ically incorrect as a concept, only that it needs to be used with great caution in choosing
among investment projects.

Nevertheless, both in business practice and in economic analysis one often sees
rates of return calculated and possibly even used for investment choices. Why? Apart
from sheer ignorance, there are several reasons. :

It may be useful to have a division of labor. A company could employ project spe-
cialists to filter through the investment options by calculating the ROR associated with
each. These project appraisers would not need to know the discount rate r, which could
be provided instead by finance specialists acquainted with the terms on which the com-
pany can obtain project funding. Finally, top management can make the decision in the
light of the information on p and r provided by the two sets of subordinates. While
there is some risk of error, if most projects are independent and if their payoffs do not
involve serious sign alternations, the administrative convenience

labor may warrant its use. Still, caution is certainly indicated.

In economic analysis as well, once again it is often convenient to have a criterion
such as p that describes investment options without necessarily having to pay attention
to the rate of interest needed for calculating Present Value. An economist might use p
as & criterion to show how the desirability of certain options, such as acquiring a college
education, has varied over time or among different countries—without attempting to
take account of possible historical or geographical differences in interest rates; Once
again, however, caution is called for. On the basis of ROR comparisons alone, it would
not be sife to say that college education was-a better investment in 1980 compared to
1990, or in country X than in country Y.

of such a division of
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5

/' Example 14.6 RATE OF RETURN TO EDUCATION—
INTERNATIONAL COMPARISONS

In 1985 George Psacharopoulos® reported on a massive continuing survey of rates of return on
educational investments in some 60 countries. The table illustrates some of the results obtained.

Social Rates of Return to Education

REGION PRIMARY SECONDARY HIGHER
Africa 26% 17% 13%
Asia 27 15 13
Latin America 26 18 .16

Source: Psacharopoulos {1983), table 1, p. 586,

RN 8 g ef 2 2 sz
T EASR oyt SRR AP A I
B0 g Ve S T DR VLU

The data refer to the most recent years available, mainly in the 1970s. (These tabulated
“social” rates of return are typically lower than the “private” rates of return that would enter
into individuals’ calculations, because government subsidies tend to raise the private profitabil-
ity of education.) What is rather surprising is the similarity of the rates within each column,
considering the hiuge and diverse regions represented. The picture of declining ROR for more
advanced education makes sense, following the general principle of diminishing returns.

Comment

Investment in education probably meets the single-alternation condition justify-
ing use of the ROR rule; that is, costs tend to be followed by benefits without fur-
ther sign reversals. However, it would be Incorrect to infer, for example, that be-
cause primary education shows a 26 percent rate of return p in both Africa and
Latin America, it Is an equally attractive investment for both regions. First of all,
the interest rates needed for the p > r comparison may differ. Also, conceivably,
primary education in Africa and Latin America might involve rather different
seales of investment.

* George Psacharopoulos, “Returns to Education: A Further International Update and Iraplications,” Journal of
Fitisnan Resources 20 (Fall 1985).

AL VERSUS MONETARY INTEREST:

This chapter has so far dealt only with the real rate of interest. Following the usual
practice in microeconomics, we have looked behind the “veil of money” to think it
terms of real goods, in this case, present corn versus future corn. In practice, however
people almost always deal in terms of monetary rates of interest. Suppose a bank adver
tises that it pays 8 percent. That means if you make a deposit of $100 you can withdraw

Chapter 14 The Economics of Time 455

$108 at the end of the year. But if the cost of living is rising, the $108 after a year will
not buy you as much as $108 at the beginning of the vear. Perhaps the end-of-year $108
will buy only as much as $103 would have bought at the beginning of the vear. If so0, al-
though 8 percent is the monetary rate of interest, the reaf rate of interest is only about 3
percent.

The real rate of interest is what we have previously been calling simply the rate of
interest—the extra amount of future corn that must be offered in the market in ex-
change for current corn. Rewriting equation (14.1), the real interest rate between date 0
and date 1 is again:

) Ag
L+ = e, (14.13)

fi

The monetary interest rate between date 0 and date 1, which we will symbolize as
ris is the premium on current money over future money. Thus, ry is the extra amount of
future money that must be offered in exchange for current money.

A Amy
+orp = e ot 4
: X, (14.14)

ﬂc show the relationship between r, and r{, we need to introduce the concept of
the price level: the amount of money required at any date to purchase real goods. There
will be a current and a future price level: .

Am
s LA~ J— '1!]-—.. 9
. F and Pl== Ac, (14.15)
Let us now write out the identity:
Amy _ Am, Ag Ag,
Amy Ao Ag A (14.16)

Substituting from the preceding equations:
e
S
It rys= == (1+n)
o
Let us define ay, the anticipated rate of price inflation between date 0 and date 1:

m

‘.~ ;
H+Eun mw% ATm.wnv
It follows immediately that:
LHri=(1+a)l+r)

Or, simplifying:

’

r=Ean ok oa ot oan (14.18)

. A>nno_,&:m? the monetary rate of interest equals the real rate of interest plus the
anticipated rate of price inflation, plus the cross product of the latter two. When ry and
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. . essnroduct term can. o a
a, remain in their usual range of percentage points, the cross product term can, to 4

: ‘] . o . : o e - ing
good approximation, be ignored. Furthermore, the shorter the period of compounding

the better the approximation. For continuously compounded interest, the cross prod-

Generally, for the 14 different maturities, the estimates of K were fairly close to 1.
However, except for the near maturities, they tended to be on the high side—in the neigh-
borhood of 1.1 or 1.2. The author considered whether this divergence might be due to in-

\ el . - come taxes. (If taxes have to be paid on interest earnings, the effective difference between #
uct drops out entirely and we have exactly: o and r will not be so great as appears in the crude data.) Adjusted for taxes, most of the indi-
ro= b oa (14.19} Q:n.ﬁ Kvalues were quite nr.én. to 1, except that o._,zn,‘c", the near maturities were wc:,yc:\?;
. the “Fisher hypothesis”® An obvious implication s . less. (As a possible explanation, monetary theory indicates that very short-maturity instru-

This equation is known as the "Fis y . . |

ments serve as money substitutes, and therefore are held in part for liquidity rather than for

z ab g -7 art e hi . - .
that, if people expect inflation to be high, the money interest rate 1y will be high. pure investment purposes.) Overall, the author concluded, the Fisher hypothesis
at, 1f peopie exp

is sup-

o ported by the British evidence.
. The money rate of interest equals the real rate of interest plus the an- .
rate of price inflation. « . G Thomas Woodward, “Evidence of the Fisher E

