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CRITERIA POR THE SELECTION OF WATER-RESOURCE PROJECTS

Roland N. McKean
The RAMD Corporation, Santa Monica, California

KEstimmtes of the ocost and gain attributable to waler-
resource projects (e.g., irrigation or flood-control
measures) are often used to help winnov out the ones
that should be undertaken. This sort of comparisoq,
which is usually called "cost-benefit analysis,” is
closely related to systems analysis and opersations
research; all of these activities pose problems of
fcriulating analyses and devising tests of preferredness.
In this connection, three points are discussed and {llus-
trated: (1) With & given water-resource budget, maxi-
mization of the present value of net benefits is a
better test than the maximisation of the conventional
benefit-cost ratio. (2) The alternatives that are
coapared should be water-resource “systems” -- esch
consisting of a proposed project added onto exisiing
wvatershed festures and projects. As nev projects are
approved and constructed, the other proposals 8déed nnto
the o Al vatershed features may no longer be the

relevent tives. (3) The alternatives that are
compared sh include project-increments, not Jjust
huge 'l.unpl.'\/

'

[
Wt problem of-thotee—vhiech—the-government faces
-
is _that 3( selecting water-resource developments <- such as navigation,
flood-contral, and soil-conservation measures, ;-—Mmh—bo uader -
taken each year. The importance of the proulem is indicsted by the

extent of current and potential expenditures on such water-res

projects: each year from §1 to §2 billion ere now spent on weyer-
resource development by the Federal govermment alope, and ovey the

next gensration, according to estimates in the Report of the

m- peper consists mainly of excerpts from a study of tfe use of
amalysis to incresse efficiency in weter-resource developmefit @id<$8




Water Resources Palicy Commission, from $70 to $100 billion may be spent
on such developments.

In forrmlating the water-regource rrogram, government mkes use of
"cost-bene it analyses,” in which estimmtes of the coste and returuns from
each project are prepared. bBuch estimates have been made, for instance,
Tor the Santsa Maria ;roject in Califormia, 8 proposed combination of
irrigation and flood-control oeeasures about 130 miles northwest of Loe
Angeles. This example will be drawn upon to {llustrate several subsequent
points.

In the use of these estimates to help compare alternative water
resource 1rojects, the criterion that is supposed to indicate projects’
relative merits i3 the ratio of benefits to costs. (Por exam.le, this
ratio was calculated for the Santa Maris project, turning out to be 1.87
to l.)y If the ratio is higher than unity, & project is said to be
econamically Justified. Moreover, in general, the higher the ratio,
the more favorably & proJect is locked uj;on. In this way, this criterion
helps determine both the site of the goverment Agencies' water-resource

budgets and the particular projects that are to be undertaken with those

budgets.

I, COST-BENEFIT ARALYSIS AND OPERATIONE RESEARCH

Ti is pertinent to note that cost-benelit analyses are closely
related to ojerations research and to systems analysis. First, all such
research yrovides assistance, mmuch f {t quantitative, in handling some
,roblen 07 choice. More sjecilically, in all such resecarch an atte:n:nt
is mde to trace out significant c-nsequences of alternative ;olicles

that aisht be chosen. Ojerations rcsearch sowmetinmes coujares the
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consequences of adopting alternative inventory policies in a business
firm; systems analysis sometinmes compares the implications of developing
altermative weapons systems; cost-denefit analysis compares the conse-
quences of choosing altermative sets of water-resource projects.

Secomd, in traeimg out these implioations, all these types of
analysis are likely to use rather complex models, or sets of relation-
ships, 80 as to reflect the effects of interdependencies. One of the
min features vhich sets operations resea:ch apert fram intuition or
very crude analysis is the effort to take camplicated relationships
into account -- such as tkhe connections between inventory policy, speed
of delivery, customer satisfuaction, variations in output, and manufecturing
costs. In systems analysis also, relatively broad systems are comared
in order not to neglect the way that a change in ops part of the systen
affects the cost or performsnce of other (arts of the system. 8imilarly,
cost-benefit amalysis makes use of some rather intricate models in order
to trece out the consequences of various projects.

