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INTRODUCTION.

1.1 The Economic Context:

The economic context of this paper is essentially
pragmatic. Although the analysis is relevant
primarily to underdeveloped economies in which under-
employment and disequilbrium are particularly
prevalent, it is by no means restricted to them.
Indeed we assume throughout the existernce of a
substantial private sector so that the diversion of
resources to the public sector irom the private one
the impact on the private sector ol public projects,
and the allocation by the govermment of resources to
the private sector for specific projects are all
relevant problems.

Furthermore, despite the frequent ecccurrence of
imperfect competition and the existence of taxes and
subsidies affecting resource allocation, we shall
assume that market prices provide a starting point
and a framework for cviauatinge  8oclal beriefits and
costs on the basis of which one can dc¢velop more
sophisticated shadow prices.,

1.2 The Administrative Context:

In addition to an economic context the paper
requires an administrative framework. Central to
our analysis is the "planning agency" ; this is the
body which evaluates projects typically presented
from outside, although it may participate in the
selection Of potential projects for detailed design
preparation,

Individual projects once approved are assumed
to be handed over for operation to managers who may
be in either the publiec or rrivate sector and whose
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objectives cannot be assumed to be identical with
those of the planners,

The function of the planners themselves can
be divided between "project analysis" - the
application of economic reasoning to the
evaluation of various alternative projects - and
the more nebulous tasks of taking decisions which
have substantial value implications. Ve would
expect the planners to concentrate on defining the
areas in which such decisions were required and to
seek guidance from a political level. Nevertheless
we will refer to "planner's values" meaning values
applied by the planning agency which may or may not
have originated there.

1.% Recasons for Shadow Prices:

In subsequent sections we discuss the uses of
shadow prices and their calculations in particular
situations. It is useful here to give a general
classification of the circumstances in which they
are likely to be necesusary.

Where changes in an economy are occurring So
rapidly that the r.orket mechanism fails to adjust,
the disequilibrium prices will not reflect true
social coets and benefits. It may be possible to
calculate equilibrium prices and use them for certain
decisions before those prices would have been attained
in a free market.

Another case of the inadequacy of market prices
occurs with projects which are necessarily large
and invisible. .n this situation the project may
cause market prices to change so that it may not be
possible to find a single unambiguous market price
with which to measure the value of inputs or outputs.
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A third reason for using shadow prices instead
of market prices is the existence of monopolistic
elements in the market, or taxes and subsidics, which
cause market prices to diverge from the proper measure
of social benefits and costs.

Finally, there is the case in which only a part
of the effects of a project can be associated with
an exchange of money. There may be either benefits
or costs which, for technical, administrative or
social reasons, can.ot be s8old or, in the case of
costs, paid for in the usual way. Nonetheless, such
external effects should be evaluated at shadow prices
80 that they can be taken into account in project
evaluation.

.
-
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BASIC CONCEPT OQF EFI'ICIENCY = PRICES.
2.1 Shadow Prices:

A shadow price is any price other than an
observed market price. For what purposes can such
prices be used? Essentially there are three roles
for shadow prices: (i) for doing separate accounting
in a large organisation, where an entity which is
being accounted, does not buy its injputs, or sell its
outputs, in the open market; (ii) for investment
and pricing decisions of an entity where one wishes
to apply a criterion other than profit or revenue
maximization, or cost minimization, at market prices:
and (iii) for constructing a set of incentive
payments for managers or workers, so as to induce
them to operate in a way that accords with one's
social criteria.

Formally, shadow prices may be identified in
the mathematical problem of maximizing or minimizing
subject to constraints as the increase in the
optimum value of the maximand (or decrease in the
optimum value of ti..e minimand) made possible by a
unit change in a constrained variable. Thus, the
shadow price is the Lagrangian multiplier of the
calculus or the valuv:s of the "dual" solution to the
linear programming problem. (See below, section 6.4.)

2.2 fAccounting Prices:

Accounting prices are shadow pricee which meet
a certain standard of administrative feasibility.
For example, if one were to price electricity on a
strictly marginal cost basis, the optimal shadow
price would vary continuously with the scale of load

and its geographical distribution. For administrative




reasons, it might be laid down that not more than
three separate time-of-day prices could be used.
Given this constraint one could then, in principle,
identify the optimum set of prices and the perioas
for which they should operate,

Ideally, the wiilmstrative ©¢osts imposed by
the structurc of shadow prices should be specified

and the optimal sct and structure of prices calculateu
80 that the total efficiency of the system, including

the administration, is maximized. In rractice this
1s not likely to be poscible und we must accept the
probability that in any context in which we wish to
use shadow priccs, relatively arbifraryconstraints
on the structure of the prices will be imposed.

Bt is importint to noticé that the best
accounting price will depend on the level of output
which wilil itself depend on the actual prices
charged. Thus accounting prices should be reluated
to the shadow prices appropriate to the market
conditions that actualiy will rrevairl if the project
is operated. In this paper we censider the theory
of thesce suboptimizing shadow rrices; in practice
1t 1s to theue latter prices that attention should
be giver in formulating acccecunting prices,

2.3 Incentive Prices:

A mannger might be requircd to maximize his
"acccunting profit". If the pPlanner has any reason to
believe that managers have any persistent bias
tending to reduce their efficiency in doing this, it
may be desirable to make the manager's renumeration
a function of "accounting profit", The incentive
effect could be strengthened if the bias of the
manager were taken into account in calculating

!
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accounting prices. Suppose, for instance, that
managers of building siteu are found not to utilize
machinery sufficiently to naximize the "accounting
profit" of the planrners; it may be effective to
lower the "incentive price" of machinery to the site
manager below the "accounting price" used by the
planner,

2.4 Assescment of Private Progjects:

The use of shadow prices in project evaluation
where those making the sssescsment will not have
responsibility for recurrent dccislons poses several
special problems. To evaluate thec project one requires
to estimate the costs and benefits of the project in l
each year at appropriate shadow prices. The vajue of '
the project assessed in this way will always pe l
maximized only if the subsequent opgrationai decislons |
are taken on the basis of the samg set of shadow |
prices. Yet in many cases, especsally where planners
are assessing the claims of a private enterprise to
some scarce resourcesallocated by the planners, it will
be known in advance that this will not occur. Thus,
in general, the level of subsequent inputs and out-
puts will have to be predicted or calculated on the
basis of the expected behaviour of the subsequent
operators. This might atfect the priority given to
different projects., For instance, in general ingput
flexibility is a desirable characteristic of projects,
However, if the planners attach a low shadow price
to labour, it may be more desirable that a privatc -
profit maximizing - firm should adopt an inflexible
process with a fairly high labour intensity than a
more flexible process compatible with a wider range
of labour intensities. This follows 1if we recognise

R
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that the latter should be evaluated on the assumpt’cn
that it will be operated at a lower labour intensity
by the private firm thant it would be by operators
maximizing accounting profits at the accounting
prices of the plunners,

2.5 External and Internal Shadow Prices:

It is useful to distinguish between "external
and "internal" shudow prices. The first type arc
those which might rcasonably be laid down indepenicntly
of the particular project being vvaluated,

Examples of externul shudow prices would be a general
directive to take lubour as free, or to use a certain
set of discount rutes., On the other hand, internal
shadow priccs are derived from the characteristics

of the particulur project. One example is the
"transfer price" between different sections of a
8ingle complex project, This might be quite important
if one attempts to deusign cach component of the
project optimally rather than assessing a single
design by an "accept/reject" criterion. Another
case arises with the selcction of construction
schedules. Suppose that phase 1 of a project
requires certain site plant which will also be
required in phase 3 and that none of this plant would
be used on phase 2 Iif it were costcd separately oun

& weekly hire busis, The fact that the plant is
there means that it could be used at 1ittle extra
cost, It should be apparent that internal shadow
prices are only relevant at the project design and
work scheduling stages rather than at the stage of
appraisal of a "given" project.

