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Abstract

I study a dynamic model of risk sharing with limited commitment frictions and en-
dogenous temporary migration. First, I characterize the model and develop com-
prehensive comparative statics with respect to migration, risk sharing and welfare. I
demonstrate the channels through which migration may decrease risk sharing. I show
how to decompose the welfare effect of migration into the change in income and the
change in the endogenous structure of the insurance market. I then show how risk
sharing alters the returns to migration and therefore determines the migration deci-
sion. Second, I structurally estimate the model on the new (2001-2004) ICRISAT panel
from rural India. Third, the quantitative results I find are as follows: (1) risk-sharing
reduces migration by 50%; migration reduces risk-sharing by 41%; (2) the net welfare
effect of migration is large, equivalent to a 15.5% increase in consumption; (3) con-
trasting endogenous to exogenous risk sharing, the consumption-equivalent gain of
migration is 31% lower.
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1 Introduction

Rural households in developing countries face extremely high year-to-year volatility in
incomes; for example, income is more than three times more volatile in rural India than
the United States'. Economists have long studied the complex systems of informal trans-
fers that allow households to smooth income shocks in the absence of formal markets.
However, informal risk-sharing is not the only option available to rural Indians who
wish to smooth their consumption and minimize the welfare effects of income fluctua-
tions. Households can also migrate temporarily, leaving to work in the city before re-
turning home to the village. The option to migrate, by providing a self-insurance mech-
anism, may fundamentally change incentives for households to participate in informal
risk-sharing. For this reason, it is necessary to consider the migration decision of the
household jointly with the decision to participate in informal risk sharing networks. Un-
derstanding the joint determination of risk-sharing and migration is especially important
in the context of rural India, where 20% of households have a temporary migrant, and for
these households, migration income is 50% of household income.

In order to understand the interaction between migration and informal insurance, I
construct a dynamic model of risk-sharing with limited commitment frictions and en-
dogenous temporary migration. Households take risk-sharing into account when decid-
ing to migrate, similarly the option to migrate will affect how willing a household is to
participate in informal risk-sharing. The welfare effect of migration depends on a poten-
tial trade-off between increased income and the endogenous change in risk-sharing. The
model shows that the effects of migration on risk-sharing and risk-sharing on migration
are theoretically ambiguous. I structurally estimate the model using a household panel
from rural India and use the estimates to quantify three comparative statics derived from
the model. The quantitative results I find are as follows: (1) risk-sharing reduces migra-
tion by 50%; migration reduces risk-sharing by 41%; (2) the net welfare effect of migration
is large, equivalent to a 15.5% increase in consumption; (3) contrasting endogenous to ex-

ogenous risk sharing, the consumption-equivalent gain of migration is 31% lower.

IThe coefficient of variation is estimated to be 127 for rural India, relative to 39 for white males in the
United States (Rosenzweig and Binswanger (1993)).



Economists usually think of migration as an income maximization problem. An indi-
vidual chooses to migrate if their expected income is higher in the city than in the village.
If households are part of a risk-sharing network then the logic is similar, but instead of
comparing gross income, individuals compare expected post-transfer income differences.
Why might migrants still want to participate in informal risk-sharing if they can use mi-
gration to self insure? Although migration may offer high average returns, it is also risky.
Not all migrants find jobs or find well-paying jobs. The best empirical evidence, from a
randomized trial where individuals were assigned incentives to migrate, estimates that
the average return to migration is 30%. At the same time, the lowest 20% of migrants
end up worse off when migrating than if they had stayed (Bryan et al. (2011)). Migration
may be a way to access uncorrelated income sources and insure family members in the
village, but potential migrants may need insurance themselves. This dual insurance can
be provided through informal risk-sharing.

Beginning with Townsend (1994), economists have studied how households make and
receive informal transfers to smooth income shocks. Empirical tests reject the bench-
mark of perfect insurance, but find evidence of substantial smoothing of income shocks.
I model risk-sharing arising from limited commitment frictions, following Ligon et al.
(2002). Limited commitment means that households can walk away from the agreement
if their utility of doing so would be higher than staying. A positive correlation between
income and consumption, as seen in the data, arises because households with high in-
come shocks have a high outside option of walking away from the risk-sharing network
and, so, keep more of their income. Introducing the option to migrate will directly affect
a household’s outside option. Because the key determinant of risk-sharing is the outside
option, the limited commitment model is a natural model through which to examine the
effect of migration.

To introduce temporary migration, I allow a household to make a decision about
whether to migrate once they see what their income will be in the village for the year.
If a household migrates, they remain part of the risk-sharing network. I solve for the
migration and transfer decisions that maximize total utility of all households in the vil-

lage, subject to a set of incentive compatibility constraints. The incentive compatibility



constraints map to the two separate stages at which households can decide to drop out of
any risk-sharing agreement: (1) after all migration decisions have been made and final in-
come is revealed (for example, a rich migrant does not want to transfer too much back to
others in the village), and, (2) at the time of migrating (for example, a household would
rather not migrate even if it would be optimal for the network as a whole to migrate).
Conditional on receiving at least the same utility as their outside option at the two points
in time, neither household has an incentive to deviate either by changing the amount they
transfer or from the prescribed migration decision.

I apply the model to the empirical setting of rural India. This is a setting where tempo-
rary migration is common and economically important; 20% of households have a tempo-
rary migrant, and for these households, migration income is half of household income.” I
use the new wave of the ICRISAT household panel covering the years 2001-2004.° I verify
four empirical facts in the data. First, migration responds to exogenous income shocks.
When the monsoon rainfall is low, migration rates are higher. This matches the modeling
assumption that migration decisions are made after income is realized. Second, house-
holds move in and out of migration status. 40% of households migrate at least once dur-
ing the sample. However, on average, a migrant household only migrates half the time.
This is consistent with households migrating when their returns are highest, for example
if they receive a bad idiosyncratic shock, rather than migration being a permanent strat-
egy. Third, risk-sharing is imperfect, and is worse in villages where temporary migration
is more common. This is consistent with an interaction between informal risk-sharing and
migration. Fourth, although a household increases their income by 30% during the years
they send a migrant, total expenditure (consumption and change in asset position) only
increases by 2/3 of this increase in income. This last fact is consistent with the migrant
making transfers back to the network.

The model shows that the effects of migration on risk-sharing and risk-sharing on

2The numbers cited here are from the ICRISAT data used in this paper. Other household surveys in
India find widespread temporary migration of up to 50% (Banerjee and Duflo (2007); Coffey et al. (2011)).
For a detailed case study of patterns of labor migration in India see Breman (1996).

3The original data (VLS1) was collected over 1975-1984. I can merge together the VLS1 and VLS2 to have
a 30 year panel on households. Migration in the VLS1 is very limited, with fewer than 1% of households
having a temporary migrant and so I focus the migration analysis on the VLS2 data.



migration are theoretically ambiguous. Determining the direction of the effects is thus
an empirical question. I structurally estimate the dynamic model of risk-sharing and
migration on the household panel dataset using simulated method of moments. I use
the model and structural results to quantify three comparative statics derived from the

theoretical model:

1. Effect of risk-sharing on transfers: With risk-sharing, the migration decision depends
on post-transfer income differentials between the village and the city. Theoretically,
I show that risk-sharing can either increase or decrease migration. Empirically, I
estimate the net effect of risk-sharing is to reduce migration by 50%. This is driven
by an income effect in the village. It is the villagers with bad income shocks who
migrate, but these households would be net recipients of transfers if they stayed.

Transfers reduce the gains from migrating, lowering migration.

2. Effect of migration on risk-sharing: — Theoretically, the effect of migration on risk-
sharing is ambiguous. On one hand, the option to migrate increases the outside
option of households, decreasing risk-sharing. On the other hand, migration allows
the network to smooth aggregate shocks, increasing risk-sharing. Empirically, I es-
timate the net effect of introducing migration is to reduce risk-sharing by 41%. That

is, the crowding out effect of migration dominates.

3. Effect of migration on welfare: Welfare depends on total resources available to the net-
work and the allocation of the resources between members (the “size” and “slices”
of the economic pie). I estimate that overall, migration results in a consumption-
equivalent increase of 15.5%. Households with low endowments (low landhold-
ings) particularly benefit from migration because of an increase in total income in

the village.

The risk-sharing result highlights the important interaction between migration and
risk-sharing. The option to migrate endogenously changes incentives for households to
make transfers. Because households are connected through risk-sharing, this affects all

members of the risk-sharing network, not just those who migrate. I re-estimate my model



under two alternative environments - no risk-sharing, and no risk-sharing but borrowing
and saving - and show that, under exogenously incomplete insurance markets where
migration does not alter the structure of risk-sharing, the welfare gain is 31% higher.
However, models of exogenous risk-sharing miss the crucial interaction between risk-
sharing and migration that my model captures.

