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Abstract

The limited commitment model is popular for the analysis of village risk-sharing
as it captures both the observed partial character of insurance and the presumption
that incomes are well observed but formal contracts are absent in rural communities.
Enforcement constraints in insurance contracts, however, typically bind only in case
of positive income shocks, when the outside option of leaving the village is attractive.
We show how this results in strongly counterfactual asymmetries in the consumption
process at usual village sizes and document that this asymmetry arises already at
small single-digit group sizes. We endogenize the size of the insurance group by
allowing households to renege on informal contracts together with other villagers
resulting in groups that are much smaller than the typical village. This brings the
predicted consumption process, which is more symmetric in small groups, in line
with the data. We thus argue that allowing for endogenous group formation in
the dynamic limited commitment model strongly improves its predictive power for

analyzing risk-sharing in village economies.
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1 Introduction

Low and volatile incomes in agricultural communities of developing countries suggest that tar-
geted policy interventions could significantly improve the lives of the disadvantaged. Both the
desirability and the effectiveness of policies to alleviate poverty, however, depend on the ability
of communities to share risk among their members, and the mechanisms through which this is
achieved. For example, if risk-sharing is strong, transfers to temporarily poor households are
less urgent than in a situation where household consumption is intimately tied to their income.
And trivially, the ability of policy to improve welfare through transfers, public goods provision,
etc. may depend strongly on the incentive effects that these policies have for risk-taking be-
haviour, provision of effort, etc. More specifically, policy interventions may interact strongly
with the frictions at the origin of limited risk-sharing. This is particularly true if risk-sharing
is imperfect because households are unable to commit to a village insurance scheme. If the
alternative to co-insurance is autarky, it is easy to see how measures of income support could
have perverse consequences for the degree of risk-sharing by making this outside option more
attractive (Attanasio and Rios-Rull 2000).

The absence of commitment to co-insurance is often seen as a particularly plausible reason for
limited risk-sharing in poor villages of developing countries. This is because other impediments
of insurance, such as lack of information on households’ productive possibilities and effort, should
be less pronounced in small communities. At the same time, contract enforcement is difficult in
the context of poor villages. Specifically, village members may have the option to look for work
in the next bigger city, or to drop out of any village-level risk-sharing arrangement in favour
of risk-sharing within a smaller group of neighbours or relatives. Apart from its appeal on a
priori grounds, several studies have found the limited commitment model to predict the degree
of risk-sharing observed in agricultural village economies better than simple alternatives, such
as perfect risk-sharing within villages, or lack of risk-sharing altogether (Townsend 1994, Ligon,
Thomas and Worrall 2002, Laczo 2014). This is notwithstanding the fact that the standard
model underpredicts observed consumption volatility (Ligon et al. 2002), at least when estimated
to replicate the observed cross-sectional distribution of consumption in village economies. This
tendency to overpredict the degree of insurance is, infact, a more general feature of the model
that also arises in applications to larger economies. There, this deficiency has been shown to
improve at lower risk-aversion or when relaxing the assumption of eternal exclusion in favour of

a more attractive outside option, where agents can save or store consumption goods, for example
(Broer 2013).

All previous studies of village risk-sharing, however, have concentrated on a particularly

simple version of the model, where the only alternative that individuals have to the village-level



insurance arrangement is complete autarky. It is difficult to see, however, how households that
were excluded from village insurance could be prevented from forming a new, smaller risk-sharing
group. The first contribution of this paper is to relax the standard assumption of individual
deviation, and to study quantitatively the implications of village risk-sharing without commit-
ment when individuals can deviate as sub-groups of the village. The theoretical implications
of coalition-proof dynamic limited commitment were explored in Bold (2009), but here we pro-
pose a tractable way to compute the key characteristics of this ’coalition-proof’ risk-sharing
arrangement and estimate the model for the well-known ICRISAT dataset on rural villages in
Indiall]

An additional, less well-known reason why the limited commitment model is in general
appealing for small communities becomes evident when comparing its implications to those that
arise in larger insurance communities. While the model can explain features of risk-sharing
also in large western economies, such as higher levels of risk-sharing than predicted by simple
‘self-insurance’ through borrowing and savingﬂ it does, however, have a strongly counterfactual
implication: since agents have incentives to default only in ’good times’, when they are called
upon to make transfers to others, participation constraints only bind in periods of high income
while, after negative income shocks, agents enjoy insurance transfers that optimally smooth
their consumption path. This results in a strongly counterfactual asymmetry in the predicted
time series of individual consumption growth (which combines strong upward spikes with slow
downward drift), as well as the cross-sectional distribution of consumption (Krueger and Perri
2005, Broer 2013).

This asymmetry does not, however, necessarily translate to smaller communities. To see
this, consider a village of only two individuals: the feasibility constraint of this economy requires
agent 1’s consumption change relative to the average consumption to equal the negative of agent
2’s. The resulting process is thus completely symmetric. We would expect the asymmetry in

consumption processes to emerge, and become more severe, as the village size increases. But

'We are only aware of one previous paper that attempts to test empirically whether risk-sharing at the
village level is constrained by coalitional deviations. Dubois (2005) shows that in a setting with stationary
limited commitment and quadratic utility in which an insurance group’s stability is assessed only relative
to first-best risk-sharing, limited commitment with individual deviations and limited commitment with
coalitional deviations have different implications for how the benefits of insurance change with group size
and whether the likelihood of perfect risk-sharing increases or decreases with risk aversion and the degree
of income correlation. He tests these hypotheses on a panel of Pakistani villages.

2For example, (Krueger and Perri 2005) argue that the small rise in consumption inequality in response
to the observed increase in US income inequality since the early 1980s could be explained by an endogenous
relaxation of the limited-commitment constraints in response to higher income risk. This is because the
outside option of default is punished by exclusion from insurance contracts, which becomes more costly
as incomes become more volatile, increasing the threat of market exclusion after default and thus relaxing
the incentive constraints that limit insurance transfers.



the degree of asymmetry in the model at realistic village sizes is a quantitative question.

The second contribution of this paper is to document the asymmetry of the consumption
process implied by the standard limited commitment model, where households are restricted
to deviate into individual autarky, for villages of realistic finite sizes, and compare it to that
observed in the data. For this purpose, we use the well-known ICRISAT dataset on rural villages
in India to estimate an income process with persistence. We first show how, when assuming a
constant interest rate charged by a ’village lender’ as in Townsend (1994) and Kinnan (2010),
the asymmetries in consumption are, trivially, identical to those in the continuum model. This is
because individual consumption processes in a village where the interest rate, and the insurance
prices it implies by arbitrage, are constant are observationally equivalent to those that arise in the
general equilibrium of a large community where the absence of aggregate risk implies a constant
price of insurance. More importantly, we show how, when solving the general equilibrium of
the dynamic village economy, the asymmetries at typical village sizes are similarly strong. We

document how they arise, in fact, already at small single-digit group sizes.

We conclude from this that, despite its a priori appeal and ability to predict partial con-
sumption risk-sharing, the limited commitment model has strongly counterfactual implications
even for village size communities. Importantly, however, this counterfactual implication hinges
crucially on the size of the insurance group, as smaller groups are more symmetric. This gives an
important role to the standard assumption in models of village risk-sharing, that the insurance

group equals the whole village.

Our third contribution is to show how the observable implications of limited commitment-
insurance are much less counterfactual once we relax this assumption and determine the equi-
librium size of insurance groups as a function of the time-varying costs and benefits of extra
members. We achieve this by relaxing the standard assumption that the outside option to insur-
ance is financial autarky. Importantly, rather than making this outside option more appealing
though consumption smoothing opportunities such as saving or an option to regain access to
the insurance group in the future, we, quite intuively, give agents the opportunity to deviate

together with other members of the group.

Crucially, these ’coalitional deviations’ endogenously limit the equilibrium size of the insur-
ance group (Genicot and Ray 2003). This is because the costs of making transfers to additional
members when they have low income may be too high relative to the outside option of keeping
those transfers and deviating with a subgroup of currently high income agents. We show how
with these 'coalitional deviations’, the equilibrium size of insurance groups is typically very small

- between 2 and 5 agents.

Note that the model with coalitional deviations has an additional appealing feature: even



for a given size of an insurance group, the opportunity to deviate with other village members
makes the outside option to the insurance scheme more attractive, and thus limits the transfers
that are sustainable relative to the standard model. To the extent that it predicts too strong

risk-sharing this is an additional, welcome implication of the more general version of the model.

Our results show first how, for preference parameters similar to those estimated in previous
studies, the alternative specification of the model underpredicts the degree of insurance but
lacks the counterfactual asymmetries predicted by the standard specification. We then estimate
preference parameters for both specifications, using a simulated method of moments procedure
that aims to match both the degree of consumption risk-sharing and the asymmetry in the data.
The standard specification is unable to deliver realistic degrees of risk-sharing and symmetry.
Specifically, it either can predict the symmetry in the data at the price of counterfactual full
insurance against idiosyncratic income shocks; or it predicts realistic degrees of insurance at low
values of risk aversion, at the price of counterfactual asymmetries. The alternative specifiction
with coalitional deviations, in contrast, predicts both realistic degrees of insurance and symmet-
ric distributions, thanks to small predicted insurance group sizes of between 2 and 4 households
and stronger estimated risk-aversion. We think these results should make us reconsider our view
of income risk-sharing in poor rural communities. Particularly, we should think about replacing
our view of ’village risk-sharing’” with one of neighbourhood, or kinship, risk-sharing in smaller

groups.

2 The asymmetric nature of risk-sharing in the stan-

dard limited commitment model

This section presents the standard model of risk-sharing under limited commitment (Kocherlakota
1996, Ligon et al. 2002, Attanasio and Rios-Rull 2000), where individuals can drop out of a
village-level risk-sharing scheme at the price of living in autarky forever. Since this outside op-
tion of autarky is more attractive in times of high income, the model incorporates an asymmetry
in the process for individual consumption: as participation constraints are more likely to bind
in periods of rising income, consumption growth responds strongly to income rises. Individuals
whose income declines, however, share equally the fall in resources available to them after their

constrained peers are satisfied.

Broer (2013) shows how this leads to strong asymmetries in large economies with a continuum
of (infinitely many) agents and no aggregate risk. In villages with a finite number of individuals,
however, Broer (2013)’s results no longer hold as the village budget constraint ties consumption

decreases of unconstrained agents to the time-varying total increase in consumption of their



constrained neighbours. That this can break the asymmetry is trivial to see in the case of
a two-person village: as one household’s binding participation constraint demands a rise in
its consumption share, the other’s falls by an equal amount. The degree of asymmetry in
villages of more than 2 households, however, was previously unknown. As this section shows,
the asymmetry is in fact very strong at usual village sizes. And, importantly, we show how it

arises already in small insurance groupd with a single-digit number of households.

2.1 A standard limited commitment village economy

We consider a community with V households. In each period t = 1,2, ...00, a household ¢ receives
endowment of the only consumption good 4*(s;), where s = 1, ...., S is the state of nature. The
state of nature follows a Markov process with the probability of transition from state s to state

r given by 7.

