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Rural Wages, Labor Supply, and Land Reform: 
A Theoretical and Empirical Analysis 

By MARK R. ROSENZWEIG* 

Land reform is one of the most men- 
tioned of the theoretical policy instruments 
discussed in the development literature, yet 
relatively little attention has been paid to 
the wage rate consequences of such a pro- 
gram, despite the fact that perhaps more 
than one-half of rural families in a develop- 
ing country receive a substantial proportion 
of their income from wage earnings in 
agriculture.' One reason for this lacuna 
may be that the determination of wages and 
family labor supply in the agricultural sec- 
tor of LDCs has also been somewhat ne- 
glected, particularly in the context of a 
heterogeneous labor force.2 The subsistence 
or institutional wage models of W. Arthur 
Lewis, John Fei and Gustav Ranis, and 
Gerald Rodgers, for instance, offer no 
theory of how rural wage levels or differ- 

entials are set and thus provide little guid- 
ance on how wage rates would be affected 
by changes in land ownership patterns. 
More recently, Pranab Bardhan and T. N. 
Srinivasan, David Newbery, and Clive Bell 
and Pinhas Zusman, who formulate general 
equilibrium market or bargaining models 
determining endogenously the rental share 
paid by tenant sharecroppers, have assumed 
that agricultural wage rates are exogenous 
or determined only by nonagricultural fac- 
tors. All of these models assume that rural 
labor is homogeneous. 

Another reason why the potential wage 
impact of a land reform program may have 
received little attention is that models of 
"peasant" family behavior, such as those of 
A. K. Sen, Dipak Mazumdar, and Robert 
Mabro, typically embody two restrictive 
assumptions which would tend to make the 
equalization of landholdings appear wage 
augmenting, although this implication has 
never been formally derived. These assump- 
tions are that 1) agriculture is "dualistic," 
with small-farm families facing lower shadow 
prices of labor (leisure) than large-farm 
landlords because of impediments to labor 
mobility and 2) agricultural households are 
"dichotomous"- "small" farmers employ 
family labor and maximize utility while 
"large" farms only utilize wage labor and 
maximize profits. Data from a 1970-71 all- 
India survey of over 5,000 households col- 
lected by the National Council of Applied 
Economic Research3 indicate, however, that 
almost all cultivator households. large and 
small, participate actively in the labor mar- 
ket as either buyers or sellers of labor ser- 
vices, with almost 88 percent of households 
cultivating a gross-cropped area less than 
1.5 acres utilizing some hired labor. Seventy- 
nine percent of these small farm households 
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INotable exceptions are R. Albert Berry, Mark 
Gersovitz, and M. A. Rahman. All of these authors, 
however, employ geometric analyses with differing as- 
sumptions leading to wholly different "predictions" 
regarding wage effects. None consider the heterogeneity 
of agricultural labor, pay attention to questions of 
stability, or attempt to apply their models to data. 

2lnformation on the differential impact of alterna- 
tive agricultural policies, including land reform, on sex 
or age-specific wage rates is not only important in 
settling income distribution and equity issues but, as 
suggested in an article by the author and Robert 
Evenson, may have significant implications for popu- 
lation growth and schooling as well. 

3For a more detailed discussion of these data, see 
the author. 
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had some family members who participated 
in the labor market with 55 percent report- 
ing household members earning agricul- 
tural wages and working an average of 100 
days in the market. Moreover, while almost 
96 percent of the largest farms (30+ acres) 
hired labor, 85 percent also utilized family 
workers. 

These data indicate the purchase of labor 
by almost all farms regardless of size and 
the extensive use of family labor by the 
largest farms. This suggests that the "di- 
chotomization" of cultivating households 
by objective function would appear to be 
not only counterfactual but less useful than 
merely distinguishing large and small farms 
according to whether they are net importers 
or exporters of labor services, a distinction 
which identifies who benefits and who loses 
from a change in wage levels. Moreover, as 
will be shown below, when the dichotomy 
is dropped, the theoretical impact of a 
change in the distribution of landholdings 
on wage rates becomes ambiguous, with the 
possibility that wage rates may fall as a con- 
sequence of a land reform despite dualism 
and/or decreasing returns to scale in agri- 
cultural production.4 

The primary objective of this paper is to 
formulate and test a general equilibrium 
model of rural wage determination. It em- 
bodies behavioral assumptions consistent 
with the labor mobility that characterizes 
the Indian agricultural labor market, and 
ascertains both theoretically and empiri- 
cally the effects of a redistribution of land 
holdings on agricultural wage levels and 
sex/age wage differentials. In Section 1, a 
competitive three-sector general equilib- 
rium model of a dualistic agricultural labor 
market with two kinds of labor is formu- 
lated, and the stability and other properties 
of the equilibrium are described. In Section 
II, the impact of changes in agricultural 

labor supply on rural wages and wage dif- 
ferentials are assessed, and the effects of 
land reform on wages are derived and 
parameterized with respect to economies of 
scale, the extent of agricultural "dualism," 
differential income-leisure effects on large 
and small farms, and the relative disparity 
in landholdings. Section III contains an 
empirical analysis based on the theoretical 
framework in which I estimate the param- 
eters of a six-equation simultaneous equa- 
tions system describing the determination 
of rural wage rates and labor supply for 
males, females, and children based on ag- 
gregate Indian data. The results appear gen- 
erally consistent with the competitive mar- 
ket model and indicate that rural wage 
levels and a measure of landholding in- 
equality are negatively associated, but that 
an equalizing land redistribution would 
exacerbate agricultural wage differentials 
between males and females. 

