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THE DISCOUNT RATE AND THE BENEFTTS-COSTS JUSTIFICATION
OF FEDERAL IRRIGATION INVESTMENT

By
Julius Margolis

1,1 Irrigation projects involve large capital expenditures in the present .
lower operating and maintenance costs in the future and the benefits they bring
are to extend long in ths future, Any attempt to justify these projects involves
the question of comparing costs and benefits over different time periods,

How are these hetorogeneous incomes and costs to be aggregated and compared?

In addition to the problem of Justification, tim determination of the surplus

of benefits over costs, there is the question of the degree of capital intensity
of the project. The dam can ba made bigger, the canals can be lined, and 80 on,
These larger structuros mean a higher cost todsy for presumably more nat benefits
in the future. The lewsl of present sacrifice that one is willing to accept is
related to the weight that is given %o future years relative o the present,

1.2 The usual solution of the problem is to convert %he incomes and costs

of future years to the present by an sppropriate discount,

" Interest ratas may be considered as an expresaion of the exchange
relationships betwesn present and future goods, This premium of interes®
rate is the added value of having resources presontly available in
comparison with future values. For comparison with present costs, the
determination of present worth of goods available in the future involves
scaling down or discounting theii future values,

With limitad amounte of resources availsbles for capital investmunt,
the cost of investing such resources in a particular projsct is measured
by the rates applicabio to other uses that are foregone, This cost
is over and above allowances for rigk and arises regardless of whether
a private or public viewpoint is involved. The intarest rate on
investments such as long term government bonds would appear to ba a
reasonably satisfactory measure of the intersst return with minimom
risk opportunitiee availalls for capital investment, Although such a
rate may not fully refloct tae justifiable praference of society for
present goods, it still provides a measure of the yield of other
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opportunities for capital investment that are foregons by society

if resources are invested in given projects.” Y
The Federal Inter-Agency River Basin Cormittee then goes on to specify the
following discount rates: 2% Per cent, the current government rate, should be
used to calculats the anmual Federal costs; at least L per cent should be used
to calculate the annual benefits - the increase in income to the farmers, The
procedure 1is than to convert the discounted benefits and costs to an awverage
annual estimate. The ratio of the two forms the index by which priorities are
to be established in tho selection of the project,
1.3 The argument of this paper is that rather than a ratio of annmual benefits
and costs it would be preferable to uss a ratio of the sum of discounted net
benefits to current investment costs, £ second conclusion is that, on the
assumptions of capital rationing, the appropriate discount rate is the interna)

rate of retur: of farmers.
I

2.1 Since discounting is a procedure to make comparabls events in different
years in order %o facilitate choico of projects,let us state the problem motivating
the search for criteria of choice bofore dealing spocifically with the issuss of

the discount rate, Every act of Congress implies the diversion of resources

from private to public uss, On tha most general level we could state that

the problem of an indax of echolce is one of determining the borders between

public and private activity. Under what conditions should the goverrment directly

y Federal Inter-Agency River Basin Committes, Proposed Practices for Economic
' Analysis of Rivar Pasin Projects, (Washington, D.C,, 1930) po 23,
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undertake production, or extend capital to facilitate & line of production or
initiate lsgislation directing or inhibiting a patteimn of production, and what
quantitative criteria should it develop to puide its decisions? ith our
current information the attempt to establish t.1382 criteria are premature,
Instead we can only ask the fsr more narrow questiont In a limited sphere of
public policy, natural resources development, can criterla ba establiched which
#il11 facilitate a more rational allocation of the government budget? These two
quostions imply quits difforent criterie and images of the nature of the
rovernnent,

Q02 Tha first question requires the evocat.ion of a criterion for an optimm
which gocial ssience or social philosophy canno! daeliver. The latter questiom
requires & criterion which w11l urequivocally iced to a bstter allocation, It
accopts an unknown degres of iirationality in the allocatiwe mechanism but the
poasibility of some areec of rationality. Iho acceptance of the lutter approech
anables vs to increass tha muber of variables which are beyond cw control in
the ghort-run and therefore can be considerad as glven,