Effect from UK. lndesed Bonds,” Review of Fronomtics and Statistics

74 (May 1992),

e
e , WMW ) The analysis in this section has significant implications for ongoing debates in
REAL AND MONETARY RATES OF INTEREST . w@ macroeconomics. According to one view, expansion of the money m:?iw,ﬁmzam o re-
IN THE UNITED KINGDOM yw , disce monetary interest rates. If the government unexpectedly pays some of its bills with
. b s paving - newly printed money, people will find themselves with unexpectedly large current cash
The British Treasury offers savers the opportunity to purchase either ordinary ,vo:n N mﬁ :MW - balances. Provided they do not anticipate having correspondingly larger future cash
fixed monetary rates of interest (') or else inflation-adjusted bonds. In effect, these latter bonds WMM , balances, they should be willing to trade larger amounts of current Ec:& + for claims on
offer :mﬁ x,g,m 3:& wﬁ:ﬁ&& w,: the rates on the two types of bond at any moment as a ,/), | P?:d money. A Em_dﬁ' AmglAmy, or, equivalently, a _oimm. AmfAm, Q:mvﬁ, or 5@2.
Using the difference between the rates on : yp fward® examined 14 different . in absolute value, of course), means that the monetary interest rate r| in equation
measure of anticipated inflation N:,SE date, G. Thomas ?M ﬁw%imn CM w“”%wwmo 0 August rw (14.14) must fall. The opposed view is that expansion of the money supply tends to
bond maturities from VEmw to wcmm. or amnv _.:::.‘:Ja he used data from Ap it = , /Mwm/« H raise the monetary rate of interest. An increase in current money may Fﬁ%mao@? to
1990 to statistically estimate equations in the form: , NW/ believe that the government has embarked on a course of action that will make future
r' = H+ Ka //ﬂnw, money balances larger still. With general anticipations of higher Am,/Ani, the mone-
If the Fisher hypothesis is valid, then H should correspond to the real rate of ::CSM , / , ‘, e.:,.v.. wzﬁamﬁ.m.mw.ﬂ. ,%mz a.me,.mz m?c,ww u:‘wémz&c: of ;:wn money supply lowers the
over the period, assuming it was about constant {otherwise, H would be an ..:.ﬁm,‘mmﬁ.o» :mr real | . ,, ﬂ.csﬁ&% rate .: ,;,: is v&aﬁwa to T;n m..::ﬁ;a mc,m.:,r U_E continuing monetary expan-
rates). Also, K should equal 1. For technical statistical reasons, :c,,éfoﬁ the tests :,m@ to ,o ncz« . sion may generate inflationary expectations ﬁr&,n.&ma e . ‘
in “Hrst-difference” form, precluding any direct estimate of H. Thus, the only issue-was how . ‘ The main lesson to _uw _83& from a:.m m;nc@::w is that _:mr monetary rates of
close the estimated K was 1o 1. . interest aw not necessarily imply .:_mr real yields to investors. In Em,r taking inflation
. . MSmM taxes into account, the experience of investors over the past half century has been
. unimpressive.
.
..... T Wi fathematical footnote: I 1is an annually compounded interest rate, a ::.ﬁ rimﬁiﬁ: at Amwﬁ ;% E/m .
et o his e (L 5y o contimaons compounding weletf 77 Example 14.8 NOMINAL AND REAL YIELDS, 1926-1987
,.W%Eznw infinity, which means that k does 50 as well. As ki =, the expression w.,.i:.: bracke i Mﬂmw% Ry
becomes ¢ the base of the natural logarithms. Thus, at the end of a year, z,:r,,fc.n,i,go% . Roger G. Ibbotson and Rex A. Sinquefield® examined the vields of various financial instru-
compounding the terminal value becomes ¢'. In terms of conting ﬂw:,ﬁw. SEmWMMM%; z:n » for the vaw ments over the period 1926-1987. In the table, column 2 shows the arithmetic mean of the
wonetary rate of interest rf the real rate of interest ,, and the anticipated rate 0 S . M/N, compounded annual monetary (nominal) returns received by holders of various types of secu-
ol m g WW m« rities over the 55-year period 1926-1981. Column 3 shows the inflation-adjusted or real aver-
i 2 < e -
Taking logarithims, { = r, + a, follows directly. ‘ . V,M ,4 age annual Hms:.mu”. m.;:s:w.., column 4 m:m:f,, ﬂ.r.m standard deviation ¢ of Ea real returns, a sta-

) :»/w::ﬁm after the American economist Irving Fisher (1867-1947). %Ez_w% not just ,::,.,w os WWW/ z.m:.n& measure of Z&A. A&:m,SE,‘ sp ,u.wEm. higher average returns are highly ,nc:,&.,:& with
hypothesis but the entire analysis of intertemporal choice in this chapter derives from Fisher's classit /w . .n%w:amm. Their low risk partially explains why the real return has been s0 low for government
formulation in The Theory of Interest (Macmillan, 1930). WWM~ E issues, both short-term and long-term.
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Nominal and Real Yields per Annum, 1926-1987

What explains these differences?

suggested in Example 14.8, divergences

among Interest rates can be due to disparities in riskiness. We need to look into this
AVERAGE NOMINAL \;ﬂmxw»@m REAL RE m m&wﬁ,,@ more nHme;‘v however.
YIELD YIELD Mo “Risk” has more than one meaning in common usage, and in particular it is nec-
T o 3504 0.5% 4.4% essary to distinguish between defaudt risk and variability risk.
U.S. Treasury bills L7 10.2 A bank might make a one-year $1,000 loan at an interest rate of 10 percent. The
Long-term government bond .m.g 23 10.0 bank cannot be certain of repayment: the borrower may default an interest or princi-
Long:term corparate bonds Cm 8.8 212 pal, or both. This default risk is obviously always undesirable from the point of view of
Common stocks o 142 35.2 the lender (investor).
Small-company common stocks 17.7

In contrast to bank loans or bonds, conumon stocks and many other financial in-
struments do not carry any explicit quoted promise of repayment. The investor must
contemplate a range of possible outcomies: dividends may or may not be paid, the stock
price may rise or fall. Estimating the probabilities of the various outcomes, each in-
vestor will anticipate an “expected” (average) return, together with Jarger or
variability around this average. In economic analysis the term “risk” standing
understood to refer to the magnitude of this variability risk.

