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Abstract

The need to insure against idiosyncratic income risk leads to the formation of risk-
sharing groups in village economies where formal financial markets are absent. We
develop a theoretical model to address the impact of limited commitment and social
control on the extent of informal risk sharing when agents are induced to form such
risk-sharing coalitions. Social control increases the prospect of future punishment of
present defectors and thus mitigates the absence of commitment. A defection-proof
core-partition exists, is unique and homophilic. Riskier societies may not be more
segmented and may not pay a higher cost for insurance. A higher social control leads to
a less segmented society but does not necessarily lead to a lower price for sharing risk.
We provide evidence, based on data on Thai villages, that consumption smoothing
conforms with our theoretical result of homophily-based coalitions and that social
control contributes to a lesser segmentation of a society.
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1 Introduction

Risk-sharing in “village economies”, that is, in economies without financial markets and more
generally in economies with insufficient or imperfect access to financial markets is a central
tenet of collective well-being. A way to overcome the absence of financial markets is to share
risk within a group, through the formation of informal risk-sharing groups. In this paper we
study the composition of risk-sharing groups under the assumption of limited commitment
but in the presence of social control constraining individual behaviors. There is limited
commitment when individuals are able to defect, that is, are not obliged to strictly fulfill their
obligations toward the coalition they belong to. The trade-off between the expected benefits
and costs of accepting a new member is modified by the inability to enforce a redistribution
scheme aiming at sharing risk among members. However social control understood as an
informal capacity to punish defectors can be seen as a way to limit the phenomenon of
defection: A more effective social control should allow to alleviate the negative consequences
of limited commitment through defection and lead to a more efficient protection against

idiosyncratic shocks. The present paper aims at exploring this intuition.

We first proceed to the theoretical analysis of the problem. We consider a village formed
of risk-averse individuals. These individuals differ with respect to their exposure to risk:
variances of the idiosyncratic shock affecting individual income differ. Individuals can be
ranked according to this measure of risk exposure. In the absence of financial markets,
the only way they can be insured against these shocks is through the voluntary formation
of risk-sharing coalitions, based on a risk-sharing rule applied to the realized incomes of
its members. Individuals solely depend on social solidarity so as to be protected against
risk. For a given risk-sharing rule, heterogeneity among individuals plays a key role in the

formation of risk-sharing groups.

Once income shocks are realized, individuals are able to walk out from the coalition they
belong to and retain their individual income without any sharing. However a defector can
be “punished” by means of a trigger strategy through informal and imperfect social control.
Once he has defected, he may be forced into social autarky (inability to belong to any risk-

sharing coalition) in the future. As we aim to study the influence of social control on the



pattern of risk-sharing coalitions, we assume that the enforcement of sanctions is hampered
by a social inability to perfectly monitor defection. We capture the degree of social control

by the probability to apply the trigger strategy to a defector.

We prove that there exists a partition of defection-proof coalitions belonging to the core, that
is, formed according to fully and complete unanimity about membership (namely a DP-core
partition). The coalitions in the DP-core partition are consecutive, that is, formed according
to an homophily principle: individuals with similar exposure to risk tend to join the same
coalition and the larger the difference in risk exposure between two individuals the less likely
they are to belong to the same coalition. The defection-proof condition which may limit the
extent of a coalition depends on the intensity of social control. We prove that a riskier society
(based on the criterion of second-order risk-dominance) is not necessarily more segmented:
its partition includes a smaller number of risk-sharing coalitions. We measure the global cost
of providing protection by means of the aggregate risk-premium which is the average of the
differing risk-premia levied on its members in each coalition. A riskier society may not pay
a higher risk-premium as some coalitions of a given rank may be larger in the riskier society
and better share risk. We then analyze the impact of our index of social control. A higher
social control leads to a less segmented society in the sense that the number of risk-sharing
coalitions is lower: the threat of punishment reduces the incentives to defect. Finally we
show that there is a non-monotonous relationship between social control and the aggregate

risk premium paid within a given society to insure against risk.

On the empirical side, we use the well-known Townsend Thai data panel data set to illustrate
our theoretical results. We rely more specifically on the “Monthly Rural Surveys”, which
followed approximately 45 households in 16 Thai villages, from 1997 to the present. We
extract information on the level of idiosyncratic income risk for each household, on the
correlation of consumptions for each dyad of households in each village, and, finally on the
level of social control at the village-level. We proceed to two types of exercises based on

these data.

