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PART I

EXPOSITION OF PUBLIC AGENCY
BENEFIT-COST PRACTICES



CHAPTER I
THE PROBLEM

A, Introduction

Public poliey for water is & national problem of me jor
proportions and significance, Industriel and aomegtia water
supplies have become ineressingly inadequate to meet needs
throughout the country, The problem of developing power
sources from replaceable water resources becomes more pressing
as the reserves of irreplaceable mineral power reseurcealde-
eline, In every mejor river basin of the United States, the
annual losses from the ravages of flood are substential, In
the arid reglons of the natlon, an expension of developed water
resources appears to precede economle expension; and aveileble
weter supplies appear to offer an effective constraint upon
economic expansion in even the more humid aress, The Mide
Century Conference on Resources for the Future concluded:

The Nation's base of water resources could be so dimine
ished during the next 25 years as to precipitate a series
of eritical situations, OSome ground water reservoirs
could be exhaused, pollution could ereep farther slong
the streems, the land cover of wotershed areas could

deterlorate further, I!ajor needs for electric power, fof
cultivable lends, for munieipel supplies could go unmet,

1M1d-Cenﬁury Conference on Resources for the Future,
"Water Resource Problems," Seetion III, A ~ud-fentury ﬁﬁ% -
0] )

: gt Bac Pepers, (Weshington, D, C,! Bro
,%§§%¥§§%Tbn, 53)s D . 3



Historieelly, privete enterprise and public esgencies
have collaborated in the development of water resocurces in
the United Stetes, Roy Huffmen® hss suggested that the major
goal of publie resource development in a ecapitalistie econony
is to increase the capacity of the resource bese to support
private enterprise.? “Thus the federel government has spon-
sored progrems and policies designed to improve the usability
of water resources of the nation for private enterprise.
As Huffmen has put it:
Publiec programs to develop hydroelesctric power and con-
struet irrigation end drainage projects are not too fer
removed from our historicel experience wherein the federal
government subsidized canals and wagon roads, made land
grants to the railroads, and prav%dod free public land to
private enterprises of all kinds
FPublic water resource development should be carried out
in the most economic manner possible., This involves considerse
tion of all possible uses for water resources, as well as of
all possible methods of supplying those uses. That use,
supplied by means of the eppropriste method, which provides

the highest net benefits will be the most economic.,

®Head, Depertment of Agricultural Economics and Rurel
Sociology, Montane State College, Boseman, Montana.

BRoy Huffmen, "The Water Resoursce Problem," ggfg -
%éég%. National Conference on Inereasing Understend ng of Publie
blems end Policiles, 1955,

Anoy Huffman, "Role of Private Enterprise in Water

Resource Development," Law ontemporary §g§§;§§g: Hater
§g§$¥gggg, (Sehool of Law, %ﬁﬁb‘%“ivnrs tys Vol., XXII, No., 3,
9' & pp‘ 43#‘350
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The choice of the projects whieh fulfill this eriterion
from among all of the possible projects 1s made by the publie
agencles on the basis of the benefit-cost anelysis, The
benefit-cost analysis is an economic study of water-use
pro ject effects, It involves the collection of data perti-
nent to water resource development in terms of the benefits
which can ressonably be expeeted to acerue aé e result of
project formation, and of the estimated cost of providing
these benefits, Central to the benefit-cost analysis is the
determination of the need for project goods and services, the
value of these goods and services, and the alternative costs
of the resources used 1n"duveloping the project.,b After the
data relating to benefits and ecosts have been collected and
the two effects have been measured, thelir megnitudes are com-
pared, If the benofits axpgg&gghrron a given projeet exceed
its estimated eoat, the projeet cen be sald to be economicslly
Justified. Those projects whiech provide higheat nei“ﬁﬁﬁ%tita

can be sald to be most economie2l,6 but this would illustrate

i R
A O ———rs—,

an applioatian of the results of the benerit—eost snalyeis

rather than a part or ﬁhe TV ET U me et e um——

6mid., p. 5.




B, Stetement of the Problem

In planning resource development projects, such as these
which provide reservoirs of water for irrigation, faeiliﬁate
navigation, solve problems of water pollution, generate power,
enlarge domestiec and industrial water eupbliea, improve draine
age, and offer protection against the ravages of floods,
publle sgencies use the benefit-cost analyesies as a tool for
determining the economie justification of the var1oua-projeets.7
This study is concerned with the United States Corps of
Engineers, the Bureau of Reclametion, the Department of
Agriculture, and the Federal FPower Commission. By the terms
of the Flood Control Aet of 1936, these agencles are required
to earry out an analysis of the benefits and costs of their
respective projects, and to recommend for development»dnly
those projects which promise to return a surplus of benefits
over costs,

These legislative requirements point up the two aspects
of the beneflt-cost analysie with which we will be concerned,

7Subcoanittco, "Proposed Practices,” + 81t., Dp. 5-6,
The phrase "economic justification” is used here in its widest
sense, encompasgaing the more limited "economic" and "finan-
ciel"” feasibllities, Eeonomic feasibllity is achleved when-
ever project benefits exceed costs, Financisl feassibility
is attained when benefits can be assoclated with costs in
such a mamner that repayment can be expected to occeur in
proportion to benefits received. We will be prineipally con- ™
cerned with the problem of economic feasibility, although the
problem of finanelal feasibility will be discussed briefly in
Chapter IV..
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The first aspeet ineludes both the practices adopted by the
publie agencies in condueting the benefit-cost analysis and
the charssteristics of water reésourees which seem %o require
public rather than private develogment. The second is the
use to whiech the findings of the snalyseis e¢an be put in select-
ing end renking projects for development,

1. The Publie Agency Benefit-Cost Analysis

_.,.-—-—”—“’"‘——- S

The major purpose of the benefit-cost enslysis is to

determine how effectively proposed pro jects may be able to
use economie resources, The economic feasibility of any given
project is ascertained through the ratio of it expected bene-
fits to 1ts estimeted costs.8 By a well estsblished rule in
th;ja;;—;t the beneflit-cost analysis, only those projects
which would result in & surplus of benefits over costs should
be coneldered for development, and, in multiple-purpose proj-
ects, no individusl purpose should be ineluded for which
benefite are not at lesst equal to the cest of its inelusion,®
It is also recognized that mmmt in the individusl pur-
poses of watmma pm}uta should be carrioa out to the
point at whiah ‘the mgiml benefits from investment in any
- glven purpoao will bo equal 4o the mi of m“nm:’”nmt

of mastnont.m

1bia.
01p1a,
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Thus the benefit-cost anslysls is essentially a marginal
enalysis, and is entirely in accordance with the general re~
quirement of the economy that, if resources are Lo be utilized
most éfriaiantly, goods and services are to be produeced only
if their returns exceed thelr coste, Through the use efvthn
benefit-cost analysis, the publiec agencles are enabled to
gonsider the merits of eech project, and of each segment of
thet projeect, and to make recommendations for or against
development on economle grﬂunda.ll ‘
/' Thewe is, however, a problem involved in defining benefits
| and costs, In the private sector of the free enterprise
economy, the costs upon which entrepreneurs basse production
deeisions are those which the flrm must pey; the benefits
econsidered are the revenues which the firm een obtain from its
euatomar;. A private firm may well produce benefits for which
it may receive no money return or incur costs for which no
money payment ie pald, Sueh benefits and coste do not, however,
usuelly enter into the firm's production decisions, The firm's

N
ilsuhaaamittea. "Proposed Practices,” g%‘ Loy Do 3a
The subecommittee pointed out that development decislions might
well be made upon other grounds than the resulis of the benefit-
cost analyeis, This does not imply conflict between economic
end politlieal aaciniena but rather that the economle snalysis
es conducted by the pu iia agencies 18 necessarily limited to
the scope of the aganay, end cennot take into sccount all of
the remifications of high level political declslons, ZIven so,
the resulte of the snalysis may prove to be inveluable in
eiding such high level decislons to be made 1n the direction
of greataat efficlency.
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motive is to maximize net revenues (profits) over time, Al-
though the objective for public investment ls simllar (the
maximinatina of net value raturns over time), the caleulation
of benefite and costs is more aiffieult becsuse 1t is necessary
for publle sgencles %o takgwa_QQQQJgiagzﬂgceount of the erractn
of publle investment. Indireect benefits and acsta which ariso

N

as a result of investment, ‘although m«asurable in monetary

terns, cannot ususlly be prloita& by private firms, Intan-
gible benefits end costs whish ds not yield téuéggngzment in
monetary terms, and are ignored by private firms, must be g&van
a p&a@g_}n puhlla 1n#uatnﬁnt decisions, Publie agencles will
uenally have to take such effects into aceount 1f the benefit-
cost analysis is to be complete,

A seecond problem is created by the fact that a substan-
tisl part of public investment in water-use projects 1s made in

projects which ave of tremendsus scepe, requiring exceptlonally
lerge capital outlays, and often necessitating long lapses of
time before returns begin te acerue,

For both of these reasons, 1t 1s not surprising thet e
ma jor portion of the controversy surrounding the use of the
benefit-cost enslyels as & yardstiek in publie investment
decisions should concern the unthnés used in eomputing the
secondary benefite esnd eaata and in taking asccount of tha time

faoctor,
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The ma jor purpose of the study will be, then, the exami-
netion of the publie agency benefit-cost analysis, and the
methods of 1ts use, with these difficulties in mind, Parti-
cular attention will be directed to such matters as the choice
of the time perlod over which the project may be expected to
7ield net benefits, the choice of the price level by means of
which beneflits and costs are to be valued, the interest and
dlscount retes selected to reduce benefits and costs to an
equivalent annuel average,l2 evalustion of those intengible
effects which cannot be measured in monetery terms, and of E
those indireet benefits and costs which srise as result of in- /
vestment in the projeet but are not expressed through changes
in the prices of projeect goods and servieces, 1> __—
Attentlon 1s also directed to the conditions of supply
end demand in the water resources field which give rise to
divergence between market and social velues, This requires
discusslon of direet interdependenciles which do not operate
through the market mechanism, and of the effect of investment

lzProject life, the price level, and the cholce of the
interest and discount rates are clearly related to the Aiffi-
culty posed by time in publliec investment decisions, The
1en§{h of life assumed for the project determines the rela-
vent time period for investment., The price level must reflect
the magnitude of benefits and costs at the time when they
ooccur, If beneflts are to be compared to costs on any sound
basis when they occur at different points in time, they mist
be made comparable by the use of interest and disecount rates,

13Intangible and indirect benefits and costs together
comprise the secondary effects which must be considered in
public investment decisions, These effects are usually ig-
nored in the meking of private decisions,
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In water-use projects upon private profita.14 Direct intere
dependencies will ocour whenever individuals and firms can
obtain the goods and services produced by the projeect with-
out paying for them; or when the output of the projeet will
depend, not only upon its own use of resources and the sg&le
of its development, but upon the setivities of other projects
a8 well,15 Interdependencies alse arise out of investment
indivisibilities and ﬁhn dynsmie proecess of invesiment,l6
This type of interdependence operates through the market
mechaniem, end will be of interest in that many of the in-
direct beneflite and costs of project development appear to
result from this source,l7?

2, Project Ranking

o v AT

After the benefit~cost analysis has been completed, and
the benefit-cost ratios of the projects have been computed,

1#?ibor Seltovsky, Two Concepls of Externsl Keonomies,"
Journal of Political Eeconomy, Vel, LXII, April, 1954,
ppb 1“&"51&

1611ber Seitoveky, op. git., pp. 148-49,

17&313 appears to be | leularly true of stemming bene-
fite which arise in comnection with the Eraeusains of the
immedliate products of a water-use project,
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the problem of deciding which of the economically Jjustifiable
projects should be developed, and in what order, becomes of
erucisl importance, Dissgreement exists, both among the
responsible public esgencies end among writers in the fleld,
whether projects should be renked on the basis of their bene-
fit-cost ratios, upon the size of the surplug of benefitse
which each project exhibits, or on the basis of the benefit-
cost ratios of the individual purposes of the projects. The
importance of this aspect of benefit-cost an#lysis ean hardly
be stressed enough, since 2ll of the efficieney gains ob-
tained through the use of the benefit-cost analysis could
be nullified by an ineffieient renking system, e

A secondery purpose of this study will be aﬁ evaluation

Nt

of this aspect of benefit-cost analysis, This requires ex&m17
nation of the effect of the interest rate upon the scale of
development, and the conditions under which capltal is made /
available for investment in water-use projects, 4/

We have set forth two objectives, The first consists
of an examination of the practices of the public sgenciles
with respect to benefit-cost ealculations, and the supply
end demand eharscteristics of water-use projects., The
second concerns the use which will be made of the results of
the anslysis in allocating publie funds among the variety of
projects whieh have been indicated to be Jjustified in an eco~

nomic sense, The first will constitute the major problem;
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the second will be of considerable importance, but will be
lergely incidental to the first,

3. ZFeonomie and Finaneclal Feasibility

There must be, however, one queslification mede to the
objectives as outlined above, The benefit-cost analysis,
in 1ts widest meening, involves determination of both eco-
nomic end fineneial feasibility, The firet relates to compu~
tatlon and comperison of benefits and costs exvected to acerue
to any glven project, If the benefits expected from the
project exceed 1ts estimated cost, the project is held to be
economicelly feesible, Pilnancial feesibility involves asso-
clation of beneflits with coste in such & menmer that those in-
dividuals who receive the benefite will beer the costs,l8 a1-
though it is not questioned thet problems relating to finenclal
feaslbllity are of great importance, and must ultimately be
faced, 1%t will be primerily with the problem of economic feasi-
bility that we will be concerned here. This appears to be the
area within the bonctit»aast enelysis where the economist can be

18&530¢i&tien of benefits and costs has been achleved.
perfectly when the individual who receives benefits pays
exactly full cost of providing those benefits., If benefits
and costs are not so assoclated, there will occur & redistri-
bution of income which may or may not be desirable.
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of most assistance, and the area in which he can make some

definitive suggestions ‘19

R SR
R

A few of the baslec concepts and definitlons which are
generally sccepted in the fleld of beneflt-cost analysis
follow, Others arve added throughout the study es the need
for them erises,

It is sssumed that, over the long rim, the expending
economy will require ever increasing smounte of resources
and goods end services to satisfy inecressed needs resulting
from both population growth and higher living standerds,

The pontrolling yrtaaipla'at'avaluntins & project on the besis
of the difference in the effect on the economy with and with-
out the project iz consistent with this basic sssumptlion,

The measure of benefits from any given project will be the
difference between the level of income which will be attainn&
with the project and thet which would preveil if the nrejtct 

were not undertaken, L
Project services will have value only to the extent
that there 1s expected to be a need or demand for those

mae 1s not meant to imply that the economist can say
nothing definlitive sbout the desirability of income redis-
tribution, but simply points out the greater ares of useful-
ness which the economist will have in evaluating the physieal
effects of watereuse orojects upon the generasl welfare,
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services. The ultimste aim of water resource development s

i

to satisfy human needs and desires, and the phrase "goods
and services" 1s generelly accepted in the literature of
benefit-cost analyels as inecluding 21l objects and asectivities
whiech have the power of satisfying thasexwants, and which

it o O o
s e

mey be inereased or decressed ass a result of a glven PQEQ:EE:,,//
Pundamental to the evaluetion of costs 1s the fact that,
when goods and services are utilized for a specific purpose,
these gaat goods aﬁd éorvleos cannot be used for any other
purpose. From this it can be concluded that the economic
east:ar using goode end services for any specifiec purpose
can be caleulated in terms of the velue of benefits foregone
in the most likely alternative use to be expected. If there
were ﬁ@ elternative use, the economic cost of the goods and
services would be zero, This would be far from the usual
case, however, It is usually assumed that the value of goods
and services produced would be about equal to the market cost
of the goods and services used 20 ’?h;a means thet msrket
yriecQUEE!_B:’gggg;gg_gggggga the benelltse foregggg,ﬁﬁé,//j?b

hence, to measure project costs.
,The term "project" may be taken to include any program

of weter resource development undertaken by the agencles of

the federal government either by themselves or concurrently

goaubeommittea, "Proposed Practices,” op. glt«y Ps 9»
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with non-federal elements, Usuelly the non-federal elements
which are considered to be & part of the project relate to
those measures which the federal government requires non-
federal agencies to undertake as s condition of federal
participation,

Project costs are considered to be the value of goods
end services which are used in the establishment, operation,
and maintenance of the project, including an allowance for
induced adverse effects, whether such effects are compen-
sated for or not, Thus it is necessary to caleculate not
only the costs involved in projeect construction to provide,
for example, for an inereased supply of domestic and industrial
water, but to inelude such costs as might be involved in re-
duction of the supply of water for other purposes,

Associsted costs are the value of the goods and services
needed, other than those ineluded in direct projeect costs
4abova, to place the immediate products and services of the
projeet into the hands of the consumer., In the above example,
this would involve those costs which would ocecur in the process
of distributing the water to consumers,

Secondery gosts are the value of the goods and services,
other than those above, which are used as a result of the :
project. Costs of this type would include the cost of addi-
tional processing of the immediate goods and services, and
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any other costs over and beyond project end assoclated costs,
stemming from or induced by the projeet.QI

Primery benefits are the values placed upon the lmme-
diste products or services which result from development of
the project. In an irrigstion project, for example, the
primary benefits would be measured by the lncreased value
of the crop produced by the irrigating farmer, This will, in
effect, be the same o8 the value of the water used, In &
hydroelectric project, the primery benefits can be messured
by the value of the power produced by the project,

v benefits are considered to be those values

added over and beyond the velues which acerue rrcm'the immew
diate products and services of the projeet., They are divided
into two groups, those indireect benefits which are elther
induced by or stem from the project, and the intangible
benefits whiech ocour as a result of projeect formation., In-
direct benefits will be reflected in income changes, and can
be typified by values added in successlive stages of process-
ing of raw materlals from a given project. Intangible bene-
fits are not susceptible to monetery measurement in any ac-
cepteble menner. An example of this type of benefit would
be pr&vision of recreationsl facilities, A good deel of the

2lmmis definition is used since it states ageney prac-
tice, but 2 good deal of controversy has centered around thie
very problem,
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eontroversy in the literature of the field can be traced to
confusion of these two types of effects,

D. The Government Agencies

We will be concerned with the benefit-cost practices
of four government agencies: the United States Corps of
Engineers, the Bureau of Reclamation of the Department utrﬁﬁa
Interior, the Department of Agriculture, and the Federal
Pewef Commission, These agencles will usually be referred
to hereafter as the Corps, the Buresu, the Department, and
the F.T.C, respectively, These agencles are required (under
the terms of the Flood Contrel Act of 1936) to compare the
benefits expected to be derived from & weter-use project
with ite costs to determine economie feasibility.

Although all of the above agencies are interested, to
a greater or lesser extent, in projeects of a multipleepurpose
nature, each of them has a specifie renge of specialization
which undoubtedly influences the pattern followed by each in
eveluating benefits and costs, both for purposes falling within
the range of speclalization end for those which lie outside
of it. The Department of Agrieculture is legelly responsible
for construection of watershed treatment progrems, for example,
and, although it 1s often forced by technieal conditions to
inelude other purposes in ite projeets, those other purposes
are apt to be measured by the same set of eriteris by which

vatershed treatment programs are meesured, In the same way,
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the faet that the Buresu is specifically charged with prob-
lems of land reclamation may tend to lend some influence in
the Bureau's evaluation of other purposes which may be re-
lated to reclamation only by resson of the fact that they
are technically feasible within the reclamatlon project
gtructure, The same logiec applies to the Corpe and to
F.P.C,%2 7This feet will tend to complicate the enalysis
of the agency practices which follows; but fallure to recog-
nize the existence of both the pédblau and ites source would
tend to invalidate a good deal of the value in such an
enalysis,

E. Stetement of Orgenization

The problem of water resource development is & complex
one, and itz complexity is compounded by the politieal values
which surround 1t.23 rFor this reason it seems best to con-
duct discussion of benefit-cost analysis, as 1t relates to
this problem, in three dlstinet and separate parts,

zaBut note the F,P.C, practice of securing benefit-cost
computations for purposes other then power from one of the
other agencies, Infra, p. 3l.

233010 F. Timmons, "An Economic Framework for Evalu-

ating Watershed Development Progrems," Journal of Farm
Esonomies, Vol, 36, (1954), i
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s Part 1

The first part is introductory in natures It consists
of deseription of the practices adopted by the four publle
agencles relative to the benefit-cost analysis in their
atterpts to develop the water resources of the nation. For
purposes of elarity, the ageney practices are presented
without ecomment in this part, with evalustion end discussion
reserved for Part II,

Te facilitate comparison of the practices of the ine
dividual agency, the methods of treatment of each facet of
the benefit-cost anelysis are deslt with individually.

This invelves some duplication, butrit hes the advantage of
pointing up differences in the practices of the sgencies.

This part also includes & brief discussion of the legal
and sdministrative requirements for the use of benefit-cost
analyeie, eand the area of responsibllity of each of the
four public agenciess It is felt that the differences in
functicn of these agencies mey account, at least in pert,
for the difference in methods of conducting the benefit-cost
analysis. Understanding of major functicns of the eagencles
ghould lesd to a better understanding of the benelfit-cost

analysis,



19
2, 3art II

Part II econsists of discussion end evaluation of the
prectices of the public agencles with respéet to the benefit-
cost analysis, This part begine with a brief discussion of
‘indlvisibilitles, complementerities, and production constraints
as they epply to benefits and costs of weater-use projects,
From this we move to evaluation of agency practices in cal-
culating benefits and costs,

This part will also contain discussion of the problems
surrounding the choice of the period of analysis, selection
of the price level, and determination of appropriate interest
and discount rates, The analyses of these and related prob-
lems which have eppeered in the literature of the field will
be considered, with particulaer reference to the Report of
the Penel of Consultants to the Commissioner of the Bureau
of Reclamation,®” and to the series of papers presented at
the Conferences on Water Resources and Economie Development
of the West,25

Q“Rapcrt of the Panel of Consultante,

g SaEg ac ey prane 12 GRS B,

nited States Covernmment FPrinting Otriee, 1952),

25Papcru presontad at the meetings of thn Anarican
Association rer tha Advencement of Bclence, gg§g5§53%
LCONOMLC veiopme Bs

’ s Reports Ka
y %ﬁiygs ee on the Ecannmiua ar

£ X = .
Watar Resouroo Dcvelapmnnt of tha Western Agricultural Re-
gseerch Counell, 1953-54-55),
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Finally this section will include a detalled analysis
of the uses to which the benefit-cost snalysis findings may
be put in ranking the various projects for development pure
poses, This enalysis wlll lead into dlscussion of the availe
abllity of funds for public development of water resources,
The central importence of the latter for an efficient ranking
system will be discussed,

Throughout Part Il bueh questions will be examined as
the following: What is the controlling principle of the
benefit~cost analysis? Does 1t mean, in effect, that net
benefits can never be larger than the difference in benefite
and costs with the project and without 1t? Should 1t be
sgsumed thet needs met by a project would be met 1f the
project were not constructed? By what procedure should the
beneflt-cost anslysis aceount for stimulating expansion of
the nation's productive eapseity? Cen the procedures for
eveluating primery benefits logleally be expanded to provide
adequate evaluation of secondary benefits? Should project
costs, associated costs, and secondary costs, in terms of
market values, be considered an adequate measure of‘boneribs
foregone from slternative uses? Should the effects of altere
native uses be compared wilth or deducted from the benefits
of project uses? How can messurements of benefits from a
local viewpoint be converted to represent the public view-
point? Do secondary benefits and costs vary in eny substantial
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way for different types of commodities and for different
projects? Can an identical precedure be used to evaluate
secondary benefits from irrigetion, power, nuﬁieipal and
industriel water nupply,‘and other purposes? Should savings
to power consumers from lower rates be considered ss a pri-

mary or secondary benefit?
3« Part IIX

Part III presents concluding remarks concerning the
benefit-cost analysis and & broader evalustion of the benefit-
cost enalysis as a eriterion of water resources development

poliey.

F. Coneluding Remarks

Only sinee World War II has any considersble amount of
work been done in the field of economics relative to the
benefit-cost analysis, Prior to that time, although eco-
nomists engaged by the several publie agencies were concerned
with the problems inherent in its use, its epplication was
made generally subject to engineering requirements and by
individuals more interested in the engineering elemente then
in the economie implications of the project. The legsl re-
quirement for 1its use as & yerdstick for development came
into being as late as 1936, with the passage of the Flood
Control Aet, This act gave legel recognition to the impor-
tance of allocating resources used in publie development
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projects in such a2 manner as to meximize the benefits to be
derived from such projects.

In 1946 the Federal Inter-Agency River Basin Committee
appointed & Subcommittee on Benefits and Costs to formulate
prineiples and procedures for determining benefits and eosts
fér water resources projects, The membership of this sube
comnittee was drawn from the public agencles responsible for
development of such projeets, Inspired largely by the 1950
report of the subcommittee, a substential number of articles
end studles have been published during the past few years,
Most of these articles and studies have been directed at
specific srees of benefit-cost amalysis;26 the Report of the
FPenel of Consultants, the papers presented at the meetings
of the American Assoclation for the Advancement of Selence,
a series of articles by such men as Roy Huffman, M, M, XKelso,
Cirisey-Wantrup, Otto Eckstein, and John Krutills, to men-
tion only & few, fall inteo this eategory., The work of the
lest two men, however, holds speelal interest since it rep-
resents the effort in the field of benefit-cost analysis of

267nere are, however, two books which have been published
within the past few months which delve deeply into the eco-
nomic backgreundvor thn &nalywia. _Ths rirat, by Otto Eecksteln,

éﬁ ldge: | iversity Press, 19 s not
exsminad The aooanﬂ. John Krutilla and Otta Eckstein,

fns Hoskins. Brecs, 1958),

;euonly as thia etudy wes nearing completion,

beaame avellab
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general economists rather than of egricultural economists,
who have previously dominated the field., The work of such
agricultural economists as Roy Huffman, M, M, Kelso, and
Ciriscy-Wantrup has been of an inguisitive and eritical
nature and of generally high ecaliber. In meny cases, how-
ever, one has the feeling that thelir emphasis has been
placed more upon uses of water resources as they apply to
the agricultural sector of the economy than upon the eco-
nomie interest of the nation as & whole in these water re-
sources,

In 1950 The President's Water Resources Foliey Com-
mission completed a three volume study of water resocurces
in the United States.®T Volume 1 1s of special interest,
in that it rvprauanti one of the most complete expositions
of water resources problems publithnd:to date, In spite
of the tremendous volume of faoctual information which the
study presents, the study provides the surest proof thet
benefit-cost analysie is in its infaney, The eoclleetion
of the socio-economic date necessary to conduet 2 benefit-
cost analysis has only Jjust begun, in a comperative sense.

2Tthe President's Water Resources Policy Commission,

Ty
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Regional data are almoat completely lacking for many of the
important river systems. In meny cases the lack of effec-
tive channels of communication between the government agen-
cies which colleet the data and the agencles involved in
water resources development hamper the efforts of the latter
in condueting benefit-cost analysiss The importance of the
eollection and dlssemination of the appropriate soclo-
economic data for benefit-cost analysis cannot be over-
stated,



CHAPTER I1I

PUBLIC AGENCY BMFIT-»GO?:T PRACTICES

Over the past one-hundred yeers, largely due to the
inebility of state and local groups to deal with the prob-
lems inherent in the field,l Congress has essigned inereas-
ingly broad rnupquaibilztiot with regard to water resources
development te\fodoral ‘6.“@1'.‘2 We are concerned with
the methods sdopted to discharge these responsibilities by
four agencies; the Unlted States Corps of Engineers, the
Bureau of Reclamation, the Department of Agriculture, and
the Federal Power Commission., Rach of these agencles is
primarily eoncerned with a speecific area, or group of areas,
of weter resource development. Projects which have as me jor

lrhe President's m-urm,a Policy cmission, Resources

{Fechington, D. C1 Jnt

June, 1952)’ P. 91,

Tha inebllity of state and loecel groups to deel effec~
tively with water resource problems stems from the fect that
mogt of the major streams flow across state end/or 1ntar~
national boundaries, The Supreme Court hes held ( ¥
g?;mi %04 U, 8, at 110, 1907) thet the question of appor-

onment of inter-state streams is one of federal cammau law
which lles beyond the statutes and decislons of the states,
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purpose flood control or navigetion are esssigned to the
COrps.3- Those projects which have reclamation of lands through
irrigation as & primary objective are developed by the Bureau,
The Department accepis responsibility for programming water-
shed development to aid in flood control,d and for emall water
facilities which supply domestic, stoek, end irrigation water.®
The Commission has the funetion of facilitating privete
development of water-power resources under "terme end condie
tions designed to safeguard publie interest and protect other
water usSes,...s.Although the scope of the Commission's in-
vestigative power is broad, its surveys have been primarily
concerned with power."T Since many, if not most, of the
water resource projects are multiple purpose in nature, each
of these agencles will frequently underteke development of
purposes which lie outside of thelr speclal reange of interest.

3Proaiéont's Water Resources Policy Commission, iat
g§$ggg§gg y Vol, 3, (Washington, D. C.: Unlted States
ernment Irinting Office, 1950), pp. 505-506.
4%01 P« 506,

5H, R, 8455, Pub, No, 738, Flood Control Act of 1936,
June 22, 1936,

Syater Facllities Aet, Aet of August 28, 1937, 1, 50
st&t. 869' 16 Ub SQ ﬁt 5%’”5%:‘

Trresident's Water Resources Poliey Commission, Vol, 3,
ﬁig., Pe 507 The F.P,C, has authority to determine
het. er from federal projects can be used adventageously
by the Unitea States for ite public purposes, The Corps and
the Bureau are responsible for federal power development,



27
By the terms of the Flood Control Aet of 1936, the Corps
of Engineers and the Department of Agriculture are required to
enalyze the benefits and costs of water resource development
as they acerue to flood control and watershed development,
and to recommend Tor development only £h@éd’projects for
vhieh benefits exceed costs,

It is hereby recognized....,.that investigetions and
improvements of rivers and other waterways, ineluding
watersheds thereof, for flood control purposes are in the
interest of the general welfare; thet the Federal Govern-
ment should improve or partieipate in the improvement of
navigeble waters or thelr tributeries, ineluding water-
gheds thereof, for flood control purposes if the benefits
to whomsoever they may accrue are in excess of the estls
meted costs,.....in thelr reports upon examinations and
surveys, the Secretary of War and the Secretary of Agri-
culture shall be guided as to flood-control measures by
the prineiples set forth in section 1 (abovog in the
determination of Federal interests involved.