Households are infinitely lived and discount the future with a common discount factor 4.
They have identical and twice continuously differentiable utility functions w(-) defined over
consumption c'(s;) in period ¢ and state s;. Households are risk-averse and would therefore find
it profitable to enter into a risk-sharing arrangement with other villagers in order to smooth

consumption in the face of idiosyncratic income movements.

Households have perfect information about both their own income realizations and those
of other villagers, but are not able to write binding contracts. Instead, contracts must be self-
enforcing, which requires that at any point in time, and in particular when a household has
a high income realization, helping out those with a low income realization must be preferable
to reneging. Insurance transfers can be sustained in such a contract because reneging on the

contract is punished by being excluded from all future insurance possibilities.

If a household is not part of an insurance arrangement, its consumption equals its (volatile)

income in each period and expected life-time utility is

Ve=E.) 6" u(y). (1)

t=s
This is a household’s outside or autarky option.

An incentive-compatible risk-sharing contract among n households can be interpreted as the
equilibrium of an infinitely repeated game sustained by the threat of reversion to autarky. More
specifically, an insurance contract is a vector of net transfers (7¢(s;))™, for each state s; and

history of the game consisting of the previous states.

To find the constrained-optimal insurance contract, we can write down the dynamic pro-



gramme that solves for the Pareto frontier in an insurance group of size n. In particular, we
maximise the utility of agent n taking as state variables the promised life-time utilities of the
other n — 1 agents, which summarize the history of the game up to the current period (Abreu,
Pearce and Stacchetti 1990, Ligon et al. 2002).

The constrained-optimal contract is the solution to the following Lagrangian:

S
urnuLuz ot = max u@@+ﬁ§:mﬁw@¢”¢w4) (2)
r=1

(U)ot (e,
subject to a set of promise-keeping constraints

S
Vo) +0Y m Ul > UL Vi#n, (3)
r=1
a set of enforcement constraints for each household ¢ and each state r = 1,..., S in the next

period
Nomgdy UL >u(yl) + 6V, (4)

and an aggregate resource constraint
n n
wor Y g (5)
=1 =1

2.2 Asymmetries in the consumption-income distribution

It is easy to see from equation how the limited commitment friction implies asymmetries in
the joint process of consumption and income growth: since the enforcement constraint is more
likely to bind in periods of rising income - when the right-hand side of equation increases
in value - consumption growth reacts more strongly to income rises than to income declines.
This leads to a kink in both the conditional mean and variance functions of consumption growth
conditional on income growth around zero. Note, also, that the degree of symmetry trivially
depends on the degree of insurance. When risk-sharing is either absent or perfect, both the
unconditional distribution of consumption growth and its distribution conditional on income
growth are trivially symmetric (as consumption growth of all agents equals aggregate and in-
dividual income growth respectively). Similarly, when individual income movements are small
relative to movements in aggregate village incomes, individual consumption growth will be dom-
inated by movements in aggregate income that move consumption of all villagers in parallel.

To see how, with limited risk-sharing and sufficiently important idiosyncratic risk, the standard



limited commitment model of the previous section can lead to asymmetries in the joint pro-
cess of consumption and income growth, consider the case of log preferences u = log(c) and
income transitions that are i.i.d. over time. With log preferences, the first order condition for

consumption of agent ¢ is

_ilt o
clr:fyll+¢?cf.

where ¢! is the Lagrange multiplier associated with the participation constraint for agent i in

state r in Ml

Together with the village budget constraint, this implies that consumption of individual j is

cj _ Vj(l"f‘ﬁbi) _y,
D Sy (6)

where Y, is village income in state r. Taking first log differences of equation @, dlogx; =
log(z¢) — log(z¢—1), yields

> i1

Individual consumption growth is thus the sum of three terms: first, it is proportional to output
growth dlog(Y;); second, it has an individual-specific term log(1 + qﬁ{ ) > 0 that is positive when
agent j has a binding constraint, and zero otherwise; and finally, there is a negative 'drift-term’
—log(1 + %) < 0 that is negative whenever at least one participation constrained is
binding in the village.

Equation reveals the strong asymmetry in the consumption effect of income changes
between constrained and unconstrained agents: constrained agents’ consumption growth is a
function of their current income (since % > 0). Unconstrained agents, in contrast, share
identical consumption growth that is smaller than that of any constrained agent and independent
of their current or past individual incomes. This implies a 0 variance in consumption growth
across unconstrained agents in any period t, and a 0 correlation of income and consumption
growth across unconstrained periods, after controlling for village income. Constrained agents,
however, will exhibit a positive correlation between consumption and income growth across time
(as gzb{ > 0 is increasing in income growth), and a positive variance of consumption growth across

agents with different income growth in any given period.

Apart from the assumption of log-preferences and i.i.d. transitions, these analytical results
require that we can distinguish constrained from unconstrained individuals. Note however that

the right-hand side of the participation constraint |4 is increasing in individual endowment 7.



It is thus more likely to bind in periods of rising income.

To illustrate how the asymmetry discussed above translates to the joint distribution of con-
sumption and income growth in a more general setting with persistence, we study two frequently
used quantitative specifications of the limited commitment model. First, a simplified version
of the general equilibrium environment presented in Ligon et al. (2002). And second, a partial
equilibrium version where a village lender has access to outside funds at a constant interest rate,

as in Kinnan (2010) or Karaivanov and Townsend (2014).

For this illustrative exercise we choose preference parameters that are representative of pre-
vious estimates. Specifically, we assume that period utility has unit-relative risk aversion (log-
preferences), and that the annual discount factor equals 0.9, which are values close to the mean
of those considered in (Laczo 2014), and within the range of values estimated by Ligon et al.
(2002). Later, we will choose preference parameters to match moments of village data explicitly.
Note that, relative to Ligon et al. (2002), we make the same simplifying assumption as Laczo
(2014) that incomes follow independent realisations of an identical AR(1) process with moderate
persistence parameter 0.76 and a variance of shocks equal to 0.23 (Laczo (2014)’s estimates for

Aurepalle, one of the villages in the ICRISAT dataset that we look at in the following sections).

In the general equilibrium version we set the number of households equal to 34, corresponding
to the number of observations in Aurepalle. We then solve the model with the standard algorithm
presented in Ligon et al. (2002))E| Figure shows a scatter plot of the resulting joint distribution
of consumption and income growth (upper panel) and their residuals from a regression on time
dummies (lower panel). Moving from left to right (low to high income growth), the upper panel
exhibits clearly increasing conditional variances, and seemingly an increase in the gradient of

the conditional mean function.

As equation suggests, both features become more evident when looking at residuals that
condition on aggregate income through a regression on time dummies in the lower panel. Con-
sumption growth is approximately constant and independent of income growth during periods
of income declines. In periods of rising income, however, consumption growth is more dispersed

around a conditional mean that is strongly increasing in incomeﬁ

In Figure 2, we present similar results for a partial equilibrium specification of the dynamic
limited commitment model in a village economy, where an outside lender with access to funds at

a constant interest rate R = 1.06 acts as an insurer to individual villagers (as in Kinnan (2010) or

3As in Laczo (2014), we approximate the individual income process as an AR(1) process. We discretise
the process using Rouwenhorst (1995)’s method with 6 support points. Again as in Laczo (2014), income
of the rest of the village is estimated as an AR(1) on the basis of 33 independent realisations of individual
income, and discretised with 5 support points.

4In the appendix we derive the correspondence between income growth and decline and being con-
strained.



Karaivanov and Townsend (2014)E| The assumption of outside insurance at a constant interest
rate breaks the link between aggregate village income and aggregate consumption and makes
individual #’s consumption process independent from that of her peers. This can be interpreted
as changing the decomposition of consumption growth in equation , where the drift term now
becomes a constant that is a function of the interest rate only. The asymmetry in the individual
consumption process that results from insurance through a village lender is thus the same as the
asymmetry in the stationary cross-sectional distribution of consumption in a continuous agent
limited-commitment economy derived in Broer (2013). As is easy to see, the asymmetry is even
starker in this partial equilibrium version than in the general equilibrium economy whose joint

distribution of consumption and income growth was depicted in Figure 1.

In Figures 1 and 2 we concentrate on the joint distribution of consumption and income
growth. Ligon et al. (2002) discuss how the general equilibrium version of the limited commit-
ment model fits the joint distributions of both growth rates and levels. Concentrating on growth
rates, however, has two advantages: first, income and consumption growth in the data are inde-
pendent of any fixed effects that may lead to constant differences in the levels of consumption
and income across households in the ICRISAT sample. For example, any error in adjusting
consumption and income for constant differences in household size would typically affect their
levels much more than their growth rates. A second advantage follows from the discussion in
section 2.2} the asymmetry implied by the standard model surfaces in a very transparent way
through non-linearities in the conditional mean and variance functions of consumption growth

conditional on income growth.

Table 1 presents four key moments that summarise both the degree of insurance, and the
asymmetry of the joint distributions in Figures 1 and 2. To capture the degree of insurance it
shows the regression regression coefficient of consumption growth on income growth Bgcqy, as

a measure of the average effect of income changes on consumption, and the relative variance

Varg.
Vargy,’

of consumption and income growth capturing the volatility of consumption relative to
incomes. To capture the asymmetry in the joint distribution, we look at two moments that
capture non-linearities in, respectively, the conditional variance and mean of consumption growth
as a function of income growth. Specifically, because Figures 1 and 2 suggest non-linearities in the
conditional means and variances around zero income growth, we first look at the relative variance

of consumption and income growth of households that experience positive income growth divided

5The risk-sharing properties of this setup are very similar to that in stationary general equilibrium
economies with limited commitment and an infinite number of agents (considered by Broer (2013),
Krueger and Perri (2006), and others). Specifically, for an identical exogenous income process that
is independent across agents, whenever the exogenous interest rate charged to the village lender R equals
the equilibrium interest rate in the continuum economy, the individual consumption processes will be
identical in the two setups. However, aggregate income and consumption in the continuum economy are
constant due to a law of large numbers, while they fluctuate in the village with a finite number of agents.

10



Figure 1: Consumption and income growth in general equilibrium
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The figure shows a scatter plot of consumption and income growth from a simulation of the

standard general equilibrium version of the limited economy. The top panel shows the raw

data, the bottom panel the differences in residuals from a regression of both log-income and
log-consumption on time dummies, that controls for movements in aggregate resources.
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Figure 2: Consumption and income growth with a village lender

= Unconditional
£ 15
S
o
o> 1f 8
-5 0.5 § 0
+— i =
o 5 g
£ o o
7 o} O O S
c
(@] -05 1 1 1 1 1 1 1 1 1 J
O 25 -2 -15 -1 -05 0 05 1 1.5 2 25
Income_growth
Conditional
15

-05 I I I I I I I 1 1 J
-25 -2 -15 -1 -05 0 0.5 1 1.5 2 25

Income growth

Consumption growth

The figure shows a scatter plot of consumption and income growth from a simulation of the
partial equilibrium version of the limited economy, for an exogenous interest rate of R = 1.06.
The top panel shows the raw data, the bottom panel the differences in residuals from a
regression of both log-income and log-consumption on time dummies, that controls for
movements in aggregate resources.
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by those that do not “;Z:%:Z‘Zig. Second, to capture non-linearities in the conditional mean, we
look at the ratio of regression coefficient of consumption growth on income growth for households
with rising and non-rising income (Bgcdy|ay>0 and Bgcayjay<o). Note that for the calculation
of these moments, we lump periods of constant income together with those of falling income.
Relative to an alternative procedure that leaves periods of constant income aside in the moment-
calculation, this does not change the substance of the results but has the advantage of generating
finite moments even in the partial equilibrium model, where the variance of consumption growth

across periods of strictly falling incomes is zero.

