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1 Introduction

Following the seminal paper of Townsend (1994), the empirical testing of whether or not
markets are complete in village economies have proved to be a fertile and valuable line
of research. It led to a better understanding of market failures and a better targeting of
households in the village who are most affected by these failures (Deaton, 1990, Morduch
1995, 1999, Fafchamps, 1997). These results were paralleled by tests of complete markets in
developed economies at the aggregate level (see Attanasio and Rios-Rull, 2001) and the micro
level (Cochrane, 1991, and Mace, 1991). In both literatures, most papers report rejections of
the null hypothesis of complete markets and much effort is now put on looking at alternative
credible models of partially insured agents. This is where the two literatures, the one in
village economies and the other in developed economies, depart (Mace, 1991, Attanasio
and Rios-Rull, 2001, Dubois, 2000). Because village economies seem a priori to be less
prone to imperfect information problems, the models that were developed in that literature,
put emphasis on contract enforcement. Village economies lack institutions that are able
to enforce the whole set of contracts that would permit complete risk sharing. Villagers
are bound to enter agreements that are informal. These informal contracts can be Pareto-
improving because they permit risk sharing but they also need to be self-enforced (Thomas
and Worrall, 1988, Coate and Ravallion, 1993, Fafchamps, 1992, Kimball, 1988). The latter
requirement restricts the set of informal agreements which may not be rich enough to lead
to complete risk sharing in the village. A few recent papers show the empirical credibility of
such alternatives in static or dynamic cases (Ligon, Thomas and Worrall, 2000, 2002).
Although these self-enforcing contracts play their part in sharing risk within extended
families or within networks of households formed by kinship, ethnicity and so on, (Grimard,
1999, Fafchamps and Lund, 2000), some contracts may be much easier to enforce. In par-
ticular, sharecropping and fixed rent formal contracts are commonly observed in villages of
LDCs and their role in allocating risk have been repetitively emphasized. It is why in this

paper, we consider the case where both types of contracts co-exist. Risks that households



face are of many kinds. Because formal enforceable contracts on production are observed,
we take the assumption that formal contracts on production are possible that is we assume
that some subset of the set of states of nature are observable and verifiable. Other states of
nature however may not be contractible like those related to health problems or to returns
to individual activities. Hence, formal contracts are allowed to be contingent on agricultural
risk while other risks can only be shared through the use of implicit informal agreements that
need to be self-enforced. Of course, informal transfers and contracts can also be contingent
on verifiable risks. Informal agreements are decided given the formal agreements and would
explain why formal contracts are accompanied by informal transfers that can attenuate their
effects in bad states of nature (Udry, 1994).

Generally speaking, modeling formal and informal transfers amounts to take seriously the
problem of the ex ante diversification of risks that households routinely perform and that,
as we will show, makes income endogenous. Random shocks affecting preferences that are
observed by the household but unobserved by the econometrician can also determine income.
The interpretation of the test of complete markets may therefore be different. It is quite
similar to the common case of non separability between leisure and consumption, leisure
being determined by random shocks and determining income. It goes however through a
different route closer to an insurance mechanism.

We construct a theoretical setting which nests the case of complete markets when all risks
can be insured by formal contracts (because all states of nature would be verifiable) and the
case where only informal agreements are available. We derive two equations of interest, an
Euler-type equation of consumption dynamics and the equation of determination of the
formal contract. This theoretical model proves to be quite general and makes a new step in
the modelling of incomplete risk sharing with formal (enforceable) and informal (that needs
to be self-enforceable) contracts.

Then, we study the semi-parametric identification of the model and show how to imple-

ment an empirical estimation. We estimate both equations using data of village economies



in Pakistan. This setting yields a richer test of complete markets since we are able to cope
with the problem of endogeneity of income using the structural model.

The paper is organized as follows. Section 2 presents the theoretical model and the
main propositions obtained. Section 3 studies the theoretical identification and econometric
estimation of the model. Section 4 presents the data used and the empirical estimation

results. Section 5 concludes and appendices are at the end.

2 Theoretical Model of Risk Sharing with Formal and
Informal Contracts

Consider an economy with two agents and states of nature indexed by o for datet =1, ..., cc.
At every date the state of nature o; belongs to some finite set ), and the distribution of o is
i.i.d. We denote by ¢ a generic element of €2 and by 7, the probability of state . Assume that
the income process of agent i is z! in state o, the total resources being z, = 2! + 22. Agent
2 has a fixed Von-Neuman Morgenstern utility us(.). To account for random preferences in
the empirical analysis, we assume that the utility function follows some stochastic process.
The utility of agent 1 at date ¢ is equal to uy(.) = mui(.), where n;, = 1, n, = &mn,_;.
&; stands for random preference shocks and is independently and identically distributed
(i.i.d) with mean 1 and positive variance and whose support is an interval of R*. We assume
that n, is observed by the two agents at the very beginning of date ¢t before endowment
shocks o; that are observed only at the end of period ¢. The ex-ante utility of agent 1 is
then E [ 52, 8" 'nyui(c})], while it is E[Y;2, 8 "ua(c?)] for agent 2. As there are only
two agents, we assume that the second agent have non-stochastic preferences. As we show
below, what matters are ratios of marginal utilities and this assumption is therefore a simple

normalization.?

2The analysis can be extended to accomodate additional shocks on preferences and resources (see the end
of the theoretical section).



The ex-ante utility of agent ¢ under autarchy v}, is (using E(n;) = 1 and ¢} = 2. ):

Vi=1,2:v, = mgﬁauz(zé)

Consider the benchmark case of complete contracts. In this case optimal insurance is
achieved. The consumption in date ¢ depends only on the realization of total resources
and according to Borch rules, for all states the ratio of marginal utilities is the same. Thus,

under a full contracting setting, the stochastic dynamics of consumption is given by

(ct)
()

Now, we introduce limitations on the possibility for agents to sign formal contracts. Incom-

M1 Ull(ctl+1> U

!/
1
me up(ci) U

pleteness is modeled here by two restrictions.

1. Contracts are short term and they are signed at the beginning of the period for the on-
going period. Thus, prior to the realization of the period shocks but after the realization
of preference shocks, individuals can sign a contract on how resources will be shared. At
this stage they are not allowed to contract on the sharing of income for the subsequent

periods.

2. Second, contracts cannot be contingent to all components of the states of nature o, but
only to some sets of states of nature. There is a set of events s € S, where S is
a partition of 2 and s is interpreted as random shocks affecting the realization of
some (say “agricultural”) production that is verifiable. We denote 7, the probability
of event s: my = > .. 7,. The formal contracts specify a reallocation of resources
between agent 2 and agent 1 which can be contingent only on s in the current period.

A contract is thus represented by a vector T' = (t1, ..., tg) of transfers. We assume that

T belongs to some set 7 = x,[t,, ], where t, < 0 < £,.3

The model extends Gauthier, Poitevin and Gonzalez (1997) by allowing to account for

random preferences and formal contracting on verifiable production. In Gauthier, Poitevin

3For what follows what really matters is that 7 has a lattice structure.



and Gonzalez (1997), only one ex-ante transfer is allowed such that it corresponds to the
case where S = 1 and one agent is risk neutral. Because of convexity issues we will allow
for some randomization beyond the fundamentals*. We assume that at every period, there
is a public random variable, ¢;, the intrinsic shock, that is uniformly distributed and whose
realization occurs at the beginning of date t. The precise timing of realization of the various

events within period ¢, is the following.

e At t: the random preference, 7,, and intrinsic shock, ;, are realized and observed by

both agents. The contract T; € 7 is signed, valid for period t.

e At t+ 1/2 : the income shock, state oy, is realized and observed. The contract T; is
enforced. However, the parties are free to complement it by voluntary transfers. Then

consumptions take place.

To fix idea, one can assume that at date ¢, agent 1 makes a take-it or leave-it offer T; to
agent 2. If the agent 2 rejects the offer then no contract is signed for the ongoing period.’

