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THE DBCODNT RATE AND TOE BENEFITS-COSTS JUSTIFICATION 

OF FBDEBAL IRRIQATION INVESTMENT 

JullUB MU?goll8 

• 

;». 

1.1   Irrigation projects IJTVOIV« large capital expenditures in the present, 

loeer operating and maintenance costs in the future and the benefits they bring 

«re to extend long in the futuroo Any attempt to Justify these project« involtee 

ths question of comparing costs and benefits ow different time period«. 

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

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

of benefits oror costs, there is the question of the degree of capital Intensity 

of the project. The dam can be made bigger, the canals can be lined, and so on. 

These larger structures asan a highn* cost today for presumably more net benefits 

in the futuroe The letel of present sacrifice that one is willing to accept is 

related to the weight that is giv*n to future years relative to the present, 

1-2   The usual solution of the problem is to convert the incomes and costs 

of future years to the präsent, by an appropriate discounto 

•   Interest rstes may be considered as an expression of the exchange 
relationships between present and future goods. This premium of interest 
rate is the added value ol having resources presently available in 
comparison with future vsluaa. For comparison with present costs, the 
determination of present worth of goods av3ilabl9 in the future involves 
scaling down or discounting theii future values,, 

With limlt'sd amounts of resources available for capital investment 
the cost of investing such resources in a particular project is measured* 
by the rates appllcabie to other uses that are foregone. This cost 
is over and above allowances for risk and arises regardless of whether 
a private or public viewpoint is involved. The interest rate on 
investments such as long term government bonds would appear to be a 
reasonably satisfactory measure of the interest return with minimum 
risk opportunities available for capital investment. Although such a 
rate may not fUUy reflect the Justifiable preference of society lor 
present good?, it tti.ll provides a measure of the yield of other 

I  i 
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opportunities for capital invastwnt that are forogon« by society 
if resources are invested In given projects," 3/ 

Tbe FWeral Intex^lgency River Basin Coradttee then goes on to specily tin 

foUowing discount ratest ^ per cent, the current government rate, should be 

used to calculate the annual Federal costsi at least h per cent should be used 

to calculate the annual benefits - the Increase in income to the fanners. The 

procedure is then to convert the discounted benefits and costs to an average 

annual eatimate. The ratio of the two forms the index by which priorities are 

to be established in the selection of the projecto 

1.3   Tbe argument of this paper is that rather than a ratio of annual benefits 

and costs it would be preferable to use a ratio of the mm of discounted net 

benefits to current investment costso A second conclusion is that, on the 

assuaptions of capital rationing, the appropriate discount rate is the internal 

rate of returi of fanners« 

n 

2ol   Since discounting is a procedure to make comparable events in different 

years in order to facilitate choice of projects, let us state the problem motivating 

the search for criteria of choice bofore dealing specifically with the issues of 

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

from private to public \«8e. On the most general level we could state that 

the problem of an index of choice is one of determining the borders between 

public and private activity. Under what conditions steuld the govormaent directly 

Federal Inter-Agency River Basin Comittee, Proposed Practices for Economic 
Analysis of Riv^r Basin Projects, (Washington, ho0,t Itfö) p] 22,,  

- 
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undartal» production, or extond capital to faclli.tato a line of production or 

initiate logislation directing or inhibiting a pattern of production, and what 

quantitative criteria should it develop to guide its decisions? '.7ith our 

current iitformtion the attempt to eotablieh these criioria are premature. 

Instead vo can only ask tlis far more narrow questioni In a limited sphere of 

public policy, natural rsaourcss developirent, can criteria ba establlEhsd which 

^»111 faciHtate a more rational allocation of the govornaent budget? These two 

quostiona imply quite diffarert ciiteria and imagea of the nature of the 

novernment, 

2*2   Hia first question requires the evocation of a criteriDn for an optimum 

wliich social science or social philosophy canno* daliwr.. The latter question 

requires a criterion which will unequivocally lead to a better allocation« It 

accepts an unknown degree of Irrationality in the allocatiw mechanism but the 

possibility of some areac of rstionalltyo The acceptance of the latter approach 

enables uo to increase the ouflber of variablen which aj-e beyond our control in 

the short-ran and therefore can be consldorod as given, 

2*3   What is the world within -thich the Budget Bureau, the Congresaloml 

approprietiens coinmittcos and ihßi interosted adninistrative agencies operate? 