2.3 What is the world within which the Budget Burenu, ths Congressional.
approprieticns cormittees and the Interosted administrative agencies cperate?
The Budpot Buresu rmst present the administrationts budcet, It is the agency
most directly concerned with "ratiorality™ in budgstary procadures, Ihs planmdng
procedures po in two directlone, I% esfeblishas en overall budgetary idmit,
linite for programs, agencies snd at the sams time approves the lines of the
appropriations, All three ltems are determined by the Pureau in censultation
with legislators and bureaucrats with the legislative influsnce changing as 1t

moves from the overall to the specific approprialions, .
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2.l Of most consequenco for our analysis is that the Budget Buresu, when

it considers the rasources development agencies cppropristions and goes into
conferenca with them,has already arrived &t a preliminary overall estimate,

an estimate which is & function of the pressurss of Congressionsl attitudes and
competing agencies, In the traditionsl tarme of private economic analysis tha
Bureau of Rsclamation is confronted with capidal rationing, In the case of
conmarcial firms capital rationing has ioplications for the planning procass
and 1t is necessary to ask whathar tho sams is trus in the cass of public
agencics,

2.5 The Federal Intar-Apency River Basin Com:itiee aceepts n f{rtaevork
Similar to that ovtlined esbove. Thsy lsmore all other governmant programs, even
those vhich might eccomplish the objuctives of increased agrioultural production
through non-resowrcss development programs as increased foreign trads. They
implicitly mccopt capital rationing by setting up a prisrity of piogrems rather
than recommending that a1l "profitable" cperations be undertaken, A priozity
system implies that a project may bas pcstponed even though the coamputations
sho# that it 48 justifiable, Though the computations of the tenefits and costs
of a projoct may have denonstratod the project will result in an increase in
welfare, it muy find itself oeing postponed in favor of another project, Since
every "economically Justified® project is not irmadiately initiated, either the
relevant benefits and co:'s haws not teen included or there exists another
discont rate, If tha latter ig true, and probsbly both are trus, we are faced
with the situation common in businass of using an external rate of interest which
diwerges from the Internal rats used in business planning, But before we get
involved in specific arguments let us stata somz further points about irrigation

policy.
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2.6 The goals of public policy in irrigation are manifold, Some would
stress the establishment of family-sized farms. Othors wrge ths necessity of
an expansicn of agricultural production in light ¢f the expanding world
population, growing Vestern populetion and possibilities of war, Still others
are amainly concerned about the boost that irrigated agriculture in the Western
stztes would give to the economic development of that region, Probably all of
thees goals are opsrative in dacision-making, 5But all of them havae ons feature
in common, Foderal irrigation works are on advance of capital to the agricultursl
sector, A large part of it is a direct subsidy - the interest free component
and the amount repaid by power users, lass directly ths wery pensrous terms,
fifty years and frequently longer, are another form of capital subsidy, The
benefits primarily accrue to ths farmers or the project, though there are
axternsl economies, consumers' surpluses ard proflt inhibitiorns because of
acreage limitations, The program is mainly an advanco of eapital to specific

farmers. The opportunity costs are & function f the budyetary freedom of the

governwent, In our narrow freums of referencs, “hs opportunity costs are the
benefits whic!i might have acnrued to another set of farmers with the 3ame capital
subsidy,

2.7 Ons other item of general background isnesdeds In any given year the
lederal govarrmont does not exhaust its list of "wortiwhile" sctivities. This,
as mentioned earlier, is implicit in the establishnent of & priority system
rathar than the exhaustive initiation of all acceptable projects. It also
follows from the agsumption of a dynamic growing economy, Rather than a static
anvironuent. where we achieve an equilibriur at ths margin after completing all

inframarginal projects, we assume that population growth and technological progress

B
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will be offering new investment opportmit:luo?—/ The future is unknown but it is
reasomble to assume that the average rates of return in the present will hold -
that the government or ths public will be able to invest in the future at the
same profit expectations which they hold today.

111

3.1 Ignoring social policy aspects the economic goal of irrigation policy
is the maximisation of a possible stock of cspital at some point in the future.
This goal is identical with the maximization of en income stream to ths future
point, since the maximum income will allow ths maximum investment whils
maintaining a steady flow of consumption. The usual theorem is that the
entrepreneur allocates his capital funds 80 as to ssv up a net incowe stream
which when discounted by the current market rato and then summed will realise
the greatest present net worth, Though the benefita-coats messurers never
estimate the present capitalired value of the investment, they attempt an
approximation by estimating and camparing the discounted annual benefits and
costs. Under certain conditions the allocation of invesiment funds;so as to
maximize the current net worth equal to the sum of future incomes discounted
at the market rate, will also maximize the future income stream, These conditions
do not hold in the case of federal irrigation programming and therefors the use
of anmal benefits and costs discounted by the market rate of interest leads
to an ineffieient allocatlon,