First, we proceed to econometric exercises with the aim of supporting various propositions

obtained in the theoretical section. Our econometric estimations are in line with the result



of the consecutivity property of the partition, and show evidence of homophily in the fol-
lowing sense: applying a dyadic approach, the correlation between individual consumptions
is negatively related to the difference in idiosyncratic income risk between two individuals.
Moreover, consistent again with our theory, a social control proxy affects positively the cor-
relation between consumptions for individuals at the same distance in terms of idiosyncratic
income risk: for pairs of agents belonging to different villages, but at the same distance in
terms of idiosyncratic risk, this consumption correlation tends to be higher in villages with

higher social control.

Second, we proceed to simulations of the theoretical setups to illustrate our theoretical
propositions and show that some counterintuitive results are easily obtained. From the es-
timated village distributions of individuals’ exposure to risk, we generate 16 hypothetical
villages with 3000 inhabitants in each village and compute the DP-core partitions arising in
each village. Compared to full commitment, our simulations highlight that limited commit-
ment can drastically increase the number of risk-sharing coalitions and limit the extent of
risk sharing. A riskier society can share risk more efficiently as some risk-sharing coalitions
become larger and less heterogenous. Furthermore the benefit of a larger social control in
checking defection may be overcome by its consequences in the coalition formation process.
Overall, a larger social control may lead to a larger aggregate risk premium as shown in our

simulations.

Related literature From a theoretical point of view, the paper is related to the strand of
literature on risk-sharing and group formation under limited commitment. Genicot and Ray
(2003) study the impact of limited commitment on the stability of risk-sharing coalitions.
They consider coalition-proof coalitions, that is to say, coalitions being robust to deviations
by subgroups, themselves passing the same robustness test, and show that the requirement
of coalition-proofness limits the size of the entire group. Following Genicot and Ray (2003),
Fitzsimons et al. (2018) use simulations to show that the relationship between group size
and risk sharing is theoretically ambiguous. Bold (2009) solves for the optimal dynamic risk-
sharing contract in the set of coalition-proof equilibria. Building on these previous works,

Bold and Broer (2021) show that the quantitative version of a model with endogenous



groups using the ICRISAT dataset on Indian villages replicates the observed degree of risk
sharing and predicts small stable risk-sharing coalitions. Cole et al. (2020) develop a model of
coalition-proof risk-sharing coalitions when beliefs on future cooperation may not coordinate.
They show that for medium to low values of the parameter capturing the ability to coordinate
beliefs, coalition-proof risk arrangements exist. For high values of the parameter, stable risk

sharing does not exist.

We depart from these works in three respects. First, we study the formation of a partition
of the society into risk-sharing coalitions as in Jaramillo et al. (2015). Second, we focus on
heterogeneity of idiosyncratic risks as the force limiting the size of risk-sharing coalition.
An alternative option would be to assume heterogeneity in risk preferences (Dubois, 2006;
Chiappori et al., 2014; Laczé, 2015). Third, we retain the assumption of individual autarky
as punishment in the case of defection but assume that this punishment is not systematic
but depends on the degree of social control. There is evidence that in village economies
informal risk sharing arrangements are based on social norms of solidarity and redistribution
(Platteau and Abraham, 2002). Deviating from social norms of sharing can trigger powerful
sanctions such as banishment (Platteau, 2006). Bold & Dercon (2014) document the role
of fines based on Ethiopian data, along with a variety of punishment mechanisms. More

generally, the role of social control in societies is well established (Chriss, 2022).

On the empirical side, we face the same two general issues that characterize the risk-sharing
literature. The first one is the issue of identifying risk-sharing networks. Only two dedicated
surveys propose a full and exhaustive mapping of a society into its risk-sharing relation-
ships, based on direct information, from individuals or households themselves, on who share
risk with whom: one carried out in the Philippines in 1994-1995 (see Fafchamps and Lund,
2003; Fafchamps and Gubert, 2007), the other in Tanzania in 2000 (and used for example
by De Weerdt and Dercon, 2006; De Weerdt and Fafchamps, 2011; Comola and Fafchamps,
2014; Henderson and Alam, 2021). Other studies relied on partial mapping, from a sample
of households in a community (as for example Hoang et al., 2021, on Vietnam). But, in the
absence of direct and exhaustive information on risk-sharing networks, most of the existing

literature, since the seminal work of Townsend (1994), investigates the structure, modali-



