CHAPTER
SIX

DISCOUNT RATE

6-1 CAPITAL FORMATION A Pacific islander fishing with a spear
may obtain enough fish for his daily needs but find himself unable to catch
enough extra for a cash income. His entire effort is being spent in producing
consumer goods. If he were able at the price of a temporary sacrifice in his
diet to forego fishing and spend his time making a fishing lure, he would
with the completion of this task be able to catch enough fish for his own
use plus extra for sale. By shifting some of his production from consumer
to capital goods, he has improved his lot in the long run through a tem-
porary sacrifice.

Basic resources (land, labor, minerals, water, etc.) can be used to
produce consumer goods used to satisty immediate human needs. They
can also be used to produce capital goods, the intermediate goods used in
the production of more goods. As capital goods are continually produced,
the formation of capital provides the production base permitting a long-
term improvement in human weltare. )

Water resources development is essentially a capital formation proc-
ess, and two questions must be answered in planning capital formation:

1 How much sacrifice in current consumption should be made to increase
production of capital goods?

2 How much of each kind of capital goods should be produced?

The analyses described in the other chapters of this book seek the optimgl

project design answering the second question. The answer to the first

question is the subject at hand.
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The reasoning for investing past earnings follows a slightly different
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capital expansion. The decision process for allocating earnings between
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ment will devote earnings to capital formation starting with the project
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horrowing power of the financing ABENCY. Some advocate discounting with
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no help 1n answering the basje capital formation question
budget size when funds are obtained from tax p

60 OEFORTUNITY COST 'The fundamenta
analysis 1s to determine whether 1 particular addition to existing invest-

formation of some other type of productive capital; the opportunity cost
of their use equals the productivity they would have had in the investment
foregone. Some resources would have otherwise been consumed; their
opportunity cost is determined by the value placed by consumers on the
required sacrifice.

The value of sacrificed consumption becomes the key to discount rate
selection because this sacrifice comes closest to representing the marginal-
Opportunity cost of additional capital formation. Market analysis may be
used to estimate the value of the sacrifice to the individual. Determination
of the value to society as a whole is embroiled in assessing collective and

external effects of increased production.

04 THE CAPI TAL MARKET Just as othe.r markets I}I'O"’lde g
Starting point, for e aluating other inputs to public “'Ql‘kS PI:OJ'CCFS’ tﬁ‘z
Interest rate determined by the capital market p.I’OVIdGS a §ta.1 tlfngf p.(icl‘ll
0 discoypt rate selection. As a factor in production, the. b rl,.ce . ;30‘3;101;
a8 1S the price of all the other factors, is a market equilibrium pos

detel‘mined by the interaction of supply and (.lem%f?i'ent of savings. An
- The supply of capital depends on tl:;rl)lgi‘g;: ;-1111(1 savings according
14vidual divic S his income between const o e e e
% hig Drefelm(zigg S;121;(3})1’9.5'011‘(ed by the indifterence mI;sz“(])]tp{Dil(i Bl e
lndifference lines represent combinations s :.D ﬁ?‘d‘hus no preference
I annyg] future income among which the 1n¢ }x lt(m-; e
“0d thus ig indifferent. Because uniform z’%l’mufll‘tliutp‘ C'D equals (DE).
DrOduCt of the amount invested and the lntc,l‘ ()b,lil;;;-lt)lle entire income at

€ aV&ilable alternatives range between consuniiils

of presen




I CE ALLOCATION
CONOMICS AND EFFICIENT RESOUR
E
122 MICRO

n

Future annual income

\ \
0 = 0D 8
Present annual consumption

FIGURE 6-1 Representative indifference map be-
tween consumption and future income.

point £ and saving the entire income at point A. For the income OF, the
alternatives fall on the line ABCE. The individual whose preferences are
represented by Fig. 6-1 and whose income equals OF will enjoy the great-
est utility from his income at point B, for at this point he has reached his
highest possible indifference line [/,. He will consume OF and save FE at
interest rate FB/FE. At point B, his willingness to substitute future
interest income for present consumption is exactly equal to the interest
rate. .In a uniform market, every other individual will have this same
marg.lnal ra.te of substitution between consumption and savings because

ved because of Indifference line differ-

ences. Aggregate savings equal the sum of the individual savings. The

aggregate marginal rat Tt g : :
s g e of substitution is identical with that for each

change in Savings by g particular individual
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upward to the right as shown on Fig, 6-2 Supply curve will slope



Savings = supply

Interest rate

Investment = demand

FIGURE 6-2 Supply and demand
curves In the capital
market.

