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1. INTRMUCTION

- During the past two decades, there has been a growing consensus bofh
on the usefulness of social cost-benefit analysis for project and
expenditure evaluation in developing economies, and on the ;eneial
- procedures by which shedow prices should be determined. If a mew project
is viewed as a pertnrbation‘in the economy, then its consequences (and
~ hence the shadow prices) depend critically on the salient featnreg of the
économy. For instance, if the.econpmy is open to foreign t;ade and there
are tariffs, then the induced changes in domestic demand and supply of
goods affect the public revenune from tariffs. If, on the other hand, the
economy‘is cloked, then thefe are general_eQnilibrium changes in domestic
prices which, in turn, affect the welfere of various individuals in the
economy, It is iqportant, thergfore, to identify theirclevant structuze
- of the econonmy. |

The fact that we are interested in social cost-benefit anglysis
indicates 2 belief thet market prices may not aécuratoly reflect social
costs, that is, there are some important distortioms inm the ecomomy .which
need to be explicitly identified. Moreover, :easonabie individuals may
differ over the appropriate social welfare function and, hence, on the
appropriate social weights (which should be associated with the gains and
losses to different individuals snd to the goverament) to.be employed in
aggregating the full conmsequences of 8 project. Therefore, the role of
social weights in determining shadow prices needs to be clearly

distinguished from the role of the critical structural features of the

econonmy.




This paper focusses on shadow wage determinltionl, and it makes two
contributions. First, it emphasizes certain features of the ecomomy which
have important consequences for the shadow wage in many IDCs, but which
have not received the attention they deserve, Andng thenm are the internal
structure of the agricultural and the industrial sectors, the
international trade environment, and the mechanism which equilibrates the
economy to the perturbation caused by the new project. (Our modelling of
these features is discussed below.) Secoﬁd, we develop 8 framework to
identify those reduced form parameters which capture the impact that
various critical features of the ecpnomy_have on the shadow vnge.z Our
formulae for tie shadow wage can, therefore, be specialized to a variety
of technological, behavioral and institutional bypotheses.

Indeed, one of the lessons that has been lesrmed inm the past two
decades is that there.is enormous diversity‘within LDCs, and a2 set of
specific assumptions vﬂich may be apptopriate for one country will not be
bippropriate for others. That is precisely why it is important to
construct a general framework, which inciudes 8s special cases all of the
commonly discussed hypotheses. VWe, therefore, do not argue here whether
there is or is not industrial unemployment, whether the level of
industrial unemployment is or is not affected by employment decisions in
the industrial sector; whether migration of agricultural workers to the
industrial sector is or is mot well described by the Harris-Todaro
hypothesis; vhether there is surplus land or surplus labor in the
agricultural sector; whether the agricultural population is relatively
homogenous or there are wide disparities within this population; whether

the government does or does not set tariffs at optimal levels. Instead,




we show how the same formulase for the shadow wage can be specialized to
these and other hypotheses, and examine what implicetion this has, in
turn, oﬁ the magnitude of the shadow wage.

We derive a number of nev results concerning the qualitative
. relationship between the shadow wage and the market wage. MNany of these
results are robust; that is, they are valid for a wide range of
underlying parameter values. The importance of robustmess lies in the
fnct that obtaining thé precise numerical estimates for soﬁe of the
critical parameters is often difficult, In addition, we have been ab;e to
synthesize the previous work on shadow wages, and to obtain previously
known results as particular specializations of our noro.genéral approach.
_ This synthesis helps to identify the precise sources of difference among
theiexisting results.,

The ﬁain components of our framework are the following.

(i) The Structure of Agricultural Sector: The crestion of industrial
employment often induces migration of lgricﬁltnrtl 'orkefs to the
industrial sector. The effect of this migration on the shadow wage is
determined, in part, by how the welfare of those who remain in the
‘gricultnral sector is influenced by the genérnl equilibrium consequences
of migration on agricultural prices, wages and earnings. These, in turn,
depend on the institutional mechanisms which allocate 1land, vork, and
output among verious individuals within the ngricultnrnl sector. Consider
s simple example. If agricultural wages rise dng to migration, then the
(net) sellers of labor (landless workers and small landowners) gain, while
the ﬁet buyers of labor (large landlords) lose. If the society is averse

to inequality then, in this case, there may be a net social gain which




would reduce the magnitude of the shadow wage. W¥We capture these effects
in a model of ap agricultural sector with heterogenous individuals in
which the distribution of earnings is endogenously determined.

(ii) The Industrial Sector: It has recently been argued that there

are important relationships between the wages paid to the industrial
workers and their pet ountput. Sevéral alternative explanations of such
relationships have been offered; wages may affect the quality of a

firm's applicant pooi, the efficiepcy_with which a given worker works, or
the vorke¥s' turnover rates. We represent the industrial sector in a
manner that exhibits these effects. Our formulation is consistegt with
many alternative wage determination mechanisms, including those which take
into account vage4prodnctivity relationship.

(iii) The Migration of Labor between Sectors: The litetatnri thus far
has focussed primarily on two ceses: where there is no'endogenons
migration or where the migration is governed by a Harris-Todaro type
hypothesis. Our genersl model of nigratibn subsumes these two cases.
Aléo,“onr determination of the shadow wage takes into account many of the
general equilibrium effects of endogenous migration which have often been
ignored in earlier studies,

(iv) Foreign Trede Enviromment: Most studies on the shadow wage
assume an open economy in which there are no deviations between the
domestic and the international prices. Empirical evidence on LDCs; on the
other hand, points out that there exist substantial price distortions, We
therefore take into account such distortions and show that these
di;tortions may exert a first order effect on the'ingnitnde of the shadow

wage. In addition, we examine the case in which the distortions are being




set at socially optimal levels, and analyze their implications for the
shadow wage. Ve also consider the case in which the economy is closed to
foreign trade.s

(v) Equilibrating Mechanisms in the Economy: The consequences of new
employment crestion depend on how the economy arrives at a new
eqnilibrinm.4 How the economy equilibrates, in turn, depends oxn which
instruments can be poténtially controlled by the government, which of
these instruments are left unchanged when the new enployﬁent is created,
and how the government changes the remaining instruments. There are two
situstions in which the issme of how the economy equilibrates may be
ignored: first, if the governhent does not possess any inptinuent'of
control at all and, second, if the government sets every available
instrument at its socially optimal level, Given the observed behavior of
governments, both of these extremes appear nnlikély. Ve therefore assess
the impact of alternative equilibrating -echnni;ns.

(vi) Distributive Judgments: The evaluation of public ptojects.
depends both on intertemporal and interpersonal trade-offs (that is, the
social valuation of the income of differ?nt'individnals relative to that
of investment). These value judgments are represenfed in our formulae

through clearly identifisble parameters.

2. THE BASIC MODEL
Rather then to begin with the general model, we first introduce &
stripped—down version, to help focus ideas. Subsequent gsections show bhow
this basic model can be both generalized snd specialized. Ip the model of

-an open economy described below, the government exercises its control on




the agricultural sector only indirectly, through (at most) the imposition
of commodity taxes and subsidies on peasants’ net snrplus.s The govermment
proposes to underteke an industrial project which will create new
employment. Our objective is to calculate the social cost (the shadow
wage) of this employment creation.6 We assume at present that there is no
endogenous migration between the agricultural and the industrial sectors,
the agricultural sector consists of homogeneous family farms, and the
industrial wage is rigid.7 Other sﬁecifications are considered later.,
Agricultural Sectoi: The agricultural sector’s population is N1, and
A is total (agricultural) laﬁd vhichAis owned equally within the
agricultural sector.8 a2 = A/N! is land per vorker, and Ll is ihe aumber
of hours worked by each worker. The production technology exhibits
cbnstaﬁt returns to scale. We can therefore write: X = X(A/N1, L1) = X(a,
L1) as the output of aﬁ agricultursl workezr. An agricnltnial vétker's
-oonsumption of agricultural and industrial goods is demoted by (x1, y1).
The surplus of the agficultutal good per agricultural worker is @ = X -
x1, The relative price of the agricultural good in terms of the
industrial good is denoted by p. An agricultural worker’s budget

constraint is
(1) yl = p@ = p[X(e, L1) - x1]

An agricultural worker chooses x1, yl, and L1, subject to the sbove
budget constraint, to maximize his utility. The resulting level of

utility depends on p and N1, and it is represented by the indirect




vtility function: VI = vl(p, N1). Then

avl 1 avl 1. 1
2) o =2'@ >0, and = - A pXeyo/N < O
. op aN1 P7eXe

where ey, © 31nX/31na is the elasticity of the agricultural output per

worker with respect to the land pér worker, and Li is the (pdsitivo)
.parginul_utilityvof-1ncone.to a worker in sector i.

