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ABSTRACT

Contracts between landlords and tenants are often characterized by out-
put sharing as well as input cost sharing arrangements. The conventional
wisdom among agricultural economists was that the efficient contract would
entail the landlord paying the same share of the cost of the input that he
received of the output. 1In a first-best world, this rule implies an efficient
application of inputs. However, in a first-best world there is no need to
resort to either sharecropping or cost sharing contracts. Such contracts are
often observed in rural economies of L.C.D.s because of the absence of certain
important markets. In particular as uncertainty, moral hazard and incentive
flexibility problems are crucial in such environments, various cost sharing
rules will emerge as optimal contracts. The incentive flexibility property
of cost sharing rules becomes the critical factor in providing the rationale
for such rules. This theoretical attempt may provide insight into explaining
the observed phenomena of a wider variety of cost sharing rules,



I. INTRODUCTION

Quite often the agricultural output in less developed countries is
produced by peasants working under some form of sharecropping. There has been
a long tradition of concern that with such contracts, not only will peasants
have insufficient incentives to work, and thus effort (labor supply) will be
below the optimal level, but they will also have insufficient incentives to
supply other inputs, such as fertilizer.

A number of years ago, Heady [1947] pointed out that the distortions
associated with these other inputs could easily be corrected: if the landlord
and tenant share in costs to the same extent that they share in output, the
standard marginal cost equal marginal benefit conditions will be satisfied.
(This argument was subsequently formalized by Adams and Rask [1968]). For
then, 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 that tenancy contracts generally do have provisions for
cost sharing (e.g. see I. Singh [1982], chapter 10). At the same time, these
studies have shown that there are frequent departures from the simple rule of
setting the cost share equal to the output share. These departures are
surprising, since the rule of setting cost share equal to dutput share has
both the virtue of simplicity, and, if Heady’s argument were correct, of
efficiency.

The purpose of this paper is to analyze the equilibrium cost sharing
rules under sharecropping. Our analysis suggests that there are several
factors which the simple peasants in the less developed countries may have

taken into account, which the more sophisticated analysis of Heady [1947] and



Adams and Rask [1968] ignored, which explain why cost shares may differ from
output shares.

In a first best world, the equal share rule does imply an efficient
application of inputs. But the very presence of sharecropping itself
represents a significant departure from a first best world; and as always, it
is not obvious, given one important departure from the standard optimality
conditions, that there should not be other offsetting departures. There are,
in fact, two important departures from first best optimality in sharecropping:

(i) the tenant’s alloéation of effort is not at its first best
level and

(ii) the tenant must absorb more rigk than he would, were there a
perfect set of 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,rthe landlord will seek to induce the worker to take
greater effort. If fertilizer (or oﬁher inputs) are strongly complementary 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. The
implications of imperfect risk sharing are somewhat more complicated; the
effects depend critically on the set of instruments available for risk
sharing. Thus, if the landlord can charge a fixed fee for the use of his land
(in addition to collecting a share), and if this fixed fee can vary to
compensate for changes in the cost sharing rule, then so long as a compensated
reduction in the cost share leads to an increase in effort (the lowering of
the tenant’s cost share increases the use of fertilizer, and if fertilizer and
effort are complementary, this will lead to an increase in effort) the cost

share will be less than the output share ../



Thus, the nature of the cost sharing arrangement between the
landlord and the tenant will depend on the institutional environment which is
envisaged. We consider here three polar cases:

(a) 1In Section II, we consider the "standard" sharecropping model;
the sharecropping contract specifies a share of output, «, received by the
tenant, and a share B of costs of inputs which he must bear. The terms of the
contract are, however, assumed to be variable; they are chosen to maximize
the expected profits of the landlord, given a particular level of expected
utility of tenants;Zj

(b) The empirical literature on sharecropping contracts suggests
that, in fact, in the long run the terms of the contract are variable; there
are marked changes in contracts in response to changes in technology. These
changes, however, often take a considerable length of time to occur. Thus
there is some interest in analyzing briefly the optimal cost share given a
fixed output share. This we do in Section III.