302 The major assumption underlying the practise of maximizing the sum of

the discounted net incoms stream is that thore does not exist any capital

2_/ I am indebted to John Power for this point.
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rationing. In addition, if the current market rate is used and the capitalised '

net worth is to be judged as gocially desirable, it is assumed that there are
no imperfections in the capital market, that 13, tha intorest rete accurately

balances at the margin the functions of productivity of capital and the time
preferences of consumers, The latter assumption is edmitted by all to be invalid,
The interest rate is subject to control by Faderal authorities and is determined

by the exigencies of monetary counter-cyclical policy rathor than any "real"

: long-run forces, The first assumption needs further alaboration,

; 33 In theary the entrepreneur is assumod to scen the horizon of opportunities

; surrounding him. For each alternative ho estimates the costs and revanuss and

. 1f the rate of return is greater than the costs of the capital funds he requires,

he initiates that activity, Further,he or his fellow sntrepronaurs y initiate all
activities where the rate of return - the discount rate necessary tc make the

stream of net revemues equal to ths cost of construction - 4s preater than the
interest rats, The mr)'cet rate of interest is used because hs always hag the

i alternstive of lending his money and allowing it to grow at that rates, But this 1
: | assumes a perfectly elastic supply of equity financing - wherever there are '
profitable possibilities thare sxists a supply of capital funds to 6rxploit theys
opportunities, In reality the gupply of equity financing is limited by

considerations other than profit nxpect.ationsoé-/ In the field relevant to our

. -3-/ Te Scitovaky classifies the limitations on capital use for a {irm according

to the willingness to borrow and willingness to lend. Tha villingness to
borrow is limited by the "entreprensur's fear of bankruptcy, his unwillingness
to fix in advance too high a proportion of his total cost expenditures, and his
fear of losing control ovsr his firm's policy and the distribution of its gains,
The willingness to lend i3 limited by the inwestor's desire for security which
is related to the asssts alroady held by the firm, Welfare and Competition,

(Irwin, Chicago, 1951) pp. 194~200, Thesge two "wilYingnesses™ are sually
referred to as risk aversion and capital rationing,




topioc, the financing awilable to the farmer is limited to a proportion of his
equity, not to a proportion of his profit expectations, A farmer therefore may
not use fertiliser or machinery though the net productivity is greater than the
interest rate - the price he must pay for the capital funds to procure these
services and assets, If this case holds, and most agricultural economists
consider it generally true, though in the past decade capital has becoms more
plentiful to the agricultural sector, it would not be advisable for the farmer

to discount his future revenuss and costs by the market rate of interest. The
farmer's internal rate of return is greater than the external market rate of
interest. To see why it would be advisabls to allocate his capital according

to the internal rate of return rather than to maximizethe present valwe of his
net incoms stream discounted at ths mariet rate, let us examine an illustration
specific to the choice confronting the government in choosing among irrigation
projects, L/

3.4 Table 1 gives the benefits, internal rates of return and value of the
discounted stream of benefits for two projects of equal cost which will last

Table 1

Project Cost DBenefits Internal Present Value, Discount Rate
in year Rate of 3 per cent 6 per cent 10 per cent
1l 2 Return
(percent)

100 0121 10 11k
100 15 0O 15 112 110 105

for two years and then collapse, Assums that only £100 4s budgeted by the

U For discussions of the two criteria see: T, Scitovsky, ggociﬁ. » PPo 203-ah;

K. Bdulding, Bconomic Analysis, 3rd ed., (Harpers,N.Y. 19557 pp. 8624875;

B.0. Heady, Economics of Agricultural Production and Resource Use, (Prentice-Hall,
N.Y., 1952) ppe 51570 Ae0, Tart, T » Anticipations, Uncertaimty, and Dynamic
mmy!, (K‘llgy’ N.Yg, 1951) PPe. 95-950
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goverment for xirojecu- If we used the procedures ugcd by the government,
discounting benefits and costs by the market rate of, 1ot us say, 3 per cent

and then compared them, project A would be chosen, though project B

has tho higher internal rate of return, Under the assumptions of capital
rationing project B should be chosen. vhat is the opportunity cost of choosing
one project? It is the rate of return which is lost by not being able to undertake
the second, If we diecounted the projects by this rate, then B is preferable,