)¢
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III
PROJVCT _ OUTPUTS

Before looking at the problems of assigning shadow
prices to project vutmuts, it is worthwhile considering
the problems involved in identifying the set of direct
and indirect bencfits (outputs) associated with any
project., Benefits may, of cou:se, accrue even if therc
are no assoclated revenue receipnts., In discussing the
activities of private firms it is customary to rcfer to
the benefits (and costs) which do no. produce revenue
(and money costs) to the firm ¢¢ spillovers or external
economies {(and external disecconomies). In the public
gsector, wherce the primary ontput of a project may yield
no revenues, th: naturc ot spillove s «nd cxteraalities
becomes blurred. It is ncverthecless important that the
efrects on thosec not divcectly served by the project bve
taken into account. [or example, a hydro-clect.ic power
plant may produce irrisation and t'lood control. In
addition to the diract and indircect bencfits uctually
provided the project iy also have the ¢ff. ¢t of assuring
that certoin products will be available if they ore
wanted in the futurce ond ot decresving certain @ isks which
individuals previcusly had to bear: availioility itself
and the avoidance of risk may beth be considered of
value.

Althourh it is neccosary to avoid omitling any
benefits and cost:., it is ecually imrourtant to avoid
double-counting thcm, Threc types of benefit double-
countin~ mistakecs have been made in cost bencfit studics.
First, a benefit stream ond an o.siociated chunge in an
asset value may both bc counted  If lend is iriigated,
an increased crop .nay bc grown on the land; this raises
the value of the land, Only one ot thes.. should be




- 10 -

counted as a mcusur« of the value of the irrigation,
Second, a "nuticnel income accounting'" mistakc miy be
made by sumiiing the vailue ol intermediatc piroducts
rather than l.oking nl. at the net value ut cach
store,  Thus, ircig ot n mey produce more wheut, which
produccy no.: floue, hich producec mor: Lecad:s it
would certuinly be inuproptiate to 1.0k at the u of
the additional ool ot wll threc stages.  put o thig.
type of error ic modc by counting the br.i.d ins* . ul o7

the wheat, “h. vilus adled between the heat ot ol
the brend ctoge is (et in un economy  ith cub:tiotind

unemployinent o inle . ~cmsloyment) acrocicted itk n
equal decreasce in valie clsewhere in the ccone v,

When the physiel owantivier of the benufits o, ¢ he
proposerd projuct dirin cach year of its 1life huve teon
estimited, it ic necoo. vy to assign shadow puricos to
them. For siwnlicity wo tike as the basic unit of
measure that which corr ¢ onde to the money w»ricecs of
consume: oods rold in comoctitive mariete in the CConony,
This ollows us, wnnil caitable conditions. to uv: the
money prices ut wivich vpoject ocutruts arc oocld os
appropriate ol das nciee acasures of their cociol value,
Consumcr pricces oo soituble when the project cutput is
801d in « compr titive morlket ond in a small enou; h
quantity thit th mik:t priece is not a{fected by Lhe
increment 1l outnut, The competitiven ss of the market
docs not requice thit cxactly the sume product be sold
by 4 large number of other produce. s but only thut there
are competing closc abstitutes ard/or casc of entry
into the product market, Thus a goveinmeat fortiliscr
plant adding only elightly to national supmly .ai.ht
generally take its scliire price as an apo rropriate measur:
cf the output's value,
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In the reamainder of this fcetion we shill conecentrate
on mecthods of evaluatings benefits whern i el wrjces
arc not op, ropriate. It wil) one s onid yedie Lo consider
separatcly sulcs to other produceis and to “innl
consumers,

3.1 Intcrmediate Benefits:

Projects of'ten produce benefits iiich aeorac to

vroducers rather than dircetly 1o con naon. foomu
ci.11l these intcrmediate benefite to ot SRR

similwrity to the intermedintc reon 1o Y omac neennomice
theory. Four approaches to cvii “in in omithoe
benelits may be distinguished,

3.1.1 Murket price vaid ior subcil oL et Sk

e e R e e e e - maw -

undei suitoble market conditionot: [+ v ivite producers

previously used coal and now cobatiiate 1oetriclty
produced by a project, the valu of ‘he orbhatituted
clectricity is the decreascd coal cosin or, coaivalently,
the mount firms arc willing to o “cr the ~ieectricity
""hile in the cersc of electricity, hi h 19 col: to the
firms, it iec not necetcary (o Ul o rooand b omesowee in
te.nms of deereased olternative xvdion oy theoo ey be
other benctfits (such as iriigotion) that e not sold but
that do replace private activiiy. the: peoblem is nore
complicated ii' the quantity uccd of the e oroduaect is
more than sufficient to replice the pa-viowsly usad
input; sez 3.1.3 and 3.1.4.

3,4,2 Social cost of substitutes ulrendy us.d: A benefit

distributed to privatc producc.s whish noirnits o decrcase
in somc alternative input for which th»: o firms did not
previously pay an economic price (¢or., substituting road
transport for subsidizci rail tranonort) shonld be

valued at the marginal social cort of providin  the
previous scrvice, i.e., the decrcase in cocial cort due




to smaller demunds now being placcd on the railways,

Again this 15 only suitable to the extent that the new
service does not providc morc than a substitute for the
old.

3.1.3 Minimum cost of altcrnative in uts not :licody uscd:

We are led noturally by the pr.vious two =appro.ches to
ask: if thc projoct producce ben:fits which mo.  than

replace a firms' DPruvious inruts or o, .onditur:s, how shall

ez i

these extra bcnefits be valuacd? On - poscibility would
be the minimum cost for which the firns cculd h ve
obtauined equivalent factor secvices tefore the project.

If the project produces electricity wnd the previnously
cheapest sourcc of fuel wac coul, we mey estimitce the

cost of the coul that would have been necescar; to provide
the adlitional heat and power now obtuine’ from tha
electricity. It must be em hasised Lhint this ovor-
estimates the valuc of thy nd!itional elcetricity and
should be considuied only as an upper limit to its value.