I. The Competitive Market Model and 
Properties of Equilibrium 

To capture the essential features of rural 
agriculture and to maintain tractability, 
assume a labor market composed of two 
types of labor, male and female, and three 
agricultural households-a landless house- 
hold and two households with different size 
plots, small and large, of quality-standard- 
ized land producing a homogeneous agri- 
cultural commodity. The market is initially 
assumed to be competitive so that all house- 
holds are price takers, but wage rates are 
determined endogenously. There are, how- 
ever, costs which vary with the labor time 
spent on the land owned by other house- 
holds which are assumed to be borne en- 
tirely by workers.5 Each household con- 
tains two persons, one of each labor type, 

41n addition to these assumptions, Berry, who em- 
phasizes the possibility of a wage decrease following a 
land redistribution, abstracts from labor-leisure choices 
in all households. Gersovitz in his nondualistic ex- 
ample assumes production is characterized by con- 
stant returns to scale and rules out negatively sloped 
labor supply curves. Rahman assumes constant returns 
to scale production and neglects labor-leisure choice. 

5These costs are assumed to embody search and 
direct transportation costs and reflect the value of the 
disutility of off-farm work and the difficulties of dis- 
tributing family income among members when some 
individuals are employed away from home. Off-farm 
labor costs per unit of labor time are assumed to be 
exogenous and invariant with respect to time worked. 
Relaxation of the latter assumption introduces con- 
siderable complexity into the analysis. 
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each owning a unit of labor time. The two 
types of labor are imperfect substitutes in 
agricultural production, but labor of each 
type from different households is perfectly 
substitutable.6 No labor is sold outside the 
agricultural sector. 

The landless household supplies Ijsm = 
1 - IM and I'7 = 1 - I' amounts of labor 
to the market, where IN and IN are the 
quantities of leisure time of the husband and 
wife in the landless household. Total con- 
sumption of the landless family, assuming no 
saving and a unit price for the composite 
consumption commodity, is thus 
(1) XN = INItf + IN lI N 

where HN = WK - PK(K = M, W); WK are 
the market wages paid to (hired) male and 
female labor, and PK is the cost per unit of 
labor time supplied to the market, assumed 
to be exogenous. 

The small-farm household owns As units 
of land and is by definition a net exporter 
of the labor services of both the husband 
and wife. The large-farm household owns 
OAS units of land, where 0 is a scalar chosen 
such that the household is an importer of 
labor. Denoting LiM and Li , i = S, L, as 
the total amounts of male and female labor 
utilized on the land owned by each land- 
owning household, the quantities of male 
and female labor supplied (exported) to the 
market by the small household, XI and 
AS, and the amounts of labor hired (im- 
ported) by the large landowning family XM 
and XI are given by 

(2) X= IsK - LK > 
(3) =L -ifK >O K = M, W 

where liK is the total work time of family 
member K on the farm of size i. 

The quantities consumed by the land- 
owning households, Xs and XL, are thus 

(4) Xi = F(LiM,LiW ,OJAs) + 
(-l)jXil H + (-l)jxi Hi i = S, L 

j = 0 for i = S; 1 for i = L 

where flL = WK, flK = WK - Pk and F is a 
twice continuously differentiable strictly 
concave production function with positive 
cross partials, which may exhibit either de- 
creasing, constant, or increasing returns to 
scale. 

Each of the three households maximizes 
an identical twice-differentiable family util- 
ity function given by (5), with respect to the 
consumption commodity Xi and the leisure 
of the two household members, each of 
which is assumed to be noninferior, subject 
to the relevant budget constraints in (1) 
and (4). 

(5) U = U(X', Ii,1i) i = N, S, L 
If only interior solutions are considered, 

the necessary conditions for each house- 
hold, in addition to those implied by the 
budget constraints, are given by equations 
(6) through (8): 

(6) UX- Ti =O i =N,S,L 

(7) UKi - TIiIIKi = i =N, S, L 
(8) FK - l K= O i =S, L 

where Ui is the partial derivative of (5) with 
respect to Ik in households of type i, Fi is 
the marginal product of LK in farm house- 
holds of type i, and iki is the Lagrangean 
multiplier for household i. 

Equations (7) and (8) give the standard 
utility- and profit-maximizing results de- 
scribing the optimal quantities of leisure 
and total labor use, if any, for each house- 
hold. With PK > 0, the market is dualistic in 
the sense that small landowning households 
utilize more labor per acre than large land- 
owners because of the differential shadow 
prices of labor: FS < WK, FK = WK. Each 
member of the small landowning household 
allocates his (her) labor on the family's land 
up to the point where the value of his (her) 
marginal product just equals the net wage 
he (she) receives in the market, WK - PK- 

Members of the large landowning house- 
holds devote all their work time to their 
own land and hire each type of labor up to 
the point at which the marginal value prod- 
uct of that labor type is equal to the ap- 
propriate market wage WK- 

6Also assume that the land market is imperfect, such 
that the distribution of land is fixed, ignore other 
agricultural inputs, and abstract from uncertainty, 
seasonality, and land tenure considerations. 
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To derive the partial-equilibrium com- 
parative static properties for the three 
households, first write the matrix: 

uiX uixM uw - UXM UxM UXW - i] 

UXM UMm U'Wm - Hl 

= -i M -1 UWW -' 

i - N,S,L 

Differentiating equations (1), (6), and (7) 
for i = N, we get equation (9), where fiN is 
thus the bordered Hessian matrix for the 
landless household. Denoting the deter- 
minant of fi as Xi and the cofactor of row r 
and column c of /i as O,c, we obtain the 
standard Slutsky equations for the landless 
household's labor supply: 

diNo 
( 10?) > W I + A' 

K4k 

dWK A 

N IN Al 
= f KK - 

IJKa K 

K = M, n = 2 
K = ', n = 3 

(11) diI7K - If\ 
23 

+ 
4n 

dWh 
= Kh-I,N (K for K sh 

where aN is the income effect on leisure for 
family member K. 