There has been no specific legislation to extend this require-
ment to other agencies and other purposes, but administrative
acceptance has csused 1t to be used by all of the agencies,

While thn requirement for & benefit-cost ratlo has never

rated inte Reclemation Law, it was found to
ba 8 uat admninistretive tool and has been adopted an
e part of offieciasl reclemstion procedure., Congressional
committees apgarantly attach considerable significance
to the ratio

8mood Control Act of 1936,

97, ¥arl Lee, Buresu of Reeclamation, Bolse, Idsho,
"Eeonomie Implia& 1ans at Reaunt Duvaiepmonts in thn Bursau
of §f§13matioﬂ, iater Resources and mic Developm

sﬁ&: L0 L L O G L ....1;'..’.-' ZAEL d 4.( ‘ Flek: : .“, Gm‘M
gﬁhence Proceedings, © itee on i«n Econamics of Water
Resources Developmnnt of the Western Agricultural Economies
Research Counell, Bozeman, Montana, June 28, 29, and 30, 1954,

Pr. 79-80,
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Horeover, all of the federal agencies concerned do evelu-
g::J:::gifglatxvo benefite and costs in considering
A1l of the sgencles submit benefit-cost estimates for proposed
projects, end submit vecommendations for development of only
those projects which exhibit a favorsble benefit-cost ratio.
This chapter deals with the methods by which these four
agencies compute benefits and costs in conducting the benatitu‘
cost anmelysis, It is primarily expository in nature, with
comment and evelustion reserved for Part 11,
There &re substantial differences in the methods used
by the several agencies in caleulating benefits and coste,
end in epplying the benefit-cost amalysis, which to & con-
sidereble extent can be secounted for by differences in the
basle functions of the agencles, Inereased emphasis upon
mnlflyle'purpesa development has, however, caused considerable
over-lepping of these funetions, The Corps of Emgineers, for
exanple, mey find 1t advisable, in undertaking improvement of
n&visatian‘raqglitzoa, toningluaa pollution aﬁatemeat, lrri-
getion, and hydroslesctric power es additionsl purposes of its
rrojects, The effects of this over-lapping and of the differ-
ences in methode of caleulation are discussed in Part 11,11

10ppresident's Weter Resources Policy Commission, Vol, 3,
gp, git,., pp. 518-519,

1l7hese differences in methods of caleuletion end applie
cation, and w&r-—l&yﬁw, are of considerable importance,
There might be compelling reasons for computing effecte of
different purposes on different bases; there would not appear
to be equal reason for computing the seame purpose effeets on
different bases,
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In the discussion whieh follows, each spsecifile purpose
and the practices of the four agencles relating to it are
treated separately. This involves some duplication, but 1t

has the advantage of pointing up differences between agencies,

B. Measurement of Tangible Benefits and Costs

The tengible effects of a project are normelly defined

8s those which are measursble in monetery terms,l2 liost of
the effectes of water resource development can be evaluated

on the basis of market prices, or can be derived or estimated
indirectly from prieces established in the market for similer
or enalogous effects, or from the ecost of obtaining the same

result by the most economical alternative means,
1, Benefits

All of the agencles gilve consideration to tangible
benefite which enter into the beneflt-cost ratio separately
from intengibles, The general baslis for measuring tangible
benefites is presented first. The agency practices relating to
the measurement of such benefits from speecific purposes will

12Except where otherwlse noted, the source for the
benefit-oest practices of the f&ur agencies is Suboommittes

Analy-
gis of ‘R ‘

%%gfgz asin Cluu"ime: Washington, D, C.: United
ates Government Printing srfice, ay, 1950), rp. 58-85,




rallay. In Teble I the types of purposes for which each
egency caleulates benefits are steted.

The Corps of Engineers memsures tengible benefits as
sevings in costs, as reductions in losses, and as increases
in incomes; directly resulting from project formation,
Nevigation benefits can usually be messured by the savings
in coste to shlppers on improved watervays, while flood
control benefits will be reflected largely by reductions
in losses, DBeneflts aceruing to both purposes, not measured
by the above method, show up as inereases in incomes due to
inoressed use of the resources imvolved, All tangible
benefits ave reduced by the smount of sll costs associated
with development other than those directly connectéd with
construction of the project, These assoclated ensts are the
coste involved in establishing, maintalining, end operating
the project.

The Bureeu of Reclametlon measures teangible benefits
by the value of services rendered, except in the case of
irrigation, where benefits are measured by the contribution
of the project to national income. Estimates of benefits from
flood control are either obtalned from the Corps or are ar-
rived at by similar measures, The Bureau comperes these
benefite with the total of construction and associated costs,
insteed of reducing tangible benefits by the amount of the
essoclated coste and compering the remainder with consbruce
tion costs as the Corpe does,
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COMPARISON OF AGENCY BENEFIT PRACTICES
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i

Practice Corps Bureau Department F,P.C.
Perlod of enelysis , . « « « 50 100 perpetuity 50
Preventlion of flood damage
To agricultural erops . , , yves ves® ves yes
To business, industry,
end COMMEYOEe o « » o« ¢ « YOS yes® no yes
Inoresse in the value of
agricultural production :
Direct effeots . « » +» « yes yes yes (b}
Indirect effects , , . + DO yes no (b
Increassed utilizetion of
non-agricultural preperty . yes yes yes {b)
Hydroeleetrle power
production
Direct effeets , . « « « Yoo yes no yes
Indireet effects , s, « « NO yes no no
Bavigetion . v & a v s o & » Yoo Yes no yes
Sedimentation control ., , . . yes yes yes (b)
Selinity eontrol . . + « & « Yyes® yes no (b)
Reereatlionel facilities ., ., . yes yos no ne
Pollution abatement , + » « » yes yes no (v)
Increacsed employment . . « « no yes no no
Fish and wildlife . « « « « « ye& yes ne no
Inereased use of eapitel ., ., no yes no no
Domestie and industrial
vater BUPDPLY & + ¢ ¢ « » & YoB Jes yes (b)

aSaeurod from Corps and adjusted by historically based

price level,

PSeoured from ageney responsible for project,
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The Department of Agriculture measures tangible benefits
by inereeses in gross incomes on lands upon which projeet
measures are installed, as inereases in gross Income less
inereased cost of production on other lands, plus reductions
in costs and losses on all lands, These beneflts are then
compared with project costs which inelude both publle and
privete expenditures for the installation and operation of
the project.

In 8ll cases where beneflits are expected to oceur, other
then those resulting from inecreasing hydroelectrie power
produetion, vﬂw Federal Power Commlssion relies upon the agency
whieh will be responsible for the project to make the ecaleu~
lation of benefit values, The method used by the Commiseion
in computing hydroelectric benefite is discussed below,»?

e. PFPrevention of flood damage

‘The Corps of Engineers measuves benefits from the pre-
ventlon of flood damage & the amounts of reduction of flood
demege, computed on the basls of demege frequency relatlons,

The amount of flood deamage to be expected in 2 glven area
varies with the magnitudes expected, Although the date
of oceurrence of a flood of any given magnitude cannot
be predieted, the probability of occurrence of a flood
of eny given megnitude in & specified period of time
such as 50 or 100 years or in a particular season of the
year con be estimoted when adequate streeam flow date

intre, p. 36.
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ere evallable, Accordingly, the average snnusl danege
to be expected from all floods that may occur in the period
of enslysis of a project can best be computed on the basis
of the expectancy in one year of the various amounts
of lood demage that would result from floods of all mag-
nitudes up to those approaching the meximum possible flood,
The difference in expected damages with and without ilead
control is the benefit attributable to the project,l
Damage to land and other property ls meassured by the cost of
restoration or, where restoration 1s impossible, by reduction
in land velues caused by recurrence of floods, Damage to
egricultural erops 1s measured by the mariet value of the
erops lost, adjusted for eny production costs not incurred
and for eny replenting possibilities. Demage caused by
interruption of business, industry, commerce, ete., 18 measured
by the net loss in income or by the added costs of operation,
whlchever 1s less, to the extent that these losses and costs
cannot be avoided, :

ALl of the other agencies caleulate benefits from flood
control on essentlelly the same basis as the Corps or obtain
thelr estimates as to the extent of such benefite directly
from the Corps, (See Table I), There are two minor veriae
tlons adopted, one by the Department of Agriculture, the other
by the Buresu of Reclematlon. The Department does not cal-
culate dameges resulting from Interruption to business, commerce,

and industry, The Bureau adjusts the estimates of benefits

1aﬁubeomm1£toe, "Proposed FPractlces," en. git., p. 42,
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from flood damege, as they are recelved from the Corps, by
e. price level based upon the average of 1930-44 pricea‘15

b. Inereesse in the velue of agriculturasl production

The Corps of Engineers measures benefits resulting from
an increase in the value of agricultural production by the in-
erease in net farm income, This 1s generelly accepted as the
inerease in gross farm income minus the inerease in the cost
of production, Extended effects;, that ls, the effects of
inerecsed form production upon other than farm incomes, sre
not usually measured, '

The Buresu measures the benefits from an ineresse in
the velue of agriculturel production by the eontribution
which sueh an ingrease will have upon national income,
These benefits are, however, computed on two levels, The
first consilsts of effeets at the farm, DBenefits at this level
are determined by the inerease in the difference between gross
farm inecome and all farm expenses, plus the inerease in wages
paid hired farm workers, plus the ineresse in interest pey-
ments on fermers' borrowed ceplital, The second considers
indirect effects beyond the fearm, These benefits are measured
by the added income resulting from an asdditionsl velume of
agricultural products flowing through industry snd trade,

1556e below (Chapter VIII) for a discussion of price
levels,
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plus the added income from ineressed purchases of goods and
services in the pﬁasact aves., 16 ‘

The Department of Agriculture calculates benefits from
the inerease in the value of agricultural production for
lands on which project measures are installed by the incresse
in gross farm incomes, with any inerease in production costs
secounted for ss a part of projeet costs, For lande other
than those on which the projeet features are located, the
benefits are measured by the inerease 1n net farm Income,

The Department does not usually measure the effects of in=
ereased agricultursl productlon on non-farm incomes,l?

18omese firet are of the ”stmim from" mﬁety, while
the latter are of the " induced by" « Stemming from
benefits are those indireet benefits which arise from pro-
cessing the products ai‘ the m’a ect, from the s.nitia.l product
through its various st tim.shua product which the
consumer purchases, " benefits are those indirect
beneflits which ariae as &6 resu It of expension of economic
esctivity induced by the project, The practice of computing
these two effects | 1& to violent controversy in the fileld,
sinece it attempts to memsure both supply end demend effects,
end to add them together, A large um of Chepter V is
devoted to an analysis uf this problenm

1Trne essentisl difference between the treatment
this form of benefit by the agencles lles in their attit Mas
toward indirect benefits, In ecases where this type of benefit
is teken into considerstion by the Corps and the Depertment,
1t is velued ese & percentage (10%) of the direct benefits,
Only the Bureau attempts aetm ecaleulation,
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¢, Inecreased utilization of non-agricultural property

The benefits from inereased or higher utilization of
non-egricultural property are messured by the Corpe in terms
of increases in earnings expected under sverege future con-
ditions due to changes in use made practicable by the develop-
ment program, The annual inerease in earnings is determined
by epplying the current average rate of return associated
with the setivity concerned to the lnerease in ecaplial value,
exeept where the inerease in earning power can be directly
determined, In the latter case, the valuesof such benefits
are meosured by the difference in net income expected from
the use of the property, and resources used in conjunction
with 1t, with and without the preoject,

The Bureau measures such benefits by converting the
estimsted future increases in the merket value of land to en
equivelent annual average amount, using a standard interest
rete of 2} per cent,8

Benefite resulting from inereased utilization of non-
agricultural property are computed by the qugrtmnnt of
Agrieulture in terms of inereases in property values above
the capitallneé value of all dsmage reductions, Estinmates
of these inereases are obtained elther from studles of values
in compareble ereas or by esplitallzing the expected increase

IBReduatiun to equivalent annusl average amounts has
the effect of placing & present velue upon these future in-
ereases,
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in annual land inecome, In either csse the benefits are cone
verted to an equivalent ennual average basis by use of an
interest rate ranging from 4% to 6% per cent, depending upon
the size of the risk sllowances set up to provide against
foreseeable risks,

d, Hydroelectric power production

The Federal Power Commission considers benefits from
Inereasing power production as the value at the bue bar of
the projeet for dependeble and useble cepecity during the
eritical stream flow peried, and for usable energy from the
everage stream flow, based on the cost of capaeclty and energy
from the most economiecal alternstive source of providing
power,1? Additionsl benefits ere messured by the improves
mént in downsiream power values attributable to the project,
reduced by the costs ineurred by the downstream reeipients
in order to realize the improved power values,

The Bureau of Reclamation computes the value of benefits
from hydroelectric power production in terms of the estimated
gross revenue to the project from the sale of power, The
totel so obtained is then adjusted for any galns or losses
to downstream reciplents, In addition to these "direct”
benelits, the Bureau messures the indirect benefits from
hydroelectric power production by the inersase in the returns

lgThm alternative used is usually modern, low cost
private steam generation,



38
t6 the power dilstributor, plus the savings to consumers from
lower power rates and benefits attributeble to power from
the projeet in the final produetion of goods and services,
This technique differs from that used by the F,P.C, only in
the csloulation of the benefits sttributable to power from
the projeect in the final production of goods and services,

The Corps of Englneers computes the velue of hydroelec-
 trie power produetion on the same besis as the Commisslon,
while the Depertment of Agriculture does not ususlly cele
culate the effect of such benefite in monetary terms,

e, Nevigation

The Corps of Englneers measures beneflts froem lmproved
navigation feeilities by the savings to shippers, ss deter-
mined by the difference between costs of shipment vie water
routes end the cheapest slternative method, or by savings
in water-cerrier time and operating costs on an improved water-
way whieh supercedes an existing waterway, This lest 1ls used
only when no sulteble alternative ls avallable for comparison,
The Corps also adds the estimated recrestional velue of harbors
and waterways to small boat traffie, This type of beneflit
18 usually messured in temms of hours of use or in terms of
estimates of expenditures made to take sdvantege of the
facilities, If messured in terms of hours of use, & value
3f one dollar an hour is usually assigned,
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Navigation benefits are measured for the Bureau of
Reclamation by the Corps, The Bureau then adjusts the re-
sulte of Corps computations by the 1939-44 price level.
The Federal Power Commission also uses Corps computations,
but mekes no adjustment, The Department of Agriculture doees

not measure navigation benefits in monetery terms,

f, Miscellaneous

Benefites from sedimentation and salinity control are
measured by the Corps of Engineers by the value of the dameage
prevented or by reductions in costs and ineresases in the value
of servieces provided and maintenance costs avolded, computed
in terms of damage frequeney relations, Benefits from rec-
reation facilities are measured by expected expenditures by
persons visiting the ares plus genersl benefite to surrounding
ereas, Beneflts from pollution shatement are measured by
the cost of providing the most economieal alternative method
of waste treatment or dlsposal, or, where no alternative
method exists, by reduections in maintenance and operating
costs of purification plante, The Corpe places no monetary
value on fish and wildlife benefits or upon benefits resulting
from ineressed use of capital,

The Bureau of Reclametion is the only agenecy whieh
attempte the messurement of benefits from improved fish and
wildlife and from increased employment. The first is based
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upon the estimates by the Fish end Wildlife Service of the
expenditures of sportemen on fishing and hunting snd of the
gross merket velue of fish and fur taken for commercisl
purposes, The benefite from inereased employment is measured
by labor's share of added incomes, taken as part of the bene-
fite from agrieulturel production and from power,

Benefite from salinity control ere computed by the
Bureau on the basis of the value of demages prevented, by the
inecreased use made possible, or by maintenance costs avoided,
caleulated in terms of demage frequency relations, PFenefits
from sedimentatlon control are measured in much the seme
manner except that, in some cases, they must be meessured by
inereases in the value of services provided. Domestic and
industrial water supply benefite are computed by comparison
with the most economiecal alternative supply or, in the sbsence
of an altermative supply, by determining the velue of the
additional water to the consumer, Benefits from pollution
abatement are ecaleulated in essentlally the same manner,

The Bureeu measures benefits from inereased use of capital
by assligning to capital a share in the inerease in income
from sgricultural production and provision of power,

The Department of Agriculture measures benefits from
sedimentatlion control by the value of the damage prevented,
by reductions in costs or incresses in the velue of the
serviees provided, or by the velue of the extended life of
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the project feeilities, Beneflts from salinliy control,
recrestion, fish and wildlife, inereased employment, pollution
sbatement, and from inereesed use of capital ere not measured
by the Department,20

2+ Costs

There is less varistion in the cost practices of the
egencles then in thelir benefit preetices. The project costs
which the sgencies meesure inelude sll expendlitures by the
Federal Government and by all other agencles which take part
in the establishment, operation, and maintenance of the
project, These coste are reduced to an equivalent annual
average in order to facilitate comparison with benefits
expressed in the seme terms, It 1s in this latbter respect
thet the mejor differences exist among the agencles,

‘a, Initial investment costs

The Corps of Engineers 1uaiua$a, a8 initial invesitment
costs, all costs inecidental to the eonstruetion of the project
subsequent to Congressional approval, such as lebor, materilals,
and eguipment necessary to design snd comstruet the project.
Inecluded in this category also are the costs of laﬁﬁs, rights-

20p0th the Department of Agriculture and the Corps of
Engineers sseume that other equally profitable methods of
using capital could be employed, with the result that no
inereased use cen result from project formation,
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of-way for construection gnﬁ operation, damage compensations,
'sbructural and utility relocations, remedial measures, legal
:uxpsnass. a#erhaad costs, and all athér coste incurred in
establishing the project, ineluding interest during construce
tion and allowances for eamﬁinganﬂies, plus an allowance
for the selvege value of the land but not for project struc~
tures, The sllowance for interest during construction is
set at three per cent for Federal 1nreaﬁman£s and st 33 per
cent on non-Federal investments.,®l The sllowsnce for con-
tingencies is on a sliding seale, &np@aﬁing upon the degree
of refinement and the aceuracy of the date used in cost
determination, Typia&i&f, the net annuel oﬁarges on initial
1nvaa%m§nt will be app%umimataiy-h;lﬁ per cent on Corps?
p§¢zea@§. ‘ .

?h@ Bureau of Reclamation ineludes se initial invest-
ment coste the same ltems as does the Corpe, The major
differences between Bureau and Corps practices are the in-
clusion by the Buresu of & selvage allowance pased en the
uge value remeining in majar-pruje@t gstructures, and appli-
cation of an interest rate of 2% per cent on sll coste,
Federal and ﬁuan%&arul. These two t&atorﬂ, in conjunction

2lyon-Federal costs are largely those costs which the
Federal CGovernment requilres state and local sgencies to under-
takte as o condition of Federsl partleipation, An example
would be the cost of setting up required agencles to determine
repeyment assessments,
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with somewhat lower smertizetion and peplacement charges
can result in net ennual charges on initial investment costs
of only 3.13 per cent as contrasted with the 4,15 per cent
ef the Corps.

Initial investment costs as computed by the Department
of Agriculture are somewhat more inclusive then is the case
for the other agencies, partly because it includes in total
investment costs s charge for comsequential damsges, which are
not ealeulated by the other agencies. Total investment costs
are defined as all Federal and non-Federasl costs subsequent to
Congressional approval of the projects These include such
costes of establishing projeets &s labor, materisls, equipment,
lands, rights-of-way, engineering plans and designs, technical
assistence end supervision, and allowances for contingencies
and for guldence and sssistence in relocating displsced
persons. The allowance for contingencies varies with the
degree of refinement of the cost data aveilables The meajor
differences between the Department of Agriculture and the
other agencies lle in the Department'e treatment of conse-
quentlial damages, 1ts failure to csleulste salvage values
for elther the land or major structures or to set up en
asortization fund, end in the fact that 1t uses an interest
rate of two per cent on 1ts initial investment coste to ree

dﬁeo them %o average annual amounts. No sslvage values or
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amortization charges are assigned by the Depertment becsuse
it assumes that its projects will have perpetual life. The
lower interest charge plus no amortization charge ecause the
Department's typleal net snnual charges to be epproximately
3,01 per cent,

The Tederal Power Commission includes in initiel in-
vestment costs all costs for labor, materials, lénds, righte
ofwwey, demage compensations, strueturel end utility relo~
catlions, and remedisl nuaaufwa needed to esteblish the
project, To these 1t adds twenty-five to thirty-five per
cent to eover such sdditional costs ss engineering, Inspee-
tien, legel expense, interest during construction, admini-
strative and miscellaneous genersl sxpense, and an allowance
for econtingencies, An interest rate of 2% per cent for all
costs, Federel ond non-Federsl, is used to convert noneuniform
coste ts.an equivalent annual average, The typiecal net
ennual charges for the F,P.C. are epproximetely 5,65 per
cent, Ixtremely high amortization snd miscellaneous charges,
plus the faect thet no salvage value is assigned to elther
project struetures or land, csuse the net annual charges for
Commlseion projecte to lie substantially above those of the
other agencles,
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b. Computetion of annual costs

The results of annual cost computation have been pointed
out in connection with treatment of initial 1nvestme§t costs
and in Teble I, It 1s necessary now to examine the methods
of computetion upon which those results are based.

The Corps of Engineers ealeulates interest charges on
the total of the originel investment cost without any de-
duction for selvage values of the lend. If Table II is read
as dollarse with relation to an original Federal investment of
100, using an interest rate of three per cent, interest
oharggé would be three dn!lara.aﬂ Amortization charges, howe
ever, are based upon the initial investment cost reduced by
the salvage value of the land, Again in terms of Table II,
using & period of analysis of fifty years and an interest
rate of three per cent, deduetion of the salvage velue of
the lanavfram total initisl investment costs brings smorti-
zation cherges to .80 in relation to an initlal Federsl
investment of 100,23

gewhn interest cherges are based upon the entire initiel
investment under the assumption that expectations will be
fulfilled and subsequent investment made at the same rate,
Under this sssumptlon, emortization and initial Investment
will exsctly mateh at the end of the time period.

33Total ginking fund charges will be higher by the
smount of replacement charges, in this case ,48,
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TABLE 11

ANNUAL CHARGES FOR A GIVEN HYPOTHETICAL
PROJECT CONDITION®

Item Corps Department Bureau F,P.C.

Investment in land , ., + + &+ &
Investment in projeet works, .
Total investment , , + + + &

Period of enalysis (maximum
for each ageney is used) . .

Annual charges other than
operation and meintenance:®

INTOPOBY & o 4 ¢ 5 » & » 3.00 2,00 2.50 2,50
Amortization fund ghnrgosa +89 none «23  1.03
Me Jor replacements® |, , ., .48 1.01 52 .60
TAROS . & o ¢ 5 8 % & » % » WL none none 1,40

Insurance, « « « « « « s o« nONE none none_ 212
Gross annual charges
(exeluding operation and
BAINCONBNON, + « « ¢ # » o s WY 3.01 5425 5.65

Deductions to allow for
reme.ining use value:

(&}1&3&...100.

(b) project works, ., .

.
Net annual charges ., + « « « »

* @
-
-
n
n
-

§
5
(=]
-3
=
:
@

These amounts may be read elther as percentages or as dollaré
with relation to an initial federal investment of 100,

c 2]

950

brhe Department sssumes perpetusl life for its projects.

Coperation and meintenance charges vary widely for the
various types of projects under the jurisdiction of the several
agencles and have, therefore, not been ineluded,

d7he divieion of the sinking fund into emortizetion and
replacement is made for bookkeeping expedience., Totel sinking
fund charges will be the sum of amortization and replacement
charges,

Claximum allowance of fifty years beyond the original
period of anslysis is assumed,
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A1l ecosts, other than inltial in#estment costs, over
the entire period of analysis, which are incurred as a con-
sequence of meintaining and operating the project are taken
into aceount by the Corps through sllowances for operation
end meintenance, !Major replacement costs are converted to
present velues, and interest end amortization echarges are
made upon such values over the full period of snalysis,

Interest costs are computed by the Buresu of Reclematlon
on the basis of totel initisl investment minus en allowence
for the present value of the land as salvage, and an allow-
snee for the remaining use value of major structures, An
interest rate of 2% per cent is aprlied to the remainder,
tmortization chavrges are caleulated in the same mammer,

In both cases the period of analysis could run as high as
one-hundred years,

The Bureau of Reclametion 1s unique in i1ts method of
determining its replacement costs, by virtue of its use of a
"net" messurement, Total replacement coste are reduced by
the present use value of replesceable lteme on a straight-
line deprecliation basis whenever the life of replacenent ltems
extends beyond the life of the project as a whole, In no case,
however, is sueh depreciation extended for more then fifty
years beyond the end of the originsl period of anelysils,

A1l other types of costs which are incurred in operating
end meintalining the projeet are inecluded as operational and

meintenance cogtes. The Bureau makes no allowance for insurance
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costs, sinee the reserve for contingeneles 1s adjusted accords
ing to the degree of known risk, or for loss of taxes, It 1s
the position of the Bureau that incresses and deeresses in
texes wlll offaet one anothar,.

Since the Department of Agriculture sssumes perpetusl
1ife for its projects, it makes no allowance for salvage
values or for amortization., This means that interest charges
on initisl investment costs are made on the total of such
coste and ere inecluded in annusl ecost in perpetulity. An
interest rate of two per cent 1s applied for this purpose,

The Department ineludes the allowance for replacement cost

ee o part of maintensnee cost, and eomputes the allowance by
dividing the initlal ecost by the estimeted 1ife of the item,2*
A11 costs, whether Federal or non-~Federal, lincluding increases
in costs of produetion on lands containing project features,
which are necessary for operation and maintenence of project
investments in perpetusl life, are considered to be part of
operation and maintenance costs,

Like the Department, the Federel Fower Commission makes
no sllowance for either the salvage value of the land or
for mejor structures, Therefore the allowance for interest
on the initial investment is made on the basis of total

Q#Tha Department of Agriculture assumes that the projeet
will have perpetusl life, subject to replacement of project
features as they depreciate,
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initial investment &t the rate of 2% per ecent., 1,03 per cent
of initisl investment coste is set aside for emortization
purposes, The fund so esteblished 1s intended to amortize
the investment eost in full over the veriod of analysis,

In addition to this rate for amortization, the F,P,C. ello-
cates ,60 per cent of the totel investment cost to an allow-
| ance fur annual average rtplqaumnnt cost, .12 per cent to an
sllowence for insurace cost, and 1,20 per cent as an annual
fixed charge in lieu of taxes that would be paid to state
end locel governments 1f the projects were privately owned.
(See Teble II). | :

The Commission computes opersting and maintenance costs
as all costs, other than the sbove, as they are incurred in
the operation and maintenance of the project, In no case
are any costs computed for eny project elements which are
not connected with hydroeleotric power snd the general adminie
stration thereof, :

It 1s extremely dAlfficult to compare agency estimations
of operational and maintea&a&a charges, As stated by the
subeommittee

In general, they appeer 10 be on consistent bases but in

Shiem I poeiovh wenkitbina ssounterels e Gaiy Aelor
point of difference in current practice is that the

Department of the Interlor uses a selected historicel
base level of prices in estimating ite operation and
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maintensnce costs whereas all other agﬁggiea use prices
prevalling at the time of the snelysis,

As Teble II 1llustretes, however, there 1s substentisl differ
ence in agency treatment of other types of annual charges,.

A pert of this difference lies in the interest rate selected
by each agency, both to caleulate interest charges and to
reduce emortizetion and replacement charges to equivelent
armuel averages, Another difference lles in the period of
analysis whieh each agmj sssumes for its projects, If the
hyvothetical project considered in Table II were analyzed
over & single time peried for each egency, the variation in
ammusl charges would not be quite so wide, To do so would,
hnuuvbﬁ, be ﬁmreslishié sinao the agencles will seldom, if
ever, epply the same perlod of aaulyaia to any given project,
The Corpe of Inmgineers and the Federal Pawcr‘cemmiasiun apply
s fifty-year limit to their projects es a means of allowing
for the unceritainty of predicting future conditions and
events, rether then beesuse of certainty that the project
will feil to be economical beyond thet time period.?® The
Buveau ettempts to estimate the economically useful life of
their projects to the limit, relying upon riek allowences
and the interest and dlscount retes to compensate for

QESubeqmmittee, “"Proposed Practices,”" op. git., p. 84,
QSM“ Pe 83,
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uncertainty, The Depertment of Agriculture always assumes
perpetusl 1life for their projects under the assumption that
future requirements for watershed treatments will inecrease
and that each project will have to be maintained in perpe-
tuity, 27

C. Cholce of the Erice Level

The soundness of projeet formulation end Justifieation
analyses depends upon the aceurssy of benefit and cost esti-
mates, and upon the ability to make the two fully comparable,
This mekes the cholee of the price level, in terms of which
the values of the benefits end costs will be expressed, a
matter of eruelal importance.

The Subecommittee on Benefits and Costs states:

Ideslly, measurement stenderds in projeet evaluation

should reflect the interests of soclety es a whole,

ggsgahaéa tmfzw should be concerned with real
If thie were the case, the cost to soclety of resources used
for project constructlion could be measured by the amount of
other goods and services for which those resources could be
exchanged at the time when they are to be used, It is, un-
fortunately, not possible to establish and apply such a real

Wm. s+ P« BA,

%M., p. 16,
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standard of value., The legislators and planners who are re-
gsponslble for water resource development are, other consider-
ations aside, products of our market oriented soclety, and are
accustomed to thinking in market terms, Yet future benefits
must be expressed in terms comparable with more immediate
coets if the benefit-cost analysis is to have meaning, The
extent of the problem becomes apparent when one considers the
faet that the periods of analysis vary from the fifty year
period used by the Corps and the Commission, to the one-
hundred year period used by the Bureau, and perpetual life
assumed for its projects by the Department, Over such ex-
tended perlods, it 1= possible for the price level to fluctu-
ate widely.

