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This paper explains the rationale and describes the characteristics of cost sharing
arrangements in rural developing economies, focusing on the risk and incentive
properties of alternative cost contracts and on their flexibility—their ability to adapt
to environmental changes. It is shown that where labor inputs are difficult to monitor,
the rule that cost shares and output shares be equalized will not hold and is not
‘““constrained pareto efficient,”’ and that cost-sharing contracts have a decided
advantage over contracts which specify the level of inputs whenever there are
asymmetries of information regarding production technology between the landlord and

the tenant.
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Agricultural output in less developed coun-
tries is often produced by peasants working
under some form of sharecropping. There is a
long tradition of concern that with such con-
tracts peasants will have insufficient incentive
to work and to supply other inputs such as
fertilizer. Thus, effort (labor supply) and fer-
tilizer inputs will be below the optimum.

Heady pointed out in 1947 that the distor-
tions associated with these other inputs could
easily be corrected. If the landiord and tenant
share costs to the same extent that they share
output, the standard marginal cost equal mar-
ginal benefit conditions will be satisfied. (This
argument was formalized by Adams and Rask
in 1968.) Although the tenant only receives a
fraction of the product, he pays only the same
fraction of the cost.

In the past decade, a considerable amount
of empirical research has, in fact, confirmed
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that tenancy contracts generally do have pro-
visions for cost sharing (Ladejinsky, Rao,
Rudra; for other sources see Singh, chap. 10).
Several of these studies also have shown that
there are frequent departures from the simple
rule of setting the cost share equal to the out-
put share. These departures are surprising,
since the cost share equal to output share rule
has both the virtue of simplicity, and, accord-
ing to Heady, efficiency.

The purpose of this paper is twofold: (a) to
provide a rationale for the existence of cost-
sharing arrangements and (b) to analyze the
equilibrium cost-sharing rules under share-
cropping.

Earlier analyses of sharecropping (Cheung,
Stiglitz) asked why, given the seeming in-
efficiencies associated with sharecropping,
was this institutional arrangement so preva-
lent? They showed, under the assumption that
labor input was monitorable, that in fact these
contractual arrangements were not inefficient,
that the input requirement of labor was (per-
haps tacitly) specified in the (implicit) contract
between the landlord and tenant. Stiglitz es-
tablished that under these circumstances a
sharecropping contract was in fact equivalent
to a linear combination of wage and rental
contracts. (This result was subsequently ex-
tended by Newbery.) The Stiglitz paper estab-
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lished a similar equivalency theorem for cost-
sharing contracts.

If cost sharing is feasible, then it must be
possible for the landlord to observe the level
of inputs; and, if the level of inputs is observ-
able, it is at least feasible that the contract
specify the level of inputs.! We show that with
linear sharecropping contracts (which specify
an output share, a cost share, and a fixed pay-
ment), the landlord does no worse—but also
no better—by specifying the input level than
he does by using a cost-sharing contract.

The resolution proposed by Stiglitz for the
seeming paradox of the irrelevance of share-
cropping was imperfect information: the level
of input of labor was not monitorable, at least
not without cost. The landlord had to provide
an incentive to the worker to work; output is
more easily monitorable than input; and, since
output and input are correlated, it becomes
desirable to base at least part of the workers’
compensation on output.

The resolution we propose here for the
seeming paradox of the irrelevance of cost
sharing is again imperfect information: the op-
timal input amount is seldom known to the
landlord, at least at the time the contract is
signed. The optimal level of input changes in
response to variations in weather and geo-
graphically, according to the nature of the soil
and other local conditions. The tenant is thus
often in a better position to 'make decisions
concerning the level of inputs. (There is, as it
is commonly put these days, an important
asymmetry of information between the land-
lord and the tenant.)

If the changes and differences in circum-
stances are observable to the tenant but not to
the landlord, then the landlord will wish to de-
sign a contract which induces the tenant to
adjust his input in response to these changes.?
A cost-sharing arrangement does this; a fixed
quantity contract does not. Nalebuff and Stig-
litz have referred to this property of contracts
as flexibility.

! Most formal studies of tenancy contracts ignore this fact. An
important exception is the study of Bardhan and Singh. They ana-
lyze the interesting problem where the landlord chooses the
amount of fertilizer to be bought and the fraction of this cost to be
paid by the tenant. The tenant, however, may not use all the
fertilizer supplied but may secretly sell some on the open market
or, equivalently, use it on his own land (if he has any). The land-
lord, who realizes that this possibility is available to the tenant,
incorporates it into his profit-maximization problem.