With such a timing, current preferences are known when the contract is signed. The
contract 7; can thus be contingent on 7,. Moreover the random component ¢; allows a
stochastic link between the taste parameter and the contract.

With such a formulation we obtain the standard model of informal risk sharing when
no contract is feasible (as a limit) like in Thomas and Worrall (1988), while Gauthier,
Poitevin and Gonzalez (1997) corresponds to the case where S = 1, and the complete
markets hypothesis when S is the set of individual events {c}.

Let Hy = (01,..,0¢-1,M1, --sMys €1, --,€¢) be the history of the states of nature up to ¢,
and hy = (01, ..,04, 1, -, My, €1, -, €t) = (Hy,0¢) the history up to t + 1/2. An allocation is

a random consumption profile ¢! and contract profile T; that is measurable with respect to

4The reason is that the value function may not be concave, see Gauthier, Poitevin and Gonzalez (1997).
They assume that the value function is concave because they cannot prove it. However we show that ran-
domization over utilities is enough to obtain a convex program even with a non-concave value function.

SFor the analysis, the precise bargaining game is not important, apart from the fact that it may affect
the minimal equilibrium payoff of the agents for low values of the discount factor. An alternative would be
to assume that there is a planer who propose the contract.
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history: ¢! = c(h;) and T; = T'(H;). The allocation is feasible if in all states, ¢} +c? = 2z; and
T,eT.

The expected utility of the agents are then
vt = FE Zﬁtflntul (ctl)]
L t=1
v = E ZﬁtfluQ (cf)]
L t=1

Because of the presence of the random taste parameter, our model is not truly a repeated

game. However, it is stationary in the sense that the sub-game starting at date ¢ is identical
to the game starting at date 1 up to a renormalization of utilities. To see that define the

expected utility at the beginning of date ¢ normalized by 7, as v}:

v = E ZﬁTl%ul (ctr1) |Ht]
Lr=1 t

v = E Zﬁ“lug (i) | Ht] .
L r=1

Notice that
"Utl = F {ul (c%) +ﬁ%v§+l | Ht]
t
v = Elu(¢) + Bupyy | Hi

Now consider the subgame starting in date ¢ with 1, known and expected utilities v{. Denote
ot = % Given that % = €44ry1 18 1.1.d., the distribution of {fﬁ}TZl is the same as the
distribution of {T]T}T21 . Thus the subgame starting at date ¢ is identical to the initial game.
This means that the sets of equilibria of the two games coincide. In other words, using
normalized utilities v} we can solve the game using the same tools as for a repeated game.
In particular there are minimal and maximal expected utility levels of agent 7, denoted
v’ and 7%, that can be supported in equilibrium (up to the normalization). In the case of

bilateral limited commitment, the allocations has to be self sustainable. In order to prevent

a party reneging on the agreement, it is optimal to coordinate in such a way that if agent



i deviates, the equilibrium that follows is the worst equilibrium for agent ¢. In other words
one should apply an optimal penal code as defined by Abreu (1988) and Abreu, Pearce and
Stacchetti (1986, 1990). When no contract is feasible, this means that the agent will receive
its autarchic consumption. With short-term contracts however, autarchy may not be an
equilibrium outcome for low discount factors.® Fortunately to solve and estimate the model,
we don’t need to derive the maximal punishment. For what follows, all that we need to
know is that the minimal utility that a deviant agent can obtain from date ¢ on is v; = v'
for agent 1 and v? = v? for agent 2.

It is shown in appendix that with the take-it or leave-it bargaining game, then v? is
indeed the autarchy level vZ, while v* coincides with v} when 8 > 1 (to be included).

Since the game is one with symmetric information, an allocation can be supported in
equilibrium provided that at any point in time both agents prefer to abide to the informal
agreement rather than to renege and be punished by receiving his minimal equilibrium utility.

Thus at date ¢, it must be the case that the agent is willing to sign the contract”
v >0, (1)

and at date ¢ + 1/2, the agent must prefer to make the informal transfer rather than to

enforce the formal contract:

ui(c;) + BE {%vgﬂ | ht] > (2 +t) + Bt (2)
¢
us(c;) + BE [U152+1 | ht} > up(2f —t) + fu’. (3)

Following the standard approach to the problem we derive the set of Pareto optimal equilib-

ria. For a given expected utility v of agent 2 at date 1, let P(v) denote the maximal expected

This is because with non-degenerate partition S, there will be some short-run gains in sharing the risk
with a formal contract.

"To support the equilibrium at date ¢ with the take-it or leave-it bargaining game, we can assume the
following. If agent 2 rejects the offer T'(H,), there is no informal transfer and the next period equilibrium is
the worst for agent 2 so that he receives E{u?(22)} + Bv? = v2. If agent 1 doesn’t offer T'(H;), equilibrium

strategies are those that support the worst equilibrium for him so that he cannot obtain more than v'.



utility that the agent 1 can obtain in equilibrium. Then P(v) solves

P(v) = max E
c%,c%,Tt

Z B ' (cf )] (4)
s.t.

E

Zﬁ% (C?)] > v, ¢+l =2,(1), (2), (3). (5)

A standard argument (see Thomas and Worrall, 1988) shows that the function P(v) is
decreasing and continuous. Clearly the optimal contract is such that conditional on Hy, the
agent 1 should receive the maximal expected utility given that agent 2 receives at least v2.
Notice that under our assumptions on the stochastic processes of o; and 7,, the problem
of maximizing v; conditional on H; and v? is the same as the problem of maximizing the
ex-ante utility of agent 1 subject to giving an ex-ante utility of at least v? to agent 2. Thus
we must have v} = P(v?).

Then, the standard arguments apply and the allocation of consumption is the solution to

the program

P) =  max Elu(c)+ P (vo)]
C5:C5ls,Vone
s.t.
ul(czlf) +FE [ﬁp(vans) ’ ‘7] > UI(Z; + tS) + 521 Vo
uQ(cg) + EBvgne | 0] > uy(22 — ts) + Bv? Vo
E [uQ (cg) + ﬁvgng} > v
ct+c = z, Vo

Uope € [QZaQ_}Z] Vo,n, e

In the program, v, is the agent 2 promised utility in date 2, conditional on a realization o
in date 1+ 1/2, taste parameter 7 in date 2 and random shock ¢ in date 2. The expectation

operator refers to the joint probability distribution of o, n and €. The optimal allocation can
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thus be described by consumption levels ¢ for each agent at date 1 + 1/2, contract T and

i

.- at date 2 contingent on the realization of the shocks.

continuation expected utility v

When there is no contract 7, it is known (Thomas and Worrall) that the function P is
decreasing, concave and differentiable. However, when contracts T are allowed, P(.) need
not be concave. Still we show that the problem is convex. Notice that if P(.) is not concave,
it is optimal for the agents to randomize between several date 2 utilities. Let us denote

Voy = E[Vgye | 0,m]. Given v,,, choosing vy,. is equivalent to choosing a distribution of

utility on [v?, 72]. Denote A the set of probability distributions on [v?, %] and F' a generic
element of this set. Then an optimal allocation is such that conditional on ¢ and 7, the

distribution of the future utility solves the program

P(vgy) = r}lai{E [/ P(v)dF(v)] s.t. /vdF(v) = Vg
€

P(.) is a concave decreasing function since the program is linear. P(.) and P(.) coincide

whenever P(.) is concave.

Consider now the choice of v,,. Here again, given an expected utility v, = E [v,y, | 0], it is

optimal to choose vy, so as to maximize agent 1 utility. Define then

Qvy) = m[fjx . E [np(vgn) | O'} s.t. E[voy] > vy
Von € |Ug,V

The function Q(.) is decreasing and concave since P(.) is decreasing and concave.

The value function P(.) can then be written as the solution of:

P(w)= max FE[ui(c)+8Q (vs)] (6)

(ck,c2 ts,v0)

oo

s.t.

E [us (0(2,) + B, ]

v
<
N
-3
N~—

Uy (c},) +0Q (v,) > w (z; + ts) + Bu’ Vs, o0 € s (8)
Us (ci) + Buy > us (zi — ts) + Bv? Vs,o € s 9)
ct+ct = z, Vo (10)

v, < v, <7 Vo (11)



This shows that, for a fixed contract T' = {t1,...,ts}, the program is convex although P(.)
may not be concave.