Viewed as of now (date 0), suppose there are s = 1,2,..., § possible states or
events that might affect the net benefit at date 1, each with associated probability 7. (In
accordance with the laws of probability, the 7, must sum to 1.) If we denote the date 1
benefit in each possible state as z,, then the average is the statistical “expectation”

Fge

Cormnent

smaller

, or i alone is
The historical record for investors becomes significantly worse if we mzms for in-
come taxes, and in particular the combination of taxes Eﬁ. inflation. ,;xm,m Wz&
inflation interact to the disadvantage of investors, because in most mc:,sm:av E-
come taxes are levied upon the nominal rather than the _..%_ H.MS.:.:_ Avm.Equm
someone putchases shares of common stock for $100, receives $3 in %waﬁ.: 9
and sells the stock for $110 at the end of the year. The nominal before-tax return is

2
13 percent. Suppose, however, .sﬁ: the rate ma Ws,n._;m; m ,5 mwﬂpwwwhsmy Mwm b=t s . (14.20)
,v,.ncnmrw _M_Wmﬁw%pmm_””w ﬁw M.wnoﬂ wnwwnr_ﬁwwmﬂ; Mwwmzwiwwm Mmm.cm, Vi ,,ﬁw.wm = For assessing variability a convenient measure is the standard d ¥
chw.w,rm”; the 2:_ of the year. But with 10 percent inflation, the v:&ﬁm&:m‘%ofnn o) = o — £ i — 300 e o
of this §109.75 is only 2% = §99.77, so the real yield has been negative. Taking

taxes into account, U.S. investors have incurred negative real yields over E;n,r wm
the past half-century. We should not be surprised, therefore, to FEA.. that %nms.sr,
tion of income devoted to saving in the United States has become, in the opinion
of many observers, disturbingly low.

If standard deviation is held constant, higher expectation 7, will surely always be
desired. It is not quite so obvious whether, holding 2, constant, people will generally
prefer higher or lower standard deviation o z). In other words, does the market reflect
preference for or aversion to variability risk? While in the abstract the issue might re-
main somewhat in doubt, the evidence is that risk aversion rather than risk preference
dominates in financial markets. Example 14.8 showed that over the period 1926-1987

. TN 1O 1987, T
Roger G. Ibbotson and Rex A, Sinquefield, Stocks, Bonds, Bills, and Inflation: Historical Returns (19261987 ). The
zamﬁ:ﬁm Foundation of the Institute of Chartered Financial Analysts, 1989,

, , investors were willing to hold U.S. Tr casury bills (low variability risk) even though they
T R S Vi B
S R AR ,

yielded only 3.5% per annum, whereas to hold common stocks (high variability risk)
they required a vield of 12.0%.
In view of the evidence for risk aversion in financial markets, it might however

seem puzzling that gambling—deliberately seeking risk—remains an important eco-
nomtic activity, Without necessarily

providing a full answer, the following points should
be noted: (1) Apart from “pathological” cases, people generally gamble in ways that put
in jeopardy only a small fraction of their wealth, for example, small lottery bets. Such
gambling can be regarded as a kind of consumption good, buying a thrill at low cost.
The financial markets, in contrast, reflect the fact that investors avoid risk in making big
decisions about their overall asset portfolios. (2) Bven a risk-averse person will aceept
some gambles, provided the subjective expectation of return is suffic

ciently high. For a
horse-racing expert, betting at the track may yield a high expectation of return.

HE MULTIPLICITY OF INTEREST RATES

Up to now the text has usually spoken of “the” interest rate. But many mE,» %ﬁ: ipterey
rates coexist in the market at any raoment of time. One important %ms:rco:,. rmmiﬂ
real and monetary rates, has just been discussed and explained. However, varying inte
st rates are observed even within each of these mﬁamo&mm“ mxu:.%wm 14.8 revealed mnnw
divergences in the historical yields of different types of ::mmﬁ:ﬁ_ instruments, E,doww
them Treasury bills, long-term bonds, and common stocks. Or consider dealings witl
your bank: A savings account might pay around 4 percent per annumn. Should ye¢
want to borow, however, the same bank might offer you a rate of 7 percent on a lony
term mortgage, 12 percent on a commercial loan, or 15 percent to finance a consum
purchase.

"“And someone who receives a revelation from on high, s to which horse will win, may thiok
he’s onto a sure.thing, not a gamble at allt
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As a possibly related point, medEm._%c shows zﬁ:_ m.h.:mmﬁ.:wSmmm;mzﬁwm%nmw
of art—though quite risky—have not historica lly been associated with high rates
return.

ture payments are highly sensitive to changes in the rate of interest, and so the
ket values of longer-term
year.

mar-
government bonds fluctuated considerably from year to

Two other elements, related to riskiness, also help explain the multiplicity of ob-
served interest rates

; L Transaction costs:  Interest rates often reflect an element of transaction cost.
’ ,/KM E le 14.9 ART APPRECIATION This is especially the case where risks are involved, in which case costly in-
R xampie 14. o quiry into creditworthiness may be required. Consumption loans typically
Wl Art as an investment is subject to various risks Wzn‘_cn,:(:m mw.n, .ﬂ.rwm,;wwﬁ,w%ﬂ,aﬂwmwmmm“% MM carry high interest rates v@nx:m.a. itis c.cz.Ewmo_ﬁm to Investigate many small
forgery or mistaken g:nmr::o:‘imw wa&aw:ﬁ pmﬁwsmy_v,__gwﬁww mM_mMM M:MM_, MM,EE on invest- borrowers and to enforce penalties for default. &
sell, Tames E. Pesando® examined the variability risk as well ¢ ‘ 8 2
W%M ,HM ﬁ”&w:w M”w_mﬁmm mewmwwﬁl_.c@m data for repeat sales of the same prints at auction.

Term:  We saw earlier that at any moment of time there is a term structure
of interest rates. Today’s short-term rate ry may differ from the “forward”
short-term rates r,, ry, and so on. Or, as this is more usually expressed, the

i
short-term rate r, may differ from the longer-term rates Ry, Ry, and so on as
defined in Table 14.1.

1 The tr I N & i at o o PrAge
There were 27,961 repeat sales for the 28 artists covered. The table reveals MMV:M 54%,\” ~w<
percent 1 i - even than the return on. 180-day Treasury
5 cent real retur rints was lower even than the ret ¥ :
1.51 percent real return on prin lowe 1 than the return on fay Lraenry
v:.fm%éwﬁ. the fact that investing in prints is far riskier (as measured by the st ndard
ation of return).

mﬁww eturns per Annum, 1977~ 1992 Interest rates almost alw AYS TISe as term moreases.
] 977 9 <
R R ns [ nnumn, I

Ireasury issues maturing within three

- In June 1996, for example, U.S.

to six months typically were paying around 5.3
o ercent to investors, whereas issues maturing in 30 years vielded 7.0 vercent. In finan-
MEAN STANDARD DEVIATION " > WHETEds 155 ng years )
il cial parlance, there is a “vising yield curve.