% All that is really required is that there be differential informa-
tion between the two. Alternatively, we could have assumed that
the costs of writing a contract which specified the level of input
corresponding to each state of nature are prohibitive.
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It is important to emphasize that what is
crucial for our argument for cost-sharing con-
tracts is the presence of asymmetries of infor-
mation concerning the productivity of the
monitorable input (fertilizer). There is vari-
ability in productivity both over time and
across space; productivity is affected not only
by weather but also by soil, by the characteris-
tics of the workers and the equipment with
which they work, etc. Thus, the terms of the
equilibrium (optimal) contract between the
landlord and tenant are shown to be critically
dependent on both institutional arrangements
and certain features of the technology. For in-
stance, the result stated above that cost shar-
ing does no better (but no worse) than specify-
ing input levels directly, simply depends on
the existence of symmetric information con-
cerning the technology between the tenant and
the landlord. If there is asymmetric informa-
tion, then at least some cost sharing is desir-
able. We also provide a set of conditions
under which, if the landlord is restricted to
choosing either a fixed input contract or a
cost-sharing contract, he prefers the latter.

Having explained why cost-sharing rules
are employed, we next turn to explain why
cost shares may differ from output shares.

In a first-best world, the equal share rule
implies an efficient application of inputs. But
the very presence of sharecropping represents
a significant departure from a first-best world.?
As always, it is not obvious, given one impor-
tant departure from optimality, that there
should not be other offsetting departures.
There are two important departures from first-
best optimality in sharecropping: (a) the ten-
ant’s allocation of effort is not first best, and
(b) the tenant must absorb more risk than if
there were perfect risk markets.

Since the level of effort cannot be specified
(at least perfectly) in the contract, and since
increases in the level of effort will increase the
landlord’s profits, the landlord will seek to in-
duce the tenant to take greater effort.* If fer-

3 Thus, Heady’s conclusions were correct, given the model that
he employed. Our contention is that, if labor is monitorable, there
is no reason to have sharecropping; or if there is sharecropping, it
will entail a specification of the level of input of labor (Cheung).
We believe that an analysis of sharecropping must take into ac-
count the difficulties of monitoring labor inputs.

4 The fact that an increase in some nonlabor input may increase
effort has been noted elsewhere (Braverman and Stiglitz, Bell and
Zusman, and Mitra). These studies have emphasized the implica-
tion this has for the interlinkage of markets. There is a close paral-
lel between the arguments presented here and the standard ar-
guments in optimal tax theory, that commodities which are
complements (substitutes) to untaxed commodities should be
taxed at a higher (lower) rate. See Atkinson and Stiglitz.
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tilizer (or other inputs) are strongly com-
plementary to labor, the landlord may seek to
increase the level of effort by increasing the
supply of these inputs, i.e., by lowering the
cost share of the tenant. Even when there is
no incentive effect, if landlords do not charge
fixed fees on the use of their land, the cost
share may be less than the output share. This
is because, by lowering the tenant’s cost
share, the tenant’s output share can be low-
ered (keeping the tenant at the same level of
expected utility), and this will reduce the risks
that he faces.

The qualitative results which emerge from
our analysis remain valid under a variety of
settings. In particular, though in most of the
analysis we assume that the tenant works only
for one landlord, the results remain valid even
if the tenant has outside employment opportu-
nities by which he can supplement his farm
income. Similarly, though we focus on the
case where the landlord takes the utility level
of the tenant as given (either because at lower
levels of utility he cannot obtain workers due
to the competitiveness of the labor market or
because workers cannot survive or are unpro-
ductive at lower levels of utility), the results
remain valid more generally, also for non-
utility-taking equilibria (i.e.; equilibria in
which there is an excess supply of potential
tenants above their subsistence wage/utility).
Likewise, although we focus on the case
where the only labor and other input decisions
of the tenant are made prior to his observation
of the state of nature, the results remain valid
when there are actions which can be taken
after the state of the nature is known.

The Basic Model

We shall first outline the basic structure of the
model.

Tenant’s Problem

All tenants are assumed to be identical. They
lease from the landlord a plot of land whose
size is assumed to be technologically fixed.
The tenant determines his labor effort input, e.
In this section, we also assume that the tenant
controls the fertilizer input, x, taking the terms

S This assumption is not critical. See Stiglitz, Braverman and
Srinivasan, and Braverman and Stiglitz for an analysis of share-
cropping where plot size is endogenous.
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of the contract as given. The contract terms
include his output share, a, his cost share, B,
and a fixed payment to the landlord, y. The
production function is concave in the two fac-
tors of production, effort and fertilizer. Output
is uncertain because of changing states of na-
ture. For simplicity, we model uncertainty in
multiplicative form. Hence, the tenant’s in-
come, Y, is

0)) Y = agf(e, x) — BPx — v,

where g denotes the non-negative, multiplica-
tive uncertainty factor distributed according
to h(g), with mean E(g) = 1, and P denotes
the fertilizer market price; the output price is
normalized to 1. For simplicity, we have as-
sumed at this stage of the analysis that the
tenant has a single labor and fertilizer input
decision, which is made prior to observing g,
and that he has no other source of income be-
sides that derived from working on this partic-
ular farm. Later, we shall show that neither of
these assumptions are crucial.