For later use, define tqp = 91nQ/31np, and sqy F 31nQ/31na as the
elasticities of the surplus per agricultural worker with respect to its
price, and with respect to the land per agricultural worker. Though the
usual resfrictions on ntiiity and production functions do ﬁot predict the
sign of tqp, Ve assﬁme bhere that er_> 0. &gy depends on the scarcity of
agricultural land. If lend is not scarce, then gg, = 0, and ex, = 0. For
brevityAin interpreting our results, we assume throughout that 1 > eq, 2>
0, that is, land is moderately éctrce. The modifications for other values
of clnsticities are straightforiard.

Industrial Sector: Industrial populationm is N2, VWe sssume that an
industrieal worker supplies L2 hours of work which are fixed due to
technological considerations; a2 more gemeral case, however, can be
easily worked out. An industrial worker's consumption of agricultural and
industrial goods is denoted by (x2, y2), and w is his wage income in terms

of the industrial good. The budget constraint of an industrial worker is

(3) px2 + y2 = w




An industrial worker chooses x2 and y2 to maximize his utility. Since

L2 is fized, we write the indirect utility as: V2 = V2(p, w). Then

2 2
(4) V" L322 v, ana V- - 322 (0
ow op

Define eip = —alnlealnp, and ai' = 391nx’/3lnw as the

elasticities of an industrial worker’'s copsumption of the agricultural
good with respect to its price, and with respect to wage income. These
elasticities are poiitive'because the consqnption goods are assumed to be
normal.

The output of an induktfial worfer is Y = Y(k, 12), where k = K/N? is
the capital stock per industrial worker, and K is the total 1pdustrial
capital stock. _There may bé bbth private and public firms in the
industrial éector. but all firms paj the same wage to their woriers and
the profits of private firms are entirely taxed away.

Market Eguilibrié;: N is the total population, and
(5) N =Nl + N2

The supply of the industriasl good is used either for consumption or for

investment, J. BHence
(6) I=NY + My - N2y2 - Nlyl

where My is the pet import of the industrial good. Similarly, the




balance between the supply and the demand of the agricultural good

requires
&) Nlg + ¥, = N2x2

where M; is the met import of the agricultural good. The foreign trade

balance is given by
(8) PH; + Hy =0

where P denotes the international relative price of the agricultural good.
P is fixzed under the small country assumption, but this can be essily
relaxed.

For later use, we obtein an alternative expression for investment.

Substitution of (1), (3), (7), and (8) in (6) yields
(9) I=N2(Y-w)+ (p-P) (Nx2 - Nlg)

That is, investment equals the retained_ptrt of the industrial output
(after deducting industrial wage payment) and the net revenue from trade
tazes.

Eguilibratips Mechanism: Cresation of industrial employment changes

the sectoral populations which, in turn, alters the demand and supply of
verious goods., The sociel impact of employment creatiom thus depends on
the particular equilibrating change which occurs. We assume here that the

traded quantities, Hx and My‘ change to maintein the equilibrium
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between the supply and the demand of the agricultural good, (7), and
investment changes to meintain the equilibrium in the industrial goods
market. That is, the govermment does not change its tariff policy.

Alternative equilibrating mechanisms are examined later,
3. DETERMINATION OF THE SHADOWVWAGE

SA. hado age in the Basic Mode

Define an additive Bergson-Samuelson socisl welfare function
(10) 1 = Nwivh) + vy
where ¥ is concave and increasing in V. If & is the socisl value of the
iargina]_investnent, then the current value of the aggregate social
welfare is given by the Hamiltonian

(11) H=7 + 81

in whick I is given by (9).

If the shadow wage is denoted by. s, then

2
(12) g=_ 1 a8 3N Y)

& an2 an2

The industrial good is the pumeraire throuvghout the paper., The first term

in (12) is the net social loss from employment ctestion.9 The second
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term represents the direct contribution of the newly employed worker.
This contribution is excluded from the celculation of the shadow wage
because the fruits of employment creatiom should not be counted while
computing its cost, 10

An explicit expression for (12) is derived from (11).

(13) s =w-1 [sz- W1] -,gi'pXex. + (P - p)Z, where

=
(14) Z=Q(1-gg )+32 >0

To obtain the sbove expressions, we have unsed (2), (4), and (5), and
defined Wi = W(vi), ana gl = alowi/avi. i is social value (weight) of
a marginal incresse in the ipcome of & worker iﬁ soctor 1.

Each of the four terms in the expression (13) represents a distinct
socisl effect of moving en agricultural worker to the industrial sector.
Th? first term is the direct cost of the wage payment to the mewly
employed industrial worker. Naturnllj. & larger market wag? implies @
larger sheadow vage.. The second tetm'capfnres the change in the welfare of
the worker who has moved. The third term represents the effect of reduced
congestion on agricultural land. Specifically, s migrant worker releases
land area 8, which adds pXey, to the income of those remaining in the
agricultural sector., A higher conmgestion on agricultural land, therefore,
corresponds to a lower shadow wage.

The last term captures what we call the general equilibrium effect of

employment creation on the demand and supply of the agricultural good.
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This cen be seen as follows. The agricultural surplus decreases directly
by Q because now there is one less agricultural worker. The agricultural
surplus incresses indirectly, onm the other hand, by an amount Qsg, because
of the extra land which bhas now become available to those in the
agricultural sector., Also, the newly arrived industrial worker consumes
x2 of the agricultural ;ood. The net shortfall in the supply of the
agricultural good is therefore Z, as in (14), which is met through |
incressed imports. Employwent creatiop thus incresses the pet
agricultural imports. The gain or loss in the government revenue then is
(P - p)Z, which is the lasf term in (13),

Muck of the litérafnre on shadow wages has ignored this general
equilibrium effect by askuming that there is no price distorfion; that
is, p = P. Empirical studies indicate, however, that mot only is this
:ssnnption incorrect but, in fact, the price distortions in many
developing economies are often large.;l Also, if the government were to
set the domestic prices at their socially optimal levels then, as we shall
see, the optimal prices gemereally entail price distortions.12

A simple example might help in undefstunding the practical
consequences of price distortions. Suppose the domestic price of food is
twice (balf) the international price, and the workers spend roughly half
of their income on food. Then, sssuming that investment is highly scarce
(that is & is very large), that the agricultural land is not scarce, and
that the workers’ earnings in the two sectors are roughly equal, we find
from (13) that the shadow wege is half (twice) the market wage. In

contrast, the shadow wage equels the market wage if the general

equilibrium effects are ignored. Quite plausible parameters therefore
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show that the magnitude of the shadow wage will be substantially erroneous

if this general equilibrium effect is mot taken into account.

3B. Sneciil Cases

Many of the results which have been prominent in the literature - and
some new results which have not previously been noted - can be obtained as
-special cases of the expression (13). The specillizltipns entail various
specific assumptions comcerning the technology and the nature of
government policy{

(i) Highly Scarce Capital: 1In this‘chse. 6§ is very large, and

(15) s =w+ (P- p)Z

1f the capital is highly scarce, then the shsdow wage is higher
(lower) than the market wage if the domestic price of tge'agricultnral

ood is lower (higher) then its international price., Obviously, the

shadow wage equals the market wage if there are mo price distortions.

(ii) No Price Distortions: A direct implication of (13) is that:

In the sbsence of price distortions, the shadow wage is less than the

pazket wege, so long as ipdustrial workers are better—off than
agricultural workers, Other special cases considered below also employ

the assumption of no price distortions.
(1i1) Utilitarisnism: Utilitsrianism implies that Wi = yi, gpa pi =
li. Denote the vealue of the marginal produét of an agricultural worker by
'3.13 That is, g = pXLLl. Constant returns to scale in agricultursal

production implies X = Xaa + xLLl and, hence,
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pXey = pX - g. Then,(13) can be written as

(16) s =w-1[v2 -'V1] - ﬁi (pX - g)

8 S -
This.corresponds to & fesnlt obtained by Little and Mirrlees (1968), Stern
(1972), and Newbery (1972).

F(iv) Fixed Labor Hours: If the laboi hours supplied by an
tgticnltn:al worker are fixed and equal to the hours supplied by &n
industrial worker, then the utility of an agricultural worker can be
exfréssed as & function of his inéome end the price he faces, that is: V1
= V(p,pX) aﬁd V2 = V(p,w). Moreover, W is comcave in a worker's income.l4

E:fressiqn (13) then yields

(17) s> (1- By s B
R S

Thus, the shadow wage exceeds a weighted aversge of the market wage and

the marginal prodnct of ap sagricultural worker.