The Corps of Engineers, the Depertment of Agriculture,
and the Federal Fower Commission all use the price level
prevailing at the time of the analysis for calculation of
benefits and costs, The Bureau of Reclamation, however,
uses several price levels, ite cholee at any particular time
depending upon the types of benefits to be measured, For
calculating benefits from irrigation, the Bureau estimates
the average prices expected to prevail during the life of the
project, It is currently basing ite estimates upon the 1939«
1944 price level., The future costs expected to acerue to
irrigation features are calculated on the same basis., Power

beneflts are measured on the basis of the annual average
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power rates expected to prevaill over the life of the project.
Pish and wildlife benefite and costs are measured by prices
occurring locally within a ten year perlod immedliately prior
to the time of enalysis, Recreation benefits and coste ere
computed on the same basls as for irrigation effects,

The mejor part of the Buresu's benefits, then, are meas-
ured on the basis of a priee level which is currently in the
nelghborhood of one-half the prevailing price level. This
means thet Buresu benefit figures will be far understated as

compared with those of the other agencles,

D. Intangible Bemefits and Costs

There 18 usually no attempt made by any of the agencles
to messure such intengibles as loss of histerile or scenic
gites., Although these effects may be included 1in computa-
tions, this 1s not normelly done until after inltlel Justl-
ficetion hes been determined, The values placed upen such
effecte are based upon Fish and Wildlife Service estimates
of the use velue of such sites as recreatlon facllities,
Other types of intangible effects, such as resettlement
and consequentlal coste, are measured only by the Deparit-
ment of Agriculture, These effects are 1ncluded by the
Department as an offset to benefits, and thelr value 1is
established by estimates based upon experlence in compar-

able areas,
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E. Comparison of Benefits and Costs

In comparing benefits and costs (see Table III), 211

of the agencies place upon the cost side of the ledger only
those gosts which they consider to be project costs, These
would be the cost of inltial investment plus those costs
associsted with operating and maintaining the projeet, All
other costs are usually deducted from benefits, The benefits
figure with whieh projeet costis are compared is thus beneflts
net of all costs other than projeet costs, This aids in
achleving the goal set forth by the Subcommittee on Benefits
and cbata of eonservatism in valuing project effects,

In general, 1t is preferable that estimates be on the

conservaetive side, and have g reasonably high degree

of certainty of occurrence,
The costs whiech are compared with beneflits in Table III are,
then, only those costs which are considered to be "projeet"
costs, It will be notieed, however, that the Department of
Agrieculture inecludes in this category the ecost to farmers
of installetion and ineressed operating expense, while the
Corps of Engineers includes the cost to non-Federel agencles
for terminals whieh are necessery for utilization of navie

gational faellities, The Bureeu does not include the costs
to users in an irrigetion program, but does inelude this on

*mi4., p. 18,
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TABLE III

METHODS OF COMPARING PRIMARY PURPOSE BENEFITS AND CcOsTS®

Benefit side of the ledger Cost side of the ledger

The Department of Agriculture

Off-site benefits (such as flood and sedi- Project cosis include the cost of
ment damage prevention and inereased prop- project measures to governmental
erty utilizetion) which consist of inecreases agencies and to owners and opere
in net incomes (equivalent to increases in ators of lands on which the mease
gross income less costs other than project ures are instaslled, decreases in
costs), plus on-site benefits which consist gross incomes on any such lands,
of increeses in gross incomes resulting from end increases in normal operating
higher production on lands on which the expenses on such lands,

measures are installed and reductions in
normal operating expenses on such land.

The Bureau of Reclamation

Increase in gross crop incomes, The Bureau Project costs include the cost of
has mede the assumption that this item is project measures, but do not in=-
equivalent to the sum of net direct benefits clude farmers' or water users’®

to agricultural interests (inecrease in water costs since they are assumed to
users net crop incomes), and the net in- be sccounted for on the benefit
direct benefits, to both agricultural and side.

non-agriculturai interests, resulting there-

frome

The Corps of Engineers--Flood Control

Amount of direct and indireet flocd demages Project costs include the cost of
prevented. (No costs other than project ! project measures, but do rnot include
costs are involved) plus inerease in net property users' costs where necessary
income resulting from higher utilizetion of to realize increased utilization
property (equivalent to increase in gross benefits, since such costs are de=
income less costs other than project costs). ducted on the benefit sides

The Corps of Engineers--Navigation

Sevings due to use of water transportation Project costs include cost of project
as compared with alternative methods (equiv- measures, and costs of public termi-
alent to the total cost of the alternative nals, and navigation aids, but do not
less all costs by the waterway method, other include water carrier and private
than project costs; e.z., water carrier terninal costs, which are deducted
costs?: from benefits,

The Federal Power Commission

Value of hydroelectric capacity and energy Project costs include the cost of the
from the project (based upon the cost of hydroelectric development, but does

equivalent power from an alternative not include trasnsmission costs, which
source, usually steam electric, with certain are accounted for on the benefit side.

adjustments, which allow for any differences
in transmission costs and losses).

8aken from Tsble 2, Subcommititee on Benefits and Costs, Proposed Practices for
-—&——-———————-—“
Economic Analysis of River Busin Projects, ope. cit., p. 68.
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the benefit side as a part of the gross inerease in erop
incone,

In Tables IV and V, the benefit-cost ratios of the
agenclies are compared as they will be affected by the diver-
gences in the treatment of indirect effeects, OSince the
Pureau is the only egency which calculates such effects, the
comperison lg made between the Bureau resulis and those of
the other agencles as & group, Indirect effects are taken,
for this latter group,es belng & ratlo of 1,415 to 1 to net
primary benefits.,”® The velue of indirect effects will be
teken for these agencles as belng established by this ratio,
1.04, 1,415 times the value of primery benefits. : In both
cases, o flve per cent eredit for use of unemployed resources
will be applied, The benefits which are conslidered to stem
from the project from processing of project products are re-
duced by the costs inecurred in the course of processing,

In the same way a net figure ls arrived at for those benefits

which are induced by an expansion of economic activity

b
JOReport of the Panel of Consultants, gp., clt., p. 26,

)lRaport of the Panel of COnsultants, op. git., pp. 26-
28, The other agencies assume that the [3,000,000 of zecon-
dery benefits are derived from the 2,120,000 of primary
benefits, Thie provides the ratio of 1, 415 to 1. They then
apply the same ratio to the net primery benefits, The ratio
would vary from project to projeect, depending upon the mag~
nitudes of primary and secondary beneflits,
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TABLE IV

CALCULATION OF THE BENEFIT-COST RATIO
BY THE BUREAU OF RECLAMATION®

Ttem ’ Benefits and Coste  Nets
Gross primary product ¢ $10,000,000
Less assoclated costs ' . T12880,000
BEquals primary benefite : #2,120,000
Stemming benefits $12, 500,000
Less stemmling costs 11,500,000
Equals net stemming . e : : : _
benefits - 1,000,000
Indused benefits - - . . . . $24,000,000 '
Less induced costs T 22,000,000

Bquals net induced ‘
bemefite 12,000,000

Total benefits net of
assoclated and
indirect costs : $5,120,000

Projeet costs §2,000,000
Less 5% eredit for 1
using unemployed
resources 100,000
Net projeet costs #1,900,000

Benefit-cost ratio = 5,120,000 = 2,69 to 1

‘cuasa

Net primery benefits = primary benefits - net project costs =
£220,000

Total net benefits = net primary benefits + net stemming
benefite + net induced benefits = §3,220,000

f&9nie table 1is doriveduirum informetion found in the
Report of the Panel of Consultants, nggggagx Indirect
%fggf&&g‘gg Weter-l Exflgﬂﬁﬁ’ to Michael W, gifnusa‘ Com-
Eatoner . Bureau of Heslamstlon, Oot, 1952, pp, 23-28,
It is probable that the Bureeu's B/C ratio is somewhat

understated since no allowance has been made for salvage
values,
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TABLE V

CALCULATION OF THE BENEFIT-COST RATIO
BY THE OTHER AGENCIES®

Item ' Benefitse and Costs Nets
Gross primery product ' $10,000,000
Less assoclated costs —1.:880,000
Eguels primery benefits §2,120,000

Indireet benefits caleulated
on the basis of the ratio
of secondary to primery ;
benefits, estimated ot A ,
1,818 ¢80 1 . . ‘ ' 311,000

Total banefita net of
associsted and indireet

conts o g RO ) 42,431,000
Pro ject eoats £2,000,000
Less 5% eredit for using }
unemployed resources | 00,000
Het projeect coste ; £1,900,000

Bemefitecost retio = {2

Net primery bensfits = primary benefits « net pra;eet coste =
$220,000

Total net bonefits = net primary bonutits 4+ indirect benefits =
#531,000

mhis teble is derived from informetion found in the

Rmpert of the Panel of Consultants econdary ;ag;gggg
: of later~Use : to’M‘e ael W, ggrauma

missloner, Bureau of Reclama on, Oety 1952, pp. 23-28,

Corps of Englneers would probubly have & slightly h&ghsr B/b
ratio since this example makes no allowance for salvage,
which the Corps computes,
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induced by the project, It will be observed that this course
is followed only by the Bureau.

The Bureau and the other agencies subtract assoclated,
or non-project,costs from gross beneflts before pro ject
costs are deducted, The net direct benefit figure is taken
to be the same for all agencies, ineluding the Bureau. The
net indireet benefits are, however, quite different, Appli-
cation of the 1,415 to 1 ratio to net direct benefits ylelds
e velue of $311,000 for the other agencies, Direct caloula-
tion of indireet benefits ylelds a net indirect benefit fig-
ure of £%,220,000 for the Bureau., By dividing the total of
primary benefits and net indirect benefits by net costs, the
benefit-cost retios of the agenecles can be determined., In
the ecase of the Buresu, this means that we divide §5,120,000
by $1,900,000 and obtain & benefit-cost ratio of 2,69 to 1.
For the other egencies, & benefit-cost ratio of 1.28 to 1
is obtained by dividing 2,431,000 by §1,900,000, It is
probable that the Bureau benefit-cost 1s somewhet understated
einee no sllowance has been made for salvage values, but
for the same reason, the other ratio would probably be some-

what low for the Corps of Engineers,



PART II

DISCUSSION AND EVALUATION OF
BENEFIT-COST ANALYSIS



PART II
INTRODUCTION

In Part I, the practices of the publiec agencies with
respect to the benefit-cost analysis have been outlined.
Fart II conslists of discussion of the various aspects of
this analyeils and of some of the problems inherent in its
use,

It 1s assumed throughout that the besic -purpose of
the benefit-cost analysie is to determine whether end to

e e

projoot under conaidcratlon than in alternative uses, It

is further aesumed that the appropriate measure of regsource

e R,

effoctivoneaa will be the ability of those reeouroea to 4
produce net benerits. Resources will be used most effec-

B

tively. then, when benotite most exceed costs, This requires

R

a caroful exanination ot the methods of measuring both

i o s T A et T ot o

benerlts and costs. annomio enalysis conducted by public
fi ittt s usatiadony
agencies must give full expronaion to soclal benefits and

costs, This objective can be attained ‘only by teking all

e R ————
i .

relevant costs and benefits 1nto account, private and soecial

e e e e A

alike,

s
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If efficlency in the development of water resources

is to be achleved, devices for extra-market alloecation
must be used to supplement the market, This requires
efflcleney criteria which will take account of the
relevant social gains and costs to be used as an aild
in budgeting public revenues for development of water
resources,

Publie sgency practices will slso be evaluated on
the basis of clarity of the results produced, There is
conslderable value to be derived from an economic analysis
of water-use project effects beyond the immediete declsion
ag to whether given water-use projecte are to be developed,
Mueh can be learned from comperison of benefit-cost esti-
mates made prlor to construection of & project, and the
actual results from that construction. The lessons learned
in such & comparisen might result in improvements in the
techniques of measurement and ealeculation, It is desirable,
then, that values placed upon project effects, and offsets
to these values, be clearly defined,

In the following chapters attention will be directed
to problems created by the exlstence of indivieibilities
and complementarities in water-use projecte, to problems
of time in measurement of project effects, to problems of

dlvergences between private and social benefits and costs,

lJohn V. Erutills and Otto Hekstein, Multiple Furpose

iy M@gsmmwﬁﬁmw
timore: The Johns Hopkins Press, 19 y Pe 5D i



and to problems of ranking in project development, These
end related problems provide the framework for our evalu-
ation of public agency benefit~-cost practices,
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CHAPTER III

MAREET AND SOCIAL VALUES

v ————

The point of view from which water-use project benefits
and costs are considered is of ma jJor importance in evaluating
the extent to which the benefit-cost analysis is successful
88 an economlc analysis, Oince public agencies and public
funds are concerned, all of the effeects of development,
private end seeclal, must enter into the analysis,

The adequacy of results obtained in project formula~
tion and in uvation of the tification and rele-
tive desirability of projects ¢ 1ds upon how ¢ etely
e comprehensi lie viewpoint e¢an be realized; that
is, how completely all effects on individuels and go-

clety as 2 whole o»mlbo traced and evaluated in com-
parable terme ., . .

In this chapter attention will be directed to situae-
tions in which divergences may occur between private and
social benefits and costs, This requires discussion of

diffused benefits and costs, communal services, external
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economies and diseconomies, complementarity and substitute
ability between preojects and projeet purposes, and adjust-
ment to market prices to compensete for tax effects, the
presence of unemployed resources in the system, and addle
tions 4o soclal overhead ceused by the project,

B

It is usuelly sssumed that, under perfeetly competi-
tive conditions, the total output of a firm, when valued
at market priges, will reflect the total returns from the
uses of productive resources in that firm, Under equil-
ibrium conditions, the marginal costs of the resources
used in production would equal merginal returns from thelr
use, This sets the limits for productive investment in
the firm,

There are, however, two situations in whiech invest-
ment to the point of merginal equality of costs and returns
will give rise to dlvergence between market and soeclal
values, making it possible to realloecate resources in such

2 menmer ss to incresse welfare,® The first of these

27ibor Scitoveky, "Two Concepts of External Econemies,”
g.auml of Political Hoonomy, Vol. LXII, April, 1954, pp. 143
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situations will arise whenever there is direct interdepen-
dence among members of the economy which does not operete
throurh the merket mechanism, the second when investment

in one firm gives rise to inereased profits in another
£irm,” Both of these situstions ere reletively common

in water resource development, The objective of net benefit
maximizetion through development of water-use projects re-
gquires that a2ll relevent coste and benefits, private and
soelsl slike, be taken into aceount.

1. Direct Interdependence

Direct interdependencies will effect the magnitudes
of both direct and indirect benefits and costs, but thelr
effecte will not be reflected through the market mechanism,
Direct interdependencies will occur whenever individuals
and firms can obtein the goods and services produced by
the project without paying fer them; or when the ocutput of
the prejeet will depend, not only upon its own use of re-
sources end the scale of ite development, but upon the
setivities of other projects as well, This invelves, then,
probleme of joint benefits derived from project formetion,

3%;, p. 1M BM De 1‘8.



66

and Joint supply by different projects and by different
purposes within the seme projest. It 1= probable that
direct interdependencles exist between project purposes
as well as between projects, A problem arises, there-
fore, regerding the degree to which ecomplementerity be-
tween purpoces ends end substitutebility begine,

a8, Joint benefits and joint supply

The clearest example of jJoint benefits in demand and
Joint supply 1s to be found in flood control purposes of
water-use projects, A storage reservoir designed and cone
structed by community A to protect it from flood damage
will also protect community B in the same reaches of the
river, The inhabitants of B recelve the protection of the
flood control devices of A, but cannot be assessed a fee
for that protection, Protection for 4 alone might be too
eostly in terms of the value which that comminity receives,
but the project might become economiecally justified in
terms of the aggregate value to A and B considered toe
gether, 4

Even if the largo original outlay would be small if
divided equally esmong all beneficiaries, sach individual

4
0f,. W, G, Hoyt and Walter B, Langbein
(Princet;nz ‘Princeton iniversity Fress, 195%), PDe 529-330.
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might decide that it would be in his interest to avoid
& commitment to pay on the ghance that the contribution
of others would meke it unneeessary, Simultaneously,
each might also be reluctant to commit himself for re-
ﬁymt for fear others might fail to contribute, making
the cost to him ter, s « Prieing mechanics are not
equal to the ection of payment so long os protection
eamot be denled one who 1s delingquent without simultene-
ously protection to those who willingly nmeet
thelr obligations, In the absence of extre-market in-
centlives, no private enterprise an incentive to
provide %ho requisite services,-

The existence of wide-spread joint benefits in flood control

purposes of water resource projects renders it unlikely

that privete individuals will provide such services, Come

munal aetlon will usually be required,

Before flood protection can be offered to even a limited
number of individusls in & flood plain, there is & certain
irreducible level of investment required.® The initisl ine
vestment required mey be gquite large, end once made, will
offer protection %o all individuals in the flood plain,

In additlon to the indivisibility in investment in individe
usl projects, there is a certain amount of functional in-
terdependence between flood control projects in a river

basin, This contributes to investment indivisibility to

570mn V. Erutille and Otto Eekstein, ]

IEVeLOT . L e s -‘i’"“}'"‘;’{‘ v w :“”» ‘;‘7“: :;_";,7 o e
imore: The Johns Hopk 88, 1056 :
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the extent that the success of a flood control project

in delivering the benefits which it weas designed to pro-

duce depends upon meshum 1n other projects above it,
Regulation of floode by tho WA system can be conside

ered as a four pronged effort: First, the acceleration
of nm threatening flows thm@ the ‘”ml s«und

the of the eontri
strmg , & flatt ood erests by im- .
andage at pro jects u& tho point of flood hazard;
am lut the releese of stored water following
the tlood erest to ﬂanin otauga capacity, The first
of these functions is shed largely by the chain
or nin stream projects, mem is eaccomplished
‘bmaz y‘omu having substantial reservoir
capo.a:.ty. makes use of both tributary

and mein-river storege,
Eliminaetion of a storage reservoir in the system will have
the effeet of redueing the benefits to be derived from thoee
remeining., This may oreate an investment indivieibility
necessitating & specific level of investment in all of the
projects 1f the flood control purposes of the individual
projects are to be economiec end effective, It is this come
bination of collective demend and sizeble initial invest-
ment which lesds the public agencles into the field of
water resource development,

Treed A, Elllett, "TVA Experience in iultiple Purpose
River Development," Paper presented at the Hationsl Con-
ventlon of the American Seoelety of Civil Engineers, Knox-
ville, Tennessee, June, 1956, p, 12,



69

Important as are the divergencles between merket and
social values for flood control purposes of water-use
projects, the other purposes of such & project may exhibit
interdependencies which are equally impressive, There is,
for exemple, considerable interdependence between storage
in the headwaters of a stream for production of hydro-
electric power end the downstresm generation of that power,
Thus & hydroelectric project may add substantially more to
a power system than the energy which it generates on the
site, To the extent that a hydroeleectric project confers
downstreanm benefits upon other projects, there will be s
divergence between project and soclal benefits if these
projects are fiseally independent, The divergence will be
indicated by the difference between at site power genera~
tion and the total generation ef!ooti attributeble to the
mseet. |

SERC A g S o it e
{0 the prime power generation of hydroelectric

pam plants amm For example, storage provided
at the Hungry Horse slte on the Flatheed River of the

Columble River tri system can be used to amt.e
212,000 kilowatts of power at the Hungry
powerhouse, I%a mlm of prime power mr

ordincted s 2t downstream plents cure
rently built or m nm tion, é“ nearly three
tines as great, (628,000 kilowatts)

8jonn V, Krutille and Otto Eekstein, op, eit., pp. 63-64,
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The difference between the returns which & private enter-
prise could obtain from the sale of 212,000 kilowatis of
prime power and the returns acerulng to the totel prinme
power output resulting from the interdependence of the
Hungry Horse site and the downotresm sites ylelds en approxi-
metion of the difference between the project and social
velues resulting from development of the Hungry Horse
site,? that is, the velue of the 628,000 kilowatte of
prime power produced at downstreem plants as a direct con-
sequence of Hungry Horse development,

To o eonsidersble extent, power production at the
projeet site will depend also upon the facilities of proje
ecte upstream, when upstream projects rely upon water stor-
age. Release of water from upstream storage sites during
eritical flow perlods provides sdditional water supplies
for the dewnstresm projeet, end, hence, & larger output of
primary power from that preject,

Effielent investment in water resource projects must
take these Mpmm»&u into esccount, in addition to

.

91t 1s possible that a privete developer of Hungry
Horse might make a deel with downstream operators whic
would ensble him %o shere in this galn, 7This would, how-
ever, only reduce the divergence, not eliminate 1t,




the returns to the individuel project.l0 fThis requives
coordination of management to meximize system ocutput rather
than outputs at individual projects in the esystem, In any
event, celeulation of benefite and costs expected to follow
from development of a amiﬁ.c project site must be suffi-
elently brosd to encompese downstresm effeets, in terms of
both geins and losses to downstresm locations,

A1l of the agencies except the Department of Agrieule
ture, which does not usuelly evaluate benefite and costs
from power production, caleulate dowmstream effects as a
part of the direct benefits from Wﬁd power production,
It is not clear to what extent these downstream effects are
considered for such purposes ss sedimentation control and
domestic and industrial weter supplies, It would be Jiffi-
cult for benefits and costs from navigetion facilities,
pollution abatement, salinity eontrol, and fleod control to
be ealeulated without taking dewnstresm effects into account,
since the impact of these purposes generally ocecurs down-
stream from the project area, It can therefore be essumed

10Wote thet agency wtinn with respeet to caloulee
tion of hydroelectric effects take downstreem benefits end
costs into account to the extent that those benefits and
coats can be directly atiributable to development of the
specifiec project.
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that project effects on downstream projects will enter

into agency enloulations,

b. Interdependence between purposes

There will be direet interdependence between the
purposes of water-use projects, as well as between the
projects, Most of the purposes of a project will ecall
for storage of stream waters, If storage is provided to
meet the requirements of one purpose, flood control for
example, this same storage can frequently be used to serve
other purposes, such as recreation, power production,
navigation, and industrial and commerical water supply.ll
There is usually, however, a definite range of comple-
mentarity within whieh this jJjoint use is possible, Out-
side of thils range it is possible to provide more storage
for any given purpose only ﬁﬁ reducing the scale of other
purposes, Thus a speecified degree of flood control at eny
given point may necessitate curtallment of power output
which relies on storage reduction (by placing minimel floed
storage requirements upon the reservoir)., In the same
way, minimum chennel depths for navigation will place a
constraint upon the amount of storage that may be accumu-
lated for other purposes,

1mvid., p. 69,
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Thils ean be explained by the linear programming tech=
niques 1llustrated in Pigure 1, Here the discussion of
substitution between purposes of & project is conducted
in a menner snelogous to that of factor substitution in
the usual analysls of the firm, The d&istinetion here is
the assumption that there exists e minimal requirement
for one of the two purposes considered. For simplieity it
is further sssumed that the velue of each unit or output
of the two purposes is independent of the number of units
produced, and that the same linearity holds for unit costs,l2
Thus each point on 2 purpose line (Z and X) will desig-
nate (1) a certain phyeleal output, (2) 2 certain value
of output, (3) a ecertaln cost of faetors, and (4) & certain
net value of output, Esch iso-value line will designste
combinations of the two purposes yielding the seme net
benefits, Along any purpose line the net value of output
wlll equal the physiecal output times the net value per unit
and will be proportional to the physical output., It must be
stressed that the seales by which net value returns (net
benefits) are meesured on the purpose lines are not neces-
sarily the same, since the scale of each line reflects the

larhis means thet returns and costs will be constant
over the relevent production renge.
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FIGURE 1
PURPOSE SUBSTITUT/BILITY WITH A MINIMAL
REQUIREMENT ¥OR NAVIGATION
Storage F

(Navigation)- Z

X~ (Flood Control)

Stream Flow



75

productivity of the factors used in that particular pur-
pose and has no comnection with the net benefit secele on
any other purpose linno13

The two purposes under consideration will be flood
contrel snd navigation, It will be assumed that these
two purposes will be constrained by the storage avallable
(as represented by the dam and reservoir), and by the
natural flow of the stream, These constraints are in-
dicated by the lines S8 and FF respectively. Since these
are supposed to be effective constraints, all secales of
the two purposes which lie sbove line 55 end to the right
of line FF are impossible of attainment, A solution must
be sought within the ares OSYF, Any point within the area
OSYF represents & particular amount of storage and streem
flow whiech can be used simultaneously., Since the project
has the cholee of operating at any feasible point, and
the objective sought is maximization of net benefits, =
point will be selected which lies on the highest ise-value
line possible of attainment (NP1, 222 ete.), The highest
iso-value line possible of attaimment in Flgure 1 is nBs8,
and the relevant point on that value line will be its point

13, Robert Dorfmen, “athemetical or Linesr Pro-

gromming: A Han«ﬁatheuatical Expoaition," : Hele
Review, Vol, XLITI, No. 5, December, 1953, m 8oty
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of interseetion with the constraint lines S8 end FP; or
point ¥, By dropping two lines from this point, one
parallel te line OZ (navigetion), end the other parsllel

to OX (flood eontrol), combinations of purposes Z and X
which will result in e maximum of net benefits are found.
mmatmmuzmﬁwwaex (1.e., &Y of
purpose Z and 0A of purposze X) will mhum net benefits,ld
OF of storage end OX of stream flow will be used for navi-
gation, and JS of storage and KF of strean flow will be

used for flood sontrol,

Let us now introduce a further constraint and cssume
that a minimum of storege and stream flow represented by
OE 18 required for purpose Z because of indivisibility.

A new obtaineble position must be sought. By drewing in
line EC parallel to the purpose line OX, 1t is found that
the best obtainable selution will be that in which OE of
purpose Z and OD of purpose X are developed, This will
entall an inerease in the emount of navigation (Z) and a
decrease in the smount of flood control (%). PMavigetion
will be inereased in the smount of OE, with storage and
stream flow for this purpose being ineressed by JJ' and

l&lt wlll be remembered that constant returne have
been aspumed,



KX' vespectively., Flood control will be reduced in the
smount of DA, with storage and stream flow for this pur-
pose reduced by JJ' end KK' respectively. This bears
out the original suggestion that beyond the range of come
plementerity, o relationship of substitutability exists
whieh will entail seerifice of amounts of one purpose to
obtein additionsl amounts of eny other purpose, Caloula-
tion of project benefits end costs will require deter-
mination of the range of complementarity and substituta- .
bility between the purposes of the project, as well as of
the interdependence between projects,
The agencles concerned with water resource develop~
ment appear to recognize this need,
The desired scale of development is that at which the
net benefits are at & maximum, That condition is met
if the senle of development is extended to the point
where the benefits added by the last inerement of
extension of scope are equal to the costs of adding
that increment, The increments of scope to be con-
sldered in this wey are the smallest inerements on
which there is & practiesl e&aﬁoe as to inelusion
or omission from the project
Where there exists a practical cholce &8s to inclusion or

exelusion from the project; the scope of investment in

eny partieulsr purpose mey be elther inereased or decreesed

S“ubcemittee, "Proposed Practices,” op. git.,
DD 36"'37!
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according to net benefits recelved, Abllity to determine
the pmetieality’ of ineclusion or omission of any particular
segment of & purpose requires knowledge of the renge within
which one purpose can be substituted for another,

2, Investment, Profits, and Market Interdependence

Direet interdependencies result from the existence
of joint demands and Joint supply which operate outside
of the market mechanism, The type of interdependencies
discussed in this seetion ocourswithin the market meche
anlsm because of the existence of investment indivisi-
bilitips and becouse investment is & dynemie process in
which the economy may be moved away from, rather then to-
ward, equilibrium, 16

Investment in an industry or firm will lead to an
expansion of 1ts productive capselty, with the result that
the price of its produet may fall and the costs of ite
factors mey rise,l7 If that product is used as a factor
of production in another industry, the latter's profits
will vise, This rise in profits gives rise to externsl
economies which will benefit firms, If a water-use project

16@11:01- Seltovsky, op. glt., pp. 148-149,

17‘%5.



79

2dds to the supply of hydroelectric power to such an extent
thet the price of power falls for firms uging that power
as a factor of production, the profites of those firms
will rises The addition to profits constitute benefits
to firms attributable to the projeet, If the inerease in
profits ceuses the firme to increase their output, and,
hence; thelir demand for electriecity, the price of elec-
trielty will rise agein, This could csll forth additional
Investment in the hydroelectrie facilities, causing the
process to be repeated until equilibrium is resched,
The profits of industry B, ereated by the lower price
of factor A, call for investment and expansion in
industry B, one result of which will be an incresse
in industry B's demand for ! A's product, This
in ite turn will give rise to profits and call for
further investment and nglon in industry A; and
equilibrium is reached only when successive doses
of inveetment and expansion in the two industries
have 103? to the simultaneous elimination of profits
in both,18
This is the basls for the Bureau of Reclamation's prectice
of caleulating the indireet benefits from irrigation on the
basls of the incressed volume of agricultural products used
in in&uﬂr:y.w With respect to the purpose for which the

i,
191% 1s, in faet, the bosis for the measurement of all
benefits which result from reduction in costs,



dynamic process is almost certein te oececur, namely induse
trial cooling and processing water supply,20 nene of the
agencles caleculate the benefits from inereased profits,

As productive capecity is expanded, the costs of
factors used in production mey rise., As Krutille and Hoke
stein have pointed out, the prefits of rallreads in parti-
cular have generally risen because of the development of
irrigation projects,

Since fr?-f?kt rates are generally set for wide areas
and are unlikely to be altered by the regulatory
bodles as & result of an increased volume of freight
from one relstively small area, the "pecuniary ere
nal um&g; to rallroads serving farmers become
gignificent,=4

The inereased cost of factors are not measured specif-
leally by any of the egencies, elthough benefits from ine
ereases in the cost of labor end eapital will show up in
the Bureau of m:é»mtim ealeoulations through its measure-
ment of beneflits from inoressed employment and incressed use
of eapital,

%sxsm. probable that inereases in the demend
for weater sufficient cause the price of water to rise
will eall forth additional investment in water facilitles.
This ie largely due to the relationship between water for
industrial uses and water for domestic consumption, and
the concern of asuthorities for adequate supplies of water
for both uses,

?lyonn V. Krutilla and Otto Sekstein, op. gites Do 59.