For example, with the Santa Marisa project, stream flov below the
reservoir vould vecomr a steady trickle instead of an intermittent
scouring flocd, one elfect of vwhich would be to raise the cost of chammel
scouring and maintenance. As another {llustration, the use »f some
reservolr caracliy for flood-contral would aflfect the ;aycff from another
component, the system of levees. That is, if one ;ert of the systex
414 part of the tlood-control Job, it would reduce the payoff from the
other flood-control mesasures.

It may help convey the flavor of cost-beneli: snalysis if on~ part
of the model used in the Senta Maria enalys!s i{s sketched out.g/ In

describing the effects of flood-control works, the analysts started wvith
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the {mpact of these measures on strean flows -- that i{s, on the cubpic
feet discharged per second at desigmated ;oints. They then proceeded

to translate this information into estimmtes of damge-reduction attri-
butable to the ;roject. PFirst, they worked out estizmtes of the damge
that would occur vithout the project. Prom pest records, & discharge-
frequency curve wvas derived, shoving the mumber of times d>ne could exject
various ,eak discharges to occur during a ;eriod of a hundred yearr.
Rext, a discharge -damage curve was ;repared, shoving the vay average
monetary damage cver the coming decadcs wvas expected to vary with flood-
size, measured as before by peak discharge. Pron these two curves, a
damage -frequrncy relationship vas obtained. Since the discharge-damge
curve showed an estimate of monetary demmge for each ;cak discharge, a
damage es.immte could be substituted for each peak discharge. Hence,
the discharge-{requency curve cculd be translated into a damage-frequency
curve. The last-named curve ({n cumulative form, which shows the number
of times that each damage fi,ure would be equaled or excerded) is the
80114 line shown in Figure 1. The area under this curve represents
total damage over a 100-yesr ~er{ind, This amount could be ar;roximated
by multiplying by one the dammge cx wcted to occur one time, multi;lying
by two the¢ amount expected Lo occur two times, aud £> ~n, and ther by
suming u; all these results. EBxpected damage (»r sear is sim ly the
total jrojected for the entirec period divided dy 100.

A similar ;rocedure yielded a damage-frequency curve, axd cstimtcs
of annual l0ood -dammge, vith the ;roject -- {.c., vith the rese:rvolr,
leveres, and channel lmprovements that were being conside-ed for the
Santa Maria valley. This curve {8 the broker line shown {n Pigure 1.

Tlic average annual reduction of (lood-lamage att:ivited to the ;roject



P-689-RC
9-16-55

Figure 1. Damage-Prequency Curves
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vas then simply average annual demmge without the ;roject mimus sversge
annual damge with the project.

The purjose in presenting part of the Santa Maris model 18 sinmply
to convey at least a brief notion of coet-benefit computations. In
larger vatersheds, the calculations grt more complicated, as inter-
relationshi;s multiply: thus, on the one hand, a nev reservoir upetreem
my stabilize the downstream flows and i(ncrease the firm power outjput
that can be oroduced by downstreaz nydirc statious, whether public or
private; or, on the other hand, if weter is used for irrigation, it may
reduce downstream flovs and the power output of downstreexr hydro stations.
To repeat, the aim here {s simply to coovey some ol the [lavor 3f cost-
bepefit calculations and to indicate that they are similar to some of
the estimtion procedures that are used in comnection with other problems
of choice. In other words, cost-benefit analysis may be regarded os a

type of operations research.

II. GEMNERAL FORM O THE CRITERION

As pentioned above in the descrivtion of cost-benefit anmalysis, the
merit of each wvater-resource jroJject 18 gauged treaditionally by the retio
of benefits to costs, both converted to an annual basis. Nov maturally
this ratio i{& not regarded as the aonly ;lece of i{normation vhich is
relevant to these decisions. A great many objectives and political
jTressures enter into the actual selection ol rijecte. RNonethcless,
this criterion seems to ;lay a leading role in the formulation of the
WR.Cl'-regource .rogran.