Capital Investment

The demaqd for capital depends on the available investment oppor-
tum'ties.' Each lnvestment opportumity has an internal rate of return.
Theoretically, all available investment alternatives could be ranked in
order of their internal rate of return. The demand curve would intersect
the ordinate of Fig. 6-2 at the internal rate of return of the top project on
this list. Other points on the demand curve have an ordinate determined
by the rate of return on the marginal project and an abscissa determined
by the total investment required to implement all projects having an inter-
nal rate of return higher than that indicated. The curve would be unlikely
to reach the horizontal axis because any investment providing a perpetual
Income has a rate of return exceeding zero.

Some have postulated that savings will continue as long as men earn
Income but that investment opportunities become fewer as the most desir-
able projects are built. When all investment opportunities have_ been
utilized, economic stagnation will result. However, investmgnt history
does not give much substance to this worry as the human capacity to con-
SUme and the technical ability to produce seem to expand even .faster than
Stleral economic growth. Per capita investment in the e.aco.n.omlca}ly II}OS‘i
developed countries far exceeds that in the most primitive. }\Iarg;na
Werna) rates of return exceeding 10 percent pr eV.a.ﬂ 0 Amerlcaél 1113511?;;’_
.here may be reason to doubt the social desirability o.f.currfelrln a,(;o’s’wants
Hon patter ns, but there is little reason to doubt the abll.lty # ite future at
and hig technical abilitv to produce to expand into the indefinite
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6.5 DEFICIENCIES IN THE CAPITAL MARKET '.l’he ﬁl}ancial
structure of modern government has become S0 clf)sely enjc\\.'med with the
capital market that government 1s both the ma;jor p.a,rtlcl.pant ‘md the
regulator charged with keeping the interest rate in line .\\'1th politically
determined economic policy. The first effect has to do with government
fiscal policy. A large federal deficit requires heavy borrowing and increases
interest rates by increasing the demand for the capital supplied by lenders.
The effect is amplified as government spending induces private invest-
ment which must also be financed by borrowed money. Spending induces
investment by those who sell their goods and services to the government
as well as by those who are provided more government produced goods
and services. Overall, government participation in the capital market is
far too large to maintain the approximation of perfect competition.

. In addition, the federal government regulates the supply of money by
1ts monetary policy.! By buying and selling federal reserve notes and
modifying the rules on borrowing and lending which financial institutions

must follow, the government may decrease the supply of monev and thus
Increase rates (a tight money policy) or incre :

thus reduce interest rates (a loose money D

market interest rate would cause the desirability of alternative invest-
merolt(si to fluctuate with federa] monetary policy. éince this policvj may lbe
Xlaerrllis bl)@};Otr};ng;)vernment at will, the net benefit of alterna.ti\;e invest-
ok e ‘m“flmpu.laifed rather than g normative measure of project
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Because economic ana.lysis seeks to evaluate e Betit of & give o . .
rather than the ﬁnan(nfal }sl‘treng.th of project Sponsors, the 10791,(1?1 tp:l(:f(lf
the pl'Ob?‘ble SUCCEasel she project: A Project should pe evaluated op ité
own merits rather than. by thg financial strength of thoge who wi]
it. Some may argue against using g risk premium at al] on the grounds that
risk is not properly a compounding function of time, but there is li)tt(le
justiﬁcation for .SGIGCtlIlg a risk premium On any basis other than the
attributes of the investment under consideration. |

The capital market is also influenced by the debt aversion of prospec-
tive borrowers. People and institutions tend to be more hesitant about
spending borrowed than earned capital. A project yielding a low return
might be favored over one yielding a higher return if the latter must be
financed by borrowing. Debt aversion stems from the threat of extensive
borrowing to the solvency of the borrower and the higher interest rate
which must be paid on essential subsequent loans. Legal limitations limit
borrowing by local government and public utilities. Whether legally or
self-imposed, debt aversion distorts the equilibrium point of the capital
market.