ties and extent of risk-sharing through its potential manifestation in the co-movements of
individual and aggregate variables such as consumption and income.! We will follow this
methodology here and use the correlation of consumption between two households in a given
village as indicating whether they share risk or not. The second empirical issue is that it is
difficult to find arguably exogenous sources of variation in the factors that might affect the
structure and extent of risk-sharing networks.? In our case, the empirical relationships that
we will find between social control and dyadic consumption correlations are consistent with
our theoretical predictions, but cannot be taken as definitive proof of the causality mecha-
nisms actually at play. We also follow some previous articles (e.g. Coate and Ravallion, 1993;
Foster and Rosenzweig, 2001; Bold, 2009) in using simulations to bypass to some extent the

imperfection of the data and the difficulties in terms of identification.

In brief, the characterization of the links between (i) the risk characteristics of a society, (ii)
the degree of social control and (iii) the extent of risk sharing resulting from the segmentation

into risk-sharing coalitions without commitment has not been addressed up to now.*

The plan of the paper is as follows. In section 2, we set up our theoretical model of a
village economy and the risk-sharing coalition formation game with limited commitment.
In section 3, we analyze and characterize the defection-proof core partition. Section 4 is
devoted to comparative statics exercises. Section 5 exposes the empirical consequences of
limited commitment based on the Thai dataset. First, econometric estimations aimed at
supporting our theory are presented ; second, simulations based on these data are performed
and show for given distributions of risk exposure how a society is segmented into several

risk-sharing coalitions under commitment as well as in the absence of commitment and how

IThe literature is far too large to be exhaustively listed and described here, but recent and/or important
works include Kinnan (2022); Bold and Broer (2021); Bourles et al. (2021); Arpad Abrahdm and Laczé
(2018); Lacz6 (2015); Chiappori et al. (2014); Dubois et al. (2008); Ligon et al. (2002); Cochrane (1991).

2To the best of our knowledge, for example, only two experiments have been carried out on this topic:
Attanasio et al. (2012) in Colombia, and Meghir et al. (2019) who carried out a RCT in Bangladesh.

3Other dimensions of risk-sharing not directly related to our paper are the role of patience (Kocherlakota,
1996), altruism (Foster and Rosenzweig, 2001), migration (De Weerdt and Hirvonen, 2016; Morten, 2019;
Meghir et al., 2019), self-insurance through storage (Ligon et al., 2000; Arpad Abrahdm and Laczé, 2018),
asymmetric information (Ligon, 1998; Karaivanov and Townsend, 2014; Kinnan, 2022). Models of network
formation also tackle the risk sharing issue (Bramoullé and Kranton, 2007; Bloch et al., 2008). As they
consider ex ante identical individuals, they do not examine how heterogeneity shapes the architecture of
networks and limits the extent of risk sharing.



this segmentation is impacted by social control. Section 6 concludes.

2 The Framework

2.1 Agents

A society I is formed by N agents, indexed by i = 1,2,...N — 1, N. Agents are infinitely
lived and risk averse. At each period ¢, each agent i is endowed with income y;,. We
suppose that agents are heterogenous with respect to their exposure to risk. Each agent
faces an idiosyncratic income risk denoted by ¢;, which is i.i.d. across individuals and time
and normally distributed, i.e. g;; ~ N(0,07). Society I is characterized by a risk schedule
72 = {0?,02,...,0%}. Agents are indexed so that: 7/ < i < 02 < 2. The lower the index,
the less risky the agent. The risk schedule captures the risk exposure heterogeneity within
society I. There is also a global shock common to the whole society denoted by v; which is

i.i.d. across time and normally distributed: v; ~ N (0, 02).

The income of agent i is defined as :
Yig = Wi TV +Eiy (1)

with w; the deterministic part of income which is assumed constant over time. We denote
by € = (e14,...,Ent, V) the state of nature at date ¢. There is perfect information, that is,
the distribution of y;; whatever ¢ is common knowledge and the realizations of shocks are
perfectly observed by all agents when they occur. We assume that financial markets are
missing and thus agents cannot be insured against idiosyncratic shocks through financial

contracts. Consumption goods are not storable.