Table 1 shows how both versions of the standard limited commitment model predict very
strong risk-sharing, as summarised by a variance of consumption growth that is only between 4
and 7 percent that of income growth on average, and a regression coefficient of log consumption
changes on log income changes between 8 and 12 percent. In the general equilibrium model
both measures are reduced somewhat when looking at residuals from a first stage regression on
time dummies. This is because that procedure eliminates all variation in average village income
from the data. Since village income equals village consumption, that reduces the covariance of
the two one for one. And it reduces variation in individual consumption by more than that in
individual incomes, which contain a more important idiosyncratic component. For the partial
equilibrium model, where there is no aggregate resource constraint that ties aggregate income

and consumption together, the coefficients are the same for raw data and residuals.

Importantly, the asymmetry is very strong for all versions of the model. In the general
equilibrium version, simple, or 'raw’, movements in consumption are five times more volatile
in periods of rising income than when incomes fall or are constant. The ratio of regression
coefficients for rising and non-rising incomes are of similar magnitude. As Figure 2 suggests,
both measures are an order of magnitude higher in the partial equilibrium model. Using residuals
strongly increases the asymmetry for the general equilibrium version by eliminating aggregate
income and consumption movements that are, by the nature of the income process, symmetric.
In the partial equilibrium model, the ratio of regression coefficients is slightly increased, while
that of variances falls by about two thirds[7|

Both standard versions of limited commitment coinsurance in village economies are thus

able to predict strong but imperfect risk-sharing. And both predict very strong asymmetries in

6As Figure 2 shows, the fall in the relative variance is due to the increase in the conditional variance
of consumption, which has a more important effect on the small variance of consumption in periods of
income falls in the denominator. The increase in the ratio of regression coefficients results from the fact
that observations with zero income growth are numerous in raw data because of strong income persistence
and enter the calculation of the moment in the denominator. After a regression on time dummies, as
Figure 2 shows, some of these observations become slightly positive, and are thus attributed to the
denominator. As Figure 2 suggests, that increases the regression coefficient for income increases.

13



Table 1: Key moments of the standard dynamic limited commitment model

GE raw | PE raw | GE condit. | PE condit.
n 33.00 NaN 33.00 NaN
B 0.90 0.90 0.90 0.90
o 1.00 1.00 1.00 1.00
Vorde 0.07 0.05 0.04 0.05
Bdedy 0.11 0.12 0.08 0.12
valac>o [ gq7 | 113.65 55.75 34.48
de|dy<0
B 5.30 14.77 17.78 17.32

The table shows, for the general equilibrium (“GE”, in column 1 and 3) and partial
equilibrium (“PE”, columns 2 and 4) versions of the standard limited commitment model four
key moments of the joint distribution of consumption and income growth: the regression
coefficient of consumption growth on income growth B4.q4y, as a measure of the average effect of

income changes on consumption; the relative variance of consumption and income growth
Varg.
Varay

consumption and income growth of households that experience positive income growth divided
Varge|ay>o
Vardc|dy§0
conditional variance function; and finally, the ratio of regression coefficient of consumption
growth on income growth for households with rising and non-rising income (,Bdcdy|dy>0 and
Bacdy|dy<o)- The measures in columns 1 and 2 use simple, or 'raw’, changes in log-consumption

and income, while columns 3 and 4 are based on residuals from a regression on time dummies.

, capturing the volatility of consumption relative to incomes; the relative variance of

by those that experience negative income growth , to capture non-linearities in the

the joint distribution of income and consumption.

2.3 Asymmetry and village size

This section further investigates the origin of the asymmetry pointed out above. Specifically, we
will show that the asymmetry in the joint distribution of consumption and income is increasing
in the size of the insurance group and does not arise for small groups. To see this, note that,
trivially, the budget constraint imposes symmetry on the joint income and consumption process
in a village with only two agents ¢ = 1, 2. This is most evident when looking at consumption and
income as shares of total resources Y = C. Since the changes in both individual consumption
shares and income shares are reciprocal to each other, such that dc—tlt = —dé—i and dy%: = —d%,

their marginal and joint distributions are trivially symmetric.

To see how the degree of asymmetry in the growth rates of consumption depends on the size

of the insurance group, we use the approximation dlog(z;) ~ % to write equation as

q
Y;

)~ ¢g_M (7)

dlog( S
=1
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For n = 2, this implies that, when only agent 1 has a binding constraint, we have

a ct (Cae
dlog(<t) —dlog(t) ~ -~~~
Og(}/t) Og(Yt) 72 _’_l_yl

(8)
This implies an approximately symmetric distribution of the corresponding log-changes, and
of the distribution of consumption and income growth conditional on aggregate income, as long

as the shares are not too different.

For n > 2, there are additional degrees of freedom in the consumption allocation, so the
budget constraint does not imply symmetry of consumption or income shares anymore. From
equation , the growth in consumption shares is a weighted difference of the individual La-
grange multiplier gf){ and the “average” multiplier % Intuitively, as the village grows in
size, the variance in the average declines faster than that of the individual multiplier, leading to
an increase in the asymmetry of consumption responses to income rises and income falls. This
effect is most pronounced in the limit case of an infinitely large village with a continuum of

households because the average multiplier converges to a constant in that caseE]

While the magnitude of the asymmetry is thus clear for pairs and for infinitely large groups,
or equivalently to a village that can borrow at an exogenous interest rate, it is difficult to make
precise statements about how the asymmetry evolves when group size gradually increases. We
therefore turn to simulations and reestimate the general equilibrium version of the dynamic
limited commitment model in Section letting group size go from 1 to 34, the size of the

economy in the general equilibrium version of the modelﬁ

The asymmetry increases strongly and quickly in the size of the insurance group. In Figure
we plot the two key ratios describing the asymmetry in Table [I] as a function of village size,
for both raw data and the measures based on residuals from a regression on time dummies.
Specifically, we first plot the ratio of the variance of consumption growth for periods of rising
relative to those of falling incomes (as a solid line, on the left-hand-side axis); and second, the
ratio of regression coeflicients of consumption on income growth for those with income growth
relative to those with income declines (as a dashed line, on the right-hand-side axis). The
ratios of these moments are close to 1 only for small group sizes (i.e. n = 2,3), and increase

dramatically thereafter. And in line with Table 1, the increase is steeper for the residual-based

"With iid incomes, aggregate income is constant with infinitely many agents, and income transitions
have a stationary distribution. Krueger and Perri (2011) show how there exists a stationary consumption
distribution in this economy at a given interest rate, and Broer (2013) shows the existence of a constant
equilibrium interest rate R*, under some conditions. This implies that the second term in converges
to a constant that can be expressed as a function of R*.

8To do this, rather than estimating a coarse AR(1) process on an increasing state space of aggregate
income values as the insurance group increases, we use the whole set of aggregate income values as the
state space.
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measure.

This section has shown the strongly asymmetric nature of risk-sharing in the standard limited
commitment when insurance groups are even of moderate size. In small groups, to the contrary,
insurance is much more symmetric. Although we have used a simple version of the standard
model, we are confident that our results would hold also in a more general context with, for
example, heterogeneity in income processes within villages (as in Ligon et al. (2002)) and with
heterogeneous risk preferences (Laczo 2014). This is because the asymmetric nature of the
participation constraint is independent of the assumption on income processes. And Broer (2013)
shows precisely the robustness of the standard model’s asymmetries to preference heterogeneity,
if in a context of a stationary economy, equivalent to a village lender. The next section looks
at the structure of risk-sharing in the village economies that have been used most widely to
study models of risk-sharing: the ICRISAT panel. As we will see, we do not find any of
the asymmetries implied by the standard limited commitment model there. This presents a
challenge to the standard limited commitment model, which predicts that insurance groups
should be infinitely large — usually interpreted as comprising all members of an economy. In the
remainder of the paper we then take up the challenge and present a model that endogenously

determines group size in a risk-sharing community with limited commitment.

3 The Data

Data on consumption and income in large developed economies such as the US typically show a
degree of consumption risk-sharing that is high but not perfect, and comovements of consumption
and income that are roughly symmetric (in the sense that both conditional mean and variance
functions of consumption growth are approximately linear in income growth (see Broer (2013)
and also Krueger and Perri (2005)). Risk-sharing has previously also been found to be strong
in rural village economies. But less is known about the symmetry of the comovement between
consumption and income. This section looks at the village economies that have been used most
widely to study models of risk-sharing: the ICRISAT panel. We confirm the strong degree of
risk-sharing found in previous studies. We also show how income and consumption comovement
is largely symmetric, in contrast to the strong asymmetry predicted by the standard limited

commitment model in section [2.21P]

9The ICRISAT panel data set has been used to test the Pareto-efficient risk-sharing model with
homogenous preferences (Townsend 1994), with decreasing relative risk-aversion (Ogaki and Zhang 2001)
and with heterogenous risk preferences (Mazzocco and Saini 2012). It has also been used to test the
dynamic limited commitment with homogenous preferences (Ligon et al. 2002) and with heterogeneous
risk preferences (Laczo 2014).
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Figure 3: Key moments in village economies of different size
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Table 2: Descriptive statistics

Aurepalle Kanzara Shirapur

Variable Mean Sd Mean Sd Mean Sd
Consumption 1623.10 704.31 209543 111391 | 2359.87  1075.85
Consumption (aeq.) 303.47 127.86 400.84 161.42 430.37 170.71
Income 3787.41  3734.31 | 5623.42  5524.55 | 4432.26  3490.73
Income (aeq.) 629.58 429.78 984.42 742.54 792.16 577.58
Aeq. household size 5.95 2.70 5.66 2.68 5.85 2.52
No. of observations 204 222 186

No. of households 34 37 31

Notes: Monthly consumption and income measured in 1975 Indian rupees per year. In 1975, approxi-

mately 8 Indian rupees were worth 1 US dollar.

The ICRISAT data come from three rural and agricultural villages in India: Aurepalle in
Andra Pradesh state, and Kanzara and Shirapur (both in Maharashtra State). In each village,
40 households were sampled and detailed expenditure and income data was collected each year
between 1975-1984.

For our analysis we need information on both consumption and income aggregates across
households and over time. We follow Laczo (2014) and use a consumption aggregate that includes
monthly expenditure on food, clothing, services, utilities and narcoticsm The income aggregate
contains net income from farming and livestock, labour and transfers. All variables are in real
and per-adult equivalent units where the same age-gender weights are used as in Townsend
(1994). For comparability with other authors, we restrict our analysis to the years 1976-1981
and construct a fully balanced panelE-]

The ICRISAT villages are poor with the average dweller living well below the $1 dollar a day
poverty line (Table . On average, daily nondurable consumption per adult equivalent is 0.83,
1.10 and 1.18 in 1975 rupees, which is equivalent to 0.42, 0.55 and 0.59 in 2014 $ US dollars

respectively. Income is somewhat higher.