The Budget Bureau must present the administration's budgeto It is the agency 

mo.»tt diroctly concerned with "rationality" in budgetary procedures o Its planning 

prtxjodurau go in two directions„ It establiahea en overall budgetary Hmlt, 

limite for programs, agencies and at the sama tine approves the lines of the 

appropri£r,,lonSo All throe items are determined by the Bureau in consultation 

with Icgialators and bureaucrats with the legislative influence chr-mging as it 

moves from the ovsrall to the specific appropriationa0 
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Zoh       Of most consequence for our «naiysis la that the Budfat Boreas whan 

it considers the resouroea devslopmant agencisa s^pproprlatlona and goes into 

conference with then^haa already arrive'! at a prellMnary overall eatiiaatep 

an estimate which is a function of the preseureü of ConKressionRl attitudes and 

competing agencieao In the traditional terms of private econoralc analysis the 

Bureau of Reclamation is confronted with ccpital .rationingo In the case of 

cowaerclal firms capital rationing has imolications for the planning proaass 

and it is necessary to ask whethar tha same is true in the case of public 

■gencdeso 

2o$       The Federal Intar-Agency Rj.var Basin Coffimittee accepts « frfcaff.nsrk 

similar to that outlined sbovBe Tltey i .i.cie all other govemmant programs, even 

those vhich miglrc accomplish the objectives of increased agrloultural production 

through non-rosomtiss developraent programs ap increased foreign trade« ^hey 

implicitly accopt capital rationing by setting up a priority of programs rather 

than racccimanding that all "profitable1' cparatiom« be undertaken., A priority 

system implies that a project muy ba postponed even though the computations 

show that it is justifiable,, Though the computations of the benefits and costs 

of a project may have demonstrated the project will result in an increase in 

welfare^ it may find itself being postponed in favor of another projecto Since 

every "economicaUy justified" project is not iriiiadiately Initiated, either the 

relevant benefits and cot's have not been inclwed or there exists another 

discount ratSo If tho latter is true, and probsbly both are true, we are faced 

with the situation common in business of using an external rate of interest which 

diverges tvm the internal rato usad in business planning» But before we get 

involved in specific arguments let us state soma further points about Irrigation 

policy,, 

. (if ■■ '* 
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206       The goals of public policy In Irrigation are manlfoldo Some would 

streas the establishTant of family-sized faras. Others urge tho necessity of 

an oxpansicn of agricultural production in light cf the expanding world 

population, growing Western population and possibilities of ware Still others 

are aainly concerned about the boost that irrigated agriculture in the Western 

states would give to the economic development of that regiono Probably all of 

these goals are operative in declsionMnakingo But all of them have one feature 

in coianono Federal irrigation works are on advance of capital to the agricultural 

sectorr A largo part of it is a direct subsidy - the interest free component 

and the amount repaid by power userso Less directly th^ very (reneroua termst 

fifty years and frequently longer, are another form of capital subsidy. The 

benefits primarily accrue to the farmers or. th» froject, though there are 

external economies, consumers9 surpluses and profit inhibition^, because of 

acreage limitations« The program is mainlj an advancs of capital to specific 

farmers& The opportunity coots are a function of tho budgetary freedom of the 

goveiment. In our narrow frame of reference, the opportunity costs are the 

aenefits nhich might have acrraad to another set of farmers with the same capital 

aufcsidjo 

Xo?   One other item of general background is needed,, In any given year the 

federal govemraont does not exhaust its list of nwort;lwhile,, actlvitiesA This,, 

as mentioned earlier, is implicit in the establiohaent of a priority system 

rathor than the exhaustive initiation of all acceptable projects» It also 

follows from the assumption of a dynamic growing economy„ Rather than a static 

environment where wo achieve an equilibrium at the margin after completing all 

inframarginal projecta^we assume that population growth and technological progress 