(¢) To some readers of an earlier version of this paper, the
contracts analyzed in Section II seemed unnecessarily restrictive. Hence, in
the last Sections we show that the general result, that the cost share may
differ markedly from the output share, is valid under considerably more
general conditions than those analyzed there, although the particular value of
the cost share will, clearly, be altered if we consider more general contract
structures.

To demonstrate this last point we first follow Stiglitz (1974) in
analyzing the set of linear contracts-zf (i.e. we allow fixed fees for the use
of land). 1In that case, of course, if tenants are risk neutral, the optimal
contract will entail a pure rental contract, and the incentive problems with

4
which this paper is concerned disappear;‘J



Secondly, we address the question of whether the contract can
specify the quantity of the input; if a cost sharing rule is used, it must be
the case that the quantity of input is observable. If that is the case,
cannot a contract just as well specify the level of input as attempt to induce
that level of input through some cost sharingirule? We show in Section IV

that if, in fact, linear contracts can be employed (i.e. contracts which

other inputs) are prespecified.

This analysis, however, makes one crucial, and unrealistic
assumption-that the "optimal" level of input can be known at the time the
contract is designed. But more generally the optimal level of input needs to
be changed in reéponse to variations in, say, weather. If these changes in

circumstances are observable to the tenant but not to the landlord‘éj

response to these changes in circumstances. A cost sharing arrangement does

this; a contract whieh specifies a fixed quantity does not. 1In Section V we

environment .
Elsewhere, Nalebuff and Stiglitz [1982] have referred to thig
Property of contracts, that they induce changes in behavior in response to
environmental changes, as that of flexibility. Although our formal analysis
is limited to an examination of "flexibility" of the contract within the
period, e.g. to changes in weather, it ig imporfant to note that there ig a

broader issue of flexibility in response to larger, more significant changes,



e.g. the availability of new seeds or fertilizers, the construction of a dam,
or a marked change in prices. The full implications of these changes are
seldom understood at the time they first occur. A contract which specified
the amount of fertilizer of ome type to be used would have to be renegotiated
as soon as slightly different fertilizers became available: how many units of
the new fertilizer are equivalent to one unit of the old fertilizer. A cost
sharing contfact does not require these elaborate negotiations. Eventually,
as technological changes occur and information about the consequences of new
technologies becomes available as these new technologies are employed, if the
terms of the contract come to differ significantly from the new "optimal"

terms, there will, of course, be a readjustment in the terms of the contract.

IT. THE BASIC MODEL

II.1 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.

, ) ) C1s X 5y
The tenant determines his labor effort input, e, and fertilizer input, X,
taking into account the terms of the contract as given. The terms of the
contract include his output share, ®, and his cost share, B. The production
function is concave in the two factors of production, effort and fertilizer.
Output is uncertain due to theichanging states of nature. For simplicity we

model uncertainty in multiplicative form. Hence, the tenant’s income, Y, is:
Y = agf(e,x) - BPx

where g denotes the non-negative, multiplicative 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. The tenant

maximizes his expected utility of income and labor effort, i.e.,

max EU [Y(e, x), e] = V(a, B) (1)
e,x

The two first-order conditions can be rewritten as:

EU,g g
=By, 1 _pgP '
fx =q ¥ EU1 ap (2)
and
P ) L (3
e «a EU, T ap EU,

where p = EUlg/EUl is the risk premium. factor satisfying 0 < p < 1 since
Cov Uy(g)g < Ol” For risk neutral tenants, p = 1, and for infinitely risk
averse tenants p = min g.

Conditions (2) and (3) imply the fertilizer and effort supply
functions x(«a, B), e(a, B).By substituting x(a, B) and e(a, B) into (1) at the
optimum we obtain the tenant’s indirect utility
function EU{Y[e(a,B), x (a,B)],e(a,B)} =V(a, B).

We assume that the tenant has an alternative occupation yielding a given
expected utility level V. Thus, in order to accept a tenancy position, he
requires that V(q, B) >V . For the remainder of the discussion, we shall
assume that the utility constraint is always binding. (In general, this need

not be the case,and there are straightforward modifications to our analysis).