The argument developed in Poitevin et Al. (1997) for the case where the contract is a fixed
transfer can be used similarly in our case to show that P(.) is continuously differentiable
because we proved that Q(.) is concave. This in turn implies that Q(.) and P(.) are con-
tinuously differentiable. For what follows we need to assume in addition that they are not

linear:

~

Assumption: P'(v?) > P'(7?).

This ensures that at the solution of Q(v,), we have v* < v,, < ©* with positive
probability. The assumption is thus a non-triviality assumption. It rules out a situation
where P(.) is convex everywhere, in which case optimality would require to alternate be-
tween corner solutions. This is clearly a degenerate case which is not interesting for estima-
tion purpose nor from a theoretical perspective. We however failed so far to prove that it
cannot occur. This is thus a very weak assumption that ensures a rich equilibrium dynamics.

Now, to describe the dynamics of the system, we don’t need to describe the whole frontier
P but only those points that can occur in equilibrium, in other words the supports of the

distribution F' that solves P(.). It is immediate that (we skip the proof as this is standard):

If a point v? € [v?,7?] occurs with positive probability, then P(v?) = P(v?) and v =

arg max, {P(:C) - 15’("02).%}.

Let W be the set of solutions ®(.) of the program

®(pu) = max P(v) + pw

vE[v2,72]
when the weight p varies continuously between —P'(v2) and —P'(#2). Then the set of

utility vgy,. that can obtain with positive probability in equilibrium is included in W.
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We shall solve this program ®(u) to derive the equilibrium. This amounts to maximize
Eluy (¢}) 4+ BQ (vy)] + pE [us (¢2) + Bv,] subject to constraints (8) to (11). To solve this

program, notice that it is separable between events s. In other words

(1) =
(1) . ?tllaxts} Z msDs (,t

where ®,(pu,ts) is the solution for a fixed value of ¢, of the maximization of

E [uy (¢;) + BQ (vo) | ] + pE [uz (c;) + Bvs | 5]

subject to the constraints (8) to (11) in event s. ®, (u,ts) is a concave program and we show
that due to the preference shock 7,, it is a strictly concave problem with a unique solution.

Working with this program we obtain the main result that will be used for estimation:

Proposition 1 Let’s note r, = z} +t, the agent 1 income in state o. There exists functions
W (20,70) < [i(20,75) with values in [—P'(v?), —P'(v?)], decreasing in r, whenever interior
such that:

When [i (25,75) > —P'(v?) and p(25,75) < —P'(3%), then i (25,75) > p(24,75) and:

—~
O
Q-
~—

e
S

= Q' (10) = [i(z,7s) i 1= fi(z07s) ((37) binds) (12)

@)

SRS
S~

O

)
qiojq - qiv|g = giv

~—

—~
~— ~—

= Q' (1) = (27 i 1 S i (20s70) ((38) binds) (13)

NS
—~
Q)

~— —

e

= —Q'(v0) = if 1 (20,76) S < i (70, 70) (14)

—~
Q)

S
o~

ul (el :
uz((cgz < —Ql (U2) and v, = v’ Zf,U (Zmra) = P,(yz)
1;%2((223 2 _Q, (U2> and Vo = v Zf/JJ (’207 TJ) = Pl(ﬁQ)

Proof. See Appendix A. m
For a given formal contract 7', this result is a generalization of Thomas and Worrall
(1988) where one agent is risk neutral to the case of bilateral limited commitment, risk

aversion of both players and with formal contracts allowed. Also, it extends the results of
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Gauthier, Poitevin and Gonzalez (1997) where one agent has a constant endowment and
T is unidimensional. The proposition thus defines the current and future ratio of marginal
utilities as a function of the multiplier ;1 and ex-post resources (which depend on the contract
ts). Using this we can fully characterize the solution as a function of the contract.

Then, the main contribution is that this theoretical model allows us to derive a property
of the optimal endogenous contract 1" shown in a second step. Actually, the second step is
to show that the optimal contract 7' is monotone in u. The problem is not concave in T so
that there may be multiple solutions for 7. Multiple solutions arise when the frontier P(v)
is not concave or when no incentive constraint is binding in some event s. However intuition
suggests that when p increases, T'(u) should decrease as v moves along the Pareto frontier

toward higher utility for agent 2 (since p is the slope of the frontier).

Proposition 2 The mapping T(p): p — argmaxy E{®,(u,t,)} is a monotone decreasing

correspondence in p (according to the strong order set).

Proof. See Appendix B. m

To summarize, as we move along the frontier 15(11) toward higher absolute slopes (and
thus higher v), the contract becomes uniformly more favorable to the agent 2. Notice that
the same holds true for the allocation of consumptions and future utilities (c2,v,).®

Let us now turn to the implications of the results for the dynamics of consumption and

contracts. For the estimation we assume that corner solutions never arise:
Assumption: prob{v? < v? < v?} = 1.

The dynamics can be described by mean of the evolution of the weight y, = —P'(v?)
associated with the point in W chosen after history H;.
At these stage, agents sign a contract T; € T(j,). At date t + 1/2 consumption is given

as a function of pu,, the contract 7; and o, by Proposition 1. This also defines the slope

8This follows from the fact that at the solution of ®,(u,t,), both ¢2 and v, are non-decreasing with p
and non-increasing with ts.
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@' (v*(hy)) at this interim stage. Then at date ¢ + 1, Hyy is realized and thus v? ;. This

gives the new value of the weight 1, ,. The intertemporal link is provided by the relation

"t“ P'(v},,) = ":7:1}5( vZ,,) = Q' (v*(ht)). The dynamics thus verifies

T, = {t(s)} € T (15
re o=z +t(se) (16)
WO — ) if ez i) ()
WD i wr) S SR 13)
WD — ) if m = alan) 19)
) 0)

Mo Up(cf)

Whenever the Pareto frontier is concave this defines exactly the whole dynamics as T(u)
is singled valued. If P(.) is not concave T'(i) can be multi-valued. Notice that it is single
valued for all values p, where ®(p,) has a unique solution. This corresponds to values where
—P'(v;) = p, has a unique solution.” But we have shown in the proof of Proposition 1
(in lemma 3) that this occurs with probability 1 due to the effect of the preference shock
n,. Thus in equilibrium T'(y,) is single valued with probability 1. We can thus ignore the

issue of equilibrium randomization over utilities and contracts for estimation purpose.

Additional sources of observed heterogeneity
In what preceded we assume fixed utilities and a stationary resource process. Suppose that
the utility is u;(c'; z) where x% follows a Markov process. Suppose that the resources depend
on g, and q;, where ¢, follows a Markov process. Suppose also that ¢, and ¢ are learned at the
beginning of period t. Let y; = (z}, 22, ¢;) the information at the beginning of period ¢. Then

the value function at date t is a function P(v,y;). The interim value function is Q(v;y;) =

maXE{%P( (Yo, L o L) 901) | yt} subject to E{ (ytﬂ, ) | yt} > v. The program

9t(s) may still be undetermined if the probability that an incentive constraint binds in event s is zero.
We rule out such possibility.
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P(v;y;) then is the solution of max E [uy (¢! (ys, 0¢); 1) + BQ (v(ye, 04); wi) | ] subject to in-
centive and participation constraints. In this set-up all the proofs generalize. The functions
fi and p depend only on z;, r; and y; (but not on n,): fi(z, 7+ y:) and p(z, rs; ;). The ratio
u) ()

=122 has to be conditioned on z! only:

| (c}ia}
(e

= (CQ,IQ; . The contract depends on p, and y;: T (14, y: ).
2\~ ¥t
But the dynamics of the multiplier p, is unchanged since —"Z—tlp’ (v(ytﬂ,";—tl),ytﬂ) =

u! 01'1‘1 . . A~
—Q"(v(yr, 01); 1) = u/;—(‘rg with probability 1 and ;= P'(v(y41, %)7 Yei1)-

(cg57)

3 Econometric Specification, Identification and Esti-
mation

We first state the structural form of the econometric model by specifying the two equations
of interest: consumption dynamics and the income process. We assume that all functions of
interest are linear or log-linear and we investigate identification of the model in the leading
case developed in the theoretical model, where random shocks are independent of explanatory
variables. These restrictions are strong enough to get identification of the main parameters
of interest. We estimate the model by GMM using even stronger identifying assumptions as

they are testable.