In any period ¢, a non-empty subset S, of I is called a coalition. In each period ¢, agents
have the possibility to form coalitions valid for this period in order to share risk according

to a given transfer scheme. A set of coalitions Py = {S14, ..., S}, ..., Sy} for j =1,...,J is

J:
agent i belongs to one and only one risk-sharing coalition denoted by S;; (i). A sequence of

J
called a partition of I'if (i) |J S;+ =T and (ii) S;; () Sj+ = 0 for j # j'. In any period ¢, any
1



partitions from ¢ onwards is denoted by S; = {P;, Pys1, ...}

An agent ¢ who belongs to coalitions S;;4, (i) ,7 = 0,1, ..., in a sequence S; has an expected
lifetime utility:
UZ' (St) — Et

i 0T u; (Sj,tJrT (Z))] (2)

7=0
where E; is the rational expectations operator applied at ¢, § € (0, 1) is the common discount

factor, u; (Sj4+- (7)) is the instantaneous utility of consumption enjoyed in coalition S; ., (7).

A risk-sharing coalition is a coalition of agents applying a given risk sharing rule. We consider
the following non-contingent informal insurance rule: within a risk-sharing coalition, there is
an equal sharing between its members of the sum of the stochastic components of individual
incomes.This rule is the sole informal insurance arrangement at disposal of the agents at
any period of time, irrespective of the state of nature. In this respect, we depart from the
literature on the dynamic risk-sharing arrangements (see for example Ligon et al., 2002;
Bold, 2009; Cole et al., 2020). The risk-sharing rule assumed here is referred as the mutual
insurance rule. This rule leads to optimal risk sharing within each coalition S;; (i) (see
equation (24) in Appendix A.3). It also allows us to highlight the role played by both
size and risk heterogeneity in the formation of risk-sharing coalitions. Denoting by n,, the

coalition size of S, the utility function is assumed to be CARA and writes:

> ek
keS; (i)
witvet T

nt

u; (Sj (1)) = —leia

«

where o denotes the absolute risk aversion parameter.

As we assume a CARA utility function and that shocks are distributed normally, the Arrow-

Pratt formula leads to the instantaneous utility:

k SZ ( )az

€S, 4+(i
J,t

1 wimgoymaT—y
e

B fus (850 (0))) = —— t

(4)

Hereafter, we assume that the normal distribution of shocks is truncated over an interval



(g,2) but this interval is sufficiently large so that this approximation holds.

Given (4), the risk premium associated with coalition S;; (i), denoted by 7 (5} (7)), is defined

as follows:
> o}
, keS; (i)
(S (i) = ———. (5
0 (0) = 55 )
4

2.2 Defection and punishment

We assume limited commitment in the following way: In period ¢, once coalitions have
been formed and the realization of the stochastic components observed, agents may defect
from their risk-sharing coalitions so as not to share their ex post realized income. We only
consider individual defection and ignore defection by a subset of agents belonging to the

initial risk-sharing coalition.’

Once a defection has been observed, society may retaliate through punishment: In period
t, with probability p, p € [0,1], a defecting individual ¢ belonging to a coalition S, (7) is
punished and left in autarky forever from ¢ 4+ 1 onwards. With probability 1 — p, he is free
to form a coalition with agents of society I in period ¢ 4+ 1. Various frictions prevent the
implementation of punishment: lack of proper tools for punishment, inability to properly
identify shirkers, imperfect observability of individual deviation, political factors, etc. Thus
the ability to punish a defecting agent is imperfect. We refer to this ability as “social control”
and we interpret p as the measure of social control. The higher is p, the higher is the social
control. When p = 1, there is perfect social control, when p = 0, there is no social control at
all. Although one could object that the punishment of permanent reversion to autarky is a

costly strategy that is not coalition-proof (Genicot and Ray, 2003; Bold, 2009), there is also

4We assume that individuals do not differ with respect to their risk aversion. We acknowledge that
there is empirical support of heterogeneity of risk preferences (Chiappori et al., 2014; Laczd, 2015). Risk
aversion heterogeneity can be considered instead of heterogeneity in risk in the model with commitment
(Jaramillo et al., 2015). Applying our methodology would yield similar results at the expense of additional
and unnecessary complexities.

5In this respect we depart from models studying risk-sharing arrangements immune to coalitional devia-
tions (Bold, 2009; Bold and Broer, 2021).



evidence that individuals strongly punish those who have violated the adopted social norm,
even when punishment appears to be costly (see for example Bowles and Gintis (2000) for
a review on evidence of social reciprocity motives). We take p as a structural exogenous
parameter. As it is, this assumption is sufficient to explore the role of social control on the

formation of risk-sharing coalitions.