I1.2 The Ilandlord’s Problem

When the utility constraint is binding the landlord’s problem is to
search over the set of contracts (here, defined by a and B ) which yield the
same V, for the contract which maximizes his expected utility. In this
maximization the landlord takes into account the responses of the tenant-in
terms of effort and other inputs-to changes in the contract .8/ For simplicity
we assume that the landlord is risk-neutral and, therefore, maximizes his

expected profits. Since Eg = 1, we can write the landlord’s problem as:

max II = (1 - a)f(e, x) - (1 - B)Px (4)
(a,B) '

subject to
V(a, B) =V . v (4a)

The landlord’s controls are the output share, a, and the cost share, 8.
From the utility equivalence constraint, we can derive the relation a(B)
which implies the pairs of output share and cost share, maintaining the tenant

on his iso-utility V. Substituting a(B) 1into (4) we obtain:

max [(B) = {1 - a(B)} £{e(B), x(B)} - (1 - B) Px(p) (5)
B
From the first order condition of (5) we can derive the cost-sharing rules.

We assume that I < 0 for the existence of the maximum.

P8



II.3 Cost—-Sharing Rules

Case 1: The Equal Shares Rule: Neither Risk Sharing nor Incentive

Effects
Consider first the cage where there is no effort incentive effect,
i.e., effort supply is perfectly inelastic at e = ¢ and there is no
uncertainty i.e., o = 1, Under such a Structure, the tenant’s first order

condition (2) becomes
£ =8 o, (2%)
a

Deriving the first order condition from (5) where e = e, we obtain:

o=l -of -a-perx| -3y L p.y (6)

P X Blg dpls

Total differentiation of V(a, B) = ¥ implies-%% - =R%— »  Substituting this
7 :

relation and (27) into (6) we obtain:

dg a

v

ﬂ={<—1——-5‘lﬁ—-(1—pa)}PxBf =0 (7)

Equation (7) implies that the optimal solution is ¢ = B. Clearly thé first
‘order condition (2°) then becomes fX = P which is the first-best rule for the
applicatiqn of fertilizers. This rule states that the tenant’s internal price
for fertilizer,«% P, equals the external market price P. Hence, the

following proposition (first derived by Heady [1947]):

Proposition 1: In the absence of both incentive and risk-sharing effects,
the landlord will choose his cost share in the fertilizer input to equal his

output share, i.e., ¢ = B.



Case 2: No Incentive Effects: Only Risk-Sharing Effects

Consider now the objective function (5) with the absence of
incentive effects, i.,e., e = E, but with the presence of output uncertainty
g. The tenant’s first order condition with respect to fertilizer includes the
risk premium factor as specified in (2). In addition,~%% also includes the

do 1 Px

risk premium factor p, i'e"'EE - =~E-f— + Evaluating the first order
v

condition at the point a = 8 and collecting terms, we obtain:

nl = &-1 - @Pxg| - Px] (8)
B’a=3 p 5
Since p < 1, a sufficient condition for HB <0 is for xB _<0.
v

Now since x(B) = x{a(B), B},

- Ox da ox (9)

Xﬁ_aa?gg+5—ﬁ

(This is a compensated change in the input share).

It is clear that-§§ the direct effect of an increase in the tenant’s cost

0B’
share on his fertilizer input, is negative; increasing the internal price of
fertilizer will reduce fertilizer usage by the concavity of the production

ox da
da dp’

%%l_ is clearly positive, and if fertilizers and effort are complements in
v

function. The indirect effect, can go in the other direction since

production an increase in the output share « may increase the fertilizer
input. However, as long as the direct effect is stronger than the indirect

.effect, p:4 l < 0. Thus, under this condition IJ < 0. Since II,_ < 0,
Bl ! g=q BB
for I, = 0 to be satisfied, the tenant’s cost share B must be less than his

8

output share, «. Hence:



Proposition 2: 1In the presence of uncertainty with a perfectly in elastic

supply of effort (labor) by the tenant, (i.e., no incentive effects in the
effort supply), and when the tenant is risk-averse while the landlord is risk-
neutral, the landlord will choose the tenant’s cost-share § to be lower than
the tenant’s output share ®, i.e., 3< a, provided a compensated increase in
input share leads to a reduction in the input.
Remark: The internal price of fertilizer is therefore-g P < P. The risk-
neutral landlord subsidizes the tenant’s fertilizer price in order to
compensate for the under supply of fertilizer due to the risk aversion of the
tenant.

in the appendix we derive several sufficient conditions
for x‘3 _<20.