3.1 Consumption Dynamics

We start from equations (17, 18, 19, 20) describing the dynamics of the ratios of the marginal
utilities of consumption for a pair of households. As we do not observe pairs of households
engaged into formal contracts but only individual households, we assume (as is common in
this literature, see Ligon, Thomas and Worrall, 2002), that the ratio of marginal utilities

between household ¢ and its partner can be written as:

0,7 (City Tit) €xXP () (21)

where c¢;; is household ¢ ’s consumption and x; are household demographic variables that

affect preferences and where the “partner” household is assumed to be the whole village
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(or district). Its marginal utility is summarized by a village-and-period effect 6,;. We also

assume that households have constant relative risk aversion, 6:
7(cit, Tit) = exp(a08).cy’

where demographics are permitted to affect the slope of marginal utilities only'’. The log-
arithm of marginal utility is therefore assumed to be log-linear. The consumption dynamics

depends on the multiplier p, which is given by:

MNit—1

it

Inp, =In +In7(cit—1, Tig—1) + Ou—1.

Taking logarithms in equation (21) we get consumption dynamics in the three regimes, the

regimes being defined by whether or not incentive constraints are binding;:

MNit—1
it

i In Mit—1
Nt

In7(cit, it) + 6yt = In +In7(cit—1, Tit—1) + Owt_1

+In7 (i1, Tie1) + Ove-1 € (I g7, Yir), INT(Ti, yir)]  (R1)

In7(cit, Tit) + 6o = In pu(7it, Yir)

if In —77 +In7(cit—1, Tit—1) + Op—1 < hlg(?“it,yz't) (R2)
it

In7(cit, Tit) + O = I T(Tit, Yir)

lf ln n;;_l =+ ln T(Citfl, ZCitfl) + (5”,1 > lnﬁ(rit, yit) <R3)
it

where 7;; is agricultural and non agricultural profit net of input costs including labor, and
where y;; is the vector of variables in the information set at the end of period t. This vector
comprises any variable that affect current preferences or help to predict future preferences and
income processes. In particular, y;; includes current taste shifters, x;, asset variables such
as owned land, and other variables that affect agricultural production and that are known

when the contract is signed. All the latter variables are denoted g;; so that v = (i, ¢it)-

10The relative risk aversion parameter could also be made a function of observed characteristics as in
Dubois (2000). See the empirical section.
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Whether incentive constraints are binding or not, are not observable events, and the three
regimes giving consumption dynamics, are therefore not observable. As a consequence, the
system of equations (R1 to R3) is equivalent to a single equation, describing the dynamics

of marginal utilities as:

A T(cit, i) + Dby + &y = ¢ 1{¢ > 0} + ¢, 1{¢;, < 0} (22)

it
it—1

where &;; = 7 are the random preference shocks and where:

AlnT(cit, i) = In7(cit, Tit) — In7(ci—1, Tir—1)

¢

Py = In (i, Yie) + & — InT(Cip—1, Tig—1) — bur1

¢it = hlﬁ(?“it, yit) +Iné;—1In T(Citflv %;1) — Opt—1

This is the first equation of the structural model and this equation describes consumption
dynamics. The pair of endogenous variables are consumption and non-labor income (¢, r;)
and the explanatory variables are (x;;_1, y;:) consisting of preference shifters at time t—1 and
t and of other information variables. Non-labor income is endogenous in this model because
it depends on formal contracts that are endogenous. There are two sources of stochastic
shocks in the model. The random shocks that are unobserved by the econometrician are
preference shocks, Iné;, revealed at the beginning of the period and income shocks on 7y,
revealed at the mid-period. The specification of the income variable r; as a function of
formal contracts, is the object of the next subsection.

We have to specify the upper and lower bound functions p and 7z related to incentive con-
straints to finish to write the consumption equation. To conform with our idea of exploring
identification under linearity assumptions, we assume that the upper and lower constraints

in (22) are semi-log-linear:

{ lnﬂ(ritv ylt) = Horit + Hyyit + Evt (23)

In ﬁ(rita ?ﬁt) = [oTit + ﬁyyit + Ly
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where p and 7, are village effects summarizing the effects on incentives, of global resources
available at the village level as in the theoretical setting. Parameters e and 71, are negative
as shown in the structural model (consequence of proposition 2).

Some comments are in order. First, this specification could implicitly take randomness
into account if y;; is allowed to contain such unobserved heterogeneity components. As noted
above, the structure of stochastic shocks is already sufficiently rich to permit these bounds
to be random because of the income variable r;. As we assume some measurement errors
in income, the fact that we won’t allow for unobserved heterogeneity in y; does not seem
to be too tight an assumption for this model. A more difficult issue that we do not treat
here, is the presence of individual effects in y;; but individual effects are notoriously difficult
to handle in non-linear dynamic settings (for an analysis of identification, see Magnac and
Thesmar, 2002). Second, we do not impose for the moment that for any r;, y;, any village
and any period, the constraint pu(ri, yit) < Ti(7it, Yi) is verified. We shall return to this point
in the section related to identification.

An interesting particular case of this model is the case of complete markets. It amounts
to assume that the incentive constraints never bind in this model, that is ﬂ't <0, ¢;; > 050

that:
Aln T(Cita xit) + Aévt + In git =0

Two remarks are in order. First, the event ﬂt < 0, ¢;; > 0 can have probability 1 only if
all variables (including those that are unobserved) appearing in the expressions of gt and
¢, are bounded or if some parameters take infinite values. It does not favor the use of a full
parametric test of the hypothesis of complete markets. This consequence agrees well however
with the general prediction of a model with self-enforcing constraints. In this model, the
dynamics is at times consistent with the hypothesis of complete markets and at times not
consistent. Secondly, the right hand side of (22) is a function of r;; while the left hand side is
not. If r; were exogenous, the standard test of the hypothesis of complete markets broadly

consists in looking at the significance of the correlation between the residuals under the null
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hypothesis and the income process r;;. This test is correct provided that income be excluded
from preferences or, more precisely, from the marginal utility of consumption (or related
variables such as hours of work). In the present model, income r; is endogenous because
it depends on formal contracts that depend themselves on random preference shocks. This
is why we now specify the other equation determining the income process r;. It is clear
enough that a test of complete markets can be constructed if there are exogenous variables
that affect income and are independent of random preference shocks and therefore of formal

contracts?.

3.2 Formal Contracts and the Income Process

A formal contract is described by Proposition 2 or equation (15). The vector of formal

transfers (i.e. for any state s) is a function of the following form:

T = T(ln €t —In T(Citfla xitfl) — Opt—1, yit)

which makes clear that formal contracts are dependent of preference shocks and where y;;
includes L;; the quantity of owned land, for instance. These formal transfers T' are supposed
to be supported by land-leasing contracts: a sharecropping contract involves M;; units of
land with an output share «;;; a fixed rent-contract concern Fj units of land at a fixed
price, set at the village level. We freely consider that M;; and Fj; can be positive or negative
depending on whether land-leasing is in or out. Moreover, agricultural profits are necessarily

a function of these land inputs:

it = Tt Mie, Fity ity Yity Zit, Eiy)

where z;, &, are variables or shocks revealed after the signature of the contracts (see below).
Depending on available data, we could presumably estimate a production function and input

demands including labor in order to derive this profit function. Given the complicated

2In some papers, the issue of income endogeneity is treated in a reduced-form setting (Jacoby and Skoufias,
1998, Jalan and Ravallion, 1999, Kochar, 1999).
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endogenous structure of land exploitation, results will not be robust to specification errors on
the production side. This is why we model directly the dependence of profits on the marginal
utility of consumption and the information variables, skipping the relationships between the
quantities of land under sharecropping and fixed-rent, and the marginal utility®>. We then

write agricultural profits as a linear function:
Tit = Tt + To(In & — INT(Cit—1, Tit—1) — Owt—1) + Yy + 27> + &

where parameter m is positive by Proposition 2. Risks, summarized by state s in the
theoretical model, are assumed to be translated by the village intercept 7,; and the household
random shock £,,. Other risks, summarized by state o in the theoretical model, are described
by the same random shock &,, and are also described and determined by variables z;;, such as
days of sickness and so on. We shall assume that random shocks &,, are independent across
households and therefore, that the village effects perfectly take into account any dependence
across households.