(v) Output Naximizing Society: In addition to tpe sssumptions made
1h (iv) above, if it is assumed that a society nnximizgs the level of its
aggregate output without distinguishing between investment and
consumption, or between the consumption of different workers, then W
quals a worker's income, and & equals one.15 Thus the inequality in (17)

is replaced by an equality, and
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(18) s

it
oo

That is, the shadow wage equals the value of the marginal product of an
agricultural worker. This was one of the earliest views on the magnitude

of the shadow wage. This view implied a zero shadow wage, if the marginal

product of agricultural labor is zero. 16

4. LABOR MOBILITY, INDUSTRIAL WAGE, AND INDUSTRIAL PRODUCTIVITY

4A. A Geperal Model

Unemployment and endogenous mobility of workers across seéctors are
common features of many deveioping economies. We prOste herc:a general
- model of labor mobility which subsumes many of the existing models. The
utility level of an unemployed worker is dendted by V8, and the number of
unemployed is demoted by N, For simplicity, transfer arrangements from
the employed to thg unemployed workers sre ignored here, and it is assumed
that the unemployed workers havg & fixed level of utiiity.

The agricultural population is expressed (in & reduced form) as a

function of the relative price and the level of industrial exployment.
(19) Nl = Nl(p, N2)

(As explained later in footnote 18, the dependence of Nl on v is slready
implicit ip the above expression). Obviously then, the level of

unemployment is also a function of p and N2. since
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(20) N=N + N2 + NU

Next, consider the determination of industrial wages. There are
several alternative hypotheses concerning how the inmdustrial wage is
determined. To obtain an integrated view of the implications of these
alternative hypotheses on the shadow wage, we represent the industrial

wage schedule through the following reduced form function.17
(21) v = w(p, N2)

It can be verified that the above reduced form representations of
labor mobility and industrial wage determination take into account the

18 Also, mote that (21) is consistent with

relationship between Nl and w,
the view that the government camnot perfectly control the level of
industrial wage, or with the view that if the government is setting thev
vige_optiha]ly, then the opfinal wage may depend on other varigbles in the
economy. 19

Many recent theories have suggested that the productivity of
industrial workers might depend on other variables in the economy, such sas

the industrial wage and the rate of unemployment. Such a dependence is

represented as
(22) Y = Y(x, 12, p, N2)

where the first two arguments of the function Y continue to represent the

direct effect of the capital and lsbor hours on industrisl productivity,
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while the last two arguments reflect all of the inditect effects.20

An advantage of using general functioms like (19), (21), snd (22) is
thet the resulting sh:dov wage formulae are quite free of the precise
nature of the institutions ig the economy. (The values of parameters in
thesé formulae would, of course, depend on the institutions.) As we shall
see below, these functions are easily specislized to represent various
specific hypotheses.

For later use, we define the following elasticities. From (22), ye
E dlnY/dlnN2 is the elasticity of per worker industriasl output with
respect to industrial employment. Given that the price is fixed in the
present model, this elasticity capfure; 811 of the indirect effects of the
perturbation in the economy on industrial productivity. From (19), n =
¥dN1/dN2 is the pumber of workers who leive the agricultural sector if ome
-iﬁdustrinl job is created. And, from (21), e = dlnv/dlnN2 is the-
elasticity of industrial wage with respect to industrial eanOyment.21

The relevant Hamiltonian is given by (9) snd (11) in which
(23) 3 = Nlw(vl) + N2W(V2) + (N - N1 - N2)W(V®)
and N1, v and Y are given by (19), (21) and (22) respectively. We derive

the corresponding shadow wage according to (12). This can be rearranged

to yield

. S T _ _ 82 _
(24) $ = w 5 [W2 w1+ 5 n+ (P-9p)Z + (1 8_) ve . Yeye
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where
(25) ¢ =Wl - Wu - glpXey,, and |
(26) Z = Q1 - sge)n + 32(1 + €2 ey, )

The expression (24) reduces to (13) if n = 1, ey, = 0, and gy = O.
That is: If the level of umemployment is left unchanged by the creationm
of industrisl employment, if the industrial wage is fixed, and if here are
no indirect effects on industrial productivity, theﬁ the above shndov wege
is the saie as that derived in the bngic model. Thus, the model in
Section 3 and its specislizations can be viewed ss special cases of the
more general model presented here. _

The effect of employment creation oﬁ laboi moﬁility and the effect of
this on the shadow wage c@n bé'aécbhposed into three parts. First, ﬁ
- migrants from the sgricultural sector join the pool of umemployed and ¢
is the net loss in the welfere for each vofker, after taiing into account
the gain from reduced congestion on agriculturel land [see (25)]. The
wvelfare lossbis thus én/6 in (24). Second, ome of the unemployed
workers receives the mewly created industrial job, amd the welfare gein
due to this is % {¥2 - WB]. Third, labor mobility influences the
shortfall Z in the agriculturel good. This can be seen in (26), in which
Q1 - aqa)n is the decrease im agricultural supply.

| The effect of employment creation on the industrial wage is felt
through ¢e,.. If, for example, the industrial wage_incieases with
industrial employment, then the new project will increase the wage payment

to the inframarginal industrial workers. This, in turn, makes them
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better—off, but at the expense of public revemue. The net of these two

effects is represented in the fifth term in (24). The induced change in
the industrisl wage also affects the net shortfall in agricultural good,
88 can be seen in the expression (26), Finally, the loss or gain due to

the indirect effects on industrial productivity is represented by the last

term in the right hand side of (24).

4B. garris-deago Migration prothesisv

A specisl case of the above gegeral model of labor mobility is the
Harris-Todaro hypothesis [Barris and Todaro (1970)], sccordinmg to vbiéh s
migrant from the agricultural sector finds an industfill Job with
probability N2/(N - N1), and becomes unemployed otherwise., Migration
'continnes'until the expected utility level of a potential migrant equals
the utility level of an agricultural worker. This hypothesis is therefore

& special case of (19) in whickh
(27) NVl = N1yl + N2v2 + (N - N1 - N2)yE

where, it will be recalled, V! is s functiom of p and N1, and v is s
function of p and w. For sinp;icity, we assume here that the social
welfare function is utilitearian, that is, W(V) = V and pi = ai, While a
more general approach is easily possible, as we shall see later, this
assumption enables us to‘ignOte here the.issue of defining the social
welfare over the ex ante versus the ex post utilities of workers. Also,
to keep N positive, we assume that V2 > V1 > V8, The above model is not
meaningful otherwise.

Perturbing (27), we obtain
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N (V2 - VB + A2 wey,)

(28)
NI - vy« (v - NDadpxe

Xa

Substitution of the above in (24) yields

7
(29) s = w(l + gy,) - pXex, 2 + (P - p)Z - Yey,
;Y

where Z is given by (26).

On comparing (29) with the earlier expressions for the shadow wage,
(13) end (24), it is clear that the shadow wage now does not depend on
the differences in the utilities of different workers. This is what we
would expect since all vorkéfs have the same expected utility in the
present model,22

Special Cases: (i) Consider the special case in which there is no
congestion on agricﬁltural land, there are mno indnged effects of
employment creat;on on industrial wage and productivity, and the domestic
price equals the international price. Then, from (29), the shadow wage
equals the market wage, regardless of the society’s valuation of
investment versus consumption. This well known result 23 reversed the
presumption of the earlier literature that the shad@v wage is smaller than
the market wage, that its value is ciitically dependent on the society'’s
intertenporal_vuluation, and that it approaches the market wage only when
the social value of investment (relative to consumption) is very high.

The basic reason for this result is that the migration in the
present special case does not change'the aggregate level of utility or

consumption in the econmomy and, hence, the only effect of employment
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creation is on investment. The utility level of ap agricultural worker is
fixed, since sx, = 0, and the utiiity level of an industrial worker is
fixed, since there is no effect of migration on the aggregate expected
utility. Siﬁce the only effect of creating an industrial job is on
investment (which, from (9), is reduced by the market wage), it follows
thatlthe shadow wage equals the market 'age.24

(ii) Comsider an output maximizing society with land congestion, in
which there are no prico-distortions. and there are no induced effects on
industrial wage snd productivity. Recall thet the output maximization

implies al . 6§ =1, Vl = pX, end V2 = w, Substitution of these in (28) and

(29) yields
' (30) s = wN' (1 - exa)/ Ney, + N'(1 = e5.)]