Second-order conditions constrain the 
first term in equation (10), the compensated 
substitution effect AZK, to be positive, since 
ON < 0 and ON > 0. The normality as- 
sumption, however, implies that the second 
term, containing the income effect on lei- 
sure aK, is negative so that equation (10) is 

dX _ 

dIN =I' N dWM - N dpM 

d[N1 ;MN dWw 
N dpw 

dif N - IfNM d WM - Ifw d Ww + fNM dpM + 1yAw dp w 

O O - I dX' 

? 0 0 -f M dl 

o o -Hi di', 

O 0 0 FiMM FiU 0 dLiM 

o o 0 ~FM F'iW 0 dL'i 

-1 -lli --II, 0 0 di 

'gI'dWM 

4r'dWm 

-d M -FLMA i dAi 

-dWW -FL WA' dAi 

(LM.- liM) dWM + (LW- IP W) dWw- FAidA 
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consistent with either a backward-bending 
or positively sloped supply curve for land- 
less laborers of either sex. The sign of (11) 
depends on whether the leisure time of the 
husband and wife are complements or sub- 
stitutes, being negative if the leisure time of 
spouses are substitutes. Total differentiation 
of equations (4) and (6) through (8) for i = 

S, L yields equation (12), where X44 is the 
3 x 3 cofactor in p3i. Noting that d' is there- 
fore the second bordered principal minor 
of the bordered Hessian matrix in (12) and 
must be negative, we obtain the following 
results for the two landowning households, 
employing Cramer's rule: 

dIK - i?+(n/_)~f (13) _4i (n + (LdW- IiK) 

= OKK K(L - IfK)K 

n = 2, 3 

(14) dfK = - _ ,2 + (Li - Ifh) - 

dWh -( h -h i 

Kh - (1 fh) KJ 

dLi FKh < OforK =h 
(1)dWh A' > OforKsh 

(16) dlA = Ai A- -F < ? 

dLiK FiJAFiW - FiA Fih (17) K h M - 
dA i 

where A = Fi W i FM - (FMW)2 > 0 

Equations (13) and (14), which give the 
own- and cross-wage effects on the total 
supply of work time for each household 
member in the landowning households, 
indicate that the substitution and income 
effects in those households are qualitatively 
similar to those of the landless households. 
They are identical if the labor market is 
nondualistic and competitive (K =- = 

WK) and if the utility function in (5) is 
homothetic. However, unlike landless 
laborers and small landowners who are 
labor exporters, the uncompensated own- 
wage effect on total (family) labor supply in 
labor-importing farms is unambiguously 
positive, since a wage rise must lower net 
income for these households. 

Equations (15) and (17), giving (own 
and cross) effects of a rise in wage rates and 
landholdings on total labor usage on the 
landowning farms, indicate that if com- 
petitive conditions prevail, the partial equi- 
librium changes in the allocation of total 
farm. labor will be identical whether or not 
(some) households maximize utility or 
profits. However, as will be shown below, 
the assumption that large landowners maxi- 
mize utility and utilize family labor has con- 
sequences for the allocation of market 
(nonfamily) labor, and thus for the levels of 
the equilibrium wage rates and the stability 
of the rural labor markets, which are func- 
tions of market supply and demand curves 
only. 

The relationship between the supply of 
off-farm labor of type K from small farms 
and changes in wage rates, from (13), (14), 
and (15), is expressed in (18): 

(18) K 
FfS ] - XS aK 

dWh LKh As hK 

While for own-wage effects (K, h = M 
or W) the terms in brackets, the own- 
compensated substitution effect and the 
negative of the labor usage effect, must be 
greater than zero, (18) may be of either sign 
because of the positive income effect on 
leisure oK. 

For the labor-importing utility-maximiz- 
ing farms, the own- and cross-wage effects 
on the quantity of labor of sex K hired, XK, 
is given by 

(1~ dXL FL 

(=19) dW '[ L ?Kh h K dh A 

Since the demand for all labor of type K to 
be used in agricultural production falls and 
the quantity of labor supplied by family 
members of sex K increases when WK rises, 
the demand for hired labor must decline in 
response to a wage rise. 

The effects of an exogenous increase in 
household landholdings on off-farm labor 
supply (small farms) and on the demand for 
hired labor on type K (large farms) depend 



852 THE AMERICAN ECONOMIC REVIEW DECEMBER 1978 

also on both production and income-leisure 
effects, but are of unambiguous signs. 

(20) d = Fs oSK dA AK 

[Fhs FKh - FKA Fs#] [hAFKh FKA hh 1<0 
As 

(21) dA FLA K 

dA~~~~~A [ FhAFKh - 0K h 

K = M,Ih = W 
K = W,Ih = M 

It is seen that an increase in the size of labor- 
exporting farms will reduce their supply of 
labor to other farms; an increase in the 
holdings of labor-importing households will 
increase the demand for hired labor because 
of reinforcing production and income- 
leisure effects, even if scale diseconomies 
(which do not violate second-order condi- 
tions) exist. 

Labor market equilibrium is characterized 
by equations (1), (4), and (6)--(8), as well as 
equilibrium conditions (22): 

(22) NK + XK = XL K = M, W 

A necessary condition for (Hicksian) multi- 
market stability in the market for hired 
agricultural labor, from equations (13), 
(18), and (19), is that 

Kd(X - - j) E FKK 
dWK i=S,L A 

- Z UKK K K +IfkK +AK K< 
i=S,L,N 

The assumptions imposed in the analysis so 
far do not insure that condition (23) will 
be met; it is thus possible that with suf- 
ficiently negative sloped market supply 
curves of agricultural labor, the market 
equilibrium will not be stable. However, the 
likelihood that instablity is the major 
reason for the existence of institutional (i.e., 
nonmarket determined) wages is low: the 

presence of labor-hiring institutions (large 
landowners) which maximize utility and 
employ family labor, as in India, as well as 
the existence of labor-supplying households 
whose members both work their own land 
and offer labor services to the market, 
makes the fulfillment of the static stability 
conditions more likely in the context of 
Indian agriculture than in developed coun- 
try (modern sector) labor markets. In the 
latter, where employers of hired labor are 
profit maximizers, and household members 
who supply labor do not participate in 
household income production, three nega- 
tive terms tending toward stability, FKK/,XS, 
-'sKK and _X L a, would not appear in 
(23). Moreover, because of the participation 
of family members in agricultural produc- 
tion on labor-importing farms, the stability 
condition must be satisified if the utility 
function is homothetic (and p = 0) since the 
last three terms in (23) vanish; i.e., if uK = 

aK= aS, then from (22), - SKa + IfK'aK + 
XS TS = 0. 