\'

(1) Provided risk is not too large, inputs are always reduced.

(i1) If the individual has constant absolute risk aversion, inputs
are reduced.

In addition, for the case of constant relative risk aversion we
obtain the stronger result that as risk aversion increases, B8/a is

monotonically reduced, i.e., the landlord increases his share of the cost

relative to his output share.,

Case 3: Only Incentive Effects

In this case, since there is no uncertainty, p = 1. However, the
landlords cannot monitor or enforce the tenant’s effort supply. Hence, the

first order condition of (5) evaluated at o = B becomes

=B € B’V

i

I i = (1 - g)f e | (10)
a

Hence, the following proposition:



Proposition 3: In the absence of uncertainty, but where effort supply is

elastic (i.e., there is an incentive effect) the landlord will choose the

tenant’s cost share B to be lower (equal, bigger) than the tenant’s output

share, a, i.e., B~i a, as e,: L 0.
> Bz >
vV
!
i de dal de
e ~-=——-J'_+-—— (11)
BJV da dB‘V B

Again we have to evaluate‘the direct and indirect effects, but now there is no
clear presumption concerning the sign. The compensated increase in a does
tend to increase effort; but the increase in the cost share reduces the
inputs, and the reduction in these will (if x and e are complements) tend to
reduce effort. Indeed, in the special case of a Cobb-Douglas production
function effort is left unchanged, so « = B. For the case where there is a
low elasticity of substitution (high degree of complementarity), eB;_ <0

so B < a. (See Appendix). v

Case 4: Presence of Both Risk-Sharing and Incentive Effects

In this case, the first order condition of (5) evaluated at aq = B

becomes
Tl = G- 1 - )P, } St (- wofe | o (2)
a=p P v |7
From the preceding discussion arises the following proposition:
Proposition 4: In the presence of both uncertainty and an elastic effort

supply, B < a@ only if the incentive effects are such that (a) esf <0 or
7
(b) the positive incentive effects are dominated by the negative risk-sharing

effects.



IIT. FIXED OUTPUT SHARE

The previous section analyzed the equilibfium cost sharing
arrangement in the long run, when the output share can be adjusted to
compénsate for changes in'the cost share. In some circumstances, the output
share may be fixed by social norms or legislation; or even if variable, it may
adjust slowly. In this section, we ask, if the output share is fixed, what
cost sharing rule maximizes landlords expected income?

Formally, we simply

max II

{s} |
This differs from our earlier analysis in two respects: there, we had two
controls, a and 8, and we had a utility constraint (4a); now we have a single

control, B8, and ignore the utility constraint .3/ The solution to this

problem is straightforeward; we require

oIl Oe 0x ox '
28 = (1 - a)(f, §§~+ £ 559 - P(1 - B) 38 + Px =0

Ay

At @ = 8 we have, as before, (eq. (2))

£ =2
X P
so that
O _ oy - fe Ll ,
38 a=3_‘(l a) [fe 58 + (p 1) Y ] +Px =0 (13)

An increase in B normally will reduce X, and hence e, so the bracketed term of

(13) is negative, while the second term is positive. It is clear that



although there is a strdng presumption that « # 8, one cannot, without
further assumptions determine whether q % B. If, for instance p = 1 (risk
neutrality), and effort is relatively inelastic C%% is small), then B > «.
Thus, in this case even though the landlord could lower B, without loosing
his tenant, it is the incentive effects which keep the landlord from reducing

the cost share.