If there were no capital rationing, then both projscts and all othor projects with
an internal rate of return greater than the markst rate of interest would have been
undertaken and the marginal internal rate of return would have besn equsl to

the market rate of interest, The choice of 3 may be based on stronger grounds
than the above if we go beyond the static argument it relies upon and. make
assumptions of growth, If population change, technological progress and so on
almays gave rise to a set of opportunities as pgreat ss today, each yeaxr we will

be confronted by another set of A and B projects, If this were true, B would
create a perpetual stream of benefits available for consumption of 15 per year
while A would creats only 21 evasry cther year. The two necessary assunptions

are the existence of capital rationing and an opportunity to reinvest the

proceeds at the sams high internal rate, The latter assumption can be relaxed
somewhat, It is not necessary that a project with ths ssme internal rate of
return be available but the sufficient condition is that the marginal internal

rate of return be greater than the market rate of interast, If this is the cage,
then a ranking of préjacts by the internal rate or by the sum of benefits discounted
by the marginal intsrnal rate will bs more efficient than & ranking by the

sum of benefits discounted at the market rate of interestoé/

5-/ There are problems in ranking by the internal rate of return but they do not

offect our later conclusions, See R McKean, Cost-Benefit Amﬁgi& and
Efficlency in Governmont, Rand Research Memorvard (mimeographed, arch, 1955)

PPs 7982,
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3.5  The above argument included a hidden institutional assuption, A ‘
Reclamation Mund wmas implicitly assumed, As benefits were gensrated the
Fund claimed them and could either declare dividends or undertaks new projects.

There exists a Reclamation Fund but ths Bureau of Reclamation camnot freely

initiate projects on the basis of its sise, Each project must be authorised

by Congress and Congress must appropriate funds for it, Tha rates of return on '

existing projects influence the addition of new projects only indirectly, A
] high rate of return is a potent argument for the extension of the project and

; a8 such the Bursau is interested in this criterion, Secondly the Bureau does

t not capture all of the benefits, Ignoring the vexing question of secondary

benefits, the benefits of the project are the enhanced productivity of the

farms supplied with water. The Federal govermment rather than sharing in any

"profits® extends a handsome subsidy to these groups. Previously we had

Justified the use of ranking via the internal rate of return by assuming that

the opportunity cost of investment in a project were ths federal bvenefits of an

alternative investment which the govermment could not undertake because of

. i & politically rationed budget, The political rationing extends to the real

situation but the opportunity costs are the incomes of the farmers who are

themselves subjected to capital rationing by the private capital market.

36 Since the government eﬂhnces private productivity,the internal rate

of return to the farmers would be the opportunity cost of selecting one project
over another, The costs incurred by the nation in the construction of one
irrigation project is not the private goods sacrificed (the level of govermment i
expenditures is assumed to be determined by level of employment considerafions) !
nor other unrelated govermment projects (political rationing among programs is

assumed) but the enhanced income and investment potential of other farmers who are
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denied capital bocauss of the projoct: Tharefore the internal rate of return
of farmors is the aporopriate discount rate. On the provicusly stetsd assumptions
of growth the average rathsr than marginal rate should be used, The implications
of using an average internal rete of return of farmers as a discount rate is
sensible on othsr though relsted grounds., This discount fector will probably
bs higher than the current market rats, A higher discount factor will give

a larger present valus to those projects which mature more rapidly, This is
of Amportance since one of the major problems confronting irrigation farmers

is tho lack of capital tc support them in the early years., Farm predevelopment
will probably be Judged more bensficial because of its corsequences for early
incone achiavemantwé/ The obverse offect, the writing down of the benefits

of later years is eensible since my forecasting for such periods is highly
questionable end therefors the higher discount rate reflscts thy uncertainties
surrounding the lengthy planning period.

3.7 A forsseable consequence of the use of a higher discount factor is

that many projocts may cease to bs "aconomically feasible,” If this is so, it
should not be cloaked but made sxplicits If othar forme of eapltal subsidy

to farmars are more preductive,this should be conaidered in the decision to
initiste irriration projocts. But though a project may be judged & nonoptimal
form of capital subsidy to farmers,a budgetary allecation may be defensible on
other grounds of social policy: regional development and "democratic” land

gettlement,

é-/ For analyses of the capital access problems of irrigators and the role of early
net income growth see, C.E, Stewart and D.C. Myrick, Control and Use of
Resources in the Development of Mated Farms,Montana State College Ag-

ricultural Experiment Station, ] o L76, Oct.,, 15513 and J.R. Tompkin, G, Brock,

Jr., and P, Petzoldt, Rivertog[Shoshone Settlers - An Fconomic Study, Wyoming
Apricultural prerimant Station 23“ April, 1953,
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b2 Another aspect of the treatmont of time in the tenefits-costs ratios
creates inefficiencies, In ths preceding argumant e have asaumed that the
factor which had to be optimally a2llocated was capital, Though the arguments
in defence of benefits-costs mecourements can bs interprated to have the same
objective in practise,thay do not consistently follow this goal.