II. General Equilibrium Comparative Statics 

Assuming a unique stable equilibrium we 
can ascertain the effects of a change in land- 
holdings Ai (or any other exogenous vari- 
able hypothesized to influence supply be- 
havior) on the wage rates of the two types 
of labor by totally differentiating equations 
(1), (4), (6)-(8), and (22), and solving for 
dWM and dWw. First we show that the at- 
tenuation of factors inhibiting the participa- 
tion in market work of only one group, say, 
females, will lower agricultural wage rates 
generally but will not necessarily result in 
wider intergroup wage differentials.7 To see 
this let R be an environmental characteristic 
such that d/fN/dR, dXs /dR < 0; dlNM/dR, 
dXs /dR, dXL/dR = 0, then for a small 
change in R around equilibrium the effect 
on male and female agricultural wage rates 
can be written in terms of the partial equi- 
librium comparative static results, where 

7Ester Boserup hypothesizes that high levels of fe- 
male participation rates are associated with greater 
disparities in male-female wage differentials. 
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KX= daX/dX and Ah= dXi/dWh: 

dWw dlYw/dR + dXs /dR 
(24) = [ - ] 

(4uW - ww - ww) 

.Q-1 > 0 

(25) dWM dl7N/dR + dXs IdR 
dR (I W US W UNW) 

. [ (4M - -WM WM) 

( MM M _ M - MANM) 

where Q = 1- 
(MW M -MW)(M WM - WM - WM) 

(AMM - MM -JMMM)(M W - W W) 

To sign (24) and (25) note that the assump- 
tions of strict concavity in production and 
the second-order conditions require that 
Q > 0 and that if the equilibrium is dy- 
namically stable, from (23), (MkK - USK - 

I4KK) < O and (Kh - - MZA) > 0.8 Thus, 
expressions (24) and (25) must be greater 
than zero; an increase in female market par- 
ticipation must reduce male and female 
wage rates, the magnitude of the effects 
being positively related to the sensitivity of 
female labor supply to changes in R and 
negatively to the sensitivity of the demand 
and supply of hired labor to "own" changes 
in agricultural wage rates. However, the 
change in the wage rate differential given by 
(26) cannot be predicted: 

(26) d(WM - Ww) 
dR 

= dlN/IdR + dXs /dR 
(, L W _ 'S W_ I NW) (Miw -M'w - 'w) 

(I(LM - M_ SM _ ) _U1] Q 
(MAM - MAM - MM) 

Using these results, we derive the effect of 
a redistribution of land (without compensa- 
tion for the transfer to wealth) from large to 

small landowners on wage rates in the 
general equilibrium system by solving for 
the effects of an increase in As on Ww and 
WM under the side condition that total land- 
holdings AT = As (1 + 0) remain constant: 

dWK c~~L + S 

(27 
d WK 

EKA + EKA 
dA (1U4KK A KK - KK) 

L +S (hA + EhA 

(4 KK - AKK - A KK) 

(AKh - MKh AK _1 

(hh yhh yhh) 

Assuming that the direct effect, the first 
bracketed term, dominates, the sign of (27) 
depends on the sign of EL + sA , so that 
from (20) and (21): 

(28) dWK > 0 
dAs < 

as FsF~ - FsAFs FL FLA - F L F L 
as hA FKh - K hh hA FKA -KA Fhh 

tS ~~~AL 

+ FA aKS - FA aK L 0 

Thus whether or not a land reform program 
without compensation9 increases or de- 
creases the wage rates for laborers of type 
(sex) K depends on the properties of the 
production function and the differences in 
income-leisure relationships for individuals 
of sex K and the marginal product of land 
on small and large farms. To parameterize 
these relationships assume that the produc- 
tion function is Cobb-Doublas,'0 such that 

F = Qi = ( ) 2(ai A)33 

and A l + 02 < 1. Expression (28) can then 
be rewritten as: 

8The second inequality embodies the condition that 
wage laborers of each type are gross substitutes, which 
guarantees dynamic local stability for all speeds of 
adjustment. See Kenneth Arrow, Harold Block, and 
Leonid Hurwicz. 

9The degree of compensation can be easily intro- 
duced into the analysis as a parameter. As long as 
compensation is not complete, so that both the re- 
cipients and the donors of land experience opposite 
changes in real wealth (apart from indirect wage ef- 
fects), income-leisure effects will be relevant. 

10Bardhan, fitting a number of alternative functional 
forms to Indian production data, could not reject the 
Cobb-Douglas function. However, the conclusions 
derived from the model are not dependent on the 
functional form chosen as long as the function is well 
behaved. 
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(29) dWK = o 
dA s < 

I - 1h 

oh 

(h ^ PAh) 
1 

] 
-02 QS [,, (JK 

1 

I -Ah3 

WK - PK) 

WK 
Wh 

(W,, - Ph) 
0- 

S2 ->O 

where 'y = /3/(1 - f1 - 02) 

The following conclusions emerge: 
1) With no factor distortions (p = 0), 

linear homogeneity (7y = 1), increasing re- 
turns to scale ('y > 1), or decreasing returns 
to scale (7y < 1) are each neither sufficient 
nor necessary for land redistribution to be 
wage neutral (dWk/dAs = 0), wage aug- 
menting, or wage decreasing because of in- 
come-leisure effects. If the production func- 
tion is linear homogeneous, moreover, the 
differences between income-leisure effects in 
small- and large-farm households will 
uniquely determine the direction of the 
wage effect, assuming compensation if any 
is not complete. Since that differential may 
be of opposite sign for males and females, 
it is possible that land reform could raise 
wage rates for one group while lowering 
them for another. 