S
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3.1.4 Indircet cvaluation: When the projuct's outputs
are used by firms not mu.~iy to replicc a nrevious innut
but also to incrcis: their output, it mey in some cases
be poscible to estimaic the physical iner use in output
due to the additional inputs., Pust exp ri.nce, engineering
or agriculturul technolopy., or statisticeally cstimuted
production functions, may indicutc the appropriute
relation., The increused output of' these products can be
valued at the market prices at which they o»: sold or,
if they arc final consumer $oods, in the way deseribed
in section 3.2 below,
3.2 Consumer Benefits:

We now consider the methods of assigning shadow prices
to those benefits which accrue dircetly to consumcys,
Thesc include not only the actual products and services
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of all enterprise but also thosc 'external' benefits
that individuals may enjoy becenusc of a project.

For example, improved rail transport wmuy benefit not
only rail users but also thouc vho will cnjoy less
congested roads. The time aved by road uscrc und the
decreased motor vehicle costs must therc{ore be brought
into the evaluation of the reil scrvies improveuent.

Those products or servicecs which the project sclls
to the public in direct competition with a lorge number of
other scllers, and in such quantiti:s that the market
prices are not influenced by the alditional outwunt, may
be volued at market prices. Although thcse requircments
arc unlikely to be mct for many public projcets in
developed economies, many devcloping countiies way sponsor
projects that do produce consumer goolds for s»1c .n the
domestic market.

When market prices are not appropriate, w. must |
consider a method of finding shudow prices. The irst
three approaches discussed in rclation ¢o intcirmediate
goods (3.1.1, 3.1.2, 3.1.3) may also be apolicd to final
consumer goods,

3.2.1 Market price paid for substitutgs olreudy uold under
suitable market conditions: This may not bc substantially
different from selling a product in compctition with l

private producers of the sume product, in which cuase the
shadow price obtained would be cquivealent to the product's
selling price. But two cases arise in which it is neccssary
to look at the market price paid for cubstitutes. First,
if the product of the project is not sold, the relevant
criterion is the saving on previous substitute purchascs.
Second, the quantity of the product sold may b such

that the selling price is substantially diflercnt from

what it would have been if the project had a much smaller
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output: a measurc of the value of the projcet's outnut
to its intramarginal consumecrs 18 riven by the prices
they prcviously paid to . chicve the s.me satisfoction,

It must be emphasized that this method nesames that

all output simply repluces pr.viously purchaued o cods
€.g8., a substitution o’ ¢clcetriec heatin nr coul
heating, anl th.t contum 1 demnd for the type of | ood
(heating) is completely price inclustic.  When projcet
output does morec thson replicc o previous consumer good
but is not sold in a comprtitive mucket, we nust te

able to estimatc the valuc to consuncis of this inerementil
output, This is discuvsed in 3.0.3% and 3,2.14,

3.2.2 Socicl cost of sub.titutes proviously urca:r 11 the

good or service previously uscd had - coei 1 cost nivher
than its mavkct price, that sociul coct choulsdl T mand

to measure the volue of the replicement,  The relev nt
coct is the mrginal or cscajpable social co:t, i,c.,

the savins, duc to the veplocem:nt o the old rcool by the
new, Even i the consumers volue! the old sond lecs
than its vocial co:ct, the reloevant value for th.
replaccment is the .cdiucod resourec use ani not the
consumer satisfaction,

3.2.3 Minimum cost of alicrnuidve provicion not previously
used: As alr-ady cxpl:iined in 3.1.3, an upper limit to
the approvriate shidov price of o net incecase of a good
can be obtained by measuring the lowest co:t alternative
method of providing the came consumor good or scrvice.
3.2.4 Willingness to pay (surplus criterion): In ceneral,
we try to shadow-price the project's output in terms of
the amount consumers would be willinr to pay, regardicss
of whether or not they arc actually made to pay, This

underlies each of the apnroaches mentioned above, cxcent
for the case wherc consumers had prcviously been paying
less than the sociul cost of providing the good or service,
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Difficulty arises in upplying the '‘willingness to
pay' rule whenever: (1) thc good iv zold but the
project output is larpe cnoagh to coeuse A ferl in price
or (ii) the good is not s0ld to those who Lonetit from
it.

Consider a project that producec chiite., Figur: A
represents the demand curve, DD, ifor shiris nd chows
the price (PO) and output (No) prevailing bofor: 1Dy
shirt factory 1is built. Now astume thit ior tcchnicul
reasons the project musl produce u minimum number of
shirts per year so that the total nunber would inercase
to N1 and the price faull to P1. This raiscs problem
(i): how shall we valuc the (N,l—NO) shirts? At price
Po’
price that a consumer would be willine to piy for the

or P1, or some other price? Although P0 is the

"pipst" shirt, the "last' consumer vhlues u shirt ot
only‘P1. Thus PO(N1—NO) overvaluce the output Wvhile
P1(N1-No) undervalucs it. The aphropri-te value would
be the entirc shoded urca undes the demend curve botwveen
N, and Noe I¢ .. simple shodow price vere wonted, it
would not be unr.asonable to unec N wvel no¢ ot PO and
P1 (as long. as the diyference were not so grcat that
non-linearity misht be sicnificiat).

It muet be stressed that the aporoach ol cetimating
the total that consumers would be-iilling to pay tor the
incrcmental output - i.e., the cntice consumed «' surplus
- is only ap wropriate when the incremcntul output 16
indivisiblec. If it werc possibic to produce o cnmaller
quantity than (N1-No) the use of the consumer surplug
method to evaluate the entirc N1-No outpnut would be
inaporopriate. Valuing intramurginal output in consumcr
surplus terms would over estimate the benulits of the
project in comparison to the output of private rirmeo.
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The proper shadow price is gencrally the average
consumer surplus of the marginal indivisible block of
output units., But even 1f output could b varied

continuausly, therc u:c certain eases in which (not
withstending what has ulrendy been said) it is
appropriate to value the cntire output at consumer surplus
shadow prices. First, il o project produccs severul
different types of benefits in a way that ocs not
allow the individusl types of bencfits to pbe veiied
separately, thc smullest poscible incrcase in onc tyne
of benefit may yield a much larger change in another type
of benefit; the latter should theiofore be cvoaluuted
at consumer surplus shudow prices., Second, consider a
project that produces only onc type of output but does
80 under conditions of decreasin: cout, This is shown
in figure 2 wherc marginul costis fall until N2 «nd
averace cocts until N3. It may be that the high unit
costs of a small output (les:- than N1) are not justified
by the benefits but as unit costs fall ecven more rapidly
than consumer surplus pcr unit there is some larger
scale of projcct at which total consumer surplus excceds
total cost., In this casc the intramarginal consumcr
‘surplus is rclevant, But it would still be inapvropriate
to extend the level of output beyond the point &t which
marginal consumer surplus excecded marginal cost (Nu).