There is a clear policy prescription from these results. When households are connected
through informal risk-sharing, there will be spillover affects from development policies
that change households’” income streams. I show the effect of a rural employment scheme,
similar to the Indian Government’s National Rural Employment Guarantee Act (NREGA)
which guarantees rural households 100 days of employment, in my environment. This
policy increases welfare, but reduces migration and decreases risk-sharing.

This paper contributes to an established literature examining rural-urban migration.
Early models of migration set up the ‘dual’ economy: the choice between the subsistence,
rural economy and the modern, urban economy where the wage was higher. Rural-urban
migration was an integral part of the process of development, as the modern sector ex-
panded and surplus labor moved to take advantage of higher wages (Lewis (1954), Harris
and Todaro (1970)). However, the benefits of the traditional economy, for example pro-
viding access to loans, could discourage migration, potentially leading to a poverty trap
(Banerjee and Newman (1998)). Such forces are still a key explanation for the extremely
low rates of permanent migration seen in India today (Munshi and Rosenzweig (2009)).
Rather than taking the decision between participating in rural institutions and migration
as a binary decision, the key contribution of this paper is quantifying how rural institu-
tions adjust to new technology. This is possible by analyzing temporary, rather than per-
manent, migration. If migration is temporary, then the migration decision is not as stark
as having to sever ties with the risk-sharing network. Rather, the network stays intact,
but the amount of insurance endogenously responds to the new income opportunities.

The second literature this paper contributes to is a literature studying incomplete mar-
kets, especially in developing countries. Developing countries lack access to formal credit
and insurance markets, and do not fully provide this insurance informally (Altonji et al.

(1992), Townsend (1994)). However, there is evidence of imperfect insurance. Limited



commitment models appear to be a good empirical fit (Udry (1994); Cox and Eser (1998);
Ligon et al. (2002)).* The limited commitment model has a key appeal in that the mech-
anism is very transparent. This has lead to several studies examining the interaction
between changes to households” outside option and endogenous risk-sharing, including
public insurance schemes (Attanasio and Rios-Rull (2000); Albarran and Attanasio (2002,
2003); Krueger and Perri (2010)), unemployment insurance (Thomas and Worrall (2007))
and options to save (Chandrasekhar et al. (2010)). This paper contributes to this litera-
ture by theoretically characterizing a dynamic model with endogenous risk-sharing and
migration, and empirically estimating the key interaction between migration and risk-
sharing when markets are endogenously incomplete.

In the following section I present the risk-sharing model with endogenous migration.
Section 3 introduces the household panel used to estimate the model and verifies that the
modeling assumptions hold in these data. Section 4 discusses how to take the model to
the data, and Section 5 presents the structural estimation results and performs the two

policy experiments. Section 6 concludes the findings.

2 Joint model of migration and risk sharing

This section presents the model of risk sharing with endogenous temporary migration. I
build this model in three steps. Section 2.1 presents a model of migration with exogenous
risk sharing transfers. Section 2.2 presents the limited commitment model of risk sharing
without migration. Section 2.3 merges the first two components together to present the
full model of limited commitment risk sharing with endogenous temporary migration.

I use the model to derive three theoretical results: (1) the effect of risk sharing on
migration; (2) the effect of migration on risk sharing; (3) the effect of migration on welfare.
The results are theoretically ambiguous and thus an empirical question, to which I turn

later in the paper.

%Of course, there are many other explanations for imperfect risk-sharing, including moral hazard (Ligon
(1998); Lim and Townsend (1998); Townsend and Karaivanov (2010)) and hidden income (Kinnan (2010)).



2.1 Migration with exogenous risk sharing

This section develops a model of temporary migration with exogenous risk sharing trans-
fers. I use the reduced form model to derive comparative statics for the effect of risk shar-
ing on migration. I show that an increase in risk sharing will have two offsetting effects
on migration, and the net effect is theoretically ambiguous.

Temporary migration is short-term migration. I model agents migrating in respond to
income differences between the village and a city. Agents also pay a utility cost if they
migrate. This cost captures both the physical costs (for example, costs of transportation)
and the psychic costs (for example, begin away from friends and family) of migration.”
Temporary migration lasts one period: agents see the income in the village and make
a decision about whether to migrate. If they migrate, they return back to the village at
the end of the period. Assume the agent has income e in the village and expects to earn
income m if they migrate. If an agent migrates they pay a utility cost 4. The agent will

migrate if the expected utility gain of doing so is positive: ©

Eu(m) —d > u(e).

Now, consider that the agent also receives transfers (either positive or negative), de-
noted by 7, from a risk sharing network. Transfers are made ex post of the migration
decision. Assume the transfers depend on the agent’s income and a penalty p levied by
the network if agents do not make transfers. The key attribute of risk sharing transfers is
that they provide insurance against bad income shocks. Agents get transfers when they
have low income and make transfers when they have high income. This is captured by

assuming %yy’p) < 0. Assume also that the degree of risk sharing depends on the ex-

5Assuming a utility cost of migrating is common in the literature. A utility cost of migration can also
easily explain why American Samoans, legal residents of the United States, choose to live in America
Samoa where per capita income is $8,000, instead of legally migrating to Hawa’ii where per capita income
is $21,000.

®Migration could also be a way for households to diversify risk. That is, there could still be welfare
gains from migrating if income in the migration destination is less correlated with origin income, and not
necessarily higher. Rosenzweig and Stark (1989) show, for example, that households which face a more
risky income stream send their daughters further away to be married, and argue this is to diversify spatially
correlated income shocks. I assume in this paper that migration decisions are made ex post of the income
realization and so income diversification will not generate migration.



ogenous penalty. This is captured by assuming that the absolute value of transfers is a

function of the penalty: drlwpll g,

Ip
With risk sharing, the agent considers post-transfer income, instead of gross income.

The agent migrates if the expected utility gain is positive:

Eu(m+t(m,p)) —d > u(e+ (e, p)).

We want to derive the effect of risk-sharing on migration. To do this, consider the
effect of an exogenous increase in the penalty p. An increase in p will increase magnitude
of the risk sharing transfer because it becomes more costly to not participate fully in risk-
sharing. As a result, agents who receive a positive transfer receive a larger transfer, and
agents who make a transfer make a larger transfer.

Consider an agent who is indifferent between migrating and staying:

Eu(m+t(m,p)) —d =u(e+ (e, p)).

An increase in the penalty will have two offsetting effects on migration. For a small

increase in p, the agent will now migrate if:

E%n;’mu’(erT(m,P)) > %e;;p)”,(eﬂLT(eIP))

N J/ (& J/
~~ "~

Insurance effect: change to expected migration income  Income effect: change to village income

The overall effect of an improvement in risk sharing on migration depends on the rela-
tive magnitude of the offsetting income and insurance effects. The first effect is an income
effect. The expected gain from migration is not the gross income difference between the
village and the migration destination, but the post-transfer income difference between
the village and migration destination. The agents with the highest expected utility gain
from migrating are the agents with low income realizations. However, with risk sharing,
these agents would be receiving a net transfer from the network. This reduces the gain

from migrating.



The second effect is an insurance effect. Migration is risky. An agent may travel to
the city and be unable to find work, or may find employment and earn a high income.
Migrants who have a bad outcome may receive transfers from the network, and migrants
who are lucky may transfer back to the network. The risk sharing network may therefore
insure the migration outcome and increase the expected gain from migrating.

Next, I consider how the risk sharing transfers are determined.

2.2 Limited commitment risk sharing without migration

This section presents the limited commitment risk sharing without migration (Kocher-
lakota (1996), Ligon et al. (2002) ). The following section will add temporary migration to
this model of risk sharing.”

The risk sharing problem in to find transfers that maximize the joint utility of both
households, subject to a “‘walking away’ constraint. This constraint is that utility from
participating in the network is as high as utility from not participating. The first best
allocation of resources is perfect risk sharing, where each agent receives a constant share
of total resources, independent of their income. However, with limited commitment, a
positive correlation between income and consumption can arise because households with
high income shocks have a high outside option of walking away from the risk sharing
network and, so, keep more of their income.

The economy is a two person endowment economy®. Agents receive a draw from
an income distribution each period. There are no financial markets: agents cannot save
or borrow. The state of the world in the village is indexed by s, which takes a finite
number of values, s = {1,2,....5}. The realization of the state of the world determines
the endowment income for each household. The endowments for the two households, A
and B, in state s are given by the vector e(s) = {e”(s),e?(s)}. Let s; be the realization of

the state of the world in period t, and s! denote the history of the realizations of the state of

7See also Coate and Ravallion (1993); Kehoe and Levine (1993); Attanasio and Rios-Rull (2000); Dubois
et al. (2008) for other limited commitment models.

