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Daniel M, Schydlowsky
. Abstract

This paper considers shadow prices for use in the evaluation
of investment projects from the point of view of a public authority
under conditicas of general disequilibrium, It is assumed that
insti-uticnal igidities and public policies prevent the markets for
foreign cxchange, labor, and savings from being cleared by unconstrained
competitive morket prices and that this situation uay be cxpected to
persist threughout the life of the project, In addition, the level of
taxation is assumed to be suboptinal,

Under these conditions the use of "first best" shadow prices --
the priceg that would obtain in a general competitive cquilibrium -- is
incorrect., The disequilibria arc defined in detail and the case is
made for developing sccond best shadow prices sujtable for project
evaluation in such an enviromment., Partial discquilibriuma shadow
prices are derived for foreign exchonge, labor, time, and investment by
considering each market disequilibrium in turn. Then, in order to take
account of the disequilibria existing concurrently in the various
markets, the appropriate general disequilibrium shadow prices are derived,
It is concluded that neither the coaventicnal first best sha'ow prices
nor partial diseqiil ibrium chadow prices are satisfactory substitutes

for the correct gencral disequilibrium shadow prices,
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PROJECT FVALUATION IN ECONOMTIES 1N GENERAL DISEQUTLTBRT UM

by
Daniel M. Schydlowsky

Harvard University®

I. Introduction

The topic of this paper is the evaluation of investment projects
from the point of view of a public authority, repgardless of whether
these projects will be executed by the public sector or by the private
sector, The vantage point is that of an institutiocn which can affecct
the execution of many if not all investment projects, be they public
or private. In the case of public investwent, such impact may be eoxer-
cised by.direct authorization; in the case of projects to be exccuted
by the private scctor, the agéncy may wield an influcgnee by approving
or withhqlding licenses or tax incentives, '

The economy within which the projects to be evaluated will be
implemented is ascumed to participate actively in world trade but is
a small enough buver on world merkets to conf{ront given import and
export prices., Ia addition, the cconomy ic characterized by having
markets for foreign cexchange, labor, and savings which are not cleared by
unconstrained competitive market prices., Instead, quantities demanded
and supplied are brought into equality through a combination of public
policies and institutional rigidities which lcave only a residual function

to prices as cauilibrating mechanisms. In addition, the level of taxation

% Research support from the Inter-American Developmeut Bank and {from
the Harvard Developuent Advisory Scrvice is pratefullv acknowledged,
Discussions over the years with G.F. Papanck, R.b. Mallon and
Marcelo Diamand were of singular uscfulness in fashioning the gencral
disequilibrium cencept. They are, however, not responsible for the
specific content of this papei.
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is assumed to fall short of the optimal. These conditions are expected
to hold during the planning period,.and probab}y throughout the length
of the project life, althouph the extent of-thc.discquilibria may
change from time to time. The cconomy is, therefore, appropriately
considered to be in general disequilibrium,

The objective against which projects are to be evaluated 1is
the maximization of tﬁe welfare of the average consumer which is assumed
to be a direct function of his consumption and his leisure. Such a
formulation takes the distribution of consumption as given. The modi-
fication required in the analysis when the distribution of the benefits
is specifically taken into account will be briefly outlined in a
separate scction. Since the Ecncfits and costs of the project accrue
over time and some of the project returns will be reinvested, the
objective function implies the nced for calculating the present
value of‘thc nct consumption stream generated by the project, i.e. of
the ultimate consumption stream origineted by the initial investment

and all successive reinvestments associated with it.

ITI. The General Disequilibrium

.

In this section we will discuss in some detail the form of the
disequilibria in the various product and factor markets that char-

acterize the ecconomy in general discquilibrium,

l. Discquilibrium in the market for foreign exchance:

Supply in this market is generated from three sources: (a) by the

interaction of a supply curve of exports and an officially established



exchange rate, (b) by the interaction of a supply curve of private
capital inflow and the official exchange rate, and (¢) from an amount
of public capital inflow daterﬁined without dircect reference to the
exchanée rate.
At the official exchange rate, the quantity of foreign exchange
demanded for imports and outward transfers excceds the availability
of foreign éxchangc from exports and capital inflow. In conscquence,
the government adopted an aggregate dewand policy and has imposcd a
set of import restrictions vhich limit the quantity of foreipn cxchange
demanded to the availability of foreign cxchange for their puyment.l
This situation is depicted in figure 1. OF is the exoponous
inflow of public funds, SS is the supply curve of foreign exchonge
from exprrts and private capjtﬁl flow, DU 6 demand curve of
foreign egchange for imports consistent with full vtilization of
installed capacity and with investment of all douestic savings.
.Ro is the official exchenge rate fixed by the government which is received
by exporters for their foreipn exchangze. At this rate, RO, a quantity
OP of foreign exchange is demanded for imports which exceeds the quan-
tity supplied, 05. To briﬁg the quantity-:demanded down to the supply
available, the government (i) reduccs aggrepgate demand in the cconoiny

shifting the demand curve for forcign cxchange to DD and, (ii) raises

i/ In the remainder of this scction the demand for forcign cxchange for
outward transfers will be regarded as demand for one more import
comnodity. This convention simplifics the diagramatics substantially
without loss of generality, The disagpregation of demand for foreign
exchange into demand {for different imports (visible and invisible) will
be reintroduced in detail in Scection V.1,
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the price of foreign exchange to importers to point U by imposing
tariffs equal to CU/CS nr quantitative resttrictions with equal effect.
We shall assume in what follows that tariffs arc used. With this
combiﬂation of aggrepate demand and tariff{ policies, demand for imports
is reduced to 0S thus equalling total supply.