Although villagers are poor on average, there is some evidence of consumption risk-sharing.

In Table 3, we report the variance of consumption growth as a proportion of the variance of

Varg.
Vargy

insurance is present, though far from perfect with volatility of consumption relative to income

income growth , after partialling out changes in village resources. In all three villages,

ranging from 0.3 in Aurepalle to 0.56 in Kanzara.

10We thank Sarolta Laczo for making her data and code available to us.
1See Morduch (1991) and Ravallion and Chaudhuri (1997) for a detailed discussion of measurement
issues in the full ICRISAT panel.
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Table 3: Conditional variance of consumption

Aurepalle Kanzara Shirapur
(1) (2) (3)
Varde 0.30 0.56 0.33
! (0.003) (.005) (.003)
S deldy20 0.75 0.64 0.60
ATdc|dy <=0
(0.023) (.031) (.009)
Obs. 170 185 155
No. of households 34 37 31

Notes: Standard errors in parentheses clustered at household level.

Table 4: Reduced form estimates of the degree of risk-sharing

Aurepalle Kanzara Shirapur

A In of aeq. consumption (1) (2) (3)
Panel A:
A In of aeq. income 206 222 .169

(.061)*** (071)* (.059)***
Time Dummies YES YES YES
Obs. 170 185 155
No. of households 34 37 31
Panel B:
A In of aeq. income .383 450 124

(.124)%** (.150)*** (.122)
A In of aeq. income >0 -.236 -.101 .035

(.186) (.138) (.135)

Obs. 166 181 151
No. of households 34 37 31

Notes: Standard errors in parentheses clustered at household level.
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In Table [ we regress the growth rate of adult-equivalent consumption on the growth rate
of adult-equivalent income — controlling for changes in village resources by including a full set
of year dummies. The coefficients on the growth of adult-equivalent income imply that a 1%
change in income leads to roughly a 0.2% change in consumption. The effect is fairly uniform

and significant across all three villages.

In Figure {4 we plot the joint distribution of consumption and income growth (left panel)
and their residuals from a regression on time dummies (right panel). In contrast to the sim-
ulated model solutions in Figure [1| and [2, the data appear strongly symmetric: neither the
variance of consumption nor the response of consumption to income look dramatically different

as households go from negative to positive income growth.

In the second row of Table 3] and panel B of Table [d] we confirm the impression of symmetry.
In Table [3, we report the relative variance of consumption and income growth of households
that experience positive income growth divided by those that experience negative or zero income
growth. In panel B of Table 4] we regress consumption growth on income growth and the
interaction of income growth and a dummy for whether the household saw positive income
growth@ Both sets of results point in the same direction: The ratio of the variances is in all
cases below but close to 1, and there is no significant difference in the amount of smoothing
obtained for positive and negative income growth. In both cases — and in stark contrast to the
implications of the dynamic limited commitment model in the previous section — the magnitudes

imply that, if anything, those with income losses have less insurance.

12Panel B of Table 4] differs from Panel A in two ways: first, as can be seen from Figure 4] the data
contains outliers (both in consumption and income growth). We therefore exclude the observations falling
into the top and bottom 1% of income growth (4 in each village). Inclusion of the outliers affects the
results in the two sub-samples (but not the whole sample), making the interaction even more negative in
the case of Aurepalle (where it becomes significant) and Kanzara and turning it from positive to negative
in Shirapur. Second, rather than including a set of time dummies in the regression, we demean both
consumption and income period-by-period before the regression. This is equivalent to including time
dummies in a linear regression of consumption growth on income growth as in Panel A of Table [ It
amounts to a slight difference, however, when we allow for non-linearities in the association of income
and consumption growth in Panel B. Specifically, inclusion of a full set of time dummies would identify
the non-linearity only from within-period differences in (already-demeaned) income growth greater than
zero. Since our theoretical model does not allow the non-linearity to differ across time, we opt to retain
the between-period variance for the identification of the non-linearities.
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4 Generalising the model: Coalition-Proof Consump-

tion Risk-Sharing

The standard limited commitment model almost always explains observed consumption risk-
sharing better than simple alternatives such as autarky or full insurance (Ligon et al. 2002,
Laczo 2014). The model has, however, two empirical short-comings. A first, well-known one,
relates to its ability to capture the observed volatility of consumption and degree of insurance.
Thus, the model often delivers too much insurance (especially when applied to western economies
(Abrahém and Cérceles-Poveda 2009), and struggles to capture the volatility of consumption at
the same time as the cross-sectional dispersion of consumption in village economies (Ligon et
al. 2002). Similarly, we found in section that, for preferences comparable to those estimated
in the literature for village economies, the standard model predicts volatility of consumption,
and an association of consumption and income movements, that are smaller than in the data. In
Section we also pointed out a previously unknown problem of the standard model applied to
village economies: starting already at medium group sizes risk-sharing is strongly asymmetric,

in contrast to the essentially symmetric nature of the datalT_gl

We now argue that by addressing a third (theoretical) short-coming of the standard limited
commitment model, namely the fact the stipulated contract is in fact not renegotiation-proof,
one can also substantially improve its empirical performance. More specifically, the standard
dynamic limited commitment model sustains insurance by assuming that any individual that
reneges on the contract is punished by being excluded from all future insurance possibilities.
Such a punishment may be too harsh to implement, however. Particularly in the context of
risk-sharing groups within village economies, it seems difficult to prevent those agents who are
excluded from the insurance arrangement in the current period to join forces and insure each

other again in the future — albeit in a smaller group.

As proposed in Genicot and Ray (2003) and analyzed in Bold (2009), the standard dynamic
limited commitment model is made renegotiation-proof by abandoning the sub-game perfect
Nash equilibrium solution concept in favor of coalition-proofness, which allows sub-groups of
agents to depart from an insurance group and enter a new insurance mechanism thereafter.
Importantly, this alternative equilibrium concept has the potential to improve the empirical
performance of the standard model in two ways: first, by making deviations — to a new insurance

group rather than individual autarky — more attractive, it should reduce the size of sustainable

13This strong asymmetry was shown by Broer (2013) for the case of large economies with a continuum
of consumers. But given the symmetric nature of the two-agent version (Kocherlakota 1996) of the
standard limited commitment model, the degree of asymmetry predicted by the model for small villages
had remained an open question.
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transfers, and thus the degree of insurance. In this sense, the alternative equilibrium concept
could work like other, simpler extensions to the standard model that reduce insurance by making
the outside option more attractive, such as allowing some participation in financial markets after
autarky (Krueger and Perri 2006), or let agents return to an insurance mechanism with a certain
probability (Broer 2013). Second, because the maximum sustainable size of an insurance group
is known to be bounded in the alternative model, it might also help to reduce counterfactual
asymmetries, which we showed arise everywhere except in very small groups. This is important,
because the limited commitment model with individual deviations has no mechanism to generate
small group sizes. Instead, the model says that group size should be increased until the marginal
benefit of adding members to the risk-sharing group is zero (Murgai, Winters, Sadoulet and
de Janvry 2002, Genicot and Ray 2003). This effectively implies that the risk-sharing group
should comprise the entire economy, which is naturally interpreted as the village in a developing

country context@

We will now endeavor to derive a somewhat more realistic version of the standard dynamic
limited commitment model in village economies — by allowing sub-groups who have reneged on
a larger group to provide insurance to each other in the future — that is also computationally
tractable. The model is set in the same environment as the standard limited commitment model
presented in Section [2.I] with one exception: we now require equilibria to be coalition-proof,
which requires risk-sharing groups to be robust not only with respect to individual deviations
but also with respect to deviations by subgroups, provided that these subgroups are themselves
robust with respect to further deviations (Bernheim, Peleg and Whinston 1987, Genicot and
Ray 2003).

As shown theoretically by Genicot and Ray (2003), requiring groups to be coalition-proof,
has two implications for the size of observed insurance groups (across a large class of contracts):
(i) for a given group of size n, the coalition-proof equilibrium risk-sharing contract may fail to
exist and (ii) the largest possible insurance group size is bounded. Both of these results open
up the possibility that the equilibrium group size of insurance groups may be small once one
allows for coalitional deviations. This would reduce the degree of risk-sharing as well as the
asymmetry, both of which are increasing in group size. We will examine whether this is the case

in practice by solving the model numerically.

Finding the constrained-efficient risk-sharing mechanism in a group of size n whose members
can deviate by entering alternative risk-sharing arrangements with a subset of other group

members is an order of magnitude more complicated than the standard model. In the standard

140Of course, one could consider other (finer) partitions to improve the match between model and data.
Still, any of these partitions — families, neighbourhoods, kinship groups, networks, castes, religious or
ethnic groups either inside the village or even stretching across village borders — are exogenous to the
model.
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limited commitment model, the set of sub-coalitions that can threaten deviation equals n. In
the coalition-proof limited commitment model, the size of this set swills to 2" — 2. Moreover,
the outside option is completely determined by current income for any member of the insurance
scheme in the case of individual deviations. In the case of coalitional deviations, however, a
deviating sub-group has potentially an infinite number of ways to divide the surplus from the

new insurance scheme among its members.

We now present the general problem of finding the coalition-proof dynamic risk-sharing
contract and then describe how we amend the standard approximation procedure, designed for
the case of individual deviations, to fit the context of our model and examine its quantitative

implications.

We follow Genicot and Ray (2003) by defining coalition-proofness for a group of size n
recursively. Denote the set of all sub-coalitions of n by J = {J1, J2,....Jin }, and let ji1,...7; 1,
denote the members of .J;. Suppose that we have defined for each sub-coalition J; in J a set
of credible and feasible threats they can make, V/i. A member of this set corresponds to
a |J;|-dimensional vector V7% = {V15 v2Ji | yIJilJi} of expected life-time utilities from a
particular consumption allocation for the members of .J;, where the first entry of Vi corresponds
to agent j; 1, the second corresponds to j; 2 and so forth. The consumption allocation has to be
feasible in the sense that it respects the aggregate resource constraint of the sub-coalition and
credible in the sense that there are no further sub-coalitions that could profitably deviate from
it.

Having defined the set of credible and feasible threats each sub-coalition can make, the

Pareto frontier of the coalition-proof contract

S
UruLuz,..urh = max u(c?) +5ZWSTU,?(U3, L U (9)
r=1

(Ui 5:1)?;117(025)?:1

must then satisfy the following enforcement constraints: For each coalition J; in J, there must
be no V7i € V/i, such that

U< ) V()
UF < ulyl?) + V()

Ugi«l-]z‘\ < u(yﬁi’l']i‘) _i_‘/;JJZ\(JZ)

where the superscript r on V,. indicates that it is the life-time expected utility over the probability
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distribution for income that ensues if r was the income state in the previous period. The usual

aggregate resource and promise-keeping constraints must also hold.