It 1s likely that the effects of direct interdepen-
dencies will be reflected in the benefit-cost caloulations
to & much greater extent than will those interdependencies
which operate withou the market mechanism, A good many of
the direet interdependency effeects will, however, appear
in those caleulations as intangible effects and, hence, willbe
used when deeiding which projects should be developed first,
but not used to determine whether the project 1s economically
feasible, The effects of interdependencies which occur
through increased investment and rising profite will usually
be reflected only in the benefit eslcoculations of the Bureau
of Reclamation, Both tjpcu»of interdependencies will, how-
ever, give rise to ilmportant divergences between market and
soclal values, The market orientation of the benefit-cost
enalysis, as applied by the pﬁblie agencles, causes many
of these divergences to be ignored,

C. Adjustment to Frices $o Refleot Social Values

S0 long as it can be assumed that merket prices ade-
quately reflect the opportunity costs involved in the use
of resources in water-use projects rather than for some

other purpose, these prices will refleet the socisl cost
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involved in the use of those resources, REut this approach
yielde an aceourate reflection of soelal values enly under
conditions of perfect competition, As soen 2e there is

any variation from those eanﬁitiepa, the conclusions
reached under the terme of those conditions fail to apply.22
For this reason, 1t is probable thet the fligures derived

on the basles of market prices will have to be corrected

if an accurate pleture of the social value of benefits

end costa from water resouves development iz to be ob-
tained,

H, B. Chenery suggests three adjustments which must
be made before full soclsl value cen be derived.23 riret,
correction must be made for tax, subsidy, and tariff poli-
cles; secondly, 2 correction must be mede for administered
prices; and, finally, e correction is necesssry for the
presencs of 1dle resources in the economy,

From the point of view of the publie interest, some
taxes are not & resl social cost of the type that is in-
volved 1n the use of goods and services in development of

sIfore, Volume 11, (London:
055)s Chapter VII,

23H, B. Chenery, “The Application of Investment Criteria,"
SQuerterly Jourmal of Eeonomies, LXVII, February, 1953, pp. 76-96.
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water-use projects,
The only real cost engendered by the project ie the
increased ocost of the tal services that are
required, Allowances for taxes would be adequate if
project end associnted costs inecluded all ineresses
in the costs of %avernnons services eonsigxred esgens-
tial for realization of »rojeet benefits,.®
Harket prizes should be covrected for any excess of taxes
ebove this amount.?5 1In the seme way, and to the seme
extent, 2 corraetion should be meds for the effect of sub-
8ldles upen market prices, The resl coet to soclety of
the project goods and services will be the marginal costs
of producing those goods and servieces, There are, however,
no adjustmente nede by the agencles for these effects,
The only ellowsnce mede for teaxes 18 the sllowence for
tax revenues lost to state end loeal govermnments due to
projoot formation, This sllowence is discussed in Chapter
IV end is quite distinct from the type of edjustment referred

to above,

2hark M, and John Timmons, "Current conaépta and

Practices in it«Cost Analysis of Natural Resource Devel-
2L A 10 3 pLOoUment o

opmente," ¥ lesour:

1

oo 2 cononie
Regources Development of the Western Agri-

cultural Economlcs Reseaveh Gounoil, Berkeley, California,
Hareh, 19513 Pe 12,

2570 the extent that tex effects are uniform throughout
the economy, adjustment to market prices for project g::da
and serviecs could lead to an inereased divergence, 8 may
be particularly true for such taxes se those upon profits,
Considerable care in applying and adjustment for tax effects
will be required in such a cese, to insure that adjustment is
made only for relative differences in the project effects end
those in other spheres,

Tes of Wate

& K5
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A correction should eslso be mede for additions to
soclal overhead which are made necessary by project devel-
opment, Gelenson end Liebenstein have pointed out that,
if new schools, hospltals, ete., are required due to fore
mation of the project, the extra capltal and operating
expenses must be added to project costs if total coste are
to reflect the entire soelal eost of the project.26 unless
the workers themselves pay the texes which finance this
addition to soclal overhead, the opportunity cost of labor
in money wege terms will normally not reflect this soclsal
cost, There are no adjustments made to compensate for in-
erecsed soclal overhead, Narket prices are used to value
project effects under the assumption that they reflect
only the opportunity costs of the resources used and nothing
more, This leads to mis-statement of those effects,

The use of price and income meesurements ln benefit-
cost caleulations lends & national blas to anslysis results,
For this reason it will probably be necessary to make an
ad justment in the project caleulations to compensate for
the effect which the project might have upon reglonal price

3514 Galenson and H, Linbmtum, "Im'asmm Criteria,
Prodmuvi’&y, and Economle Development,” Querterly Journel
of Economigs, LXIX, August, 1958, p. 360.
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levels., Most of the project benefits will oceur within
the reglion and may significantly affect reglonsal prices .
If the reglonal price averages are sbove the national aver-
ages, benefits from the project will probebly be somewhat
overstated in real terms, Thue, in eases in which the
effect of the project upon the averesge price levels of
the reglon is different than that of the nation as & whole,
adJustment must be made in the results of the anslysis,
As the Bubcommittee states:
Special treatment will be required whenever the project
[iouship Detwomn ares saf Setions sverness Frine els-
This adjustment will be mu:m to reflect the values
to soclety from aveiding higher prices in the case of price
reduction end the cost to soclety invelved in & general
price rise under price inerease, If the regional average
of prices after the project is undertaken lies below the
national average, benefite from the project will be higher
by the emount of the difference, If the reglonal price
level lies above that of the nation as a whole, a downwerd
ad justment of project benefits in the amount of the Alfferw
ence should be made, This adjustment 1s made by the publie
agencles according to the method indiceted above,

ws’dbemntea, "Proposed Practices,” op. elt., ps 20,
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Gare should be taken, however, to evold over-correction,
If before the project were undertsken a disorepancy had
existed between the regional and national price levels,
this night provide an offset to the adjustment, This would
depend, however, upon the side upon which the discrepancy
lay. If rvegional prices prior to the project were lower
then the national average, and lower atill after the project,
the relevent adjustment would be only the smount of the re-
duction,

Up te this point such Mﬁmﬁy ageepted areas
of adjustment as those which must be made for the exis-
tence of decreeasing costs have been largely ignored, Soclal
returns can usuelly be ineressed by expanding
to the lowest point on the average soclal cost curve, B0
long as the economies gained are of the irreversible vari-
oty.28 There 1s, however, some question whether such en
ed justment should be made in the priee level or should be
treated separately as an addition to benefits, In genersal,
the effects of such economies will show up os both an in-
eresse in production snd as 2 reduction in cost and eould
be caloulated on either basis,

as”ﬂ» Se Euia end W, Fellner, "External Economies end
mumiu, R@pﬂnm in mﬁm Economie Assoclation,
: plee Theory, edited by George J. Stigler and
Z, \Chieego: Richeard D, Irwin, Inc., 1952),

T 256-208,
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As Otto Eekstein has pointed out, industries such as
transportation and communication mey very well be operating
under decreecsing cost conditions in spersely populated
areas,2? This would mean that eny project or project
faellity which would utilize the servieces of such industries
would measure the soclal cost of those services by marginel
coste rather than by the higher average cost, The benefits
of the project should reflect this saving., The agencies!.
praetiaa of measuring benefits and costs by market prices
does not, however, glve expression to this type of benefit,

In somevhat the same context, Erutilla suggests that
interdependence of investment mey lead to en sdditional
project benefit which is glven only passing attention in
current benefit-cost caleulations, He refers to the role
vhich project formation may play in inereasing the rate of
ecapital formation in under-developed ngions.

« & « resource programs of the kind underteken by the

Iinisetion of their Statutery authority) on influensing

the supply functions of faectors for which demand is

mﬁ’fmﬁ"rﬁ“" ve ::‘:‘:i::ia vs a8 Tatratogie® fastors,

They will em of tive factors for which de-
mand will be relatl elastic both with respect to

290tto Eekstein, "Investment Criteria for Eeonomic
Develomem and the Thmxv of Intertemporal Welfare Econom~

a8 Juerterly Journel of Economies, LXXI, February, 1957,
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price and inecome, and favorably influenced by changing
technology end tastes,’0

Development of projeets which offer supplies of these
strategie resources will do much to attbaot external capltal
to the reglons This will be particularly true if these
resources are required by industries which heve a produet
demand of high price and income elastiecity, sinee sueh in-
dusiries can be expected to respond readlly to changes in
regional supply schedules, that is, can be expected to enter
inte production quickly =s reglonal supplies of rescurces
become mopre abundant,

Erutilla also stresses the possibility that stimula-
tion to capital formation might be derived from triggered
development in addition to development stimulsted by shifts
in factor supply.>! He eltes as evidence the increases in
eapital formation in the Tennessee Valley which resulted
from agglomeration economies, es industries moved into
the area to teke advantage of the presence of basic indus-
tries which had been attpacted by the shift in factor supply

ceused by water development.

30 omn V4 Krutille, "eﬂtcria for Evamaung Reglonal
Development Programes," pONom:

and Erogeedinge, Vol. XLV,

Blwu 3 Da 128,
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The initial development at Calvert City took place in
1948 when Pennsylvania Selt Manufacturing Compeny
erected a hydrofluorie ascid plant, In addition to
fluorspar, the basie requirements of the firm were
relatively lawaooat electric energy, large guentities
of processing and cooling water, and water transpor-
tation for shipment of sulphur and salt., Concurrently

the Pittsburgh Metallurgicel € built faaili%ies
for producing terrcnlleya to &s» savi
Joint development of aua rail faeilities,

Permsalt cdded a2 chlorine plant whiech, along with
B, P, Goodrich's plans to ocate v&nyl chloride facili~
tles in the area, prompted construetion of a ggleium
cerbide and seetylonn plant by Alir Reduction,
There were many other additions, each bullding on the other,
until only ten years after completion of the Kentuecky Dem
projeect, the total investment in new production facilities
approximated seventy millien dollars, just slightly less

then the total investment in the project,>3

D, Bummary

Caleulation of project bemefits end costs should be
suffieiently broad to inelude social beneflts and costs,
In cases in whieh market values do not reflect the full
amount of social benefits and coste, an adjustment should
be made in the results of the benefit-cost analysie to
compensate for the divergence, Because of the sssumption

2mia.
331bid., pp. 128-129,



of the agencles that market prices will reflect the full
opportunity costs of factors used in development of water-
use projects, many of these adjustments are not mede, with
consequent misstatement of projeect benefits and costs,

Host of the divergence between market end soclel
values which result from direct interdependence opersting
outslde of the market mechanism is compensated for, however,
at least t0 the extent thet the agencies can estimate the
values which individuels place upon such things as flood
protection, recreation, snd lmproved navigation facilities,
Dovnstrean effects of hydroelectric projects eve ecaleulated
and included a8 & beneflt for the project under evelustion,
The agencies do not, however, consider the benefits secru-
ing from system operation in the other direction, that is,
upstream, This is an inadequaecy in current agency practices.
Fellure to measure upstresm effeets points up the aspect of
benefit-cost analysis, as applied by the publie agencies,
which 1s most susceptible to eriticism, nemely, the emphasis
pleaced through the analysis upon project rather than systen
Justification,

The divergence between market and socisl values which
results from interdependence operating within vtho market
mechanism enters direetly into the caleulations of only the
Bureau of Reclamation, These are caloulated ag indirect
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effects of project construetion, The other agencies sssume
that this type of bemefit will smount to ten per cent of
the direct benefits from projeet construetion, end apply
this correction as a type of super-numeraire of project
eonstruction,

The agencies' practice of eveluating project benefits
and costs in terms of market prieces (or in terms of a
projected price level) leeds to mis-statement of project
effects; sinece tax, subsidy, and teriff effects will cause
& divergence between market and social values, at least to
the extent that these effects differ for the projeet than
for the private sphere, The agencies do not normally
make any adjustment for this type of divergence, Neither
do they make adjustment for inereases in soeial overhead,

The effect of project development upon decreasing
cost Industries and upon capitel formation on the regional
level should be calculated as additional benefits to the
project, Both of these enter into agency caleuletions
only imperfectly, being reflected only in price and income
changes, It may be, however, that these may be among the
more lmportent of projeet effects and should be caleulated
directly.

The effect of development upon regional priaa levels
eaila for aa.juntment in ageney caleulations to the extent
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that the reglonel effect differs from the national, or from
the previous reglonal-nationel prise relstionship., The
egencles do make this adjustment, reducing projeet benefits
when the reglonal price effects move sbove the national
average, 1lnereasing project benefits when the regional
rrice effects lie below the netional sverege,



CHAFTER 1V

PROJECT EFFECTS: DIRECT, INDIRECT, AND INTANRGIBLE

A, Introduction

There are two steps in the celeculation of project
benefite and costs, The first takes the form of an analye
sls of existing and potential demands for the goods and
services expected to be produced by the project, including
estimates of the uses which can be expected to be made
of project goods and services and of the prices which
these goods and services can be expected to command, The
second step involves calculation of the values of increases
and decreases of goods and services under expected future
conditions both with and without the project, the differ-
ence between the two representing the effects of the project.

The first step consists of measurement of demand for
the goode and services of the project; the second consti-
tutes a study of the supply conditions of these goods and
gervices with project construetion and without it., Both

steps are essential to an economic anelysis of benefits and
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costs, and both steps are followed by the agencies in-
volved in water resources development,l

In this chapter attention is directed to problems
involved in caleculation of direet, indirect, and intan-
gible effects, ©Some of the major problems will concern
measurement of benefits resulting from reduced prices and
cost reductions, comparison with alternatives, measurement

of stemming from and induced by beneflts and costs, and

the general problem of computing the values of intangible
benefite and costas, In the final part of the chapter, the
problems of salinity control, benefit or cost of produc-
tion, taxes 28 a project cost, project influence on the
level of economic activity, and cost allocatién will be
discussed,

Following are definition of some of the terms which
will be used throughout the chapter,

Direct benefits are the value of the immediate products
and services resulting from the facilities of the project.
They are generally measured as the savings in costs, re-

ductions in losses, or incresses in incomes, although the
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Bureau of Reclamation measures the benefits from irrigation
by the effect of the projeet on nationsl income,

Direot coste are the value of goods and services used
fér establishing, meintalning, and apor&ting the project,
and in making the inmediate goods and services of the proj-
- ect avallable for use or sale, These costs are usually
evaluated in terms of market prices under the assumption
that these prices will reflect the opportunity ceatn of
the resources employed,

Indlirect benefits are the values added over and above
the value of the immedlate goods and services of the
projeect, They are of two types, induced by benefits and
stenming from benefits, 1hmi§ types of benefits are
measured directly only byithm Bureau of R@alamatiaﬁ. which
computes their value in toius of income changes, Thé
oihar agencles assume that indireet benefits will be 2
percentage of direct benefits and calculate them on that
‘basis, \

;aguﬁag;hx,wbm.;“af are indirect bénorita which arise
as the result of added purcheses made by individuesls and

firms in the project area as a result of project invest-
ment, The total value of induced by benefits is tho‘total
of the added profits and increased employment from this
inerease in purchasing,



96

Stepming from benefits ere indireet benefites arising
from the inecreased flow of goods into the general economy

resulting in inereased supplies of goods es factors of
production for processing industries and in increased amounts
of goods avallable to ultimate eomsuﬁars. The process used
by the Bureesu of Reclamation cells for eveluation of net
velues added to project goods and services through =ll

steges of production up to the consumer, These net values
added are considered to constitute the value of stemming
Irom benefits,

Andirect costs ere the coste which are necessary for
further processing of preject products and any other costs
over and above direet costs which stem from or are induced
by the project.

Intangible offects are those benefits and costs whieh
have no market velue,and which do not enter into money in-
come changes., These effects are usually caleuleted by the
agencles 1n deseriptive terms but do not enter into the
eanalysls for purposes of economie Justification,

: arable gosts represent the difference between the
cost of & multiﬁla purpose project with and without in-
dividual purposes. The separeble cost of a purpose thus

represents the cost of adding that purpose to the project,
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doint costs represent the difference between the cost
of the multiple purpose project as & whole and the total of
the separable costs for all project purposes,

Direct benefits and costs are estimated on the basis
of expected demand for the products of the project under
conditions with and without the project, The direct bene-~
fits attributable to the project are considered by the
agencies to be the velue of eny reductions in costs to
firme which use the products end services of the project
as factors of production and of any increase in the volume
of production, Vhere the goods and services have & market
val.m,‘ actual or estimated, calculation is comparetively
simple,? 1In other cases, however, it 1s usually necessery
to measure these effects in terms of the cost of production
of the most economlcal alternative,

There are some problem areas in the measurement of
direct benefits, In the measurement of benefits deriving
from irrigation, for example, 1t would be extremely mise
leading 1f the effect which inereased production from

2caloulation is relatively simple, but the results of
the calculation might have to be adjusted for divergence
between market and social values as outlined in Chapter I1I,
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Irrigeted lands might have upon government peyments under
& ferm price support progren were not teken into secount,
Even though it may be confidently expected that inereases
in the level of population will ultimately lead to press
sures upon the supply of food and fiber,” present incresses
in egricultural productlon might lead to increased expen~
ditures by government to support the prices of the goods
produced, Bemefits expected to acorue to watereuse projects
ghould be adjusted downwerd sufficiently to account for eny
net incresse in farm price support peyments occesioned by
project formetion,® Sueh an sdjustment 1s not ususlly mede
by eny of the agencies, and thelr benefit.cost celeculations
are incorrect to the extent that increased payments result
from project formation,

Where project development inoreases the supply of a
good sufficlently to ceuse & reduction in the price at
which that good ecan be sold, two problems arise, First,

31011 ¢ A amang 316@.
ol. 36, 195#. m 801. Ervin L,
Golu Sas8d 1, (sa}.em,
’ W’# ) P. 2,

“'ﬂu.a sasustmt wm be necessary only on & net basis
5o long as the govermment is not foreed to store and hold
the producte, If the product is removed permanently from
the market, the benefits from the ineresse in production
will be gero,



there 1s a problem as to the appropriate price at which
to value the output; second, there is a problem as to the
time period over which the price reduction will remain in
foree,

The problem soncerning the appropriate price for
valuation arises out of the faet that the priece of the
new output may vary from unit to unit, For this reason,
nelther the price which would hold in the absence of the
projeect nor the price at which the last unit of output
will sell will adequately reflect the value of the out-
put, Erutille and Eckstein have suggested that:

If the development of e multiple purpose Jeet ine

ereases the supply of a marketable product sufficiently
wmﬂm&ammuatm&zmtmiﬁmbumw
in Mu eells for special treatment

m uimum value of the projeet output., The

ageregate inerement in supply is represented by the

ount which could be eollected if each unit of the
blmk of new output cwld be of mg seperately for
sale at the price it eould command,

To the extent that the demand function is linear, the value

of the increase in output will be approximately that of
the physicel units multiplied by the average prise for
which they would sell, This problem is not resolved by
the agenoy practice of veluing output at market prices or,
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a8 the Bureau does, in terms of a projected price level.
The former method spplies the price which would hold in
the absence of the project; the project price level applies
the price at which the last unit of output will sell, Cur-
rent merket prices will over-value bemefits from incressed
production where this ineressed production results in lower
prices. The projected price level will tend to undersvelue
benefits from this souree,

| The problem concerning the time period over which the
price reduction remaine in force is caused by the fect that
demend suffielent to clear the market of the incressed pro-
duection mey develop without lower prices, but lower prices
mey bring 1t into being soomer.® If this is true, the
price of the product will rise agein s soon as demend
has inereased enough, Hydroelectrie power production
offers & case in point, The per caplte demand for power

in the Pagific Northwest is probably relatively low when
compared with other aress of the country, As markets de-
velop in the Fagific Northwest for incressed quentities of
goods and services, industries will have an incentive to

(Vashing B. c. t Unitea S'batea Gmrmnt ?rinting
Sfeioe, wsé.
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enter Iintc production of those goods and services in the
reglon in which they are demanded, Power is a factor of
production, and as such, its cost enters into production
declsions, Lower power retes meke 1t possible for indus-
tries to begin production in the reglon sooner then would
otherwise be the case, but 1t seems likely that such pro-
duction 1s likely to ocour ultimately with or without the
lower power rates, Thus the period of time over which the
benefite derived from the incresse in production will be
of finite duration,

There are two measures of direct benefits used by the
agencles, the value of inereased production and reduetion
in ecosts, The problem of the appropriate price for valu-
ation and that of the time period over which the price
reduction will be in foree will affeet both messures, A
close epproximetion of the correct price by which to evalu-
ate project benefits from ineressed production under these
conditlons would appear to be the everage price over the
life of the project. Benefits from reductions in costs
will eeerue only as long ss the price reduction prevails.
Since the agencies caleulate the velues of increases and
decreases of goods and services under expected future con-
ditions with and without the project, it cen be assumed that
both of these problems are recognized, although the prices
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used to value these benefits will probably not give an ade-
quate mensure of either the benefits from ineressed produc-
tlon or those from reduction of costs,

Benefits from water-use projecte are limited by the
cost of alternatives, It is necessery, therefore, that
the benefits and costs of slternatives must be computed,
Alternatives to water-use projeets are of two types, There
is Tirst the possibility of obtaining from other sources
benefits sinilar to those which would be yielded by the
project, For exemple, the sltermative frequently used as
& measure of hydroelectrie power benefite is modern pri-
vately owned steam generation of electric emergy.” The
second type of alternative 1s that in which benefits are
secured by using resources differently, in constructing
schools, highways, and hospitels, for example, If net
benefits are to be meximized, & project should be compared
with both types of slternatives, and the net benefits frem
the projeet should be computed as the difference between
project benefits end those of its closest altermative after
all costs have been deducted,

The public agenclies compute the benefits and costs for
the first type of alternative, sofr as it is possible,

%nbemitma‘, "Proposed Practices," gp. git., p. T6.
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In theory, the broadest possible range of alternatives
for any given objective should be considered but it is
recognized that in practice, the range of alternatives
that cen be considered at regional levels may be limited
by the information avalleble at such levels, Also,
there mey be alternative possibilities that are not
known to an agency responsible for project analysis.
Nevertheless, consideration of alternatives on the
broadest possible basis should be given & all levels
of responsibility and necessary information for that
purpose should be exchanged the Federal asgenciles
involved and utlilized at appropriaste levels of project
enalysis and review,
This can be interpreted to mean that both types of alternse-
tives should be considered, It is safe to assume, however,
that present levels of information make it likely that alter-
natives other than those which provide similar benefits are
considered, if at all, only at the highest levels, Atten-
tion should be directed to collection of data and improve-
ment in channels of communication which will enable full
consideration of both types of alternatives,
There is ususlly very little difficulty involved in
the calculation of direct project costs, They are generally
measured in terme of market prices prevalling at the time
the costs are incurred, As indleeted asbove,? there may

be adjustmentes required in these prices to compensate for

81bid., p. 37.
supra, pp. 82-84,
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taxes, subsidies, and tariffs, and direct projeet costs
should inelude inereases in soelal overhesd coused by the

pro ject,
C. Indireet Bepmefits and Costs

Indirect benefite and costs are generally defined as
benefite and costs in aetivities stemming from or induced
by inereased production made possible by the projeet. In-
direct benefits in irrigation, for example, are held to
be the "velues added by transporting, processing, and dis-
tributing the added farm products from the project, plus
any velues added by other activities stemning from or in-
dueed by the project,"lC These benefits are usually meas-
ured by the difference in net income in secondary sctivities
under expected conditions with and without the pro ject,

Use of the "with and without" measure gives expression to
the indirect costs of handling the inereased output of the
pro ject,

wsmmmxsm, “Proposed Fractices,” gp, git., p. 40,
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1, Changes in National Income

As indicated sbove, indirect benefits and cosis are

ususlly assumed to be reflected in changes in national
income, and, if merket prices can be assumed to reflect
opportunity costs, these changes will be in real terms.
An ineresse in real national income may teke two possible
forms: first, employed resoureces may be shifted from leas
to more productive uses; and, second, resources that would
otherwise be unemployed might be put into use,

The productivity of resourges cen be increased by
glving thez & more plentiful supply of complementary re-
pources with whieh to work. This sepect of the water-use
project is of conslderable significance to reglonal develope
ment, As Krutille has pointed out, the multiple purpose
development of the Tennessee River produced a considerable
shift in the region's resources supply schedule by inereas-
ing the output of power in the ereaj while development of
an inlsnd waterway and 2 water control program inereased
both the supply of low-cost water transport and of high
guality processing and ecoling waterstl A1l of these are

1130hn Ve Xrutina. "Criteris for Evaluating Ragianal

Development Programs,” %5gg%ggn Ego ggagg :
and Proceedings, Vol, X 0s 2, May, 1955, pp« 1 ™
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bagle inputs in the chemical industry, and investment in
facilitles for productlion of chemicals in the Tennessee
Biver ares has expended at a rate sbove that of the nationsal
average.l? This ineresse in complementary resources has
led in this instance, and should gemerally lead, to more
effective use of other resources, and %o shifts in pro-
duetion to improve the quality and type of goods snd ser-
vices produced, This should result im ilmportent indirect
~benefits to the erea, These will usually be largely of

the stemming from variety of indirect benefits,

In meny cases project development might meke 1t pos-
slble for rescureee to be placed in employment which might
not otherwise be availsble for use, Irrigation faeilities,
for exemple, which are used to inerease production of green
beans might cause bean growers to draw upon school-age
children as & source of labor supply. Sinece this work is
of & highly seasonal nature and of relatively short durs-
tion, these leborers, not otherwise interested in mt@ﬁng
the lsbor merket, might be attracted to been pleking.

Employment of resources that are mamtl.y unemployed,
but would otherwise be in the labor market, will lead, also,
to an inamge in real national income, Both of these

121p14,, pp. 128-129,
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employment effects will take the form of induced by bene-
fits. It 1s worih noting at this time that stemming from

benafits and costs are a form of supply effect of the
projeect, while induced by benefits and cosgts are & form
of demand effect.

a, Stemming from benefits
The indireect benefits which are generally presumed to

stem from a project are those which acerue in connection
with processing of immediate products, Stemming from bene-
fits erise from the increased flow of goods into the general
economy resulting in ineressed duppliua of goods as factors
of production and as consumer goods, Thies type of indirect
benefit is related to the “"pecuniary external economies"
diseussed by Tibor Seitoveky,'3 and to the finsncial inter-
dependencies discussed in Chapter III above,

3, V, Ciriacy~-Wantrup contends that "such benefits
above all secondary costs guickly find expression in the
demend for processors for the immedlate products of a project”

13T1bor Seitoveky Concepts of External Econo-
nies,* Journsl of Tollbloel Eaonemps Vel. LXIT, Aprit, 1954,
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in competitive merkets,l# This lesds him to believe that
caleulation of this type of indirect benefit will lead to
double counting beceause an estimate of the demand function
for immedlate project products in one of the first steps
in benefit-cost analysis, It is probable, however, that
the demand analysis which he refers to is less compre-
hensive than he imagines, The ealoulstion of direct effects
in this énalyain goes no further then caleulation of the
velues and costs associated with the immediate products,
It does not concern itself with the side effects involved
in processing those products,

It has been argued that some types of agricultural
processing industries are faced with indivisibility in
production, which, where the market for output, or the
supply ares, ls not sufficiently large to support 2 number
of such industries, will cause & decline in competition,t5
Wantrup orgues that, even under these conditions, the
monopoly profite that might occur to the processors would

149. V. Cirisecy-Wentrup, "The Role of Banofitueast
Analysiu 1n Puhlie Re aufgz Buvelapment, gg..' 280Nrees
ggg : po ' 3, Reproduc y Commi ttee un tha

onomics er Water Renoureea Dwvelapaant of the Western
Agricultural Eeconomic Research Council, December, 1054,

157onn v, Krutilla and Otto Eckstein, op. elt., p. 57.
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be of only short duration, due to the effect which increased
quantlities of the commodities in question would have upon
their prices,l6 He is probebly correct in this comelusion,
but thils seeme to indlecate merely that stemming from bene-
fits should be calculated along the lines of the "once over"
type of anelysis discussed by Harrod,»7 not that they should
be lgnored,

b, Induced by benefits
Induced by benefits are those indirect benefits which
result from inoressed purchases mede by firms snd indivi-
duals in the project ares &s & consequence of project in-
vestment, The mejor problem in caleulating this type of
indirect bemefit lies in the fact that alternstives will
generate induced benefits also, It is necessary, then,
that care be taken to distinguish between induced benefits
with and without the projeet, If it can be assumed that
unused capacity exists, the net induced by benefits (net
above those produced by slternatives) may be substantial,
If no unused capacity exists, the magnitude of these net

168; V. Cirecy-Wantrup, op. git., p. 24,
lvR* F. _ mi g ‘ §
HeeMillan and Compeny
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induced by beneflts will largely depend upon the ability
of the project to stimulate purchaging in the area o a
greater extent than would follow from slternstives, Some
projects willl be much more effective in thie respeet than
others,

2, Critique

The Bureau of Reelamation 1s the only agency concerned
with weter resource development whiech ealeulates the value
of indirect benefits through direct ealeulation, The other
agencles caloulate indirect benefits as & percentage of
direet benefits, The percentage used for this purpose is
usually ten per cent,l®

The Bureau of Reclamation caleulstes indirect effects

aa?