To close the gap with the income variable that appear in the equation of consumption
dynamics, household net income r; is written as the sum of agricultural profits, m;;, and

non-agricultural profits or other exogenous income, 7¢;:
_ e
Tig = Tt + Ty

Exogenous income could be other non-labor income or exogenous transfers such as exoge-
nous remittances from abroad if they are independent of random preference shocks, In &,
and income shocks, ¢,,. They exclude informal transfers from the extended families studied
for instance by Foster and Rosenzweig (2001) because these transfers are linked to the en-
dogenous informal contracts modeled here and obviously dependent on both types of random
shocks. This income equation defines the income variable, r;;, appearing in (22). With no
loss of generality, we include 7§, among the z;, variables already defined above and the profit

equation above determining m;; is also the income equation giving r;;. We finish by adding

3We shall however test in the empirical section that these quantities are related to marginal utilities.
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some measurement errors, ¢;, to profits (or income) to obtain measured profits:
Tt = ot + To(In i — InT(Cit—1, Tit—1) — Owe—1) + YurTy + 2aTs + &gy + St (24)

The structural form of the model therefore consists of equations (22) and (24). We now write

the reduced form.

3.3 Identifying Restrictions and the Reduced Forms

We state the identifying restrictions and write the reduced form. Recall that all variables
x entering preferences are also included in the information set y = (x,q) where ¢ are all
other variables known before the signature of the contract (owned land for instance). Recall
also that z; denote the variables known after the signature of the contract!. We shall
therefore accordingly denote that coefficients, say, 7, = (7, m,) whenever necessary. The
two endogenous variables at time ¢ are consumption growth, A In ¢;;, and agricultural income,
7. We also have the following list of (weakly) exogenous variables, Inc;_1, Ti_1, Tit, Git
and z; that appear in both equations.

The identifying restrictions are given by the following assumptions.

Assumption: While structural random shocks are (Iné;,¢,,) and measurement errors are
described by ¢;;, we assume that:
i/ the vector (In&;,§;,) is independent of (Inc; 1,2y 1, Tit, Git, 2i2) and of ¢;, and is
identically distributed and independent across households and periods.
ii/ measurement error ¢; is mean-independent of (lncy 1,z 1, Tit, ¢it, zx) and is in-
dependent across households and periods, with bounded variance.
iii/ the support of the distribution function of conditioning variables (In ¢;;_1, Zit—1, Tit, Git, Zit)

has a non-empty interior.

Assumption i/ is slightly stronger than the ones generally used in linear dynamic mod-

els. It is a very usual assumption in non-linear dynamic models. Non-linearities, due here to

4 At the identification stage, we can assume that z; and y;; are independent. Actually, if they are not, we
could replace z;; by the innovation in z; independent of y;; since we are only interested by the identification
of mp and . See Kochar (1999).
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the presence of bounds, require more than mean-independence assumptions. We could relax
them somehow to get identification of some subsets of parameters but we do not investigated
thoroughly this point. Assumption ii/ is weaker as it takes advantage of linearity. Assump-
tion iii/ has two consequences. It first implies that the distribution function of conditioning
variables (Inc; 1, %y 1, Tit, Git, 2it) 1S not degenerate. It is not innocuous because the “other”
variables, g;;, in the information set could include x;;_; only (or ¢;_1) which might lead to a
violation of this assumption. Technically, assumption iii/ opens the door to the analysis of
derivatives of estimable equations with respect to the covariates.

After using and reshuffling terms in the different equations, the income equation can be

written as:
it = Mot + mof(InCit—1 — Tit—108) + TaTy + queTq + 2ieT. + o InEit + &y + St

where the village effect, 7,;, includes preference, 6,;_1, and income, m,;, village effects and

where we used that:
In T(Citfla xitﬂ) = —9(111 Cit—1 — -%’tqﬁ)
The reduced form of the income process is therefore:

T = T+ mo0Inci—1 + xy_1(me — m00) + Az,

+qiumg + 2y, + Toln &y + &y + Si (25)

where we distinguished x;; 1 and Az instead of (z; 1,24) because of the consumption
equation. Namely, the reduced form of the consumption equation (22) can be written as the

sum of a linear function of Az;; and of other terms related to incentive constraints:
—0<A In Cit — A.I'ltﬁ) + Aévt + In git == @'Ltl{?zt > O} + 51151{511; < O} (26)
The upper and lower bounds are given by (23) where we replaced income:

b = o (Mot +mo(InEs — InT(Citm1, Tit—1) — Ouve—1) + YirTy + 2uT. + &)
FYithty, + oy + 10 Eip — I T(Cit—1, Tis—1) — Sur—1
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where we implicitly denoted, ¢,, € {g 0 ¢;+ and where i, t,, and p,, are defined accordingly
(i.e. p; € {Hpﬁi} for the index ¢ taking “values” 0, y, vt, see equation (23)). Then,

reshuffling:

G = Gy — (Homo + 1) InT(Cit1,Zit1) + Yir (Mo”y + My) + ZithoT 2

+(pomo + 1) In & + o€

where ¢,, is the composition of different village effects:

¢vt - Mo(ﬂ-vt - 7"-061)1571) - 61)1571 + Moyt -

Replacing the marginal utility function and using the different exogenous variables, we get :

i = Gyt (omo +1)0(Incy1 — x5 18) +

+2iho Tz + Tig (oo + f) + Gie(poTq + 11y) + Uit

where we denote u;; € {u;,U;} the random terms in ¢,, defined by:

ug = (pomo + 1) In & + p1o€,

Linearity implies that unobserved heterogeneity only enters the intercept in indices, ¢,
which is the central piece of identifying restrictions. A slight generalization of this setting
could permit parameters p, and my or other parameters to depend on exogenous variables.
Generalizing to functions which slopes depend on unobserved heterogeneity is a much more
difficult task.

If 1, # Ty, there is a one-to-one mapping between (In €, £;;) and (uy, Ws). It is equivalent
to assume that the pair (Inéy, &,,) is identically and independently distributed and indepen-
dent of the exogenous variables, or that the pair (u,, u;) is identically and independently
distributed independent of the exogenous variables. It is therefore identical at this stage to

fix one or the other of these distribution functions.
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Indices ¢,, can be written as:

G = G+ (Homo+ 1)0Incy 1 + mi 1 (—(pomo + 1)08 + poms + py) (27)
+Az (HoTo + 11y) + Qut(poTq + Hy) + ZitptoTs + Ui

= ¢:<t + Uit
Replacing indices ¢,,, the consumption equation (26) is now given by:

—G(A In Cit — Axltﬁ) + A(Svt + In git == (28)

(Q; + )y, > _?;} + (E:t + W) L{Tuse < —5;}

where the linearity of the intensities of the incentive constraints as a function of heterogeneity
has now been made explicit.
The system of equations (25) and (28) defines the endogenous variables as functions of the

(weakly) exogenous variables:
wy = (I cip1, Tie—1, AT, Git, Zit)

3.4 Semi-parametric Identification

We are interested by the identification of the following parameters: 3, 0, 7, 74, Tq, T2, L,
[tzs 11, (the last three with upper and lower bars). The identification analysis proceeds as
follows. First, the parameters of the reduced form of the income equation (25) are trivially
identified since Ew!,w; has full rank, that is to say parameters 7., mof, 7, — Bmof, Ts,
7., and m, are identified. Thus, § is also identified. Because measurement errors are only
mean-independent of covariates, this is the only piece of identifying power that one can get
from the income equation.