Iv. A BASIC EQUIVALENCE RESULT

In this section we establish two results. First we show that the
analysis of section II can be extended to rather more general contractual
arrangements, without changing qualitatively the kinds of results obtained
(although the precise value of B, the cost sharing rule, will, in general be
different). Secondly, we establish an equivalence result similar to that
established in the earlier literature on risk and sharecropping (Stiglitz
[1974]). There it was shown that by mixing rental and wage contracts, tenants
could reduce the risk they faced in exactly the same way that a sharecropping
contract reduced risk: sharecrqpping contracts were ;hus shown to be
unnecessary. Only when incentive considerations were introduced could
sharecropping be explained.lg/' Here, we show that one can construct contracts
which specify inputs and contracts with cost sharing which are equivalent;
within the context of the model analyzed here, cost gsharing is completely
unnecessay. The resolution of this paradox is provided in Section V.

IV.1 Linear Sharecropping Contracts

We assume now that a sharecropping contract is specified by a, the
share of output received by the tenant, B the share of costs of inputs which
he must pay, and y, a fixed payment from the tenant to the landlord (may be

positive or negative),



The expected income of the landlord is now

I=(1l-a)f -P(1l -8)x+7 (14)

while the expected utility of the tenant is now

max EU[(agf —‘BPX -Y), el =V(a, B, V) (15)
e,x

The contract is chosen to

max I v (16)
(a:B’Y) ’

subject to
V(a, B, ¥) >V (17)

This problem is a straightforward extension of that analyzed in section IT and

yields the following first order conditions:

de dx o OX
a/ag ~E+ (1= a(f, 224 ¢ ) = P(1 - = EU g

AL e da¢ ' "x da B __ 3V/da (18)
oll/3y . _ e X, _ay X EUC T ¥V/3y
1+ (1 a)(fe oy +_fx aY) P(1 B) oy 1
' de dx A%
dI/28 Px + (1 - a)(fe 3—6—4- fX '6—6- ) - (1 - 8) ﬁ av/ag

= = Px = (19)
dml/dy de ox | o av/ 3y
1+ (1 - a)(f, P iy ) ~RU-B) By

At a« = B, the tenant sets

f =‘§- (20)



Hence

, (19) can be rewritten as

[N
[t9
[a ]

ax

£ = +f_ 5 (1-p) =0 (21)
e df 5 'z df g e
The normal presumption is that é% _ <0, while %%3_ can be of either
v v
sign. If de - < 0 then clearly 8 > a; if de ;. > 0 and p is near unity,
g 7 B 5

then B < «. Clearly, it is much more likely that B > a than in our earlier
analyses.

Iv.2 Direct Control of Fertilizers’ Input

Consider now the problem of the landlord who can control x

directly. He then

max I = (1 - a)f - Px + y (22)
@, X, v}

s.t. EUCagf - y,e) > v
where the landlord takes into account (as before) the response of effort, e,

to the terms of the contract (eq. (3), above). Thus, the first order

conditions are:

- DOe
a1 /.QE ) f+ 1 -0 f. 3 _ EU; fg _ ov/oa (23)
da ' dy L+ (1 - £ de EU, ov/dy

e dy
L o S L N L (269
T 1o : %3 ED) V/ oy



It is easy to show that in fact the solutions to (16) and (22) are equivalent
in.the sense that for a given level of V, o= max II is the same. Moreover,
incomes of tenants and of landlords in each state of nature, effort level and
inputs are all the same under the the two problems. To see that, denote by

carets the solution to (22) and by asteriks the solution to (16). let

a =q (25a)
% ~ L% A

Y =Y-8 x0pP (25b)
x apfx

B = P (ZSC)

Recall the tenant’s firgt order counditions (2) and (3) and rewrite them with

asteriks, i.e.

a* p* f; = Pp* : (26a)
and
EU2
a* pk f: = - (26Db)
1

To establish our result, all we need to do is to show that if

* - .
X =x (27a)
and
* ~
e =g (27b)

x k%
both (26a) and (26b) are satisfied; i.e. the contract (e, B, ¥ ) generates

the same level of fertilizers and effort as the contract which specified the

fertilizer input, x, directly, in addition to (ay vy ). But this result is



*
immediate; if x = x , e = e then by using (25a) and (25b) we obtain

% =Y for every state of nature (28a)

From this follows

~ *
o =p (28b)
Hence
* *f* A“E
a p ap %
X X
= 29
5 5 B (29)

The first equality follows from (25a), (28b) and (27). The second equality
follows from (25¢). Thus (26a), the first order condition for fertilizers is
clearly satisfied. It is then immediate that (26b) will be satisfied. Given
that e* = é and x* = ;, it is immediate that the landlord’s profit under the
contract described by equations (25) is identical to that with the optimal
cost sharing rule in each state‘of nature. Thus, indirect control of inputs

through cost sharing is just as good as direct control, provided the other

terms of the contract can be adjusted appropriately.