+ + » the costs of further p@u&tﬁaing ar the immaﬁiata
ts or services of the pro , :

pro ant and assocliated costs, st

by pro ject 19

In other words, they ecaleulate both stemming from and induced
effects, As pointed out above,20 stemming from benefits are

185r, Pamel of Consultants, op., git., pp. 23-28,
xg&ﬁbeammit%ﬁn, "Proposed Practices," op. git., pp. 8-9,
20sypra, ». 107,
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& type of supply effect; while induced by benefits are &
type of demand effect, To the extent that supply and demend
is & elircular process, a poliey of evaluating both effscts .
results in double counting, It would seem, therefore,
that 1t would be proper to evaluate one or the other, but
not both., It might be added that this does not preclude
the use of both types (there are undoubtedly situstions
‘where the use of one might bs preferred over the other),
but both types should not be caleulated for the same process,
In cases where both are caleulated, the proper benefit fige
ure to apply would appear to be that of the smaller, where
they differ,2l ginece only the smaller of the two will present
a mal.iutm pleture of indireect benefits,
Xt follows that the composite effect of benefits
mmg from" the mut and the benefits "in-
duced by r« are not &wtzw; a 107 increase
in amzsd p&.ﬁa 2 107 increase in supply creates &
10f inerease in naetionel real income, not a 207 as
would be the result if the two were added tog%ham
Mu s.c & real possibility that either supply or
‘be the offm.’m limit: factor in the

s.mmu national reael income ‘or example, &up-
pose & 104 increase in supply wi%h a 74 in#mz» in

‘21;;. . xum, "Mmuan ot amry amenm ar
m‘b&m@u mswta liat irees and Economie Develop-

anmm Malmmt of m maimm‘ miwlwml Ewﬁmim
Research Counell, Berkeley, Californis, 1953, p. 53,
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demand, or a 10% inerecse in monetary demend with e

7% inerease in physical supply; in either case the

resultant will be a T7¢ inerease in aggregate veal

income, 22 _ .
The cholece as to the appropriate side from which to approach
meesurement of these indirect bmmw will be largely
determined by the stage of development, Induced benefits
will probably be larger than stemming from benefits during
the earlier stages of produetion, During the operatlionsl
stege of the projeet, however, it seems likely that stemming
benefits will excesd induced,

~ The method used by the Bureau of Reclamation for cal-

culating stemming from benefits involves essignment of &
factor representing the total velue of margins produced
by the processing snd marketing servieces, from the project
to the consumer level, to each impertant project product.
This hes & tende y to place an upward biss on the benefits
aceruing to project ‘ma;ueta invelving considereble pro-
cessing, and & downward biss to benefits from those which
do not inveolve so much processing. v

For cotton the "velue added" with present procedures

mounts up to six times the farm value of the rew cot-

‘ton, chiefly because it ineludes the values added by

making it into fabries and sueh finished products as

. dresses, and marketing them, The erop in present pro-
cedures is sllocated between domestic use and export

221,19,
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on the basis of average national proportions, so that
moet of the ecrop ie in effect assumed to be made into
finished products such a8 dresses; whereas the mar-
ginal use, which 2 rs pertinent for thie purpose,
is presumable azpaggzaﬁhiah adds 507 to the value of
rav cotton instead of 607 as is the case for 1ts being
made up into dresses, Or the marginal use might be
idle storage, On & "with and without" besis, 1t seems
clear that these cotton dresses would be mede in any
case, It appears that "stemming from" calculations
should &t lesest stop short of the fabriecating process
in whieh the velues added considerably exceed that

of the project grown materials, . . method fol-
lowed distorts the relative gains from dlfferent

crops in favor of those requiring much proaosnznin

or handling before reaching the consumer, as against
such thinge 8s dairy products or fruits and vegetables
sold unprocessed, <0

It 1s probsble that this type of ealoulstion leads to over-
statement of benefits from irrigation projects and to some
distortion as between relative benefits from products of
such projeets, This could be corrected elther by stop-
ping the ealeulation short of the final stages of produc-

V tion ae supgested sbove or by caleulating the stemming
from benefits only for the mejor products of the project,
steting them as an average,

In all eases, however, these effects should be cal-
culated both with and without the project. It is probsble
thet alternatives by which agriecultural purposes can be
evaluated may be lacking, although Rudelph Ulrich has

23%&3 Pe 55
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suggested that alternatives may be found in other areas,
es distinguished from the project aree.?4 He sugpests
that the proper slternative by whieh %o compoare irriga-
tion effects in the Northwest might well be application
of fertilizer, etec., in some other part of the country,
This is, however, an overly-simplified approach, since
‘a&eh,prujact and each method mrvlnera&uing output will
normally demonstrate unique charseteristics which nay
lessen comparability,

The with and without messure of indirect benefits
le, however, somewhat more al«nrwaﬂtw#a regards some of
the other purposes with which develepment 1s concerned.
For flood control, navigetion, water supply, and electric
power, for exemple, 1t is rather certain that alternstive
solutions are aveilable against which concrete comparisons

| can be made, In the area of electric power generation,

considering the over-all power shortage (particulerly in
the West), L1f hydroeleetric resources are not utilized it
is probeble that steam power will be developed, In other
words, electric power will probsbly be fortheoming from

Mauteish Uirten, *Alatiee osts snd Benefits of
Land ﬁaelawathn in the Humid Southeast and the Semi-Arid
%@3%, J um.yw ,‘ M zeonomics, Vol, XXXV y B @bm&ry s

1953, pp, 62-7:
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one source or encther, This providee an lmmediate yard-
stiock against which to compere the indirect beneflts with
‘end without the projeat. The same corollery seems to apply
to the other purpose¢e mentloned above, The difficulties
relative to biss smong produets are of primery coneern

for problems of nmyumt. The aspect of most importance
to the economiec anslysis will be the degree of accuracy
with which the with and without measure will value indlrect

effects, ;

In 1952 the Chalrmen of the Subcommittee on Benefits
and Costs, in a letter to the Chalrman of the Federal Inter-
Agency River Basin Committee, suggested that indireect effects
might be used for economic justification of projecte in
cases where the primary otf“uta with the project would be
greater then the primery effects to be expected with alter-
natives, ’

The svbcommittee re zes that secondary benefits
may be properly credi ¢ to a project for the pur-
poses of an economic m:mu when primery pro-
duetion of & project is greater then the primary pro
duction to be expected from alternative use in mgmal
enterprises of that part of the projeet~required re-
sources which can be reasonsbly expected to be used

in the absence of the project, As an expedient pro-
cedure to meet the jate needs of AWRBIAC for
evaluating the net returns in secondery activities

thet would stem from the primary production under such
conditions, the subcommitiee suggests that en arbitrvary
factor of 10 pcr cent be applied to the value of the
inerease in agricultural products sold by the farmer,
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and Ine yaius of ihs 10eenss In eiher Rroject nredests

of the secondary DeReFINe Sreditable 36 & yrejectsis
Thls appears to be impllelt recognition of the two facts
regarding indirect effects, First, indirect effects should
constitute an addlitional Justification for project develop-
ment where it can be showm thet these indirect effects
would not have ocourred in the ebsence of the project.
Second, the techniques for measuring these effects are
not suffieciently sdvenced that a relisble statement of
thelr value cen be made at present,

There is, however, & danger in applying en arbitrary
figure on a percentege basis, Indirect effects may vary
widely from project to project and from purpose to purpose.
There 1s at leest the probability that an estimste of
thelr velue made upon the basis of & percentage of direct
effects would leaed to error as,anrﬁly as would current
attempts to caleulate thelr actual value, If such an arbi-
trary stendard should eome into general usage, the incentive
to develop improved technigues of measurement would be

absent, On this basis alone 1t would seem preferable that
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indireet effects should be computed, and that they should
be considered as contributing to aﬁumm justificetion
in 21l cases where eatmtu s to their worth appear to
be Jmtiﬁ.o&.

DQ"

Inmgiblb bmﬁ.ta and costs include all of those
benefits end costs %M&MWMun ecen be
assigned, All of the agencies involved in water resources

dmfmmns use a deseriptive method for expression of
these effects and do not inelude them in benefit-cost eel-
mtim for purposes of determining economic Justifice-
tion, Intengibles may, however, be included for ranking
purposes, The Subcommittee on Benefits and Costs concurs
in this method, as does the President's Water Resources
Poliocy Commilssion,

ok mewmm%mm

dleated,

As Warren CGremm hee pointed out, however, this type of

“mzma*s Water nmweos Peu cmiasicm

s Cut States Go - nment £Fri

Ds 56»
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presentation makes 1t likely that intangible effects will
be lgnored, since they cannot be treated with the rigor
demanded by the teehnicel mind,>7 |

Some types of intangibles can be measured indirectly,
in terms of physiecal units of use (men hours spent at recw
veation, using preject facilities) or by means of license
peyments and fees assessed, In other cases, where neither
of these ls eppliceble, intengible effects are sometimes
assumed to be equal "to the sost of installing, operating,
end meintaining speeifie recreational faellities, plus an
equal esmount considered to be the value of the benefilts
attributeble to reereational use of project facilities
provided for purposes other than recreation, "28  mnese
are plainly measures which yield, at best, roughly approxi-
mete figures, This would appear to be & case in which an
educated guess is to be preferred to no guess at all,
Preservation of natural or historiec sites, development of
recreational fecilities, and fish end wildlife conserva-
tion een, by these means, be placed on the record and ean

i ngmwsitgr;z, "Lmuum;s of the Theory of
Fira for Wa ource Anelysis,” Lend Eeonomies,
Vol, XXXIV, Ne, 2, May, 1958, p, 119,

28gubeonmittes, "Proposed Practices,” op. git., p. 51,
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be glven at least a proportionate role in development
plans, As Wantrup has stated:

Whether the economist likes it or not, evaluation of

these items (and also dismissal of such evaluation)

is already a part of the politieal process, It is

difficult, for example, to piek up a report of fish

and game departments uithnut finding some attempt to

evaluate, One may have professional doubts about

some of the procedures being used, Still, these

attempts should be encouraged,2?
The soclal values represented in intangibles are, from one
point of view, the justification for public resource develop-
ment, A publie ageney should be required to take these
values into account and to make them & part of the economiec
analysis, In this case, as with indirect effects, tools
for measurement can be developed only through applieation,
Inclusion of intangible effects in the results of benefit-
cost analysis is unlikely to result in greater error than
exclusion, and, with practice in calculation, greater acour-

acy might be attained.

E, Texes

In Chapter III the problem of adjustment to prices to
offset the effect of taxes was discussed, It was suggested
that such en adjustment would be required if benefits and

293. V. Ciriacy-Wantrup, op, eit., p. 21,
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costs were to reflect socisl values, Taxes are discussed
here as 2 cost to the project. If a project is developed,
thearea of land upon which project facilities are constructed
is stricken off of the tax rells of the region in whieh the
project ls loeated,

Only two of the four agencies involved in water resource
development meke sny allowence for this tex loss to the com~
munlty, The Corps of Engineers assesses an ennual charge
against the project, over the entire period of enslysis, to
cover the loss of taxes to loeal taxing agencies, If the
local agencies derive any revenue from reservolr rentals,
the emount of this revenue is epplied as an offset against
the tex loss,’® The Federsl Power Commission makes sn
ennuel charge of 1,40 per cent of total investment as en
ellowence for local tex 1ess,’: The Department of Agricul-
ture end the Buresu of Reclametion make no ellowsnce for
tex losses under the sssumption that incresses end decresses
in tex revenues will offset one another, that 1s, they assume
that the projeet will cause property velues to rise to such

Psubcommittee, "Proposed Practices," op. git., p. 81,
pia.
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an extent that taxes on the inereased base will offset the
original loss,’2

The taxes with which the agencies are concerned are
slmost exclusively property texes,”> 8o there is probebly
some justification in the approach of the Department and
the Buresu, As Regen and Timmons have pointed out, adjust-
ments in tax peyments should normally have the effect of
lowering retes to power users,?* This, combined with in-
creased tax ylelds due to increase in property values,
plus the stimulating effect on production and income from
increased utilization of projeect facilities and output,
would tend to offset losses in government tex revenues,35

The extent to which property tax allowances are used
in the enslysis, however, will affect the type and size

b ST

”Mn; Pe 304

3yarkc M, Re end John Timons, "Current Concepts
and mim 1n ; t«cut &mh o!' _ustuml aouméo

the Wu%m ‘ mmnies Research Counec!
aer!:elay, M m&a, 1953, p. 13.
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of development, If tax allowances are relatively high,
those projects with low initial investment (emaller proj-
ects) will be favored, Lower tax sllowences will favor
those projects with relatively high initiel costs, end
the scale of development wlll be eorrespondingly higher,

F, Selinity Control

Salinity control is mm;w as & beneflt by the
Corps of Engineers, the Bureau of Reclamation, and the
Federal Fower Commission on the besis of the value of damage
prevented, lneressed use made possible, or meintenance veonta
evoided,’® Thie is & questiomsble practice since it results
in doublewcounting of benefits, Benefits from irrigation,
from domestiec water supplies, and for ecooling and processing
weter, aecerue ss 8 result of application of water to specifiec
purposes, If the water has & saline eontent, the benefits
from that spplication will be reduced, If benefits from
project purposes are calculated on the basis that reason-
ebly salt-free water will be applied, salinity control be-
ecomes o cost of production, not a benefit, Since the agen-
cles usuelly measure benefits from weter-use projects on the

3 suboommittes, "Proposed Practices,” 9p. git., pe T7T.
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assumption that these bemefits will contimue over time,37
the implication is that relatively salt-free water will be
provided. The effeect of ealeulating salinity contrel bene-
fits is, therefore, to count the same benefits twiece, once
from the use of salt-free water, again from the provision
of salt-free water,

G. AdJustment for the Level of Economie Actlvity

All of the ageneles spply & correction to the results
of the benefit-cost enalysis for benefite from increased
employment caused by construection of a projeet during per-
lods of depression, This adjustment tekes the form of &
percentage reduction in eosts, the percentege by which
coste are reduced depending upen the percentege of uneme
ployment at the time the project is constructed.3S

The Subcommittee on Benefits and Costs recommended
to the Federal Inter-Agency Committee that an edjustment
in the results of the benefit-cost snalysis be made during
low levels of economie aetivity, |

Mg, Ds 25,

38;; RQ Gl&l‘k, M. M. Kel!a, &nd. E. G‘!‘&'ﬂt, W n

L of ZSonsy Jures .ﬁﬂgﬁm
nd g e&§§1 rauss, Com-

Washington, »* ST Maited States Governsent
Printing ernee, 1952). PP, 30-33,
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Except in unusuel cireumetences projects should be
formulated and anslyzed under the assumption of a rela-
tively high level of resource ent, Adjustments

§§§m“3§’m§ma:§&mem 'gf czm”tmignr::

expected to be undertaken during a period of relatively

low economic activity,. |
Sofhr sz this recommendation goes, it is sound, There is
little doubt that ald provided by a project in redueing
‘relief costs and mmplnmt compensetlion would constitute
& direct project benefit, The stimulating effect whieh &
project would have upon lncomes and employment in general
would alse be likely to result in additional indirect benme-
fits, which are computed, however, only by the Buresu of
- Reclamatlon, which caloulates labor and capital'’s share of
added incomes measured sa part of the beneflts rm agricul~
turel production and from power,40

The basle asmumptlon of benefit-cost analysis is that

the cost of resources used in water resource development
can be measured in terms of the most favorable slternative
uses to which these resources can be put, During periods
when resources are relatively fully employed, market prices
can be aspumed to measure these alternative costs with some

39suhwm1ttou-, "Proposed Practices," op. git., v. 28,
“QM‘, P+ T8.
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precislon., The Subcommittee recommendation eand the prece
tlces of the agencies are based upon the additionsl assump-
tion thet, during periods of relatively low economic esetivity,
' the reduction in or lack of alternstive uses will warrent
some adjustment in the market price ewaluation,

- It is questlionable whether an adjustment which is con-
cerned only with the effect of direct lsbor used in the
project™! will sceuretely reflect the changes in alterna-
tives, There is likewise no hint as to whether the eriteria
for sppliestion of an adjustment foctor 1s to be that of
regional or general unemployment; nor is there any indlea-
tion as to what the appropriate level of unemployment would
be for application of the edjustment.,

The Panel of Consultents suggested the use of & sliding
seele of offsets, ranging from plus to minus acecording to
the state of employment at the time the project is scheduled
for construction,’® Insteed of being based upon the percen-
tage of unemployment (the measure now used), this secsle
would be based upon the mﬁm of resources used in the
projeet which would be drawn from unemployment rather then
from other uses, Vhen mplmem is heavy, this would

Mipid, . 28,
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probably be more than the averege percentage of unemploy-
mnﬁ. When unemployment is light, the percentege upon
which the scale of offsets is based would be smaller than
the average of unemployment, approaching zero when unem-
ployed reserves approach three or four per cent,’?

A seale of thie type would have the sdvantage on an

area or reglonal basis, depending upon the location from

which resources would be drewn, Glven appropriate date on
& reglonal beasis, a much higher degree of preecision would
obtain for the adjustment factor than is obtained through
present methods, Much more dAifficult to assess would be
the diffused effects of the project beyond the borders of
the aree or reglon in whiech the project is located, It
ig likely that thelr values ecen only be epproximeted

It must be emphesized that the adjustment for the level
of economie activity epplies only to the construetion stage
of a project, not to the effects of its continued operation.

5. gost Allocation

There are two reasons for allocation of costs among
the purposes of water-use projects., The firvst relates to

‘Q‘SM" Ps 33
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economic feasibllity of projeet purposes, A projeet pure
pose can be sald to be economicelly fessible when the cost
of ineluding the project is exceeded by benefits derived
from 1ts inclusion, The second resson for oast alloeation
lies in the necessity for doming finanelal fessibility,
whieh requires that those individuals whe benefit from
project formation bear the c¢ost of providing those benefite,
Costs are allocated emong the various purposes of a
projeet on the basis of the 'QM'Q costs-benefits
vemaining” method,** By this method the separeble cost
of ineluding eseh purpose in the total projeet is deter-
mined by finding the cost of the project with and without
the purpose,
Separable costs include more than the direct or spe~
es.rie costs of phzniomy identifiable facilities
, mly one purpose, such as an irrigetion dis-
on system, They also inelude all added costs
a&' mmoa size of structures and changes in design
for a particular ptm over that required for all
other purpeses, such as W cost of incressing reser-

capacity, effect, separeable costs
from & w;m.m of mioat estimates, each

Whg the @Mﬁ&ﬁ. purpose project with one

The separeble costs of each purpose sre then subtracted
from the total benefits of that purpose, following which,

”’smmtm, "Proposed Prectices,” op, git., p. S54.
“Smia.
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the joint costs are allocated smong the purposes in the
retio which the total joint costs bear to total remeining
benefits, Thus, 1f totel jJjoint costs are ninety per cent
of total remaining benefits, each purpose will have allo-
coted to 1t Joint costs in the amount of ninety per cent
of its sepersble costse,

1, Cost Allocation and Economic Feasibility

The ageneles recognize the fmet that allocation of

Joint costs 1s not required for determination of economie
feasibility.

The only costs which are relevant for purpe

Alloeation of project costs mey be desired for various
edministrative purposes, However it is usually neces-
sary in the economie anelysis only when public poliey
mmimtimtwrwmgwemmm or
services of the pmjws ghall be based upon costs in-
curred therefore

gses of economic

feasibility are those costs which scorue to a purpose

specifically, namely, the separeble costs of that purpose.
Hot only is allocation of jJoint costs umnecessary for eco-
nomic feesibility, i'h may result in impairment of economic
efficiency, The following example 1llustretes this point.,

11,
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Let us assume that joint costs are proportionsl to
separeble costs and will be so alloeated. T 1In this cese '
& purpose with relatively low remeining benefits could be
elimineted from the project if & jJoint sost allocation
proportional to its separable costs were mede to 1%, end
net benefits would be reduced, Suppose, for mm:pla,
thet the projeet has two lpm-pmm, power and flood control,
'with jaiﬁt costs of {300,000, sepavable costs for power
end flood control respectively of {375,000 and §325,000,
and remeining benefits of §500,000 for power and 100,000
for flood control, If joint costs were slloeated on the
basis of the purposes' separeble costs, flood control would
be ellosated sbout forty-six per sent of total soint costs,
or 013&@6601 This pur@aun uwuzé no xangur be taaaibla,
in spi‘h of the fact that net benefits with the purpose
would be m.wa end only §200,000 without it (power only
costs ere (675,000, and power benefite are §875,000).

In projects eonteining structures which are used by
some purposes but m by others, the costs of those struce-
tures become separsble costs for those purposes which require

WMN is at lmt a8 much basis for the assumption
that joint n?ﬂa are proportional to separsble costs as for
:ge agencles' sssumpt: on thet joint costs are proportionsl
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them rather than jJjoint costs for all purpeoses, So long
es the benefits from those purposes which use those strue-
tures exceed thelr separeble cost plus Joint costs, that
group of purposes will be economically feasible,

There asre, then, three criteria for economic jJjustie
fieation, First, benefits for the project as 2 whole must
‘exceed costs; second, Wmu for individusl purposes
must exceed costs; and, third, benefits for groups of pur-
poses must exceed ooutt; The project as & whole must
rétum benefits in excess of totel costs, as must groups
of purposes, The individusl purposes need return benefits
only in excess of thelr sepersble costs,

2, Cost Allocation and Finanelal Feasibility

For purposes of finaneial feasibility, a system of
cost alloention must be found which will insure that bene-
ficlaries from publie resoures development pey for the
benefite received, The Subcommittee assumes that hene
ficlaries should pay the cost of providing those beneflts,
Cirisey-Wantrup suggests that the proper peyment is for
the sssessable bemefite snd not their costs,’® If individual

#83‘ V. Cir wu'~wanirup, ”Econsmie Analyais of Water Re-
sources Policles,"” Woter Resoure Eeonomic Development
West: Re mﬁiéh,g ods and oI C nge o

355&?% tee on the Eeo ' We, or fonouroea Development of
the VWestern A@riaultural Foonomies Research Couneil, Berkeley,
Californie, 1953, p. 29,
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beneficlaries are to pay the fm&;& of providing the benefits
vhich they receive, some method must be found of allocating
Joint costs among the purposes in & mamner which reflects
the pert which they add to those coste, The method pres-
ently used probably does not accomplish this, If benefl-
claries are to pay for assessable benefits, more may well
be paid for a project than its costs, in one cese, and

less than 1ts cost in enother, Neither of these results is
desirable,

It is probeble that the most aeceptable solution to
the problem of allocatlion of jolnt costs may be the appore
tlomment of joint costs to each purpese in the ratio of
estimated cost of facilities required for eech use in re-
mim to the sum of estimeted coste for ell such facilities,
This is edmittedly an arbitrery messure of the Joint costs
attributeble to emch purpose, but it does have the advent-
age of relating cost allocation to the scale of &evem?
ment of each purpose, It seems probable that costs, both
separeble and Joint, will beear & closer relationship to the
seele of development then to benefits, |



. CHAPTER V

PROBLEZNS OF TIME: PERIOD OF ANALYSIS
AND THE PRICE LEVEL

A+ Iniroduetion

The usefulness of the benefit-cost analysis depends
upon the abillty of the public ageneles to express bensfits
and costs in comparable terms. Benefits which acerue at
the same point in which the eosts invelved in obtaining
those beneflts are to occur are readily comparable. All
that is required for eomparasbility of immediate benefits
end costs ls knowledge of current prices, which would be
readily obtaineble in & merket situation.

Benefite which are expected to follow onlj after a
conglderable time has elapsed will complicate the prob-
lem of comperability. In such a situstion, sttention
must be directed towards the problem of expressing the
velue of those future benefits in present terms, This
involves two basic problems; determination of thn price
level whioh might be expected to prevell at the time the
benefits occur, and selection of interest and discount

rates and riek allowances whiech will glve monetary
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expression to differences in time and certainty of occur-
rence of benefits and costs, The price level will estab-
lish the value of benefits and costs at the time they ocoury
the interest and discount rates and risk sllowances estabe
lish thelr values in the present, Discussion of the
interest and dlscount rates end risk allowences is reserved
for Chapter VI, |

In this chepter sttention is directed at the follow-
ing sapects of the benefit-cost anelysis: (1) the period
of anelysis, as determined by the time period over which
net benefits are expected to scerue to the project. This
will determine the time periled upon which the price level,
interest and dlseount rates, snd risk allowances will be
based; and (2) the cholce of the price level by whieh
benefits and costs will be measured for purposes of come
parison,

411 of the public agencles have established meximum
limite to the duration of the period of anslysis except
the Department of Agriculture, The Corpe of Engineers
and the Federsl Power Commission assume that none of
their projects will have an economie life of longer than
Tifty years, The Buresu of Reelametion has set one-hundred
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years as the meximum economic life of its projacta.’. Only the
Department of Agrleulture considers its projects to have
perpetual life, These are, however, mima.‘, In cases

in which projects are expected to have shorter lives, the
 shorter time period is taken as the period of anslysis,

It sometimes seeme incongrous, when one looks at ihe
physleal pleant of a large-scale water-use project, to learn
that it 1e expected to have an economically useful life
 of only £ifty to one-hundred years, It would seem, on the
face of it, that such a structure would continue to pro-
vide net benefits far in excess of these time periods,
mmmmMMwmuMWbmem
ment of Agriculture, Aectually, however, there are both
physical end economle forces which will operste to limit
its economie life,

klimm,m some terms which will prove useful in
discussing the problem of the peried of enalysis,l

Ussblo storege is the totel capacity of the reservoir,
Due o technical and physical limitetions, ell of the
water stored in & reservolr cemnot be drawn off when needed,

: 17‘1:“0, end other terms, are to be found in the
glossary at the econeclusion of the chapter,
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Useful storese is thet pert of the capacity of a
wveter-use reservoir in which water csn be stored end drawn
off a8 needed for consumptive uses This will be a smaller
part of totel capacity, and hence, will be less than usable
storage, execept for flood control purposes

Irimery power is that amount of power whiech can be
pmm during all time periods, A hydroelectric plent
which relies upon run-through water can produce continu-
ously orly that amount of power which ean be generated by
the Mﬂﬁhﬂﬂﬂ%ﬂﬁfﬁﬁﬂ.f&ﬁwu. Construetion of a reservoir will
increase the amount of primery power by ineressing the
supply of water svallable for use &&ring periods of minimum
streanm flow,

sgcondary power ls power In excess of primery power
end 1s available only during certain peek production periods
(any time stream flow is above the minimum end in excess of
reservoir capscity).

1, Siltation and Its Effect Upen
the Economie Life of a Project

It has been estimated that many of the reservoirs of
large seale water-use projeets are losing from one to five
per cent of their eapacity each year due to siltation, the
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result mainly of soll erosion on sgricultursl and renge
lands,® As Hugh H, Bemnett has pointed out, "In our present
economy, 1t 1s not generally practicable to clear & major
reservoir of sediment once 1t has filled up."> This meens
ﬁmt, once a reservolr 1s sllt clogged, the economic use-
fulness of the reservoir can be considered as ended. The
rate at vhich a veservoir sccumuletes silt, therefore,
playes an important role in . the economie life
of & project, The expected economic life of & projest in
turn determines the length of the period of enalysis, for
T LR S
gﬁ?ﬁr !a:m mw ' the estimated economic
Reservoirs, hmmr, vwhich are of equal size but are
amimoa to serve different Wu are not msenputsle
w antat&m M@p in the seme degree, even when mwiving

‘*’m B, Bm, w Sontral r Siltine, Fore-
word hief, : stion Cervice,
Misecel mzmm Ho. Vuhm%t De Cut
United States Covernment mm.ing 9#3 o 33,

Ibid, p. i1,
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the same incoming load of sediment, A power project, for
exemple, le demeged by siltatien only to the extent that
its full usefulness depends upon storege, and then only
when siltatlon oceurs cbove the lowest level of drawdowm,>
Posltloning of the intake valves and flumes will determine
this level. If silting ocours sbove this level, the capa-
elity of the reservoir for storage of high water flows is
diminished and the minimum constant flow of water is dew
ereased,
Thie loss progresses until & point is reached at which
the storage space behind the dam 18 no greater then
the space occupled by the original stream channel
within the original reservolr area, With all storage
cepacity , the power plant then has no preater
resourses to &nr on, sofhr as the reservoir is_con-
eerned, than the a.nhn.-bmo natursl stream flow,®
Except for some of the larger multiple purpose projects,
a reservolr of sufficlent size to impound the full natursl

5’£hmv :u o:lar ypes of sediment ;;mseﬂ. rg’ OX~
u?;o' ebrasion of turbines, This type of damsge 18 g o
elly lower when weter pesses Wa sizable uxmmgj.ng

reservoir than for power uyimmtlmﬁa
water, If the reservoir u%&«& to the extent that
the dead water storege level is substantislly reduced, the
ineldence of this type of damage rises at a faeirly sherp
rate, Silting below the dead water level will, however,
cause no damege in this respect, It is likely, therefore,
that the economic usefulness of a reservoir will be prac-
tlieally over before this tz;on of damage becomes & serious
problem, S1ilt demege due to ¢l of intake valves and
mp:aaggma to be in the seme class, Carl Brown, op. git.,
PP 12«20,

6rbid,, p. 15,
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flow of a stream would be unecononic,’ For this reason,

~ power plants are seldom designed to utilize thé streen flow
in 1%s entirety. This mesns that ell naturel flows in
excess of the capacity of the reservoir will be lost over
the splllvey or used in the production of secondary power,
If the reservolr is silted te any degree, the loss :of watar
from the reservoir will be equal to the natursl stream flow
plus an emount of water equal in velume to the 811t in the
reservolr mimus the unused storage cepacity of the reser=
voir,?