Thus, s < w, since ®Xe <1 from the standard properties of production
function. This result shows, in 2 simple setting, that the effect of land

congestion is to reduce the shadow wage.25

5. INDUSTRIAL WAGE DETERMINATION

Many recent studies have postulated that the met output (net of
hiring and training costs, for example) of an industrial firm may be a
function of, smong other things, the wage this firm pays, the wages other
firms pay, and the level of industzigl unemployment; and that these

effects, in turn, influence the wages that are peid to 'orkers.26 In
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this section, we show how these wage determination mechanisms can be
treated as special cases of the model presented earlier, VWe also show
that our model can be employed to study wage determination in many more
institutional settings than those considered in the existing literature.
Most of the general points can be established in the context of the
wage-productivity hypothesis., This hypothesis suggests that the

27, that is, b = b(w),

efficiency per work hour, b, depends on the wage
where b, 2 0 is the relevant range, and Y = Y(k, oL2). The imstitutional
setting which has beétn emphasized in the literature is the ome in whkich

privete industrial firms minimize the labor cost per efficiency unit,

v/b(v)Lz, and the resulting wage is characterized by
(31) bw = b/w

Thus: The level of the efficiency wage paid by firms is s fized
technologicp] parameter. The substitution of €e = O and tye = 0 in (24)

yields the corresponding shadow wage.

Now consider an alternative inmstitutional setting in which the
industrial firms are publicly owned (that is, the level of industrial
employment is publicly determined) end the government instructs firms to
maximize their profits (this directive may not slways be socially optimal,
as we shall soon see), The firms then maximize (Y - w), and the

industrial wage is characterized by

(32) b = 1/1%%
w L
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where YL = BY/B(bLz). Clesrly ip tbis case the industrial wage depends

on the level of industriasl employment., The induced effect on productivity
is represented by ¥e = ®YL®bySye’ VHETC By = alnY/aln(bLz). and L
alnbla;nw. Substitution of these in (24) yields the corresponding shadow
wage.

If, on the other hand, the government sets the optimal wage taking
into account the wage-efficiency effects then, wsing the relevant
Hamiltonian, it can be verified that the optimal wage depend§ on the
variables in both sectors of the economy and that, in gemersl, the.
 resn1fing wage sch§du1e does not entail an equalization of the socisl
weight on investment, &, énd the sociel weight on the income of ap
industrial worker ﬁ2‘28

For illustration, consider the simple case in which there is no
price distortion, and there is no endogenous migration. The socially

~optimal industrisl wage is then obtained from (9), (10) asmd (11) as
2/8 - 1 - 2
(33) Bc/d =1 YLL b'

Clearly, 82 does ﬁot always equal & because of the wage-efficiency
effects. Now comsider two further special cases in which the social
weights are exogenously specified. First, if & is very large relative to
8, then (32) and (33) are the same. This should not be surprising, simce
if the ;ociety maximizes investment, tﬁen the optimal wage paid by the
government is the same as what it would be if public sector managers are
instructed to maximize their profit. Second, if Bz = §, then (33) yields

bw = 0, Thus, in an output mexrimizing society, the optimal industrial
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wage is sufficiently high, so that the effects of wage on productivity do
not exist anymore. It follows in the present case, then, that the optimal
.indnstrial wage is higher in an output maxinizing ;ociety than what it is
in ap investment maximizing society, or in an economy in which private

firms minimize the cost of labor in efficiency uaits,
N For other hypotheses concerning industrial vage determination, the
relevant issues are quife similar to those already discussed sbove. For
instance, the wage-quality hypdthesis‘posits that the wage paid by » fi;m
(relative to other firms and relative to the sgricultural sector) induces'
8 sorting of workers according to their quality. If the private firms
mipimize their umit cost of labor in efficiency units then, in a symmetric
oqnilibriﬁm. the wage is given by (31), where b = b(w, Nz).zg Clearly,
therefore, employment creation has an indhced wage effect as well as an
indirect effect on productivity.

Similarly, according to the lnbof—tnrn0ver hypothesis, the t:aining
cost to & firm (whkich reduces its Qet output) depends on the quit rate of
workers., If private firms minimize their total labor cost then, in a
sympetric equilibrium, it tursms out that.the industrial wage depends on
urban unemployment rate and on the number of workers in the agricultursl
sector. It is clear thereforé, that this case as well as those arising in
slternative institutional settings, can be treated as special cases of the
model developed in Section 4A.

¥e have thus jdentified the properties of the industrisl sector
which are critical in the determination of the shadow wage, and have shown

how the relevant reduced form expressions depicting the industrial wage

schedule and the migration mecheanism can be specialized to a variety of
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technological, behavioral, end institutional hypotheses. The same reduced
form eXpress;ons (and therefore the same formulae for the shadow wege) are
consistent with quite different technological and behavioral

assumptions; while the same technolo;ic;l assumptions, im comjunction
with different behavioral postulates, yield markedly different shadow

wages,
6. STRUCTURE OF THE AGRICULTURAL SECTOR

Our earlier specification thet the agricultural sector comsists of
homogenous family farms is restrictive. A full investigatibn of thgl
impact that alternative in;titutional structures within the agricultural
sector have on the shadow wage requires a more detailed model containing,
awong other things, different classes of indifidnals (l1andowners, |
sharecroppers and landless vorkers, for example), the migration behavior
of these classes, the reallocation of land entailed by migration, the
nechanisﬁs whbich determine agricultural wages and earnings, and the tax
.instrunents which the government employs in the agricultural sector. A
perturbation of such a model due to industrial employment creation would
thus affect not only the distribution of welfare within the agricultural
sector, but also the sgricultural surplus and the level of pudblic
investmwent. |

For instance, if agricultural wages increase due to a reduction in
the agricultural population then, as we pointed out earlier, the net
sellers of labor gain whereas the net buyers of labor lose. If the

economy is closed to international trade (discussed later inm Section 8)
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then & project has general eqﬁilibrium price effects; if the prices of
agricultural goods increase, then the pet sellers of these goods gain
whereas the net buyers lose. Also, migraiion may affect the distribution
of rents and profits associlted with land-ownership, particularly if the
new project induces some of the iandovners to migrate to the urban sector.
The precife consequences of this would depend, of course, on the
institotionel arrangements; in some economies, nigfants do not lose

their fight to receive ’‘rents’ from their land, while in others they do.
In addition, there may be induced effects on individuals’ incentives (and
hence on tﬁeit»sntplus and welfare) which are determined, in rart, by the
rules for sharing output and work within families and between landowners
and sharecroppers.ao

In the remainder of this section we focus on the distributional
conseqﬁences of changes in agricultural wages and profits. Specifically,
we reconsider the basic model (Section 2) with the following modifications
concerning the agricultural sector.

(i) Heterogenous Farmers: Consider an agricultural sector
consisting of & spectrum of landowning classes &s well as landless
workers, who buy and sell their labor services. Nlh denotes the
agricultural population in growp h. An individual in group h has land
ares Ah, snd his net labor supply (that is, labor hours supplied minus the
labor bours employed on his farm) is Llh. The landless workers afc

11

denoted by h = 1, Clearly, Al = 0, and L"" > O, The pewly created

industrial job is awarded to one of the landless workers, and the

populations of various landowring groups remain unchanged, The schedule

1 1 11

of the rural wage rate (per hour) is represented as v = w (p, N ).
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Tts elasticity with respect to the population of landless workers is
denoted as c:e & -dlnwlldlanl. NlQ continues to denote the total
agricultural surplus, where N1 = } Nlh is the total agricultural
population, and Q is the average Egricnltural surplus per member of the
‘agricultural population.