A difference exists between borrowing and lending rates. Anindividual
pays a higher rate of interest when he borrows than he gets when he lends
his money to a bank. Much of the difference can be explained by the. differ-
ence 1n risk premium required for the two parties. Inst'itutio.ns which use
their money in more productive investments will grow financially stronger
and be required to pay a smaller risk premium on borrowed money.

One of the most telling criticisms of the capital market 1s that ‘1t
determines how much the present generation wants to save for the futmeé
but it cannot consult the desires of future generat?ons o elt.her t}}:e flkr;::::ln.b
or kind of savings. The selection of the proper kind of %Vlggs jﬁmngingf.
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The chief argument against discounting, for selecting public works

alternatives with a low group-determined so.cial in.tere.ast ra,t.e, ligs in the
need to distinguish between two types of capital. Liquid capital is money
qvailable for investment. Plant capital is goods used to produce.other
goods. Theoretically, the decision to use a discount rate f(?r planning in
the public sector that is lower than the market rate used i1n the private
sector tends to slow capital formation by diverting capital from the private
sector to less productive investment in the public sector. Furthermore, the
resultant accumulation of public plant capital may force overall savings
from easily convertible liquid capital to a form of plant which may in later
years be found to be either incapable of supplying then current needs or
technologically obsolete. Unusable savings are as bad as no savings at all.

6-6 BASIC APPROACHES FOR DEALING WITH MARKET
DEFICIENCIES Two basic approaches exist on how to deal with
capital market deficiencies in developing a discount rate. Some say the
fiefects are too great for the market interest to have any normative S'ignif-
lcance whatsoever and the discount rate must be selected by Som(*'other
method. Others re.cognize the defects in the market but can f‘md' nojbetter
mefoh.od. They believe the sovernment should concentrate on f(v)r lat
po.hcles jco correct market defects in order to better coordinat blie- 'l'ng
private investment rather than pick what ~ -‘I‘ hig I)Ubh? e
_ : z : , . at must be a somewhat arbitrar
rate for its own planning. 2 Finanecial pressures for e\'\ i ;
use the interest rate rather than a Ilorma‘;{ e b prlvato et
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roject des o e S,
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interest rate on old (?utstandlng government bonds is not particularly
relevant‘ to currfant 1nvest.,ment, but all outstanding bonds were con-
sidered 1n sglectmg the discount rate used by United States govern-
ment agencies until 1968. In that year, the average discount rate on
new government bonds was about 4.625 percent while the average rate
on all outstanding bonds was about 3.25 percent.

Most rapid capital formation comes by making the most productive
investments. If funds were committed to the project yielding the high-
est return first and then to subsequent projects in order of rate of
return, the internal rate of return of the last project selected before
funds ran out would be the marginal internal rate of return. The exist-
ence of a marginal internal rate of return implies a budgetary constraint
or capital rationing because otherwise the funds would not run out.
History has shown funds available to public agencies to be chronically
less than what could potentially be invested. In order to maximize the
rate of capital formation, it is important to recognize that .the produc-
tivity of capital recovered and reinvested may substgntlally depart
from that of the original investment. Public works projects must con-
sider the reinvestment of those benefits received by the general .pllbllc,
while private industry recovers and reinvests thg benefits from 1ts own
investment. The overall rate of return is the discount rate fe&mﬁ
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internal rate of return will vary widely amons ageflcf s 0
but a rate which has been suggested orviighiEg i

£ ent ed on productivity
I ‘seount rate base |
In order to preserve the merits of a dlggz o litieally ~ontrolled bud-

but avoid the weaknesses of one bas.e N il . ternal rate
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model, or from a vision revealed in g dream, it is

. a value judgment, pure
and simple.!