A competitive equilibrium in this market would take place at
points Ezax or Er depending on whether agprepgate demand is depressed
or not, Neither equilibrium price dis attainable, however, unless
the government removes the import dutics, As long as tarif{fs exist,
a differential is maintained between the price of foreign exchange
received by exporters and other suppliers and the price paid by importers,
and as a result if any imports tale place, the situation depicted in
figure 1 will obtain. If the official cuchange rate were raisced from
Ro to Er,and tariffs were maintained, in the {irst instance exports
would increase and imports decline. The increase in exports would
cause a rise in domestic money income and the decline in imports
would route an increased share of expenditure go domestic Suppliers.l/
Foreign exchange reserves will be accummlated. Higher ievcls of domestic
activity or price increases or both would ensue depending on domestic
supply conditions. The former would shift the demand for imports to
the right, the latter would shift the supply and demand schedules for
foreign exchangc‘upwards. This process would continue until the demand

for foreign exchange again equals the supply and reserves do not increase,

1/ Assunming the demand for imports is price clastic,



a point such as 0S'., At that time the proportionate excess of the price
paid for foreign exchange by importers over the price recelved by-ex-
porters and other suppliers woﬁld be equal to that obtaining initially,
i.e. UC'/C'S' = uc/cs.

Within the forsceable future, a free trade policy is not likely
to be implemented. The official exchange rate will be adjusted from
time to time in order to maintain the competitive position of export
production and/or offset domestic inflation. The real exchange rate
for exporters will thus stay roughly constant., On the other haid,
the extent and severity of the import duties will change over time as
well, increasing or deercasing the relationship between the net ex-
change rate received by exporters, C, and the price pald for foreign

exchange by importers, U. Turthermore. the extent to which aggpregate

demand is maintained low for balance of paynents purposcs may change
A .
, . max
as well, thus affecting the difference between U and U,

2. Discquilibrium in the market for unskilled labor:

The economy is characterized by involuntary unemp loyment .
There is a "protected" sector of the labor market in which the market
wage is kept'ahovc the supply price through minimum wage legislation
and union-management contracts. Furthermorc, there is an urban free
market in which wages are partially affccted by minimum wvage legislation
but where much labor income comes from sclf-cmployment, e.g. street

vending. In this market, there is open uncmployment. Finally, there

is a "traditional” rural sector in which customary rules for dividing
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1/

the product between the various factor prevail,=
When demand in the protected scctor expands, workers are drawn
in from the free urban secctor (or.from the traditional rural sector if
say "industrial agriculturec" is the demander). Morcover, emigration ‘
takes place from the traditional rural to the frec urban sector, No
emigratory equilibrium equating income forgone with expected income is
achieved, howcver.;
Figure 2 summarizes this sitvation. The demand curve for labor,
DD, is derived from the marginal productivity of such labor at market
prices. The supﬁlycurvc, SS, shows the price at which different amounts
of labor units are forthcoming and reflects the utility of leisure as
well as the relation between wage rate and perceived incowme of the wage

s 3 . . .
rec1p1cnt.—/ The ruling wage, W , yields involuntary unemployment of
0 .

Lo-Lye |

In this market, once again, there is no substantial change in
policy to be expeccted. The government will not vepeal its minimum wage
legislation, nor will the unions accept a lower wage. On the other
hand, it is possible that with cconomic growth, (i) the demand curve for

labor will gradually shift to the right until the institutional and legal

%/ This is rot to say that some emigrants may act in such a rational
manner. The system is simply 'mot yet" in equilibrium and will take
some time to get there,

1/ In some cconomies customary wages (e.g. a fixed share of the crop for
the harvester) are observed regardless of changes in the labor market
or the real value of the wage. Customary wages may, of course, differ
between occupations,

3/ Wages may differ from perceived income by some of the following cle-

T ments: (i) fringe benefits, (ii) social security deductions, (iii)
taxes, (iv) family transfers foregone by wage carner upon becominag
emplnyed, (v) family transfers to others obligatory by wage carner
upon becoming cmployed.
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minima no longer keep the wage above the market clearing price, and, (ii)
customary wages will become croded or will become non-binding as a floor.
At that time this market would no longer remain in disequilibrium.

3. Disequilibrium in the market for savings:

This market is scgmented both on the demand and on the supply side.
On the supply side, savings arc provided (i) by foreigners who extend a
given amount of foreign aid and/or undertake a given amount of foreign
investment, (ii) by government which uses a part of its revenue for pur-
poses other than current consumption, and (iii) by a variety of savers,
who operate in several different sub-markets. At the low end of the
yield spectrum amonyg these markets are the group of savers who have no
other altevnative than accumulating cach., Thesc may get a negative nct

.

rate of interest if the price level is rising. At the other end of the

!
yield spectrum are the group of savers who own their own business entor-
prises and who decide simultancously on their consumption and their invest-
ment in their own enterprises., Between these two extremes, are a variety
of financial sub-markets comprising bank savings dcposits, mutual savings
bank deposits, unifunds, etc. ete. These yield a variety of rates of
return, all.of them higher than the return attainable for holding money,
but all of them lower as well than the rate obtainable from investing in
a self owned enterprisc, Furthermore, the access to the different savings
markets is hierarchically ordered., Savers having access to investment in
their own enterprises alse have access to all the other ways of saving.

The converse is generally not true: savers in the other categories do
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not have the option of investing in their own enterprises since they do
not own such enterprisecs. Thus, at any given time it is possible for

any saver to move down the r&te.of return to savings curve from the.rate
obtained in his sub-market, but it is much more difficult to move upwards
to a higher yielding narket except over a period of time,

On the demand side, the warket is fragmented as well. On the one
hand are gévernmcnt investments which are determined from the budget and
which may exceed government savings. On the other is investment by the
enterprise sector which has a net demand for investable funds schedule
arising from the residual demand after own savings have been invested.