8The limited commitment model is solved for two households. Assuming Gorman Aggregable prefer-
ences it is possible to aggregate the model to allow for risk sharing between N households in the village.
This is discussed in the estimation section.



the world up to time ¢, st = {s0,51, ..., st }. The state of the world is governed by a Markov
transition matrix TT, with 7y = 7(s;41 = §'|s; = s). With slight abuse of notation, I
will refer to the vector e in place of s. The key component of the limited commitment
problem is the value of the outside option. This is given by the present discounted value
of consuming their endowment stream: Q(e) = EY.% Blu(e;).

I present the recursive formulation of the limited commitment problem, using the
techniques of Marcet and Marimon (1998) and following Attanasio and Rios-Rull (2000)°.
The limited commitment problem is recursive in two state variables: the current state of
the world, e, and a summary measure, x, of the binding participation constraints up until
that period. This summary measure x is equivalent to the ratio of marginal utilities, so is
referred to as an endogenous pareto weight. The endogenous pareto weight is updated
at time ¢ to reflect the current period’s binding participation constraints.

The value function for household A is expressed by V4 (x, ) and similarly V3 (x, e) for
agent B. The social planner’s value function is a weighted sum which takes into account
the endogenous weight of household B: V(x,e) = VA(x,e) + xVB(x,e).

The social planner solves for transfers to maximize joint utility:

V(x,e) = maxu(e? + 1)+ xu(e® — 1)+ BE  V(¥,¢). (1)
T,x' ——
VA(x e )+x'VB(x e
subject to:
u(c) + BEVI(x,e') > u(e') + BEQ!(¢'), (2)
and:
4B < el 6B (3)

where (2) is the participation constraint that requires the utility from participating in the
agreement to be as high as the outside option, and (3) is the budget constraint for the

economy.

Refer to Appendix A for the equivalent date-zero problem.
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Definition 1. A constrained efficient equilibrium is defined by two functions:

1. An updating rule for the endogenous pareto weight x’ = x'(x, e).

2. Transfer function (e, x’) = {14, t%}.

such that (1) is maximized subject to the participation constraints (2) and resource con-

straint (3).

The solution to this problem is a simple updating rule for the endogenous pareto
weight x, which maps directly to the share of resources for each household. Ligon et
al. (2002) show that the constrained efficient contract is a state-specific range of pareto
weights (and hence consumption shares) that simultaneously satisfy the participation

constraints of both households. Specifically,

Proposition 2.1 (Proposition 1, Ligon et al. (2002) ). The constrained efficient contract can be
characterized as follows. There exist S state-dependent intervals [x,,%,|,r = 1,2,...S such that
x(e¢) evolves according to the following rule. Let e; be given and let r be the state which occurs at

time t + 1; then

Xy ifx(et) < X

x(et+1) = x(st) fo(et) € [K;»/Er]

KE if x(er) > %,

The key mechanism in the limited commitment model is the value of walking away
and consuming the endowment stream. It is therefore a natural model to study the effect
of migration because migration opportunities will change a household’s outside option:
instead of consuming only the endowment in the village, the household will now have

the opportunity to migrate.

2.3 Limited commitment with migration

I bring together the separate models of (1) limited commitment risk sharing, and (2) mi-
gration, and construct a model of limited commitment risk sharing with endogenous tem-

porary migration.

11



Temporary migration is the option to work in the city for one period and return back
to the village at the end of the period'’. To introduce temporary migration, I allow a
household to make a decision about whether to migrate once they see what their income
will be in the village for the year. If a household migrates, they remain part of the risk
sharing network. However, because migration affects the outside option of households,
the amount of insurance may change.

I solve for the migration and transfer decisions that maximize total utility of all house-
holds in the village, subject to a set of incentive compatibility constraints. The incentive
compatibility constraints map to the two separate stages at which households can decide
to drop out of any risk-sharing agreement: (1) after all migration decisions have been
made and final income is revealed (for example, a rich migrant does not want to transfer
too much back to others in the village), and, (2) at the time of migrating (for example,
a household would rather not migrate even if it would be optimal for the network as
a whole to migrate). Conditional on receiving at least the same utility as their outside
option at the two points in time, neither household has an incentive to deviate either by
changing the amount they transfer or from the prescribed migration decision.

The timing in the model is as follows. (1) Households observed their endowment in
the village. (2) Households decide whether to migrate (ex-ante participation constraint).
(3) If households migrate, they realize their migration income. (4) Households make or
receive risk-sharing transfers (ex-post participation constraint). (5) Agents consume. (6)
Migrants return back to the village. (7) End of the period; the same problem is repeated
the following period.

The economic environment is as above in Section 2.2, with the addition of an income
process for migration income. Migration income for each agent is an i.i.d. draw from
a discrete migration income distribution. The state of the world in the migration desti-
nation is indexed by g which takes a finite number of values. The migration state is not
realized until after migration decisions have been made. The migration income for each

household in state g is given by m(q) = {m?(g), m?(g)}, although this vector is only ob-

107 abstract from any learning about migration. For papers that consider learning and migration see
Pessino (1991); Bryan et al. (2011).

12



served for agents who migrate. With slight abuse of notation I will refer to the vector m
in place of q. Agents pay a direct utility cost d if they migrate.

The option to migrate changes the outside option for households. The new value
of autarky, QF, (e;), incorporates the option to migrate. Because migration is a choice,

migration weakly increases the outside option for households:

Qi (e;) = maxE{u(el), u(m;) —d} + Eiﬁt max{u(el), u(m;) —d}.

We are now ready to solve for constrained efficient transfers and migration. The prob-
lem is solved recursively in two stages. First, conditional on migration decisions ({14, 18})
and the realization of migration outcome m, transfers are chosen to maximize joint utility
such that the ex-post incentive compatibility constraints of both agents are satisfied. This
yields the intermediate optimized value function V(x, e,m, 14,18 ). Second, given con-
strained efficient ex-post transfers, V(x, e, m, I4, 8), migration is chosen to maximize ex-
pected joint utility such that the ex-ante incentive compatibility constraints of both agents
are satisfied. The value function for the combined problem is given by V (x, e).

The ex-post problem, conditional on the migration decisions and migration outcome,

is to choose transfers to maximize total utility:

V(x,e,m, 14, 18) = maxu(y? + 1) — 14d + x(u(y® — 1) = 1Bd) + BEV(,e¢), (1)
T —_——
First stage function

subject to

u(c') + BEVi(x/,s") > T'u(m') + (1 — D)iu(e') + BEQL (¢'), (2)

and

A4 B =1 -1 +1m? + (1 —18)e® + 1Bmi®, (3

where ex-post income for agent i is given by y* = I'm' + (1 — )¢, (2') are the ex-post

participation constraints and (3’) is the ex-post resource constraint for the economy:.
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The ex-ante problem takes the optimized ex-post value function, V(x, e,m, 14,18 ), and
chooses migration to maximize expected joint utility such that the ex-ante incentive com-

patibility constraints of both agents are satisfied:

V(x,¢) = max / V(x,e,m, 14, 1B)dF,, @)

14,18

subject to an ex-ante participation constraint:

Eu(c') + BEVi(x',¢’) > max(u(e'), E(u(m') — d)) + BEQ! (¢'). (5)

Definition 2. A constrained efficient equilibrium with temporary migration is defined by three

policy functions:
1. Migration rule i(e) = {I4,18}
2. Updating rule for pareto weight x’ = x'(e, m, i, x)
3. Transfer function (e, m,i,x') = {t4, 18}

such that the social planner’s problem (4) is maximized, subject to the ex-ante incentive
compatibility constraints (5), ex-post incentive compatibility constraints (2’), and ex-post

resource constraints (3).

A similiar updating rule for the relative pareto weight x holds in the model with tem-
porary migration. There exist S states in the village and Q possible states in the migration

destination. Denote the combined state of the world by the vector {e;, m;}. Then,

Proposition 2.2 (Adapted from Proposition 1, Ligon et al. (2002) ). The constrained ef-
ficient contract can be characterized as follows: There exist S x Q state dependent intervals
(X Xep), v = 1,2,...5;n = 1,2,...M such that x({e;, m:}) evolves according to the follow-

ing rule. Let x{e;, m;} be given and let v, n be the state which occurs at time t + 1; then

p

X if x({st,me}) < x,,
X({str1,mee1) = S x({se, me})  if x({st,ms}) € [0, For ]
y1’,n lfx({St, mt}) > E"r”

14



We now to derive comparative statics of migration on risk sharing and welfare.

2.3.1 Comparative statics on risk sharing, consumption, and welfare

This section derives two theoretical comparative statics: (1) the effect of migration on risk
sharing, and (2) the effect of migration on welfare. I present a simple numerical example
to illustrate the channels of the effects. I then present a simple numerical example to
illustrate the two effects.