The estimation of the demand curve reclevant to a
consumer surplus calculantion is casiest when the product
is marketed. In thiscasc¢ the surnlus colculation is
required because the project's output causcs a fall in
price. As we have seen, an appropriate basic shadow
price can generally be estimated us an average of the
"vefore' and 'after' prices.

The demand curve estimation problem is morc difflicult
1f the benefit is not sold. Although the principles of

¢ it ——- 4
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when and to what extent consumer surplus shadow prices
are relevant rcmain the same, the decmund curve must now
be cstimated without dir.ct rcfcircnce to murkcet prices.
Murket research typce studies may indicate the prices

that different pronortions of individuinls would be
willing to pay for the benefits reccived. In some

cases, however, this may not bec possible, If individuals
fear that they may be opeciully charged or taxed in
relation to their own vuluution of the benefits reccived

they will not provide an honest asscscment of the

benefit's value. Even when they arc not inhibitcd from
providing an honest valuation of benefits reccived, many
individuals may be unablc to put a price on benefits of

a type that they ure not accustomed to buying, €.ge,

time saved in travel bcenuse of imnroved trunsport
fucilitices, When, for these roasons, o dirsct cstimate
of the demand curve cannot be made, it may be poscible to
estimate the demond curve by observing, for cxample,

what individuals do "pay" for time-saving in o.ner

situations.

It is, of coursc, cacicr to c¢stimatc surplus values
when thce project's oucput has only a cmall proportionate

:, t effcet on total supply. When, in contrust, it i»

necessary to estimatc not Just a marginal section of the
demand curve but the entirc demand curve, a more detailed

set of cstimates is rcquircd.

3.2.5 Sociul valucs vs. privatc valucs: All of the

approaches that have been deseribed, including thosc for
shadow pricing intermcdiate benefits, rest ultimately

on the implicit assumption that any product's value is
determined by the pricc thut consumers would be willing
to pay for it. Therc arc a number of cases in which
'society' rejects the individusal's assessment of a
‘product and alters the price to the consumer in a way
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that encourages consumption (frcc librarics, schocls,
health carc, cte.) or discourages consump: ion (high
taxcs on cleohol and tobicco). "When socicty nets in
this way it 1s gencrally beenusce the consumer lacks the
knowlcdge or foresight to muke the npprorricte decisions,
More patcrnalisticilly, the governmont mey roplace
privatc valuations by socisl ones in the btelief th !
individuals' tastes o, ¢ incdegu.tely ‘evelo ol to muke
'right' decisions and that wlterin: the rrices thot
individuals pay is morc cfficicnt than necing resources
in advertising to cducate concumcrs, In these cases,
the approprinte shadow prices <o the povernment's
valuations of th:e products,

Even in the ¢ se of a projcct protucing o sincle
such output it m:y be usefml to "orce covermment oi't'icinls
to state a shadow price (or schedule of pricus) foir the
good, Many projects undert: k.. becuuse povernment
officiuls believe thui the benefite are “very immortunt"
may be rejeeted nc extrovagint if a unit chadow rrrice
is cxplicitly stated. 1In more complcx ¢ scs, where a
project producecs 2 visicty of benefite, 4t ie cven nore
important that cich be vilued.

3.3 Special Probloms:

A number or cpecinl problems hive been onitted from

the discussions of shadow-pricing outnuts in order to

kecp the above Jiseun: ion short and dircet. We eonsider
thece problems now, morc in order to indicat: their
existence than to provide any detailed guide to the
assigning of sh:dew pricce.

3¢3.1 Availability: An individunl may bc willing to pay
to assure that at some futurc time he will have the
option to buy somec good or service, such as adnission to
hospital or rail transportation between two places.
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Therefore to the benefits accruing to those who will
actually usc a project's output must be added the

total amount that everyone would be willing to pay to
assure the availability of the output. Of course,
availability nced not be absolute. If the cxistence

of a project of a curtiin size does not assurc cveryone
of the availability of its ocutput but rather gives them
a probability of (say) one-half of obtrining the output
when they want it, the appropriate value ol the "avzilability
benefiit" 1is the amount thut cveryone would pay for n
probability of onc-half of obtaining the mutput. This
necd nm2t cqual onc-half the amount they would nay for the
"availability bencfit" associated with a probability of
one,

3.3.,2 Risk Reduction: Rclated to the availability
bencfits is the notion that the rcduction of risk
confers o benefit, A project which (cithor as its
primary function or as a by-product of hydroclecectric
power generation) provides fluod control not only
decreacses the expected amount of flood dumage but also
decrcases the uncertainty oif thosc thec property is
protected. Two types of bencfits arc the.cfore ignored
if the flood conirol is valued only in terms of the
deercase 1in cipected flood dumnge. The nuture of these
benefits moy be scon by considering the motives of an
individual who pays an insurancc nrcemium greater than
the expected valus of his loss, First, bececiuse of the
ddminishing marginal utility of money to an individual the
expected disutility of a large loss muay be grcater than
the disutility of a small premium althourh che money
value of the premium is greater than the expected money
loss., Second, the individual prcfeirs to reducc the
uncertainty about his future 'losses' und therefore to




substitute a known stream of premium payments for an
unknown stream of losses, This tyne ol visk aversion
can wlco be seen in the individucls' portfolio sclection
behaviour vherc acsets o' @ given yield «ni risk moy

be preterrcd to otherc of hi~he: yicld und sicoater risk,
Although in th. cave o/ tlood control th: chme risk-
rcduction benefits could be conferrc: ty an incui:nce
scheme without undertaking the phyriecal projoect, in
other cases the project may reduce the uncartinty of
Specific physicul benefite or losses .o woell ng of
finaucial locuos, The provision ot .or 'l hos, it l
services provides o rivk roduction th o conld not e

provided simply by insur: ne  oovinct finonedi l locs,

3.3.3 Locetion cnd Income Dictribution: Th  coviirnacnt
may vwish, as » moiter of nuiionnl volicy, 1o liserimin.te

in fuvour of or aguinst cert.in loe tione. In thes

cas:s it mmny be desivable to weipht benefite onl costs
on a basic of the locction of the project o ot the
recipients, The arbiii: . incie of this metho!, which
places u tax or subsidy on mubliec but not priv.te
projects in an arer, murt be 1 copnized,
Similurly the :ov.rirnont muy with to cin different
weighes to benefitsc roccivel by individucle in dirforent
income clussus., Aan iwpliicit velustion o0 r-1 tive
marginal utilitics of income ©¢ supjevic by the
progressivencss of the tox structurec. Poli~i . to f vour
other cspecific groups may wleo be o jonted,
3.3.4 'Public Goods': Economic il sis defines "public
goods" as thosc roods the engogmont oo owkich by ono indiviiull
does not decrcase the ubility of others to cnjoy them,
The elimination of & discusc vector r'iom an arex (e. g,
destruction of muluria-carrying mosquitous) simultancously
confers benefits on everyone in that arca, The




appropriate demund curve for use in assessing the

benefit of "public goods" is the sum over miice of the
individual demond curves - i.,e.. the schedul: telling
the totel amount that ov s yone towrcthor wonld be willing
to pay for cach idritional unit nrovided. This demsnd
curve is appropri«te both 1or mrrpinal lccisions (small
incrcments to cup;ly) and for surpluc cnlculutions (when
therc nre substintiil indivisibilitioo).,