The situation in the savings market is depicted in figure 3, The
supply of savings originates in the following sources: (i) foreign savings
FS, (i) povernment suvings‘GS-FS (iii) supply schedule ffom private
savers without access to igvcsting in own enterprises, SSP, and (iv)
supply schedule of private savers with access to investment in own enter-
prises, STP-SSP., On the demand side we have: (i) foreign private irvest-
ment, FPI (ii) government investment, GI~FPI; which is depicted as greater
than government savings, and (1ii) private investment; BI. The interest
io is the average rate pnid to savers not able to invest in own enterprises.
It can be readily seen that at this rate there is excess demand for savings.

As a result, the average rate paid must go up to } the equilibrium rate,

Ji,
or borrowing must be limited in some other way. Since both the borrow-
ing rates and lending rates of financial institutions are typically sub-
ject to maxima determinoed by the government, the interest rate cannot

1/

rise to clear the market; rationing takes place instead,=

1/ It may, of tourse, occur that raticning is only binding on some in-
vestors and 1 B
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The rules by which the rationing system functions are rarely clearly
specified but it can be said with certainty that they do not correspond
precisely to a net social benefit criterion.

The presence of rationing changes the behaviour of the savers
able to invest in their own firms for whom the allotment falls short of
their demand for loans., The relevant demand curve facing own savings then
ariscs out of the rate of return on own funds rather than total funds in-
vested, with the interest cost of the borrowing allotment becoming a
fixed cost. kquating returns on own funds with cwn time preference now
will yield a higher level of own savings, Figure 4 depicts the new
discquilibrium in the savings market. Foreign and governnent savings and
investment are as before, however, private savings of non own~-investors
is pepged te PSO as a result of the interest ceiling, Op ther other
hand pr%vntc savers wvho are own-investors now save DSi—PSO. These own
invested savings will be greater than the savings forthconing from own
investors in an equilibrium mavket? however, aggregate savings from all
private sources can be greater or smallef than in an equilibrium market
depending on the relative size of the interest elastiéities of the supply
of savings of own investors and non-own investors and on the share each
contributes to toal private savings.

As in the other markets, no basic policy change is expected, i.e,
government will not eliminate the interest ceilings. However, with eco-
nomic growth they may in time become redundant. Domestic savings may
increase gufficiently, market scgmentation nay be reduced enough, capital

in{low may rise sufficiently and price stability may be such as to generate
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equilibrium in the savings investment market at a real interest rate

below the government enforced ceiling,

4, Disequilibrium in the fiscal sector:

It is not appropriate to speak of a market with regard to govern-
ment revenue and expénditurc. Nonetheless it is possible to derive a
market analogy of the suboptﬁmality of the level of tax revenue that has
been assumed at the outset. 1In figure 5(a) a total cost curve of taxes,
0T, has been derived in terms of the net consumption given up duc to the
tax payrent.  The shape of this "cost curve" will depend on the way the
consumption-savings mix of domestic expenditure changes as tax revenue
rises. 1f this mix is constant, the cost curve will be a straight line,
if margiﬁal taxation falls inerecasingly on investment, it wiil be coﬁcave

1 ) .
downward; conversely, if marginal taxation {alls increasingly on consumption,
the curve will be concave upwards.

The government cxpenditure generates consumer satisfaction equi~
valent to some amount of private consumption., As government expenditure
incieases, its marginal consumption equivalent increases less than pro-
portionately due to a decreasing marginal rate of substitution. Hence,
the total expenditure curve, OF, is concave downward. The respective
marginal curves T'T' and E'E' are shown in Figure 5(b). At the poiﬁt
where the two marginal curves interscct, the marginal consunptien given
up due to tax revenue is exactly equal to the marginal consumption equi-

valent gained from government cxpenditure. Less than optimal taxation
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in this context implies that the consumption equivalent of marginal tax

revenue is lower than the consumption equivalent of marginal government

1/
.

expenditure.  This is shown in figure 5(b) as CET'< CE
Such a situation may be the result of three interacting clements:
(i) the Availability of public goods in comparison with private goods
is too low, hence the marginal utility of having more public goode is
greater than the marginal utility cost of giving up private goods;
(ii) the government has a higher savings rate than the private sector,
and a unit of investirent expenditure has a consumption cquivalent of
morc¢ than onc; therefore the consumption’cquivalcnt of a unit of fiscal
income is higher than the consumption cquivalent of a unit of private
income ; (iii) The consumption equivalent of a unit of* government in-
vestment cexceeds the consumption cquivalent of a ‘unit of private invest-

ment,

At given tax rates, the disequilibrium in the fiscal sector will
change with growth in accordance with the revenue and -expenditure elast-
icities of the fiscal system. Depending on their relative magnitudes
and the size of the initial discquilibrium, the gap may widen or narrow

at various rates,

1/ If taxation excceded the optimal level, the converse would hold

N 2K
and (JT > C G.
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III. The Yarcinal Phvsical Scciol Contribution of a \ Project

The contribution of a projcct to the welfaore of the
society can be divided into two parts: (i) incrcase or decrease
in. the aveilability of comwoditics or services producéd dicrccily
by the projcct, and (ii) increasc or decrcasc in the availabi-
lity of coavodities or scrvices causcd indircectly ! e
projdct throuch its impact on the dewmand structuxe of the
econorny as a result 6f induccd changegs in income distribation
or prices. Each of these contributionswill be discusced in
“turn,

In an opca cconony of the kind under discussion, the
output from a projest ¢an be usced for three purposes: (i) it
can be cxported, (1i) it can substitute for exicting Laports,

'

whigh arc then no longer undcertatea, and (Lii) it

can be
directly utilizcd in the cconowy. In the ficst case it 1s ob-
vious thzt the outpubts add to the availability of foreign
exchanigce an amount cgual to tho roj value of the outpme,
Assuming constant rescives and forceign dobf, the cuporting
project cficctively contyibutes absorption of new ilwports to
the cconoxy. In the sccond case, the outpul docs not incxednc
the total forcign exchange avaeilable, yoet since it frees
existing forcign exchange cgual in amount to the CII value of
the output froae a previous use it in fact adds Lo the net
availebility of "unzoanitted" forcign exchange in the cconony.
On the assumplbion of constant rescerves and foreign debt, the
effective contribuicion of import substituting projects is

therefore also the availability of new iwports. In the thixd
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.¢ase an increase in ab’O“p Lon (bonuumptlon or investment)
of the doresticly procuced output takes place. fn this case
the coniribution of the projcct is not the availability of
new inports but the incrcﬁsed avéilability of the particular
product produced.