Once shocks are realized, any agent makes her choice about defecting or not based on the
comparison between the benefit of defecting now, given the expected future cost of being
left in autarky and the benefit of not defecting. The latter benefit for an agent i belonging
to S+ () is given by :

U; (854 (1) , Se1) = i (S (7)) + 0U; (Spa) (6)

where U, (Si11), respectively w; (S (7)), is given by (2), respectively (3). The value of

defecting for agent ¢ from the risk-sharing arrangement in her coalition S; (i) is given by:

U (854 (i) Sppa) = ui ({i}) + 0 [pU; ({i}) + (1 = p) Ui (Sp41)] (7)

where wu; ({i}) is the instantaneous utility obtained consuming y;; when she defects in pe-
riod t, formally u; ({i}) = — (1/a) e elwitveteid - With probability p, agent i is ostracized
forever, while with probability (1 — p) she expects to belong to risk-sharing coalitions in the

subsequent periods of her life. © This leads us to offer the following:

Definition 1. In any period ¢, a risk-sharing coalition S;; is defection-proof when
Ui (Sje (1), Sevr) = U (S0 (1), Sipy) S Vi € Sja (0)
or equivalently, using (6) and (7),

Ui (Six1) = 0 [pUs ({i}) + (1 = ) Ui (Sp41)] = wi ({i}) — wi (S (0)) Vi € Sju (i) . (8)

6Tt is relevant to note that our social control parameter is the opposite of the social capital parameter
used in Cole et al. (2020).

10



According to this definition a defection-proof risk-sharing coalition is immune to deviation by
any individual participating to the risk sharing-arrangement in S;; (¢) . For a coalition to be
defection-proof (a DP-coalition), according to (8), the instantaneous net gain obtained from
defecting must be lower than the discounted expected gain from continued participation.
Individuals must be patient enough (with a sufficiently high discount factor) for coalitions

to be DP. Hereafter, we define a DP-partition as a partition formed of DP-coalitions.

3 The DP-core partition

In any period, individuals investigate the prospect of forming risk-sharing coalitions as in-
surance mechanisms against external shocks based on the mutual insurance rule. Coalitions
are formed before the realization of idiosyncratic shocks. These coalitions are valid for one
period only. Once the shock is known, some agents may defect from their coalition (when
it is not a singleton) and do not abide to the risk-sharing rule. Typically, if the realization
of the shock is high enough, it may be rational (from an individualistic and selfish point of
view) to defect and reap all the immediate gains of this shock despite the possibility of being
punished in the future. Intra-coalition transfers among non-defectors are then completed
and finally any coalition disbands. A risk-sharing coalition is not a long-term arrangement

as it is valid for one period only. Formally, the sequence of events is as follows:
1. In period t:

(a) Agents form risk-sharing coalitions, applying the punishment strategy towards

defectors in period ¢ — 1 with probability p, and a partition of society is obtained.
(b) Idiosyncratic shocks are realized.

¢) Agents choose between sharing risk according to the mutual insurance rule in the
g g g
coalition or defecting from the insurance arrangement and not sharing their ex

post realized income.
2. The game is repeated in period ¢ + 1,...

In line with this sequence of events we use the following

11



Definition 2. A DP-core partition in period ¢, denoted by P}, satisfies the two following

conditions:

(i) the no-blocking condition: for any agent i belonging to a coalition S5, € P; in t for

a given sequence Siy1

AL, which is DP and such that Vi € £, E, [u; (£,)] > E, [uz (Sj*t)} )

(ii) the defection-proof condition: any coalition S%, € P} is DP.

According to this definition, a DP-core partition is such that there exists no blocking coalition
that would make all its members better off. Moreover, any blocking £; must pass the
defection-proof test. The no-blocking condition relates to the formation stage of coalitions
and thus the partition of the society before the shocks are realized. The defection-proof
condition relates instead to the stability of these coalitions under no commitment: once the
realization of shocks are known, no one decides to defect from her chosen coalition. In other

words, a DP-core partition is a set of optimal coalitions subject to the DP constraint.