A 0% 19.94% Rising yield curves mainly reflect investors’ desire for flexibility. Because placing
Prints 1.51% . J ? E 2 ) &
Stock 814 22.47 funds in a short-term loan or investment leaves investors in a relatively flexible posi-
SLOCKS i - . STEe ~ N )

Us coment bonds 2.54 21.83 tion, they are willing to accept a low rate of return. In contrast, they will prol

8. governme & i

e e 223 343
180-day Treasury bills 2.2

bably re-
quire a higher expected return in exchange for being “locked in” to a very long term in-

vestment. (Thanks to the possibility of resale, investors are not it rally locked in to a
long-term investment such as a 20-year corporate bond. However, in attempting-to sell
off the unmatured bond, they may find that whatever forces are making them want to
sell are also making potential purchasers reluctant to buy.)

It is risk that explains the need for flexibility. Even if a long-term investment itself
were riskless, so that the promised or expected return s quite certain, unpredictable

possible future changes in one’s own circumstances might make a person avoid long-
term commitments.

o N R -

B T

Cotnment

The probable explanation: since investors obtain other benefits from ciw_zm

P ] C et ¥ U A — Ol
works of art, in particular the pleasure of viewing and displaying their art collec
tions, they do not require as high a financial return.

f rints,” American F ic Review 83 (D
“Tames E. Pesando, “Art as an Investment: The Market for Modern Prints,” American Economic Review 83 (
i i v ) N LA

An Application: The Discount Rate for Project Analysis
ber 1993).

That investments vary in riskiness has important implications for project analysis (as
discussed earlier in section 14.4). Dealing for simplicity with independent projects
> 07) and the Rate of Return Rule

only, both the Present-Value Rule (“Accept if V
("Accept if p > 1) require selection of an appropriate interest or discount rate r.
Which of the multiplicity of coexisting interest rates is the appropriate one?

It seems fairly straightforward that the discount rate employed in e

ect should correspond to its variability risk. If the proje
riskier than a Treasury b

In contrast with Example 14.8, Example 14.9 indicates :ﬁ: in %.3, wmﬂﬁﬂr mk

, government bonds (but not 180-day Treasury bills) had relatively m.:mr «mgn,E g.w. i
risk. In fact, the reported standard deviation for Ea‘m‘m Uc:aw .cwnmmam :,E M ‘ﬁo_ w:mw

and even approaches the o for common u,.S&Q. The main E.,%cz:ywtm mwnw%:;m

mainly to changing anticipations of 5?5.0?. monetary _Emwm&, ra Mw_ m.m

considerably during the period. As seen earlier in the chapter, Present Values of i

valuating a proj-
ct under consideration is no
ond, it would be appropriate to discount its ant ipated re-
turns at the relatively low interest rate carried by such government ob}

igations. If, as is
more likely the case, a project has about the same

riskiness as the firn’s other ongoing

e
S

S
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activities, then the discount rate should be the rate of return that the financial markets
require for providing funds to the company (its overall “cost of capital™).”

dne type of mistake is very common in project analysis. Suppose a company-—
say, General Motors—is considering an independent project whose riskiness is typical
of its activities overall. According to the foregoing discussion, the expected project re-
turns should be discounted at GM’s overall “cost of capital,” say, 10 percent. Imagine
that, at that rate, the project fails the Present-Value Rules that is, ¥, < 0. Now suppose
one of GM’s financial analysts says: “We don’t really have to sell new stock or issue new
bonds to finance this project. If we were instead to mortgage one of our downtown of-
fice buildings, with that collateral a bank would be happy to provide funds at a much
lower rate, say 6 percent, Since at § percent the project has positive Present Value, let’

s
go ahead with it.”

The error here is like attempting to pull yourself up by your own bootstraps, A
low-interest loan might well be obtained by putting an office building up as collateral.
However, that collateral is no longer available to protect the holders of other existing
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Answer  (a) Because & = Bl s ;
© o (a) Because 2/o(z) = 2 is in the same ratio as the previous 2 ey
- o 1 AP o . M ) v o ,
common stockholders should be willing to provide the additional $200 of new funds at
the same 10 percent cost of capital. The company overall is now worth 2% = $1.200, of
a1 s ¥

%Enr the new stock accounts for $200. The old shareholders’ stack is still worth $1,000.
Since V, = 0, the project is just on the borderline of warranting adoption. ( 3 .E_,W. va ‘
pany overall is still worth $1,200. Because by assumption Hrm(my.En.mm —5.:% ;_Sﬂmwmw
$200 at 6 percent, the old shares are still worth $1,000. It is true that for ::,,y MVZ ,"r.,: -
holders the expected annual net profit 7 rises by 8 percent (from $100 ,,c; ﬁ,acmm m.qmv ri
mE = $108), but these sharcholders now face a 20 percent M:anme .h.: <~,-.EZ::H ﬂi z)
from $50 to $60. Thus, the expected profit 7 will be discounted at a higher rate. H:‘Eﬁw ,

the new discount rate will be 10.8 percent, because 2% = $),000.

0308

M he principle that the discount rate should reflect the riskiness that the project
contributes mc cwﬁ.:: operations has important implications for government invest-
ments as well. Like ¢ Leve 2 > ¢ 1d ire fi

E ke GM but even more so, the U.S. government could acquire funds for

GM securities, which will therefore become riskier and thus tend to fall in value. Per- . a risky activity while still borrow: : o
haps the simplest way to look at this is to realize that the value of all of GM’s assets, . we.ﬁ. ; m,ﬂr ) C\,ﬁ zr .g:.~ borrowing on a riskless (“full faith and credit”) basis. How-
taken together, must equal the value of its stock and liabilities taken together. If a proj- w,m/ :;, o .ﬂ« ¢ .?;m c:m::: on-a government project is not sufficient to reflect its riski-
ect is adopted that fails the Present-Value test using a discount rate corresponding to . ) e adopting it will reduce the overall wealth of the citizenry."”
the additional risk the project contributes to the firm’s overall activities, the value of o e I .
(M as an ongoing concern will fall. % . o) ARl 15 FUNDAM? TMENT, SAVING, AND INTEREST
W EXERCISE 14.9 VMM %WM ﬁwamﬁ.rm major forces that explain why investment and saving have been high at certain
E LS Ang 5 S FPOUT L SN I - = L
: X Corporation has a simple capital structure, consisting solely of common stock. Its ex- - ;&%@M for m:8?&”Hw_JMMMM«MWWMMNMMM.—Mw,&vwma zhﬂ .cwrm\n :,:F,u. and places have been low? Similarly
pected annual profit, assumed to continue indefinitely, is $100 per annum with standard: %, ,,M,% Interest, saving .\, qi Zn,&‘p ey high, and when and where are they low?
deviation $50. The capital market views this pattern as warranting a discount rate of W 4, future: Qymwmﬁw M i T,a,:.r H:,:.nvxwﬁz all .Er:c.g Q.E:,x:,mmc:m between present and
¢ = 109, Thus, X's stock, calculated by using equation (14.117} in the form P = . f/v» N.:.Q\E.m:% :.Sm_ M_ &E# _W:.n MH:,M,E_ nosmrﬁﬁscz. The three fundamentals are time
3118 worth www_ = $1,000. - WM - ! Ky 1 Aowrnent, and e N:c&:nz_i\ﬁ
. Time Preference  The more impatient people are, the more they prefer current con-

Management is considering a new project which would cost $200 and provi !
tional net profit of $20 per annum with standard deviation $10. Making the simplifying

the overall standard deviation of net profit would be $60. (a) Is the project worth adopt-

were financed instead by new mortgage debt, issued on a riskless basis at 6 percent?