The tenant maximizes his expected utility of
income and labor efforts.® The maximum
value will be a function of the terms of the
contract, o, B and y. Formally,

(@) max EU[Y(e, %), e] = Via, B, ).

The two first-order conditions can be written

as
= EUlg -
Ga) f. P / L
= 1 EU1g _ 1 EU2
(3b) fe a EU2 ap EU1

where p = EU,g/EU, is the risk factor satisfy-
ing 0 < p < 1 since COV {U(g), g} < 0.7 For
risk-neutral tenants, p = 1, and for infinitely
risk-averse tenants, p = min g.

Since the latter part of this paper focuses on
the relationship between the cost share and
the output share, it is natural to define

5_ B

o

6 The indirect utility function (2) is derived by solving the first-

order conditions (3a) and (3b) for e and x as functions of « and B,
and by substituting both into the utility function; U is assumed to
be a standard, well-behaved, risk-averse, and effort-averse utility
function, with U((Y, €) > 0, Ux(Y, €) <0, Uyi(¥, €) <0, Un(Y, e)
> 0.

7 The larger g is, the larger is output gf: hence, the larger is the
tenant’s income, and by the concavity of U, the smaller is the
marginal utility of income.
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Thus, Heady’s hypothesis that tenancy con-
tracts should (do) entail cost shares equal to
output shares is equivalent to the hypothesis
that 8 = 1.

We now rewrite the tenant’s income, his ex-
pected utility, and his first-order condition for
input x, as a function of «, 8, and vy. Thus,

V(a, 3, v) = V(e, ad, v),

and (3a) becomes

@ fi=2£

P

Notice from equation (4) that 8P/p acts as
the internal price of the input; that is, the ten-
ant purchases the same amount of fertilizer
that he would if he were risk neutral and faced
a price of d3P/p.

The first-order conditions are solved to
yield the inputs supplied as functions of «, §,
and v:

&) e
®) x
and mean output
) O, 8, v) = fle(a, 3, v), x(a, 8, V).

Though the landlord cannot directly control
effort (he still may control directly the input of
fertilizer), he knows that he will affect the ten-
ant’s decisions by altering the terms of the
contract. How he does this is the focus of the
remaining analysis.

We assume that the tenant has an alterna-
tive occupation yielding a given expected util-
ity level V. Thus, in order to accept a tenancy
position, he requires that V(a, 3, y) = V. (For
the analysis below, it makes no difference how
V is determined, i.e., whether labor markets
are competitive, so that the landlord cannot
obtain tenants at any utility level below V, or
whether the landlord is a monopsonist, and V
is the subsistence level of utility.) We assume
that the utility constraint is binding, but this
assumption too is not critical, as we shall see
below.®

ela, 3, v),
x(a, 3, ),

8 Such an equilibrium (explored in Stiglitz) is accordingly some-
times referred to as a utility equivalent contract equilibrium. See
Braverman and Stiglitz and Braverman and Srinivasan for further
discussions of both utility equivalent and nonequivalent contract
equilibria in rural developing economies. It is important to empha-
size that it makes no difference whether we formulate the problem
as above or as maximizing the expected utility of the tenant, sub-
ject to a constraint providing the landlord with a given expected
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The Landlord’s Problem

The landlord’s problem is to find that contract
(defined by «, 8, and v) yielding tenants an
expected utility V which maximizes his ex-
pected utility. The landlord takes into account
the responses of the tenant to changes in the
contract. For simplicity we assume that the
landlord is risk neutral and therefore max-
imizes expected profits. Since Eg = 1, we can
write the landlord’s problem as

® lgag}( II=(1 - a)fle,x

- (1 — ad)Px + v
subject to
©) V(a, d,v) = V.

The landlord’s controls are the output share,
o, 3, the ratio of the cost share, B, to output
share, a, and the fixed fee, v.

A Basic Equivalence Result

Why are there cost-sharing contracts? For
there to be cost-sharing contracts, inputs must
be observable; and if inputs are observable,
the landlord could just as well simply specify
the level of inputs. In this section, we show
that if he does this, he can do no better and no
worse than he can do with a cost-sharing con-
tract: the two are in effect equivalent in a
world where landlords and tenants possess
identical information on production technol-
ogy.

To see this, we will first describe the behav-
ior of the tenant when faced with a particular
input level specified by the landlord. We then
show that for any contract which specifies a
particular level of input of fertilizer x, there
exists a corresponding contract which leaves
the input of fertilizer to the discretion of the
tenant, but in which his income, effort, and
fertilizer input in every state of nature is iden-
tical; moreover, the landlord’s income in
every state of nature is also identical.