Solving the coalition-formation game and looking for a sequence of DP-core partitions S; =

{P;, ..., } we offer the following

Proposition 1. There exists a constant DP-core partition P* = P}, that is, its elements

are identical over time: S;, = S7,Vt, j.
Proof. See Appendix A.1. n

Proposition 1 shows the existence of coalitions that satisfy both the no-blocking and defection-
proof conditions. Given that the insurance arrangement is the mutual insurance and agents
have the same risk preferences, all agents rank the different coalitions similarly. Hence, the
coalition-formation satisfies the common ranking property implying the non-emptiness of the
core partition (Farrell and Scotchmer, 1988; Banerjee et al., 2001). Due to the absence of
any state variable and because the mutual insurance rule used in (3) is non-state-contingent,

the coalition-formation game remains static and is repeated at each period of time. As no

12



one defects in ¢ and thus is ostracized, the coalition-formation problem in ¢ + 1 remains the
same as in ¢ and leads to the same outcome P , = P;. Hence, the DP-core partition in
period t is the same as the DP-core partition in ¢ + 1 and the sequence of DP-core partitions

is a set of identical partitions.

Given Proposition 1, plugging (4) into (2), the utility level obtained by agent i in S} can be

expressed as follows

) 51

Ui (S}) = =152 (9)

The risk premium 7 (S7) = Y 0}/2n} can be assimilated to the value of coalition S
keS:

membership for any of its members. All agents in a given coalition bear an identical risk
premium due to the assumption of identical risk-aversion. The risk premium increases with
members’ idiosyncratic risks and decreases with the size of the coalition. Precisely, while
the arrival of a new member in the coalition has the same impact on the size of the coalition
whatever her risk exposure, her impact on the increase of the sum of the coalition’s total risk
depends on her type. Hence, the formation of a risk-sharing coalition relies on a trade-off

between size and risk exposure heterogeneity.

For each coalition S;, the agent with the lowest variance among members of \S; is called the
“head” of coalition Sj, her index being denoted by h;. The agent with the highest variance
is called the “pivotal agent” and her index denoted by ¢;. Proposition 1 implies that for any
coalition S; a necessary and sufficient condition to be DP is that its head h; does not defect

in any state of nature. Hence, using equation (8), any S; of size n; is DP if and only if

2 ~
6w e sRE L, [ —eluimes
gres’ et —e I > et e Ta (10)

1—

with &(n;) = min [n;logn;/(a(n; — 1)) + ¢,€]." This condition considers the state of nature
which renders coalition S; the most vulnerable to deviation: the head h; experiences a high

positive shock £(n;) while the other n; — 1 members incur the most adverse cost ¢. If (10)

"The assumption of a truncated normal distribution allows us to derive (10) as the worst state of nature
g is finite.

13



holds, then coalition S; is DP. In Appendix A.1, we show that for any coalition S; there
always exists a size n; such that S; satisfies (10). It is trivial to check that singletons are

DP. We write (10) in a more compact way
ClX (le;O']%j) Z CQY(HJ) (11)

with C} = (5/(1 _ 5))}76%03, X (n’ 0f2bj> = €(a2/2)0h —e z€S Z’ C, = e and Y(n) =

o—aé(n) (6_a<n—1>(i—é(n>> B 1)‘
Focusing on the properties of the DP-core partition, we prove the following

Proposition 2. At any date t, the DP-core partition P* = {Si", ey Ty Sj}} 1s character-

1zed by the following properties:
(i) All coalitions S in the DP-core partition P* are consecutive.

(ii) P* is generically unique.
Proof. See Appendix A.2. O

According to this proposition, any coalition S7 in the DP-core partition is composed by
individuals who are close to each other on the risk ladder: an homophily principle drives the
coalition-formation stage. Hence a consecutive coalition is comprised of all the individuals
with a risk exposure between a,%j and agj that is ST = {hj, hy +1, ..., q;‘} . The consecutivity
property highlights that the risk exposure heterogeneity plays a key role in the formation
of risk-sharing coalitions. Further, any coalition 57 = {hj,hj + 1, ...,q;-‘} in the DP-core
partition satisfies both the no-blocking and the defection-proof conditions. The pivotal agent
is given by ¢* = min {¢'7, ¢P"} where minimizes the risk premium of the consecutive

coalition S|P = {hj, h; +1, -'-aCJ§VB}

NB
q;

qJNB = argmin 7 (SJNB)

and ¢P’"" defines the largest size nf’” such that the consecutive coalition SP” = {h;, h; 4+ 1,...,¢P"}
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is DP. From (11), ¢P” is such that

C1 X (nfp;a,%j) > (0YY (in>

J

and

C1 X (nJDP—i— 130}213-) < CQY(nJDP+ 1).