The coalitional enforcement constraints describe all contracts that are stable with respect
to deviations by stable sub-groups. To find the constrained-optimal contract within this set
is not trivial, however, since the constraints in their form above cannot be used to define a
constrained maximization problem. In particular, note that in contrast to the enforcement
constraint for individual deviations, which gives an individual one threat-point (conditional on
current income), the coalitional enforcement constraints leave a deviating subcoalition with a
large (in fact infinite) number of possible threats since the set V/i may contain infinitely many

elements.

Bold (2009) shows how to reduce the dimensionality of the set of possible deviations, thus
allowing the problem to be cast as a constrained dynamic social planner program. Intuitively,
the argument relies on the following observations: (i) any coalition-proof contract must lie on the
constrained-optimal Pareto frontier of the risk-sharing group since those are the only contracts
that are renegotiation-proof, (ii) therefore one only needs to consider threats by sub-groups of
size m that lie on the constrained-optimal Pareto frontier of the deviating sub-group, (iii) to
deter a threat it suffices to make a sub-group indifferent between exactly one point on their
Pareto frontier and continuing to share risk within the group of size n as this deters all other
possible threats from this sub-group, because by definition any other threat along the Pareto-
frontier (or within it), would make at least one member of the deviating sub-coalition worse
off.

Hence, with coalitional deviations, the outside option of any individual is optimally chosen
by the social planner and will typically depend on the past utility promises and current incomes
of all members of the insurance group. Intuitively, the planner can punish members more
harshly by allocating them to a less preferred location on the Pareto frontier. And optimally,
she promises to punish those members less harshly whom she has promised high utility under

the insurance arrangement.

As the previous discussion shows, the requirement of coalition-proofness is appealing because
it makes risk-sharing allocations immune against any collective deviation of any subgroup. The
price of this conceptual appeal, however, is complexity. While, with individual deviations, the
set of potential punishments is equal to that of actual punishments, coalition-proofness makes
finding the optimal punishment code a complicated problem of its own: for a group of size n the
planner must first find the optimal threat one can feasibly deter for each stable subcoalition,
where feasible means that there is no other coalition that has a profitable deviation from it if
the utilities corresponding to the optimal threat were actually implemented. Presuming one can

find an optimal threat that is feasible to deter for each sub-coalition (if not, the group of size
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n is not stable), the planner must then decide for which sub-coalition she wants to deter the
optimal threat to arrive at the constrained-optimal allocation of consumption and continuation

utilities in the original group.

While computation of the optimal coalition-proof allocation is feasible for small insurance
groups (see Bold (2009)), it is not feasible for the size of the villages under study. We therefore
adapt and extend the common approximation to the solution of the standard limited commit-
ment model with individual deviations to the case of coalition-proof risk-sharing. The approxi-
mation to the standard model, originally proposed by Ligon et al. (2002)) and used, for example,
in Laczo (2014) and Dubois, Jullien and Magnac (2008), reduces the dimensionality of finding
the constrained-efficient risk-sharing allocation in a village of n members by considering the sim-
pler problem of an individual that shares risk with an agent who represents the rest of the village
of n — 1 individuals. The use of this representative agent, assumed to have the same preferences
as all village members and to receive an endowment equal to the average across n — 1 villagers,
implicitly assumes that the rest of the village can share risk in a first-best, unconstrained way.
The vector of outside options of both agents equals the consumption values of individual and
average incomes respectively. By reducing the number of agents in the problem to two, and by
considering, typically, a coarse discretisation of both individual and aggregate income processes,

this procedure significantly reduces the complexity of solving the standard model.

To adapt this standard approximation to the case of coalitional deviations, we combine
the ’one-against-the-rest-of-village’ strategy with a recursive identification of stable coalitions of
increasing size. Our aim is to define an outside option of an individual ¢ sharing risk with a rest
group of size n that captures the idea of coalition-proofness but does not require us to optimally
choose which coalitional threats to deter. To this end, we consider coalition-proof insurance
arrangements between an individual and an agent representing the rest of an insurance group
whose total size rises from n = 1 to n = N. As in the standard model, for every n this reduces

the dimension of the Pareto frontier, given by the solution to @D, from n < N to 2.

For a given n, the outside option of the rest of the village is unchanged relative to the
standard model. Rather than individual autarky, however, the individual now has the option
to deviate by entering any sustainable sub-coalition of size n — 1 or smaller. In line with the
assumption of equal treatment for rest-of-village members in the standard model, we assume
that, after one period of autarky, a sub-coalition promises all members the same expected value
or the minimum required for sustainability, whatever is larger. This reduces the set of values
that the individal can obtain in any given sub-coalition J; from the potentially infinite set of
feasible values V/i € V7 to a single point, as in the standard model. Since, with persistent
incomes, higher income individuals are more attractive coalition partners even when deviation

starts with a period of individual autarky, we restrict our attention to sub-coalitions with those
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village members with highest current income. In turn, this reduces, for every n the dimension

of the set of possible coalitions to consider from 2" — 2 to n — 1.

Our recursive solution procedure starts with the case n = 2, for which the standard and
coalition-proof models are identical, and uses its solution to define the value of deviation for
the individual in the case of n = 3 as follows: for any realisation of the three-dimensional
income vector, the outside option of the individual equals the value of entering, after one period
of autarky, a deviation-proof risk-sharing arrangement with the richer of the other remaining
villagers that promises both of its members the same utility, or their value of deviation to
autarky, whatever is larger. The solution for the case of n = 3, in turn, defines the value to the
individual of deviating to a risk-sharing arrangement with the two richest rest-of-village members
in the case of n = 4, and so forth. Note that, typically, not all risk-sharing arrangements of
size n = 2,3,..., N will be sustainable. If this is true for n = k, we derive the coalition-proof
risk-sharing arrangement for an insurance group of size k£ + 1 with outside options based on sub-
coalitions of size k — 1, rather than k. This recursive sustainability criterion implies also that,
for every n > 2, we only have to consider deviations to the next smaller sustainable coalition.

For every n, this further reduces the number of coalitions to consider from n — 1 to 1.

These successive reductions in complexity, derived on the basis of the standard one-against-
the-rest-of-the-village approximation, and by applying its simplifying assumption of equal treat-
ment to deviating sub-coalitions, reduces the complexity of the coalition-proof model consider-
ably. There remains one dimension, however, along which this model remains considerably more
complex than the standard one. In the latter, only aggregate income of the rest of the village
matters, which determines outside option and resources for the insurance arrangement. With
coalitional deviations, however, the whole distribution of incomes matters, as individuals devi-
ate with a selection of the richest village members. Rather than using a coarse discretisation of
rest-of-village income, we therefore have to use the whole income distribution as state variable.

This puts an upper bound on the maximum village size N we can consider.

5 Results

This section presents the main results of this paper. It shows how both versions of the limited
commitment model, with individual deviations on the one hand and coalitional deviations on
the other, are consistent with realistic degrees of risk-sharing in small villages — if we accept
estimates of risk-aversion that are in the standard model lower and in the model with coalitional
deviations higher than those most common in the literature. The standard model, however,
robustly predicts strong counterfactual asymmetries in the consumption process. The coalitional

deviations model, on the other hand, generates a symmetric process for consumption and income
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growth just as observed in the ICRISAT villages. In sum, we show that the latter is more

consistent with the data.

5.1 Quantitative model evaluation

The main aim of this section is to compare the two models to data moments from the three
ICRISAT villages. This comparison can be performed in different ways, for example on the basis
of scatter plots like those in section (and presented, for example in Ligon et al. (2002)), or
by making assumptions about the distribution of consumption and income conditional on model
parameters to derive the likelihood of different model specifications given the data as in Laczo
(2014).

In this paper, we concentrate on a small number of moments that describe the key risk-
sharing properties of the models, as well as the asymmetries in the joint distribution of consump-
tion and income. This approach has the disadvantage of using a limited amount of information
contained in that joint distribution. Moreover, it is conditional on the choice of moments. In
our view, these drawbacks of our approach are more than made up for by the advantage of
summarising a complicated distribution through some key moments that have a close link to
intuitive features such as the degree of risk-sharing in the models and the degree of asymmetry
in their implied reaction of consumption to positive and negative income shocks. Before we can
calculate these moments, however, we first have to choose a vector of parameters that allows us
to solve the models. We then use the solution to simulate panel data for artificial villages, and

finally calculate a vector of moments and compare them to their data equivalents.

5.2 Parameter choice

To solve the model, we need to determine the size of the insurance group, the income process

and preferences.

As discussed above, in the individual deviations model, group size is unbounded — or as large
as the economy. In developing countries, researchers have equated the economy with the village
as the largest — albeit bounded — group a household could interact with. In the ICRISAT data
set, this amounts to setting NV = 34 when simulating and comparing the standard model to
the data in Aurepalle, N = 37 when doing the same for Kanzara, and N = 31 in the case of
Shirapur.

In the case of coalitional deviations, we also assume that households can only form risk-
sharing arrangements with other households inside the village. Hence, the largest group that

can form has the same size as in the individual deviations model, but the largest stable group
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Table 5: Estimated income processes
Aurepalle | Kanzara | Shirapur
p 0.70 0.77 0.61
Vare 0.29 0.15 0.22
Notes: The table presents the point estimates for the persistence parameter p and the shock variance
Var, for the AR(1) process (|11).

will typically be much smaller. While the set of stable sizes may contain several different group

sizes, we assume that only the largest stable one m™%*

is formed. This implies that the village
typically contains k£ > 1 insurance groups. To maintain comparability across models and with
the data, we calculate moments of interest for the model with coalitional deviations based on a
simulation of the smallest number of groups that comprise at the least the number of villagers
in the data. Or more formally, we find the smallest k such that N/ = k x m™ >= N, where

N is again the sample size in the three ICRISAT villages.

We identify a separate income process for each of the three villages. For this, we abstract
from heterogeneity in the income process by assuming that log-incomes of all village members

yit follow an identical AR(1) process with persistence parameter p

Yit = @+ pYit—1 + €t (11)

where €;; are mean zero shocks that are identically and independently normally distributed
across households. We identify p and the variance of shocks Vare from the autocovariance and

variance of household incomes Var, as

_ Covy,
P= Var,
Vare = Vary x (1 — p?) (12)

Table [5| presents the estimates for the AR(1) parameter p and the shock variance Var, for
the three villages. Income shocks in Kanzara have the highest persistence (0.77) and lowest
variance, a feature to bear in mind for our estimates of risk-sharing there. Income persistence is
lower, but the variance higher in Aurepalle and Shirapur. For the quantitative solution of our
model, given p and Var. we approximate y;; as a Markov process with 3 support points using
Rouwenhorst (1995)’s method.

Following the discussion in Section [4] the cross-sectional distribution of individual incomes,

which determines the value of reneging on the insurance contract by entering a coalition with
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the most attractive sub-group, is a state-variable of the model with coalitional deviations. We
therefore cannot simply approximate the income process for the rest of the village as a discretised
version of an aggregate autoregressive process for the sum of n independent realisations of ,
as in Laczo (2014). Instead, for any given size of an insurance group m, we use the whole cross-
sectional distribution of incomes across the m — 1 members of the the rest of the village as an

exogenous state variable and compute the transition probabilities on the basis of the individual
income process in (|11)).