3.3.5 Incommensurables and Intingibleu: Althourh shudow
priccs should be ascigned to benefite ond cests whenever
possible and an aprroximnte value it encinily wmo.c useful
than none at all, ther. are situstione in which bencefits
and costs chould be ucceeted by the projeet an:lyct as
incommensurable o intangible, it iv imvortint to
distinguish betwern these two sitw:itions, An intangible
benefit or cout, cuch s the imnrovaacnt ot o lundecape
by a park or its spoliation by o power lince, 1ic
characterized by the inaubility to meusurc it on uny scale,
In contrast, incomncnsur:ble bonefits may be measured in
physical units but .ot be re..dily converted to money

or any other comron unit ol measure, Thow: include such
things as dccroes o in 1o -th or sicknees, Although the
project unalyst ccald wssign arbitrery ratues Lo such

benefits, it would be beit.r to «dmit their incommensurable

naturc and deseribe (he bencfits and costs of o project
in tcrms not only of moncy but ulso of speific physical
effects. A final cost-=benefit report would tlus contain
information about the net soci:il vilue ol thosc benelits
and costs to which shadow prices can tc asvipned togecther

with an itemization of thc incommensuruble physical benefits

and costs associated with the project und .. description of

the expected intangible cffects.
The pr-sence of jncommecnsurable cffcets mukes the
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final selecetion of projccts more difficult. When the
number of incommensur:bles is not lurge, choice may be
facilitated by examining th. sensitivity of the

decision to differcnces in shudow prices. It may

well be that forr all "reaconable" shadow priccs of the
incommensurables the project is acceptable and sup.rior
to available ulternutives., Lven where this is not the
case one cun specify the precise valuc of the shadow
price which will makc the project acceptable or mnke one
alternative profcrabl.. to wnother.,
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PROJECT INPUTS

The set of "inputs" i s.ocianted with a project
should include both dircct inruts (the resources
used by the project) wnd indircet cocial costs (the
'negutive spiliovers' or ‘'cxternel disecconomics')

that cause inconveniecnce, cxpense, or othor forms
of disutility to individu-ls and firms oth-'r than
those operating the project).
L.1 Dircet Inputs:

Resources used dircetly by o projeet should be
valued at their sociul opportunity cost, i.c., th cir

value in the best ulternative use to which they would
have been put.

When a public enwerpiice buys its inputs in a
competitive mack:t, cnd does not buy a luise cnough
quantity to influcuce the mai ket peice, the nrice psaid
can be taken as a monsure of the sceial opportunity
cost of the resources, when either or both of thesc
two conditions - competitive murket and relatively
small purchases - arc not fulfilled, a shadow price
must be found for the injuts.

L.1.1 Goverunment purch..c oltering market price: 1f the
government purchnscs goods or services in a competitive
market but in such quantity thut the priece 1is incrcased,
the appropriate shadow price for cach unit is the price
that the government as a di ceriminating monopsonist
would have hand to pay. This type of situution may
commonly arise in the niring of local lubour for a

large project. In figure 3 line SS is the input supply
curve, Without the input purch.ses requireda for the
project the total quantity sold of the input was Qg and




the price was PO. The project requires an input of
Q1-Qo, ruising the markct price to P1. Ir P1 were
used as a shudow peice for the entire quantity, the
social opportunity cost of the resources would be

over:stimeted: the conve:r e would be true if price

Po were used, The apnropriate value on the

resources is the cntire shaded area under the supply
curve - in ef'teet the appropriate shadow price is
weightcd uveru, ¢ of the prices between Po and P1. For
simplicity, it th. pric: chinge 1s not great we might
assume & lineor sup  ly curve and take the avern ¢ of Po
and P1 as an approximate shodow price,

If the project ciuces an expancion of' the producticu
of the input good in a w.y vhich yiclds ceonmmics of
scule and conscruently lowers price, the sh.dow price
of the input grad should rfleet the extent to .hich
lower cost of production reduces prices to p.ovious
users as well as to the project. In thi. ..y the
case ol falling riice is not parallel to the ca:v of
y which
slopes downward to o floet cconomics of scale; PO ond
Qo arc the origincd price ond quantity., The project
buys (Q1-Q0), alloving unit costs and thercfore price
to fall to P1. "he diro et soéinl oprortunity cost of
inputs (Qu-Q ) i thercfore P,(Q=Q_), the shaded s,
But this incrcased output has lowered the co:t to
prcevious uscrs irom Po to P,. The saving in rcsources
is therecforc (PO-Pi)QO. The net socinl oprortunity
cort of the added output is therefore
P1(Q1-Qo) - (Po'P1)Qo = P1Q1-POQO Tn.: appropricte
shadow price is thercfore (P1Q1-POQO)/(Q1—QO). Whit
1f the new lower price induces additional priv-te

rising price. Fi ure I} shows s sup~ly curve, S€

users to purchasc the good, causing outrut to risc to
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Q, and price to fall to P2? In that casc the direct
social opportunity cost is P2(Q1-—Qo) and the saving
of resources consumed by the oripginal purchasers is
Q‘o(Po"Pz)' The total paid for the new privote
purchascs, P2(Q2-Q1) undercstimates their value to |
the purchasers. Tho cxtcat of undercstimation is at
least equal to the block tri‘rmgle between the supply
curve and P, line abovc the (QQ-Q1) cegment: it may
be more if some of these privatc purchiscrs would
have been willing to pay a pricc wbove P1. In this
case, therofore, ithe maximum nct socizl cort th-t
should be associntcd with the project's purchase of
(24-,) 18 Py(Qy-0y) = (P -P,) - ¥(Py+P;) (Qy-y) =
P2Q1 -POQO—%( P1+P2) ( QQ“Q1 ) .