Or, more accurately, it :lays s mialeadin; role. This could Ve

brought out by an examination - the Santa Maria  rojec®, tu® this
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particular point can be shown more sim;ly if ve compare two hypothetical
projects, A and B, Pirst, some prelimimary definitions: benefits are
the value of a project's cutput -- equivalent to a firm's sales -- and
costs are costs -- the amounts that must be given up, or spent, in order
to buwy the project. Both costs and benefits are streams over time, of
course, and in order to be compared properly, these streams would have
to be discounted carefully in order to darive their prerent values or
to put them on an amual basis. Por the pake of convenience and ease
of mnipulation, the calculaticns here will be greatly oversimplified.
As ahown in Plgure 2, each of the two projects (A and B) rcquires

the investment of $10 million to be written off in 10 years. A has

Figure 2. Conventional Criterion for Ranking Two Projects
(amounts in millions of dollars)

A B

Iovestment 2(2 22
Annual Benefits 19 5
Aomml Costs

Operating b 0

Dcprecintion __l__ L

Total 5 1
Ratio of Benefit to

Cost (Annuml) 3/1 5/1

operating coets of $4 million, annuel depreciation of §1 million, total
annual costs of $5 million, and total anmual benefits of $15 million.

Rence, the reatio of annmml benefits to amnual ccsts is 15 to 5, or 3 to 1.

B bas oo operating costs (obviously an extreme example), annual depreciation

of §1 mllion, total anmml costs therefore of §1 million, and total
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annual benefiis of §5 million. Thus, the ratio 18 5 to 1. According
to current prectice, B is to be recommended because its ratio is higher.

Yet, as indiceted in Pigure 3, its net "rrofit" over the period is only

Pigure 3. Rev "Profits” fram the Tv- ProJects

A B

Annual Beperits $15 $5

Annual Costs = 3 -1

Net Profit Bach Year 10 N
Net Prvofit Over Life of

Project (10 Years) 100 %y)

$40 nillion (10 times $5 minus $1) vhile A ylelds $100 million (10 times
$15 minus $5) all for the same investmeat. A clearly adds mor- to our
jresent wvorth, and i{s surely the better investment.

What's wvrong vith the ratin? Well, {t's the ratio of grose benefits
to gross costs., The cquivalent criterion in business would be the ratio
of recei;ts to expenses. I1f this sort of test werc used in business,
entry into retail trade, or any venture involving a high turnover, would
e} ;ear to be roalish, becausc the ratioc ~f gross sales to expenses, or
the rate of return an sales, would be cozmaratively low. Yet the profit
on the investment might be relatively high. What ultirmtely maticrs is
not the ratioc of gross sales to ex:enses or rates of r¢.un on sales; {f
& venture promises annual sales of $102 rillion and anmual exj<nses of
$100 ndllion (i.s., 2 per cent oo sales), it may still be anything from
e bonanza to & dud. What metters (s the ;rofit on investment, or more

Jrecisely, the prospective change {n ' reeecnt worth,
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8imilarly, the most significant test in public i{nvestment -- wherever
measurable bsnefits and costs are important -- {8 surely not the matio
of gross benefits to total costs. This provides no basis for doing what
governmental agencies must usually do -- that 1s, judge the relative
merits of differemt projects wvhose benefit-cost ratios are greater (or
less) than unity. If the conventional retio is used for this purpose,

a project that has high groas returns and operating costs will be at s
relative disadvantage, vhatever i{ts potential contribution to ;resent
vorth. This may seem t0 be an elementary sort of error. It {s stressed
here because this error is being made vhen ratios of sales to expenses
(1.e., benefits to costs) are used by Congress or within the Departaoents.
And, incidentally, it is a tye of error -- the use of the ratio of gain
to cost as a criterion -- vhich sowetines occurs {n other ;leces of
operations research auxl systems analysis.

As in the case of rivate investments, vhat ultirmtaly matters is
surely the profit on investment, or more ;recisely, the fncrease in jpresent
value that can be obtained vith any investment budget. It {8 not necessary
for pregsent purposes to ask jJust wvhat discourt —te should be used in order
to estimate the {ncreeses {n present values: the answer would de;end
upon the way in which carital is "rationed® to government and to government
egencies. The essential joint here is that we ghould choose thonse invest-
ments vhich yleld the grestest benefit minus cost, not those which yield

the highest ratio of benefit to cost.