It ig inportant to note that the above classificati ion
cuts acrocs the differentiation between tfaded and non-traded
goods. ot all produétion of traded goods is appropriately
takten at its foreign exchange value, L/ Only the production
that is in fact cuported or in_fact substitutes for imports
generates ags marginal physical social vroduct the increascd
availubility of forcelyn exchange, and only such output should
be taken at s 210 or 20B value.,  She ontput of traded gools
that is in fach abrorbed Ly the dowmestic market neither adds
to available {orcign exchanie nor frees existing exchange
froa previous cormiiient.  In cons :quaeince the CIit value of such

output docs not represent its marcinal physical social product. 2/

\/ ror a contrary view Cf. Lit¥le. T.4.D. and T (lirleces
“rionual of Indusirial Project Inalysis in Developing
Countrics" vol., 2, OBCD Doevelopaent Zenter.

2/ Consicer the casc of a comntyy which iaports no autouobhiles.
Yhe extabtichuent ol an auco.onrile as :L.n Dly plant is to he
evaluated.  che output oi the plane clearly saves no foreiqgn
exchange, noae is speat for auvtoaobile upores in any case.
The ou:put doos, hox'.u_.\vcrr, Lncvease the availability in the
cconoay of cars.,  The marginal physical social product 15
therefore autononiles and no: iorciqn exchange.,  Cconscguently
the con vibution of the proj(:ct 'l:o welfare will be given by
the aarginal utility of ¢he cars made available and nes by

the marginal utility of the forcion exchange value o such
cars.
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The situation of material inputs is similar to that of ouiputs,
daterial inputs may either be (i) export products, (ii) productsg
cowpetin ; Qith Leports at the margin. and (Lii) products that do
not cowpeic with inports at the margin and that may be cither non-
tradéd éoods or traded goods subject to prohibitive proteciion.
rthe &se of a Aatcrial input in the {irst two categorics iwplies a
use of‘forcign exchange caual to the 103 or £IJI value of the
inputs. Usec of a muaterial input in the third category detrocts
directly from domestic aboorption.

The vse of factors will effcct the availability of gools on
service as well., If the factors ucsed hy the project weve previoars
ly employed, their wmarginal product clsewhere in the cconomy will

r
J.

cease to e available.  This wargingl product may consist o
goods :xpdrtod, goods substitubling {fos laports, or gools abaorlac
domeétically. In the firsc two cacee, the utilization of these
factors of production costs the ccoavny an avallabllity of
forcign cuchinge. In the last casc tlie cost to the cconony is
the availabiLity‘of donestically abourbed goods thomcelves.

If the factors ol production utilized were uwncenployed, the
economy woulc have losi no output. It hag been argued that in
this casc the cconomy aay give up future consumption through a
reduction of the average savings ratio conscqguent to a higher

s s P LY . e e e s
utilization of lakor. This i1mplics that 1{ the uncaployed
factors had not ovcen cnployed and some other factor coabination

had been used, the growth ratz woul! have been higher and there-

l_/ AL T A4 m o 1Y mee A AL
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fore utilization of such unciployed factbr; causes a short {al)
which should Le included in their cost. the consistent
application of tnis recasoning, however, would recgulire evalu-
ating projects not in terms of their contribution to the |

A
consumption stream but in terms of their short fall from the
marg&nal prbject in the optimal project packajyce. In the
context of on cvaluvation frameworlk that makes the realistic
asguaption that both the optimal paciage and its nmasginal
project are unknown, @n® in wvhich projects are evaluated by

their contribution to ceanuaption aircctly and through rcin-

L] 1] . . ?
vescnmenic, any short fall calculaticon i.s ount of place.~/

The most important indircet impoct of a projece on the

availability oi comnoditics or services arises from its Liapact
on the fiscal belance. A project may mate a direct conbribu-
tion to tax revenuve. I¢ may also éxtinguish cone preéxiscing
source of revenue, o oxamplc; impore substituting projects
reduce import duty collecctions to the etent that they in fact
displace Laports.  0a the other hand, part or all of the
reduction in collections may be recouped on the new importe
macle possible by the project: the net impact depending on the
relative height of the dutiox..

A net transfcer of resources from the privaite to the
public sector will cause an increase in the availability of

public goods compared to private jyoods. A transier in the

opposite dircction will have the converse effect. In ccononics

2 . . . .

L4 Note that the factor intensities wil) affecet the yeinvestment
arising frou cach project, thus autoaatically  incorporating
the attendant disferential orowth impact.
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shadow prices" measure the marginal utilities and marginal costs

4

+

of goods and factors in the optimal situation from which they ezre
derived and therefore are clearly the correct valuations, if the
ecconomy has reached that optimum gtate by the time the evaluated

project is implemented.

, The assumption made so far in this paper is that the marke
digequilibria  will persist during the lifetine of the projectis
to be evaluated, In this context, the first best shadow prices
measure neither marginal vtilitices nor marginal costs of cutputs
and inpuﬁs. It becomes neccosary instead Eo derive second best
shacow prices which reflect thelfeal situation which will even-
tuato.l/ Naturally, sccond bhoest shadow dewmand prices will
'typically dverge from scecond best shadew supply prices. Pur-
thermore, sccond Lect shadow prices will chaggc over tine as

Al - .

a result of shifts in the disceguilibria affecting the various

: . : . . 2
markets, thus a time series of shadow prices is nccucd."/

4.