(The rcader moy note that the csuymetry botwecn
rising and falling costs rests on the asiumption that
wherc costs are rising price cquals mirginael co.t
but when costs £ 211 with output price ciu-Ls average
cost. )

L.1.2 Taxes and Subsidigs: ‘hen a project input is
bought in a competitive murket und in ¢mall enough
quantitics to lcave price unch: nyed, the appropri.te
shadow price 15 thec market price, including any indirect
taxes or subsidies thnt arec included in the price, that
private firms would have to pay. For cxample, the
shadow price for fuel or labour should include any
indircet fuel tax or payroll tax. This assurcs that
resources will not be used in a project unlcss they
are as productive as they would be to private users,
If, however, the inputs to the project =rc not tuken
away from private users but riather constitute a nct
increasc to national supnly, taxes and subsidies shoulu
be ignored. If fuel imports are incrcased to provide

.
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an input for the project, thc shadow price of the
fuel should not includc any import ‘duty. If thore
is a separate policy to discriminatc apaninst lmvorted
inputs by using o sprecinl shadow price tor forcien
exchange, this gecnersl toicipgn exchonge chadow price
but not the spceific tarit: on fuel ch-ull be toen
into account. Althouyh this docr moeun th t the
marginal productivity of fucl will not be equrl in
the public ' nd private secctor:, thit ic a necc trry
conscqucence of suboptinizing undoe the constroint
that privatc proauucers piy v speciol tux on thel
imports., The rcl.vaut chodow price is always the
social cost of the inputsc or it it i< hipgher, their
productivity in the 2lternative uce to which they
would be put undcr proveiling merket coniition: n!
tax structure,

L.1.3 Non-compctitive Markcts: This bring us diccetly
to the guestion of what shadow pric. sh ul4d b rut on

inputs purchascd from .irm:¢ thut are prico mrkers, It
government usc couscs a deereoese in criveote uc., *the
market including monopoly profit c¢h-uld be th  en dow
price because it mu~rurc: the produetivity o the
resources in their formcr use. But 1. the -overnment's
demand causcs the monopolist suvrlier to inercasc output,
the situation is morc complie:ited. When 1 he qu:.ntity
produced is chinged, average cost of production will
change and, for small increascs in outvat, will deerense,
If the monopolist leaves the price to the rvrevious
purchasers unchanged, the socinl cost of the incr.ased
production for use as the project input should be
calculated as the net addition to the monopolict'scosts.
Thus if average cost Talls frem Co to C1 vhen output
increases from prcvious salcs (Qo) to the new toianl
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sales (Q1), the social cost of the additional output
is approximately %(C1+Co)(Q1-QO) - Qo(co'c1)' The
demand for the project's innuts can be view 2 as a
shift in the product': demand curve. If the monopolist
does not irrationally keep his price unch:ngcd, the
result of this will bc to change the quantity purchased
by non-project users, The exaet recsult will epend
on the naturc of thec projecct's demand curve 1.0 th:
previous demand curve as well as on the speeific nnst
curves, But in the situation thit mny be mo. t 1likely,
the price will fall and non-projcct usc cxpind, In
this casc the net uneinl cost ie the manufocturcr's
cost of the project inpute minus the £111 in coct of
producing the original non-projcet quantity minus thz
excess of thc value of the additional non-product use
over its social cost,

In these cases it is clear that a single shadow-price
on the inputs is not appropri~te. Rather the project
analyst should be seeking o shadow cost for the total
purchasc of inputc,

L4.1.4 Uncmployed Resources: If otherwise unemployed

resources - usually labour or land - arc to be used in
a project, thelr social oprortunity cost is zero and

a shadow price of zero should bc assigned to them,

This may be e¢specially important in an undcrdeveloped
country or in a period of long-teriz uncmuloyment. A
not uncommon mistake 1s to mcusurc the coct of otherwise
unemployed labour as the diffecrence betwecn the wage
rate and unemployment compensation bencfit.: poid by the
social sccurity systcm. Althoupgh this dowcs indicate
the additional money paymcnts requir:ed in order to

hire labour, it docs not reflect the social opportunity
cost of the labour. Morec gercrally, if labour (or land)
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1s being paid a wage (or rcnt) cxceceding its marginal
productivity. it is the merginal productivity and not
the wage that should be token @ ¢ the coeinl coct of
taking labour from its proevious employr.nt,

This rule should be qualified in throc ways:

First, if it is possiblc to employ thc "unemployecd"
resources in somc use other thin the project - c.g.,
to stimulatc employment by privatc producircs - the
productivity of labour in this alterncotive use and
not zero is the most appropriate social opportunity
cost, But even if it wuld be po« ible Lo 'ind
productive employment for cur.entl; uncimploycd 1 :bour, ﬁ,
the reguired sction may be ~utside the jurici.iction :
of the project adninistrotion., The releveont
suboptimizing decisions then recuircs taking the
opportunity coct at zero,

Second, if euploying labousr recuires ~alitional
expenditure on fond. clothing, and shelisr - particularly
likely if unemployed labour is moved from rural to urban
arcas of an underdeveloped country - it ..y bo snpropriate
to treat these expernses as part ol th- real coeial cost
of the labour. Eut although this i: unloubtedly an
increased consumption of real resources, therce arc two
reasons why it may be aprropriatc to disr .y, rd these. Is'
First, it may bc possible to produce thoco ool with
other unemployed labour; this is the tradi!ional
Keynesian case. Second, it may be arpued thot the fooaq,
clothing, and shelt:r arc not mercly neceecool'y suonlies
to the worker (like tools) but do »dd to his level of
well-being.

Third, an unquestioning upplication ol th.: voro
shadow price rule for dircet labour inputs would bias
evaluation in favour of labour intensive und verticially
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integrated projects, If unemployed labour can be
used in producing intermediate goods for the project
those goods should be valued at a shadow price less
then market price, with the difference equal to the
wage component of the otherwise unemployed labour,
All labour inputs, dircet and indirect, should be
valued at thec samc shadow price,

L.1.5 Other Dircct Input Problems: Project innuts
that arc already owned by the gove.nment should be
shadow priced at their value in the best alternative
use. Replacement cost is not necens 111y the appropriate
value: 1t will bec so only if the in 't -ood is sold
in the market under conditions which m-ke macket price
equal the input's morpginal revenue product,

Innuts purch:sed from abroad or which »thciwise
might be exportcd have a forcipgn exchange value that
may deserve a premium over the value indicnted by
official cxchange ratcs, See scetion 6,2,

4.2 Indirect Social Costs:s

A project may cuause others to incur inconvenience,
discomfort, or cxpenditure. The shidow priec cmneconriate
to these indircet socinl econcte ("external diccconcries')
is the price that those who suifer them wouid be willing
to accept as compensation and fe-l neithor worse off nor
better off.

Measurcment is easiest when thosc atiueted dn make
expenditures that makc them as well of'f as they wero
before. In gencral the evaluation is similir to
measuring the consumer surplus neceruing to benefit
recipients. A simplificd exampic will iilusticte the
prineciple. It is preposed that «n airpori rnovld be
built. If this is done, thosc who live an rhe are:n
must suffer the discomfort of airport noisc. How should
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this discomfort be evaluated? One apnroach would be

to conside thc cxpected €211 in .icsidential land
values in the a.rc:.  The criont of thi - 11 might be
predicted on the basis of cxp rience with vaoviows
airports. A ¢econd aprooch, whieh would rrovi-ie an
upper limit to ‘he aporopricte shudow D.icee rr thut
part oi' the noisce thus climinated, would b tn us the
cost of' sound-procfing the homes o th: . th . nei
could not be heird in the house. Thic mi~ht, of coHurse,
be impossible, in uny cacc it wonld only relite to
noise within houscs and not out of drrs,  The ¢ noumer
surplus mcthod requires drowing up o cchoedulc of e
amounts thnt the home-owner would be willin, to p oy to
prevent building the airvort, or, cquivionatly, would
be willing to accept as "full compencntic: ' 5 44 wepe
built,