Tibid., ». 15,

4 Blct us suppose that the full naturel flow of a stream

is 43,560 cuble feet per second, Water from this strean
would enter a storage reservolr at the rate of one aere

foot per second, This is the equivalent of one acre of

weter one foot D« Thls means that 86,400 sere feet

of water will enter the reservolr in a twenty-four hour period
et full naturel flow, A reservoir designed to impound that
natural flow for a four month peried would have to have &
capaelty of 10,368,000 aere feet, The total storage of all
of the mmirs under construetion in the Ohlo River Basin

’m amount of water lost cen be computed in the follow-
Lﬁmeu If it 1s assumed thet e reservolr hes an annual
siltation rate of two sere feet, and o eapacity of 80,000
aere feet initlally, ot the end of one year the nmity of
the reservoir will be 79,998 acre feet. If the stream has
& natural flow of 21,780 o,f.8, and the unused ecapacity of
the reserveir is 22,000 acre feet, the loss of water in &
twenty-four hour period will be ai,m acre feet,
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If this spillway loss is tolloweg by 2 low runoff
perled durlng which the stored water 1s drawn off to the
lowest possible level, the loss from silting can be meas-
ured in terms of the kilowatt hours of electrical energy
which water equal in volume to the sediment in the useful
storage area could have produeadslo _

There will be a loss due to siltation, then, during
those perlods when the reservolir must be drawn down to its
lowest feasible level to supplement a stream flow defi-
elency. There will, however, be a loss additional to this
since continuity of productlon provides the distinetion
between primary and secondary power, and since primary
power has s higher sele value than does secondary power,ll
The actual loss from sedimentatlon would best be messured
by the differende between the sale velue of a higher rate
ot'pvaéuetion of pr&@ary paw§r~ann a law;r rate of pro-
duction of prigary:pawer, less the seale value of secondary

0m14., pp. 1516,

llaohn Erutilla and Otto Fekstein, op. g¢it., p. 67.
They suggest, in fact, that the velue of seecondary power
may approach zero at times, if it is produeced during periods
of slaek demand, e |
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power produced during periods of greater flow.12 The
rate of production of primary power declines in direct
proportion to reduction in storege,l”

Those projeet purposes which are related to the pro-
via;on of a supply of water will be damaged by siltation
to thé extent that it reduces storage capescity below the
minimum level required to safeguard the continuity of the
supply necessary to sechleve the benefits expected from
those purposes, This minimum capacity would necessarily
ineclude en amount of water sufficlent to meet reasonable
expected incresses in needs plus & reserve for unexpected
emergencles, as well as an amount adequate for the needs
originally intended to be met., Projects constructed with
capacities in excess of this combined amount could, with
Justice, write off the cost of the excess capacity as pre-
pald insurance ageinet siltatlon losses,

Flood control purposes of a water-use project are
deslgned to provide sufficlent capascity to impound a flood

1251nce sedimentation would reduce the storage ecapa-

clty of the reservoir, the amount of primary power to be
derived from water impounded in the reservolr would be re-
duced. It would aslso mean that the smount of secondary
power would be increased due to the 1nability to store water
in the former quantity during perilods of accelerated run-off,

136ar1 Erown, op. ¢it., p. 15,
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orla megnitude which, calculated on en ectuariel besls,
oceurs on an average of onece in & computed number of
,years.lh If sedimentation takes place within the flood

~ storage basln, this simply means that the dam could contaln
. with equal facility only # flood of lesser megnitude, Such
'8 flood will occur with greater frequeney than that for
which the project was originally designed.

Hany projects are basicelly multiple purpose in
nature,'® The flood econtrol storage may comprise the
upper five or more feet of storage above the pool level
" whieh is maintained for purposes such as power generation,
irrigetion, or water supply. It is probebly that, ss the
reservolr of sueh a projeet loses capselity due to siltation,
the revenue producing purposes may be malntained by reduc-
. ing the storege allotment for flood eontrol, even though
the flood control cepacity will normally be reducea mnore

1hups single flood record may represent a perlod of high
flood setivity or low activity, Taken alone it provides lit-
tle Af any knowledge of 1ts normality in this respect, But
‘we can compute the chance that en observed flood is likely to
recur in vafious recurrence intervals, Thus we compute that
there is a 50 per cent chance that the highest flood in a
28-year record might be the highest in & 12-year period, or
2 S2-year perlod, Ve can 4o the same for the second highest,
and so on,” Willlsm G, Hoyt and Walter B, Langbein, E%%Qgg,
(Princeton, ¥ew Jersey, Princeton University Press, 1958), v. 65,

:“E:Cf.,‘r Preaident:a Water Raaogrcgs foliey Commission,
i Rivers in Americs’s ¢ Vol, & Washlngton, D, C.:
Un!?zga%z"?s ates dovernment rrinting Office, 1950), pp. 637-640,
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slowly than other types, since, for flood control purpeses,
the useful capacity of a reservolr will be equasl to the
total ecapacity. '

+ » » 1t 18 estimated that as & result of siltation
alone 21 per cent of the Nation's water supply reser-
voirs will have & useful life of less than 50 years,
another 25 per cent will last 50 to 100 yeers, whereas

_ tnly 54 per cent willl provide enough storege to suffice
for present reguirements (not the estinated future needs)
100 years henece, It 1is gr@bahic that irrigation .and
recreation reservoirs will be depleted at similar, if
not someWhat faster, rates, TFlood-control reservoirs,
except for certalin types, as those in Los Angeles
County, Celif., will be depleted at muech less rapid
rates, but will rnish progressively less and less
flood protection from the date of their completion,
Because of the dual purpose of power dams for head !
end storage, evaluation of the effeet of silting on
power reservoirs is compliocated to such an extent that
noe adequate analysis of. the natignal aspects of silting
on this elass of reservolr has yet been possidble. The
demages are mown to ﬁtflgggn. however, and may exceed
those of any other clses, :

It le lmportent to note that the loss in cepacity
relates to useful rather than to uadblg or #otive storage.,
The operation of a reservoir will probably become uneconom-
leal before the entire usable storage capacity is depleted.
Fet benefits willl be & funetion of useful rather than of
usable capaecity, end will be likely to fall at a rate'

16@3&1 Brown, OD. 5;5,, PP. 20-21.
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somewhat higher than the rate of decline in useful capa-~
oity.17 As soon as net benefits become negative, the
economic 1ife of the project will be et an end,*° This
means that the economie life of any given project will
probably be somewhat shorter than the period of time in
which useful capacity will be totally depleted, and will
certainly be shorter than the time period within which
useble capacity is exhausted,

This does not mean, however, that elimination of net
benefits for any single purpose in a mnltiple purpose pro-
Jeet will necessarily sipgnal the end of the economleally
useful life of the project., As has been noted above,r?
the different purposes are susceptible to siltation damege
in different degrees, Consequently it is likely that de~
pletion rates for purpose beneflts will very to the same
extent, One or more project purposes might experience

1Tyet benefits will probebly fell st a higher rate then
the rate of deeline in useful capecity because some of the
purposes require minimal quantities of water to produce any
ven level of benefits, If useful storage declines; bene-
ites will deecline for all of such purposes,

lsAs soon as the costs involved in proviaigg the bene-
fits from the projects are higher than the benefits, the net
benefits will be negative, The project would be economic
until this point is reached since the benefits dérived from
the frejoct will equal or exceed the cost of providing them
until then,

supra, p.
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depletlon of benefits to the point at which negative net
benefits threaten, while the project as a whole is return-
ing positive net benmefits, This would depend, of course,
upon the reletive importance of the various purposes in the
beneflt total, but it does seem to suggest that the econonmie
- 1life of multiple purpose projects may be limited to the exe
pected economic life of its major purpose or purposes,Z20

If the mejor purpose of a project, in terms of net benefits,
ie flood control, it might be expected, ell other things
being equal, that the project as a whole would enjoy &
longer economic life than if its major purpose were to be
provision of hydroelectrie power,

Figure 2, showing siltation rates in typleal water
supply reservoirs in seventeen states, indieates that sil-
tatlon demege 18 no more uniform from project to project
than from purpose to purpose,®l FPor example, water supply

20mhis will cugma, to & certain extent, upen the origi-
nol benefitecost ratio of the project. A project with a low,
although faveresble benefit-cost ratio might depend more
heavily upon manor&gprp@aaa for economic justification than
would a zruauet with a higher benefit-cost ratio, This would
meen that depletion of benefits from minor purposes due to
sedimentation might cause net benefits from the project as a
whole to become negative at the time the benefits from minor
purposes become negative, This would apply, however, only to
those projects which are very close to being marginni pro jects
at the time of formulation and development,

alAll information relative to siltation rates hes been
derived from Carl Brown, op, git., Figure 8, p. 20,



FIGURE 2
RATES OF SILTING IN TYPICAL WATER SUPPLY RESERVOIRS®
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projeets in the Piedmont Section of North Carolina have an
annual avefaga water supply cﬁpaclty loss from siltation
of about six per cent,2? ~For the state ss a whole, how-
ever, the annuasl average capacity loss from siltation rises
to 9.54 per cent, PFrojects of the same type in the Cali-
fornla area, but excluding those projects in Los Angeles
County, have an annual average capacity loss from siltation
of about one per cent. If Los Angeles County projects are
ineluded, the annual average capacity loss rises te about
five per cent,?” This mesns that project life, as it is
affected by siltation, will vary from an average meximum
of twenty years in North Caroline to sbout one-hundred
years in Californie, It slso means, however, that there
are projects in North Carolina whieh will last for approxi-
mately thirty years, and some which will have become com-
pletely silted after only six years, The absolute length
of time would depend upon the rate a2t whieh the depletion

: 22‘Zhe Pledmont section projects are Lexington, High
Point, Greensboro, Concord, Selem, and Michie,

23 Informetion oen the rate of siltation in reservoirs
in the Pacific Northwest is unaveilable, The President's
Water Resources Polliey Commission, op. gé&.. Vol, 2, p. 55,
eltes the collection of aeﬁimanta%ian data 88 a major need
for the Columbis Basin, It is likely, due to the nature of
the topogrephy of the region, that siltation will not cone
stitute a major problem in this region, and that the rate
of siltation is less then one per cent,



147

of capacity wlll reduce net benefits to zero, This will
depend largely upon the size of net benefits aceruing to
the individusl project, purpose by purpose, and upon the
relative importance of each purpose in the total,

Finally, projects with large reservoirs ere apparently
less susceptible to damage from siltation than are smell
reservoir projects of similar types similarly loecated,

This is largely due to the fset that, as soill 1is loosened
by erosion, its heavier particles are dropped to the bottonm
of the streem ss soon as water flow slows down even slightly.2%
The smaller particles flow on in suspension until com~
pletely dead water is reasched, Dams on smell streams with
their higher veloelity of water flows will receive silt dee
posits at a higher rate per square mile of watershed area
then will dams on watershed areas,

Messurements made by the Soil Conservetion Serviece

in 1934 and 1935 in reservoirs in the Southeastern

States show an annuel silt accumulation of 2 acre-

feet per square mile of drainage area in a reservoir

ha & dresinage area of 5 square miles, & rate of 1

acre-tfoot per square mile in a reservoir having a

drainage aree of 10 square miles, and rates as low

as one “ter aecre-fool in reservoirs with drainage

areas of 100 square mlilee and upwards, The varie-
tion in rate of ammual silt sccumulation between

2sherman M, Vo "The Comprehensive Engineering
Point of View," Headwal Jontro. :
neering Conference, 193 , 218
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reservoirs on large and small streams in the South-
western States 1s greater, A reservoir with a draine
age area of 1 square mile had an emmual silt accumus
lation of 5,5 acre-feet a year, Reservoirs with draine
age areas of 10 square miles had a rate of about 2.5
aem«-igot: those of 100 square miles ebout 1,5 sere-
feet,

If 1t can be essumed that the size of the reservoir is,

at least in part, a funetion of the size of the river, then

it follows that the large reservoirs will be less suscep-

tible to siltation damage than small reservoirs, The

larger the drainage area is, the larger will be the streanm

which feeds 1it.
2, Obsolesgence

The economic life of any water-use project will be
affected by obsolescence of project features « This is
largely an unknown quantity and can be taken into sceount
in only the roughest mexmer, It ean be dealt with, howe
ever, along the following lines,

Let us suppose that the obsolesecence problem is that
connected with hydroeleetrie emergy. There is & possis
bility thet developments in the field of atomlie seclence
may render the hydroelectric fecllitles obsolete, At
present, the best alternative to hydroelectric power (on

aﬁm'n p. 218,
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e ecost basis) is stean generation. In & coal~burning
power plant it is customary to attribute the eost of
power generatlon to amortization of capltel investment,
operating cost, and fuel cost. Walter H., Zim has polinted
out that, for a steam plant having a eost of generation
of nine mills per killowatt hour, amortization eostes would
be approximately 4.5 mille per kwh, fuel costs about 3.5
uiua fm kvh, and operating costs about one mill per
wh, 26 i

A similer breskdown must be mede for the nuclear
power plant if the two are to be compared, Mr, Stuart
Melaln has stated that as of June, 1957, atomie power
plants showed m annual amortization rate of 22 milis
per kwh, with operation end fuel costs of 8 and 5 mills
respectively, ! This would indicete that the cost of
generation of aleawiauy ’by nuclear energy will epproxi-
mete 35 mills per m. La{wst dwelomnts in nuelear
research promise to reduce fuel coste to about one mill

“wnm H, zm, "An Ammo.ual of the United States

; .embw, 195?), &6.




per kvh, end amortization cherges to approximately nine
: mills per kw&.ga Assuming that operzting costs are not
reduced significently, an analysis of capital charges,
operating costs, and fuel costs Indicatee & foreseeadble
power cost for muclear produced electriclty of epproxi-
metely eilghteen mills per kwh,

The cost of production of hydroelectric power can
be broken down in the sume way, The flgures used will be
those prevailing in the Paecific Eafthnost. Hydro power
costs in other areas of the country will probably be
significently higher, It has been estimated that the
caplitel charges for & hydroelectric plant will approximate
1.5 mille per kwh, with operating costs of sbout 1.79
mills,® Fuel costs are gzero, The production cost of
hyéroelectric power in the Faeifle Northwest will approxi-
mate 3.29 mills per kwh,

Steam generated electric energy is presently oaﬁ-
sldered to be the most economic alternstive to hydroelec-
ﬁkﬁa energy., Nuelear power plants must overcome the cost

%Wausw Z&ﬂ; 2D, mco Ps 87

®F1elend 01ds, "The Chellenge to Local Mublicly Owned
ﬂtillmioa an?wavi ﬁoru Puwar at Lawer 6ost,” wy%
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adventage of steam plants before they can be considered
to be an economic threat to hydroelectrie facilities, If
the ealeculations of lMr, Zim are used, the productmn. costs
of nuelear plants are still spproximately one and & half
to three times those associated with steam generation,

in spite of the fact that fuel costs of nuclear plants
are considerably lower than those of steam plants, If
Mr, MeLain's estimate is correect, the cost relationships
are even more unfavoreble to nueclear generction,

The greatest pert of this cost differentisl is to be
found in ecapital charges, Before atomic energy will be-
come economie, some method must be found to reduce these
charges at least to the point that nuelear capital costs
plus fuel ecosts will be equal to stesnm capitel costs plus
fuel costs, In view of the specific conditions required
for nuclear power generation,there 1s little resson to
believe that this will oeeur in the immedlate future. The
materials from whiech nueclear plants are constructed must
neet extremely high specifications, First, these materiels
mist be eapable of withstanding tremendously high tempera-
tures, Second, they must withatand radiation from nuclear
fuels, Third, they will have to be able to resist corrosion
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by the cooling liquids used in the process, C  Another
problem involved in overcoming the cost lead held by
steam lies in the Aifficulties of control., "In coping
with contrel, the engineers find thelr plants becoming
more complex--and more expensive," >t Yet a third problen
relates to disposal of waste materials, These waste
meteriels must be disposed of in a manner which is condu-
eive to publie safety, At present, this is & relatively
expensive promx.m All of these problems must be overe
come, to a greater or leeser extent, before the production
costs of power produced by nuclear energy can be reduced
to & point where nuclear plants will be economiec by coms
pardison with steam, It will probably be somewhat longer
before nuelear production costs will have fallen to the
level of production costs of hydroelectric energy in the
Pacific Northwest.

Low-cost power sites are not, however, inexhaustable,
As time passes, those hydroelectriec sites remaining will
involve higher and higher costs of development, It ecan

Wwwx, Jnmon, '&mg wa: The Testmalaglosl
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be expected then, that nuoclear plants will have to over-
come the cost advantage of these future sites, rather
than that enjoyed by currently planned developments,
Figure 3 presents the Pacifiec Northwest's long range
outlook for energy load and average energy resources as
estimated by the Bonneville PGVerAdniu1§tration. i 3
constitutes a forecast of the expected load and source of
supply of electric energy through the year 2,000.35 It
will be noticed that the expected ﬁowar load for this
area for the year 2,000 is approximately 40,000,000 kilo-
watts, as compared to ebout 6,000,000 kilowatts as of 1956,
Until 1972, increments of power are expected to be derived
from new hydroelectric construction, From that time until
1975, additions to the power load are expected to be de-
rived from conventlional steam power sources as the low
cost hydro sites come into short supply, although small
additions %o the construction of hydro plents are expected
at least through year 2,000, From 1975 to 1980, major
additions to the power load will be made through steem

Sunited States 3-natc, 84th Congress, 2nd Session,
¥§§gg B%f!: Development, Joint Hearings before
erior nsulars airs a2 Speeial Subeommittee
of the Committee on Foro an Ralatlonn, March 22, 26, 28, and
May 23, 1956, p. 150.




L5k
FIGURE 3

PACIFIC NORTHWEST LONG RANGE OUTLOOK FOR ENERGY
LOAD AND AVERAGE ENERGY RESOURCES®
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generation and/or nuclear energy., After 1980 it is ex-
pected that substantial additions will be made through
construction of nuclear plants, In other words, it is
antieipated that the combinstion of rising cost of pro-
dueing power through hydro and conventlonsl steam and
reductions in the cost of producing nuclear power, will
have caused power produced in nueclear plants to become
inereasingly economic, By 1995, it 1s expected that me jor
additions to the power load will be obtained through con-
struction of nuelear power plants,with only minor ine
eresses expected in the construetion of hydro and conven-
tional steam plants, This does not mean that existing
hydroelectriec facilities will not be economie; in faet,
projeects which have been construeted prior to 1995 will
probably still heve a substential cost advantage, The
shift is expected to oceur because low cost hydro sites
will have be;n previously developed, with only higher
cost sites remeining.

3« Changes in Demand

The Corps of Engineers and the Federal Power Commise
sion have adopted s fifty year meximum for the perled of
analysis for their projects as a hedge against changes in
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demand and cther unforeseen arraatsa34
Changes in demand so far as walter-use projects are
concerned are largely 2 function of chenges in the level
of populztion., Department of Commerce forecssts through
the year 1975 indicate that by that time the population
of the United States will be in exeess of 230 milllon,> >
While agriculture has ineresased 1ts productive capa-
¢lty over the past decsde by approximately one-third,
A% appsers necasnu:g. in the light of expected popue
lation disposition of people to eat
better so 1aas ag their ineomes permit 1t, that =
further inecrease of between 25 per cent and gg per cent
will be needed over the next 2%5«yesr perlod.-
This would seem to indieate that it can be expected that
changes lu the level of population will provide an offeet
against deeline in the level of benefits expected from
sueh water-use project purposes ag irrigation and proges-
sing water, which might be caused by changes in demand for
the output of those purposes, It seems reasonable %o
assume that these ineresses in population will provide
some protection agalinst desline in the benefits from other

purposes as well,?T Ineresses in population will inerease

FAsubcommittee, "Proposed Practices,” on., git., pp. 83-84,

onomle Report ﬁ?g WM} » (Washington, D, C.:
vwm.nf‘?’r ee, January, iQS’}'),

3 v MEIRRAEE Y : a

s Mo, 170, (Salom, Oregon: E%%&%ﬁ‘%rin%%ng %%riee,

.P- 2,
3Tsubcommittee, "Proposed Practices,” op. git., p. 2.
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the need for domestis water supplles, as well as for power,
navigation fasilities, reoreation facilities, and flood
econtrol,

S8ince federsl apgensles take cognizance of future popu~
lation trends in computation of future benefits, only popue
lation inecreases in excess of thelr expectations will lead
to beneflis in excess of thelr ecalculations, Irrors in
forecanting could lend to over-statement of projeet bene-
fits, For this reason the public agencles purposely err
on the conservative side in thelr estimates of benefits
expected from this source.3® They ususlly select the move
conservative of the population forecasts of the Bureau of
the Oensus as the basils for their caleulations, It is
probeble that the mean estimate of the Pureau of the
Census provides 2 more realistic appraisal of future popu-
latlon trends,

4, Summary
The publie agencles consider the perlod of analysis
to be the economie life of the projeet as determined by
the time period over which the project returns benefits

381pia., v, 25,
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at least equal to costs, The Corps of Engineers and the
Federsl Power Commission consider thet none of their pro-
Jects will have an economic life in excess of fifty yeers,
while the Buresu of Reclamation limits ite period of analy-
sis to one-hundred years,

Any arbitrery period of analysis applying equally to
all projects would be unrealistle, st lesst so far as sil-
tation damage 1s concerned, There may be instances in
which siltation damage may prove %o be the effective cone
straint upon the duration of economic life for a parti-
cular projeet, but this must be detéermined through exam-
ination of the characteristics of the individusl project
and of ite component purposes., Thia last 1s probsbly of
scentral lmportance, since the economie 1life of any projeet
will necessarily be dependent upon the economic life of
its ma jor purpose or purposes, As was noted, siltation
will affect different purpeoses in verying degree and under
verying circumsiances,

The risk of obsolescence 1z foreseesble to some ex-
tent, slthough not nearly so mueh so as siltation demege,.
Obsolescence of projects and project purposes is & matter
of relative cost relationships between water-use projects
and alternative meens of providing the same type of Lene-
fits, The combination of the necessity for developing
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higher snd higher cost hydro sites due to prior develop-
ment of the lower cost sm'u, together with reductions
over time in the costs of providing the seme or similar
gervices through slternative methods, atomic energy in
perticular, mekes 1t relatively certain thet hydroelectric
purposes will eventually become obsolete, 'Z’hia is, however,
a time process that can be calculated in advance with some
degree of sccurscy as indlcated by the B. P. A, forecasts,
Obsolescence mey be en effeetive constraint upon project
development where the projeect relies heavlly upon purposes
which are threatened by obsolescence in the foreseesble
future, This eonstraint will vary from project to project,
depending upon the cost reletionships of the important
purposes with altqmtimg and thus are taken into account
by the relevent federal agencles,

Changes in the level of demand will change with re-
spect to population changes and changes in the level of
. incomes, To this extent they wmay provide an effective
‘ammim upon development, Changes in demand, however,
should not be compensated for by shortening the peried of
anslysis, In the interests of clarity, these changes
ghould be taken into account by the interest end &lseount
retes, The practice of the Corps of Engineers and the
Federal Tower Commission of using the perlod of enslysis
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as & hedge against uncertainties of the future renders
comparison of projogte extremely difficult,

C. Ihe Cholce of the Zrice lLevel

As indicated in Chapter II, 2ll agencles except the
Bureau of Reclamation use the price level prevailing at
the time of the analyeis for ecsleulating the monetery
value of both benefits and costs, The Bureau bases its
benefit caleulations upon the price level which is expected
to prevall during the life of the project, Future costs
invelved in irrigation and power are computed on the same
basis, while immedlate costs are caleculated at prevalling
prices at the time of analysis, Under the sssumption that
the priece level over the life of the projeet ean be approxi-
mated by an average price for the period, the Buresu bases
its expectations upon the average of 19%9-44 prices,
There is the possibility that this method will be abane
»dmad in favor of & price level based upon & series of
projections of future levels of economic asetivity, pat-
terned after the method used by the Department of Agricule
ture in its watershed treatment progrem,>?

”Subamms.tm, "Proposed Practices,” op. gif., p. 9.
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Because of the difference in the price level used as
& base, the benefit estimates of the Bureau at the present
time, for such purposes as flood deamage, watershed improve-
ment, and irrigutian,“o are approximately one-half those
of other ageneles,’ In terms of today's prices, the
Burecu is understeting benefits relative to costs, probably
to such en extent that, were it not for the inclusion of
indirect effects which are largely ignored by other agen-
cles, projects considered highly feasible by the Corps,
the Depertment, snd the Commission would be submarginal
by Buresu standards,

Given the faet that benefits will normally occur much
later than costs, the methods of the other agencles are
not acourate to eny greater degree, If benefits and costs
are calculated on the basis of the price level prevailing
at the time of anslysis, the extent to which the two effects
are comparable is entirely dependent upon the length of
time that the current price level persists,

mm:. P« 83,

4lysing the average of wholessle prices of 1910-1914
as 2 base, average prices for the period 1939-1044
stand at about 120, Using the same base period, the cur-
rent wholesale price level is in the neighborhood of 280.
Source: Department of Commerce,



162

The Subcommittee on Emﬁﬁ and Costs recommended
that prices be estimeted as they are expected to hold at
the time when benefits ave received end costs incurred,’2
This meens that project effects must be considered as
falling into three cotegorles: Iinvestment costs, which
are immediste; operation, maintenance, and replacement
costs, which are incurred over a variety of time periode
out the life of the project end will vary as to
rate during esch of these time periods; end finelly, bene-
fite, which occeur throughout the life of the project,

Initlel investment costs cen normally be evelusted
on the basis of the price level prevalling at the time
of project snalysis so long as it may be assumed that
the project 1s to be undertaken within a ressonable tine
thereafter, Even if this assumption cannot be made, once
the analysis is completed end investment costs have been
computed on the basis of the then current price level,
1t will be o relatively simple matter to adjust the cest
figures so gbtalned for any later change in the price
level if the projeet is postponed for any length of time,

The Bureeu of Reclamation estimates operation costs,
meintensnce costs, replacement costs, and benefite on the

*2m14., p. 15,
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basis of the price level expected to preveil at the time
the benefits and/or costs are to ocour by estinating the
average price level expected to preveil over the life of
the project, ' A
 The relevant nroblem is, however, that of aee@ﬁmins
for relative price ehmsoa,m changes in the price level
28 such, Relative price changes will. express the real
value of benefits at the time they oceur, A chenge in the
price level will express their monetary value, It is
generally recognized that mw idenl aomtim, neasure-
ment stenderds should reflect the public interest and should
give expression to reel costs end benefits,
K « the real cost to soelety of the resourees used
for project eonstruction is messured by the amount of
amr goods end services for which such resources could

Waﬁ%ﬂmmwmtobemﬁ
Buunm the reel value of benefits is determined by
m w e&‘ m f:w whiech % “32‘:2; meh;ngm.

’ "w:wi-ummamwu

Mﬂil a Mm problen mma where the agencles are
concerned, It is conceded that acceptance of the price

Brvia., ». 16,



level at the time of anslysis, as modified by sllowance
for anticipated change in relative prices, has the adfan»
tage of stating benefite and coets in terms of rul@tive
values which are indepondent of changes in the price
level,* 1t will not, however, lend itself to stotement
of the doller benefits which the individusls ocen expect
to recelve from the projeet., This fact will complicate
the problem of seeuring perticipation of individuals in
prﬂwb eetivities and of making repayment nssessments,
This price S.ﬂcl, further, will not give expression

to the role playo& by water-use projects in counter-cyclical

poliey.,

In the past, low wwn lmls have been assoclated
nth low levels of -alamt. Hesource project
times are mativm ow, and
mmﬂummmmummam tohwehim
value in relation to costs then they would have if the
pro} ummammm%mm of high level
pmplo « Under these olrcumstences of low employe-
mmm& mummm and amuwtam m fmrad

u&m less m&-umgt eaﬁan and
mztinﬁm m employment leyels md tha agsoclated
ng of prices are high,“" 4
It 18 egreed that there is some value in expressing benefite

end costs in the terms of whioh individuale are sccustoned

#BMU Ps 17,
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to thinking; but, to the extent that there is 2 divergence
between real and monetary values, it will be difficult to
compare coste which, being measured by current prices, will
be in real terms, with benefits which are measured in
monetary terms. It would appear to be preferable to
state the value of benefits and costs in terms as near

to real terms as possible, If it is assumed, and the
Subcommlttee makes this assumption, thet current market
prices refleet real velues, it would seem to follow that
the price level prevailing at m'tm of analysis should
be used,

With respect to the stebilization value of the proj-
ects, it would probably be M*lmf, at least in terms of
the economic value of the aaﬂ.ni:. to apply an adjustment
outright to the results of the analysis to compensete
for changes in the level of economie activity, rather then
to attempt to compensate for these changes through the
price level,
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APPENDIX TO CHAPTER V

GLOSBARY

An zere foot of weter is an emount of water suffi-
cilent to cover sn aere of land to & unzxora depth of one

foot,

Cubie feet per second of water flow is the number of
cuble feet of water whieh will flow past & glven point of
a stresm in one seeond, 43,560 efe is eonal to one sore
foot,

Erimery power is that amount of power which can be
produced during all time periods, A hydroelectric plant
which relies upon run-through water ean produce continue
ously only thet smount of power which san be generated by
the minimum streem flow, If & reserveir is constructed,
the amount of primery power can be increased by inerecsing
the supply of water availeble for use during periods of
minimum stream flow,
econdary power is power in excess of primary pover,
and is evellesble only during certain pesk production per-
iods (any time stresm flow is sbove the minimum and in
excess of reservolr capacity).

S8ble storsge 1s the total capacity of the reservoir,
Due to technical and physieal limitations, all of the water
stored in o reservoir cannot be drewn off when needed,
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Useful gspacity is thet part of the cepacity of a
water-use reservoir in which water can be stored and drawn
off as needed for consumptive use. This will uaﬁlm.y be
a smaller part of totel capaaity, and, hence will be less
than useble storage for purposes other than flood control.