When x is specified, tenants simply set

(10) aEU,f.g = EU,.

Consider any linear share contract [a*, B*,
v*]. Associated with it there will be an equilib-

return to his land. Our analysis is simply concerned with charac-
terizing the set of (locally) efficient contracts, given the informa-
tion constraints.
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rium level of input, x*. Consider the new con-
tract specifying the input level

(11a) £ = x*

with

(11b) & = o*and

(1) 4= v* — (1 — BHPx*.

That is, the new contract has the same output
share, and the fixed payment is adjusted to
make the tenant pay the same fixed fee inclu-
sive of his expenditures on inputs. Clearly, in
each state of nature for each level of effort, the
income of the tenant will be the same; there-
fore, the tenant will choose the same level of
effort, and, hence, output in each state of na-
ture will be the same. Since the share of out-
put is the same, and because the fixed pay-
ment has been adjusted to take account of the
differences in expenditures on fertilizer, the
expected profit of the landlord and the ex-
pected utility of the tenant are identical with
the two contracts.’

Thus, we have established an equivalence
result similar to that in earlier literature on risk
and sharecropping (Stiglitz, Newbery). There
it was shown that by mixing rental and wage
contracts, tenants could reduce their risk in
the same way that sharecroppers reduce risk.
That analysis made it clear that one could not
view sharecropping as simply a means by
which landlords and tenants shared risks. To
understand sharecropping, one must explicitly
consider incentives.

The analysis here demonstrates that one
cannot understand the role of cost sharing us-
ing a model in which the landlord and the ten-
ant have identical information concerning the
input of fertilizers. In the next section, we
show how asymmetric information provides a
natural rationale for the use of cost-sharing
contracts.

Cost Sharing, Incentive Flexibility, and
Asymmetric Information

Assume now that there is some aspect of
the technology which varies, say, with the

2 This argument establishes that corresponding to every cost-
sharing contract, there exists a contract specifying the level of
input which yields equivalent outcomes; the converse result, that
corresponding to every contract that specifies a particular level of
fertilizer input, there exists a corresponding equivalent cost-
sharing contract, requires only the standard convexity assump-
tions. If these assumptions fail, it implies that input specification
contracts dominate cost-sharing contracts.

Amer. J. Agr. Econ.

weather or the soil and which affects the pro-
ductivity of an input such as fertilizer. Thus,
our production function is now

(12) Q = fle, ux)g,

where u is a variable (normalized to have
mean of unity) which is observable to the ten-
ant but not to the landlord. Moreover, the ten-
ant can observe u before making his decision
concerning the input of fertilizer. In the first-
best world of perfect information and perfect
insurance (risk neutrality), in each state (or at
each location) the value of the marginal prod-
uct of an extra unit of fertilizer is set equal to
its price:

(13) uf, = P.

However, with cost sharing and sharecrop-
ping under risk aversion, (13) becomes

(14) aupf, = PP.

Thus, x will still vary with z. When u is higher,
x will normally be higher.

We wish, however, to establish two further
results demonstrating the advantages of cost-
sharing contracts over contracts with pre-
specified inputs.

First, if the landlord is restricted to either a
fixed input contract or a cost-sharing contract
and labor (effort) is perfectly inelastically sup-
plied, he prefers the latter provided tenants’
risk aversion is not too sensitive to changes in
u. To see this, we show how the optimal fixed
input contract can be improved upon. Let {&,
£, 4} denote this contract. Now set a* = &, set
B* such that x* = £, so that average input with
cost sharing is equal to £, and

Y* =4 + Pi(1 — B*).

Clearly, tenants are better off with this con-
tract, since they could set x* = £, for all u,
and their expected utility would be the same
as with the fixed input contract. But since in
general £ # x* for some u, they choose an
input level which increases their expected
utility.

The tenant sets x by (14). Hence, provided p
does not decrease too rapidly as u increases,
he allocates more fertilizer when « is high
(productivity is high). But if he allocates more
fertilizer when it is more productive, average
output will be increased; since the sum of the
fixed payments by the tenant plus his expendi-
tures on fertilizer are the same under the two
regimes, and o is the same but average output
is higher, the landlord is clearly better off.
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Second, in general, even with variable ef-
fort, a mixed contract involving some degree
of cost sharing dominates a fixed input con-
tract {&, £, 4}. Again, we can show this by
construction. We define a mixed contract as
follows. We specify a minimum level of input,
£; the tenant is reimbursed a fraction (1 — p¥)
of expenditures in excess of £. The fixed input
contract can be viewed as one in which 1 — g*
= 0. Now, set x* = £, a* = &, but increase
the reimbursement share and simultaneously
increase -y to keep expected utility constant. It
can be shown that, in general, the optimal con-
tract will entail some degree of cost sharing,
i.e., 1 > B* > 0. The reason for this is again
that cost-sharing contracts improve the ef-
ficiency of allocation of inputs—more inputs
are applied when they are most productive.
The tenant’s private purchases of inputs, only
partially compensated by the landlord, impose
greater risk on the tenant, but he will only
undertake the increased input if the gains in
his share of the output more than offset the
increased risk which he must bear; a fortiori,
the landlord is better off because he is indiffer-
ent to risk and only gains from the increased
output. The only case in which such a cost-
sharing contract might not be desirable is if the
increased input of fertilizer is a substitute for
effort and the farmer is led to decrease his
labor supply so much that output is actually
reduced as a result of the increased input of
fertilizer. This seems an unlikely possibility.°