The remaining parameters to be determined are those that govern preferences. For this, we

assume that period-utility is of the constant relative risk-aversion type

u(ey) = (13)

Below we present results corresponding to different ways of choosing the risk-aversion parameter

o and the discount factor .

5.3 Simulation and calculation of moments

Given solutions to the standard model and the model with coalitional deviations, we draw a
vector of income realizations and then simulate consumption on the basis of the models’ policy
functions for N and N’ households in 7' = 1,000 periods. From this simulated sample, we then
calculate moments that summarize the key features of the risk-sharing mechanism. For this,
we concentrate again on the joint distribution of consumption and income growth and look at
the moments familiar from table 1: the regression coefficient of consumption growth on income

growth B.q4y, as a measure of the average effect of income changes on consumption; the variance

Varg.
Varg,’

volatility of consumption relative to incomes; the relative variance of consumption and income

of consumption growth as a proportion of the variance of income growth capturing the
growth of households that experience positive income growth divided by those that experience
negative or zero income growth, to capture non-linearities in the conditional variance function;
and finally, the difference of regression coefficients of consumption growth on income growth for

households with rising and non-rising income (Bcqy|dy>0 — Bdedy|dy<o)-

We calculate all moments after subtracting period-specific village-averages from the indi-
vidual data (observed and simulated) to make our results more robust to any correlation in

individual incomes not captured by the assumption of independent individual incomesE

15As Laczo (2014) points out, the correlation of incomes across individuals in the three villages is
positive, but small. Nevertheless, we decide to be conservative and condition on movements in aggregate
village income.
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Table 6: Risk-sharing moments for common preferences

Aurepalle Kanzara Shirapur

Data| ID | CD | Data| ID | CD | Data| ID | CD
n NaN | 34.00 | 2.00 | NaN | 37.00 | 2.00 | NaN | 31.00 | 2.00
) NaN | 0.90 [ 0.90 | NaN | 0.90 [ 0.90 | NaN | 0.90 | 0.90
o NaN | 1.00 | 1.00 | NaN | 1.00 | 1.00 | NaN | 1.00 | 1.00
“fg:g; 0.30 | 0.03 | 0.56 | 0.56 | 0.13 | 0.60 | 0.33 | 0.03 | 0.53
Bacdy 0.21 | 0.07 | 053 | 0.22 | 0.20 | 0.63 | 0.17 | 0.08 | 0.52
“;Z%:ZZZE 0.75 | 61.62 | 1.16 | 0.64 | 55.55 | 1.19 | 0.60 | 55.39 | 1.08
Bdcdy>0 — Bdedy<o | -0.24 | 0.14 | 0.01 | -0.10 | 0.36 | 0.00 | 0.03 | 0.15 | 0.00

The table shows for the data and for the individual deviations “ID” and coalitional deviations
“CD” versions of the dynamic limited commitment model the four moments of interest of the
joint distribution of consumption and income growth. For the simulated model solutions, the
table also presents the size of the insurance groups and the preference parameters.

5.4 Model performance with common preference parameters

To understand the different predictions of the two model specifications, Table [6] presents the
four moments of interest for the income process estimated in each of the three villages and the

same standard preference parameters as in section

As we saw in section [3] consumption risk-sharing in the three ICRISAT villages is strong
but far from perfect, with a relative variance of individual consumption and income growth of
between 0.3 and 0.56, and a regression coefficient of consumption on income growth between
0.17 and 0.22. In line with the results reported in Section the simple version of the standard
model with homogeneous incomes and preferences predicts more insurance than observed in all
three villages. Specifically, the regression coefficient (4.4, is predicted to equal about one third
of the coefficient estimated from the data in Aurepalle and one half in Shirapur, but is closer
to the data in Kanzara. More starkly, the relative consumption volatility “;27:;; is an order of

magnitude smaller than in the datall|

At the same level of risk-aversion and impatience, the alternative model with coalitional
deviations predicts that any coalition with more than two people (up to the size of the village)
is unsustainable and all three villages are thus predicted to consist of a multitude of two-person
risk-sharing groups. As a result, the model predicts less insurance than the data, but gets closer
than the standard model to matching observed consumption volatility. The alternative model

does not, however, give a better prediction of the observed average association between income

16One should also note that the degree of risk-sharing in the standard model is somewhat smaller than
that in section This is due to the different approximation of both the individual income process
(where we choose 3 rather than 5 points) and the village income process (which takes on over 2000 values
corresponding to all different combinations of N = 34,37, 31 in our solution, rather than just 5 values).

31



and consumption changes: the regression coefficient 8.4y is estimated to be two to three times

larger than in the data.

In line with the results in section [2.3] with 2-household insurance groups, the alternative
model predicts a symmetric distribution of consumption and income changes: there is no dif-
ference in the variances of consumption growth or in the linear association of income and con-
sumption growth between households with income increases and those with decreases. In the
standard model, in contrast, the asymmetry is again extreme. The alternative model thus fits
better this dimension of the data, which, as already noted in Section [3] is largely symmetric
and — if anything — has asymmetries in the other direction. Note that, in contrast to what the
point estimates of the data moments indicate in several cases, none of the two models delivers
asymmetries that correspond to declines in the slope of the conditional mean of consumption
growth and in the conditional variance as income grows. This is due to the very nature of
limited commitment, which makes consumption sensitive to income growth only in periods of

rising income.

While these results help to understand the economic mechanism at work in the models, they
are conditional on a parameterisation of preferences that is close to estimates found in previous
studies but ultimately arbitrary. The next section presents results for all three villages when

preference parameters are estimated on the basis of a standard criterion.

5.5 Estimating the model

We now estimate the preference parameters using a simulated method of moments approach.
The goal here is to choose the discount factor § and coefficient of risk aversion o to minimize
the squared weighted distance between the selected moments from the ICRISAT villages and
moments from simulated samples generated by the standard dynamic limited commitment model

and the alternative with coalitional deviations.

In order to understand the estimates, it is useful to recall the role of discount factor and risk-
aversion for risk-sharing in both models. Higher risk-aversion trivially makes risk-sharing more
desirable, and, even for given values of deviating (to individual autarky or a smaller risk-sharing
group in the standard and alternative models, respectively), increases the constrained optimal
degree of risk-sharing. In addition, it also makes the increase in consumption volatility that
would follow from a deviation more costly, and thus increases the sustainable size of transfers
and therefore the degree of risk-sharing in equilibrium. Since deviation delivers higher mean
consumption in earlier periods at the price of eternally higher consumption volatility, higher
discount factors also deter deviation and increase risk-sharing. Finally, in the coalitional devia-

tions model, a rise in in risk-aversion also increases the benefits from increasing the size of the
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insurance community, leading to larger risk-sharing groups in equilibrium.

For the estimation of the models, the criterion to be minimized is

A@G,0) = [f—g(8,0)]WI[f —g(6,0)]

where f is the vector of moments calculated from the ICRISAT data and g(d,0) is the vector
of simulated moments. For our estimation we use a diagonally weighted minimum distance
procedure, corresponding to a weighting matrix W that has the variances of the moments on
the diagonal and is zero everywhere elseﬂ The variances are obtained by bootstrapping the
data 1,000 times.

To minimize the criterion we conduct a grid search on a discrete grid of 6 € [0.1,0.99]
and o € [0.1,7]. Because the criterion is not necessarily a smooth function of the preference
parameters, we do not use gradient methods: in the model with coalitional deviations, small
changes in preferences lead to discrete jumps in equilibrium group size and consequently the

estimated moments.

We now present two sets of estimates. First, we estimate the preference parameters by
targeting only the ’standard’” moments related to the average degree of risk-sharing, namely
the relative volatility of consumption and income growth and the average linear association of
income and consumption growth. Second, we estimate the preference parameters by targeting
all four moments, including those that capture the asymmetry, where we split the sample into
households with income gains and households with income losses.

Table [7] presents the moments of interest when the preference parameters o and ¢ are esti-

t Varg.
Varg,

the whole sample.

mated to targe and Bgeqy, the two moments that summarize the extent of insurance in

Allowing the preference parameters to vary, the two models’ estimates depart from the com-
mon preferences of the previous section in opposite directions. In order to decrease the high
degree of risk-sharing found with the common parameterisation, the standard version with indi-
vidual deviations estimates markedly lower risk-aversion, on the lower bound of the parameter
space and thus close to risk-neutrality in the case of Aurepalle@ By way of illustration, an
estimated coefficient of risk-aversion of 0.3 implies an arguably implausibly low risk premium of

1.6% among Indian farmers@ This low risk-aversion in the standard model is counteracted by

"For a further description and application of this procedure see for example Blundell, Pistaferri and
Preston (2008). We conduct robustness checks with different weighting matrices and different functional
forms for the asymmetric moments. This makes no difference to the results.

18Estimates of the coefficient of relative risk aversion tend to be clustered around 1, though values as
small as 0.3 and as large as 2.8 have been measured.

19The risk premium is defined here as the difference between the expected value of a bet and the
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Table 7: Preferences estimated to target degree of risk-sharing - 2 moments

Aurepalle Kanzara Shirapur

Data | ID CD | Data | ID CD | Data | ID CD

n NaN | 34.00 | 4.00 | NaN | 37.00 | 4.00 | NaN | 31.00 | 4.00

1) NaN | 097 | 085 | NaN | 0.93 | 0.89 | NaN | 0.94 | 0.80

o NaN | 0.10 | 4.00 | NaN | 0.50 | 5.00 | NaN | 0.30 | 7.00

I “;37:52 0.30 0.23 | 0.26 | 0.56 0.20 | 0.26 | 0.33 0.18 | 0.25
Bacdy 0.21 0.31 | 0.23 | 0.22 0.27 [ 0.23 | 0.17 | 0.26 | 0.23
‘;Z%:ZZS 0.75 | 34.95 | 1.02 | 0.64 | 38.50 | 0.99 | 0.60 | 37.02 | 1.04
Bacdy>0 — Bdedy<o | -0.24 | 0.51 | 0.01 | -0.10 | 0.45 | 0.00 | 0.03 0.43 | -0.01
Goodness of fit | NaN | 4.48 | 0.77 | NaN | 4.64 | 2.85 | NaN | 6.12 | 2.10

The table presents the size of the insurance groups, the preference parameter o and § and
the four moments of interest when o and ¢ are chosen to minimise the sum of differences
between the first two moments (% and fBgeqy) predicted by the model and those observed in
the data, weighted by the inverse variance of the data moments calculated using a bootstrap
procedure. The estimated preference parameters are those that minimize this criterion on a grid
of § € [0.1,0.99] and o € [0.1,7].