The fist term in the right hand side of the social welfare function

(10) now becomes: } Nlhw(vlh(p. wl)), snd the corresponding shadow wage

is given by B

(34) s=w-§[w2-w“.]+(p_.p)z+c
where -

(35) c=-1 ,.,le‘l’e 2 Blhr_thlh

and’f’h = NB/NL,

The new term ¢, in (34) and (35), represents the induced effects of
industrial employment creetion or the distribution of welfare in the'
agricultural sector. Ve assume here that the agricultural wage rate
increases if there are fewer landless workers, that is, e:e > 0. (As we
shall see below, this assumption is justified under certain plasusible
condition#.) Then, (34) and (35) show that the induced gains to the npet
suppliers of labor reduce the shadow wage, whereas the induced losses to
the net buyers of labor increase the shadow wage. This is what we would

heve expected based on our earlier discussion,
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Though the above derivation of the shadow wage is comsistent with a
variety of mechanisws for agricultural wage determination, we focus on the
case where the wage is determined from 2 clearing of agricultural labor

market, that is, from

(36) } NEIbG W1 =0
b

If household h supplies LSh bhours of lsbor, and Ld hours bf labor are used

on & upit land, then L111 = LSh - AhLd. Denote es: E alnL‘hlalnw1 as

L
the elasticity of lsbor supply for bousebold h, and s:' E -
alnLdlalnw1 as the elasticity of lsbor demand on a upit land. Then a

11

perturbation of (36) with respect to wl and N~ yields

1 11 1k, . sh _sh 44
(37) el =1L /2 PEWSReSE o At )

It follows that a sufficient set of sssumptions for (37) to be positive is
that.the individuals’ labor supplies are nondec;easing in the wage rate,
and that the farm use of labor is decressing in wage rate.31 But even if
the labor supply curve is backward bending, (37) will still be positive,
provided increases in wage do not induce too large a reduction in labor
supply. This sassumption seems plausible, and we make it in the rest of
this section.

A speciel c;se worth noting here is that of an agricultural sector
consisting of two classes: lendless workers and landlords (denoted by h =

2). Then from (36), L11 = —)BZLIZ. Substituting this in (35), we obtain
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11

ywipllel
w

(38) ¢=1 % - p .
This expression is quite intuitive since in the two class case, the
induced wage gain to the landless is exactly equal to the loss to the
landlords. If the society is averse to imequality (that is B is
decreasing in incone),32 then a net social gain arises from this induced
transfer from the poor to the rich. From (34) and (38), therefore, the
rgsn}ting social 3uinvreduces the ;hadov wage.

(ii) Lend Rents: if the government captures some of the profits
(rents) in the ngficultural sector, then the public revenue (and, hence,
the shadow wage) will bé influenced by migration. For brevity, we
consider bere 2 polar cese in which the sgricultural sector is organized
‘through government-owned parastatals, or through privately owned |
parl;tatals whose profits are entirely tazed away. N1 denotes the
. population of homogenous agricultural workers, each of whom works for Ll.
hours and receives a wage rate wl per hour. The profit in agricnlture is

Nl(px - vlLl), and this profit is now added to the imvestment expression

(9). The resulting shadow wage is given by (34), where now

1
- B\ 1,11 _ .1 1 _ 1001
(39) c= (1 FvL et (1 eL'e'.) (pXL v’ )L
where ei' = alnLllalnv1 is the labor supply elasticity of an
33

agricunltural worker,
The first term in the right hand side of (39) represents the induced

wage effect which we bad investigated earlier. In fact, this term is
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guite similar to the corresponding expression (38) in a two—class
agriculture. This should not be surprising simce, in the present model,

34 (pr - vl) is tke marginal

the government acts as the ‘landlord’.
profit (which could be positive, zero or negative) from am bour of labor.
"The second term in the right hand side of (39), therefore, represents the

loss of profit due to the migration of one agricultural worker, and due to

effect that this migration may bave on the labor hours supplied by those

who remain in the agricultural sector. Next, the labor market clearing

condition (36) now becomes: NL! = AL,. This yields: ':e = ll(ei‘ +
d -1 1 d 1 d -35
‘Lv) >0, snd (1 . e'e) ;L'/(eL' + °Lw) > 0, From
(34) and (39), therefore, we obtain the following result.
- If there are no price distortions, if investment is hi scarce

and if agricultural workers sre peid po more than their margipal product
then the shadow wage is higher than the market wage. The reasoning is

simple. The migration of am agricultural worker, in the present case,

implies that the government not only pays s higher wage to those who
remain in the agricultural sector, but it also loses some profit because
the tot;l number of agricultural labor bours have decreased due to
nigration.36 The conventional belief that the shadow wage equals the

market wage when there is no distortion end when investment is scarce,

therefore, is incorrect in the present case.
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7. SHADOW WAGE WITH OPTIMAL PRICES

Throughout our amalysis, we have stressed the importance éf the
deviatio£ between the domestic and the international prices in the
.determination of the shadow wise. Our results are valid regardless of how
the done;tic prices are determined, so lonmg as they do not change as the
‘industrial employment is crested. We now examine how the domestic prices
would be set if tbhey were being determined optinaliy, and what the Optiial,
prices, in turn, imply for the éhadow wage,

Fo; brevity, consider the basic model of the agricultural sector
(Section 2), ignore the induced effects on industrial productivity, and
assume utilitarianisﬁ and the Harris-Todaro bypothesis. (A more general
apalysis is easily possible.) The industrial wage is jiven by (21).
pifferentiation of the‘relevant Hamiltonian, given by (9), (11) and (23),
with rekpect to p, characterizes tﬁe optimal rate of subsidy on the
-agricultural surplus as |

al N2w

p—ng N(Q'XGXa%)--—p—e'p+ux

(40)
P Na zg, + N2x2%2,

In the above expression, we have defined the following elasticities.
From (19), mp £ dlanldlnp is the elasticity of the agricultural
population with respect to the relative price and, from (21), e'p =
dinw/dlnp is the elasticity of indnstrial wage with respect to price.

= dln(NlQ)/dlnp =g, + (1 -8

ap Qa)np is the elasticity of total

*ap

agricultural surplus with
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- 2 - 2 _ 2
£ ~dinx“/dlnp exp ex'e'p

own price elasticity of the consumption of agricultural good by an

respect to its price, and iip

is the
industrial worker, taking into account the induced effect of price on
wage. It can be jerifigd from (27) that L >0, and thu; ;Qp > O.A

Expression (40) may be substituted back into (29) to obtain anm
expression for the shadow wage, expressed in terms of the snderlying
reduch form general eqnilibriﬁn parameters of the economy.
Specialization of this general formuls is a stiaiéhtforward matter. Here
we show that,‘nnder certain circumstances, whether the domestic price is
higher or loyer then fhg international price depends solely on the
direction of trade flows.

Specifically, if the induced effects on industrisl wage and on
agricultural land conmgestion sre not significant, that is, Exa and ewp are
negligible, then (40) yields: p > P, if Mx 2> 0.‘ Also p < P if "x <0,
and if & is very large. That is: The ogtimal dompestic price of the

sgricultural good is higher thap its internations] price if the country

ixports this good, The revexse is true if the country exports the

agricultvral good, and if investment is highly scarce.

Combining the sbove results with (29), we find that, if the domestic

price is being set optimally, then: ¢ _shado age is s er thap the

market wage if the country imports the sgricultural good, The reverse is
-true if the country exports the sgricultural good_and if investment is

highly scarce.

Special case: Among the vefy few studies on the shadow wage which do

not sssume undistorted trade are those by Dixit and Stern.37 They
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consider & model in which the society maximires investmemt, there is no
endogenous migration, the industrial wage equals agricultursl income, and
the agricultural output does not depend on its price. that is: & > o,

a=1], ‘b =0, w= pX, snd X = X(Nl). These assumptions also imply:

=1, and 82, = (X - x2)eg,/3?. Substitution of these in (40) yields the
Swp xp Qp

result:

(41) P-p2-_1
| P eQp

‘8. ALTERNATIVE EQUILIBRATING MECHANISMS

There are two mein points concerning how the shadow wage is affected
by the mechanism which brings the econmomy back into a (mew) equilibrium
after a project is undertaken. First, alternstive equilibrating

38 and, hence, imply

mechynisms. in general, entail different social costs
different shadow wages. Second, if all of the available folicy
instruments are set at their socially optimel levels, then alternative
éqnilibrating mechanisms imply the same shadow wage. Though both of th;sg
points bold in more general wodels, we examine thew here in the context of
the simple model outlined in Sectiom 2,

¥We have assumed so far that the traded guantities change in response
. to the creation of industrial employment, while the domestic prices remain
unchanged. Now consider an slternative mechanism in which a chenge in

domestic prices equilibrates the economy, while the traded quantities

remain unchanged.39 A closed ecopomy is cleerly a speciel case of the
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present formulation, since the traded quantities are slways zero in such
an econonmy.