Characterization of Optimal
Cost-Sharing Contracts

In the previous section, we provided an expla-
nation for cost-sharing contracts; we showed
that such contracts had a distinct advantage
over contracts in which the landlord simply
specified the level of input, or equivalently,
provided the input to the tenant.

It would be a straightforward matter for us
now to specify the optimal contract between
the landlord and his tenant. In general, such a
contract would not be a linear contract, of the
form described earlier, e.g., by equation (1).
Rather, the income of the tenant would be
specified as a quite complicated function of

0 The critical condition for establishing this result is that a com-
pensated increase in incentives increases output:

()= ()

Sfu <0,
v
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both observable variables, the level of output
and the level of input of fertilizer:

Y = Y(Q,%), Y, >0,Y,>0,

increasing in both output and input but not in
general linear; and, indeed, there may be im-
portant interaction terms, with the marginal
output share depending on the level of input.
Though the differential equations describing
these optimal ‘‘compensation’ schemes are
easy to write down, they are hard to interpret.

We have a further objection to this ap-
proach: the kinds of contracts observed in
practice are relatively simple. They are sel-
dom nonlinear; even when they are nonlinear,
they remain simple, e.g., they are piece-wise
linear (as in our example above, where the
landlord reimbursed a given fraction of expen-
ditures above a given level); and they virtually
never employ interaction terms. Indeed, they
often do not seem to exhibit the variability
from circumstance to circumstance that the-
ory would predict; it seems implausible that
the optimal contract (as we have modeled the
problem) would just happen to entail a 50%
crop share in the wide variety of circum-
stances in which that share seems to be em-
ployed.

Thus, it seems to us as theorists that the
problem to focus on is not what the optimal
nonlinear contract looks like—for these are
not the kinds of contracts observed—but on
why we do not see these more complicated
contracts. Some reasons suggest themselves:
whenever usage (as opposed to purchase) of
inputs cannot be observed, arbitrage opportu-
nities are opened up whenever marginal input
costs differ across farms; the tenant on the
farm where the landlord pays a larger share of
the costs will find it profitable to purchase the
input for resale to the farm where the landlord
pays a low share. With heterogeneity among
farms and with nonlinear contracts, marginal
input costs will always differ across farms.!!
The same arguments apply if the physical out-
put of a farmer cannot be monitored, but only
the surplus which he attempts to market.
Then, only linear contracts will be feasible,
and all contracts within a region (for a given
crop) will have to have the same output share.

U1 1t should be clear that the possibility of arbitrage across farms
not only imposes restrictions on the form of the sharecropping
contracts but also on the range of terms that will be observed
within a region. This may give rise to multiple Nash equilibria.
The analysis of this paper can then be thought of as characterizing
the set of pareto-efficient Nash equilibria.
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Transaction costs (including the costs of de-
signing such contracts) provide a second ex-
planation. '

Regardless of the explanation for why linear
rather than nonlinear contracts are employed,
it seems to us more useful to characterize
what linear contracts look like rather than to
characterize what some (unobserved) non-
linear contract might look like.

For reasons of analytical simplicity, we re-
turn to the model presented in the first section,
where there is symmetric information con-
cerning technology (application of fertilizers),
though there continues to be asymmetry of in-
formation concerning labor inputs. The qual-
itative results will continue to hold even in the
case of some asymmetries of technological in-
formation, provided they are not too large.

We begin our analysis by considering the
relationship between the output and cost share
in contracts in which the fixed fee, v, is set
equal to zero.'® There is some debate about
whether this case, or the case described in the
next subsection, where vy is set optimally, is
the more relevant. Observed contractual rela-
tionships seldom seem to involve fixed trans-
fers between the landlord and the tenant. On
the other hand, there are several contractual
provisions which may serve as a substitute;
for instance, if the landlord provides a certain
minimal level of the input, x, it is equivalent to
v < 0; or if the tenant is required to purchase
certain inputs from the landlord at above mar-
ket prices, it may be equivalent to a contract
with v > 0. Such problems of interpretation
arise whenever there is some interlinkage of
contracts, including the interlinkage of credit
and land contracts (see Braverman and Stig-
litz).