2) In the special case considered by 
Gersovitz, Mabro, and others, in which the 
production function is linear homogeneous 
and large farms are owned by profit-maxi- 
mizing absentee landlords (no employment 
of family labor so crL = 0), wage rates of 
men and women will rise unambiguously; 
the magnitude of the rise, from (27), being a 
negative function of the sensitivity of the 
demand and supply of hired labor to wage- 
rate changes and a positive function of the 
magnitude of the income-leisure effects on 
small-farm households. In this case, the 

wage group benefiting most from the land 
reform will be that which has the greatest 
income elasticity of leisure and the most in- 
elastic market demand and supply curves. 

3) Sufficient but not necessary condi- 
tions for land reform to be wage neutral 
under competitive conditions (with p = 0) 
are that the production function be linear 
homogeneous and the utility function be 
homothetic, neither assumption by itself is 
necessary or sufficient. 

4) Dualism in agriculture does not 
necessarily imply that land reform will in- 
crease rural wages. Moreover, rural wages 
can rise after a land reform without factor 
distortions. However, the greater the costs 
to workers of off-farm employment, the 
more likely will wages rise as a result of a 
land redistribution. To see this, differentiate 
(29) with respect to PK, noting that Ah < 1. 

I - Oh WK - PK 

(30) ( i X d2 WK 
(h 

(Wh Ph p I- P I -0A2 

Wh 

sK L - Q1] > 0 As As 

III. Empirical Analysis 

A. Variables and Reduced-Form Estimates 

The principal implication of the pre- 
ceding theoretical analysis is that the direct 
impact of a land redistribution program on 
agricultural wage rates is indeterminate. 
Moreover, as was demonstrated, data per- 
taining to scale economies"1 and the labor- 
supply elasticities of landless and landown- 
ing households would provide only indirect 

IIThe evidence from Indian data is mixed. Stanislaw 
Wellisz, using aggregate pooled time-series data from 
Andhra Pradesh, concluded that agricultural produc- 
tion was characterized by increasing returns to scale. 
Bardhan, however, found evidence of decreasing re- 
turns to scale in paddy agriculture and constant re- 
turns to scale in wheat growing areas based on in- 
dividual farm data from seven districts. 
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evidence on the consequences of land re- 
form policy and would not, in any event, 
indicate the quantitative magnitude of its 
impact on rural wages. In this section a 
more direct approach is adopted, utilizing 
the general equilibrium market framework 
and aggregate data from India to estimate 
the direct ceteris paribus 1 elationship if any 
between the size distribution of landholdings 
and the wage rates of adult males, adult fe- 
males, and children in the agricultural sec- 
tor, thereby obtaining a quantitative esti- 
mate of the potential wage impact of a 
land-redistribution program. To assess the 
applicability of the general equilibrium 
model, a number of the verifiable predic- 
tions of the model regarding the relation- 
ships between the distribution of land, rural 
wage rates, and the supply of and demand 
for hired labor are also tested. 

Let us first estimate a set of six reduced- 
form equations in which the levels of the 
agricultural wage rates of adult males and 
females and children and the number of 
wage laborers per household in each sex 
group are the dependent variables, using 
data pertaining to the rural populations in 
159 Indian districts, 1960-6l."2 The main- 
tained hypothesis motivating the empirical 
analysis is that interdistrict labor mobility 
in India is sufficiently low such that district- 
level characteristics are the important de- 
terminants of rural district wage rates and 
market labor supply. 

16 

(31) Wk1 = akO + E akiXij + Uk1 

16 

(32) Xkj = bko + E bkiXi- + Vkj 

k = M,W,C;j = 1...159 

Each of the six equations, (31) and (32), 
contains an identical set of exogenous ex- 
planatory variables Xi, listed and defined in 
Table 1, which also provides means and 
standard deviations. The set of regressors 

includes three variables characterizing the 
size distribution of land: the mean holdings 
of landowners X,, the proportion of house- 
holds in rural areas without land X2, and a 
measure of landholding inequality among 
landowners X3, the Kuznets ratio, given by 
(33): 13 

12 
(33) X3 = zlLp-A 

where Pj = total number of landowning 
households in district j 

Pi1 = number of landowning house- 
holds in interval i in district j 

Ai= total landholdings (acres) in 
district j 

A ij= landholdings in interval i in 
district j 

Other variables included in the set of exog- 
enous regressors standardize for differences 
in land-augmenting factors, such as rainfall 
and irrigation, and represent other rural 
population characteristics and institutions 
as well as nonagricultural demand factors. 14 

These latter variables are assumed to draw 
labor out of the agricultural sector and can 
be shown, based on straightforward manipu- 
lations of the model described in Sections I 
and II, to raise agricultural wage levels. 

With respect to the economic character- 
istics of the agricultural sector, the model, 
while agnostic in terms of the signs of the 
distribution variable coefficients in the re- 
duced-form wage equations, does make the 
following predictions: 

1) The coefficients of the mean land- 
holdings, irrigation, and rainfall variables 
should display positive signs in all wage 
equations. An increase in average land- 
holdings or land-augmenting factors per 

12The criterion for district inclusion is that wage 
rates be reported for at least one month of the year for 
all three groups. The districts selected are thus not 
necessarily representative of India as a whole, although 
they cover a wide geographic area. 