Using (7), the expression for investment, (9) can be restated as

(42) I=NNY-w)+ (p- PN,

in which My is assumed to be fixed. In addition, equation (7) now
represents an explicit constraint on the economy. The industrial
employment creation, therefore, must be accompanied by a price change so
that this comstraint remains satisfied. Expression (42) along with (10),

defines the Baiiltonian (11), and

(43) 5 = -

[an + 88 dp ] + 3(N2Y)
oN2 % gn2? aN2

mxl -

The middle term in the sbove expression is new, in comparisom to (12).
This term represents the indirect loss im social welfare due to the change
in price which keeps (7) in balance.

A perturbation of (7) yields -

(44) dr - pZ
an2 NIQeQP + N2x2e2 )

where recall that Z is the shortfall between the demand and supply of the

agricultural good, induced by the industrial job cresation. Z is given by

(14), and it is positive. Therefore: The creatiop of industrial

employment is accompanied by an increase ip the price of the agricultunral

good, if 8 chapge in the domestic prices is the equilibrating mechanism.




35

Using (43) end (44), we obtein the following expression for the

shadow wage,

45) s=w-1[w2-wyl]- Ei pX ey, t tZ, where
s
[ &
(46) ¢ = 2 [N2p2:2 - Nlplo - omy ]
] NIQer + N2;2 e%p

Now contrast (13) snd (45). The two expressions forvthe shadow wage are
based on the same underlying model, but they differ in their equilibrating
mechanisms. Not surprisingly, therefore, the omly difference b;tveen the
expressions (13) and (45) is in their last term which, as we saw earlier,
represents the social cost of meeting the shortfall, Z.

Specifically, im (13) the shortfall is removed through an increase
in the net ggricnltnral import and, as one would expect, the social cost
of meeting a unit of shortfall is simply (P - P)- In the present case, an
increase in the price of the sgricultural good removes the shortfall, and
the social cost>of meeting a unit of shortfall is t, given by the
expression (46). To understand this expression, note that a price
increase hurts industrial workers, helps ax:icultuxal workers, and
incresses (decreases) the public revemue if the met agricultural imporf is
positive (negative). Each of these three effects have societal
consequences which are seen clearly in the numerator of the square bracket
in (40).

Next consider the case in which the government sets the aveilable
policy instruments at their optimel levels. It is intuitive that im this

case the sociel cost of alternative adjustment policies will be egualized
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and, thus, the shadow wage would be the same under slternative
equilibrating mechanisms. This intuition can be verified as follows. If
we derive the optimal price in the present model, following the approach

of Section 7, then we find that the optimal pricé is characterized by
(47) P-p=t

where t is given by (46). Thus, the social costs of meeting the
shortfall, and the shadow wage, ere the same under the two equilibrating
mechanisms we have considered.

¥e now examine two special ceses of (45),

(i) Bighly Scerce Investment: In this case, (45) and (46) yield

PZMy
NlQer + Nzxze%p

(48) s = w -

Thus, whether the shadow wage is higher or lower thanm the market wage
depends simply or whether the country exports or imports the agricultural

good. This is because the only relevant gain or loss from the
equilibrating price incresse in this case is due to the change in
investment, given by (42). If My is positive then the society jains, snd
the shadow wage is lower than the market wage, and the reverse happens if
Mx is negative.

(ii) Closed Economy: If the ecomomy is closed to international
trade, or if it is nesrly self-sufficient, then ”x = 0, From (46),

therefore, t = p(B2 - ﬂl)lb(e

ap + aip), which is‘negative if the
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agricultural workers are worse—off than the inﬁustriai workers.41
Substituting this in (45), we obtain the following result: Ip s closed
eco if the sgricultural workers sre worse—off than the nstris
orkers en_the shadov wege is spaller thap the mparket e.

-The intuition behind this result is quite clesr. If sgricultural
workers are worse-off, then industrial employment creation yields a direct
welfare gain to those who receive the newly created jobs, and it yields an
indirect welfare gain to those who remain in the a;ricultiral sector due
‘to an increase in ‘he price of agricultural good, and due to the reduced
congestion. These two effects lead to a reduction in the shadow wage.

A further special case of a closed economy is on?,in which investment
is highly scarce. In this case, (48) yields: s = w. That is, the shadow
i;ge equals the market wage. This has ap interesting implication. The
coﬁventional belief that the shadow wage equals the market wage can be
interpreted as & limiting case (of highly scarce investment) in an open

economy without trade distortions, as well as in i closed economy.
9. REMARKS

(i) VWhen individuals’ migration decisions are based on expected
utilities, then the shadow wage may be affected by whether the social
welfare is calculated on the basis of the ex ante or the ex post utilities
of individutls.42 Consider the simple example of the Barris-Todaro
hypothesis with no land congestion, and no induced effect on the
industrial wage. Expression (23) is the social welfare of individuals

based on their ex post vtilities. Expressions (23) and (28) yield:
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ar/aN® = (W2 - ¥°) - (W] - WO (V2 - VB /vl - V®)), simce, V2 > VI, the
last expression is negative (zero) if W is strictly concave (linear) in V.,
The social welfare of individuals based on their ex amte wtilities, on the
other hand, is J = NW(VI); and thus: dJ/aN? = 0, Using these
derivations it can be verified that if the society is averse to
inequality, then thg shadow wage eorresponding to a social welfare
function based on ex post utilities is higher than that corresponding to a
;60151 velfnre‘fnnction based on ex ante utilities; and that the two

43 The reason is

shedow wages are equal if the society.is vtilitarian.
iinple. In the present case, sll individuals bave the same ex ante
utilities, but the pool of unemployed becomes larger whén nef ihdustrial
jobs ere created. There is an added social cost, therefore, if the
individuals’ ex post utilities matter to the society.

(ii) VWe have emphasized aBove'thut the shadow wege depends on the
equilibrating nechanisms within the economy. There are some other
possibilifigs which might be important in this context, First, it is
possible in some ceses that a government manages its policy instruments
in a manner such that some markets do not clesr. As an extreme example,
if e government creates industrial employment without allowing other
variables (such as prices or traded quantities) to change, then s
shortage of food might emerge in cities. The government may then attempt
to remove this shortage through non-price methods such ss rationing and
quenes. The derivation of the shadow wage in such cases will have to tske
into account the non-price methods which are employed to airive st the

final quantity balances.44
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Second, the economy mey be in a temporary equilibrium such that some
of the prices are rigid and some of the markets, otﬁer than that for
labor, are characterized by excess supply or demand. In such csses, it is
necessary to base the shadow wage derivation on an explicit model of the

short term equilibrium.‘s

(iii) The models we have anslyzed can be easily enlarged to
accommodate & multiplicity of goods, and to include additional instruments
of policy. For example, if the govermment can ﬁaintain different relative
prices in the agricultural and the industrial secfors. denoted by p and
q respectively, them it can be shown that the shadow wage in the basic
model is given by (13), provided we replsce the last term inm the right
bhand side of (13) by |

(49) (P - p)@-a%Y - (p- q)x?

da
The intuition is obvious. The government's gain or loss due to the
general equilibrium effects on the demand and supply of the ngricultnral1
good is now valued differently in the two sectors. Moreover, (49) readily
generalizes to the case of many goo#s if the frices and quantities aze
interpreted as vectors. ¥e have developed such disaggregated models
elsewhere [Ssh and Stiglitz (1983, 1984b)] to study the design of taxation

and pricimg in LDCs,

10. CONCLUSION

¥hile the importance of wsing shadow prices and wages in the

evaluation of public expenditure and projects has been widely recognized
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in IDCs, the correct magnitude of the shadow wage - and its relationship
to the market wage — have remained controversial. The earliest studies on
shadovw wages focussed on rural unemployment (open or disguised) in LDCs,
and inferred from this that the opportvnity cost of hiring new industrial
workers was low. Sen (among others) though agreeing that the opportunity
cost — in the sense of forgone output — might be low, contended that the
shadow wage might nonetheless be high; wage payments to additional

workers required diverting resources f*om (relatively more valuable)
investment to consumption. If investment was very valuable, then the
shadow wage equaled the market wage.

This view, in tnrn.'vas criticized by Harberger and Stiglitz for
ignoring the iﬁdu?ed migration of agricultural workers to the industrial
sector. If the workers earmed fixed wages in the two sectors, then under
the Harris—-Todero hypothesis that the expected wage in the industrial
sector equals the egricultural wage, they showed that the shadow wage weas
equal to the market wage, regardless of the relative social valuation of
investment., These earlier studies thus identified two of the important
determinants of the shadow wage — the neture of intertemporal trade-—off
and endogerus migiation.