-r-'" 
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«Hl bt offering iwv inwstunt opportunltieao—' Tha futur« 1B unknown but It Is 

maonabl« to äaavm that ths avarage ratos of return in the present will hold - 

that the govemoent or the public will be able to Invest in the future at the 

same profit expectations which they hold today* 

III 

3,1   Ignoring social policy aspects the economic goal of irriRation policy 

is the naxlBlsation of a possible stock of capital at soma point in the future» 

This goal is identical with the raaximiZÄtion of an incorae stream to the ftiture 

point, since the maximua income will allow the maximua investment while 

naintainlng a steady flow of consunption, The usual thaorem is that the 

entrepreneur allocatee hia capital funds so as to ssx. up a net income stream 

which whan discounted by the current market rate and thiu summed will reallie 

the greatest present net wortho Though the benefita-'COBts measurers never 

estimate the present capitalised value of the invasttnant, they attempt an 

approximation by estimating and comparing the discounted annual benefits and 

costs. Itoder certain conditions the allocation of investment funds,so as to 

maxlmice the current net worth equal to t!» sum of future incomas discounted 

at the market rate, will also maximi»© the future income stream,, Those conditions 

do not hold in the case of federal irrigation programming and therefore the use 

of annual benefits and costs discounted by the raurket rate of interest leads 

to an ineffielent allocationo 

3o2   The major assumption underlying the practise of raaximlzing the sum of 

the discounted not income stream is that thare does not exist any capital 

£-/ I am Indebted to John Power for this polnto 

mm 
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rtiionlng. 2h iddition, If th» current market rate is used and the capltalliad 

mt worth la to be Judged as socially desirable, it is assuoed that thsre are 

no imperfections in the capital market, that is, the Interest rate accurately 

balances at the margin the Amctions of productivity of capital and tha time 

preferences of constsnarsp The latter aasuaption is admitted by all to be invalide 

The Interest rate is subject to control by Federal authorities and is determined 

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

long-run forces,, The first assumption needs ftirther «laboration0 

3.3   In theory the entreprenaur is assumed to scan the horiton of opportunities 

surrounding him« For each alternative ho estimates the coats ard rsvsnues and 

If the rate of return is greater than the costs of the capital funds hs requires, 

he initiates that activity« Further,he or his fellow entrepreneurs, initiate all 

activities where the rate of return - the discount rate necessary to make the 

stream of net revenues equal to tha cost of construction « is Rreater than the 

interest rate. The market rate of interest is used because he always has the 

alternative of lending his money and allowing it to grow at that rate. But this 

assumes a perfectly elastic supply of equity financing - Trheraver there are 

profitable possibilities there exists a supply of capital funds to exploit these 

opportunities. In reality the supply of equity financing is limited by 

considerations other than profit expectations„^In the field relevant to our 

3 / 
—' T. Scitovsky classifies the limitations on capital use for a firm according 

to the willingness to borrow and willingness to lend. The willingness to 
borrow is limited by the "entrepreneur'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 over his firm's policy and the distribution of its gainso 
The willingness to lend is Halted by the Investor's desire for security which 
ie related to the assets already held by tha firmo Welfare and Competition. 
(Irwin, Chicago, 1951) PP» tfWOGo These two »willingnesses» are usually 
referred to as risk aversion and capital rationing,, 
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toplo, tl» fimneine «wilAUa to ths farner U limited to a proportion of faU 

tqnlty, not to a proportion of his profit «xpoetatlona, A fanner therefore mj 

not nee fertiliser or machinery though the net productivity Is greater than the 

Interest rate - the price he must pay for the capital fhnde to procure these 

serricee and assete. If this case holds, and most agricultural econoolsts 

consider It gensrslly true, though in the past decade capital has become nore 

plentiful to the agricultural sector, it would not be advisable for the fanew 

to discount hie future revenues and costs by the market rate of interest. 11» 