be2 Iet I be project construction costs, M be project oparating and
maintenance costs, B be net benefits, The Federal Interdgency River Rasin
Committee offers three measures tiat uight be used and rejects all tut the

benefits—coste ratio, T’B'T o The first measure is the absolute acount of
net benafits per project, B . (I + H)o This is rejected since it "would afford
no comparison of the relative costs of realizing such berefits, ™o projects
with equael surpluses of benefits would &ppoar squully desirasble in such a
comparison evan though the ccats of ona might b8 several times that of the
other, This method of comparison would bs useful only if rolative costs were
no ob;ject.“—v This objsction is perfectly correct so ong as there is ths
possibllity of some eurpluses arising through the alternativy uze of the
resources., It bscomes even more intuitively obvious once wa aceapt the
institutional limitation of capltal rationing through ths budget,

.3 A second measure which they also raject is the rate of roturn on
invastments, B}! o This mathed 4s iradequate,thsy claim, since "under this
method comparison of respective opsration and maintenance costs 1a incomplete,
since they are deducted before computation of percentages, This method has

a limlited usefulness, as for example, for datermining relative desirability of
projects when construction funds are limited and whan the rslative coste of

operation and maintensnce is considered of sscondary importanca‘%g/ The

Y Federal Inter-Agency River Raein Committee, opocit., p.1l
8/ ibid, ,
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exoeptional instances when they consider it of importance are of course the

general case. Construction funds are always limited and operation and maintenance

expenditures are matched by an inflow of power and agricultural sales,

bl The third measure is the ratio of benefits to costs. "The procedures
recommended harein are based on the assumption that, in genersl, the economic
resources involved in the project dsvelopment over and above those accounted for
in project benefits and project costs would be used with equal effectiveness
with or without the project. Therefore, a ratio of project benefits to project
costs constitute the proper mesasure of the effactivensss of use of the Nation's
resources insofar as the use of such resources for project purposes is cone
comd:”'mu is a measure which we would rarely meet outside the world of
government Jjustifications, In the commercial world it would be akin to a gross
receipts-gross expenses ratio in the evaluation of an investment decision,

b5 The second and third msasures would be equally efficient if all wo
desired wms to classify the projects as justifisble or not, If B w I+ M,
then both indices would equal 1 and 4f B > I 4 i, both indices would also be
greater than 1, But the Federal Inter-Agency River Basin Committes not only
wants to flag the "unprofitable™ projects, they also seek indices which will
reflect the "relative economic desirability (exclusive of coneiderations of
intangibles) of a mnnbo:: of projocts which have been ‘properly formulated in
accordance with the procedures recommended herein, . , . "lg/ The two measures
would assign different rankingstto projects based upon the relationships of
annual and investment costs, For instance,if we had two projects with the sams

nst benefits, B >(I # M), and the same total costs, 1 4 Y, but if in one project

Y pa,
Wop, et ps 3.
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1,1, aod M <K, otht I, * My =D, ¢ Ly, their ratios of bemefits to
| costs would be the stme, but the second index, 2L , would rank the firet
project higher, Which sets of results do we want? Are we indiffersnt between

the projects or is ons preferable? ,
L6  The answers to the questions are simplified by the fact that the water

and power users pay charges for the services, Prior to the delivery of water

the government agencies must complete contracts with ths water users so that

the construction costs and operating and maintenance costs would be reimbursed, '
Clearly there is no shortage of capital for current operating costs, but

instuad the costs which must be minimised by the budget bureau are the

advances by the government of the construction costs. Therefore the projects
which afford the highest return on the factor limited in supply, initial capital,
should be favored. If a ratio is to be used, instead of the ratio of annual
benefits to annual coste,the correct ratio should be the ratio of the discounted

sum of net benefits to investment costs.

Sel The argument of this paper was bassd on the factual assumption that
capital rationing exists for the government and for the sector most benefited

by irrigation investment, the farmers. The government will not offer a full

supply of equity financing to the farm gector, The politically rationed
public financing to assist the agricultural sector will be most efficiently
allocated if it maximizes the incomss of the farmers, To besi approximate
this target the future net benefits should be discounted at the average ‘

internal rate of return of farmers. The sum of these discounted bonefits should

; be compared to the public investment costs which are the funds to be rationsd,
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