13This measure was chosen for computational ease 
and because of its well-known property of being sensi- 
tive to changes occurring at the tails of the distribution, 
where a land reform program is likely to operate. Ex- 
perimentation with alternative distributional param- 
eters, such as the log variance and the Gini coefficient, 
on a subset of districts produced insignificant changes 
in results. 

14For a discussion of the role of the "control" 
variables, see the author. 
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TABLE 1-VARIABLE DEFINITIONS, MEANS, AND STANDARD DEVIATIONS, 
159 INDIAN DISTRICTS, 1960-61 

Standard 
Variable Definition Mean Deviation 

WM Daily wage in rupees for male field labor (sowers, 1.52 0.43 
reapers, weeders, ploughers) 

Ww Daily wage in rupees for female field labor (sowers, 1.11 0.37 
reapers, weeders, ploughers) 

Wc Daily wage in rupees for child field labor and herding 0.85 0.37 
AM Percentage of males per household age 15-59 working 23.4 11.2 

at least one hour per day as hired agricultural 
laborers 

Aw Percentage of females per household age 15-59 work- 22.0 14.4 
ing at least one hour per day as hired agricultural 
laborers 

Ac Percentage of children per household age 5-14 work- 5.75 3.98 
ing at least one hour per day as hired agricultural 
laborers 

XI Average land owned per landowning household 12.4 10.3 
X2 Percentage of households without land 34.9 13.1 
X3 Kuznets ratio of landholding inequality 81.7 16.3 
X4 Percentage of males 15-59 with primary education 12.7 9.27 
X5 Percentage of females 15-59 with primary education 3.34 4.11 
X6 Percentage of males 15-59 with secondary education 2.44 2.50 
X7 Percentage of females 15-59 with secondary education 0.27 0.68 
X8 Percentage of population in scheduled tribes 12.8 6.32 
Xg Percentage of cultivated acres irrigated 12.8 17.4 
X10 Average normal rainfall per year in cm. 302.2 594.2 
X1l Dummy = 1 if at least one plantation in district 0.10 
X12 Factories and workshops per household 0.17 0.18 
X13 Percentage of factories and workshops employing 5+ 3.9 4.0 

persons 
X14 Percentage of factories and workshops using power 20.5 19.2 
X l5 Proportion of population living in urban areas 0.17 0.11 
X16 Percentage of population Moslem 33.2 66.6 

Sources: See Appendix. 
aStates in data sample: Andhra Pradesh, Assam, Bihar, Gujurat, Kerala, Madhya 

Pradesh, Madras (Tamil Nadu), Maharashtra, Mysore, Orissa, Punjab (and Har- 
yana), and Uttar Pradesh. 

household, controlling for the distribution 
of land among landholders and the propor- 
tion of landless households, from (20) and 
(21), would increase the demand for hired 
labor on labor-importing farms and de- 
crease the supply of off-farm work from 
labor-exporting households. 

2) The proportion of households with- 
out land should be positively associated 
with the employment of wage laborers and 
negatively correlated with the wage levels 
of all sex-age groups. Landless households 
supply more labor to the market than those 
households owning land. 

The ordinary least squares (OLS) reduced- 
form parameter estimates are presented in 
Table 2. The set of district-level variables 
explains approximately 35-47 percent (ad- 
justed for degrees of freedom) of the inter- 
district variation in rural male, female, and 
child wage rates, with the highest explana- 
tory power being obtained for adult male 
wages. The same variables account for 53- 
60 percent of the variation across districts 
in wage laborers per household for the 
three sex-age groups. 

The results are generally consistent with 
the predictions of the model: the coefficients 
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TABLE 2-UNRESTRICTED REDUCED-FORM OLS COEFFICIENT ESTIMATES, INDIAN DISTRICTS, 1960-61 

Dependent Variable 
Independent 

Variable WM WW WC AM A C w AC 

xi I .0187 .0136 .0054 -.0594 -.124 - .0030 
(4.66) (3.81) (1.40) (0.61) (1.05) (0.09) 

X2 - .0018 - .0018 - .0004 .380 .405 .0906 
(0.53) (0.59) (0.13) (4.57) (4.04) (3.32) 

X3 - .0133 -.0101 - .0062 .355 .430 .120 
(6.39) (5.42) (3.12) (6.96) (6.99) (7.22) 

X 4 .0140 .0091 .0099 .219 .133 - .0483 
(2.44) (1.79) (1.81) (1.56) (0.78) (1.05) 

X5 --.0019 .0064 -.0040 -.152 -.282 - .0260 
(0.14) (0.51) (0.30) (0.44) (0.68) (0.23) 

X6 .0095 .0056 .0002 -.262 -.189 -.118 
(0.64) (0.43) (0.13) (0.72) (0.43) (1.00) 

X7 .0793 .0280 .0792 - 1.83 -5.58 - 1.58 
(1.06) (0.42) (1.10) (1.00) (2.53) (2.63) 

X8 .0092 .0149 .0166 -.243 -.522 - .128 
(1.74) (3.18) (3.29) (1.88) (3.36) (3.04) 

X9 .0059 .0033 .0006 .0413 - .0166 - .0052 
(2.69) (1.66) (0.31) (0.77) (0.25) (0.30) 

XA10 .0003 .0002 .0001 - .0006 .0024 .0004 
(3.20) (2.69) (1.18) (0.32) (1.04) (0.67) 

Xl1 -.196 -.185 -.148 - 1.23 -4.36 - 1.44 
(1.51) (1.60) (1.19) (0.39) (1.14) (1.39) 

Xl12 -.0027 .110 .0495 -4.42 - 7.37 -2.88 
(0.02) (0.72) (0.30) (1.05) (1.45) (2.09) 

* 13 - .0039 - .0006 .0010 - .210 - .260 - .120 
(0.30) (0.07) (0.10) (0.85) (0.87) (1.49) 