III. CRITERION MISLEADING IF WRONG ALTERMTIVES COMPARKD

Even if the appropriate test of rreferredness 1s ado;ted, it will

not reveal the best policy if the wrong altermatives .- water-resource



P-t39-RC
9-16-55
-10-

systems in this (a;er -- are telng comared., This is a common;lace
Sbcervation, but two ;articular csizuations {n which the wrong alternatives
may be comared are worth s« cial ention here,

A. Comaerison of 8ystems Thet Have Been Modified Since Ordi:inal

sls

As nentioned previsusly, on account of interde;endencies, w often
have to compare rather troad systems. That is, in order to cxyare
vent ires (or wveapons, or - roduction schedules) A, B, and C, we really
have to comjare regt-o’-the-gysten-,lus-A, rest-o’-the-systen-,lus-B,
and reet-of-the-system-,lus-C. To see thisc mure clearly, 3u;.ose that
8 roject consietin,; I s ¢ 1lled levees, charnel-{m rovenrots, and
cepervolrs 18 A, and other sets of :rn,osals {n the same brosad wvatershed
arc B and C. The rest-of-the-system {r each casc encomesscs cxisting
mn-made features (rcsex‘voirc, flood=-contr l structures, ,ower ,rojlects,
{ndust:{al cstablishments) and natural features (-limate, land, forecsts)
vhich wuld affect, r b allected by, the o,eration of the ;r~ osed
roject, Thus, the full systens whose  erf rmance should be comjared
com;rise in each instance the vhole rcawm lex f feetures that already
exist, r are taken as g!{ven, and those that are ;roposed. As a ;Tactical
mmtter, Of course, we lraw a line somewtier:, -considering only features
" the vasin cr watershed which a. ¢ Adeemed to be involved "sigrificantly.”

The comarison ! sucl sysitems {6 hel 0l {f we are tn ch-ose only
e ¢ these ventwres (A - B or C) and thern Jorget abnul the other two,
But tiere may Le troulle ahead {f W try *. ranr A, B, and C for future
reference.  Anxl this !5 exactly vhat we vanetiors do atten, t {n the
analyeis ol waler-regour e orasirce -- Lhat (s, Lo eval ate the rojects

and then t use the evalua' iong at -nsiderably late: dates.
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The reason that there may be trouble is that the outcome of A may
depend upon whether or not B is in existence, and vice-verga. In other
vords, as soon as ane of the jprojects is to be constructed, the ecarlier
evaluations may no longer be arpliceble. In that circumstance, the ranking
based on the earlicr evaluations may be vrong. For instance, su; ose we
camar= the ' atershed (including vhatever measures exist or are taken
for granted) plus s reforestation project, the wvatershed plus a forest-
fire control program, and the watershed plus dovnstream levees. B8u;,ose
the reforestation project turns out to oe best, and it is to Le cauricd
out. Perhaps the downr ' -~eem levees are sacord-best according to the
initial analysis. Will wey continue to be second-best? Not necessarily,
because reforestation vill decrease water runoff{ and hence the dbenefits
to be obtained from levees (a "competing” ,roject) and increasc the gains
to be obtained from fore.t-fire control (a "complimrotary® project).

In other words, strictly s;~aking, our conclusions pertain only to
the systems actually compared, and not necessarily to modifiocations of
thosc systems. The alternative systems that vere exmmined in last year's
analyses may not be the ones vhich should be comjared {n order to select
next year's rrojects. We may use the origimal aralyses as the hasis for
vievs on modified systems -- {.e., we may sssume lhere are no significant
interrelationshipe between  rojects A, B, and C, and use the initial
ranking as though it vere inde endent of the construction of A, B, or C;
and in some ceses this will be justified, but vhat is Deing assumed
shculd be recognited.

B. Cosparisopns of Project-Luwmps vs. Project-Increments

It bas been repeatedly suggested that, on account of interdependencies,

the wvay to come to gri;s vith the true gains and costs, and hence wvwith the
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proper criterion, is often to comare broad systems. In the case of
wvater-resource develoyment, this means looking st entire watersheds or
river basins. It should bLe em;hasieed, however, that the jroposed
neasures in various river besins peed not, indecd should no', be
exarmined as indivisivle lumpe. It is {mortant to break these [ro,osed
measures down into ;arts and see vhether successive increaents are worth
their cost. Thus the systems that are being considered should embrace
several combinations of compome:nte -- such as existing features of the
wvatershed plus extra forests, existing features [ lus forests plus
terraces, and then all those carmponents plus channel -im roveme:nt.