In Appendix A.2, we show that when qjN B < qu P the coalition S]N B is also DP so that q =
qjv B Otherwise, the coalition S JD P is among the DP-coalitions the one that obtains the lowest
risk premium, hence ¢} = ¢;’”.* In other words, either the size (and thus membership, given
the consecutiveness property) of a coalition S7 belonging to a DP-core partition minimizes
the risk premium or the defection-proof condition binds before reaching the minimum of
T (SJN B ) Given the consecutivity property, we adopt the following convention that lower
indexed coalitions are formed of less risky agents: for any ST and S7,, j* > j, and any i € 57,
and 7' € S5, 0? < o%. However, in contrast to the commitment case (Jaramillo et al., 2015),
when a coalition S} of the DP-core partition binds the defection-proof condition, it may
generate a higher risk premium, equivalently a lower payoff, than a higher indexed coalition

S% with ¢ = ¢)'". In other words, under no commitment, the coalitions comprising the less

risky individuals do no more provide lower risk premium than coalitions with riskier agents.

Notice that our coalition formation game is similar to Farrell and Scotchmer (1988) who
show that the core partition is generically unique. Further, as in Genicot and Ray (2003), if
agents are identical with respect to their risk exposure, the grand coalition would be in the
core but could be non-DP, because agents after the shocks become heterogenous and can be

incited to defect, given the limited social control.

8Nothing prevents from having several sizes n satisfying the defection-proof inequalities for the consecutive
coalition with head h;, C1 X <n;a,21i) > (Y (n) and C1 X (n + 1;0,2”) < C3Y(n+1). In the Appendix, we
show that the size n mostly preferred by members is the largest one.
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4 Risk, social control and segmentation

In this section, we aim to study the impact of risk heterogeneity and social control on the

pattern of risk-sharing coalitions and the extent of risk sharing.

4.1 Risk and Segmentation

We draw from the previous section that the income shocks shape the pattern of risk man-
agement implemented through the formation of risk-sharing coalitions. If the characteristics

of risk are modified, we expect that the partition of society into such coalitions varies.

In order to better understand the impact of risk on the DP-core partition, we focus on two

issues:
1. Is a riskier society more or less segmented into risk-sharing coalitions?
2. How does risk affect the “cost of protection” paid by a society through its partitioning?

To answer theses questions, we consider two societies I and I differing in their risk exposure

distributions. In order to concentrate on risk, we make the following assumption:

A1 The distribution of ¢; associated to I second-order stochastically dominates (hereafter

“SS-dominates”) the distribution of ; associated to T for every i = 1,...,N.

According to Assumption Al, we characterize I as “less risky” than I agents belonging to 1

face more risk than agents in L.
With respect to the first issue, we use the following

Definition 3. I is more segmented than I if the number of coalitions in the DP-core partition
associated with I is larger than the number of coalitions in the DP-core partition associated

with I.

Our criterion of segmentation captures the idea that, for any agent, the chance to share
risk among a larger coalition is reduced in a more segmented society. On average, a more
segmented society is partitioned into smaller coalitions and this impacts on measures of risk

sharing. Most empirical studies test optimal risk sharing considering that conditional expec-
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tation of individual consumption equals E (cit| YWJ, yi,t) = R; + @’YWJ + Cyir with Y1 = iyw
This equation is obtained assuming CARA utility function (Townsend, 1994). Nonetflzejess,
the coefficient ¢; depends on social segmentation as limy__, 4o (; = <§Q> /N ~(J—1)/N
(see Appendix A.3). Hence, if individuals decide to pool risk in smallelr:éroups than the whole
society I then J > 1 implying that Nl—i{r—&l—oo (gjlg) /N # 0. Most empirical studies assume
that the relevant unit to test for efficient risk sharing is the grand coalition. This assumption

may be inaccurate and may explain why the null hypothesis (; = 0 is rejected.

With respect to the second issue about the cost of protection for society, we use the concept

of “aggregate risk premium” developed by Jaramillo et al. (2015), defined in the following

Definition 4. The aggregate risk premium is the average of the risk premia paid within

each coalition S; of a partition P:

J

N J/ 2
_ 1 ! Zkesj Tk
TP =yl m= oy (n—>
1 j=1

Given these assumptions and definitions, we offer the following
Proposition 3. Consider two societies 1 and I satisfying (A1).
(i) I is not necessarily more segmented than 1.