V. COST SHARING AND INCENTIVE FLEXIBILITY

The previous section made it clear that the issues of cost sharing
cannot really be adequately addressed within the simple framework which we
have employed thus far. Just as sharecropping cannot be understood without
taking into account consideration of incentives, so too here: an important

issue in cost sharing is not only the level of incentives but their



flexibility, their ability to allow for adjustments in behavior response to
changes in the environment. Thus if the landlord and the tenant have
identical information we established that it made no difference whether the
landlord specified the level of inputs or adopted the appropriate cost sharing
arrangement. Assume now that there is some aspect of the technology which
varies, say, with the weather which affects the productivity of an input such

as fertilizer. Thus our production function is now

Q= f(e’ ux)g (30)
where u is a random variable (normalized to have mean of unity) which is
observable to the tenant but not to the landlord. Moreover the tenant 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)

uf =p (31)

However, with cost sharing and sharecropping under risk aversion, (31) becomes
aupfx = BP (32)

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

higher. It is easy to modify our earlier formula to show that in general « is
still not equal to B. We can also show that in general, at least some form of
cost sharing (as opposed to direct controls) is desirable. Assume that the

landlord provides input x,, but sets B = 1 for purchases in excess of X -



let us then calculate the compensated derivative with respect tof
at B = 1.Denoting by % the private (non specified) purchase of the

input, we obtain

~ de %
E[x P+ (1l - a) (fe + ufX )]

anjas = of of < ExP (33)
dI/dy ~ ’
de 0x
E[1 + (1 - o) (f, oy T uEe By )]
i de | X | i ~
provided 38 j_fe +-§ 1—fx < O and provided for each u x > 0
v Y '

while

QV/OB . pgp (34)

dV/dy

Hence with perfect information (no variability im u) X = 0, and (33) and (34)
will be equal. But with private purchases {(for u large enough) it always pays
the landlord to lower B below unity to induce the tenant to purchase more

fertilizers.

VI. CONCLUDING REMARKS

In recent years there has been considerable interest in the analysis
of incentive problems, situations in which one individual (the landlord,
lender, employer), generally referred to as the principal, seeks to affect the
actions of another (the tenant, borrower, employee), genefally referred to as
the agent, by appropriately choosing the terms of the contract between them.
The interests of the two are assumed to differ and it is assumed prohibitively

expensive for the principal to monitor directly the actions of the agent.il/



Thus the principal must base his compensation scheme on the outputs (or other
obsarvable variablés) of the agent.

The prototype of this kind of relationship is that between the
landlord and his tenant. In this "new view" sharecropping is not seen just as
an inefficlent anachronism (this last characterization is unjustifiably
attributed to Marshall 12/). Rather, sharecropping contracts are viewed as
playing an important role both in sharing risks and providing incentives.
(e.g. see Stiglitz [19741).

Most of the earlier analysis of the principal agent relationships
have focused on situations where the agent has a single variable under his
control (in the sharecropping model, effort). But in most situations, the
tenant may have several variableg — effort, choice of technique, level of
other inputs =- which he can determine. The terms of the contract affect all
of these decisions. Analysis focusing on a single decision may accordingly be
very misleading. In addition, the landlord may consider the impact of other
contracts on the tenant’s control variables. This may lead to the inter-
linking of agrarian contracts. (See Bardhan [1980]), Bell-Zusman [1980],
Braverman-Srinivasan [19811, Braverman—-Stiglitz [1982] and Mitra [1982]).

In addition the recent literature on principle agent problems has
stressed the importance not only of the risk and incentive properties of
alternative contractual arfangementé, but also their flexibilitz, their
ability to adapt to changes in the environment (Nalebuff and Stiglitz
[1982]). The discussion of this paper can be viewed as an important
application of all these general principles of pPrincipal-agent problems.