famer'e Internal rate of return is greater than the external market rate of 

interest. To see shy It would be sdvlsabla to allocate his capital according 

to the Internal rate of return rather then to naxlaisethe pressnt valua of his 

nst Inooas stream discounted at the market rate, let us examine an illustration 

specific to ths choice confronting the government In choosing among Irrigation 

projects, —^ 

3oU   Table 1 gives the benefits, Internal rates of return ami value of the 

discounted stream of benefits for two projects of equal cost which will last 

Table 1 
Project   Coet Benefits    Internal   Pressnt Value, Discount Rate 

In year    Rate of    3 per cent 6 per cent 10 per cent 
1   2 Return 

(percent) 

k loo        o 121 io na iio loo 
B 1001150 15 112 11010$ 

for two years and then collapse«   Asauoe that only jfooo la budgeted by the 

- 

: 

—^For discussions of ths two criteria eeet To Scitovsky, opeclto, ppo 203-ZLli| 
K» Bftuldlng. Bconoalc Analysis. 3rd ed», (Harpers,N.Yo l&5T"ppo 862*8751 
K,0. Haady. Economios of Agricultural Production and Resource Use,(Prentice-Hall 
NoT., 1952) pp» 573-57^ A.Q, Hart, XnticlpationsT^icertalnty. and Dynamic        * 
Planning. (Kelley, N,YS, 1951) PP. 95=95^        "  
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fowmoit for project». If w» uwd th» proeeduros used ty ths ßoronront, 

discounting banoms and costs by th« market rats of, lat us say, 3 par oant 

snd thsncoaparsdtham, projsct A TOUM be chosen, though project B 

haa the Mgher internal rate of return. Under the assumptions of capital 

rationing project B should be chosen» ^hst la the opportunity cost of choosing 

one project? It Is ths pate of return which is lost by not bslng able to undertake 

the second. If ae discounted the projects by thle pate, then B la ppefapable. 

If there aere no capital rationing, then both projects and all othep projects with 

an intspnal pate of return greater than the aarkat pate of Intereet would have been 

undeptaJcen and the mapginal internal pate of rotupn would have been equal to 

the nsptet pate of Interoat, The choice of B aay be baaed on stpongep grounds 

than the above If TO go beyond the static apguaent It relies upon and make 

assumptions of gpowtho If population change, technological progroas and ao on 

always gave plae to a set of oppoptunities as great as today, each ye» we will 

^ ^        be conft-onted by anothep set of A and B projects. If this TOPS trua, B would 

^ cpeate a peppetual stpeam of benefits available fop consumption of 15 pep y^r 

while A would cpeate only 21 evapy otheP yeaP. The two necessapy assumptions 

aro the existence of capital patloning and an oppoptunlty to pelnvest the 

ppoceeds at the eaina high intepnal Pate. Ths lattsr assumption can be rolaxed 

somewhatc It is not necessapy that a project with the same intemil pate of 

rotuPn be available but the sufficient condition is that the mapginal intepnal 

rate of rotupn be gPeater than the mapkat rate of interost. If this is the case, 

j  ; then a Panld.E of projects by the IntePnal Pate or by the sum of benefits discounted 

by the maPgiml internal pate will bo moro efficient than a panking by the 

sum of benefits discounted at the maptet pate of interested 

'   1 

!/ 

HS^Jt l£ 222S£2t, 8a»J Search y^3» (.W^ S^, M55) 
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3.5 Ito «bov» «rguBant includad a hidden instltutloml asmmptlon« A 
! 

RtelMMtlon Fund «aa inplidtly aaauasd, Aa benefita ware panerated tb» 