CHAPTER VI
THE RATE OF INTEREST AND PROJECT RANKING

We are here concerned with two e¢losely related as-
pects of the benefit-cost analysis: the io!.wtim of
interest and discount rates and risk ellowsnces to male
benefits and costs comparable with respect to time and
certainty of ocourrence, and the use of benefit-cost
enalysis in ranking projects for development. Since both
the role of the Interest rate and the projects selected
for development will be influenced by the characteristics
of the supply of capitel for finencing water resources
development, a discussion of these charscteristies will
be ineluded in the discussion of the interest rate,

In the discussion of the cholce of the price level by
means of which future benefits and costs are given monetary
expression, we were concerned with the problem of expressing
the magnitudes of those effecte in terms which would reflect
the opportunity costs of resources at the time of thelr use
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and the value of benefits at the time they are received.
This was & first step towards making benefits and coste
comparable, There is, bhowever, another problem to be over-
come before this goal can be achieved., Benefits and costs
will be comparable, in the real sense of the word, only
when they have been converted to a2 uniform time and cer-
tainty basis, that is, when future benefits and costs have
been adjusted to reflect preferences for present as come
pared with future goods and the risks and uncertainties
attending future production, Interest snd discount rates
are used to convert benefits and costs to & uniform time
end eertainty basis., ,

The interest rate has three funections: first, it
gives expression to the time preferences of individuals;
gsecond, 1t glves expression to the risk element in future
production; and, third, it is a price, the price of capitel,
and acts a8 & rationing device to chamnel eapital funds
into their most productive use,

It is probable that society, as well as individuals,
has & tendeney to place & somewhat higher value upon pres-
.ent 88 compered with future inecome end consumption, The
interest rate is of importance as it reflects this prefer-
ence as to time, There 18 some dlscount rate which, when
it is applied to future benefites and costs, will ceuse the
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resultant value of those effects to be equal to comparsble
effects in the present,

Publle investment, as well as private investment, is
~earried out in & repidly changing world, Technological
developments, chenges in consumer tastes, and other une
kmown risks lend an sura of risk and uncerteinty to in-
vestment decisions. Calamlation of vegue soclel benefits
end costs could add to the risks for public investment,l
Relatively, present uses are sure and certain., Conse-
quently, if wm and future benefits and costs are to
be compareble, future effects must be discounted for these
hazards of the future,

2., Time Preference

The publiec agencies involved in water resources de-
velopment consider the interest rate to be "an expression
of  the exchange relationship between present and future
. goods,"? This means, in effect, that they conceive the

. l‘u is doubtful, however, that present practices re-
lating to measurement of social benefits and costs involve
mmﬁak because of agency conservatism in caleulating in-

108,

Le@: Iropoged irac
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purpose of the interest rate to be at lesst partly that of
reducing the amounts of future benefits and costs in such
& monmer as to express soclety's higher preference for re-
sources in the present as compared to a future date,
Although the agencies generally assume that the interest
rate on long term government bonds affords s satisfactory
measure of the cost of capital used in water resources de-
velopment,> the Corps of Engineers and the Depertment of
Agriculture use a somewhet higher rete in converting bene-
fite and privaete costs over time to en equivalent annual
average, Both agencies use rates from four to five per
cent for this purpose.* The Subcommittee on Benefits and
Costs recommended that a rete of not less than four per
cent be used in converting deferred benefits and private
costs, with the objective in mind of reflecting more ade-
quately the values attached to deferred bemefits by in-
‘dividuals participeting in the project and, also, to

% assume that the interest rate applying to long
tern fo"muut bonds is the applieable rate because it is
relatively risk free, Noat risks are precumed to be elimi-
nated from capital costs by the use of risk allowsneces, by
nonservatlve methods of celculating project bemefits, or
by inclusion of a risk factor in the discount »ate,

“subcmtm. "Proposed Practices," op. eit., p. 76,
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encourage private investment and partiecipation.® The rete
which would be epplied to federal snd public non-feders1®
coste end beneflts would, however, be that of long tern
government (from 2% to 3} per cent). The use of different
rates to eonvert private and publie effects is apparently
based upon the assumption that privete eveluations end
preferences as to time lie somewhat sbove those of society
as a whole, Use of the lower rates for all effects would
probably decresse the willingness of individusls to parti-
¢lpate in the project by under-stating the time preferences
of those individuals,

Krutilla end Eckstein have suggested thet the rate of
interest which will reflect soclety's relative valuation
of incomes in different periods will lie between 5,44 and
5.81 per cent,T They determined this renge by an snelyeis
of the asset and credit position of esch income ¢lass in
the United States to determine the rates at which these

EMM Ps 23,

%ﬂ are ususlly costs vhich are required to be ine
curred as a prerequisite for federal participation, They
t take the form of costs incurred in setting up an
irrigation Mur&eﬁ which will undertake the task af asses«
sing partieipants for benefite received,

Tsohn ¥, Erutills and Otto Eckstein, "The Gost of Fed-

Yoney, Hells Canyon, snd Economic Effici £
Journal, Mareh, 1953: enoy," Hatlonel

ﬂm
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clusses borrow or save, The interest rates on which con-
sumers make their borrowlng-saving decisions were estimated
on the amount of debt held in all forms, from government
and high grade private securities to sales finence com-
paenles, The final flgure was obtained by welighing the
everage rates applicable to the income classes by their
share of tex savings as represented by deductions from in-
come taxes for interest paid,

The primery objection to this caleulation, as its
results apply to water resource development, lles in ite
inelusion of & very high risk factor (relevant rates for
low income groups were averaged at twelve per cent, end at
nine per cent for the rest), The relevent interest rate
for publlie investment, sinece risk has been eliminated by
use of o discount rate and risk allowances, would probably
lie below 5.44 per cent, However, a disecount rate for
deferred benefits of four per cent at a nminimum, plus down-
vard revision of benefits by conservetive estimation, might
lead to an impliclt rate of very near thet figure,

3. Rigk and Uncertainty

Risks fall Into two categories, knewn end unknown,
Risks which cen be predlcted on the basis of probability,
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such as losses from flre, storm, pests, and diseases, can
be accounted for either through insurance or by setting up
appropriate sllowences, Nost of the public ageneles take
the known risk faetor inte account by means of the latter,
The Federel Power Coumisesion, the only agency to utilize
insurance as protection egalnst loss from unforeseen risk,
ineludes 1t in annual charges as 0,12 per cent of total
investment costs,

Unknown riske, suech as fluctustions in the level of
econonmic activiiy, changee in consumer testes, and obsolese
cence of projeect features, can be provided for in several
ways, A limited economie life can be assumed for the
project, as 1s done by the Corps of Engineers and the Fed-
eral Power Commission, A minimum salvege allowance can be
made, a8 is the polley of the Corps of Engineers and the
Federal Power Comalséion,8 Contingency reserves can be
n§. up, or benefits can be computéd on o conservetive basis,
Finally, & risk fastor can be inecluded in the discount rate,
In most eases, several of these techmnliques are used by the
agencles, Thus all predictable risks will usually have been
dedupsted from net benefits, and st least & pert of the

: am Department of Agriculture makes no allowanece for
salv , but this is because of its assumption of perpetusl
1ife for its projects rether than out of any desire to pro-
tect against unknown risk,
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unpredictable risks will have been deducted through one or
more of the indirect methods outlined asbove.

It would seem to be preferseble to take unknown risks
into account by meens of a risk factor added to the discount
rate. Even though 1t might be argued that the result would
be the same, & part of the value of the benefit-cost snalysis
lies in the fact that it brings the relative effectiveness
of water resource development vis-a-vis other investment
opportunities into the open. It seems desireble that the
megnitudes of project effects be expressed in uncomplicated
ternms mamrmtgelwm&umbow.

Capital theory often assumes that the supply of in-
vestment funds is determined by the willingness of savers
to lend an emount equal to what they would save at any
glven rate of interest, plus bank lending, and that ine
vestors will have, and take advantage of unlimited access
to investment funds as long as their expected returns lle
sbove the market rate of interest,

Investment funds for water resources development
come chiefly from the federal government; and do not appear
to be significantly related to the prevalling merket rate
of interest, as represented by the cost of borrowing.
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Unless we assume that all woter-use projects are financed
through sale of government bonds, the supply of publie
investnent funds cannot be held to be dependent upon the
willingness of savers to lend, In view of the faect that
nost water-use projects are finsnced wholly, or in part,
out of tax revenues, 1t must be concluded thet the supply
of investment funds for weter-use projeets is relatively
independent of the rate of interest,

Federeal funds for water-use projects are appropriated
by Congress, While Congress has evinced considerable ine
terest in economic justificetion of such projects,? thet
is, in the productivity of water resources investment, it
is not likely thet all economiecslly jJustified projects are
ellocated investment funde,l® In faet, comperison of fed-
eral expenditures for water resources development with
total federsl expenditures, gross national product, gross
privete domestie investment, and total federal investment

90f,. Flood Control Act of 1936.

101n 1954 & benefit-cost enalysis was mede of & proposed

development of the Tuslitin River Basin in on, The ree
sults of the analysis indicated that the benefitecost ratio
of the proposed project was in excess of two to one. The
projeet was not recommended by the Corps of on
the grounds that the project was not politi feasible,
(Source: Discussion with en officlal of the Planning and
Development Division, Civil Works; Office of the Chief of
Mngtncere, Department of the Army, in Forest Grove, Oregon,
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seems Yo indicate that the productivity of water resources
development mey play only & minor role in determining the
level of investment in water-use MJoata. ‘Sueh & com~
Mnm is made in Teble VI, Expressed as & percentage of
total federsal expenditures and of gross private domestic
investment, federal expenditures in water resources dew
velopment were higher in the middle and late thirtles than
in later years, This might indicate that investment in
weter resources development is more responsive to fluetu-
stions in the level of economie setivity then to the rate
of return expected from development, Taken as a percentage
of gross national product, water resources expenditures
remeined relatively steady over the years 1936 to 1951,
During the post-wsr years there has been some increase

in water resources expenditures, although it is diffieult
to say whether the rise 18 & continuing one on a pereentage
basis,

it serratie of teuep S g e,

water émlwt, end further cuts will be made,

Water ve generally suffered during periods
of war defense aoﬁiﬂ.ty,k

1’&% Pmmem;'s Water Resources Polley cmuim

8Z e 8t 7 ‘ e et A "1. L _,~"'. "”_

gople, Vol, 1, '
; wing office, 19593.
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TABLE VI

FEDERAL EXPENDITURES FOR WATER RESOURCES DEVELOPMENT®

Fiscel Year
Item 1936 1937 1938 1939 1940 1947 1948 1949 1950 1951

Total federal expen=- '
ditures in billions 845 78 70 Te’ 39.3 33.8 LO.1 L33 L33 L2k

Water resources expenw
ditures as percent-
age of total federal

expenditures 3k 366 L4al 3.2 3.5 1.1 17 2.1 246 3.1
Gross nationsl product
in billions TT7eh 864l 874k 88,0 96.h 222.2 24642 257h 259.7 27640

Water resources expen= ,
ditures as percent-
age of GNP «39 33 32 32 35 «19 2l «32 oh3 48

Gross private domestic
investment in billions 6.2 842 8.2 Bui 10,6 2648 3he3 3742 3846 378

Water resources expen=
ditures as percentage
of private investment L.8 367 3a7 3.6 R+8 1«5 1.8 22 2.8 34

Total federal investe ;
ment in billions : 77 949 11l.2

Water resources expen~
ditures as percentage
of total federal ine

vestment - i ' Ak el Bk

Total water resources
expenditures in
millions 289,6 283.3 282.2 28Lel 32342 54213 585,8 825.5 11162 1329.5

8)dapted from President's Water Resources Policy Commission, A Water Po - for the
Ame§éo§g Pbogée, (Washington, D. C.: United States Government P§XE¥IE§’UTTI%§%x1~
s Pe J2a .

a
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Althcugh the percentages eitéd in the table ere ineonclu-
slve, in thet they cover only & limited time period, they
suppml the belief thet the supply of investment funds for
water resources development is not significently & function
of either the rate of interest or the rate of veturn to be
expected from weter-use projects. Congressional eppro-
pristions for water resources development seems to be to
some extent determined by the mood of Congress at any
given point in time,

Institutional factors relating to the manmer in which
development funds are mede svailable meke 1t necessary to
assume that the supply of those funds 1s determined exo-
‘genously and 1s independent of the rate of interest, Ine
eresses in the supply of funds mey be ealled forth by
growing unemployment in the economy or by the pressures of
local interest groups upon Congressionsl representstives,12
Decreases in the supply of funds may be brought sbout by
the threat of inflation or by pelitical ideology. In sll
cases the supply of funds will be limited by the willingness

 permest A, 1m. "Political hepects of Mm
Water Resources Dev t iu thn Wuat "». er Ret ;

ater ;usauraoa nuvolepmant of thn Wastarn Agricultural
Eeonomios Research Couneil, Berkeley, Californis, 1953, p. 93,
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of Congress to allocate money for water-use projects, To
the extent that Congressionsl willingness to appropriate
funds for water resources development arises from other
reasons than the results of benefit-cost analysis, the
supply of those funds is determined exogenously,

5. ZIhe Intermal Effect of the Interest Rate

Although much of the eontroversy in the field centers
gbout the effeet of the interest rate in allocating funds
between publie and private investment, relstively little
has been written concerning the intermal effect the interest
rate might have upon benefit-cost enalyels eonclusions, If,
for example, the rate of interest used is low, those pro-
Jeets having a comparatively high demend for capital will
be in an advantageous position with respeet to the benefit-
ecost ratie, If, on the other herd, the rote of interest
used is high, then those projects which are relatively
less eapitel intensive would be more likely to exhibit a
superior benefit-cost retio, The low rate will benefit
long-term projecte; the higher rate will aid short-term
projects,

This fact suggeste that the government might well set
the rate of interest for water resource development at that
level at which It would be equsl to the rete of veturn from
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the merginal projeet., The rate of interest so set could
then be applied to all projeets, with projects selected

for development according to the traditionsl method of
compering the rate of return and the interest rate, All
projects which promise & rate of return in exeess of the
rete of interest would be developed; those projeets offering
'a lower rate of return would not, This iz illustrated in
Plgure 4, Line BR indlcates the rates of return expected
from the various projects, as determined by the benefit-cost
ratio minue one,t?

B‘rho inelusion of operating costs in pyoject benefit-
cost ratios for L with Mm alternatives is neces-
mﬂg m to ut to::.pomm eost af using

1 ‘mkamm&wtormmpmyofimt-
es of ranking pro jects,
the bmﬂﬁ-mt utxq am:. be one Iin whieh mut:ms costs
g&mt g R o ri:;imm‘ gty = o o
ratio evan purposes is one
investment costs are m:.ma in the denominator, This
m:&%m»tmmm‘ﬁénmamj:mm“
mﬁ s those projects large cos
will have correspo: mﬂt-mt ratios, The
eliminetion of : t&m s however, will cause the
benefit-coat ratise to mﬂ.ut more accurs the produc~-
tivity of ummo projects, An exemple will make this
apparent us suppose that the benefits derived from &
mcina gn}ut amount to §1,000,000, and that the initial
osts are {600,000and operating costs are
4200,000. The benefit-cost retio of this project for com-
parison with alternatives will be 1,25 to 1, For purposes
of ranking, thnopmt&mmummmmmﬁu
leaving benefits in the emount of £800,000 and costs of in-
vestment of #600,000, The new benefit-cost ratio is 1.3%
to 1, The rate of return for this projeot is ,33.
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FIGURE &

THE INTEREST RATE AND THE
MARGINAL RATE OF RETURN

>
Rate of Supply of Federal
Return Investment Funds
Rate of
Interest

.
\BR

0 ) Investment X
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The rate of returm on the marginal project would then
be Indlecated by point R, and the interest rate, r, would be
set equal to R, All projects would then be ranked in the
order of BR on & descending soale, with those projects
lying to the left of point R eligible for development,
while those projects lylng to the right of that point would
be considered lneligivle,l* As Otto Dekstein has pointed
out:

e e e et
e sptin ete:  fos Ptining sutborisies sk po

beth rat.e a:t mt»! t and amount of investment
simultencously . .

In other words, the rate of interest so set would reflect
the productivity of investment in water-use projects, but
would reject the merket judgem
income which 1s to be devoted to investment as well as the

mt as to the share of national

market's relative valustion 2¢ to time, To 2ll intents and

- G

“mo supply of capital for the government ean be
miwmfw tly slastie up to point R and perfestly
inelastic beyond that point, By contrast, the supply of
eaplial in the private merket will mwi <
sloping throughout,

1, *mw Criteris for Economic
The of Intertemporal Welfere Eco-
Leonomies, LXXI » MM'
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purposes, the first of the latter two factors hss already
been rejected by the manmer in which deeislons azs to aquantity
of funds to be made avallable for water resources develope
'mant are resched, The second hae been largely vejected by
the menner in which investment funds have been obtained,

that is, through tazes rather than the sapitel merket,

B IEroject Renking

The purpaaevot benefit-cost analysis is to enable the
agencles to determine the economie effectiveness of re-
sources used in water resource development., They assume
that resources will be used most economicelly when net
benefits from development sre st & maximum,16 Projescts
are considered to be economically juetified whenever bene-
fite exceed costs, While s comperison of the net benefits
of one project with those of other projects would show
vhieh projects would produce the most net benefits, no
basis would exist for comparing the relative coets of
obtaining theee benefits, Projeet A, might have benefits
in the amount of #2 million and costs in the amount of
$1.5 million, whila‘?rojaat B has benefits of #10 million and
end eosts of 9,500,000, but the ratio of project benefits to

153ubcomm1ttaa, op. git., ps 13,



185

oosts will be 1,33 to 1 for projJect A and only 1.05 to 1
for project B, Project 4 will use resources more €co-
nomiecally thean will projeet B, For this resson, the Sub-
committee recommended that projects be ranked for development
on the basis of their benefitecost ratios,lT This method
glves expression to both beneflits snd costs and would in-
sure that those projects which produce the most benefits
in relation te thelr coste will be developed first, if there
wers unlimited funde available for water-use project de-
velopuent,

In Figure © we are goncerned with itwo potential
projects, A end B, Soth are ecomomically justified, that
is, they both heve benefit-cost ratloes in excees of 1, If
there 1z six million dollers avallable for development,
there 1s no Aiffieulty posed by the venking system, Supe
pese, owsver, that only four millien dollers con be used
for development, The Subcomniitee recommendatlion would
lead to use of the mﬁn four million on project A,
Though it i true that project A's averege benefit-cost
ourve {(a) is higher than thet of B, the same is not true
for all ranges of the marginal benefit-cost curves,

Tibid., pe 14,
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FIGURE 5
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Up to point X, additionsl investment in project A will
ceuse its marginal benefit-cost ratio to exceed its average
benefit-cost ratio, Beyond point X, however, additional
investment will be relatively less productive. The average
benefit-cost ratio curve will begin to deeline at that
poiﬁt, but at 2 slower rate than the marginal benefit-
cost curve., Up to point Y, the marginal benefite-cost
ratio of project B is rising at a higher rate then its
average beneflt-cost ratloj and, in this renge, project B
will add more benefits relative to its costs than will
additionel investment in projeet A past point Z, Thus net
benefits would be higher if $2,9 million were invested in
project A end §1,1 million in project B, than if the entire
§4 million were invested in projeet A, A ranking systenm
which orders projects for investment by their benefit-
cost ratios may, therefore, result in inefficient use of
public investment funds,

The sbove case indicates that investment in projects
should be earried out to the point at which their merginal
benefit-cost ratios are equal, If this can be done, net
bmrits will be maximized, This will require, however,
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that water-use projects be infinitely divisible, This
does not appear to be the case,l8

An alternative system of renking is that which come
putes the benefit-cost ratios of separable purposes, rather
than of totasl projeots, and selects for development those
purposes which possess the highest ratios, In Figure 6
such a case in presented., Taking first the discontinuous
demend curve D as the demend for investment funds for
various projects under conditions of indivisibility, thet
is, elther an entire project or nothing, ﬁ, can be noted
that the curve constitutes & ranking of possible projects
by their benefit-cost ratios, Under the assumption that
the supply of investment funds 1s limited to the emount 0Q,
projects A through E could be completed, with the quantity
of investment funds utilized indicated by 0Ogq, and the quan-
tity of investment funds avellable but unused shown as by
qQ. It might be that another projeect, H for example,
could utilize those surplus funds and be completed ahead
of F and G, This would involve developing an inferior
project shead of superior projects, and a consequent re-
duetion in net benefits relative to the amount possible
if the superior projects could be developed first, or if

18supra, Chapter 1V,
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FIGURE 6
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the purposes which caused those projects to have superiority
were developed first.

Just as the benefit-cost ratlos of projects very in
smount, so do those of the seperable purposes, Line D! in
Figure 6 illustretes renking by separable purposes, A
project with a very high benefitecost reatio mey have one
or more separable purposes with even higher benefliwcost
ratios, end one or more purposes with lower benefitecost
ratios, A project with a lower averege benefit-cost ratlo
mey very well have one or more separable purposes with
higher ratios than thoseof the lower order in the former
project. Since by teking high-rvenking purposes out of
otherwise low ranking projects the meximum of benefit-
cost ratios is reised, the upper range of D! will lle sbove
the upper renge of D and the lower renge of D! will lie
below the corresponding renge of D, All project purposes
to the left of pointZ should then be developed., Such a
gystem of ordering should meximize net benefits,

~ fhe use of this method 1s, however, subject to the

hnieal requirements invelved in eonstruction of multiple
purpose projects. It is clesrly possible that inelusion of
e project during the initisl stages of construction may
result .m somevhat lower costs than would acerue to the
pame purpose if it were to be added to the project at a
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later g!ato. In addition, the companion purpeoses of the
projeet may be found to bear a higher cost if one of the
purposes is omitted thun if the purpose were inecluded,

The exlistence of Joint costs in project construction would
couse the benefitecost retios of those purposes remeining
to be lower then would otherwise be the csse,l? For this
reason 1t 1s unlikely that this method would be any more
efficlent then renking of projects by their benefitecost
ratios,

Of the types of renking schemes dlscussed, it is prob-
sble thet the most mmmm; in terms of meximizetion of
benefits in relation to costs, will be one in which prejects
ere developed to the point at which their marginel benefit-
cost vatlos are equal, subject to the degree of indivisi-
bility which exists,

19m. s Chapter 1V,






CHAPTER VII

CONCLUSION

The end towards which the benefit-cost analysis 1s
directed is economle Justifiecation, If a project and its
component parts are selected from among the most economical
alternatives open, 1f the scale of the project is estab-
lished at the point at which net benefits are at & maximum,
glven the surrounding cireumstances, end if benefits exceed
costs by enough to cover opportunity cost of capital, it
can be sald that the project 1s economically jJustified,

The extent to which benefits exceed coste will be indicated
by the bemefit-ecost retie., This retic will be of value
prineipally as & device by which the relative desirebility
of all justified projects may be compared, '

Projeet evaluation is aimed at ensuring Tulfillment
of the mein purpose of benefit-cost anslysis, nemely,
determination of the economic justificetion of specific
projects, In the course of this evaluation, the need for
each purpose of the project will be esteblished, and the
details of project development will be set sccording to
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the most economical avellable method of accomplishing the
project purposes,

B. Ihe Need for the Project

The value of a projeet lles in the need which exists
for the goods and services which mey be expected to be
produced by the project, In other words, the demend for
& project ie derived from its output., In meny cases the
nature of that demand mey place a limitation upon the type
end scope of project development, The demand which mey be
expected for hydroelectric power will be determined largely
by future economic developments in the merket area of the
project and by the price which mist be charged for thet

wer, For flood control, the limitation will be placed
upon the scope of mzmt by the meximum flood against
which protection is demsnded. The soil types to be found
in m project area, or future expectations relative to
transportation may determine the demend for water for irri-
gatlon, One of the first tasks of project evaluation will
be that of evaluating the possible limitations to demand
for all of the purpeses of the project under study, The
types of daﬁn which will be required for en analysis of
project demend are illustrated in Teble VII,




TABLE VII

- BASIC SOCIO-ECONOMIC DATA REQUIREMENTS
BY TYPES, FUNCTIONS, AND STAGES OF DEVELOPHENT™
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I II III v v VI VII ;% v S ¢+ 2
Population:
Number, location, density PO r P P PO 20 PO PO PCO
Income and expenditures PO 2 4 E PCO PCO
Age, sex, race, size of
families PO P P P PCO PCo
Resources:
Land PCO PCO ¥ P PCO PCO
Water PCO PO FCo PCO PCo PCO PO PO PC
Mineral 4 PCO b R PO »
Industry:
Mining 0 20 20____ PCO 2
Henufacturing PO PO P0 PCO PC
Agriculture PO PCO PCO PCO




Utilities

Markets:
Agricultural PO £C
Industrial 20 P PCO
Other PO PO PO
Production:
Agricultural PO PO PCO PCO
HMineral PO P PO A
Other industrial PO P P PO P 'y P
Damages PCO PCO PO FCO
Prices PCO PCO PCO PCO PCO PCO PCO PCO PC

Column I - Navigation, Column II - Flood Control, Column III - Drainage, Column IV - Hydro
Povier, Column V - Irrigation, Column VI - Water Supply, Cclumn VII - Pollution Abatement;
Column VIII - Recreatlion, Column IX - Watershed lManagement.

P = Planning (preliminsry examinations, surveys, and definite project reports).

C -« Construction {including plens and specifications).

0 « Operation and maintenance

7

a ; T o e v _ Do 1 P 2 & ~d & 2
Pregident's Water Hesowrces Policy Commlssion, ops cite, P 333.
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It will be noted that the types of date required for
analysls of demand very sccording to the purpose under
consideration, and according to the stage of eonstruction,

nd for irrigation, for

exomple,
1% 1s lmportent thet complete informetion relative te popu~
latlon data be available, This will necessarily include
the mmber of individuals, their locstion, and the density
- ef population, Information as to income Wﬁw&a.
and the ages, sex, race, and size of families, For flood
control, on the other hand, it 1s necessery only to deter-
mine the pepulation, size, loeation, and density. The
collection of date on the level required for even ap
mately ascurate estimatlon of demand has only Just beguu,
For o sumsary of the major deflelencies in the basie
wmme data needed for water resource plsnning, see
Appendix I, As shown in Table VII, only five of the nine
weter-use purposes listed require information relative to
m.'kﬂs. Three of those not needing market deta ere valued
in terms of damage reduetlons, Only watershed trestment
reqguires both merket and dumege data, Only recreation ree
quires neither merket nor damage informetion, Yet, all of
the purposes are seen to need price date for valustion pur-
poses, In other words, in only five of the nine cases can
merket velues be directly applied. In the other four
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burposes market velues ruet be either imputed, or the value
of such purposes must be deseribed in non-price terms,

Vater-use projects are three dimensional in nature,
These three dimensions, the physieal, the econonic, and the
institutionsl, carry special weight in considerstions of
weter-use projecte, adding complications to the problems
involved in making an economic anslysis of such projects,l

Physlieel studles of project resources ensble detere
minetion of the renge and limits of physical possibilities,
These will be established by the types of soil, by avail-
able water supplies, by the topography of the sres, ete.
Technologlicel advances may offer possibility of enlarge-
ment of the renge of physiecal possibllities, but this range
cannot, and will not, be influenced by either etonomic or
institutionsl eonsideretions., It is essential that the
physical preblems be considered closely in meking an analysis
of & water-use projeet, but the basie elements of water

.. er m %etm A&ﬂemtm.l m{ien
Bﬁm, Em‘kana. 195&; P 55
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resource development poliey cannot be established on this
baslis elone, This may have been & wealkness of water re~
source development in the pastj that is, physicsl and
conslderations for pest water rescurce development in some
instences, 2

Economie studles ensble determination of economie feas~
ibility and of the eppropriste level of development for
meximizetion of went satisfactlion,” Technological advan:
will inovease the renge of cconomic feasibility, Changes in
the level of demand, chenges in pricee and costs, and changes
in the level of business activity, will ell affect the renge
of economie femsibility, The range within which economie
feasibllity will affect development polliey, however, depends
both upon that whiech 1s physically possible and that which
is institutionslly permissible,’

The institutional aspect of water-use development will
determine the extent to whieh 1t is institutionslly per-
nisssble to underteke forms of development which pass both

g,
*Ibid.s . 56.

*mia,
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the physical and the economle tests, This espect 1 con-
trolled by laws, custonms, orgenizations, ete., end mey act
to elther 1imit or éxpand development, 4s Timmons saysi

In amlnmg poliay aspects of water resource
émlmm must, however, recognize clearly the in-
' L1 @mimmmmmam:mm

as m wmi.a @dimension,

Probably & brief WQ with respect to irri-
getion of agriculturel land from naturel bodies of
%ﬁgﬁ%hlpmﬁfymgm Let us ase

“gost and price amf m 4% u mmm
six acre inches a!’mmwm% is m&mlr
m, QMMMs Mm river is

m mtguuf a1’

.

In the case outlined, the physiecal supply is twelve sere
inches per year, the esonomie supply is six inches per year,
end the institutional eupply 1s zero. The institutionsl
factor provides the effective constraint, in this case,
setting the limit to development.

It 18 entirely possible that problems of permissibility
nay #‘mg enlargement of projeects, The pressure of umm

e



oups such as ammtimw&a might mm ‘necessary

inclusion of project purposes and facilities wh&ah mxm be
ruled out by economie mimum, Those gm\m S.n tha
Foeifie Northwest which ere pressing for fishlife preserve-
~ tlon provide & good cese in polnt, On strictly economie
grounds, provision of fish ladders and related musuu
in projects under consideration seems to be open o nmah

eism in many cases, and yot, if Mu fmm-lszm are m

| "u:m.em that the mim ond soslal solentists mist inte-
2 m&m thelr work, The mﬂ will eontribute effectively
ummwnw , enly to the

netltutional Mﬁﬁ%&m m account in his oalcmtim
of econonic tmzb.‘nuty.