“Modern finance theorists have developed a concept called “beta” to measure the riskiness o
corporate securities. Beta involves not only the standacd deviation o of the security itself, but also ity
correlation with the overall market. Suppose company X's stock has high o, so that its return is qui
sariable, but its variability is negatively correlated with general stock price movements. Thest for th
ction of the entire stock marke

representative investor whose portfolio can be regarded as a cross se
stock X is actwally risk-reducing—holding it offsets the riskiness of the market as a whole,
Consequently, its stock price Py should be relatively high and its expectation of return low. The retur
on most stocks will obviously be positively correlated with the market as a whole; owing to the
increased risk, their expected returns would have to be correspondingly high. See F. Black, M,
Jensen, and M. Scholes, “The Capital-Asset Pricing Model: Some Empirical Tests,” in Studies in th
Theory of Capital Markets, ed. M. C. Jensen (New York: Praeger, 1972}, |

YThis proposition is known as the Modigliani-Miller theorem. See F.. Modigliani and M. 1
Miller, “The Cost of Capital, Corporation Finance, and the Theory of Tavestment,” American Econoni
Review 48 (June 1958).

e addi-

assumption of perfect correlation of the new project with old operations, after adoption.

ing, if financed with a new issue of common stock? (b) What would happen if the project

v:s:wccmr:H hink in terms of a “representative individual® fn an economy. The two
sanels of B o 14 . e e S s - . . )
TEM,,, of Figure 14.8 illustrate the implications of steep indifference curves (high time
pre Q,m:,rmv and flat indifference curves (low time preference). In each case the rep
resentative individual’s prefere is i sical Production.
wmwma.ﬂwﬁmp%:&: ?_,wr;u preference map is juxtaposed against a typical Production-

ssibility Curve QQ. For simplicity the endo int £ is ass

: : . simp > endowment point F is assumec ie on the
horizontal axis, m o ficon he
it w: ﬂr .E_wnmmazgm:é;._::ia:m_ model, the equilibrium is at the tangency of QQ
A,MM »Cm ﬂn ighest attainable indifference curve, Furthermore, because from m.@:.aom
n 1) the u?&im slope Cm mvm budget line equals 1 + r, the slope of this tangency de
ermines the interest rate.” Por the high time preference pciture in panel (a), it is

_.J H,H. cJyles i “« 3
1. Hirshleifer, “Investme: ecision. Criteria: Pri isions”
it B ,m,._ 3,. Animwn:ﬁmu?wzc: F:f‘_ur Private Decisions” and “Investment Decision
NM; b cisions,” in The New f algrave Dictionary of Money and Finan {Macmillan, 1992}
Cioure 14.8 has a cortain similars i 4.; Lt P
hereas Emw,_. ,n 14 w .Mr__a;; certain similarity to the Robinson Crusoe diagrant of Figure 14.4, However,
& cigure 14.4 the tangency RY was an optinuan position for Cr e the corresp :
: gur 3 L P position for Crusee, here the corres i
s Fige  tangency R wa e posi or Crusee, here the corresponding
M?: W:W : is ,M:n E:S.w:_:: of an economy with identical individuals, The crucial »:mm_&znm mm
i 3 Lrusoe sitnation there is no budget Hoe, 1 FEPres ive-individ a
‘ g g - In @ representative-individual pi 3 ¢
g s et dividual picture, however, a
: drawn through the tangency poi . a
dget line ) i angency point. Anyone can trade but, everyone bejng alike, :
the equilibrivm price ratio no trade actually takes place evenyone being ik at
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The Effects of Time Preference on Investment and Interest:

Representative-Individual Model , . o

In a representative-individual model the equilibrium is aﬁoﬂ,éz.am by the Ssmo:mw of t f‘«_
Production-Possibility Curve QQ with the highest attainable indifference curve. Cﬁ?c:m ha
budget line KT exists, because everyone is alike no trading takes E.Ao.n.v.? cw:ww‘m.c ”M:wo.m o
preference is high (the indifference curves are .ﬁwcvv.w thus, Gn QE;&::,E _anw.nm M,a c _ O
high and litile investment takes place. In panel {b) time preference is 5«%2?.,2 H QcMMr re e
are flat); the equilibrium interest rate is therefore low and a great deal of investment takes place.

evident that the scale of saving and investment &, — ¢} will be low and ,%m interest wz?
7, (steepness of the equilibrium budget line) high. The reverse holds for the low time
reference picture in panel (a).
preference picture in pa ‘ o
Low time preference, willingness to invest even at a low interest rate, is amvor%ﬁmg
v Tot sieh ag Fared T v, » ilv ties, ability to defe
with personal characteristics such as farsightedness, strong .?::3 ties, ugrc.. 0
enjoyment, and the like. The later years of the Roman Empire were rrmanﬁﬁﬁ.ﬁ V.3
decline in such “puritanical” attitudes (shift toward high time preference), Eﬂ interes
i similar change in values has take ¢ in recen
rates accordingly rose. Arguably, a similax QZ,:mr.G ,aErm. has S.rvs Em? i !
decades, as is evidenced by lower saving rates and rising real interest rates. )
Even more fundamentally, time preference is linked to biological EQOWJ. TM
ity i discouragement to savi crated fact that o
sonal mortality is surely a discouragement to ,:;:mw Ec&rnmﬁwa by the E t that w
spring provide a vicarious way of surviving past one’s own life span. In recent time
these considerations have operated in opposite directions. Rising life spans have en
couraged saving, while smaller family sizes have discouraged it.

Consumption Next Year
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Time Endowment The effects of differing time endowments are pictured in Figure
14.9. First, suppose the representative endowment E is again on the horizontal axis.
The solution Q* = C* is as before at the tangency of the Production-Possibility Curve
QQ with the highest attainable indifference curve. The absolute slope of the equilib-
rium budget line through Q% = C* determines the interest rate r» and the amount of
Investment is shown by the horizontal distance between Eand Q.