Table 8: Preferences estimated to target degrees of risk-sharing and asymmetry

Aurepalle Kanzara Shirapur

Data ID CD | Data ID CD | Data ID CD
n NaN | 34.00 | 4.00 | NaN | 37.00 | 4.00 | NaN | 31.00 | 4.00
0 NaN 0.99 | 0.85 | NaN 0.99 | 0.89 | NaN 0.99 | 0.85
o NaN 5.00 | 4.00 | NaN 5.00 | 5.00 | NaN 3.00 | 4.00
“;g:;‘; 0.30 0.00 | 0.26 | 0.56 0.00 | 0.26 | 0.33 0.00 | 0.26
Bacdy 0.21 0.00 | 0.23 | 0.22 0.00 |0.23| 0.17 0.00 | 0.25
gz:‘:j%flzzz 0.75 3.66 | 1.02 | 0.64 2.86 | 0.99 | 0.60 4.35 | 0.96
Bdcdy>07_ Bdcdy<o | -0.24 0.00 | 0.01 | -0.10 0.00 | 0.00 | 0.03 0.00 | 0.00
Goodness of fit | NaN | 288.34 | 4.56 | NaN | 100.18 | 5.48 | NaN | 597.22 | 7.94

The table presents the size of the insurance groups, the preference parameter ¢ and ¢ and the
four moments of interest when o and ¢ are chosen to minimise the sum of differences between all
four moments predicted by the model and those observed in the data, weighted by the inverse
variance of the data moments calculated using a bootstrap procedure. The estimated preference
parameters are those that minimise this criterion on a grid of § € [0.1,0.99] and o € [0.1,7].
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an increase in the discount factor.

In contrast, the alternative model with coalitional deviations estimates very high levels of risk
aversion, counteracted partly by a lower discount factor. Notwithstanding the high estimates
for o (ranging up to 7), the implied risk premium (25%) is well in line with magnitudes for low
and middle income countries measured in the literature 2% This increased risk-aversion increases
the maximum sustainable insurance group to 4 in all three villages, and increases the degree
of risk-sharing to be close to that observed in the data (apart from the relative variance of
consumption and income growth in Kanzara, which continues to be higher than that predicted
by the model)@

Interestingly, the individual deviations model performs worse than the alternative, as it

underpredicts the relative consumption volatility \‘537:22 and overpredicts the linear association
of consumption and income growth (3.4, more strongly in all three villages. The reason for this
is that, with average income fluctuations smaller in the whole village than in small insurance
groups, a given .4y delivers smaller consumption volatility in the standard model than the

alternative with coalitional deviations. To reduce the deviation of relative consumption volatility

Varg.
Vargy,

than the alternative.

from that observed in the data, the standard model thus overpredicts 4.4, more strongly

Although the standard model performs somewhat worse in predicting the observed degree of
insurance, both models arguably do a reasonable job once preferences are estimated. This implies
that the inability of the standard model to generate small group sizes is not a serious handicap
when one estimates ’standard’ moments of risk-sharing. It does become a handicap, however,
when one considers the asymmetry in the joint distribution of consumption and income: just as
with common preferences, the asymmetry is extreme and of an order of magnitude higher than
in the data. Interestingly, the alternative specification with coalitional deviations continues to
predict a symmetric distribution despite the increase in the predicted size of the insurance groups.
The alternative specification is thus closer to the data, although, as expected, it continues not

to deliver the decrease in the slope of the conditional mean function and in the conditional

certainty equivalent, i.e. the amount of money and agent needs to receive for certain to be indifferent
between taking the bet and the certain outcome. Here we calculate the risk premium for a 50-50 bet
between $1 and $2 and — for comparability with the literature — divide the risk premium by the expected
value of the bet.

20Based on author calculations, Barr and Packard (2000) estimates a risk premium of 13.45% using
Holt-Laury risk experiments among a sample of wage-employed and self-employed workers in Chile,
Henrich and McElreath (2000) estimate a risk premium of 22% among Chilean farmers using a similar
method and Ayenew et al. (2014) estimate a risk premium of 18.27% using observed production decisions
among Ethiopian farmers.

21Of course, one could argue that these estimates for risk aversion are somewhat extreme. As a
robustness exercise, we repeat the simulated method of moments estimation after restricting the range
of admissible coeflicients of relative risk aversion in Section [8| and find very similar results.
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variances as income growth moves from positive to negative implied by the point estimates of

the data moments.

There are two reasons why the model with coalitional deviations can better account for
the symmetry in the data: first, asymmetries are less pronounced within smaller insurance
groups, as section [2.3] has shown. Second, as explained in section [5.1, we keep the number of
village members in the alternative model approximately equal to that in the standard model by
simulating multiple insurance groups. The resulting average village income and consumption,
which we control for by regressing household incomes on time dummies, is less than perfectly
correlated with average incomes in the insurance group. Thus, with multiple risk-sharing groups,
conditioning on village variables, or equivalently time dummies, leaves a group-component in
household-level variables that makes the observed data more symmetric. Since the treatment
of the simulated data follows directly from the standard conditioning we apply to the empirical
data, this differential effect does not imply, in our view, any inconsistency. As a robustness
exercise, however, we repeat the simulated method of moments estimation on the unconditional

moments in Section [8, where we find very similar results.

In sum, although the standard dynamic limited commitment model performs somewhat
worse than the model with coalitional deviations in predicting the average degree of risk-sharing
seen in the data, both arguably do reasonably well — if at the cost of estimating rather extreme
levels of risk aversion. The model with coalitional deviations is far more successful, however, in
matching additional features of the data, namely, the degree of risk-sharing for households with
income increases relative to those with decreases. Of course, so far, we have estimated preferences
by targeting only the moments related to the extent of insurance in the whole sample. It is
therefore as yet unclear, whether the standard limited commitment model is able to match the
average degree of risk-sharing in the data without generating unwanted asymmetries. To answer
this question, we now add the moments calculated on the two sub-samples to the estimation

criterion.

Table [8| presents the results. For the coalitional deviations model, neither the moments nor
the estimated preferences are changed much compared to targeting only two moments. Again,
the model estimates high degrees of risk-aversion and successfully matches the degree of risk-

sharing, both on average and for those with income gains and losses.

The standard dynamic limited commitment, however, performs quite disastrously: including
the additional moments in the estimation criterion leads to a dramatic deterioration in model fit
and wild swings in the estimated preference parameters. This is the case because the individual
deviations model cannot match the symmetry in the data by generating smaller group sizes.
Therefore, it has to exploit the fact that the consumption and income distribution is symmetric

for any group size only if insurance is perfect. As a consequence, the model now gets closer
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to matching the moments on the sub-samples of income winner and losers, but it does so at
the cost of predicting full insurance on the whole sample (hence high levels of risk-aversion and
patience), which is clearly at odds with the data. In other words, using the standard limited
commitment model to explain the symmetry observed in the data, only reinforces its tendency

to predict levels of insurance that are too high.

In sum, we have shown that the standard specification of the dynamic limited model is able
to predict realistic degrees of insurance (with low risk-aversion in Table , or realistic degrees
of asymmetry (with high risk-aversion in Table , but not at the same time. The model with
coalitional deviations, in contrast, predicts reasonably accurately both the degree of risk-sharing

and the relative symmetry in the model.

6 Comparing the models for a common group size

All the results so far point to the fact that the model with coalitional deviations performs better
than the standard model because it makes different predictions about the size of the insurance
group. In particular, while the coalitional deviations model restricts group size endogenously to
levels that are consistent both with the average degree of risk-sharing and the observed symmetry
in the consumption distribution of income winners and losers, the standard model predicts that

group sizes are infinitely large.

We have shown that this prediction is inconsistent with the data even when one interprets
"infinitely large’ as the village economy. While the village is the exogenous bound on group size
most in the spirit of the ’infinitely’ large group size prediction in the standard model, there is of
course a large literature in development economics that has pointed out that risk-sharing is often
confined to smaller groups (or rather that has established that perfect insurance takes place not

at the village level but within smaller units, such as clans, castes, households, extended families,
networks)F_ZI

We therefore now ask whether the ICRISAT data contain a plausible exogenous partition of
the village that leads to a better fit between the standard model and the data and by implication,
whether the ability to predict small group sizes is really the only advantage of the model with

coalitional deviations. We show that for given group size and preferences, the coalitional model

22For example, Grimard (1997) studies risk-sharing among ethnic groups in Cote d’Ivoire; Morduch
(1991) tests insurance within castes in the ICRISAT data; and Dercon and Krishnan (2000) find some
evidence of full risk-sharing within nuclear households in Ethiopia. While risk-sharing may be incidental
to the above groupings, much work has been undertaken to map relevant insurance networks by asking
households to identify insurance partners they rely on in times of need ((Fafchamps and Lund 2003, De
Weerdt 2004).
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delivers (often) less insurance which we think is an additional attractive feature of the model

over and above the endogenous group size restriction.

The ICRISAT data contains a couple of variables that allow one to partition the village into
mutually exlusive subsets, namely the caste and the extended family a household belongs to. On
average, the ICRISAT villages contain 10 members of the same caste and the average extended
family size is 2.8 (with a minimum of 1 and a maximum of 5). Given that the dynamic limited
commitment model performs best for small to medium sized groups, the extended family size

partition would seem most appropriate for our purposes@

To implement the estimation for a given group size, we set n = 3 in the standard model (i.e.
average extended family size rounded to the next integer) and incorporate the same restriction
in the model with coalitional deviations. Although this restricts the parameter space of the
alternative to those combinations that endogenously generate n = 3, the fit of the two models
is very similar (see Table @ It thus seems that, even when we give the standard model an
additional degree of freedom along the dimension that we have shown generates the asymmetry,

it doesn’t do better than the alternative.

The preference estimates still differ, however. This is, on the one hand, because of the
restricted parameter space in the model with coalitional deviations. On the other hand, this
arises because the alternative model bases its predictions on an outside option of a two-agent
coalition, while the standard model relies on individual autarky. We would thus expect the
participation constraint to restrict insurance more in the coalitional deviations model. And this
could potentially improve its fit with the data relative to the standard model, which tends to

predict too strong insurance.

To see the effect of the different outside options on the degree of risk-sharing, we now compare
the degree of insurance in the standard model and the alternative at identical group sizes across a
variety of parameter specifications on our estimation grid. As our measure of the relative degree
of insurance we use the ratio of the 8 coefficients in the two models, that is the sensitivity of
consumption to income in the model with coalitional deviations relative to the sensitivity of

consumption to income in the standard model.