In any case, it turns out that the qualitative
results for the two cases are similar, and it is

12 See Bell and Zusman, Hurwicz and Shapiro, and Allen for
other explanations. At the same time, we note an important
qualification to this research strategy: whatever the factor is that
plays a central role in determining that linear, rather than non-
linear contracts, are employed, it may in turn also play an impor-
tant role in determining the relationship between cost share and
output share. Indeed, if simplicity (transactions cost) provides an
important part of the explanation for the widespread use of the
50% output share rule, it also provides part of the explanation for
the employment of a 50% cost-sharing rule. In this context, the
observed deviations from this rule seem all the more remarkable.
This suggests that the considerations with which we are concerned
here are not only present, but in these circumstances may be
important.

13 It should be noted that the equivalency result does not hold
when y = 0. In this case, a contract with some cost sharing domi-
nates one with none.

Amer. J. Agr. Econ.

easier to see what is going on by first examin-
ing the case where v is set equal to zero.

Optimal Cost Sharing withy = 0

From the utility equivalence constraint we can
derive the relation a(8) which implies the pairs
of output share and cost share, maintaining
the tenant at utility V. Substituting a(3) into
(8) we obtain [using (6) and (7))

15) max HE) = [1 - a}lQ(a, d)
— (1 — ad)Px(c, d),

where a = a(3). From the first-order condi-
tion of (15) we can derive the cost-sharing
rules. It is the solution to

(16) m = (-0 + oPx) 9L | 4+ aPx
& |v

direct effect

~ od)P} % v

indirect effect on fertilizer input

+{0 -0 -

- 0oL

=0
v

indirect effect on effort

where
an dx | _ x| ox da , de
B |y 3 da dd |y dd |y
is similarly defined, and
® F|, = -
_ oFEUPx oz

T EU(sf - Px) p— 8z’

where z = Px/f denotes the ratio of the value

of the input of fertilizer to (the expected value
of) output.
Atd =1, (o = B),

(19) w5 = a0z(—1 + p)
p—2
dx

+d- a)P(—Fl)- - 1)%

1%

+ 1 - a)Qe

de

ds v

Equation (19) has several direct implications:
(a) If there are no incentive effects (de/dd|y
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= () and tenants are risk neutral (p = 1), then
the first-order condition of (19) holds and a =
B. These are the conditions under which
Heady’s conclusion, that the cost share
should equal the output share, is valid.
(b) If there are no risk effects (p = 1), then
B=aas %g_ N
We might expect a (compensated) increase in
the effective price of fertilizer to decrease the
utilization of fertilizer and the reduction in the
input of fertilizer, in turn, to reduce the mar-
ginal return to effort, and thus the level of ef-
fort. In that case, B < «, to encourage effort,
we subsidize the input of fertilizer. It is, of
course, possible for the opposite to occur, for
instance, if a decrease in the utilization of fer-
tilizer increases the marginal return to effort.
Under the hypothesis that the utility function
is separable, we can show that

. de . € Sexe
&gn(ds) 5 51gn(1 — + T ),
where e = f.elf is the elasticity of output with
respect to effort.

(c) If there are no incentive effects then
again we obtain B < a, since the first term of
(19) is negative (provided the risk effect is not
too large, i.e., p > 2), and the second term is
normally also negative.

There is a simple intuition behind this re-
sult. When the landlord increases 3, he forces
the tenant to bear greater risks because the
expenditures on inputs are fixed costs. Even
at 8 = 1, because of his risk aversion, the
tenant has purchased less than the first-best
level of inputs. Because the landlord is risk
neutral, a contract in which he bears more of
the risk, and in which he simultaneously en-
courages the tenant to use more inputs, consti-
tutes a pareto improvement from the equal
shares rule.

For constant relative risk aversion, we can
obtain the stronger result that as risk aversion
increases, § is monotonically reduced, so that
the landlord decreases his cost share relative
to his output share. (See details in Braverman-
Stiglitz.)