(S ——

- 35 =

v
SHADOW PRICTS KOR INTERTEMPORAL CHOICE

Until now we h ve disicgarded the vroblems of time,
tacitly assuming that ©11 boenefits and costs occur in
the prcsent, In practicc the problems associnted with
the timing of benefits anl costs arce cxtrumely important.
Signit'icant public inv stuent choices, arising in both
the design and final decision stapcs, requirc
intertemporal evalu-tions. Shoull we use a technique
of production that requircs larpe copitel invactment
but has low opernting costs (c.g. nuclerr gon 1ation of
electric power) or would thc oprosite 'timc profile’
of expenditure (conventional powcr gencrotion) be
preferable? Should we scleet a projeet with a constant
stream of nct benefits or onc which produec: fov benefits
in early ycocrs but groster bonerits later? Shonld we
postpone all or purt of a particul.r investmont, such as
building a narrow ro:d now and widening later?

Time affcets our project cvaluction in thr.¢c ays:
(1) changes in the macket prices oi benefits o« f ensts;
(11) the relatively prentor Aesitrubility of consumption
in the near iutucc than consijptfion in the »or. iatant
future; (iii) the possibility =1 olternuhive productive
investment of the funds used in a public project and of
the bencfits reccived f rom the nroject, “ach of thesc
aspects of the 'time problem' his been the smhject of
extensive discussion amotug cconomists. Although the
1iteraturc that has evolved is too complex for sumnary
here, some¢ of the basic jssues crnn be revicwed.

Changes in the absolute level of pricus (z.c. 2
uniform change in all prices), for . amle - gereral
inflationary trend, can be ignored una all catenulations
made as if the current level of pric.s ramainet nncharged,
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Not so for changes in relative prices. If some prices

are likecly to change relotive to others this should be
reflected in the cost-bencfit calculations. For

example, it would be ressonuble to expcel th-* CENIGE-
will continue to rise rclative to the prices of

manufactured goods, raw mntorinls, cte. 1Ir caleculoting \/
the futurc costs of a public project, thic r..iutive '
price change should be taken into account. Othcr goods ”
may chance in price because of changoc in the demand

for them (due, for ~Xample, to the introiduction of
other new products or to n chon/ in 'astee oo .. 9.

on by higher standards of livine) o1 in thoir St ly N
(aue for cxample to chunges in tcchnoloyy, impore ” .
regulations, cte.). ’

5.1 Social Tinec Prefeccnce :

The first and most basie aspect of intertemroral
comparison is the measuccement of the rolative dceirability
of counsumption in diffcorcnt years. In gcneral, as
individuals we precfer consumption in the r-ap utare
to consuming sowthing of the c-ime rarket value in ohc
morc distant future, This vrererence ra, reflect a-
irrational bins in favour oy the e fluivre but it
also corresponds to the more rat:on-) c:leulation (i) that "
our incomes are rising and thus . cereasir. the . iImdficance
of any given quantum of concamption and (11) that death
may intervenc before the mor- distart dale, AJthough
it may be inaprropriate for tho sovernment * - intertcaporal
calculations to reflect tho purely irratione) cheort-

8ightedness of individuals and their nergennl expectations
of death, it is rcasonablc for 8oclietly as o whoie to
recognize that the standard or living is rising ara that
benefits and costs in the more d istont fulure st.ould be
given less weight, Lstablishing a suceific quantitative
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relationship between the significance of a one dollar
benefit (or cost) today and a one dollar benefit (cost)
in a future year is an important prerequisite of coste-
bencfit analysis. The social time prefeircence rate for
discounting consumption is a basic 'external'! shadow
price. Economic analysis cun help to clucidate the
relation among factors that should influence the sclection
of such a social time prcfercnce rate - the rates of
growth of consumption and population, the 'vure' time
prcfercnce (discounting futurc utility mcirely becouse
of its futurity), and the assumcd clasticity of the
utility function - but the specific choi~c rests on the
adoption of paramcters thut must reflect public policy.

5.2 Social Opportunity Cost of Capit. l:
If the govermment is able to influencc the rate of
private investment, it should pursue a policy which makes

the marginal social rate of rcturn on private investment
equal to thc social time prefercnce rate., This may,
however, not be politically possiblce or may be an aim
towara which government poli'ey has been dirccted but
which will not be . chieved for a number of ycars. If
so, the social productivity of privatc investirent may
exceced the social time prcference rate.

In this casec, intertemporal choicc rcquires considering
not only the rclative desirability ol consumption at
different times but also the usc to which those funds
would have been put in thc private scctor. In particular,
funds withdrawn from private investment should be valued
at a shadow price cqual to the present value of the
consumption stream that would have resulted, both directly
and indirectly, from the forcgonc investment. This
shadow price for the social opportunity cost of private
investment will thercfoic rcflect the social rate of

T
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rcturn on private investment end the sociel time
preference used for Adiscounting the rosulting
consunption streamns,

When chen es in privete investment - re noasuced
in tcuoms of this shadow poice, the benci'it cnl cost
strerm of e project can be nnarmbiguously cveluwied

by using the socicl time prefercncc rate,

If the agency docs not have to oper~te under any
budzet constraint but 1s =ble to obtnin cufficic.t funds
for all projeets thot it de onstrrtes asce “worth doing",
the proper boeis for project epyraical ic the nct rresent

valuec of the ;.ncroted social benufits rinus <ccinl costs,

A projcet is "wovth dein-’ 1r this noo socinl bencfit
is positive: ns betwcen two mutunlly inec ap tible
projects ithat »ne should be scleeted which hre the
grecter net soci- 1l benefit,

If, howcver, the zgcney's bud =t is 1li-iiv2? -o thot
theire are insuificient funds to do all pr-jects th -t nove
positive not suciel benefits (~nd . ¢ nnt inforior to
othcr incomputible projectz), ditvoiront criiclr i: of
project choice rmust be usci. In cfict, o chouow
price of the constrninel egceney funis must b: selocted.

The aporoprictc shadow price ot o eonstroined
agency's funds i: the .atio of net soei-l benefit to
constreined funds expected to prevail on the marginel
projcct. In practice this could be estimoted cn the
basis of past experiencc, It is o mcasuire of the
amount of net social bencfit thut could be obtoined
by the agency if it had =n exti:. dnllar of funds. This
shadow price should be rccognized as on "internal®
shadow price - internal not to the projcct but to the
agency. A similar problem arises when any input 1is
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"retioned" to egoncies. Internal shaedow prices for
cach of these faetorss should be enlculated by each
agency as the basis for thecir own choiccs, The use
of these “areney's ovn shadow prices" in improving the
original alloc:tions it dicecussed in Section 5 .3.