Throughout this section, I consider the cross-sectional income distribution in the vil-
lage. Households receive an income draw from the village income distribution Fo migration-
Migration will change the cross-sectional income distribution because agents who mi-
grate will receive a different income than if they had stayed in the village. I refer to the
resulting income distribution of agents after migration has occurred, and all migration
income realized, as the ex-post income distribution, represented by Fnigration-

To allow for correlation between agents, assume that at time t, the state of the world
is either good (H) with probability 7t or bad (B) with probability 1 — 7r. Conditional on
the aggregate state of the world z, each household receives an i.i.d. income draw from an
ex-post distribution with mean p(z) and variance o(z). Village income is a draw from the
no-migration distribution: ef; ~ Fno migration(u, o), where the u is the vector of the mean
in bad and good years, 1 = [up, 1g, and o is the vector of the variance in bad and good
years, 0 = [op, 0G].

Now consider introducing migration. Migration will change both total income and
the distribution of income. First, migration may increase total income in the economy.
This is captured by a change in p. Migration offers a mechanism to smooth aggregate
shocks. Therefore, migration may differentially affect the mean income in the economy in
good years (1(G)) and bad years (u(B)). What about the variance of income? Migration
may allow households with low income shocks a way to self-insure, which would reduce
the ex-post cross-sectional variance. However, migration may also introduce income risk,
increasing the cross-sectional variance of income. The overall effect of migration on the

income process is captured by the ex-post distribution ef; ~ ~migration(;l, g).
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2.3.2 The effect of migration on risk sharing

I show here that migration will have two offsetting effects on risk sharing. The first is an
incentive effect arising from the endogenous change in consumption allocation through
the changes in the outside option. The second is a self-insurance effect, from the direct
change in income as a result of migration.

To understand how risk sharing changes we first need to define risk sharing. There
are many measures in the literature. I follow Krueger and Perri (2010) and use a sum-
mary measure that captures the relative spread of income and consumption in the cross-
section. This measure is used because it can easily be incorporated into the theoretical

framework.!!

Definition 3. Risk sharing is defined as RSy = 1 — ZEZ;

tion of consumption and o (e;) is the standard deviation of income.

where o (c¢) is the standard devia-

This measure of risk sharing is bounded between 0 and 1, and takes the value 1 if
resources are perfectly shared between households (o(c;) = 0) and the value 0 if there is
no transfer of resources (0(c;) = o(e;)). Risk sharing decreases when the ratio between
consumption and income increases. That is, risk sharing decreases if rich agents transfer
relatively fewer resources to poor agents after a change to the income distribution. A
change to the distribution of income, through migration, will either increase or decrease
risk sharing depending on how transfers respond.

Consider the effect on risk sharing of migration, captured by a change in the ex-post
mean ¢ and standard deviation o of the income distribution. There are two effects: (1) an
incentive effect, through the endogenous change in the distribution of consumption aris-
ing from the change in the outside option of households, and (2) a self-insurance effect,

through the exogenous change in the income distribution.

. aRSt aO'(Ct) Bcr(ct) JdRS
ARSt_&T(Q)( 90 20T ou A )+ aa(et)AU

—~ iV
Incentive effect Self-insurance effect

n the empirical section I compute alternative measures of risk-sharing.
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The net effect on risk sharing depends on the relative strength of the incentive effect

and the self-insurance effect.

2.3.3 The effect of migration on welfare

Total welfare depends on the distribution of consumption and total income. Migration
will have two effects on welfare. First, migration directly changes the total resources
available to the network. Second, migration endogenously changes the distribution of
consumption between network members.

Total welfare is maximized if all households have an equal share of consumption:
that is, if o(c;) = 0. We can express the welfare for this economy as W = W(o(c¢), 1).

Consider the introduction of migration:

oW [ do(ct) do(ct) oW
do(cy) ( do o+ o B+ p) HAN
N —~ ) N,
Risk sharing effect Income effect

The sign of both effects is positive. Therefore, if migration reduces risk sharing, then

welfare will be lower than if risk sharing was unchanged.

2.34 A simple numerical example

To illustrate these effects I work through a simple numerical example. Consider an econ-
omy with a deterministic income process and symmetric endowments. In even periods
household A receives a good income shock; in odd periods B receives a good shock. The
total resources in this economy are equal to 2, with the agent who has a good shock receiv-
ing 1.3 (65% of the total resources), and the other agent 0.7 (35% of the total resources).
Assume logarithmic utility and a discount rate of 0.7.

I model migration as a risk-free migration opportunity where the guaranteed income
is 0.8. I assume no utility cost to migrating. Under these parameters the current poor
agent will always migrate but the current rich agent will not migrate. This changes the
income process in two ways. First, total resources available to the network increase to 2.1

from 2.0. Second, the share of total resources that the rich agent receives decreases to 0.62
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from 0.65.

Figure 1 shows the effect of migration on consumption and risk sharing in this econ-
omy. The incentive compatibility curve (net present value of endowment stream) for the
agent with the binding participation constraint is drawn through each endowment point.
Te intersection of the incentive compatibility curve and the budget set for the economy
yields the risk-sharing equilibrium. Pre-migration, the risk sharing allocation is for the
rich agent to consume 1.04 (52% of the total resources) and the poor agent to consume
0.96 (48% of total). After-migration, the incentive compatibility curve shifts, reflecting
the increase in the net present value of income. As a result, the initial allocation rule is
no longer incentive compatible. The new equilibrium is for the rich agent to consume
1.16 (56% of total resources), and the poor agent to consume 0.94 (44% of the total). Risk
sharing is reduced.

Figure 2 decomposes the welfare effect of introducing migration. There are two offset-
ting effects. Migration increases the total resources available to the economy, increasing
welfare. However, migration endogenously changes risk sharing. This causes a shift

along the welfare curve, reducing welfare. These two effects are illustrated in the figure.

2.4 Summary of theoretical predictions

This section presented a model of limited commitment with endogenous temporary mi-
gration. Migration and risk sharing are jointly determined. I derived three comparative

statics:

1. Effect of risk sharing on transfers: With risk sharing, the migration decision depends
on post-transfer income differentials between the village and the city. There is an
income effect and an insurance effect. The income effect reduces the gains from
migration and reduces migration. The second effect is the insurance effect. Risk
sharing occurs ex post of the realization of the migration outcome. Because migra-

tion is risky, risk sharing transfers may increase migration.

2. Effect of migration on risk sharing: Migration will change both the allocation of in-

come (the self insurance effect) and the endogenous allocation of consumption (the
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incentive effect). If the variance of consumption decreases relative to the variance
of income, then risk sharing increases. Theoretically, the effect of migration on risk
sharing is ambiguous. On one hand, the option to migrate increases the outside
option of households, decreasing risk sharing. On the other hand, migration allows

the network to smooth aggregate shocks, increasing risk sharing.

3. Effect of migration on welfare: Welfare depends on total resources available to the net-
work and the allocation of the resources between members (the “size” and “slices”
of the economic pie). The effect of migration on welfare can be decomposed into
an income effect and a risk sharing effect. The income effect captures the effect on
welfare of changing the income distribution holding allocation constant. It is pos-
itive, increasing welfare. At the same time, migration affects the outside option
of households, which may make it more difficult to satisfy incentive compatibility

constraints. This may reduce the amount of risk sharing, reducing welfare.

Because the theoretical results are ambiguous, the net effect is an empirical question.

I now introduce the empirical setting of rural India, where I will estimate the model.

3 30-year panel of rural Indian households

I use the ICRISAT Village Level Studies (VLS) data from semi-arid India. The ICRISAT
data are a very detailed panel household survey, with modules covering consumption, in-
come, assets, and migration. This paper uses both the original data (VLS1), collected over
1975-1984, and the new ICRISAT data (VLS2), collected from the same villages starting in
2001. '? Temporary migration is very scarce in VLS1: fewer than 1% of households report
having a temporary migrant, so the migration analysis is performed using the VLS2 data
only'®. This section introduces the data and verifies the model assumptions hold in this

empirical context.

12For more information of the initial ICRISAT panel refer to Walker and Ryan (1990)).
1BThe majority of migration in VLS1 is migration due to marriage, with the woman migrating to her
husband’s home (Rosenzweig and Stark (1989)).
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3.1 Descriptive statistics of migration

Temporary migration is common in rural India today. Figure 3 plots the prevalence of
temporary migration by village and year, in the VLS2 data. On average 20% of house-
holds participate in temporary migration each year. The prevalence of participation in
the temporary migrant labor market varies over location, village and time. For exam-
ple, migration is much higher in the two villages in Andhra Pradesh state due to their

proximity to Hyderabad, a main migration destination.