=0 if Tss < 0.14

4 All that we have really established from (19) is that at 3 = 1,
the landlord can increase his expected return and still obtain ten-
ants by lowering 5. If [I(3) is a globally concave function of §, then
this local analysis is sufficient to ensure that the globally optimal
level of 8 is less than unity.
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Optimal Cost Sharing with vy # 0

The analysis can be extended to more general
contractual arrangements with y # 0 without
changing the qualitative results. Recall that
the contract is chosen to max II subject to V(a,

(o,8,7)
3, v) = V. As before, we can write the inputs x
and e and the mean output, Q, as a function of
the parameters a, 8, and y. Manipulation of
the first-order conditions yields

@) I =d - a)ﬁ(—j%) I;

+ (%) "_,{(1 ~ o)f, — P(1 — ad)}
dy

a5 f/}’
where now the compensated derivatives are
defined by

+{an+

de | _de | dy|  lde (dv
@1 rarar A ay’(da)a
_ox o dy| ox
ER) dd |v oy’

i.e., the compensation occurs through the ad-
justment of the fixed fee, where — dy/dd|y =
oPx. Furthermore, it can be shown that, as

before, at & = B, (8 = 1), the tenant sets
P
(22) x = ==
2 P

Hence, (20) can be rewritten as 8 = 1 as

23) s =

de
(- alf G

dx
+h] a - o)

At 3 = 1 (o = B), w5 will not, in general, be
equal to zero (except if there are no risk ef-
fects, i.e., p = 1, and no incentive effects, i.e.,
delds |y = 0). This implies that, in general, the
equilibrium contract will entail 3 # 1 (a # B).
Under the normal presumption that a com-
pensated increase in the cost share will lead to
a decrease in input, and, if effort and fertilizer
are complements also to a decrease in effort, it
is apparent that for (20) to be equal to zero,

24 (- a)% — (1 - ad) <0,
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which implies that

— P <
S <yt <L

i.e., the cost share should be less than the out-
put share.

25)

Robustness of Results

In our earlier discussion, we employed three
assumptions: (a) the tenant had no outside em-
ployment opportunities; (b) the level of utility
of the tenant was taken as given at V; and (c)
the tenant’s effort decisions were made prior
to knowing the state of the weather g. We
show here why none of these assumptions are
critical.

(a) Outside employment opportunities. As-
sume the tenant can obtain employment else-
where at a wage w. Denote by e, his labor
supply on the outside market and by e; his
labor supply on the farm. Then his income is

(26) Y = agf(e;, x) — Bx — v
+ we; = Y(ey, e, x),

and he maximizes
7 EU(Y, e; + ey).

We derive, from (27), effort and input supply
functions just as before:

e = ei(aw 8: Y W), i= Iy 2’
x = x(a, 8, v, w),

and the equilibrium contract is still character-
ized by the solution to

max[Ist. V=V,

The analysis proceeds just as before, though
the value of the compensated derivatives will
undoubtedly be affected by the availability of
outside work opportunities, the presumption
that B < a remains.'’

13 This result holds whether the tenant must make his outside
employment commitments prior to knowing g or not. It also holds
whether e; is or is not observable; though if it is, and the e, deci-
sion is made prior to knowing g, then the contract will specify a
level of e,. The assumption of outside labor opportunity actually
simplifies the calculations of the value of the compensated elas-
ticities, if w is fixed. Assume, for instance, that g = 1. Then the
first-order conditions are

EUyagf, = —EU, = EU,w, and EUyagf, =
implying if p = 1,

EUBP,

of, = w, f, = PS5,
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(b) Binding utility constraint. Earlier, we as-
sumed that the landlord had to provide a level
of utility to the tenant (with or without outside
employment opportumtles) at least equal to V;
V could be interpreted in two different ways.
It is either the subsistence utility level, or the
competitive equilibrium level, below which
the landlord could not obtain tenants.!® We
further assumed that the constraint was bind-
ing. There are circumstances under which the
constraint may not be binding. This will be the
case if there is unemployment and it does not
pay the landlord to push tenants down to the
subsistence constraint due to the decline in
their output. Then, when the landlord in-
creases 8, he does not have to compensate for
the increase in 8 by increasing a or y. Hence,
at 3 = 1, (19) becomes

28) m = aPx + (I — a)p(-;- - 1)

Cdx
)

where the derivatives are not compensated de-
rivatives. While it remains plausible that an
increase in & reduces x and thus also reduces
e, now the disadvantages of increasing 8 have
to be set against the advantage of the in-
creased revenue (aPx). It is still unlikely that
s = 0atd = 1, but there is less of a presump-
tion that 8 < 1 (B < «) than in the utility
binding case.