In this paber. we present a framework for shadow wage determination
which, while incorporating the above issuves, deals explicitly with many
sglient features of IDCs which are impprtant but have not received the
attention they deserve. These include: (i) the differences between
donesfic and international prices, (ii) the equilibrating mechanisms in
the economy which determine, for example, whether the gemeral equilibrium

jmpact of industrial employment creation is to increase the relative price
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of the agricultural good or to increase its met import, (iii) the
mechanisms which determine the distribution of earnings within
agricultural apd industrial sectors, and (iv) the consequences of
industrial employment creation on those who remain in the agricultural
socto?. for example, through what we identify as congestion effects.
Many of these aspects have first order effects on the magnitude of shadow
wage; to ignore them would lead to misleading results,

Our metbod has been to identify those reduced form relationships for
describing the economy which sre central to the determination of shadow
wage., VWe have sﬁo'n how the same rednced form relationship (and hence the
ssme forzulae for the shadow wage) can be specialized to different
technological assumptions (e.g., the nature of production relationships in
the asriéultural and.iﬁdnsttial sectors) and institutional settings, sas
well as to different behavioral hypotheses. For example, our formulae for
the shadow wage contain certain critical elasticities which can be
specialized to slternative migration hypotheses (including the
Barris-Todaro case) and to slternative hypotheses concerning wage
determination (including those based on the wage-productivity and the
labor turnover effects).

This method has the virtue of aneslytical simplicity because it
provides an integrated view of the critical determinants of the shadow
wage, ¥We have, therefore, been able to derive earlier results on shadow
wages as special cases of our formulse. Also, we have identified & numbdber
of new qualitative results concerning the relationship between the shadow

wage and the xarket wage.
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There are several limitations of our anelysis which we have pointed
out in the paper. In particuler, we heve examined only a limited set of
rigidities; we have not considered, for example, the possibility that
markets other than that for labor may mot clear. Also, our models of
migration and the determinstion of workers’ wages and earnings are
essentially static. It is pofsible. for example, that the brunt of the
effects of employment creation in one period are felt in the future.

Also, we have abstracted from the issues conce:ning savings and the
alleged scarcity of capital in LDCs. In this case, one needs to identify
whether there is ahy market failure, other than & possible divergence
between the inte:tenpOrgl distribution of welfare generated by the market
and that preferred by the social plammner. Furthermore, how indivéduals
adjust their savings behavior to the government's sction may depend
critically on the source of tke alleged market failure; for example, on
the nature of problems associated with imperfect information and coﬂtr;ct
enforcement which might be tesponsiblé for the market faiiure. This, in

turn, may have a bearing on the magnitude of the shadow wage.
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FOOINOTES
An earlier version of this paper was released as the National Bureau
of Economic Research Working Paper No. 1229, Cambridge, 1983. Ve

thank two annonymous referees for their useful comments.

Though our models can be easily employed to analyze priping and

taxation in IDCs [see Sah and Stiglitz (1983, 1984a, 1984b)] as well

" as the determinants of other shadow prices.

These parameters, in principle, can be estimated.

An open and a closed economy ere obviously tiq pol;r representations.
In fact, a variety of trade related rigidities exist im IDCs. In Ssh
and Stiglitz (1983. 1984b), we discuss some of these rigidities in the
context of pricing and texstion. |

The term ‘equilibrium’ does not necessarily imply » conventional
Walrasian equilibrium; it also demotes temporary equilibria of the
kind that have been recently investigated by Solow and Stiglits
(1968), Bennasey (1975), and ¥alinvaud (1977), among others.

See Sah and Stiglitz (1984b) for a discussion of the economic reasons
behind the restrictions which LDCs may face on the set of tax-price
instruments they can employ.

It might be useful here to clarify our usage of the term shadow wsage.
The shadow wage is a summary statistic which sums wp all of the
chenges in the economy due to the creation of industrial employment,
multiplied by the social marginal valuation of each of these chinges.

The shadow wage excludes the value of the direct output contributed by
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the newly employed workers., As we shall see later, this statistic is
wuch more general than another summary statistic, opportupity cost of
labof, often ezployed in the literature, which calculates the net
change in the aggregate output due to employment creation.

A fixed_(real) industrial wage is ofteﬁ justified on the basis of
certain unspecified institutional comstraints. But, as we shall see,
it may be consistent iith particular versions of competitive‘vage
determination when wage-productivity effects are takenm imto sccount.
Throughout the paper, superscripts i = 1 and 2 denote the sgriculturasl
and the industrial sectors respectively. |

Our antlygig focusses on evaluating projécts which are of sufficiently
moderate size, so ] can be taken as fized.

Ve é;clude only the direct coﬁtribntion. however. Thus, if industrial
exployment creation bhas indirect repercussions on industrial ountput
(for example. becavse of a qhange in workers’ efficiency) then the
indirect effects are not excluded. Such sitvations arise later in the
paper. |

See Peterson (1979), and Bale and Lut:z (1979)._forAexamp1e.

Some models in which there are no restrictions on the govermment's
ability to impose commodity end factors taxes might predict that there
should be no distortions. See, for example, Diamond and Mirrlees
(1971). This is not the optimal policy, however, in the cases
exsmined later in this paper, or in more gemeral models, for example,

in Stiglitz and Dasgupta (1971) and in Ssh and Stiglitz (1983, 1984b).
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The marginal product of an agricultural worker im this paper i; the
number of hours a worker works times the marginal product of one
working bhour.

We assume here that the marginal utility of income is non—increasing
in income.

Under this set of assuwptions, the opportumity cost of labor equals
the shadow wage.

Dixit (1968) stndigd 8 model without an u(ricnlturnl sector,.bnt with
a reserve army of unerployed in the industrisl sector. Members of
this army are subsidized by their working colleagues, such that
everyone consumes the same amount, wNle. The indirect consuvmption
gtin to the population from a job creationm is w. It follows that the
corresponding shadow wage is: s = w(l - A/8).

Khan (1980) employs a similar representafion of industrisl wage in the
context of a trade model.

Specifically, let Nl depend on all of the varinbleé in the economy:
that is, N = Kl(p, w, N%, N?). Similarly, in gemeral, w = w(p,

NI, N®, N%). These two exfressions and (20), then, yield (19) and
(21) under the conditions which allow the mse of the implicit function
theorem. If the economy hes & wider set of variables then the sbove
representations can be sccordingly expanded. As an example, if there
are different prices in the two sectors, then both of these prices
will appear as sarguments of (19) end (21).

The model of migration proposed in this paper can be further extended

to an economy in which there are several regions which differ from one
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another in resources (e.g., land, populstion, and skills of workers),
in institutions (e.g., how workers’ earnings are determined), and in
tex regimes (i.e., workers in different regions face different
prices). .

20. The dependence of industrial productivity on other variables in the
‘economy is implicit in (22), through an argument similar to that in
footnote 18. Also, note that (22) is anvuggregation over firms'
préduction functions, each of which can be written (in a.symnetric
eQnilibtium) as: Y- Yf(kf; Lz. P, Nz). where the snpersctipt‘f

£ is & firm’'s capital per worker. In a more

denotes a firm, and k
general model, Yf will also bé 2 function of the entire distribution
of industrial wages.

21. Ve should emphasize that these aie totel derivatives.

22, The expressions for.the shadow wage based on the Harris-Todaro
bypothesis, such as (29) and those to be derived latexr, sre more
general than they appear. This is because the only property of the
migration hypothesis which has been actually used here is that the
socigl welfare can be represented by NVI. The resulting expressions
for the shadow wage therefore hold under any migretion mechanism,
provided the society focusses its attention only on the welfare of
agricultural workers.

23. See Stiglitz (1971, 1974), Harberger (1971) and Beady (1981), among
others,

24, This result can be looked at in an alternative way in an output

meximizing society (see the special case (v) inm Section 3B) in which

the earnings (consumption) of a worker inm both sectors are fixed and,
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therefore, a change in the investment is the same as & change in the
output. The impact on the aggregate output of creating an industrial
job in this economy is the output of ome sgricultural worker times the
number of such workers who migrate, Under the Harris-Todaro
hfpothesis. this product is just equal to the industfial wage. To see
this in the simplest case in which everyonme is risk—neuttal.‘note

1. pX, V2 = w, and V® = 0. (28) then yields: n = w/pX.

that: V
The loss in output is'thu#: npX = w. For a discussion of this simple
cese, see Stiglitz (1971, 1974). Our analysis in this paper is, of
course, much more general and does not depend om these restrictive
assumptions.