A change in time endowment toward the Future is pictured by an upward shift of
the endowment point to the position E'. If time productivity remains the same, the
technological possibilities for transforming current income into future income are un-
changed. Geometrically, the new Production-Pos sibility Curve Q' Q" through E will be
vertically parallel to QQ. The new optimum is Q'* = C'*, Without extended discus-
sion, it is evident from the geometry that the new equilibrivm interest rate r/ is higher
than 7, (the new equilibrium budget line has steeper slope). Furthermore, the scale of
investment (the horizontal distance between B and Q) will be less.

As an illustration in the opposite direction, consider a community struck with
disaster. A catastrophe usually damages goods relatively close to consumption more
drastically than it injures the basic productive powers of the economy. A drought or a
hurricane, for example, may destroy crops while leaving long-term productive funda-
mentals—fertility of the soil, mineral resources, and human skills—unimpaired. Be-
cause present incomes are affected more seriously than anticipated fature incomes, the
endowment point will shift not toward the north as in Figure 14.9 but toward the west

ur

The Effects of Time Endowment
on Investment and Interest:
Representative-Individual Model

Here the endowment shifts
vertically from Eto £/, owing to an
increase in the future-dated element
from €, = 0 to ¢]. Assuming the

Q' technological possibilities for

-t

£+ transforming current income into
futare income remain unchanged,
the Production-Possibility Curve
QQalso shifts vertically upward to
the position Q' (', The effect is to
raise the interest rate (as shown by
the slopes of the budget lines that

Gy

& can be diawn through Q and Q)

Consumption This Year and decrease the scale of investment.
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Finvestment will te all while the
instead. It can easily be verified that the scale of investment will tend to fall while

»st rate will tend to rise.

inte

In the two panels of Figure 14.10, higher and _czm,m. :H:w mﬂ%ﬂ“

represented by steeper and mwzﬁ, H,:.c&:.r”%_ﬂ‘, war r.:m
Curves QQ. With high time productivity, :,g,.nﬁ.aw» rates will Ewﬁ,p.ﬁw_wc.:www MMW ﬁmc.:m
n,v.\ e pr f,Ea:f‘:w..., they will be low. This difference bas been o .#,Q., nw in comy risons
o 1 and nore productive versus older and more mature roz:ﬁw:.zﬁr? of
et _?f ?%a&ﬁ&w have been higher in Amerjca than in Britain, and

Time Productivity
tivity of investment are

between newe
example, interest ra y have
igher in California than in New England. - o
S M,;:zno,sh.ﬂ aﬂr scale of wswﬁzz,ﬁ: there are countervailing effects. There is
With regard to the sc: R s : Tling e 00

, ; i ing e productivity is low (fla

¢ course less inducement to invest when marginal time yis |

of course less inducement t . * ductivity is Jow 8 o

, curve mea ere will necessarily be ¢
3. (€ 3 a3 a flatter QQ curve means there wi : :
curve). On the other hand, a fla ‘mean will necessarily be smaller
Erovie future. The relative poverty of the future acts to tneredse the motive ¢

sision for the . ¢ Fe Bro-
provision al payoff is relatively small. Overall, then, with low time pro

invest, even if the margin

Chapter 14 The Economics of Time 467

ductivity there will be lesser provision for the future, but we cannot say wi
the scale of investment will be less.
Two other facto

hether or not

Degree of Isolation  The interest rate in a locality that is financially linked with other
regions cannot diverge too far from the more normal rates in the outside world. Ifsuch
a divergence ever appeared, investments and loans would flow from the low-interest
area to the high-interest area. The differences historically observed between interest
rates in Britain and America, or between New England and California, have therefore
been much smaller than would have been the case had the communitic

s in question
been more completely isolated from one another.

Risk Riskiness is correlated with futurity. Today already exists, tomorrow is some-
what uncertain, and the farther future is incr casingly shrouded in mist. Given risk aver-
sion, a future endowment that is more uncertain (has higher perceived variability risk)

is like a future endowment that is effectively smaller. Thus, the riskiness of the future
acts as an impoverishment of the future, increasing the “precautionary” motivation to
save {saving for a rainy day).

The Effects of Time Productivity on Investment and Interest:

Representative-Individual Model . e _ wmwwv

; w .t () time produstivity is high (the Production-Possibility Curve QQ1s u,,p%wﬂc.ﬁp wﬁbﬂ E el 4.10 . - .
. ﬁ:wn . i E,n st rate is also high. In panel (b) time productivity is low (the QQ rEMr s A%JMW xampie 4. SAVING AND UNEMPLOYMENT INSURANCE
squilibrivm interest rate is als - in panel ib) Tme prod : eauilibrium OF = €% in ; g,

M,M_r:?i ¢ flat); the equilibrivm interest rate is therefore low, At the equilibrium Q A

i 2 future is certainly less than in panel (8)
panel (b}, although the consumption provided for the E::w is certainly less than in panel (a),

. H - ¢ ko o L ProvIGes a major motive for precautionary sav mg. Howev er, this
we cannot definitely say v hether the scale of investment 1s also less S C nemployment prov; i
£ ot Say W 1 1 Ihe ris £ i

, motive is weakened to the extent that government unemployment insurance (
o income.

Between 1984 and 1990, UT programs replaced about 45 percent of workers' lost earn-
ings, for up to 26 weeks. A study by Fric M. Engen and Jonathan Gruber® analyzed the hypo-
thetical effects of changes in this replacement proportion. An increase from 45 percent to 55
percent would, they calculated, reduce per capita holdings of financial assets by between $109
and $290. At the same time, for a typical unemployment spell of about 13 weeks, the higher re-
placement proportion on average provides an additional $547 of income. Therefore, they con-
cluded, as a first approximation each dollar provided under Ul crowds out between 20¢ and
53¢ of individual saving. )

UI) replaces lost
c1

_ - However, they agreed, saving might be motivated not by fear of a single unemployment

L . : episode but of repeated spells of unemployment. If the reduced level of financial assets were at-

tributed to expecting to receive $547 of Ut payments two times rather than only once, the esti-

, , mated crowding-out effect per dollar would be about halved. As another qualification, the esti-

Q ,, . mates applied only to effects upon financial assets. Congeivably, Ul might also reduce saving

reflected by other forms of wealth, such as pension entitlements or home ownership. However,
it appeared that financial assets were the only ones substantially-affected by UL

As additional support for their main conclusion, the authors found the crowding-out ef-

fect to be larger for workers who face higher risks of unemployment. The crowding-out effect

was also larger for single workers, who lack the safety net provided by spousal earnings
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Saving is consuming less than one’s incom
potential current income into future income. Individuals’ choices as to present consumption
versus future consumption interact in the market to determine the price ratios between current
and future real goods. In the simplest two-date case, the ratio P/ Py can also be written as 1+
which defines the real rate of interest r, between date 0 (the present) and date 1 (one year from

s investment is a productive activity that transforms

3

£

now).