The difference between first best and second best
shadow prices can casily be illustrated by recourse to an
exanple from the foreign exchange merket.  The balance of
payments policy that has been assuned (end which is a not

uncommon onc) is blaccd in favor of import substitution

1/ Cf. Darberger, A.C, "Survey of Literature on Cost-lonefit
Analysis for Industrial Project Bvaluation™ UN Inteor-
regional Symposium in Industrial Projcect EFvaluation, 1965
Feldstoin, (3,5, "Minancing in the Dvaluation of Public
Expenditure” Dervard Institute of BEconomic Research,
Discussion Papexr No. 132, hui. 1970

!

2/ JThe markets themselves will in turn be affected by the
vLe  of  sccond best shadow prices instead of {irst bost
or market prices through the differeint choice of projects
fhey iwply.
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and against exports. Fig. 1 portrays this situation. The first best

shadow price would be Ezax

, yet the marginal utility of foreign ex-
o . 1/ . o
change is given by U and the marginal cost by C.= Using the first

best shadow price will thercfore underestimate the benefit of saving

or carning foreign exchange.

V. Partial Disecuilibrium Shadew Prices

If each market -disequilibrium is assumed in turn to be the only
disequilibrium in the economy and all other markets are assumed to
function perfectly, a set of partial disequilibrium shadow priccs can
be derived.

1, Partizl dicccuilibriuvs chndew price of foreien cxchange:
o Y lomm

If the economy is in competitive cquilibrium ceveryvhere exzcept
in the foreign cxchange markaet, the peints on the supply and demand
schedules for forcign cxchange on which the market scttles can be
given a velfare interpretation.g/

The point at vhich the governuent's official cxchange rate
intersects the supply curve thereby determining the quantity of export
generated and the quantity of foreign cxchange suppliced, measures
the marpginal cost of producing forcign cxzchange throughvcxporrx in the

3/

existing cconcnic activities. This would be point € in fig. 1.7

1/

This is strictly a partial disequilibrium Interpretation. For a
discussion of this and a general discquilibrium extension Cf. V
and V1 beclow,

2 ) :

2/ For a complcete survey of the literature Cf. Bacha, E. and 1. Taylor
"Poreign Exchange Shadow Price: A Critical Review of Currcent
Theories', QJE, May 1971,

3 caey s . . . . .

3/ 1f the equilibrium is not of the competitive kind, di.e. if the

monopolics, monopsomics and/or monopolistic competitors exist,
point C will overstate the marginal cost.
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On the other hand, the point at which the vertical line showing
the amount of foreign exchange available cﬁts the demand curve fer
foreign cxchange will measurce the marginal wutility of foreign exchange
in imports. This would be point U in fig. 1;l/

If more foreign exchange becomes available as a result of the
undertaking of a2 new project, and rescerves are kept constant, the new
foreign exchange could be used to increase irports or decrease exports.
The former would require a decrease in the real price of imports and/or
an increase in the lovel of real aggregate demand in the economy. In
turn, the decrcase in exports would require a revaluation of the real
exchange rate facing exporters. Our agsutiption is, however, that the
real export rate is maintained roughly unchanged precisely to aveid
a redqgtion in the profitability of existing export production. Thus
the condition nceded for shsorbing additional foreign exchange through

\ .
export reduction is explicitly ruled out. Hence any new foreign
rexchange perforce has to be used to increase the availability of imports
and will therefore generate an amount of narginal utility measurable
on the demand curve for foreign exchange. Therefore, point U, the
marginal utility of foreign ecxchange, is the sccond best partial
disequilibrium shadow price of foreign exchange. The marginal cest
for gencrating such exchange will naturally be given by the project
costs itself. Point C, the marginal cost of producing foreign exchange

In other activities, would be of relevance only 1f the undertaking of

1 , s _ , ,
L/ Again, in imperfect competition, point U will understate the
marginal utility of foreign exchange.
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a new project and the consequent availability of more foreign exchange
were to cause a modification in the exchange rate, an eventuality ruled
out by assumption.

The marginal utility of foreign exchange can be built up from
the marginal utility of various uses to which it 1s put. Und.. pcrfect
competition and if no demestic indirect taxation is levied, the marginal
utility of imports is merely the weighted sum of the demand prices of
the individual imported cemmoditices. Yor final consumption goods, it
is obvious that if consumers are in equilibrium, the demand price for

1/

each good will cqual its marginal utility in consumption.= For
intermediate goods, the demand price reflqcrs both the marginal

physical productivity of the intermediate goods, the price of the output
and any producer monopoly power. If producers arc in competitive

equilibrium and no sales or excise tax is levied, the marginegd utility
\

of the product will be swept bacl to the intermediate input demmd
price, which will thus accurately measure the marginadl utility of such
inputs. If produccrs are imperfect competitors, a part of the marginal
utility of the product will not be swept back and the demand price will
understate the marginal utility of the inputs., 1f the market for saving
and investment is in equilibriunm, the demand price of capital will
reflect marginal utility in the same way as the prices for intermediate

goods.