3.2 Verifying the model assumptions in this empirical context

I verify 4 key facts in the data: (1) Migration responds to exogenous income shocks. (2)
Households move in and out of migration status. (3) Risk-sharing is imperfect, and is
worse in villages where temporary migration is more common. (4) Marginal propensity to
consume from migration income is less than 1. Throughout the rest of the analysis I scale
all household variables to per adult equivalents, to control for household composition. I
define household composition using the first year in the survey to control for endogenous

changes in household composition due to migration.

1. Migration responds to exogenous income shocks

The summer monsoon rain at the start of the cropping season is a strong predictor
of crop income (?). Figure 4 shows that migration responds to this income shock.
When the monsoon rainfall is low, migration rates are higher. This matches the

modeling assumption that migration decisions are made after income is realized.

2. Households move in and out of migration status

40% of households migrate at least once during the sample. However, on average, a
migrant household only migrates half the time. This is consistent with households
migrating when their returns are highest, for example if they receive a bad idiosyn-

cratic shock, rather than migration being a permanent strategy.

3. Risk sharing is incomplete
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Risk sharing in the ICRISAT villages is incomplete, and risk-sharing is worse in
villages with higher temporary migration. To show this, I estimate a test for full
risk-sharing. I estimate the following regression for household i in village v at time

t:

10g Civt = 0610g Yiot + Bi + Yot + €ivt,

where v; is a household fixed effect and v is a village-year fixed effect that captures
the total resources available to the village at time ¢. The intuition of tests of full risk
sharing is that individual income should not predict consumption, conditional on

total resources (Townsend (1994)).

Table 2 reports the results of tests of full risk sharing. The first 3 columns of the table
report the results using the complete 30 year panel. I repeat the analysis using only
the new VLS2 data in the last 3 columns. Results are consistent. Full risk sharing is
rejected. The estimated income elasticity is 0.20 using the full sample, or 0.08 using

the new VLS2 sample.

Columns 2 and 4 interact the mean level of migration in the village with income.
The estimated coefficient is positive and statistically significant: an increase in 10%
of the mean level of migration in the village increases the elasticity of consumption
to income by 0.025: villages with higher rates of temporary migration have lower
rates of risk sharing. This does not indicate causality, but is again consistent with

the joint determination of risk sharing and migration.

4. Marginal propensity to consume from migration income is less than 1:

Table 1 decomposes the change in household income and expenditure for migrant
households. Although a household increases their income by 30% during the years
they send a migrant, total expenditure (consumption and change in asset position)
only increases by 2/3 of this increase in income. I do not observe transfer data in
the dataset, but this shortfall between income and expenditure is consistent with an

increase in transfers from the household to the network.
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These four empirical facts provide some reduced form evidence for a relationship be-
tween migration and risk-sharing. In the model, migration and risk-sharing are jointly
determined. It is therefore necessary to estimate the model structurally. The following

section explains the structural estimation procedure.

4 Structural estimation

This section describes the structural estimation procedure. Section 4.1 discusses the sim-
ulated method of moments estimator; Section 4.2 the specific moments matched; Section

4.3 model identification and computational issues.

4,1 Simulated method of moments estimator

The aim of the structural estimation is to generate a 4-year series of simulated data to
match the 4-year series of observed data as closely as possible. To do this, I estimate the
model using simulated method of moments (McFadden (1989)).'* T construct a vector
of moments from the data, g;, relating to migration, income, and risk sharing. I then
solve the model for a specific value of the underlying parameters, 6, generate a simulated
dataset, and construct the same moments from the simulated data. This yields a vector

of simulated moments Q(8). The simulated method of moments estimator Oy is given

by:

Osmm = arggnin(Q(B) —4s)'W(Q(0) — g5)

where W is a positive definite weighting matrix.'>

I construct the simulated data by simulating a long time series of data. For a given
value of the parameter vector, 6, the solution of the limited commitment model yields the

migration rule, updating rule for the pareto weight, and transfer rule for each state of the

14 An alternative estimation procedure would be to construct a pseudo-likelihood using indirect inference
methods (see, for example, Guvenen and Smith (2010)). I choose method of simulated moments as my
model produces moments which map directly to the data.

151 currently use the identify matrix for W. This will be updated to the optimal weighting matrix.
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world. I use the following algorithm to generate the data. It is necessary to supply an ini-

tial pareto weight for the algorithm, so in order to minimize the effect of this initial weight

I construct a long time series and discard the initial periods, computing the moments of

the final 4 periods in the data.

The algorithm is as follows:

1.
2.

Construct the vector of data moments gs.

For the given 0 solve the model and find the migration rule, pareto intervals, and
transfer rule.

. Construct a history of T — 4 aggregate shocks for each village. Use the actual real-

ization of the aggregate shocks in the data for the last 4-years of the series.

Draw a history of T idiosyncratic shocks for N individuals in each village

. Together, the idiosyncratic shock and aggregate shock determine the state of the

world s for each T
Set the t = 0 pareto weight to a random number x € [0, 1] for each household

Use the migration rule, pareto intervals, and transfer functions to simulate the N
agents over T years.

. Discard the first T — 4 years of data. Compute the simulated moments Q(6) using

N individuals over 4 years where the aggregate shocks in the simulated data match
the aggregate shocks in the data.

. Compute the criterion function (Q(6) — gs)'W=1(Q(0) — gs)

The following section details the exact moments matched in the data during this algo-

rithm.

4.2

Moments matched in data

There are four groups of model parameters that need to be estimated:

1.

Income distribution in village: The income distribution in the village determines the
income of households if they do not migrate. I allow for aggregate shocks at the

village level, and for idiosyncratic income to depend on landholdings.

23



2. Income distribution if migrate: The income distribution at the destination determines

the income of households if they migrate.

3. Utility cost of migrating: The utility cost is a key determinant of migration. I allow
the utility cost vary by the number of males in the household, to capture differential

migration rates between high-male and low-male households.

4. Coefficient of relative risk aversion: The coefficient of relative risk aversion determines

both risk sharing and migration.

Table A shows the parameters that are estimated and how the parameters are matched

to the data.
Table A: Parameter vector for structural model
Type of parameter Symbol  Main source of variation in data
e Mean i f i t
Income distribution in village Ho can mcome.o .non n.ugran ° _
o Standard deviation of income of non-migrants
Scaling parameters for land owners «f. 4, Mean of income of non-migrant land owners

PR i Mean income of migrants
Income distribution if migrate Hmig,o &

Omigw  Standard deviation of income of migrants

Utility cost of migrating dy Mean households migrating
Scaling parameter for male household a6, Mean male households migrating

Share of non-migrants receiving a transfer

- o . Share of migrants receiving a transfer

Coefficient of relative risk aversion Yo & ' & )
Mean consumption of non-migrants

Mean consumption of migrants

Parameters set exogenously

Discount rate S 0.9
Scaling parameter good agg shock il 1.2
Income share from migration 0.6

Notes: The parameters with a v subscript are estimated at the village level. Parameters without a v subscript are
estimated across the entire sample. The estimation sample is 5 villages. The total vector size is 29 (5 parameters
estimated separately for each village and 4 parameters estimated across the entire sample).
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The model is over-identified, meaning I match more moments than parameters. In
addition to structurally estimating parameters, I set three parameters exogenously. First,
I set the discount rate = 0.9. It is difficult to separately identify 3 and y because they
are highly negatively correlated (see Guvenen and Smith (2010)). I set B = 0.9 to match
the values estimated for the ICRISAT villages by Ligon et al. (2002). Second, I set the
scaling parameter for the good shock to 0.2. This matches the mean difference in the data
between a good and bad aggregate shock. Third, I set the income share from migration
to 0.6, matching the share of household income from migration for households with a
temporary migrant observed in the data.

Because I allow for heterogeneity in land holdings and household composition when
estimating the model, it is necessary to have a large enough sample size within each
village. For this reason, I drop village 6 because its sample size is only 32 households.
The final structural estimation sample is 5 villages. In total, I estimate 8 parameters for
each village, and set 3 parameters exogenously. This yields a total of 40 parameters to be
estimated. The parameter vector 8 = {Oestimated, fexogenous } is a vector of 43 parameters

which fully characterizes the risk-sharing and migration model.

4.3 Identification of parameters

This section details the identification of each group of parameters, and how to extend the

2 agent model to the N household village.

4.3.1 Household income

Household income depends on the aggregate income shock, an idiosyncratic income
shock, migration decision and migration income. Exogenous variation in income comes
from monsoon rainfall, which determines the aggregate state of the world in the village.
Total household income depends on the migration decision. If the household does
not migrate, their income comes only from their village income draw, y;;. If the house-
hold migrates, the migrant receives migration income draw, m;,;, and total household

income is a combination of income earned by the migrant and income earned by the non-
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migrants.
Each household i in village v receives an income at time ¢ that has an idiosyncratic (¢)

and an aggregate component (v):

Yivt = Yot€jpt-

The aggregate state is either high or low, each with equal probability. The idiosyncratic
shock is an iid draw from a village-specific log-normal distribution with mean p and
variance 02 -

idio,v*

log(€) ~ N (ko, 0igio,0)-

I allow the village income distribution to be a function of land holdings. I scale the
mean of the income distribution by «f. _,, estimated structurally, if the household is in the
top half of the land holding distribution within village.