- 40 -

VI
SOME TLCHNICAL NOTES

6.1 Shadow Prices ond the Lincar Programming Dual:
Consider thé problen o: 4 firm (project) that

produces one or norc outputs and uses severcl inouts,

At lecast one of the inputs 1is available in only

limited quantity and thc firn has no oprortunity to

buy any additional quantity or sell any excess not

used: we shall refcr thoro inputs as “'non-purchasables',

The values (priccs) of « single unit of cach output

are given. The production procecs can be described

in teims of & fixed amount of each input required per

unit of each output. Thc problem of the firm entesprise

is to maximizc the total nct value of the output (the

value of the output minus the crst of the resourcces

which ai'¢c non purchassble bought) subject to he

constraint inpucs. The solution of thils maximizing

problem implics, in gencral, that while therc 1s slack

(exccss unused guantitics) of some of the inpuis, othcr

inputs arc efi'ective constraints on output, Ve may then

ask of each input: whet price could be pzid by ithe

enterprice for an additional unit of thc‘input so that

the increased output made possible would have a value

equal to that input pricc? For those inputs for which

slack exists, the price would be zero (i.e. ther. would

be no value to additional quantities of input) but for

those inputs which werc Lindine constraints on output a

positive price could be paid. This 1s the shadow

price of the lincear progrceianing dual associated with

the maximizing problem. A second interpratation of the

shadow prices would be: what prices could be paild for

the non-slack inputs so that the total shadow cost of
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non purchasables in the production just ecualled its
nct output valuc; the shadow price of the sleck
inputs is again implicitly zero,

6.2 On the Usc or Imyort- Xport Prices:

If thc domcstic nackets in intermediate and final
goods do not provide a suitable brsis Tor constructing
shadow pricecs, their port in the analysis ccn cometimes
bc taken by world merket prices - import or cxport prices
dcrmending on whather the good is immorted or cxported.
Indigenous non-trodeanblce resources - lobour ond lond -
shculd be shadow-rriced «t either their m-rginel
productivity in thc¢ production of exports (or imvort
substitutes) or ot zero i: they crc unemploycd. The
calculation oif marginel productivities may not be
practicable on an cconomy-wide besis. But in thosc
countries in which domestic market prices are unsuitable
as a basis for shadow price colculation (primarily the
underdeveloped countries), it m-y not bc unre~sonable
to assume that thc appropriste shadow price for labour
is zero.

If it con be assuncd that the aggresate levels of
both consumption and investment have previously been
dctermined, so that all morginnl capital comes from abroad,
it may be racional to evaluate inouts, both capital and
returncd, at their foreign cxchinoc cost, and outputs at
their export selling price. This simple form is only
apnronriate where both import ond export priccs are
inscnsitive to quantitics bousht and sold: nthcrwise
the procedurc would be to use the marginel cost and
marginal revenue rcspectively.

A problem ariscs in the cese where the inputs to a
particular projcct as initially defined include non-
tradeable items, such as cleetricity, transport or
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residenticl servicos, which heve on import componeat,
In theoe caoes 1t ¢rn be »o.umed that 2 cortain nmrunt
ol 2xteo eap city, ooy, ia gcencratinn, roads, inilwnys,
or houscs, will Lo no de! cnt! this will heve n

iimnit content whiech shenld
be . Alded into th nrojeet oo nri;inally navinvly
dcfined.
the zvpropricte oxten cost to the project.
thot the project o iv
which it woulil bo ec tly to generrte for thot sue ore

gpceifi-ble te Toeool

In coch ¢ v it is important only to ch- v,
It .y be
‘11 amcunt of clcetricity

alonc but 1 (h. vl at ¢ n be loente! nesr other uceec
of ¢lcetricity it -y b th. liffepence betwoon the coct '}
of 195 »nl1 100 me @ .ttt stations thot i¢ relevent unt

the coct of 5 merswett atation,

o e mﬂ?m o

sinilerly i1 poonltion 2nd housin, stanl vde cic

sdven thoo» will only Lo ony velevant "township® coste

if the impoct content o the tornship verice froox site to
sitec.

It «hould b re-cnohesiced he. o that it is
inconsistent to uce forvion pileces for meking investment
dccisions end demotie pric.s for cmploynent ¢nd output
decisions, It 1c cven vorsc to use forelsn priccs ror
investiment deeidions on the frlse assumption that they
will rlco b used ter rocuricert Ccecisions. For instence
it mi ht well Be chnt aoneics weie allowed to retein
their foccign cxcehrrgse o ornines. In such ¢ ercc thoey
would hove a voery (trong, incentive to export if they were
maxinizing theie forciin cxehnnve “profit". Il thc
planners were to assune this to be the ageney's objective,
they night freme an optindstic estimate of futurc Toreign
exchin,e errnin' s for the ceconmmy as 2 whole which would
be complectely invalidated, if concerns in fret anximize
"profits" ~t domostic weicos,
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6.3 Iterative Multistage Factor Shadow-Pricing:

In this papcr we have gencrnlly ascumed that
markct prices providc not only a starting point for
the determination of shadow prices but ~1so the
basic allocative mechanism in the economny 06 o whole,
In any particular economy this mny nnt be truc for
one or more inputs such as labour, ecapitnl, forcign
exchange, or specific raw materials in chort supply.
In such cases an altcrnative to markct nlloecation is
the administrative allocation by the rentenl planning
cgency to sub-agencies responsible t'or projects in
particular fields. To pcrrorm this :tunction ct'ficicently,
the central agency would have to know the velue of each
type of resource if employed in the noxt nost pro-luctive
use in each sub=agency's ficld,  Th- centr:1 plonning
agency is unlikely to have sufficicnt techndcnl

"i{nformation to ascertain thece values by itself.  One

administrative solution is to m ke artitr.ry nlloeations
of the inputs to the sub-ngcncion. Sach cub -gency
could then calculate its own "intoencl shadow prices"
of the rationed factors in the wny Jeceribed tor cunt bl
in scction UL.3. These internel shidow sricec woutid o€
the result of project cvaluations in which project
outputs werc valued at "exturnnl shedow prices” 1aid down
by the central agency.

The sub-agencics would notify the coentral planners
of their internal shadow pricc for cach factor, The
central agency could then redistribute the rationed factors
from those sub-agencics having 1 lover intcrual shadow
price to agencies with a higher shadow price. Aafter
the redistribution, thc sub-agencies ag1in coull cinlculate
their internal shadow prices and simultanecusly detcrmine
the set of projects that they would undcrtake if this
were the final alioscation. In the l1ight of the sccond set




- 44 -

., ,'f,

of internal shadow prices, the central planncrs might

want to make a third allocation and the process could
in principlc be repecanted until, for cach frnctor, the

jnternal shadow pricc was the same in all angencics,

This proce-s might #1so bc repeated at lower
levels; each agency's internal shudow price being
the result of an itcrative allocation of its rcsnurces
to particular plants,

The cffective implementation of this procedure
would probably be very costly administratively but would
ensure an optimal alloeation of thq resources in
question and the selcction of an optimal set of projects.

‘; a e
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