In the partial disequilibrium context, under perfect competition,

1/

=/ This holds regardless of whetlier the seller is a competitor,
monopolist or monopolistic competitor. It would not hold if there
were consumer wmonopsomics, a very rare occurrcnce indecd.
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Figure 6 shows this discquilibrium in the traditional Tisherian
intertenmporal production and consumption diagram. it is the production
frontier for conversion of dincome in time t to income in t+1, whereas
WW is the corresponding indiff{ercnce curve. 71 weasures the productivity
of capital and I'M the time preference of consumers. Due to the imper-
fection of the capital market, the two rates differ,

¢he time preference that is relevent is the onc that
corrcopends to the point at which the cconony comes to rest,
i.c. with the level of savings which are in fact forthcoming.
Such a rate will naturally differ for the rate vhich would
clear the wmarket. If the markcet for savings were not fragment-~
ed, the tiwe preferencoe rate would bHe measured by the rate of
intercest reccoived by savérs which would bheo the same on all
savings (except for wigh andliguidity preomiums).  In a frag-
mented market, this concept will still hold for the average

intercent rate rceeived, bui it is now necessary to include

—

the multitude of individuals who do not save at all as a

result of not being offered a sufiicicntly attractive rate of

interest. Whereas cavers can be expected to adjust the

volume of their savings in such a way 2as to equate their

time prefercnce to the return on savinys available to them,

non-—gsavers must have time preierences greater than the return

they can obtain on theiyr savings or they would be savess. As
a rcesulc, it is no longer sufficient to have an average of in-

B B L R TR Ry | i+ hecomes necessary as well to
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Fig. ©
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take into considcration the tiMc-prefcfencc of those who
chosc not to cave as a result of receiving insufficiently
.high ratcs of return on their savings.  Since even in mildly
inflétionary situvations, wmany forms of savingé vield ncgative
interest rates, non-savers need not hove high time prefercences
in an abeolute scnso. L

The evaluation of the tino prelcrence of the average
consumcy, including the non-caver, bocoaes poﬁsible i
attention is redirccted frou the ciiamination of savings to the
examination of concuupition.  Since conmuviaption and savings
are the incoue corplewonts of cach otner, both reflect the
same deteriinoats of bhehaviour. Oa the other hand, whercas

n

not cvaeryone saves, everyore docs conouao, thus, consumwption

is a richer source of information on representative behaviour.,

1/ Note that Jiguidity hog utility itsclf.  Thus time preference
is coupnred to vield of Liguid assets plus yiceld cquivalent
of uiility conterred by Lignidity iesclf. Thus an interest
rate of ~ 4%, oy woll be consiston: with a positive time

c/

preference if liguidity ig worth aore than 454,


http:si.stc.ni
http:conms.ce
http:exnint.on

- 32 -

Assuming the narginal utility of consumption is declining
and can be represented by a constant clasticity function, time prefer-
ence can be expressed as a function of the growth of per capita consunp-

; L . . . N V4
tion and the eclasticity of the marginal utility of per capita consuuption.=
Define:

C = per capita censunmption

MUC = uwarginel utility of per cepita consumption

]

e = elasticity of the NUC
g = rate of growth of per capita consumption
t = time subeript

STP = rate of sociu) time preference

d = pure timwe preference

MUC = °
-t t
—e -1 o
HUCH_J._ = CtH. (1+d) - _(Jm) { (,t(u;,)]
MUC, c ¢

l+STP = - ..-..t.- = ._______._.._‘,l..__._,_._ o = (l+8)'l'(5 (ll'd)

S "L ’ - - —
MUC AL () ]ct “Qeg ¢

14+5TP o~ (Ltgc) (1+&): 14petd
vhich if purc time preference is zero, reduces to

14+5TP v 1dge or STPvue'
The shadow price of investment in discequilibrium mcasures the narginal
constribution to the welfarc of consuners of savings invested, This
contribution will be equal to the precent value of all the future

returne deriving from that investment including the proceceds of any

1/

Cf. Eckstein "Tavestient Critevia o . "y Op.cit., Feldstein, M.S.,

"The Derivation of Social Tine Preference Rates", Kvhlos, 1905
Fasc. 2, Frisch, R. "Dynamic Utility", Econouwetrica July 1904,
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reinvestment that may be involved.

If the rate of return on investment over time is assumed constant
(1.e, the marginal pr&ductivity curve of capital is very flat) and
returns arce assuuwed to be uniform and perpetual over time, a simple

. . . . 1
expression for the shadew price of dnvestument can be derived.=
Definc ‘

r = annual perpetual rate of return of 1 unit invested

d = social rate of time preference

s = reinvestment rate out of project veturns

P, = shadow price of investment

K
Then
r(1-g)irs?,
b T L. 54
Py STp
p., s> - 1‘5;1‘}_ 1r(1-5) '

P i .1_‘.(;_:'.".".).

K STimrs

The interaction between the social time preference, the shadow
price of investment and the market rates of interest cen be seen in
fig. .In part (a) the savings rarket is shown: 1 is "he social tine
preference; s is the quantity saved; a higher STP is assumed to be
associated with higher savings. In part (b) we have the investment
market, To every SYP there corresponds a schedule relating the
quantity borrowed (1) te the shadew price of investment (I’K\.. Given any
STP, as the quantity borrowed riscs, 1‘}\, falls. Likewise, foranmy given

. will be higher, the lower the STP. Final ly, due

quantity borrowed, ]’}

Y Cf. Marglin, S.A. "The Opportunity Cost . ., .", Op 1it.



to the raticning in the capital the quantity saved must al-ays equal
the quantity invested, Assume & is caved, the ascocicted STP is
{
and we can read of curve D(il) thazt the resulting Py is PYJ'
. N N~ AL

S

i

If the greater quantity S? is saved, the STP will be higher (12711),

we rezd of D(3 end {4 hat P .
o ](12) nd {find that 1}2< PRl

.
N

4. Partial Meccvilibrium prico OF {10l 1esources

Wwith the rest of the econony in full geuilibrium, the
only sourcc of Jiverience belweon the warinal utility of
incowe (i.e. command ovey recourco use) dn private hands and
in public hands ariscs out o! the suboptimal volwse of
provision of puklic goous. Since the narginal utility of

public goods and cervices i fapenesible to mezsure, the only

-l

,r

statement that can Lo wade with sone degrec OV ansurance is
that if the level of toxation in suboptiwal, the Clooguili-

. N . » . 3
brium shadow price of fisecal incove in largoer than onc.

VI. Soeneval Diccouilibiriuvn Shooow Pricon

In this scction we will derive the shadow prices for

forcign exchange, labor, time and capital when account is

taken of the discguilibria cxisting concucrently in the

various markcus.