X 14 .0050 .0067 .0064 - .0213 - .176 - .0192 
(2.75) (4.16) (3.68) (0.48) (3.32) (1.33) 

Xl15 .501 .514 .318 - 14.13 - 10.78 -3.88 
(1.81) (2.09) (1.20) (2.09) (1.32) (1.75) 

AN16 - .0004 .0012 .0019 .0376 .0023 - .0094 
(0.59) (1.94) (2.72) (2.14) (0.11) (1.63) 

Constant 2.31 1.64 0.99 - 26.82 - 21.11 - 5.74 
(7.31) (5.84) (3.28) (3.47) (2.26) (2.27) 

S.E.E. .331 .295 .318 8.09 9.77 2.65 
R 2 .465 .424 .349 .534 .587 .603 

Note: The t-values are shown in parentheses. Number of districts = 159. 

of the mean landholding, rainfall, and ir- 
rigation variables display the predicted 
signs in the wage equations, the coefficients 
being statistically significant in all but the 
child wage equation, while the proportion 
of landless households as expected is posi- 
tively associated with the proportion of 
laborers in agricultural employment. Agri- 
cultural wages appear to be influenced as 
well by factors outside the agricultural 
sector, with nine of the twelve coefficients 
of these variables displaying the expected 
signs. 

Most importantly, the coefficients of the 
land distribution variable, strongly signifi- 
cant in all equations, suggest that wage 
rates of men, women, and children are 
lower and market employment higher where 
the distribution of land is most unequal. 
These results thus suggest that a redistribu- 
tion of land among landholders which re- 
duced landholding inequality would raise 
agricultural wages in India. The differences 
in the land distribution coefficients in the 
three wage equations, statistically signifi- 
cant at the 1 percent level, however, sug- 
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gest that reductions in land inequality 
would exacerbate arithmetic sex-age wage 
differentials in rural areas. 

B. Structural Estimates 

To fully test the market wage model I 
estimate structural demand and supply 
equations for hired labor, described by (34) 
and (35): 

(34) Wki = ako + S akh Xhj h 
11 

+ E akiXij + Ek1 k,h = M, W,C 

8 

(35) Xkj = 'Yk + (k Wk + E YkiXiJ 

16 
+ S Y k i Xij + ekj 

i= 12 

where the c kj1 ekj are stochastic error terms. 
The demand equations in (34) have been 

specified with the wage rate as the depen- 
dent variable so that the direct influence of 
labor-supply changes on wage rates can be 
more easily tested. If wage rates are influ- 
enced by shifts in supply and demand as im- 
plied by the theoretical analysis, all the akh 

coefficients should display negative signs, 
since from (24) and (25) an increase in the 
quantity of labor of type K must have nega- 
tive own- and cross-wage effects in equilib- 
rium. The theoretical analysis also suggests 
that mean landholding size, the extent of 
irrigation, and the quantity of rainfall 
should be positively associated with the de- 
mand for hired labor. Moreover, the de- 
mand for wage labor should be highest in 
areas where landholding inequality is great- 
est if the labor market is competitive, even 
if scale diseconomies exist, since where the 
distribution of landholdings is more un- 
equal more land is held by labor-importing 
farm households. 

With respect to the supply equations, the 
own-wage effects on labor supply are theo- 
retically ambiguous as was shown;'5 how- 

ever, the model suggests that the proportion 
of landless households and the degree of 
landholding inequality should be positively 
associated with the supply of market labor 
from (20), since an increase in the magni- 
tude of these variables is equivalent to a 
reduction in the landholdings of labor- 
exporting households. Similarly, an in- 
crease in mean landholdings should de- 
crease the supply of agricultural market 
workers per household as should increases 
in the nonagricultural labor demand vari- 
ables. 

Because the residual correlation matrix 
obtained from the estimation of (34) and 
(35) by two-stage least squares indicated 
significant correlations of residuals across 
equations, the system of market demand 
and supply equations was estimated using 
full information maximum likelihood 
(FIML) to capture potential efficiency 
gains."6 The estimate FIML coefficients are 
displayed in Table 3. 

The structural coefficients signs appear to 
be generally consistent with the expecta- 
tions generated by the market model of 
rural agriculture. In particular the matrix 
of supply variable coefficient signs in the 
demand (wage) equations is supportive of 
the model, as wages appear to be sensitive 
to shifts in the supply of laborers for hire 
such that increases in the number of people 
participating in the agricultural labor mar- 
ket from any age-sex group reduce all agri- 
cultural wage rates, although not all coeffi- 
cients are statistically significant. While the 
strongest supply impact on wages appears 
to come from shifts in female participation, 
the null hypothesis that an increase in fe- 
male labor supply has equal negative effects 
on male and female wages cannot be re- 
jected, as is consistent with but not implied 
by the model. 

The supply equation structural estimates 
suggest that the relationship between the 

15Because of severe multicollinearity, only own- 
wage rates were included in the supply equations. The 
wage-supply estimates thus represent the average re- 
lationships between sex-specific market labor supply 
and movements in the set of family wages. 