Turning to the consumption equation, it is easy to show that 6 is not identified. The
transformation from the vector of parameters (0, mo, pg, fys Hyr Dbut, ¢y) into (1, mod,

Po e %, %, %) (leaving unchanged the other parameters) and the vector of random

shocks (In &, &, i) into (25, &, ¢;t) is invariant for the two equations of interest. We
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shall therefore normalize 6§ = 1 without loss of generality and change the interpretation of
other parameters accordingly. It is not a surprise since, in a usual Euler framework, the
relative risk aversion or intertemporal substitution parameter is not identified if there is no
information on the true interest rate.

The consumption equation becomes:
Aln Cit = Axltﬁ + A(Svt + In git (29)
_(?; + w) Wy, > _Q;} - @zt + Wit ) 1{uie < _Eit}

We can finally remark that if {?it’ait} are identified from the consumption equation (as we
will show below), then [ ¢,; are identified. Moreover, as ,; is identified from the income
equation and Ad,; from the consumption equation, there cannot be cross constraints between
village effects appearing in the different terms because the structure is sufficiently flexible.
The presence of village effects does not yield identification power, quite the contrary.

We now study the identification of the remaining parameters p, pt , 1, and Tig, Ty, -
3.4.1 The Derivatives of the Consumption Equation

Using the conditional expectation of the consumption growth equation (29) only is the way
we proceed because this equation could include additional random shocks apart from the
preference shock, In&;, as briefly sketched at the end of the theory section. We can also
show that a different specification for the upper and lower constraints (equation 23) lead to
the same type of equation (see Appendix C).

Write the conditional expectation of equation (29) conditional on w;; and on (v, t) which

is left implicit:
E(Alncy | wy) = Azyf+ Ady (30)
—E((¢), +u) Wy > =85} | wie) — B((dy; + W) Uiy < — 3} | wir)
The last terms are written as, for instance:

E(@; + ) g, > _ta} | wa) = /

Uiy >—¢7, (Wit)

(07, (wir) + wy)AE (wy,)
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where F'(u;) is independent of w; and (v,t) using the identifying restrictions. Function
@;(wu) is the only function that depends on w; in this expression. Therefore, for any
continuous variable in w;;, the derivatives of these terms are:

O (wi)dE ()

=7, (wie) OWit ™

0
S B¢, + )l > —g ) = [

Wit

0 0
= *(wi). Flu.,) = ——&* (w:+). U (w;
8wit9it (wlt) /uit>_2ft(wit) d_(ﬂzt) 3witéit<wlt> _(wzt)

and similarly

0 —« —
%%(wit)-q’(wit)

0 —x% _ _ —x%
8witE((¢“ + Wi ) L{TUip < — @y} | wig) =

using the smoothness of distribution functions of random terms and where

gwo:t/ OF () (31)

iy > 8, (wir)

T(wy) — / _ P (32)
Uit <—; (Wit

The derivative of the equation of interest (30) becomes:

) _ 9Az,5 09, 09, =
awltE(A In Cit | wit) = awit - 6wlti(wzt) - awlt\P(wlt) (33)

which yields the moment conditions that form the basis of the analysis of identification. First,
these derivatives are identified (Pagan and Ullah, 1999). Second, ¥ and ¥ are functions of
linear indices ¢}, (w;;) that are left implicit. Note also the implicit dependence on village and
period specific indicators.

To proceed, the different relevant derivatives are given in the following table:

In Cit—1 0 HoTo +1
Tit—1 0 —B(pomo + 1) + poma + i,
Ay B Moz + g
dit 0 HoTrq + Hyg
Zit 0 HoT 2

Under the linearity assumptions, these derivatives are independent of exogenous variables.

We can therefore use weighted average derivatives as well to recover the parameters (Stoker,
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1990). Denote p(w;;) any function depending on w;; (and possibly on (v,t)) such that:

0 E(Alncit ’ wlt)) < 00

E<p<wlt) 8’(1] "

the estimable equation (33) can be written as:

w 0 . 0Axy[3 8?;5 6525—
Dp = E(p(’lﬂlt)%E(A In Cit ’ wlt)) = 8wit - 8witip - 8wit \ij (34)

where there is a slight abuse of notations, ¥, = E(p(w;) ¥ (wy)), ¥(.) € {¥(.),¥(.)}. We use
this notation in order to emphasize that D}’ could stand for “straight” average derivatives
(Stoker, 1990) or point-wise derivatives as well if p(w;) is the Dirac measure at w;;.

This equation can be used to prove identification in various ways. We first study the case

where we choose a single weight function p(.) then turn to the general case.
3.4.2 Identification from Single-Weight Average Derivatives

As already said mg, 7., m;, m, and [ are identified from the income equation. If we use a
single weight function p(.), for instance, p = 1, we have therefore five (formal) relationships

on average derivatives in order to identify W, @p, and the six (formal) parameters of interest,

ﬂO? H07 ﬁm? :u

K Fgs 1 The degree of underidentification is at least equal to 3.

Notice that
A
gD
1+ Dy
which is a structural restriction on average derivatives that does not depend on still unknown
parameters.” In particular note that in a complete market structure 3 = DPA””.

The other first-order average derivatives are written as follows:

—Df = mo(p, ¥, +1¥,) + ¥, + ¥,
pas f 5= i Eﬁ%p j;%oﬁp; fu U 4,0 (35)
P T\Lo—p 0~=p Hm—p + HI_P
—Dj Wq(ﬂoip +1oV,) + Hqu + i,V

®The restriction may not be robust to a mistake in the choices of the variables put in q. Suppose for
instance that either z;;—1 (or ¢;;—1) adds some information, then we should have coefficient 7 or p for these
variables as well. Then 3 would not be identified in the profit equation nor by the above relation.
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The system of average derivatives allows to identify the parameters ¥, + U, #Y, + TV,
LY, + iV, p W, + 11V

Testable restrictions on the identified parameters are:

v

0 0 (monotonicity of the contract from proposition 2)

v, + W, > 0 (probability that an incentive constraint binds)

B, + ¥, < 0 (monotonicity from proposition 1)
3.4.3 Full identification

The deeper parameters are still not identified and other weight functions have to be used.
From the previous system of equations (35) and using that My # Ty, we can eliminate ¥,

and ¥, to get an estimable equation that is true for any weight function:
Vp; H(DY, M, M) =0

where M = (j, 1, i1,)- The necessary and sufficient condition for identification of M and

M is therefore that the set:

is reduced to one point that is the true value of the parameters. Some overidentifying

restrictions are also derived from this condition.

3.5 Estimation using a Generalized Method of Moments

As the previous objects are identified in quite general conditions, we shall further strengthen

the identifying assumptions to:
u;, and u;; are normally distributed conditional to w;;

and (g2, %) are their respective variances. This assumption is testable as shown above.

When using the normality assumption for the non-linear terms of the consumption growth
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equation (30), we get:

B+ Tt < G} w) =720 — ol )] = 72
PG, +wtlne > ~gi) ) = 2,005 + g2 = an S

where @ and ¢ are the cumulative and density functions of a standard normal random
variable. Note that h(z) = x.®(z) + ¢(z) is a positive, increasing and convex function.

Moment conditions are derived from equation (30):
E(m)yInZ;) = 0

where m;; are the variables w;; and village-and-period indicators. Thus:

Quy)y = (36)

g

E(m;t(A Incy — AzyS — Aby + gh(&) — 5h(_
o

The other moment conditions related to the profit linear equation is the second estimating
equation. The parameters imposing the structural restrictions are estimated in an iterative
procedure in two steps. In the first step, we use the weighting matrix corresponding to
linear 2SLS. In the second step, we compute an estimator of the weighting matrix using the

standard arguments.