If agent i migrates from village v they receive an income draw m from a log-normal

distribution with mean pi;gv and variance o2

mig,v" I assume that all agents face the same

ex-ante income distribution if they migrate:'®

lOg(m) ~ N(Hmig,v, Oﬁﬁg,v)'

To implement the estimation I discretize the income processes. To do this I follow
Kennan (2006), and choose points of support in the distribution such that there is equal
probability put on each support point. There is a trade-off between number of points of
support and computational time of the algorithm. I allow 10 points of support for the

idiosyncratic income process and 3 points of support for the migration income process.

161t would be possible to incorporate additional dimensions of heterogeneity into the estimation proce-
dure, such as education. In the data I find no relationship between education and selection into temporary
migration, but a small and marginally significant difference in the wage rate if agents migrate. This is
because temporary migration is primarily low-skilled manual work.
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4.3.2 Utility parameters

The discount rate 3 and the coefficient of relative risk aversion y both affect risk sharing:
households who are more patient can share idiosyncratic risk more easily, and agents who
are more risk averse also prefer to share risk more. Risk aversion also affects migration
decisions as agents who are more risk averse prefer certainty over uncertainty and require
larger expected gains in order to migrate.

It is difficult to separately identify 3 and y because they are highly negatively corre-
lated (see Guvenen and Smith (2010)). I set 3 = 0.9 to match the values estimated for the
ICRISAT villages by Ligon et al. (2002). I identify y by matching consumption based mo-
ments that summarize the degree of risk sharing in the economy: the share of households

receiving transfers, and mean consumption.

4.3.3 Utility cost of migrating

The direct utility cost, d is unobserved to the econometrician but is key to the household’s
decision to migrate. d is identified by matching mean migration rates. Intuitively, if the
direct utility cost were zero there would be a threshold income level in the village below
which agents would migrate. Increasing d increases this threshold and increases the share
of the village who have income below this threshold.

In the data, the number of males in the household is a strong prediction of migration.'”
To match this fact, I allow for heterogeneity in the migration cost by the number of males
in the household. I assign a dummy indicator [, if the household has more males than
the median household, and estimate a scaling parameter oy, for the utility cost for these

households. The specific moments I match in the data are the mean migration rate, and

the mean migration rate of many-male households.

7Qverall, 28% of temporary migrants are women. However, these women are almost always accompa-
nied by a male member of the household. If there is only one migrant from a household, 94% of the time
this is a male migrant. This gender difference could reflect cultural norms about women traveling alone, or
reflect differential returns from migration by gender.
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4.3.4 Moving from 2 to N households

The model presented in Section 2 was a two household model. The model can be ex-
tended to N agents by including each agent’s relative pareto weight as an additional state
variable. However, this is computationally intensive. I follow Ligon et al. (2002) and other
empirical applications of the limited commitment model (Laczo (2011)) and construct an
aggregated “average rest of the village” household.

The average rest of the village depends on the particular household: a household who
receives a relatively low idiosyncratic shock will have a lower income than the average
member of the village. For each state of the world s I construct the average village member
by assigning the income realization such that the sum of household H and household —H

is equal to the average level of resources in the economy.'®

5 Structural Results

This section presents the structural estimation results and performs counterfactual policy
analysis. I use the estimated results to examine the effect of migration and risk sharing
separately, within the model. The key result in this section is that migration reduces
risk sharing. I explore this result by contrasting endogenous limited commitment with
exogenous limited commitment models of risk sharing.

Section 5.1 discusses the fit of the model to the data. Section 5.2 presents the key empir-
ical results. Section 5.3 examines the effect of examines the effect of several development
policies: a rural employment scheme; economic growth in the city; and a reduction in the

utility cost of migrating.

5.1 Model fit and description

The parameter point estimates from the structural estimation are provided in Appendix

Table 2. Migration has a positive expected return: mean income if agents migrate is

18Please refer to the appendix for a discussion of some computational issues.
9Standard errors will be computed by first approximating the discrete migration choice with a continu-
ous formula, following Keane and Smith (2004) and then following Hansen, L.P. (1982). This is in progress.
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higher than staying in the village (mean of the lognormal distribution is 1.7, compared to
1.3). However, migration is considerably riskier (mean of the standard deviation across
is villages is 1.00, compared to 0.7 for mean standard deviation of village income). The
implied utility cost of migrating is substantial. The utility cost of 0.1 is equivalent to 30%
of mean household consumption. The utility cost of migration is lower in Villages (1) and
(2), which are the high-migration villages in Andhra Pradesh state, close to Hyderabad,
and higher in Villages (3)-(5), which are villages in Maharastra, further away from main
migration destinations. The model matches the higher rates of migration by households
with many males by assigning a lower utility cost; for these households the utility cost is
equivalent to approximately 15% of mean consumption.

The data fit the model well. Table 3 shows the moments targeted during the estima-
tion procedure, averaged over the 5 village sample. The means of the income and con-
sumption distributions are a close match. The mean correlation between income and con-
sumption (removing the effect of permanent male/land endowments) is matched well,
however, the model over-predicts the share of migrants receiving risk-sharing transfers
from the network. This is most likely due to the small number of discrete states used to es-
timate the migration process (I allow for three possible migration outcomes); a finer grid
would provide a better match on this. Finally, as a test of how well the model matches
other characteristics in the data, I show the share of households that migrate this year if
they migrated last year. The model predicts 50% of households are repeat migrants; the
data is slightly higher at 65%. This is a reasonable match, considering I only allow for two
sources of heterogeneity in the model (landholdings and household composition), and of
course there are many other possible sources of heterogeneity in the data.

In the model it is the households with the lowest income realizations that choose to
migrate. The selection of migrants by group is shown in Figure 5. Households with
land have a higher income in the village, and so are less likely to migrate than landless
households because the relative gain to migrating is lower. Households with males face a
lower utility cost, and are much more likely to migrate. I separate out migration in good

aggregate shocks and bad aggregate shocks: the mean migration rate in a good aggregate
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shock is 14%; in a bad aggregate shock 18%.%

Migration has a positive return. Table 4 shows the effect of migration for migrants. The
mean income of migrant households is 5600 rupees per equivalent adult (approximately
$104 USD). However, these households would have been considerably worse off had they
not migrated. The counterfactual income (what migrants would have received had they
not migrated) is approximately half of actual income, at 2700 rupees ($ 50 USD). 72% of
migrant households have higher income from migrating than they would have if they
had not migrated.?! The second panel in Table 4 shows the effect of migration on village
income. Households migrate when they receive a bad shock, causing non-migrants to be
in the upper tail of the distribution. The estimated mean of village income, conditional
on not migrating, is 5900 rupees per adult equivalent household member (approximately
$110 USD). The actual mean of the income distribution is only 5400 rupees per adult
equivalent household member (approximately $100 USD).

5.2 Effect of migration on risk sharing and welfare

I now consider the economy with and without migration. The relative thought experi-
ment is the economy with an infinite utility cost of migration, but the same income pro-
cesses. The structural estimates yield the income distribution agents face in the village
and in the city. I recompute the limited commitment model assuming that households
face the same income distribution in the village, but do not have the option to migrate.
Risk sharing will endogenously respond to the altered incentive compatibility constraints
arising from removing the option to migrate.

I find that risk sharing decreases with migration compared to without migration. Wel-
tare for the network increases overall. I then recompute the welfare effects of migration
under two alternative models of risk sharing and show that the magnitude of the ben-

efit with migration is smaller than under exogenously incomplete markets (agents can

20The precise income values of when households migrate are not necessarily larger in bad shocks; this is
due first to the discretization of the income process, introducing lumpiness; and second because the income
distribution for bad aggregate shocks has more mass below a given income realization, corresponding to
higher migration, that the distribution for the good aggregate shock.

2I'This number is consistent with the results in Bryan et al. (2011) who estimate a 10-20% risk of “failure”
from migration.
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borrow and save, but do not interact with each other). Migration increases welfare, but
some of the potential welfare gain of migration is lost because risk-sharing endogenously

changes.

5.2.1 Migration reduces risk-sharing

Migration causes risk-sharing to decrease: the average correlation between income and
consumption increases. The change in the relationship between income and consumption
after migration is plotted in Figure 6. There are two offsetting effects of allowing access
to migration in the economy on risk sharing. The first effect is a ‘self insurance” effect
which captures the mechanical change in the allocation of endowments. The second is
an incentive effect which captures the change in the allocation of consumption (refer to
Section 2.3).