Since we are interested in cases that deliver realistic degrees of partial insurance, we also
restrict attention to stable insurance groups where the degree of insurance lies between 0.1 and
0.35, which we deem to be appropriate given that the true degree of insurance lies around 0.2

in all three villages. In addition, we only consider cases where insurance within groups is not

23Information on the extended family network was obtained as follows: in 2001, the ICRISAT villages
were revisited and researchers tried to identify all households that split off from the households contained
in the original panel used here. We think of a set of households connected in this way as an extended
family.
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Figure 5: The degree of insurance is smaller in the coalitional deviations model even for
given group size

The degree of insurance is smaller in the coalitional deviations model
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Table 9: Preferences and group size estimated to target all 4 moments

Aurepalle Kanzara Shirapur

Data | ID CD | Data | ID CD | Data | ID CD
n NaN | 3.00 | 3.00 | NaN | 3.00 | 3.00 | NaN | 3.00 | 3.00
) NaN | 093 | 0.95 | NaN | 0.97 | 0.95 | NaN | 0.93 | 0.87
o NaN | 5.00 | 1.50 | NaN | 2.50 | 4.00 | NaN | 7.00 | 4.00
“fg:j; 0.30 | 0.35 | 0.35 | 056 | 0.34 | 0.34 | 0.33 | 0.34 | 0.34
Bacdy 0.21 | 0.30 | 0.30 | 0.22 | 0.31 | 0.31 | 0.17 | 0.30 | 0.31
“;Z%:ZZZE 0.75 | 0.97 | 097 | 0.64 | 1.00 | 0.99 | 0.60 | 0.98 | 0.96
Bdcdy>0 — Bdedy<o | -0.24 | -0.01 | -0.01 | -0.10 | -0.01 | -0.01 | 0.03 | -0.00 | -0.01
“fZ—:ZZ NaN | 6.34 | 648 | NaN | 5.55 | 544 | NaN | 11.06 | 10.97

The table presents the size of the insurance groups, the preference parameter o and 0 and the

four moments of interest when group size is restricted to equal 3 and ¢ and d are chosen to
minimise the sum of differences between all four moments predicted by the model and those
observed in the data, weighted by the inverse variance of the data moments calculated using a
bootstrap procedure. The estimated preference parameters are those that minimise this criterion
on a grid of § € [0.1,0.99] and o € [0.1,7].

perfect, i.e. where there is idiosyncratic variation in consumption even after controlling for group

resources.

In Figure [5], we plot the ratio of 5 coefficients for each group size, where each point cor-
responds to a combination of the discount factor and the coefficient of relative risk aversion
for which the insurance group is stable in the model with coalitional deviations. As one would
expect, for small groups the predicted degree of risk-sharing is about the same in both models.
As group size increases, the range of the ratio of 5 coefficients increases: at larger group sizes,
as the difference in the outside option becomes more pertinent, the difference in the predicted
degree of risk-sharing in the two models becomes larger on average (while the number of stable
insurance groups decreases strongly). For example, for groups that comprise ten members, the
consumption is on average twice as sensitive to income in the coalitional deviations model than

in the standard model.

We can also relate the ratio of 5 coefficients to group size in a linear regression. We plot the
regression line in Figure [5| and find that for every additional member of an insurance group, the

ratio of the two coefficients increases by 10%.

As we argued above, a main advantage of the coalitional deviations model is that it reduces
asymmetries by endogenously limiting the size of insurance groups. As [5| has shown, there are
additional differences between the two models that tend to decrease the predicted degree of
insurance in the coalitional model relative to the standard specification even at given group

sizes. To the extent that the standard model tends to predict insurance that is too high, we
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think this may be an additional advantage of the alternative specification we have explored in

this papers.

7 Conclusion

The dynamic limited commitment model has long been popular for the analysis of village risk-
sharing because it can explain observed consumption risk-sharing better than simple alternatives
such as autarky or full insurance. In this paper, we have, however, shown that it generates
strongly counterfactual asymmetries in the consumption process at usual village sizes, because
enforcement constraints in insurance contracts typically bind only in case of positive income
shocks, when the outside option of leaving the village is attractive. We have then shown that
by making the dynamic limited commitment renegotiation-proof, one can substantially improve
the model’s empirical performance. In particular, when households can renege on informal
contracts together with other villagers, the size of the insurance group becomes endogenous
and is usually much smaller than typical villages. Moreover, even for a given group size, the
model with coalitional deviations predicts less insurance than the standard model because its
outside option of joining a new risk-sharing coalition is more attractive. This is potentially
another advantage of allowing for coalitional deviations in the dynamic limited commitment
model, because the standard version tends to predict too much insurance. We also note that
despite our prediction that risk-sharing takes place within small groups within the village, our
approach does not require knowledge of the membership of these groups or even their size. We
think that this is an advantage of our approach as it limits data requirements. In sum, we show
that the limited commitment model’s strongly counterfactual implication in large economies are
no reason to reject it for the modeling of village (or any other small-group) risk-sharing. Rather,
we show how a plausible restriction of the set of equilibria one considers, namely those that are

coalition-proof, can successfully reconcile model and data.

8 Online Appendix

In the online appendix, we discuss the results and their robustness along two dimensions. First,
we will estimate both models on the basis of unconditional moments, rather than the residuals
from a regression on time dummies. Second, we will explore how the results change when
estimating the models on a restricted grid for risk-aversion, since both the standard model
estimates rather small levels of risk-aversion, while the coalitional deviations model’s estimates

appear rather large.
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Table 10: Preferences estimated to target all 4 moments (unconditional)

Aurepalle Kanzara Shirapur

Data | ID CD | Data | ID CD | Data | ID CD

n NaN | 34.00 | 4.00 | NaN | 37.00 | 5.00 | NaN | 31.00 | 4.00

) NaN | 094 | 0.85 | NaN | 0.93 | 0.89 | NaN | 0.94 | 0.90

o NaN | 4.00 | 4.00 | NaN | 1.50 | 7.00 | NaN | 1.50 | 3.00

I ‘ZZ;Z: 0.33 | 0.03 | 0.29 | 0.61 0.03 | 0.22 | 0.37 | 0.03 | 0.27
Bcdy 0.22 | 0.03 | 0.25 | 0.18 | 0.03 | 0.20 | 0.15 0.03 | 0.25
% 0.96 | 0.98 | 1.01 | 0.74 1.04 | 098 | 0.68 | 0.92 | 0.93
5dcdy>o_— Bdedy<o | -0.22 | -0.00 | -0.03 | -0.03 | 0.01 | -0.00 | 0.09 | -0.01 | -0.00
Goodness of fit | NaN | 47.05 | 2.64 | NaN | 1747 | 5.34 | NaN | 23.85 | 5.66

The table presents the size of the insurance groups, the preference parameter ¢ and d and the
four moments of interest when o and § are chosen to minimise the sum of differences between all
four moments predicted by the model and those observed in the data, weighted by the inverse
variance of the data moments calculated using a bootstrap procedure. The estimated preference
parameters are those that minimise this criterion on a grid of 6 € [0.1,0.99] and o € [0.1,7].

8.1 Estimating the model on the unconditional distribution of

consumption and income

It is standard practice to evaluate the performance of risk-sharing models by conditioning both
the data and model simulations on movements in aggregate resources, using residuals from a
regression on time dummies. As we discussed in section this procedure has somewhat dif-
ferent effects, however, in the two models we analyse. In the standard model, with individual
deviations, the only risk-sharing group coincides with the village. Conditioning on village-level
aggregate income (equal to aggregate consumption) thus isolates the idiosyncratic movements
in income and consumption. The alternative model, with coalitional deviations, however, pre-
dicted a village to consist of several insurance groups. A regression on time dummies, therefore,
does not eliminate fluctuations in group-level incomes, but only in village-level incomes. Since
the remaining fluctuations in group-level income are symmetric and translate to individual con-

sumption fluctuations, this may increase the symmetry in the alternative model.

In Table [10] we therefore repeat our benchmark estimation based on raw’ data, rather than
residuals from a regression on time dummies. This makes very little change to the degree of
insurance measured in the three villages and it increases the observed symmetry, apart from the
difference of the regression coefficients 4.4, for Shirapur. Also, as expected from the previous
discussion, considering unconditional moments leaves the predicted group sizes in the alterna-
tive model unchanged, and does not qualitatively affect its estimated preference parameters or

predicted moments.
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Table 11: Preferences estimated on restricted parameter space to target all 4 moments

Aurepalle Kanzara Shirapur

Data ID CD | Data ID CD | Data ID CD

n NaN | 34.00 | 4.00 | NaN | 37.00 | 4.00 | NaN | 31.00 | 5.00

1) NaN 0.99 | 0.87 | NaN 0.99 | 0.92 | NaN 0.99 | 0.92

o NaN 3.00 | 3.00 | NaN 3.00 | 3.00 | NaN 3.00 | 3.00

I 53:3: 0.30 0.00 | 0.26 | 0.56 0.00 | 0.26 | 0.33 0.00 | 0.20
Bacdy 0.21 0.00 | 0.24 | 0.22 0.00 |0.25| 0.17 0.00 | 0.19
% 0.75 4.51 | 1.03 | 0.64 3.41 1.01 | 0.60 4.35 | 0.98
Bdcdy>0 — Bdedy<o | -0.24 0.00 | 0.01 | -0.10 0.00 | 0.01 | 0.03 0.00 | 0.01
Goodness of fit | NaN | 450.39 | 4.95 | NaN | 145.14 | 6.02 | NaN | 597.22 | 8.91

The table presents the size of the insurance groups, the preference parameter o and § and the
four moments of interest when ¢ and ¢ are chosen to minimise the sum of differences between all
four moments predicted by the model and those observed in the data, weighted by the inverse
variance of the data moments calculated using a bootstrap procedure. The estimated preference
parameters are those that minimise this criterion on a grid of ¢ € [0.1,0.99] and o € [0.7, 3].

More interestingly, the performance of the standard model is equally changed very little:
while both the discount factor and the coefficient of relative risk aversion are estimated to
be somewhat lower than in the benchmark estimation, risk-sharing is still predicted to be,
essentially, perfect. Without prior conditioning on village-level variables, however, the very small
remaining idiosyncrative movements in individual consumption and income are now dominated
by those in village income and consumption. Since the latter are, by construction, symmetric,
this combination of using raw data and (almost) perfect insurance against idiosyncratic income
shocks yields a symmetric joint distribution of consumption and income changes, similar to
that in the alternative model with coalitional deviations. The standard model nevertheless
performs overall worse than the alternative because the relatively small idiosyncratic component
of consumption movements — a necessary condition for the predicted symmetry — is achieved
through counterfactually high insurance. In other words, even in the raw data, idiosyncratic
movements in individual consumption and income are sufficiently important that the standard

model can only generate symmetry by predicting essentially perfect insurance.

8.2 Estimating the model on a restricted parameter space

Since one might argue that the superior performance of the model with coalitional deviations is
driven by estimates of the coefficient of relative risk aversion that are implausibly large, we now

compare the two models after restricting the admissible parameter range for risk-aversion to lie
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between 0.7 and 324

The results are presented in Table Restricting the range of values the risk aversion
parameter can take barely affects the performance of the coalitional deviations model. The
estimates for consumption volatility and its sensitivity to income growth on the whole sample are
virtually unchanged, because the model can adjust for the slightly lower level of risk aversion by
increasing its estimate of the discount factor. This does not affect its estimates of the asymmetry,
because these are pinned down by the equilibrium group size predictions — which are not overly

sensitive to the preference parameters in this range.

While not the focus here, it is worth noting that the standard model suffers a lot more from
the restricted parameter space. This is the case because it did not only estimate very high risk
aversion, but also very high levels of patience, so it cannot trade off along these dimensions.
In fact, the results show that even small numerical departures from full insurance, which occur
for the slightly lower levels of risk aversion, lead to large increases in the asymmetry when the

risk-sharing group is assumed to be the village.

In sum, the results in Table [11] give us some confidence that the model with coalitional devi-
ations provides a better fit to the data ’globally’ and not just for a rather extreme combination

of preference parameters.
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