Ftod claiaad than and could aithar daolara divldanda or undartaka naa projacta« 

Ttera axiata a RaoluMtlon Fund but tha Bureau of Raclanation cannot ftaaly 

Initiata projaota on tha baaia of Ita alsa» Each project ouat be authorlaed 

by Congress and Congress must appropriate funda for it« Tha rates of return cm 

exiatlng projects influence the addition of nsw projects only indirectly. A 

high rate of return is a potent argument for the extension of the project and 

aa auch tha Bureau la interested in this criterion« Secondly ths Bureau does 

not capture all of tha benefita. Ignoring the vexing queation of aacondary 

benefita, tha benefita of the project are the enhanced productivity of the 

ftrma supplied with water. Tha Federal govamnent rather than sharing in any 

"Profite" extends a handaoos aubsidy to these groups. Previously ee had 

juatifiad tha uae of ranking via the internal rate of return by assuming that 

tha opportunity coat of invaatmnt in a project aera the federal benefits of an 

alternative investment which the government could not undertake because of 

a politically rationed budget. The political rationing extends to tha real 

altuation but the opportunity coats are the Incomes of the farmera who are 

themselves subjected to capital rationing by the private capital market. 

3.6 Since tha government enhances private productivity the internal rate 

of return to the farmera would be tha opportunity cost of selecting one project 

over another* The coats Incurred by the nation in the construction of one 

irrigation project is not the private goods sacrificed (the level of government 

expenditures la assumed to be determined by level of employment considerations) 

nor other unrelated government projects (political rationing among programs is 

assumed) but tha enhanced income and Investment potential of other farmera who are 

i 

i 
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denied capital bocaua« of the ?P0.1oct. Tharefore the Internal rate of return 

of faroers Is the appropriate discount rate. On the previously stated assuoptlona 

of growth the average ratliar than marginal rate should be used. The lapllcatlons 

of using an averaee Internal rate of return of fanners as a discount rate is 

sensible on other though related grounds» This discount factor will probably 

be higher than the current market rate,, A higher discount factor will glra 

a larger präsent value to those projects which mature more rapidly,, This is 

of importance since one of the major problems confronting Irrigation faraara 

is the lack of capital tc support them in the early vears. Farm predevelopment 

will probably be Judged more beneficial because of its conaequences for early 

income achisvecent*-' The obverse ol'fect, the writing down of the benefits 

of later years is sensible since any forecasting for auch periods Is highly 

questionable and therefore tho higher uiscount rate retlects the uncex'taintles 

surrounding the lengthy planning period rt 

3n7   A forsecable consequence of the use of a higher discount factor Is 

that many projects may cease to be "econonically feasible„'» If this is so, it 

1 should not bo cloakad but raade explicit0 If other forme of capital subsidy 

to farmars are more prcductive.this should be considered in the decision to 

Initiate irrlratlon projects. But though a project may bo Judged e nonoptimal 

form of capital subsidy to faroierspa budgetary allocation may be defensible on 

other grounds of social policy; regional development and "democratic" land 

settlements 

—^ For analyses of the capital access problems of Irrigators and the role of early 
net income growth see, CE, Stewart and DoCo Myrick, Control and Use of 
Resources In the Development of Irrigated Farms .Montana StateTöllege Ag- 
riculturallxperiment Station, Bulle hlS,  Octo, 19?1| and J,R0 Tompkln, 0, Brock, 
Jr., and P, Petsoldt, Riverton/Shoshone Settlers - An Kconomlc Study, Wyoming 
Agricultural ExperlmenE Station Bull7723, April, 1^3c 
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U       Another .sp^t of the breatnent of ttee In the beneflte-coete mtioe 

create« inefficlenclee.   In the ^ceding erßu^t rra havs .««d thet the 

fetor which hed to be optl^lly aUocated waa capital.   ^h ^ trgWBnta 

in defence of benefite^oeta «eemare^nta can be interpreted to hava the 9aM 

objective in practiee^thay do not conai8tent2y follow this goal. 

h.2        lat I be project construction coete, If be project operating and 

maintenance coata, B be net benefit*.   The Federal Inta^ganoy FUv^r Baain 

Canmittee offers throe meaaurea that might be uaed and reject« all but the 

benefita-coeta ratio,   ^ .   The flrat ^eaaure ia the abaolute aaount of 

net beneflta per project,   B ^ (I ♦ u)0   ma ia rejected aince it nwould afford 

no comparieon of the relative coata of realiaing such beneat«.   T*o projecta 

with equal aurpluaea of beneflta would «ppaar equally desiwblo in euch a 

coBparieon evan though the coata of one miFht ha aaveral ti»ea that of the 

otter.   This mathod of compariaon would ba uaem only if relative coata were 

no obiBct.-V This objection ia parfectly cornet so long aa there ia the 

possibility of some aurplusea arising through the alternative use of the 

reaources.   It becomes even more intuitively obvious once wo accept the 

institutional limitation of capital rationing through the budget. 