1. general discruilibrivm price for foreian cichango

Uncer geoneral discguiltibrima conditions the shadow
price for forcign cichange will cqgual the marginal utitity
of {oreign cxchange and can be built up in a manner

ana'ojgous to the procedurc used Lo derive the partial
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PK

(a) ) (b)

Tig. 7



disequilibriun shadow price of foreign exchange. The marginal utility
of foreign exchange will now arise from two sources: (i) the marginal
utility of the commoditivs or services into which it ds cmbodied in
use and (ii) the change in welfare arising from the transfer from the
private to the public scetor of command of resources associated with
that pattern of forcign exchimge use. In additicn, however, the
marginal utility of different foreign cxchange uses ditself is also
affected by a going from a partial to gencral disequilibrium setting.

The marginal utility of final consumption imports is still
equal to the demand price (adjusted for sales taxation and wmonopely
profits, if appropriate) for such goods.

The marginal utility of inports of intormediate goods, however,
is now higher than the demand price (adjusted for sales tazes and
monopoly profits, if appropriate) of such goods.  An dnerdascd use

) )
of intermcdiate goods diuplics & higher level of donestic procossing
activitics, the output of which will be used to satisfy a final demand.
The marginal utility of the idmported interpediate goods will therefere
be cqual to the wmarginal utility of the @ inal output less the marginal
cost of domestic intermediate inputs, capital and labor. 1 producers
maximize at private prices,and under the conventicenal assuaptions
regarding the production function, the value of the cutput at market
prices will just cqual the marginal costs of the inputs. However, the
marginal social cost of labor is below the private wage and the social
cost of depreciation of installed capital is below Jts private cost
as well. The marginal utility of intermediate pood imports is thus

equal to their demand price plus the value of the Incrcasced aggregate


http:errodi.at
http:forei.gn
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output arising from the "macrocconomic" effcct of additional foreign

exchange availability:

¢ n
I I I dGny dl. dl. Pl. dtm .
= 4- N -+ n, - e L e Ll o
UMI mi (l L”1) ml d m} (1 dGLP deur  w dGNP}

. . . . c .
where the 1 indicates interncdiate geods, L7 indicates use of labor

. n , . . .
previously emploved, 1. indicates labor previously uncempleoved, w is
the wage rate and PL dis the marginal social cost of labor and tm is

Cee . 1/
the average rate of tariff on intermediates.=

Capital good dwports also have a marginal utility different

i

from their private demund price, since the shadow price of investment

is greater than one. VWith PT aefined as the social value of a unit of
A

privately pricd investment expenditure, the value of capital goods

imports can be written as;

' .o X
1 = P tm’ d U
LMK IK 1& (114t

K
)

i
where K standz for capital goods.

Bringing together its various components the nmarginal utilicy
of imports into which foreign exchange is cmhodicd can therefore be

summarized as: N

© e e - 1 y o JONP L AL P
= a, (14t 4s) +/m, 0 (ilem, M GNP NP w
UM RO Z“i (14 ti Y (1+s) A Z'ni (i Lml dM dGNP  dC \

duw -l-Zx:'ik(J.-1-t|:1}\)1’ \e

dGRP }\)
The contribution to the warginal utility of foreign exchange from the

transfer of incoime claims from the private to the public sector is

o Tt . )
3 For a detailed discussion of the derivation of this formula, sce
DM, Schydlowsky, "Methodolopy for the Empirical Estimation of

Shadow Prices".
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equal to the product of the taxes paid on forcign exchange use and
the excess of the marginal utility of a unit of fiscal income over

a unit of private income. Defining this excess as G, yields:

e n dtm]
dGNP PL ' }
= + XY Hm s _{-..,.__.. —_— 4 1,_ —-— S R - Ni=1)+Iy: PG
? Ra Ro(?m tIHmcsc La dC P)(] t ]C) NP DCKP] ! “k(l+tnk)(ll 1)+In P

The corrections to be made to the narlet price of foreign ex-
change in order to derive the shadow price can noe be interpreted as
follows: the first term in the bracket corrcepoads to the adjustment
for the diffcrence between the private demand price and the CIF price
of imports; the sccond term corvects for the difference betveen denand
and supply prices induced by sales taxes on final consurption poods;
the third term adjusts for the macroccononic irpact of the additional
availability of intceruediate goeds as well as all the texes attached
to additional output; the fourth tern corrcets for the difference
between the private dewand price and supply price of dup.osted capital
goods as well as for the additional value of investrent over consumption
in the private secctors and, the fifth teraw takes into account the
additional value of the transfer of fiscal resourcee frgm the private

to the public sector.

2. General Diccguilibrium Price of Unskilled Lalor

Under general disequilibrium the marginal productivity of labor
differs substantially from its partial disequilibrium formulation.
However, our partial disequilibrium price.of labor was derived on
the assumption of overt unemployment from the utility of leisure fore-

gone and the income transfer obligations attendant upon bLecoming employed.
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The marginal productivity of labor in no way affected the definition.
Furthermore, no other market entered into the determination of this
marginal cost; thus the parcial disequilibrium price of labor is also

the peneral discquilibrivm price.

3. General Diccouilibrin Price of Time

The partial discquilibrium price of time was derived from
consumption beliaviour and no market other than that for savings vas
involved. lNHence, the partial discequilibrium price of time is also the

general disequilibriun price,

4, Cencral Discguidibriun Price of Investoont

Under general disequilibriva, the private rate of retwm on
investment no longer adequately neasures the social rate of return for
the following reasoas: (i) a proportion of the production may well
be for exports., The private rate of retuwrn on wuch production under-
states the social vate of return in vice of the undervalvation of
foreign exchange earnings from exports conpared to the marpinal utility
of such carnings; (i) a part of the production may wc]ﬁ be destined
to import substitution at protection rates which may exceed or fall
short of the shadow price of forcipn exchange, thus cousing the
private rate of return to exceed or {all short of the scocial rate;
(iddi) din the presence of indirect taxes, the producer price and hence

private profits understate the social marginal utility of the output;
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(iv) since the social marpinal cest of labor is below the market wage,
the private rate of return understates the social rate of return to
capital; (v) the private rate of return before tazes dees not include
the igcreasc velfere arising out of the transfer to povernment of com-
mand over resource that will take place through pavient of corporate
taxes.