Those who make such a value Jjudgment usually produce a low discount
rate with the goal of increasing capital investment for the benefit of
future generations.

Whenever market evaluation is discarded, some alternative
must be substituted. Some economists have postulated that the
political decision-making process both is able to and in fact actually
has made meaningful decisions on discount rate selection. Other econ-
omists distrust both the market and the political mechanisms and
prefer to rely on a value judgment by some decision maker.2 The
discount rate may be selected around a conference table or through
the use of a mathematical model designed to achieve a desired rate of
economic growth. While advocates of a social discount rate do not
agree as to how such a rate should be established, they favor use of a
low discount rate to increase savings in the form of more public
works projects. A typical value is 2.0 percent.

6-8 CURRENT DISCOUNTING PRACTICE Until 1968, the official
policy of the United States government has been:

The interest rate to be used in plan formulation and evaluation for
discounting future benefits and computing costs, or otherwise converting
benefits and costs to a common time basis shall be based upon the average
rate of interest payable by the Treasury on interest-bearing marketable
securities of the United States outstanding at the end of the fiscal year pre-
ceding such computation which, upon original issue, had terms to maturity
of 15 years or more. Where the average rate so calculated is not a multiple
of one-eighth of 1 percent, the rate of interest shall be the multiple of one-
eighth of 1 percent, next lower than such average rate.®

From 1960 through 1965, this rate rose approximately 0.125 percent per
year to 3.25 percent and remained at that value through 1968. ““Securities
outstanding at the end of the fiscal year’” have a lower average intergst
rate than securities sold within the year in periods of rising interest rate. In
1968 the Federal Water Resources Council recommended a policy change

1

Otto Eckstein, A Survey of the Theory of Public Expenditure Criteria, in National lTilnlr?a[L)I_f)f I_‘J(.“f

nomic Research, ‘‘Public Finances: Needs, Sources, and Utilization” (Princeton, N.J.: Princeton

University Press, 1961), p. 503. . (

More discussion is found in Marglin, Economic Factors, op. cit., p. 197. . the Formulation

The President’s Water Resources Council, Policies, Standards, and Procedures 1n L“ dlff (ur“.\,’
y - o[ ¢ ) , SSO0UTCES,

Evaluation, and Review of Plans for Use and Development of Water and Related Lan ¢

87th Cong., 2d Sess., Sen. Doc. 97, 1962, p. 12.
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 securities sold within the year and rounded to t},,.

" iohth of 1 percent provided that the mf}.\'imum change in any
s }?n l(i beglimited to one-quarter of 1 percent. When the recommeny_
zigja\:'zis dfollowed in 1969, the ratg changed‘ to 4.6.1_‘;)})6‘1‘(.‘(‘111’. e
Federal agencies have used hlgh.er rates for dl.\couptmg bvn(.\hts and
private costs than they have for public costs because private parties must
pay higher interest rates for borrowed money, but the practice has beep
discontinued because of the planning distortions produced by multiple
discount rates. The use of a risk-free rate implies adjustment for risk and
uncertainty by corrections to the time streams of benefits and costs rather
than by adding a risk component to the discount rate. Discounting prac-
tice varies among nonfederal planning groups, but most of them use higher
rates because of their higher cost of borrowing. Private groups tend to use
still higher rates. Thus, diversity in discounting practice still distorts
project evaluation among planning groups.

to using a rate based o1

6-9 CONSEQUENCES OF DISCOUNTING AT A LOW RATE In

making the value judgments necessary in discount rate selection, 1t 1s
necessary to evaluate the consequences of using a low rate.