(¢) Timing of actions. In the previous sec-
tion we showed that the possibility that fer-
tilizer could be applied after some information
concerning the weather was known (to the
tenant) made cost-sharing arrangements desir-
able. What was critical to that result was the
existence of some asymmetry of information
between the landlord and tenant, an assump-
tion which we view to be plausible; but the
result is robust to a variety of assumptions
concerning the precise timing of inputs. As-
sume, for instance, that some inputs of labor
and fertilizer are provided before u is known

+( - a)Qe%

and (in the case of sharecropping contracts which include also
fixed a fee) independent of the form of the utility function:

de _ —Pf,.
B |y fze.fxx fzxz

16 Elsewhere, we have detailed how one can solve for the com-
petitive equilibrium level of V. In a market equilibrium, of course,
each landlord takes V as given (just as in the standard competitive
theory, each firm takes the wage it must pay as given). See Braver-
man and Stiglitz.

s0asf,20.
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and some after. Denoting the former by sub-
script 1 and the latter by subscript 2, the ten-
ant’s behavior can be described by a simple
dynamic programming problem. Assuming
linear sharecropping contracts {&, B, v}, and
given e;, x;, and u, he chooses e; and x; to
maximize his expected utility, obtaining

29) e; = exu; e, x15 o, B, ),
x; = x(u; ey, x1; o, B, ), and
U= U, xy, e1; a, B, Y)-

He then chooses x; and e; to maximize EU,
yielding

€ = el((!, B’ 'Y)a X1 = xl(a’ Bs 'Y)'

These functions may be substituted back
into (29) to obtain input supply functions
which are simply functions of #, «, B, and .

The equilibrium contract then maximizes
the landlord’s expected return, subject to the
tenant’s obtaining a given level of expected
utility. The analysis proceeds exactly as be-
fore.

All that is critical to the result concerning
the desirability of some use of cost sharing is
that the tenant make some adjustments to his
input of fertilizer after « is observed. Adjust-
ments in effort supply will of course affect the
magnitude of the return to adjusting the input
of fertilizer, but, in general, there will be some
return to adjusting the input of fertilizer to
changed circumstances. (Note that if « is con-
stant, but (a) tenants can work outside, (b) w
is variable, and (c) there is some adjustment of
the labor supply on the farm after w is known,
then cost sharing will also be desirable; the
changed labor input will change the optimal
level of fertilizer input.'?)

Concluding Remarks

In recent years there has been considerable
interest in the analysis of incentive problems,
situations in which one individual (the land-
lord, lender, employer), generally referred to

17 To repeat, what is critical for the equivalence result is that
there be symmetric information between the landlord and the ten-
ant. If, for instance, there is an outside labor market, and some
fertilizer is applied after either outside wages (employment oppor-
tunities) or the state of nature become known, then a contract
specifying levels of input (at each value of w or each value of «)
can do as well as a cost-sharing contract; such contracts are feasi-
ble under the assumption of symmetric information, but not under
the assumption of asymmetric information.
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as the principal, seeks to affect the actions of
another (the tenant, borrower, employee),
generally referred to as the agent, by appropri-
ately choosing the terms of the contract be-
tween them. The interests of the two are
assumed to differ, and it is assumed prohibi-
tively expensive for the principal to monitor
directly the actions of the agent.!® Thus, the
principal must base his compensation scheme
on the outputs (or other observable variables)
of the agent. The prototype of this kind of rela-
tionship is that between the landlord and his
tenant. In this ‘‘new view,”’ sharecropping is
not seen just as an inefficient anachronism
(this last characterization is unjustifiably at-
tributed to Marshall).!® Rather, sharecropping
contracts are viewed as playing an important
role both in sharing risks and providing incen-
tives.

Most of the earlier analysis of the principal-
agent relationships have focused on situations
where the agent has a single variable (effort)
under his control. But in most situations, the
tenant may have several variables—effort,
choice of technique, level of other inputs—
which he can determine. The terms of the con-
tract affect all of these decisions. Analyses
focusing on a single decision may accordingly
be misleading. In addition, the landlord must
consider the impact of other contracts on
the tenant’s control variables. This may lead
to the interlinking of agrarian contracts.
(See Bardhan, Bell and Zusman, Braverman
and Srinivasan, Braverman, Braverman and
Guasch, Mitra, Binswanger and Rosenzweig.)

In addition, the recent literature on princi-
pal-agent problems has stressed the impor-
tance not only of the risk and incentive prop-
erties of alternative contractual arrangements
but also their flexibility, their ability to adapt
to changes in the environment. The discussion
in this paper can be viewed as an important
application of all these general principles of
principal-agent problems.

In particular, we have shown that in the rel-
evant cases where labor inputs are difficult to
monitor Heady’s rule that cost shares and out-

'8 It is in that sense that these problems differ from the team
theory problems.

19 Marshall recognized the importance of share contracts in a
world dominated by market imperfections and the absence of cer-
tain markets. The so-called “‘Marshallian School” of sharecrop-
ping seems to have originated out of a technical footnote rather
than the main text. (See Bliss and Stern, chap. 3, and Jaynes on
this point.)
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put shares be equalized will hold, in general,
only in the absence of risk and incentive
effects. Further, we have shown that cost-
sharing contracts have a decided advantage
over contracts which specify the level of in-
puts whenever there are asymmetries of infor-
mation regarding production technology be-
tween the landlord and the tenant.

[Received December 1983; final revision
received April 1985.]
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