The public agency benefit-cost amlxaia is of rela-
tively recent origin and, es yet, meny of the date necessary

for a thorough-going econonic enslysis of the effects of
water resources are lacking. Partly as & consequence of this,
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pertly es & consequence of what Werren Gramm has called
"preoceupetion with conventional price theory end svoidance
of & broader valuation concept,"s the benefit-cost analysis,
o8 it 1s currently conducted, hes some important wealmesses,

, In splte of the faet that publie sgency entry into

the fleld of water resources development is prediceted upon
& divergence between merket end sociel velues, the agencies
rely on market mlm as the measure of project benefite end
gosts, to the extent that project values which cemnot be
stated in those terms ave not included in the enelysis for
econonmic jJustification, If used at all, these latter
values ere applied s o super-numersire when choosing be-
tween otherwise justified projects for renking purvoses
 The Subcommittee on Benefits and Costs recognized the
desirebility of stating project benefits and coste in veal
mt‘i&mﬁc in the project, and Congressmen who have to make
W&aﬁm for water-use projects, are sceunstomed to

inking in monetary terms end might rejeet sny other

Warren S, Gremm, "Limitations of tho mm of the
Firm for Weter Resource Analysis," Lend Eccnomies, Vol. XXXIV,
No, 2, Hay, 1958, p. 117,
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valuation,
un!‘artumuly it 18 not prascticable to establish and
mhar{ntmarmm'm. There would be the
ﬁcohmica:l difficulty of Mung sueh & pattern upon
secceptable essumptions and hermore, the administre-
tors who recommend anummmsumm
consider them would ukels be averse to receiving
mnw estimates cowghed in theoretlcel terms rather
in wmu of expected dollar costs,T
The &ab«mmm therefore concurred in the general asgency
prectice of giving descriptive tresatment to those values
which cennot be expressed in monetery terms and holding
them apart untll the project has been otherwise justified,
As Gremm has mmamzmam. byplaainslnm-
gibles outside the Tormel analyticel fw, nay ens
ecourage the agencles to understate or ignore intangibles
in the proecess of evalustion,®
& benefit-cost analysis conducted by public agencles
should be one in which soelal benefits end costs are glven
fullest possible expression, The excessive precccupsation
of the public agencles with morket values in present benefit-
cost prectices makes 1t unlikely that soclal velues are
glven the attention they deserve.

i Vmemtm on Bmﬁ%a end mw, Report tg

Bmm Se m: on. Mnt Ps 119,



203
2, Indirect Benefites and Costs

Indirect benefits and costs ocour largely as & result
of interdependencies which operate through the market
mechonism, These benefits and coste are of two types,
those which stem from, and those which are induced by the
projeet. Indirect benefits and costs are susceptible of
measurement through income changes, although the lack of
precision inherent In this teehnique has been the source
of & great deal of controversy over inclusion of these
types of benefits and costs in the analysis for purposes
of economic justification,

The method used by the Corpe of Engineers, the Depart-
ment of Agriculture, and the Federal Power Commisaion in
caloulating net indireet benefits as a percentage of direct
benefits probably xm to understatement of thelr values
in most cases, since these agencles assume the percentage
to be only 10 per gent,? = The megnitudes of indirect
project, depending upon the purposes invelved and upon the
type of project construsted, It is probsble that net ine
direct benefits will lie falrly consistently sbove ten per

s e 110,




204

cent of direct benefits end slmost certain that the actual
percentage will vary from project to project,

The method used by the Buresu of Reclametion, on the
other hend, will probably lesd to equelly eonsistent over
statement of the values of benefits and costs, Stemming
from benefits end costs avre & type of demand effect, while

nduced by benefits and costs are a supply effect., Cal-
culation of both demand end supply effects results in
double counting, As M, M, Kelso hes pointed out, only one
of the two types should be calculated, and that the smaller
of the two,10

Celeulation of indirect benefits and costs 1s essen-
tial if publiec agenoy benefit-cost caleulations are to
reflect full soclal values, Extreme core must be taken in
thelr messurement, however, 1f mis-atatement 1s to be avoided,
and the probebility existe that substantiel refinement of
msa.m income accounting data and techniques will be re~
quired before eny resl degree of precision is atteined in
statements of thelr values,

e

, w“. §§§° Kz@lﬁ&,””mmﬁim of m&n&wmfm o

wwwmm mma ‘wms Ao iy
s Berkeley, Oalifornia, 1953, m« 49-61,
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%, Adjustment for the Level of Eeconomic Activity

The present egency practice of adjusting the results of
besis of the percentage of unemployment leaves much to be
desived, Tt is not made cleer whether reglonsl or mational

loyment data are to be used es the determinant of the
mount of the 4djustment, Weither is 1t stated et which level
of unemployment the sdjustment 1s to be spplied, Finally,
the adjustment velates only to the direct labor used in the
project, with unemployment of other resources omitted from
consider ‘&m«:. ' :
~ The suggestion of the Panel of Consultants,thot the
adjustuent be mede upon & sllding seale based on the per-
centage of resources used iu the project which is drewn
from unemployment rether than other uses, appears to offer
& m&m’ mm First, such & soale could easily be

plied on & reglonal besls, end thus would work more smoothly
nto coordination with goverrment employment poliey., Second,
mmmmm&m%nmmmmmmmm
mm unemployment into projeet use, This lends pre-
d1etebility to the analysis and gives expression to the in-
tangible benefits seeruing from & reduction in mxmlum\tn
Finally, the percentege adjustment would take into account
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2ll reductions in unemployment, rather than reductions in
lebor unemployment alone,

4, Allowances for Replacemen

It appears that thoee of the fw;* agencies set up, as
e pert of annual charges, sllowences for both replecement
and amortization, The Subcommittee on Benefits and Costs,
in its summary of agemoy prectices,ll indicates that this

‘ It is, however, extremely difficult
to be certain that this proactice is actually followed, In
ecaloulation of the se :

the Hellery Project, the Federal Fower (%c:miuian ineluded
both ellowences es & chorge sgeinst the projeet.l? Since
replacenent coste were ineluded with operation and main-
tenance costs, in this cese, there is the possibility that
the replacement eﬁtit‘n referred to were for minor replace-
‘mente, with mejor replacements covered under emortization,

P ﬁﬁhmtm, "Proposed Prectices,” op. git.,
. .

A pertment of Agriculture; since it assumes
| 13.1’0 for ﬁm projects, makes no charge for aemorti-

1 PW ﬂM&ﬁﬁf\.@n.v . LDLOTE L2008,
gﬂ& e B Nt es, sevetir, 1059),
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In the hypothetical cese discussed by the Subcommittee on
 Benefits and Costs,* however, both emortization and mejor
replacenents charges were explicitly mé», with ninor re-

placements omitted along with operating and maintensrice
cherges,

To the extent that this practice is followed by the
agencles, double counting of snnual cherges will result,
Provision should be made for elther amortization or for re-
plecement of major structures, but not both for the same
project, To the extent that this double counting does not
oceur, the agency statement of praectices is confusing.

For the sake of clarity, the type of charges made should
be stated explieitly.

Se

The Corps of Engineers and the Federal Power Commis-
slon have set a maximum economle life for their projects
of fifty years in spite of the feet that many of those

projects can be assumed to return benefits in excess of
costs fer beyond this time period, The fact thet benefits
will probably exceed coste beyond the £1fty year meximum
is recognized by both agencies, but the shorter than actual

“&mmsm. "Proposed Practices," gp, git.s p. 85.
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economic life period is used as an offset to risk and un-
sertainty in the seleulation of future bemefits and costs,'S
In sddition to this method of asccounting for risk end
stainty, all of the publie agencles at times use conserve-
tive estimates of project bemefits as such an offset; ot
other times they inflate the allowences for known risks for
fyen though the end vesult mey be the same, 1t seems
prefersble to compensate for unfovreseen risk and uncerteinty
WWafaﬁmMWM%WMthﬁw rather
then by use of these indivect methods, A part of the value
of benefit-cost smalysis lies in the lessons to be lesrned
wwisons of mm resulte of project develop~
need results, It is lepgely through co
timuing evaluation of paet results that future lap:
in the use of the enelysis will be made, Thie requires
thet benefit-cost estimates be stated in clear and uncompll-
ceted terms in ovder that expected and experienced benefit-
sost reletionships can be reedily analyzed.

155uboonmittee, "Proposed Practices,” op. glt., pp. 83-84,




6, Project Ranking

It osn be stated as & general rule that the economic
deplrebility of any specific proleet will be reflected by
its beneflt-cost ratlio, If there were no other considere-
tions involved, it would be possible, therefore, to follow
the ageney practice of developing those projects first
which demonstrate the highest benefit-cost retios,

I, however, funds for water resources development
are 8o limited thot all economiecally justified projects
cannot be developed, 1t mey be necessary to seek another
solution, An elternative might be remking of project pure
poses, rether than projects, by their benefit-cost vatios,
using the svallable funds to develop those purposes which
possess the most fovoreble benefit-cost retios, Pmmt
purposes are not, however, completely indivisible, Even
where purposes ean be developed separately, their benefit-
cost retios will probebly be sltered by the existence of
joint costs end joint bemefits, It will be necessary to
toke these joint benefits and costs into sccount, and also
to consider the possibility of en increase in the cost of
ﬁm&mw 1f they sre to be added to the project
et a later date, It will also be naemm to make provision
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for purposes to be added later, at the time the originel
project feellities are to be installed, This will neces-
sitate absorption of higher construction costs by those
purposes to be developed firvst then would be the cage if
'ﬁwumomwmwmmxmzwem4 For
this reason 1t is not likely that ranking by purpose will
result in any substantisl increase in effliciency relative
to the method now in use,

The egency prectice eppears to be based upon the
assumption that weter-use projects are completely indivi~
sible; that is, thet emch project must be developed in 1its
entirety or not at all, To a sertain extent, indivisibility
does exist in water-use project development, but certeinly
not to this degree, It appaau likely that considerably
more flexibllity is possible than is assumed by the agens
cles, Within the range of flexibility, it would be possible
to enhance the effectiveness of water resources invesiment
‘by developing water-use projects to the point at which the
merginel 'bemi‘imn% ratios of all projects are approxi-
mately equal, This mm involve e)mnsoa in the secope of
m«r-m projects, m it shml& elso result in higher
net benefits from water resources development,
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7. The Orientation of Benefit-Cost Analysis

The benefit-cost snslysis, as 1t 1s applied by the
public agencies, is oriented, to & very great extent, to
wvards projeet Justification in a fleld in which the exis-
neies between projects and between
systems of projects would seem to indleate the application
of the analysis on & broader basis,

 The downstreem effects of project construction ere
tekken into account to some extent by the agenciles, but the
relationship between & glven project and those which are
developed higher in the river system 1s lsraély lgnored.,
Comprehensive and effective development of water resources
will require that the benmefit-cost smalysis be applied on
& level which will reflect the benefits and coste which
- will agerue to other projects in the system from additionel
development, This will probably invelve ealeulation of
benefits end costs for entire river systems on much the
seme type of "with end without” basis now employed in




caleulating the separeble benefits and costs for project
purposes 7

The benefit-cost analysis as 1t 1s applied to water
resources development represents an sttempt to place such
development under economic serutiny in & way that is quite
different from other forms of public investment, As the
benefit-cost anglysis is refined and the date for measure-
ment and the technliques of measurement are developed, this
type of economiec evaluntion can be made of other forms of
publie investment astivity. This will have important con~

mences for water resources development, since 1t will
then be possible for water resource development to "take

'he Oregon State Weter Resources Board recently
udy of the development potentisl of the Snake
R&m vhuh included just such an enelysis,

A broader analysis of this type would babl, mam
Eropan e e
v
indicated by Johm Erutille, of m m iminary work
of benefitecost ans.tyau ml bn an wna.mum of m
types of moumt be developed

ndustries to the mg:.m.
ream&uumw i ;v@
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its proper place in the alloeation of public funds to the
gamut of government functions,"18

 In sddition, the development of improved techniques
for eveluating the effects of water resources developments
could well serve as a step towards better techniques for

necessity, in benefit-cost snalysis, for working out solu-
tions to the problem of expressing soclal values and costs
could lead to some workeble answers to & problem extending
for beyond water resources development,

1B8yarven s, Gremm, 9D eib., p. 120,
19m 12
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APPENDIX I

SUMMARY OF MAJOR DEFICIENCIES IN BASIC ECCHOMIC
DATA NEEDED IN WATER RESOURCE PLANNING®
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Iten of Deseription of Need for Comment and
Deficiency Deficiency the Data Recommendation
A, Over-sll
economic base
study:

l. Populstion

2+ Labor force
and employ=
ment

3, Income

L+ Production

Bs Functional
studies:
ls Agriculture:
Inventory of
land use and
ownership

8president's Water Resources Po
Vol. 2, (Weshington, D. C

unite

Age, sex, race, size
of family data need
to be provided on an
annual basis for as
small as the county
These are
provided by the de=
cennial census, but
estimates for interu
vening years &are
necessarye.

Uniform annual data
for es small as the
county unit and by
prineipal industry

groupSe

Income estimates are
now made. annually on
a nationsl and state
basis and the need
is for county esti-
mates not only in
azgregete terms but
by principal sources
of incomes

Discussed below in
connection with
specific activities.

Importent deficien=
cles ere the major
uses and ownership
classes of rural
land outside farms
by different types .
of cover correlated
with other charac=
teristics of the
land, such as, its
productive values

For analyzing present
and future demands of
the river basin econ-
omy for water and
other services that
can be provided by
river developuent.
Also for evaluating
impact of programs,

(See above).

(SGQ above ) .

Information on major
uses of land outside
farms is needed
periodically similar
to the census of land
in fermss In pre=-
liminary examinations
and surveys of river
basins and in water-
shed management,
specific data by
counties on the use,
cover and ownership
of all land are es-
sential for intelli-
gent actions

ing

ce, 19

State and local units
should be encouraged to
nake these estimates for
interim census years on
the basis of uniform esti-
mating techniques devel=-
oped on the national level,
Federal agencies in cooper-
ation should develop a
method for adjusting state
and local date now being
collected to accord with
the United States census
data.

Periodic bench-merk income
estimates by counties
should be prepared by the
national government and
extended and supplemented
by state and local agen-
cies, In the absence of
official estimates, the
latter agencies should be
encouraged to prepare
county estimates by break-
ing down the available
state estimates, using
local~-area dete and & uni-
form technique of estima=
tione.

The necessary data possibly
can be obtained in one of
two ways: (a) Incorporation
of appropriate questions
and procedure in the Census
of Agriculture which will
pernit assembly of informa-
tion by counties on major :
uses and ownership classes
of all rural land, and (b)

a survey conducted possibly
in cooperation with state
and county officiesls utiliz-
ing available airphotos,
maps, land end assessment
records.

licy Commission, Weter Policies for the American People
.: United States Government Print. 6.

3 PDe



APPENDIX I ({continued)
Iten of Deseription of Need for Comment and
Deficiency Deficiency the Data Recommendation
Estimates of More precise and As additional river The needed data can be ob=
conservation complete estimates basin and related tained by establishing more
needs are needed of the land and water pro- uniform procedures for use

Costs of land
development

Prices of
Tarm products

Economic re-
lationships
of weather
and floods

extent and character
of the total land

and water conservae
tion job and the time
in whieh it should

be completed in ore
der to maintain the
sultable agricultuml
area in use, Data

- on the conservation

works installed,
areas covered, and
effectiveness of ine
stallations also are
needed, :

Information is insuf-
ficient for the one-
the~farm costs of
land improvement meas-
ures, such as, clear-
ing, drainage, pre=
paring land for
irrigation, the cost
of irrigation water
t0 users and benefie-
cial effects, re-

claiming gullied land,

seeding pastures,
renges, and other
measures and prace
tices used in the
land phase of river
basin development

grams are developed,
the problem of maine
taining an up-to-date
inventory of needs
and accomplishments
will become increase
ingly importent in
the interest of wise
investment and eco-
nomical administra-
tion of installetion
and watershed mane-
agement programs,

For analyzing costs
and probable returns
in plenaing needed
land measures and in
Judgment by farmers
88 to whether they
can afford the ime
provemen ts

’

and watershed manage-

nente

Data on prices of
farm products are ese
sential in river
basin planning in
order to convert
Production estimates
into income esti-
mates,

Weather and flood
data and information
on important eco-
nomicrelationships
of weather and floods
are inadequate in
some regions, A
larger number of
weather recording
stations is needed
in several agricul=-
tural and forest
areas with the obser=-
vations correlated
with data for plante
ing and harvest dates,
erop and pasture
ylelds and quality,

Cost and income esti-
mates are needed in
the economic analysis
of proposed projects
and component mease
ures, Studies of
prices and costs zlso
are necessary to meske
a determination of
the relationship bew
tween withdrawals
from the land and ade
ditions necessary for
production and maine
tenance,

More camplete coverage
of the country by
weather and flood ine-

- formetion 1is needed

to gulde further sg-
ricultural develop—
ments and watershed
management programs,

of interested public agene
cies for classification and
annual reporting on estie
mates of needs, plans, and
areas covered by necessary
land treatments and water
control measures, This
procedure could be made a
part of the present system
of published annual ree
ports, and would make it
pessible to obtain total
national balance sheet of
conservation needs, estie
mates and installationms,
excluding duplications.

The needed data could be
obtained by a few Sample
surveys to remresent the
different major situations
of the country. Urban and
industrial construction
costs generally are not
appliceble to farm costs,

The price data collected by
the state agricultural stae
tisticians generally cen be
supplemented to reflect
local conditions in current
river besin plenning, Fere
lodic studies to estimate
the expected future general
price level for various
commodities also are desire
able,

The necessary d ata cculd be
obteined by inereasing the
present program of weather
data collection and analye=
8is and by relating agricul-~
tural data on crop and

ture yields, condition and
quality to the seasonal
weather records,
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APPENDIX I (continued)
Iten of Deseription of Need for Comment and
Deficiency Deficiency the Data Recommendation

Econonic as=-
pects of
land classie
fication

2+ Forestry

3+ Conmmerciasl
fishery and

trapping

as well as for crop
damages and extra
costs resulting from
weather and floods.

An inventory of
areas and production
of land suitable for
development, and the
new land currently
being developed by
clearing, drainage,
and irrigation is
vitally needed to
help in projection
of agricultural pro-
duction trends, prob-
able needs, land
requirements, and
potential lands
available,

Initial surveys to
obtain information
on the location,
area, stocking, vol=-
ume, kind of trees,
condition, growth
and drain are needed
on some 200,000,000
acres of forest land.
In addition, resur-
veys of areas cover-
ed about 10 years ago
should be made as
rapidly as possible.
Data are also needed
on stand improvement
and reforestation
needs, and on cost
and returns on vare-
ious forest projectsa,

In connection with
broad river basin
planning, there is a
major deficiency in
the amount of pro-
duction, employment
and income data pres-
ently available by
states. Such data
are needed for the
harvesting, procese—
sing, and distribu=
ting levels of these
industries, More in-
formation regarding
the fresh-water fish-
ing industry is
needed by states and
by major bodies of
water within each
state, Jlore informa-
tion regarding fur
trapping is needed by
states and by coun-

Investigation of land

The necessary data can be

areas believed to have obtained by continuation

potentialities should
precede actual cone
struction planning so
as to aid in selec=-
tion of good land for
development,.

Satisfactory develop=
ment of water resour-
ces requires adequate
information on the
condition of the for-
est land, because of
its economic impore
tance in terms of ine
come employment and
other benefits,

These data are all
required to evaluate
properly the role of
this activity in the
economy of the region,
and to make proper
program provisions

in connection with
water resource plan-

ninge

ties within each state.

and expansion of soil sure
vey, and land classifica=
tion work, in river basins
believed to have good po=-
tentialities for further
lend development.

The United States should be
covered by a forest invene
tory every 10 years, This
means surveying 62,000,000
acres per years Such surm
veys should be intensified
and ad justed to meet the
needs of water- resources
development,

Needed data might be col-
lected Jjointly by the
Bureau of the Census, the
Fish and Wildlife Service
and the individual statea.
Much of the informstion
could be obtained by ine
creasing the coverags of
the Census of Manufactures
and through the collection
of more detailed income
data by county and by prin-
cipal occupational sources
of income, Additional ine
formation regarding fish
and fur production could be
obtained through more ine
tensive surveys by the Fish
and Wildlife Service and
the states.
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Itenm of
Deficiency

- Deseription of
Deficiency

Need for
the Dsta

Comment and
Recommendation

e Menufacturing
and mining

5+ Tourism and
recreation

6. Transportation
and navigation

A major deficiency
is the use of water
{ouantity and quali-
ty) by different
types of industry

and mining correla-
ted with other char-
acteristics of the
industry such as em=
ployment. Informe=-
tion on present

usage and ¢ ircumstane
ces of use by differ
ent sources of water
(direet river, muni=-
cipal water and ground
water) also are need-
eds Deficiencies in
production and other
data are not cited
here inasmuch as
needs for these data
are more d irectly
related to other
than river basin
plenning needs.,

liost data require-
ments can be satis-
fied by special
surveys in connec=
tion with contempla=
ted projecte for
basin developments,

Readily available
basic data on costs
(not rates) of
transportation by
competing means,

such &8s railroads,
truck, and alterna-
tive waterway routes;
costs of operation
of airlines and aire
ports; seconomic costs
of operation of bus
lines, private pas=-
senger Cc&ars.

Lack of complete cove-
erage of costs and
economics of com=
pleted water-ways in
operation,

Date on basic origin
and final destination
of commodities.

As rivers are more
fully developed, the

problem of competition
among the several uges
n.

will become reale.
telligent planning
should tske into ace

count the use of water

for industry. Ade-
quate data on indus-
triel and mining use
of water do not exist
to forecast such use
even if the future
level of manufactur-
ing in the area were
known. Mineral re-
souwrce data are need-
ed to provide advance
indication of where
mining and dependent
manufecturing indus-
tries are likely to
decrease because of

exhaustion of reserves

and conversely where
new mining and manu=
facturing industries
may start because of
the development of
new deposits,

Special surveys are
required to fit rec-
reational potenti=
alities of proposed
water resource de-
velopments into
proper balance with
regionsl and local
needs,.

For determination of
most economical al-
terna tive means of
transportation in
evaluating waterway
improvements; deter-
mination of flood
losses and benefits
to transportation in
flood control stud=-
ies; estimating
costs of operation
on relocated routes
in project cost es-
timates.

Sufficient data has
generally been avail-
able or obtainable by
special effort; data
are needed for evalu=-
ation of transporta-
tion savings by new
improvements,

The necessary data can be
secured for manufacturing
in 1 or 2 ways: (1) In-
corporation of appropriate
questions in the Census of
Hanufactures which will
permit correlation with
other date, and (2) a sem=
ple survey of different
types of industries which
will permit a fuller set
of questions., For mining,
the collection of data on
water consumption perhaps
could be made part of the
Bureau of lMines program,

Tourism and recreational
aspects of water develop-
ments should be investigateg
concurrently with surveys
for other purposes which
should be coordinated
closely with d ata the Geo=
logical Survey will collect,

Deta affecting railroads
and commercial trucking
costs could be collected
by Interstate Commerce
Commission in regular re-
ports by the carrier; for
airlines and airports by
the C.A.A.

More widespread study of
economics and costs of
transportation on completed
watervays.
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Item of - Deseription of Need for Comment and
Deficiency Deficiency the Data Recommendation

7. Power and
Energy

8. Trade, ser=-
vices, and
construction

9« Government
installa=
tions

A major deficiency
exists in data on
electric energy pur-
chases, generation,
sales, and meximum
demands for indus-
trial (mining and
manufacturing) estab-
lishments of the
country in each year
on an individual
plant bas 13.

Improvement is needed
in data on sales of
electric energy by
electric utilities
for classified use,
namely, for the farm,
residential, commer-
cial and industrial
classifications, As
presently reported
to the Federal Power
Commission, these
data are lacking in
uniformity and ac-
curacy of definition.

A deficiency exists
in data on the use of
electric appliances
in homes and on the
amount and types of
electrically operated
equipment used on
ferms, A limited

For analyzing indus-
trial power require-
ments and supply and
their relation to
river basin hydro=-
electric developments,

These data are needed
to analyze utility
loed growth and to
prepare estimates of
future loads for use
as a measure of the
need for additional
generating capacity
that may be required
in connection with
planned river basin
developments.

These data are nesded
to analyze the growth
of residential and
farm loads and to es=
timate future load

It is recommended that the
Federal Power Commission
conduct an annual canvass
of manufecturing and mine-
ing establishments to ob=
tain these data in years
for which the census data
would not be available.

It is recommended that data
on energy deliveries by
electric utilities to ulti-
mate consumers be sought on
the basis of classified use
rather than on the present
loose sales classifications.

In order to meet minimum
requirements, it is recom=-
mended that these data be
obtained by appropriate
agencies of the Government,
possibly on & sampling
basis., It is further recom-
mended that this informa-

requirements as a mee- tion be made available on a

sure of the additionsal
electric generating
capacity that may be
required in connection
with planned river
basin developments.

amount of information

on electric appli-
ance use is collected
by a few trade groups
and Government agen=
cies, but the data
obtained are not uni-
form or sdequate as
to coverage, subject
matter or geographic
unit,

Water requirements
for these activities
are included in over-
all domestic water
supply requirements
and generally re-
quire no speical
treatment,

Water requirements
of special installa=-
tions such as in
connection with atoam-
ic energy needed in
areas of limited
water supplies. Im-
pact studies on gov=-
ernmental revenues
and costs of the
total river program
would be helpful,

Existing data gener-
ally adegquate for-
determining place of
these activities in
present and future
regionel economy.

Need to appraise full
effects of river ba-
sin programs on gove
ernnental costs and
revenues-=beneficial
as well as adverse--
on a case study besis,
Should be a continu=
ing study to get

full effects of pro-
grams,

river basin and county basis.

Analysis should be made
occasionally of these
activities to determine
significant departures or
trends in water use.

Location of defense and
other governmentel instale
lations requiring large
emounts of waler should be
coordinated with river ba=-
sin plenning, Case studies
of full effects of river
basin programs on govern-
ment should be initiated,
especially in areas where
programs have been in op=
eration for some time.
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APFENDIX I (continued)
Item of Description of Need for Comment and
Deficiency Deficiency the Data Recommendation
10. Flood control Flood damages differ ¥For evaluation of Further study of measure=
(flood from flood charac- flood d amages and ment procedures, basic datsa
damages) teristics and usual- benefits, standard and the applicability of

ll. Watershed

12,

management
(discussed
under B 1)
Domestic and
industrial
water supply:
Population
Employment
Incone

Industrial
activity

Building end

ly require special
surveys in each
flood area for eval-
uation, Where flood
conditions may be
considered similar,
standerdized or same
pling techniques may
be applied. Further
study of effects of
floods; determina=-
tion of standard re-
lations and their
limits of applica=
bility desirable,
More information
would be desirable
on the physiceal ef=-
fects of floods on
structures and their

contents, particular-

ly when complete
destruction does not

take_ place, but
mere

up and effects more
rapid depreciation.
Specific data for
flood areas are gene-
erally lacking, and
must generally be
secured by special
surveys or approximse
tion by prorating
larger unit data,

See item A 1.
See item A 2.
See item A 3.

By type of industry,
i.8., manufacturing,
trade, etc., and by
specific industry
within each type,
l.e., rayon manufac=
turing, coal mining,
etc.

Official data by types

other construc-of buildings and

tion

other construction for
counties, major urban
centers and river ba-
sins for intercensus
years,

data, if determined
to be applicable to
a given situation,
would expedite and
lower costs of stude-
les, and evaluation

-of effects of floods

and improvement pro-
jects. County-wide
or larger units do
not give specific
enough data for eval=
uvating trends of de-
velopment in flood
8reas,

reqiires clean-

See item A 1,
See item A e
See item A 3,

To permit: (1) esti-
mate of future of ine-
dustries; (2) estimate
of future water re-
quirements,

To predict future
construction activity
and resulting water
usages

"standerd r elations™ by
Corps of Engineers or
FIARBC. Effects of floods
on more rapid depreciation
would be best secured from
property owners if they
could be encouraged to

keep more accurate records;
follow-up surveys after
completion of improvements.
Specific or sample surveys
by investigating office
will probably continue to
be the most economical means
of securing the necessary
date on & less-than-county-
wide basis, unless local
governmental agencies can
aild in periodic surveys or
censuses, Much of this ine
formation is already being
gathered by the Corps of
Engineers, but additionsal
data is needed.

- PRSI E ———

See item A 1.
See item A b
See 1tem A 3,

Census of manufecturing
and business made as fre-
quently as possibe with
information on specific
industries by counties
major urban centers an&
river basins,

Data might be gathered at
time of each Census of
Manufactures and for Cen=-
sus of Business.
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Item of Deseription of Need for Comment and
Deficiency Deficiency the Dsta Recommendation
Water usage A major deficiency is Adequate data on use Data should be collected

13. Pollution
abatement:

Genersl data

Specific data
on pollution

Fish and
wildlife

the use of water
(quantity and quality)
by different types ine
dustry, commercial
building and residen-
ces. See also item

B l} above,

The same as items 12
above.

Data on sources of
pollution, effeects of
pellution on economie
values, costs, and
estimated effects of
pollution abatement
have not becn syste-
matically gathered
for the country as a
whole,

Dsta similar to those
discussed under B 3
above are needed on
commercial fishing and
trapping and on the
commercial aspects of
recreational hunting
and fishing which re-
quire protection from
adverse effects of
river-basin develop-
ment,

of water under vary-
ing climatic and in-
dustrial situstions
do not exist to fore-
cast e ither future
use of water or fu-
ture ability of area
to expand its indus-
trial activities or
even the population
which it can support.
See also B 4 above.

See 12 above.

Adequate planning of
pollution control in
the interests of in-
dustrial development
is impossible wi th-

out comparable data

for each river bssin,

See B 3 above.

both from municipal water
aystems and from individe
ual manufacturing and
processing concerns, To
& conslderable extent,
this is already being
done by the Public Health
Service for quantity and
quality of domestic water
supplies, and this agency
has facilities for extende
ing their program. Supe
plementary information
might be collected either
in connection with existe
ing census procedure or
through special studies
covering only this pur-
pose. See also B 4 above.

See 12 above.

Collection of information
should be put on a cone
tinuing basis under the
Water Pollution Control
Division of the Public
Health Service. This
activity has recently com=
menced,

Data could be collected
&8s suggested under B 3
above,