U        A second measure which they also reject ia the rate of return on 

investments,   SjS ,   Thie method is inadequate^they cl«^ since «under this 

method comparison of reapectiva operation and maintenance cost. i. incomplete, 

since they are deducted before computation of percentagea.   This method has 

a limited usefulness, as for example, for datemining rolativa desirability of 

projects when construction funds are limited and when the relative costs of 

operation and maintenance is considered of secondary laportanca«^ The 

7/ 
-' Federal Ihter^Agency Rivsr Basin Coiraittee, op0cit.. p.lh 
8/ ibid, » -t — » *- 
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woeptlontl iMtanoM «ten ttey oonsidtr It of iaportanoo art of oourso tte 

gonoral CAM« Conatruotlon ftmds are aluaya limited and operation and nalntenanca 

expendlturea are matched by an inflow of power and agricultural aalea« 

hoh       Km third measure la tte ratio of beneflte to coats. "The procedures 

reconaended herein are based on tte aasooption that, in general, the economic 

reaooroes involved in tte project developosnt over and above those accounted for 

in project benefits and project costs would be used with equal effectiveness 

with or without tte project. Therefore, a ratio of project benefits to project 

coats constitute tte proper nsasure of the effectivenaes of use of the Nation's 

resooroea insofar as tte use of such resources for project purposes is con» 

cerned«" Thie is a measure which we would rarely meet outside tte world of 

government justifications« In tte comnercial world it would be akin to a gross 

receipte-grose expenses ratio in the evaluation of an investment decision. 

h,$       Tte second and third msasures would be equally efficient if all wo 

desired ms to classify tte projects as justifiable or not. If B • I ♦ M, 

then both indices would equal 1 and if B > I ♦ Hboth Indices would also be 

greater than !„ But tte Federal Inter^gency River Basin Connlttee not only 

wants to flag the ',unprofltablen projects, ttey also seek indices which will 

reflect tte "relative economic desirability (exclusive of considerations of 

intangibles) of a number of projects which have been 'properly formulated in 

accordance with the procedures recoomended herein» • • . "a» The two measures 

would assign different ranWLngstto projects based upon the roXationships of 

annual and Investment costs. For Instance,if we had two projects with the same 

net benefits, B >(I ^ M), and the same total costs, 1 ♦ M, but if in one project 

2/ ibid. 

op. citPf p> 38. 
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I^^ and M1<1^ so that ^ * "i " ^ * ^ , ttair ratios of b«»f Its to 

ooata «oold \» tha aanv bot the second index, ^- , would rank the first 

projact highsr, Ihlch sets of results do na aant? Are we indifferent between 

the projaets or is one preferable? 

U,6        The answers to tha questions are siaplified by the fact that the water 

and poear uaara pay charges for the services. Prior to ths delivery of water 

the govarmsnt agencies must conplate contracts with the water users so that 

tha construction costs and operating and maintenance costs would be reiaburaed. 

Clearly thwa is no shortage of capital for current operating costs, but 

instead ths costs which most be minimised by the budget bureau are the 

advances by ths govarraent of t^o construction costs« Thsrefore the projects 

which afford ths 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 costs, ths correct ratio should be tJw ratio of the discounted 

sun of net benefits to investment costs o 

5,1   Ths argumsnt of this paper was bas«d on tha factual assumption that 

capital rationing exists for the govemrasnt and for the sector most benefited 

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

supply of equity financing to ths farm sector 0 The politically rationed 

public financing to assist the agricultural sector will be most efficiently 

allocated if it maximises the Incomes of the farmors» To best approximate 

this target the future net benefits should be discounted at the average 

Internal rate of return of farmers. The sum of these discounted benefits should 

be compared to the public investment costs which are the funds to be rationed o 

• . 
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