Table 5 shows the change in risk sharing between the economy with the option to mi-
grate and the economy without the option to migrate. For ease of interpretation, I present
the change in the correlation between income and consumption.”” The statistic is com-
puted over the sample and by subgroup. Migration causes risk-sharing to decrease: on
average, the correlation between income and consumption is 14% before migration. With
migration, this correlation is 20%. The decrease in risk-sharing results in agents with con-
sumption that tracks their income more closely. The overall correlation masks substantial
heterogeneity within group. The largest change in risk sharing is for the agents who can
migrate easily and hence have the highest change in their outside option: households
with many males. Columns (3) and (4) make the same comparison with and without
migration over the sample of agents who do not migrate. The households who do not
migrate have the same income in both states of the world, so the change is only through
the change in the distribution of consumption for these households. The same pattern

holds.

o(c)

22Results are robust to defining risk sharing using 1 — o) the correlation yields an easier comparison
so is used here.
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5.2.2 Migration increases welfare...

Table 6 considers the welfare implications of introducing migration, comparing average
welfare in the economy without migration and average welfare with migration. For ease
of comparison the mean migration rate for each group in included in the table.
Introducing the option to migrate increases village welfare by 4.4%, or 15.5% in terms
of consumption-equivalent value. Without migration the richer agents (the agents with
land) have the highest level of welfare. There is no difference in welfare by the number of
males in the household as the number of males only affects the utility cost if households
migrate. The largest relative benefits from migration are to the poor (landless) house-
holds: welfare for the landless households with few males increases by 5.7%, and for
landless households with many males, 7.6%. With migration, households with males mi-
grate more often than households without males. However, even households who do not
migrate benefit from the fact that there neighbors are getting richer. For example, landless
households with few males only migrate 14% of the time, but still receive a large increase

in welfare.

5.2.3 ... but not by as much, due to the endogenous change in the insurance market

Although migration increases welfare, it also endogenously changes the structure of in-
formal insurance. To explore the welfare effects of the change in risk-sharing, I consider
two alternative mechanisms of risk sharing: autarky, where households cannot make or
receive transfers, and exogenous incomplete markets, where households can borrow and
save a risk free asset.”’I find that the relative welfare gains from migration are higher
under both autarky and exogenous incomplete markets. The key difference between the
setup of limited commitment risk sharing and the two alternatives is under limited com-
mitment households are linked through risk-sharing. However, under exogenous incom-
plete markets, households are independent. Hence, the structure of risk-sharing does not
adjust due to changes in households’ outside option.

The results are in Table 7. With limited commitment, the welfare gain of migration

BT solve a Huggett (1993) economy, setting the risk free interest rate to 0.04 and an exogenous borrowing
constraint of approximately 50% of average annual income.
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is 44%. Under autarky, the gain is 6.7%, and under borrowing-saving, 11.2%. The
borrowing-saving regime generates a higher relative welfare because households can self-
insure against bad migration outcomes. This explains why the migration rate is substan-
tially higher under borrowing-saving (56%) compared to the baseline model (17%).

The second result from Table 7 is migration behavior under alternative risk sharing
regimes. There are two potentially offsetting effects of transfers on migration: an income
effect, that reduces migration, and an insurance effect, increasing migration (refer to Sec-
tion 2.1). I find a substantial decrease in migration rate when households can share risk:
migration is 50% lower with limited commitment than with autarky. The income effect in

the village dominates the insurance effect.

5.3 Policy experiments

I use the model to compute the welfare effects of three policy experiments. First, I con-
sider a village employment scheme, similar in flavor to the Indian Government’s National
Rural Employment Guarantee Act (NREGA). Second, I consider the effect of reducing the
utility cost of migrating, through government policies that reduce the physical costs of
migrating (for example, public infrastructure) or reduce the psychic costs of migrating
(for example, assistance in providing housing services to temporary migrants). Third, I

consider the effect of economic growth in the city.

[Section coming soon ]

6 Conclusion

Economists have long studied the complex systems of informal insurance between house-
holds in developing countries. Informal insurance is important because formal markets
are generally absent in developing countries, leaving households exposed to a high de-
gree of income risk. However, studies of informal insurance have generally not consid-
ered that households have access to other risk-mitigating strategies. This paper studies

temporary migration, a phenomenon that is both common (20% of rural Indian house-
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holds have a migrant) and economically important (migration income is more than half
total household income for these households). Temporary migration provides a way for
households to self-insure, hence may fundamentally change incentives to participate in
informal insurance. For this reason, this paper has argued that it is necessary to consider
the migration decision of the household jointly with the decision to participate in informal
risk sharing networks.

The analysis proceeds in three steps. First, I characterize a model of endogenous lim-
ited commitment risk sharing with endogenous temporary migration. Risk sharing and
migration are jointly determined. In the limited commitment model, the key determinant
of risk sharing is the household’s outside option. Migration changes the outside option,
hence changing the structure of endogenous risk sharing. I demonstrate how the welfare
effect of migration can be decomposed into an income effect and a risk-sharing effect. I
then show how risk sharing alters the returns to migration, and determines the migration
decision. Second, I estimate the model structurally on the new wave of the ICRISAT panel
dataset. Third, I quantify the theoretical comparative statics. The empirical results are:
(1) risk-sharing reduces migration by 50%; migration reduces risk-sharing by 41%; (2) the
net welfare effect of migration is large, equivalent to a 15.5% increase in consumption; (3)
contrasting endogenous to exogenous risk sharing, the consumption-equivalent gain of
migration is 31% lower.

The fact that households make both risk sharing and migration decisions jointly has
several implications for development policy. The first is that in an environment where
households are connected through informal risk-sharing, any development policy will
affect not only targeted households, but other households. This point has been made for
other contexts, such as public insurance in the PROGRESA villages (Attanasio and Rios-
Rull (2000)), but the effect of migration on risk-sharing has not been studied. The second
is that specific policies may be needed to replace informal risk sharing, particularly in
high-migration areas. Future avenues of research could consider a richer economic envi-

ronment to more fully consider the distributional impacts of migration.
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Figure 1: Effect on consumption from migration under limited commitment.

Notes: This figure plots autarky and consumption for a simple limited commitment economy with a deter-
ministic income process with two states of the world and constant aggregate resources. The initial autarky
point is { ¥ych = 1.3, Ypoor = 0.7}. Under limited commitment the amount of risk sharing is constrained by
the outside option of the agent with the binding participation constraint (here: the current rich agent). The
risk sharing equilibrium is a consumption allocation that yields the same utility to the rich agent as autarky.
In the graph this is the point closest to equal allocation of resources where the indifference curve intersects
the budget constraint for the economy: {cscn = 1.05,cpoor = 0.95}. In this example there is imperfect
risk sharing: the rich agent consumes more than half of total resources, but the allocation is more equitable
than autarky. Consider the introduction of a migration opportunity that yields a guaranteed income of 0.8.
The current poor agent will migrate but the current rich agent will not migrate. This changes the income
process to {Ysich = 1.3, Ypoor = 0.8}. The outside option for all agents has increased which shifts out the
indifference curve for the current rich agent. The new limited commitment consumption equilibrium is the
bundle {cyjch = 1.17, cpoor = 0.93}. The initial risk sharing is no longer incentive compatible. The share of
total resources the rich agent consumes increases. Risk sharing is crowded out by the increase in the outside
option due to migration.
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Notes: This figure plots the two effects on welfare from migration: an income effect due to extra resources,
and an incentive effect due to crowding out of risk sharing. The dashed portion of the graph shows the

consumption allocations which are not incentive compatible. Total welfare is maximized when the con-

sumption share is equal to 0.5. However this consumption allocation is not incentive compatible. The
shift in autarky from {y;ich = 1.3, Ypoor = 0.7} t0 {¥sich = 1.3, Ypoor = 0.8} increases the total resources
available to the network but decreases risk sharing. The income effect shows the welfare gain from higher
income, holding the consumption share constant. The incentive effect shows the reduction in welfare due

to decreased risk sharing.
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Notes: The figure plots the share of households with a temporary migrant in each of the six ICRISAT
villages by year.
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Figure 4: Verifying model assumptions: Temporary migration responds ex-post to income
shocks.

Notes: The figure plots the relationship between demeaned migration rate and demeaned monsoon (June)
rainfall in the six ICRISAT villages between 2001-2004. Monsoon rainfall is a strong predictor of crop income
for the coming year. Migration decisions are made after the monsoon rainfall and respond to expected
income shocks. The unit of observation is a village-year; there are 24 observations. A regression line with a
95% confidence interval is included in the figure.