Also, the measures that are belng considered ahould embrace several
sizey -- such as 50,000 miles of terraces, 100,000 miles nf terraces,
and perhaps & third size. Then, in the context of the systen and given
the other componentc, we should ask: wvhat are the extra costs and extrs
benefits attributable to each major feature or to each major {ncrement
in size? Only {n this wvay can we showv whether o not unecononic features
or uneconomic additious in eize are riding in on the coattails of the
truly profitable parts Hf a jropcsal.

The Senta Maris analysis, ;re;ared !ointly by the Buresau of Reclamation
and the Corps of Engineers, is better than many others {n this respect,
for considerable attention was given to the costs and gains of alternative
developoent plans, ».g., reservoirs vith lifferent cajpacities and at
different sites, However, st1l]l more effort of this sort was ;rcbebly
varranted. Yor coam;.le, it worild have been in order tce exhibit the
conse jurnces of adding the levee systen, siven the resgervolr (see Pigure
4). Accorming to the official ~stimmtes, the extrs costs due to including

this feature amount, on an annual basis, o M,OOO.'V (In another place,
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Figure 4. Apalysis of Project Increments
(Levees and Channel Improvement, Sants Maria Project)
Extre Annual Cost Due to This Peature $443,000
Extre Anmml Benefit (Reduction of Flood Demage)
Reservoir Flus Levees, Channel Imrovement $600,000
Reservoir Alone 200,000
Addition of Levees, Channel Im rovemen: $400,000

this cost is stated to be $576,(X)0.y What 1s the extra benefit ettri-
butable to the channel-improvements? This benefli{t arises solely fram
the reduction of flood damage. The reservoir ;plus the channel improve-
ments would produce flood-control gains, on an annual basis, of $600,000
(egain the official ectimte).y If & nev dammge-{requency curve, given
the reservoir alone, is prcpared,. it suggests that the reservoir by
itself would yleld anmal gains -- that is, flood-damage reduction -- of
at least $200,000 (the writer's calculation, as no official estimmic was
located). Hence, the addition of the channel-improvement would lend to
extrs annual benefits of $40C I00. It s worth noting, incidentally,
that this benefit is less than the anmual gain that channel-isg rovenent
alone would produce ($500,000), because if this feature were added onto
the reservoir, the operatlon of the reserveir would alreedy do some of
the flood-comtrol job. As a part of this package, however, this feature
vould not pay its way according to these rough estimates; yet {t is the

peckage that is analyred {n the official yroject report, and the channel

BE N
This curve, though not shown in Pigure 1, would lie between the two

curves that arec presented there.
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{m, rovenente are not examined as a sc,arable feature,

Now {t {8 not suggerted that se;arable jrolect {ncrenertis oan somshow
be analyred outside o! the system of water-resource measures. It is
necessary Lo (it vhatever alternatives ar~ being examined into the water-
shed alone with (ts exdsting teatures and to recognise interde;endencies
in calculatin, bene!{ts and consts. But -- and the joint {s worth tlils
repetition -- the relevant alternatives to be considered should {nclude
several combinations of the components -- such as reservoir cajecity for
irrigation alone, rese:volr capacity for irrigation smd flood control,
regervolr ca,acity for {rrigation and flood contrel [lus channel improve-
mnts. Also, the alternatives that are being considered shoull i{nclide
several sizes -- such as & reeervolr that would cost $19 million, one that
would cost $20 million, one that would cost $2° million. Thus, vhile the
system into which the ;rojosed vrojects are “itted may ned to be broad,
the roject increments and variations whouse »rits mebtelns ~onsidered
should not always be great lums.

In conclusinon, let m¢ add tiat the ,cints mde here are exceedingly
sim;le -- yet, I think, imortant. They are that {n cost-bLene{it analysis,
as in any ojerations research, criteria tha' are devised carelessl’ can
be quite misleadin., and that even a; pro;riate ~riteria vwill not lead us
to rroper (allcies 1f the wrong alte:rmatives are comared >r if relevant

alternatives are cverlooked.
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