In a hypothetical world of pure exchange (where investment opportunities are absent),
cach individual’s wealth—the market value of one’s endowment—is fixed, Within this con-
straint each person borrows or lends to achieve an optimum time pattern of consumption
©*. Since aggregate investment is 2ero, saving by some people (lending) is necessarily bal-
anced by the dissaving of others (borrowing). The intersection of the aggregate supply curve
of lending ang the aggregate demand curve for borrowing determines Po/Py and therefore the
equilibrium interest rate 1%, together with the equilibrium amount of borrowing and lending
B* = L*

In a warld of production and exchange, where 1 -al investment opportunities exist, the in-
dividual maximizes wealth by choosing a production optimum @ (determining the level of per-
sonal investment) together with a utility-maximizing consumption eptintem C* (determining the

Jevel of saving). If a person’s Investment exceeds saving, the difference is made up by borrowing
from other savers; in the reverse case, the difference is lent out to other investors. The intersec-
tion of the aggregate supply curve of saving and the aggregate demand curve for investment de-
termines the market equilibrium rate of interest r{ and the aggregate amount of saving and in-
vestment $% = I at this interest rate, aggregate borrowing also equals aggregate lending:
B* = 1* The difference between the magnitudes of $* = I* and B* = [* represents the amount
of “self-financed” investment.

This apalysis generalizes easily to any aumber of dates, so as to determine the time se-
guences of consumption, saving and investment, and lending and borrowing—together with the
Sterm structure” of short-term and long-term interest rate

I markets for intertemporal claims (“capital markets”) are perfect, the Separation Theo- .
rem holds. If the Separation Theorem is at least approximately valid, a manager who maximizes /M .
the wealth of the firm will be making the correct production decisions for all the owners individ-"
ually, regardless of their possibly differing time preferences. This is what makes possible the for-
mation of large business firms.

A project or set of projects that increases wealth has positive Present Value (PV). In the
simple two-period case, with cash flows 2z, and z, Present Yalue V, is defined as:

4@

1+r

Vo= zy o+

If a single project is independent of the others considered, it should be adopted it Vis positive;
rejected if Vj is negative, If projects are mutually exclusive, the one with largest Vy should be cho-
sen. As the most general rule, the overall set of projects that maximizes Present Yalue should be
adopted.
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An alternative criteri < St o . .
hich g q:CH:H: criterion sometimes used in project evaluation is the Rate of Return (ROR)
rhich s intended to measure the growth rate of ;1 i , ’ I
: . ! of fu reste s Iyresiocr T o N
a5 pin: g nds invested in a project. The ROR is defined

Q=2+ 4 R A
1+p N (1 -+ bv%

It would be definitely incorrect t
dd be definitely incorrect to choose among mutually exclusive projects or sets of

projects ¢ e basis of which has the hi

wccﬁrnm HM the m,..,,; of which has the highest p—because then a high-p but small-scale project
: splace a larger project that, despite lower ) = S ale pro)
iy e o : > £, generates a greater wealth increment d
::w%r:ﬂ_n:” projects, however, the ROR Rule “Adopt if p > +" leads to the crement V. For
PV Rule “Adopt if ¥ > 0"—prov b e e

ided there is . . same answers as the
payments. (That s, it an inic d there is only a single sign alternation in the sequence of
¥ : 5. h atis, ifan initial outlay period is succeeded by a later payoff period.)

1 selecting an appropriate interest rate 7k T *
it 1 zﬂvrm::m an appropriate interest rate r for use either in caleulating V;, or for compariso
of ca mhn_.. I measure p, the major difficulty is to allow properly for risk mﬁwr firm :,zﬁ. * hw

apital” that represents the financi v Y sk. f as 2 “cos
nu :M \ wm a:/nmm:cvn:? the financial markets’ evaluation of the riskiness of its .:in:ada.,., N
al payotfs z. Measuring the anticipated r PIRITIESS OL 1S 4 pated an-
P iipated returns by the mathematical “expectation” 3
ability risk by the standard deviati : S natical “expectation” 2 and vari-
v the standard deviation (2}, the cost of capi ;
. capital will reflect the ratio 3/c{z). E
project should be evaluated in the li Cits i . e ratio z/o(z). Fach
] g e light of its impact upon the 3 :
S N X LS 1mp on the firm’s overall 2 and o u .
ject leaves the firm’s v Serl 5 N . E all zand o{z). If a pro-
o w _ nwwrr “‘:Mﬁ w. ratio z/o(z) unaffected—in other words, if its riskiness is typical of the Wa .n
¢ activities of the business—then the a i i \ N € exist-
- i appropriate discoun oy o .
overall cost of capital. P unt rate would be the same as the firm’s

The real interest rate r, is

storate 7y is the extra market vi 3

3 el value of current real goods i

the teres t oods over future re:
‘m.,,coz? The money interest rate r{ is the extra market value of curre e over futare oo
The ..&p:c:. between the real interest rate and the money inte
pated rate of price-level inflation a,: ’

nt money over future money.
rest rate depends on the antici-

¢
n=n+ta
The explanation is that some
. planation is that someone who borrows money, in order to repay i ¢
offer the lender an additional return to cover the expected fall in 1t Ival cofmonen
he len 3 ed fall in the real value of money.
s an additional retura to . al value of money.
commne I _n Hwo:f_ determinants of the real interest rate and the scale of investment ina
include time preference {more ¢ i 3 , t . ;
3 ference urgent desires for currer
community include time p nee nt goods tend to reduce in-
| »::1: and raise interest rates), time endowmnent (anticipations cmrw reduce n
miterest rates and reduce investment d & y ,
raise rozw ; and reduce investment), and fime productivity {better productive opportuniti
e o i Sp:wc: ,w:a Interest rates). Levels of riskiness also affect both investment and _.H”u
rest. Nations and regions that diffor © S
porest. _, H:a and regions that differ in these respects tend to be characterized also by M.: i
ar levels of interest rates. However, differe in i tes rated by interme.
4 ¢ . ver, differences in interest rates ar
i el of | est rat fowe ¢ . rates are moderated by interna-
al financial markets, which channel investible funds from low-interest to hiol nteres
nterest to high-interest

gher future income raise

%

R BT A Y B L

The definition of Present Value can be.generalized to the multiperiod stream of payments
Zr Z - - - > &p using either the sequence of short-term interest rates ry, ry . .. » Iy oF long-tern
rates Ry, Ry’ <+ » Ry, I the interest rate is expected to remain at the constant level r over time, the
Present Value formula takes the simple form:

Kl

1

1
+
It

8 T ot
LR T AR IR N 0T AR T N S

For Review

1. Explair & s betwe i
: ,m w n the analogy between the intertemporal optimum of the consumer (choice b
ween current cons i oY , y o
. rrent consumption G, and future consumption €} and the optir of .
sumer at a moment of time (¢ ) P ot th

ity 1),

hoice between ¢ . ; ; econ-
ce between consumption of commodity X and commod-

.
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470 Pa <]
@ Bxplain 5. Money interest rates throughout the world have generally been higher since World War I
fehistateme recte pxplain. . . N N - . . . c
Which statemment is oow.n m he ratio P,/ P, the price of a current consumption claim - than they were in the prewar period. Indicate which of the following might provide part of
a.  The anpual rate of interest 1s the ratio £/, e e the explanation, and analyze.
, divided by the price of a consumption claim dated one year in the future. . Zn. w ’ H Fi ’ m ( . tes)
7 . . o o a. Jigher rates of x sforence anges astes).
It annual rate of interest is the premium on the value of current relative to one-year 1 wm AT TALES O ws» pre SCV,Q. Lehanges _:.Zq es) .
b, The annual rate of } z, identity Py/P, = 1+ 7 b.  Higher rates of time productivity {changes in investment opportunities).
re claims, as given by the den Fgfay 1 . . . . . . -
fisture claims, a5 g ¢ related € at and future incomes? ¢ Lower ratios of current to anticipated future incomes (increased relative scarcity of
3 What is wealth? How is it related to current 3 g ¢ rati
3. What is wealth? Ho . y current endowments)
. . . A n v & ITOW S (] waww L £ Sh
1o market intertemporal equilibrium under pure exchange, aggregate borrowing B equ . - . . - e
LRULL Landine L. What can be said about the equilibrium of saving Sand investment £ d.  Higher rates of inflation (changes in anticipations as to monetary policies of govern-
aggregate lending L. nat G B X d , -7 % ments).
Is the amount [ = $ necessarily smaller or larger than the amount B = L . 3 ) ) 4 . .
5 Turning to equilibrivm in a production economy, aggregate saving must equal aggregate W% , 6. a. Avenegative rates of interest impossible?
& ot e ro ) . o . .
£5. “Turning to £q b, Is there a limit upon how negative the interest rate can be?

. . " o
aid about borrowing and lending?

investment. What can be s , .
s importance? What would tend to happen i

6. What s the Separation Theorem? What is it
it were not applicable? .

7. “Annual income twenty pounds, annual expenditure nineteen pounds, result happiness.
Annual income twenty pounds, annual expenditure twenty-one pounds, result misery”
(Mr. Micawber in Charles Dickens’s David Copperfield). Is this sound economics? Ana-

N e
& What is the Present-Value Rule? hen the § ym vze
. 4 decisi akers to correct choices of projects when the aep- Yee.
AT s rule always lead decision makers to correct choices o : & ; . )
b, Wil this Mia a_,éw _M% ’ . t8.  An issue of Consumer Reports magazine asked whether homebuyers might advantageously
aration Theorem I e - finance purchases of appliances by additions to their home mortgages. The alternatives
¢ Whatif the Separation Theorem does mot hold? ined in thi tion r= PP — 1 considered were {1} purchase of appliances through a retail store for $675, financed by a
. . N o rate o inferes & equallc =iy = N . N - . - o
Explain the relation between the rate of interest ras defined in the equa two-year contract at 15 percent interest; and (2) purchase of the same appliances for $450
~ B : T 7. » - —
and as defined in the equation r= 2V, o " through the home builder, financed by a mortgage add-on 27-year contract at 7.75 per-
i cate of interest, ¢ is it related to the real rate of interesl: . cent interest. The article contended that the first option was superior. The justification of-
9. ‘What is the money rate of interest, and how isi . - st. The artic that the first option was supertor. The justification o
. . ;, e fered was that, for the two-year 15 percent contract, the total of interest-plus-principal
For Further Thought and Discussion svizations. Indicate . ayments would add up to only $785—whereas, for the 27-year mortgage add-on con-
5 favy icture the fe i C ent sttuations. 3 o - .
L. Inatwo-period preference diagram, picture the following endowment s . tract at 7.75 percent, the total payments would eventually sum to $1,075. Analyze.
e is Bkely to be ¢ ser or a lender, - . - . . . ,
whether the person is likely to be a borrower ox ! . i . 19, During World War 1T it was necessary to decide how much of military expenditures were
a Ayoung woman with an elderly, wealthy, loving uncle in Austea . o be financed by taxation and how much by government borrowing. Some economists
b. A farmer whose crop has been destroyed by hurricane. - argued that financing the war by borrowing would “shift the burden to future genera-
A sugar beet farmer who has just learned that this year's sugarcane crop has been de:. . tions.” Is this correct? How would you go about determining how much of the cost of a
sug 1 } o . N ; enerations?
stroyed by hurricane, . . war is borne by the current generation versus future generations?
.
d. A 35-year-old star baseball player, ANM%NW“
+2. “Saving need not equal investment for any single individual, but the two must be equa WM?
L X N o csarily trie in equilibrium? Would it be trueina. @
for the market as a whole.” Is this zcrmmmu,:: true in ﬁ?mr.rﬁczr /,H e /mﬂﬂwﬂ
disequilibrium situation, as might result from a floor or ceiling upon interest ratest N o
- . o5 are likely ave great potential but are as yet unde .
+3.  In a newly settled country, resources are tikely to have great p . .
veloped. .
2. Would you expect the real interest rate to be high or low? /,M{ .
: ' P te mot in close contact wi S
b. - Comparing situations in which the new country is or is not in close contact with & WW %/ .
cest of the world, in which situation will the interest rate be higher . mm
: ; ke place? Bxplai e
{n which situation will more investment take place? Explain. ,,,f,%%

(i.e., has little investment and economic growth) because prgd . 8

NN »
4. One country is “stagnant ¢ o o
: y s 3ae ves are lack er s 1 R
dugctive opportunities yielding a good return on investment are lacking, »,MSEQ fma.wzuﬁ .
d N ) eunitie ¢ has little investment because the i LR
covntry has excellent investment opportunities, but has littde :ZSMES . W o e o
; e . ave s b o
sens’ time preferences are very high. Which country would tend to have a high, 2 .
. ) X G
i Explai N
a low, real intevest rate? Explain. . Mﬁ .

TAnswers to these questions appear at the end of the book.