41



Landed, few males

Landless, few males
@ Migrants @
Bad agg shock
< |:| Good agg shock <
2 >
£ £
c C
(0] (0]
Q| apNp
o H o
T T T T T T T T
0 1 2 3 0 1 2 3
Income shock Income shock
Landless, many males Landed, many males
© @
N >
£ £
C C
(O] (0]
=N O
O H o
T T T T T T T T
0 1 2 3 0 1 2 3
Income shock

Income shock

Figure 5: Structural estimation: Income distribution and selection into migration by pop-
ulation subgroup
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agents who migrate in each period.
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income, comparing no-migration to migration. Computed from structural estimation results.
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Table 1: CHANGE IN HOUSEHOLD INCOME AND EXPENDITURE WHEN MIGRATE

1) (2) 3) 4) ()
Dep. variable: Income Consumption A NetSavings A Assets Expenditure
b/se b/se b/se b/se b/se
Dummy if migrate 1492%** 606 352 318 858
(483) (524) (318) (470) (880)
Household FE Yes Yes Yes Yes Yes
Mean dep. variable 5828 6856 -587 312 6158
R-squared 0.652 0.515 0.170 0.256 0.396
Number observations 1449 1449 1149 1149 1149
Number households 438 438 437 437 437

Notes: OLS regressions with standard errors clustered at village-year. Calculated from ICRISAT data 2001-
2004. Change in net savings is change in savings less change in debt. Change in assets is change in value of
durables, farm equipment, and livestock. Change variables defined over 2002-2004. Expenditure is sum of
columns 1-3. Mean dependent variable calculated over non-migrants.

Table 2: TEST FOR PERFECT RISK SHARING

Combined sample (VLS1 and VLS2) VLS2 only
(1) (2) C) (4)
Dep. variable: Consumption b/se b/se b/se b/se
Income 0.198*** 0.199*** 0.071***  0.028
(0.029) (0.029) (0.016) (0.022)
VLS2 X Income -0.090** -0.133***
(0.034) (0.036)
Mean village migration X Income 0.239** 0.243*
(0.116) (0.121)
Village-Year FE Yes Yes Yes Yes
Household FE Yes Yes Yes Yes
R-squared 0.685 0.687 0.627  0.630
Number observations 2429 2429 1446 1446

Notes: OLS regressions of log income on log consumption. Standard errors clustered at village-year level
for all columns. VLS1 is ICRISAT data 1975-1983. VLS2 is ICRISAT data 2001-2004. Mean village migration

interacts the average village level of temporary migration with individual income.
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Table 3: GOODNESS OF FIT OF MODEL TO DATA

@
Data Model

b b
Moments targeted during estimation
Mean of non-migrant income 5.837 5.946
Std dev non-migrant income 4261 3.710
Mean of non-migrant income: own land 6.525 6.538
Mean of migrant income 5.802 5.589
Std dev migrant income 3.736  3.730
Mean migration rate 0.197 0.170
Mean migration rate: male hh 0.306  0.243
Correlation of consumption and income 0.223  0.207
Mean non-migrant consumption 5962 5944
Mean migrant consumption 5289 5421
Percent nonmigrants receiving transfer 0.548 0.559
Percent migrants receiving transfer 0.427  0.603

Moments not targeted during estimation
Percent migrating this year if migrated last year 0.654 0.495

Notes: Table reports how well the model matches the data by moment. All
monetary values are 000’s of rupees per adult equivalent in household.

Table 4: EFFECT OF MIGRATION ON VILLAGE INCOME AND INCOME
OF MIGRANTS

@
Data Model
b b
Income of Migrants
Observed mean income 5.802 5.589
Mean income if stayed in village 2.724
Share of migrants with income gain 0.723
Village Income
Observed mean income of non-migrants 5.837 5.946
Mean of untruncated village income distribution 5.399

Notes: Model column calculated using structural estimates. All monetary
values are 000’s of rupees per adult equivalent in household. Migration is
endogenous: the agents with the lowest income realizations migrate. This
causes the income distribution in the village to be left-truncated.
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Table 5: EFFECT ON RISK SHARING OF INTRODUCING MIGRATION

Whole sample Only non-migrants
(1) (2) (3) (4)
Risk sharing: corr(y,c¢) No migration With migration No migration With migration

mean mean mean mean
Overall 0.141 0.199 0.128 0.186
Landless, few males 0.184 0.219 0.173 0.218
Landed, few males 0.103 0.140 0.100 0.135
Landless, many males 0.184 0.255 0.160 0.226
Landed, many males 0.103 0.194 0.105 0.188

Notes: Table compares risk sharing in an economy with migration to the same economy without migration.
The risk sharing measure is the correlation between consumption and income. Columns 1 and 2 compute
the statistic for the whole sample. Columns 3 and 4 compute the statistic only for households who don’t
migrate when they have the option: this keeps income constant. Risk sharing is crowded out by the increase
in households’ outside option with migration.

Table 6: EFFECT ON WELFARE OF INTRODUCING MIGRATION

(1) (2) (3) (4) ()

Mean welfare No migration Migration Welfare gain Cons eq. gain Migration rate

mean mean mean mean mean
Overall 2.170 2.279 1.044 0.155 0.166
Landless, few males 2.050 2.191 1.057 0.173 0.140
Landed, few males 2.290 2.345 1.019 0.073 0.041
Landless, many males 2.050 2.223 1.076 0.265 0.323
Landed, many males 2.290 2.358 1.025 0.110 0.160

Notes: Table shows mean welfare for whole sample and by subgroup. Column 1 computes welfare with no migra-
tion. Column 2 computes welfare with migration. Column 3 is welfare gain (Col 2/Col 1). Column 4 computes the
consumption equivalent welfare gain (computed as per Lucas(1987)). Column 5 is mean migration rate.
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Table 7: EFFECT OF ALLOWING MIGRATION UNDER DIFFERENT RISK SHARING REGIMES

(1) (2) 3)
Endogenous incomplete No risk sharing Exogenous incomplete

mean mean mean
Migration rate
Overall 0.166 0.350 0.558
Landless, few males 0.140 0.359 0.639
Landed, few males 0.041 0.240 0.358
Landless, many males 0.323 0.479 0.756
Landed, many males 0.160 0.320 0.479
Welfare gain relative to no migration
Overall 1.044 1.067 1.112
Landless, few males 1.057 1.090 1.147
Landed, few males 1.019 1.032 1.052
Landless, many males 1.076 1.096 1.178
Landed, many males 1.025 1.050 1.072
Consumption equivalent gain relative to no migration
Overall 0.155 0.203 0.225
Landless, few males 0.173 0.223 0.283
Landed, few males 0.073 0.110 0.119
Landless, many males 0.265 0.281 0.335
Landed, many males 0.110 0.196 0.162

Notes: Table shows change in welfare with migration compared to no migration for whole sample and by
subgroup. Endogenous incomplete markets is the limited commitment model. No risk sharing is autarky.
Exogenous incomplete markets considers a Hugget (1993) economy where agents can buy and sell a risk-free
asset.
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Appendix Table 1: EFFECT OF EDUCATION ON MIGRATION AND WAGE RATE

Probability of migrating Wage rate if migrate

(1) (2) (3) (4)
Dep. variable: Migration/Wage  b/se b/se b/se b/se
Years Education 0.004*** 0.007** 45.672***  28.451*
(0.001) (0.002) (13.121)  (16.459)
Village-Year FE No Yes No Yes
Mean dep. variable 0.110 0.110 205.835  205.835
R-squared 0.005 0.076 0.041 0.353
Number observations 2563 2563 284 284

Notes: OLS regressions of probability of ever migrating on education and wage rate if migrate
on education. Standard errors clustered at village level for column 2 and village-year level for

column 4.

Appendix Table 2: STRUCTURAL POINT ESTIMATES

All Village
b b b b b b

Parameters at village level: estimated

Mean of village shock process 1487 1.084 1260 1.260 1.207
Std. dev of village shock process 0.634 0577 0762 0.768 0.687
Utility cost of migrating 0.073 0.026 0.085 0.148 0.169
Mean of migration income process 1.852 1328 2.099 1.888 1.475
Std. dev of migration income process 0.887 1199 0.787 0.804 1.223
Coefficient of relative risk aversion 1900 1.937 2228 2228 1.271
Discount factor 0.600 0.581 0.457 0.411 0.702
Scaling utility cost for male -0.945 -0.827 -0.443 -0.599 -0.036
Scaling mean for land 0553 0442 0232 0232 0.315

Parameters constant across villages: set exogenously
Scaling factor good aggregate shock 0.200
Share of household income from migration 0.600

Notes: Table gives point estimates from structural estimation by simulated method of moments. The share

of household income from migration is the budget share from migration (viz. village income) for households

when they migrate. This is set exogenously to match the statistic in the data.
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