1 V\;her; the private discount rate exceeds the public discount rate, the
fazzaaﬁ sef}tlcl); e;iilélsazﬁi the Iires:,ent worth of assets at a higher discount
LR st worthmazz mlver'pljesent worth. The project analysis
o, o ay. ow discount rate and thus gives a high
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tavors an earlier time of construction, and is unfavorable to stage con-
str}lction. The projects selected become bigger and more inflexible to
ad] u§tment with changing technoeconomic conditions. A low discount
rate 1ncreases savings for the future, but it also increases the risk that
large amounts of capital will be tied to projects unusable by future

generations and, to the extent this happens, defeats the whole purpose
of capital formation.

3 Planning with a low discount rate is also highly favorable to project

Justification. The lower the discount rate and the longer the anticipated
project life, the more likely project benefits are to exceed the cost. A
low discount rate increases resource allocation to, and the capital
intensity of investment within, those sectors in which it is used.

4 Planning with a low discount rate will also normally show many more
projects to be economically justified than funds are available to build.
A sophisticated method of project ranking (Sec. 9-12) could overcome
this difficulty by picking the best of the justified projects, but actual
project selection 1s more likely to be placed on some basis other than
economic merit.

Use of a low discount rate 1s favorable to the construction of public
works projects and the interests which profit by project construction, but
excessive diversion of resources to the public sector 1s detrimental to econ-
omic and even social efficiency and thus the long-run weltare of the nation.
Solutions to pressing current needs may have to be sacrificed for the bene-
fit of those living in the distant future. It 1s not possible to defend any
exact discount rate for use in government planning dogmatically, but too
low a rate definitely has serious adverse consequences to national economic

growth.
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PROBLEMS s on the indifference map between consumptiy,

6-1 Assume the line

6-2

y 4 . —— '3 F '.'
and future income £ are represented b}. ! f( ( -{l_ 0).
4 Derive an expression for (' as a funetion of annual income J S

rate of return 2 on saving S. 5 : L e
: 1 rec & e
b Derive an expression for the minimum Incon m required for

person to save anything. | |
¢ How much will a person earning $5,000 annually save if he ¢y

obtain a return of 5 percent? g
d How much will his savings increase if his income doubles?

e If instead, the rate of return doubles, how much will his savings

increase”?
Capital investment in a certain water resources development is
expected to produce an annual return of 15 percent. Capital formula-
tion may be summarized by the table:

(1) (2) (3) (4)
Year Capztal stock Returns Investment Consumption
1 $1,000 $150
2 1,000 + (3) for year 1

Cox?nplete the table for 10 years if no returns are invested to increase
capital stock.

Complete the table of Prob. 2 assuming $75 is invested annually.

What is the avera :
g€ annual growth r- : A gt s
consumption? 8 rate of capital stock? Of

C -
omplete the table of Prob. 2 asSuming half the returns are invested

annually. What is th : |
consumption? © dverage annual growth of capital stock? Of

IEJomplete the table of Prob. 2 assuming
Irst year and Increases ot a rate of 4 pe

Also assy '
me capit 2 :
C: = 0.97¢, : _I,)_ ?l St(}d depreclates at a rate of 3 percent annually,
: (;I;;un? :\'OhICfll)year 1S capital stock a maximum? In
10N ;
P °eome so large as to prevent further

consumption is 100 in the
reent annually thereafter.

Eob. 9 : o :
first yeay and the growt, g “onsumption is 80 in the

about the role of ”belt-tighte Sk ,?.and 6. What do the results say
ning’’ in €conomic development? What
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would be the implications of accepting a lower rate of return on long-
term Investment vs. continuing short-term investment yielding 15
percent, as far as economie development is concerned?

A water resources project having a 00-year life has an initial con-
struction cost of $10 million and an annual cost of $250,000. The
planning discount rate is 4.5 percent. Right-of-way requirements
can be provided by an expenditure of $2 million. The land obtained
produces a net annual income of $200,000. Annual project benefits
are $1,200,000. What is the project benefit-cost ratio? What rate of
return are landowners obtaining? What would the project benefit-
cost ratio be if the analysis were based on income lost from the land
rather than purchase expenditure?