16See Thomas Rothenberg and Charles Leenders. 
Because of the possibility that the FIML estimates will 
converge where the likelihood function is at a local 
rather than a global maximum, three-stage least 
squares was also employed. The parameter estimates 
obtained using this systems estimation method differed 
insignificantly from the FIML estimates. 
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TABLE 3-FIML STRUCTURAL COEFFICIENT ESTIMATES, INDIAN DISTRICTS, 1960-61 

Dependent Variable 
Independent 

Variable Wm WW WC AM Aw Ac 

XM -.055 -.0342 -.0501 
(0.39) (0.24) (0.31) 

A W - .0285 - .0321 - .0325 
(2.49) (2.79) (2.30) 

AC -.0295 -.0440 -.0395 
(0.79) (1.30) (0.98) 

WM 6.82 
(0.96) 

WW 18.94 
(1.37) 

WC 8.68 
(1.07) 

XI .0170 .0131 .0058 - .173 - .328 - .0441 
(4.69) (3.65) (1.39) (1.24) (1.53) (0.70) 

X2 .0058 .0031 - .0013 .368 .390 .0765 
(1.20) (0.62) (0.23) (4.66) (3.47) (2.09) 

X3 - .0064 - .0028 - .0050 .430 .606 .173 
(1.32) (0.54) (0.89) (4.63) (4.38) (3.30) 

X4 .0149 .153 .0092 - .136 
(4.51) (1.01) (0.04) (1.35) 

X5 .0122 - .217 - .474 - .0057 
(2.47) (0.61) (0.81) (0.03) 

X6 .0065 -.328 -.441 -.158 
(0.65) (0.89) (0.80) (1.02) 

X7 --.117 - 3.54 -6.59 - 2.58 
(0.26) (2.05) (2.78) (2.46) 

X8 -.0015 -.0004 -.0057 -.296 -.838 -.281 
(0.26) (0.07) (0.83) (1.92) (2.82) (1.79) 

X9 .0060 .0022 .0002 
(3.41) (1.23) (0.10) 

X1O .0003 .0002 .0001 
(4.41) (3.44) (1.54) 

XL l - .278 - .353 -.277 
(2.21) (2.88) (1.95) 

X12 -4.52 - 8.52 - 3.32 
(1.09) (1.31) (1.80) 

X,13 -.211 -.248 -.102 
(0.84) (0.65) (0.97) 

* 14 -.0382 -.284 -.0694 
(0.79) (2.98) (1.39) 

*X,5 - 12.49 - 18.11 -4.74 
(1.61) (1.65) (1.52) 

* 16 .0411 -.0092 -.0229 
(2.32) (0.33) (1.38) 

Constant 1.64 1.16 0.92 -37.30 -49.74 - 12.59 
(7.37) (5.13) (3.55) (2.50) (2.51) (2.01) 

S.E.E. .302 .302 .377 8.60 12.43 4.04 

Note: Asymptotic t-values are shown in parentheses. Number of districts = 159. 

quantity of laborers in each sex-age group 
supplying labor to the agricultural labor 
market and the level of wage rates is posi- 
tive, although none of the wage coefficients 
are statistically significant by conventional 

standards. The coefficients of the land- 
distribution variables suggest, however, as 
expected, that decreases in landholding in- 
equality and reductions in the proportion 
of landless households lower labor market 
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participation significantly. All of the co- 
efficients of the nonfarm variables also dis- 
play the expected negative signs, indicating 
that increases in demand factors in the non- 
agricultural sector draw laborers from 
farming (and raise rural wage rates), al- 
though all but two do not achieve statistical 
significance at the 10 percent level (one- 
tailed test). 

While land size and the land-augmenting 
variables also have the expected positive 
effects on the demand for hired labor, the 
negative (but insignificant) signs displayed 
by the distributional coefficients, which in- 
dicate that where landholding inequality is 
greater the demand for hired labor (wages 
offered) is lower for all three groups, con- 
tradict the prediction of the purely competi- 
tive model under all scale economies as- 
sumptions. This latter result thus suggests 
that the negative relationships between 
landholding inequality and wage rates ob- 
tained in the reduced form may partly re- 
flect the monopsonistic restrictions of wages 
and employment by relatively large land- 
owners. Thus an equalization of the dis- 
tribution of landholdings would appear to 
have a strong negative impact on the supply 
of agricultural wage labor as implied by the 
model, but negligible effects on hired labor 
demand with the net result that landholding 
inequality and rural wage rates are nega- 
tively and significantly associated in the 
reduced form.'7 

IV. Concluding Remarks 

Prior theoretical models depicting rural 
household behavior in developing countries 
have employed differing restrictive assump- 
tions with respect to labor-supply behavior 
and production which have led to contra- 

dictory predictions regarding the wage im- 
pact of land reforms. Most empirical studies 
of land reform, moreover, have not been 
based on a coherent theoretical framework, 
and have ignored wage effects. 

In this paper I have investigated the wage 
effects of a redistribution of landholdings 
by formulating a general equilibrium, com- 
petitive market model embodying labor 
heterogeneity and more realistic labor- 
supply behavior. Although the model was 
constructed to be consistent with the im- 
portant features of the agricultural labor 
market in India, it is sufficiently general so 
that it can be altered to suit structural con- 
ditions in the rural labor markets of other 
developing countries. The wage impact of a 
partial land reform was found to be theo- 
retically indeterminate, due mainly to the 
assumption consistent with household-level 
India data that landowning labor exporting 
and importing households employ family 
labor, so that market labor-supply shifts 
are affected by opposing wealth-leisure ef- 
fects. However, empirical results, which 
generally support the implications of the 
competitive model formulated, suggest that 
a redistribution of land from large- to 
small-farm households in India would raise 
agricultural wage levels significantly and 
thus benefit landless households, although 
sex differentials in rural wages would ap- 
pear to widen. 

APPENDIX 

Sources of Data: 
Agricultural Wages in India, 1960-61: WM, 

ww, wc. 
Census of India, 1961. Part IIB-XM, XA W C, 

X4, X5, X6, X7, X8' X10' X16. Part IIc- 
XI, X2, X3, X15. Part IVB-XI2, X13, X14. 

Indian Agricultural Statistics, 1961-62 and 
1962-63: X9, XII. 17The derived reduced-form coefficients computed 

from the FIML structural parameters indicate that, 
given the actual distribution of landholdings in India 
in 1961-62, if a limit of fifty-one acres were placed on 
all farms and the "excess" distributed so that no land- 
owning farm household would own less than 1.5 acres 
of arable land, wage rates would rise by 16.8, 17.0, and 
14.1 percent for males, females, and children, re- 
spectively, in the absence of any other changes. See 
the author. 
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