Seg Stiglitz (1982a) for a p;rallel result,

See Stiglitz (1971, 1974, 1982;. 1982b), and the references therein.
More correctly, the productivity also depends on prices [see Sah and
Stiglitz (1984b)]. This dependence is suppressed here because prices
are fixed in the present model.

This should be contrasted with standard models in which the social
weights on public revenue and on the income of a person sre equal if
the income of this person can be controlled by the govermment.

See Stiglitz (1982b). The wage—quality hypothesis has some additional
complexities . For example, if earnings vary across sgricultural
workers of different abilities, then the effect of a public project on
the quality of egriculturel workers also needs to be teken into
sccount in calculating the shadow wage.

For instance, if the output is equally shared among family members,

then there is an attenuetion of incentives due to the difference
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between the aversge product and the marginal product, and this
attenuation will be affect;d if some of the family members nigrtt; to
cities. Note, however, that there is something slightly peculiar
about such models which sssume that social cnsfons dictate an equal
sharing of output within a family, but that social customs cam not, or
do not, support efficient 'work-sharing’.

sh _ .11

If individuals' labor supplies are fixed and equal, them L L,

h
and e{w = 0, Substitution of these snd (36) in (37) yields: ':e

= NlllNle:'. ‘As is obvious, this elasticity does not depend on the

land distribution within the agricultural sector.

8B/aV < 0, if W is strictly concave and if the sssumption in footmote

14 holds.

1
we

1 ‘= —d1nwl/d1aNl.

is now Wl. ind, in (39), ¢
Unlike (38), however, the first term in the right hand side of (39) is
positive if & > Bl. that is, if investment is socially more valuable
than an agricultursl worker’s income.
It should be obvious that these signs are valid even if the lsbor
Snpply is decreasing in the wage rate, provided el + ed > 0.

. Lw Lw
In fact, our result holds even if the government keeps the wage

unchanged, provided agricultural workers are paid less than their

marginal product. This cen be seen directly from (34) and (39), by

1 .
substitoting L 0.
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Dixit (1971) and Dixit and Stern (1974). A related paper is by
Newbery (1974).

Blitzer, Dasguptas and Stiglitz (1981) consider this issue in the
context of the shadow foreign exchange rate determination.

Of course, the government cen employ a combination éf equilibrating
mechanisms. The r;sulting shadow wage for any such combinttion can be
studied by examining the effects of each distinct mechanism. Note,
bowever, that the equilibrating mechanism is not always a nafter of
choice for the govérnment. For example, if there are restrictions on
the quantities that a country canm export or 1npo;t. then the relevant
shadow vaﬁe is the onme which is derived in this section.

It should be obvious that the expression (45) holds for other
equilibratiﬁg mechanisms as well, The only.patlneter which needs to
be recalculated is t.

See footnote 32,

See Heady (1981) on this distinction.

To see this, substitute (11) into (12), and note tkat omly dJ/dN2
differs for the two alternative specifications under consideration.
See Sah (1982) on the welfare implications of alternative mon—price
instruments.

See Boberts (1982) and Marchand, Mintz and Pestiesu (1983), for
example, on the shadow pricing in the context of a single sector

economy in temporery equilibrium.




50

REFERENCES

Bale, M.D, and E. Lutz, 1979, Price distortions ip sgriculture and their
effects: An internationel comparisoa, World Bink Staff Working paper
No. 359, Washington, D.C.

Benassy, J.P., 1975, Neo-Keynesian disequilibrium in & monetary economy,
Review of Economic'Studies 32, 503-23.

Bliss, C. and N, Stern, 1978, Productivity, wages and nutritioﬁ, Journal
of Development Economics 5§, 331-398,

Blitzer, C., P, Dasgupta, and J. E. Stiglitz, 1981, Project appraisal end

~foreign exchange eonstraints, Economic Journal 91, 58-74.

Diamond, P. A, and J. A, Mirrlees, 1971, Optimal taxation and public
froduction I: Production efficiency, and II: bTax rules, Aserican
Economic Review 61, 8-27 and 261-278.

Dixit, A. K., 1968, Optimal development in the labour-surplus economy,
Refiew of Economic Studies 35, 23-34.

Dixit, A. K., 1971, Short-run equilibrium and shadow prices in a dual
economy, Oxford Economic Pepers 23, 384-400.

Dixit, A. K. and N. Stern, 1974, Determinants of shadow prices in open
dual economies, Oxfoid Economic Papers 26, 42-53,

Harberger, A., 1971, On messuring the social oprortunity cost of labor,
International Labor Review 103, 559-579,

Barris, J. R. and M. P. Todaro, 1970, Migration, unemployment and
development: A two sector;analysis, American Economic Review 60,

126-142,




51

_ Beady, C. J., 1981, Shadow wages and migration, Oxford Economic Peapers 33,
108-121.
Khan, M, A,, 1980, The Harris-Todaro hypothesis and the Heckscher-Ohlin-
| Samuelson trade model, Journal of International Economics 10, 527-547.
Little, I,H.D. and J.A. Mirrlees, Manuval of industrial project ampalysis in
developing countries, Vol. II, Social cost benefit analysis,
DeQelopment Center of the Organization for Economic Co-operation and

Development, Paris, 1968,

- Malinvaud, E., 1977, The theory of employment reconsidered, Basil

Blackwell, Oxford.

Marchand, M., J. Mintz and P, Pestieau, 1983, Public production and shadow
piicimg in a model of diseqnilibriﬁm in labor and capitsl markets,
mimeo, CORE Discussion Paper No. 8315, EORE. Louvain-1g~Neuve.

Mirrlees, J. A., 1983, Market prices end shaddw prices, mimeo, Nuffielﬁ
College, Oxfcra. |

Newbery, D. M. G., 1972, Public policy in the dual econqny.vEcononic
Journal 82, 567-590.

Newbery, D. K. G., 1974, The robustness of equilibrium analysis in- the
dual economy, Oxford Economic Pepers 26, 32-41,

Peterson, W, L., 1979, International farm prices and the social cost of
cheap food policies, American Journal of Agricultnial Economics 61,
12-21,

Roberts, K., 1982, Desirable fiscal policies under Keynesian unemployment,

Oxford Economic Papers 34, 1-22,




52

Sah, R. K., 1982, Performance of coupon, queunes and rations in managing
scarcities, CADE Discussion Paper 82-48, Departmwent of Economics,
University of Pennsylvania, Philadelphis.

Sab, R. K. and J. E. Stiglitz, 1983, The town, the country and the rest of
the world: Economics of public marketing bossds in developing
countries, mimeo, Department of Economics, Prinmceton University,
Princeton.

Sah, R, K. snd J. E, Stiglitz, 1984a, The economics of price scissors,

| American Economic Review 74, 125-138. |

Sah, R. K. and J. E. Stiglitz, 1984b, Taxation and pricing of esgricultural
and industrial goods, Working Peper No. 1338, National Bureau of
Economic Research, Cambridge.

Sen, A. K., 1968, Choice of techniques, Blackwell, Oxford.

Sen, A. K., 1972, Control areas and accounting prices: An approsach to
economic valuation, Ec@nomic Journal 81, 486-501.

Solow, R, M. and J. E. Stiglitz, 1968, Output, employment and wages in the
short run, Quarterly Journal of Economics 82, 537-60.

Srinivasan, T. N. and J. N. Bhagwati, 1978, Shadow prices for project
selection in the presence of distortioms: Effective rates of
protection and domestic resource costs, Jourmal of Political Economy
86, 97-116.

Stiglitz, J. E. and P. S. Dasgupta, 1971, Differential taxation, public
goods and economic efficiency, Review of Economic Studies 38, 151-74.

Stern, N. H., 1972, Optimum development in & dual economy, Review of

Economic Studies 39, 171-184.




53

Stiglitz, J. E., 1971, Alternative theories of the determination of
unemployment and wages in L. D. C.'s, mimeo, Institute for Development
Studies, University of Nairobi.

Stiglitz, J. E., 1974, Alternative theories of the determination of wages
‘and employment in L.D.C.'s-J. The Labor Turnover Hodelf Quarterly
Journal of Economics 88, 194-227,

Stiglitz, J. E., 1982a, The structure of labor markets and shadow prices
in L.D.C.'s, in Sabot, R. B;. ed,, Migration and the labor mazket in
develpping countries, Westview Press, Col#:ado.

Stiglitz, J. E., 1982b, Alternative theories of wage determination and

‘unemployment: The efficiency wage_model. in Mark Gersovitz, et al.,
eds. The theory and experience of econoﬁic deveIOpmen;. George Allen

lnd'Unvin. London.