IS
"%

In the case of normality and using definitions (31) and (32) we have W(w;) = 1—®(—

- (wit))

I

<l
*

and W(w;;) = ®(=2(w;)). Then, we can test

A

#, < 0and 77, < 0 (monotonicity from proposition 1)

4 Empirical Estimation

4.1 Data

The data come from a survey conducted by IFPRI (International Food Policy Research
Institute) in Pakistan between 1986 and 1989 (see Alderman and Garcia, 1993). The survey
consists of a stratified random sample interviewed 12 times beginning with 927 households

from four districts of three regions (Attock and Faisalabad in Punjab, Badin in the Sind, and
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Dir in the North West Frontier Province, NWFP). For each of the four districts, the villages
were chosen randomly from an exhaustive list of villages classified in three sets according
to their distances to two markets (mandis). In each village, households were randomly
drawn from an exhaustive list of village households. The attrition observed in the data (927
households at the beginning and only 887 at the end) seems to come from administrative
and political problems rather than from self-selection of households (Alderman and Garcia,
1993). We consider that attrition is exogenous. These rich data contain information on
household demographics, income from various sources, individual labor supply, endowments
and owned assets, agrarian structure, crops and productions, and finally land contracts such
as sharecropping and fixed rent. Sources of income are wages, agricultural profits, rents from
property rights, pensions, informal transfers (from relatives or others).

We had to construct some of the variables of interest from the different data files that
were available. Household demographics are directly available from the individual data.
Household food consumption is initially reported by food item, in quantity and value, or
quantity and price. It comprises meals at home including home-produced goods, and meals
taken outside for all household members but the meals that were the result of invitation
or rewards in kind, because the information was not available. Household agricultural in-
come consists of cash income from staples, milk products, animal poultry and livestock
production, net of total input expenditures including wage costs, feeding costs of productive
animals, fertilizers and pesticides (net of household on-farm labor costs? and handicraft
incomes? check). Household wage income consists of wages received in agricultural and
non-agricultural off-farm activities. Asset income come from property rents, fixed pensions
regularly received from the government and rentals of different productive assets. Transfers
correspond to transfers received from relatives, friends and from solidarity funds of local

mosques (zakat). Descriptive statistics are presented in Table 1.

Table 1: Descriptive statistics
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Descriptive statistics on the full sample (all periods)

Variable Average Std Err.  Obs.
Food consumption 197.9 151.4 9990
Other non durable expenditures (heating, ..) 47.3 196.1 9991
Total owned land area (acres) 9.42 21.81 10083
Irrigated land (acres) 4.19 11.25 10083
Non irrigated land (acres) 5.24 17.09 10083
Household size 3.64 4.23 9987
Number of children (<=15years) 4.08 291 9987
Pensions 70.5 450.5 9906
Agricultural profits 109.26 1095.6 9906
Transfers 106 974 9906
Total income (without transfers) 321.7 1291.1 9906
Sharecropping dummy variable (renting in) 0.35 0.47 10083
Fixed rent dummy variable (renting in) 0.08 0.26 10083

4.2 Empirical Results®

We estimate the parameters of the structural model using the consumption growth equation:

—%
bit
o

where from (27)

G = Do+ (om0 + 1) Incip1 + i1 (— (om0 + 1)B + pome + p1,)

FATit (oTe + fy) + Qit(BoTg + Hy) + ZithoT
and the income equation (25):

Tt = T +molnciy1 + zy_1(me — ) + Az,

+qimg + 2T, + Toln gy + 5+ Sir

We chose to begin by estimating a model with a limited number of variables of type z, ¢ and
z. First, other investigations using the same data (Dubois, 2000) showed that household size
and the number of children were among the main preference shifters. These are the variables
that we consider among variables x;;. We could also consider age of the household head which

is a continuous variable and very much related to the household demographics dynamics.

6The empirical results presented here are preliminary and incomplete. Do not quote.
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Second, various empirical analyses (see Jalan and Ravallion, 1999) give evidence that the
main cause for rejection of the hypothesis of complete markets come from contrasting rich
and poor households. Whereas income is endogenous in our model, the quantity of owned
land seems to be a good indicator of household wealth in productive assets and therefore
a good predictor of income. The quantity of owned irrigated land that is available in the
survey (or the complement, rain-fed land) should give additional information about the
quality and price of productive land. These two variables are the ones that we include in the
so-called information variables, denoted ¢;;, in the theoretical section. Finally, it seems to be
interesting to explore the influence of variables related to illnesses of household members, as
they affect agricultural production and as they are likely to be non-contractible. It means
that (at least the non-predictable part of it) they do not affect the formal contracts but do

affect the informal arrangements between households.

Table 2: Income Profit Equation Results

Parameter Coeff. t-stat
o 165.1 5.26
Ty

household size  1.66 0.06
number of children 29.26 0.65

Tq
land owned in the village 23.73 19.91
rainfed land owned -29.27 -3.46
ﬂ-Z
household male illness days 56.6  7.32
household female illness days -58.4  -4.34
Ty — Tof3
household size 10.76  1.71
number of children 8.24  0.84
ﬁ-vt
All district and time dummies (not shown)
Observations 8906

According to the theoretical model (proposition 2) and the semi-parametric identifica-
tion section, a testable restriction on the identified parameters is that mqg > 0. As shown

by the estimation results, it is not rejected by the data. It implies that our theoretical
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model is actually able to explain empirically the observed pattern of consumption dynamics
interaction with the household income process. Then using the profit equation parameter
estimates and the GMM estimates of the consumption dynamics equation, all parameters
are identified and Table 3 presents the results. Consistently with the model, we get that 7z,
is significantly negative while i, is not significantly different from zero. This means that
the complete markets hypothesis is rejected and the self-enforcing constraint of households

is actually binding when their income is too high.

Table 3: GMM Estimates of the Consumption Dynamics Equation

Parameter Coeff. t-stat

g

household size 0.0413 0.96
number of children  0.049 0.72
Ho 0.007 0.50

household size -0.0170 -0.044
number of children -0.2339 -0.308

Hq
R land owned in the village -0.318  -0.66
rainfed land owned 0.2267 0.517
o -0.0048 -5.01
T
household size 0.0244  0.18
number of children 0.1663  0.75
Hq

land owned in the village 0.136 5.71
rainfed land owned -0.143  -2.79

o 0.167  0.91
¢, All district and time dummies (not shown)

o 1.94 3.44
¢, : All district and time dummies (not shown)

Aévt

All district and time dummies (not shown)

Observations 8906

It is clear that the identification of parameters p,, fig, T, fi,, s o B, relies on both equa-
tions. Therefore, one needs to take it into account when estimating the variance-covariance

matrix of estimated coefficients.
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5 Conclusion

In conclusion, we can underline the importance of the structural modelling of alternative
assumptions about risk sharing mechanisms. Since, the complete markets hypothesis is gen-
erally rejected, the modelling of risk sharing and contracting mechanisms is now necessary to
better understand the household behavior in an environment of incomplete markets. Here,
we have elaborated a theoretical setting which nests the case of complete markets when all
risks can be insured by formal contracts (because all states of nature would be verifiable)
and the case where only informal agreements are available. This theoretical model provides
two important structural equations of interest, an Euler-type equation of consumption dy-
namics and the equation of determination of the formal contract. We show that the model is
semi-parametrically identified and implemented two estimation methods using either GMM
with some parametric assumption or average derivatives estimation allowing to do only semi-
parametric assumptions (to be completed). Estimating both equations using data of village

economies in Pakistan, we found consistent results with the theoretical model developed.
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A Proof of Proposition 1
First we show that the problem is strictly concave because of the preference shock.

Lemma 3 Q(.) is strictly concave.

Proof. Consider the set B C []5’(172),]5’@2) of slopes b such that b = —P’(v) occurs

for more than one value v. The solution of Q(v) is a continuous function v, of n with

nP'(v,) = Q'(v)ifw, <w, <7

v = itn< LW
P(32)
v, = QQifnZ Q(U)
P'(v?)