The muliplicative adjustroent coefficicent, , which converts
private annual profitability to annual social net henefit is as

follows 2/

p=1
+ txPG _ corporate tax trancsfier to public sector
NT
+':;~ ts (14PG) : adjustrent of profdits from production
of non-traled goeds te buyers' prices
\ and inclusion of indirect tas transfer

to governmzant

+ XTS(r]>_

adjustment of prefits from producticn

n(l+tT)
of traded goods to shadow price of
forcign cxchange

H M, tm

- = D+741 4 . . .

L (o )~‘“T;—“ adjustment of inported inputs to
shadow price of [oreign exchange

L ,. . Pl . - . )

+ +‘; (L+twaG- ::) adjustuent of cost of labor to shadow

price of labor and inclusion, of tax

transfer from wape taxes

1/

=’ See wy "Methodolopy for the Empirical Estimation of Shadow Prices"
Scction VI for a detailed derivation,
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4+ Int (1+txiPG) consolidation of intercst with profits
T

and inclusien of tax transfer from taves

on interest

vhere the symbols are as follows:

tx ) corporatce ta rate
tx wape tax rate
W
txi interest tas raote
PG shadow price of fiscal resources
ts indirect taxes
o premiue of shadow over official exchange

rate, i.c. 'S/R
0

T private aamual profit flew per unit of
private investmoent
t average rate of protection on traded

good production

Y

X

output of nw-traded and traded goods

respectively

PL shadow price of labor
w markel vage
Mitm, revenue from import duties

The present value of the social benefits of a unit of investment
in the abscence.-of reinvestment effects can now be ecasily writton:
4

PE(Y) = § (1rsrp)~t

B
t t
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If both STP and fare constant over time then the foregoing reduces
to:
TP

PK(Y) = o,

In the usual case this constancy does not hold, since the SIP may
be constant but the elemonts eatering into B, particularly the pre-
mium of the shadow price of foreipn exchanye,”, are likely to chanpe
time, In this rmore reulistic case, the forrula for the shadow price
of investment cven witheut reinvestment becomzs considerably more
complicated and introduction of reinvestrent censiderations adds to
this complexity. For the derivation of formnlaee for these cases

Il|.:

the reader is referred to my "Methodolozy for the Pmpirical Detimatio

of Shadow Prices'" Scetion VI cquations (34) - (41).

5. Geneywl Discoullibyive Price of Ficeal I'ovenon

Under general diccouilibrive there are three sourcos of
divergence between the consunption cquivalent of a unit of fiscal
revenue and the consunption cquivalent of a unit of fiscal expenditur
(i) differences in the warginel utilities of public and private con-
sumption at the relative quantitics hupp]{ud; and, (1i) differences
in the public and p dvate sevings rates, and (idi) differonces in the
consumption ecquivaleats of private and public dnvestment.,  The sccond
and third of these can be given precise quantitative expression and i
the higher marpinal uwtility of cach unit of public consumption is

offset by the alleged incefficiency of the government apparatus, then

over”

n

(S

r

it becomes possible to measure the contribution to welfare of shifting
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a unit of income from the private to the public sector,
Define
GE = private consumption equivalent of one unit of jovernment
revenuc.
PE = private consumption equivalent of one unit of private
income,
sg, Sp = sévings ratios of ‘the government and private sector,
respectively.
A = PEg/PK
PG = excess of the consumption equivalent of government revenue
over private income,
Then:
GE = (1-sg)tsglky = l4sg(pkg-1)

PE = (1-sp)4spPk = 1+sp(Pk-1)

i

PG = GE-PE = (sp-sg) -+ (sgh -sp)

VITI. Explicit Consideration of Income Distribution Effccts

Full consideration of the differential income distri-
bution implicit in cach project requires identifying the
recipients of the marginal physical social produét of cach
project as woli as identifying the forcgoers of the marginal
physical social costs. Bencfits should then be valued at the

marginal utilitics of the receivers and costs at the marginal

utilitics of the forecgocrs. Finally, an interpersonal addition
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of utilitics must be undertaken. 4

Since this full proccdure is obviously unfcasible in
practice an &approximation must be devised.  Such a surrogate
can start from a stratification of the population by income
group and the derivation of cach major sccond best shadow price

for cach group. Finally the shadow prices would be aggregated

by an acceptable weighting formula, 2/

VIII, Sumnary and Conclusion

This paper has addressed itsclf to the problem of project
evaluation in economies in general disequilibrium, i.e. whose
major markcts do not clcar duc to a combination of institutional

and public policy rigiditices.

The discquilibria have been defined in detail and
the nécd for dcvolopihg sccond best shadow prices suitable
for projcct evaluation in such an cnvironment has been made.
The consideration of the disequilibrium in cach market
at a time has allowed the derivation of a set of partial dis-
eduilibrium second best shadow prices., Consideration of all
the disequilibria sinultencously yields substantially

different shadow prices due to the interactions involved.

1/ rFor an application of this approach to the bencfits of in-
dustrialization in a custom's union, Cf£. D,iH. Schydlowsky
“The Allocation of Intcgration Industry in the Andian ifarket*
J. of Comnon ilarket Studics

2/ cf. Fcldstein "The Derivation of Social Time Preference Rates®,
npc Cit- N
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Both partial and general disequilibriun prices differ sub-
stantially from conventional first best shadow prices. Neither first
best shadow prices no; partial disequilibrium prices can therefore
be uséd in general as surrogates for the correct general disequilibrium

shadow prices,