Our analysis has been directed towards two questions: why 1is cost
sharing used at all; if cost sharing is used, the input must be observable,

and if it is observable, why does not the contract simply specify the level of



input? And why, if it is used, are such a variety of cost sharing rules
employed? Why, in other words, is not the simple rule of equating the cost
share to the output share, which would seem tec equate the marginal benefit of
the input to the marginal cost, always employed.

In answering these questions we conduct our analysis in two parts.
In the first part we allow only proportional sharing rules, while in the
second part the contract includes also fixed fee component. We know from
contract theory that mere optimality considerations (ignoring transaction
costs) will always imply that contracts be non-linear. Cleary, it is also the
case that linear contracts will be preferred to proportional comtracts.
However, there is substantial evidence (see Singh [1982] , chapter 2) that
often in IDC’s rental contracts between landlords and tenants are either of
the form of pure fixed rents or pure share rents. In the environments
characterized by sharecropping, there is also a wide empirical documentation
regarding arrangements of costs sharing. e.g. Marshall [1920, p. 645] notes
the existence as well as the usefulness of the practice of sharing inputs in
the United States and France. Studies by ladejinsky [1977] and Rao [1965]
report a 50:50 equal sharé rule to be prevalent in India, while Ashok Rudra

[1975] documented a wider variety of cost-sharing arrangements in West
Bengal. Therefore, in the first part of the paper we provide some insights
into why such vétiety of cost sharing rules are observed.

In particular we show that when there is cost sharing, setting the
cost share equal to the output share will be optimal only if (a) there are no
incentive effects associated with the use of the input; otherwise an increase
in the input of fertilizer may lead to an increase in the supply of effort;
because of the sharecropping contract, individuals are supflying too little

effort, and hence it may be desirable to subsidize fertilizer to partially



offset the distortion wirh respect to the labor supply, i.e. B < a; and (b)
if fenants have the same degree or risk aversion as landlords. However, if
landlords are risk neutral, but tenants.risk averse then by increasing the
cost share one can write.a contract which generates the same expected utility
to the tenant, but increases the expected profit of the landlord.

In the second part of the paper we allow fee landlord both to
specify the level of input and to use a fixed fee component in the
contract .13/ Even in such a framework some degree of cost sharing (as opposed
to complete specification of inputs by the landlord) is preferable, so long as
there is some variability in the productivity of the inputs, and so long as
the tenant has better information concerning the productivity than does the
landlord. If the landlord and tenant have identical information, 14/ then the
appropriately designed cost sharing arrangement is equivalent to complete
specification of the inputs by the landlord.

In concluding we should restate that we have not provided in this

of sharecropping-that this contracts ipvolve simple proportional sharing rules
(i.e. they are not non-linear and they do not include fixed fees). one
explanation for the absence of fixed fees may be that quite often tenancy
contracts are interlinked with credit contracts, and the fixed interest
component of the interlinked loan contract is equivalent to a fixed fee in the

rental contract, and thus make such additional fixed fee unnecessary.



APPENDIX

Effects of Cost Shares on Effort and Inputs

The two first order conditions for the problem (1) are:
EU1 [agf - BPx, e] (agfX - BP) =0 (A.1)
EUl[agf - BPx, e]cnge + EUz[agf - BPx, el = 0 (A.2)

Taking the total differential of (1) and (2), we obtain (letting a = a(B), by

the utility equivalence relation)

L)
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Two special cases:
(a) No effort elasticity. Then
dx. 2 0 e [EUlng%x _ EUllY%X - (fxx PN 2 0
dBl‘{; EUlg ‘ EU £

1

The second term is always negative. In the absence of uncertainty, the first



term is zero. The first term is negative with constant absolute risk aversion

if the variance of g is small, since EUlle = - AEU4Y, = 0

where A = - Ull/Ul is the measure of absolute risk aversions
= - Y 0

and EUlng% AEgU1 . <

Thus, provided risk is not too great or risk aversion does not change too

rapidly,

dx
ag < 0.
With counstant relative risk aversion and separable utility

functions, we can write (A.l) as

R (g

E(% gf - Px) 3

gfx - P) = 0.