This defines completely v, as a function of Q)'(v) except at those points where # € B. But

prob{# € B} = 0 because B is a countable set and 7 is a continuous random variable.
Consider now v > v with a solution v;. It is impossible that Q'(v') = Q'(v) because this
would imply v; = v, with probability one and thus contradicts F {vg} =" > v. Thus Q'(.)
must be decreasing. m

The program for given u and t,, in the event s, is then:

O, (p,t;) = max E[ur () +0Q (vo) | 5] + pE [us (c3) + Pug | 5]

(C}T,Co_,’l}o-)
s.t.
(%x;) w () 450 ) > w(zh+t)+B  Voes (37)
(E)\?,) uy (¢2) + Bus > wuy (27 —ts) + v  Voes (38)
s
(EZ/JU) cdrcd < oz Vo € s (39)
s

(ﬁﬁ%) v < T (40)

Ts
(Eﬁv ) v < v, (41)

Ty —°

The terms in brackets are Lagrange multipliers. The Lagrangian of the program is:

ST { ur (¢5) + BQ (vo) + pluz (c3) + Bvo] + Ag [ur (c5) + 6Q (v5)] }
s X [z (2) + Bus] = ¥, ey + 2]+ (0, — Vo) s

gcEs
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As the program is strictly concave, the first order conditions of this program as necessary
and sufficient for optimality. After elimination of 9, 7, Vo, they reduce to:

w(ey) _ ptA

uh (c2) 1+ AL

—Q (v,) = %ﬁif@2<vg<@2
Ve = EQif—Q’(#)g’fiﬁ
v, = vif —Q’(f)z’fiﬁ

along with complementary slackness conditions.

Let ¢(.) be the inverse function of —@Q’(.) (which is increasing). Notice that v, = ¢(v,),

72 = ¢(0%), and v, < ¢(p) < 02 if —P'(vy) < p < —P'(2). Define ¢*(z, 1) as the solution of

u (¥ _
UIQ (wz) 1,y
Pyt =z
The solution coincide with ¢! = 9*(z,, 1) and v, = ¢(p) in all states where
uy (V! (20, 1)) + BQA(1) > wy (25 +15) + Buy, (42)
uy (V% (20, 1)) + Bd(p) > uz (20 — 25 — ts) + Buy. (43)

The LHS of the first condition decreases with g while the LHS of the second condition

increases with . Thus there exists fi (2, 2y +ts) and p (2o, 25 + t;) such that the two con-
ditions are verified if

1 (20, 25 +ts) < < Fi (20,25 + 1)

Lemma 4 (2,5, 20 +ts) < (20,20 +1ts) or p(20,25 +ts) = [(20,20 +1s) € {-P'(v,),-
P'(v*)}.

Proof. It suffices to notice that it is not possible that

ur (¥ (20, 1)) + BQA(1) < wa (25 +1ts) + Buy,
uy (U (2, 11)) + Bp(p) < g (20 — 2, — t5) + Buy,

given that 9" + ¥* = 2o, ¢(p) + Q(A(1)) > vy + 9, G(1) = vy, Q(P(1) > vy m
Moreover ji (2, zy + t5) and [i (2o, 23 + t,) decreases in their second argument as the RHS
of (42) increases and the RHS of (43) decreases with z! + ¢,.

R o (el
Now suppose that > i (24, 22 +ts) > —P'(v,). Then iler) —Q'(vy) = [t (24, 2L + t,) verifies

up(cg)
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the first order conditions and thus is the solution.
Suppose that i (2, 2% + £,) = —P'(1,). Tn this case u; (1 (24, 1)) +AQ(B(1)) < us (4 +t,)+
B, for all u. which implies that ¢! > ' (z,, i) . The solution verifies

Uy (cé) Uy (zi + ts) + Bot

_l_
=<
S QO
>
s
I

,_.
—~
)
q =
N—r

< u

o

SRS
o~ S~

—~~
Q
~—_— —

= _Q/(UU) if Vg > Yy

N

=~ o~

—~

o O
Qg qiv|g = Qv

~—

~— —

<

< (22) if vy = 02

—~
Q)

IS
SS

But 4%) — _(Q'(v,) is not possible as this would imply u; (V' (20, 1)) + BQP(11)) =

uy ()

)
uy (2L +t5) + Buy for i = —Q'(v,). Thus we have

Vg = U

< Q' ()

q

S
S~—

(c

(e

The reverse holds for the threshold (2, 2% + ).

<
o~

~—

S
S

B Proof of Proposition 2

The result follows from Milgrom and Shannon (1994), Theorem 4. Given the separability in

ts, ®s(1,ts) is also quasi-supermodular in 7. The following lemma shows that it also verifies

the single crossing condition in (77 p).

0%s(p,ts)
Ot

Lemma 5 is mon-increasing with p, decreasing if at least one incentive constraint

binds.

0P,
’ Ots

Proof. From the envelop theorem is equal to :

E [)\iué (zg -z — ts) — A (z; + ts) | s}
Now

AL —inf{1 - —F

m,()} if /_L (ZO—,Z; + ts) > —Pl(g2),

while

2

ub(cr) .. 5
N P
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uy(cy)

where e 18 independent of p (given by (37) and v, = v,).
Similarly
M= max{ (2o, 2y +ts) — 1, 0} if p (20, 25 +t5) < —P'(),
while
= ZZE% — pif (20,28 + 1) = —P' ()
where Z:;EE% ; is independent of u (given by (38) and v, = ¥s).

Both are non-increasing in p, and decreasing if the constraint is binding. m

C Extension to the Constrained Case

The extension parallels the development of section 3 and we highlight differences only. In-
stead of equations (23) we assume that:

lnﬂ<rit7 y2t> - Horit + yitﬁy + Evt (44)
In7i(

Tit, Yit) = 10 pu(rig, Yir) + exp(ToTie + Yielly + Ty

and the constraint pu(ri, yir) < T(7it, Yi) is naturally satisfied.
Notice that we still have p/ <0 but we lose the condition 7, <0.
The arguments leading to equations (27) carry over. The lower bound is written as:

@it - th T Uy
while the upper bound is slightly modified and is:

O + Wiy + exp(y, + ilar)

Gir = To((Tpr — To0up—1) + mo(Inciy—1 — Ti—10) + Yumy + zum,) + Yit oy + [y

Ui = MomoIn & + &,

and the consumption equation is modified accordingly.
The arguments leading to the consumption equation (30) carry over and we get:

E(A In Cit | wit) = AZC@tﬁ + A(Svt
—E((¢;, + wi)H{wy, > —¢;} [ wa) (45)
—B((¢}, + wyy + exp(¢y + ) Ly < (8], +exp(dy + @)} | wir)
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The derivatives of the last term are modified into:

0 0 -+ ~
/ (o5 i) + (i) ex(By + 1)) AF (i )

it<7(£;‘t+eXP(&7it+ait)) Owit it

o . B
= a_¢zt(wzt)/ i dF (w;,, @it)
Wit uit<*@;+exl’(¢it+ﬂit))

-2 5 (wa).

O exp(dy; + i) dF (1, i)

/ﬂit <- @; +exp(¢;y+ilit))

As in the text, consider the derivative of (45):

0 _ O0Axyf3 99, 0¢s; <
8witE(A1n Cit | wi) = Dwn awitA — awitA (46)

where:

A= | aFw) + [ AP )
Uiy >—¢7, (Wir) U <— (@7, +exp(Pyy+iit))

A= eXp(gbit + it ) A F (g, Tit)

/ﬁit <— (f:tJreXP(;ﬁitJrﬁit))

The average derivative equation then becomes:

w 0 _ OAzuf 09, 00y
DY = E(awltE<A In Cit ’ wlt)) = awit — awltA — athA (47)

. . . . . 0p* .
and the derivatives are given in the following table (%’; remains the same):

Wit g%’;
Incy 4 oTo
Tii—1  —BHgTo + Tafly + [y
A-Tz't Wmﬁo + ﬂq}
qit Tyllo + g
Zit 7Tzﬂo

Only the form of the first two average derivatives are affected by imposing constraints. The
restriction:

DJ}:—ﬁDc—i—DAm—Fﬁ

remains unaffected.
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