Taking the derivative with respect to R, we obtain

a -R ,a a
- E(=gf - P —gf - P) n (= gf - 0
since
d(%gf-Px)‘ « d%
dg' = E—f > 0. Hence Eﬁ < 0.

(b) No risk. Then at «

1
w

de £ fex fxx 2
EE') 0 as a[fXx - - (—g— - 1) fek} < 0.



Recall the definition of the elasticity of substitution

f £
__ex

ff ’
ex

fxx
and let S = share of factor x = 5 and
£
n=-% Xx , the price elasticity of the demand for factor x.

Thus

de

2 il P
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For a Cobb-Douglas production function f = x X &, Hence,

and
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There is, effectively, no risk impact of a compensated change in the
cost share. However, if landlords do not charge any fixed fee on the
use of their land, then even when there is no incentive effect, the cost
share may be less than the output share, because by lowering the
tenant’s cost share, the tenant’s output share can be lowered (keeping
the individual at the same level of expected utility) and this will
reduce the risks that he faces.

Thus, the problem here can be viewed as that of characterizing the
constrained pareto efficiency contracts, where we take the form of the
contract as given. The fact that the contracts are constrained pareto
efficient, in this particular sense, does not, of course imply anything
about the constrained pareto efficiency of the economy as a whole. If
there is more than one commodity, the market equilibrium will not in
general be constrained efficient. See, for instance, Hart [1975],
Stiglitz [1982] and Newbery-Stiglitz [1982].

Clearly if rents are paid at the end of the period, and there is some
probability of default, then there are still important incentive
problems. See, Stiglitz and Weiss [1981].

One could, of course, consider the more general case of non-linear
incentive contracts; We do not do so here for two reasons: first, most
of the contracts obsérved do seem to be of the simple linear form
investigated here; secondly, to do so would simply complicate the
analysis, without altering the basic qualitative conclusions. For a
general discussion oé non—iinear incentive contracts, see Stiglitz

[Forthcoming].



All that is really required is that there be differential information

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.

Henceforth fertilizers will be used as an example of raw material input.
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.

Such an equilibrium (explored in Stiglitz [1974]) is accordingly
sometimes referred to as a utility equivalent contract equilibrium. See
Braverman—-Stiglitz [1982] and Braverman—-Srinivasan [1981] for further
discussions of both utility equivalent and non-equivalent contract
equilibria in rural developing economies.

It should be obvious that there are a large number of other possible
variations around this theme. Both here and in the previous section, we
have taken plot size as given. This too could be taken as a variable.
See, for instance, Braverman-Stiglitz [1982]. Here, and in the
preceeding section, we have taken the fixed rent component as invariant
(as set, for simplicity, at zero). In the next section we allow this
too to be é control variable.

Transaction cost differences provide an alternative possible
explanation, see e.g. Cheung [1969].

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

Marshall [1920] recognized the importance of share contracts in a world
dominated by market imperfections and the absence of certain markets.

The so—called "Marshallian School" of sharecropping was originated out



13/

14/

of a technical footnote rather than the main text.. (See Bliss-Stern
[1981], Chapter 3, and Jaynes [1982] on this point).

For completeneés, we should, perhaps, have dealt with the case of
proportional contract with direct specification of inputs by the
landlord. However, the analysis of this case is straightforward given
the framework provided in the main text.

They both know the state of nature. We require, in addition, that it
must be possible to write a contract which is contingent on the state of
nature. This may not be possible, not only because of the inherent
complexity of the contracts which would result. To write contracts with
the terms of the contract contingent on the state of nature, this state
must not only be observable, it must be verifiable. The landlord and
the tenant may both "know" that the weather has been good, bug the
tenant may claim that it has not been good; for the contract to be
enforceable, it must be possible for there to be third party
verification. Alternatively, the contract can be designed so that
informedvparties to the contract have the incentive to reveal the
information, i.e. they satisfy certain self-selection or incentive
compatibility constraints. These considerations imly that even if there

were symmetric information, cost sharing may still be desirable.