(ii) The aggregate risk premium 7 <75> associated to the DP-core partition in 1 is not neces-

sarily higher than T (P) associated to 1.
Proof. See Section 5.3. O

(i) in Proposition 3 states that a riskier society can be less segmented than a less risky
society. This implies that a coalition §j can be larger than S7. This stems from the fact
that the increase of risk between societies I and I reshapes the entire pattern of coalitions.
Some coalitions with the same index 7 may actually be bigger in the riskier society than in

the less risky society if they are comprised of individuals who are close in the risk ladder.

(ii) states that, using the aggregate risk premium, a riskier society does not necessarily
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devote more resources for risk-sharing purposes than a less risky society. This is due to the
change in the DP-core partition implied by higher risk. It may be such that actually some
larger coalitions appear in the partition of the riskier society so that the risk premium paid
by some individual so as to be protected by the assumed risk-sharing arrangement decreases.
Hence (7i) highlights that the way risk is managed in a given society must be assessed in the

light of the whole partition of the society into coalitions.

4.2 Social control and segmentation

Social control modifies the incentives to form a risk-sharing coalition and thus affects the way
society manages the risks faced by individuals. Here we assume that social control drives
the capacity to retaliate against a defector and punish her through autarky: Social control
is captured by the probability of ex post punishment, p. We are interested in the impact of
an increase in social control over the segmentation of society in risk-sharing coalitions and

the cost of protection as given by the aggregate risk premium.
We answer these questions in the following
Proposition 4. For a given risky society 1,

(i) the number of coalitions belonging to the DP-core partition is weakly decreasing with p

and 6.

(ii) For p and p given with p < p, the aggregate risk premium associated to p is not always

bigger than the one associated to p.
Proof. See Appendix A .4. m

(i) states that an increase in social control leads to a less segmented society in the sense
that the number of coalitions is weakly decreasing. We do not prove that any coalition of a
given index is larger when p increases. A higher propensity to detect and punish defection
makes the punishment threat more effective and induces less risky agents to accept more
heterogeneity within the first coalition. The head of the second coalition is a riskier agent

who coalesces with much riskier agents which induces a smaller risk-sharing coalition. Hence,
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subsequent risk-sharing coalitions may be smaller in the more controlled society. However,
we prove that this phenomenon cannot be so large as to induce an increase in the number

of coalitions in the DP-core partition.

(7i) states that the aggregate price for protection, as measured by the aggregate price pre-
mium is not necessarily larger in a society with a lower social control. This is due to the
fact that some coalitions may become larger in the less controlled society: new coalitions’
heads may face a lower heterogeneity in the subsequent risk ladder and accept belonging
to larger coalitions. Said differently, and contrarily to what suggest intuition and common
sense, increasing social control in order to reduce the number of defectors may not decrease

the cost of insurance paid by a society.

In brief, these two propositions prove what is gained in adopting a general view on the entire
partition of a given society. Some effects which seem intuitively correct are reversed when

the endogenous partition based on risk-sharing coalitions is taken into account.

5 Empirical Evidence

Our theoretical model makes predictions about the relationships between idiosyncratic in-
come risks, social control, the formation of risk-sharing coalitions within a community and
the associated risk premia. A thorough empirical validation of these theoretical predictions
would imply a complete mapping of inter-individual risk-sharing arrangements within a set
of different communities and relate the formation of these arrangements to individual-level
income risk exposures, community-level distributions of risks and levels of social control.
This would require detailed information on risk-sharing networks, similar to the one used,
for example, by Fafchamps and Lund (2003) and Fafchamps and Gubert (2007) on rural
Philippines, or De Weerdt and Dercon (2006) and Comola and Fafchamps (2014) on ru-
ral Tanzania. Our aim in this present research being mainly theoretical, such an in-depth
empirical investigation is beyond the scope of this paper. On the empirical side, our more
modest objective is to provide with empirical evidence consistent with and illustrative of

some of our main theoretical predictions. More specifically, based on the Townsend Thai
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Projet panel data (further described below), we find empirical evidence (section 5.2) that
coalitions are based on homophily (proposition 2.i) and that social control contributes to a
lesser segmentation of a society (proposition 4.i). Simulations calibrated on the same data
offer in section 5.3 further evidence consistent with our theoretical predictions, namely that
a riskier society is not necessarily more fragmented, nor does it necessarily pay a higher
aggregate risk premium (proposition 3), and also that a lower level of social control is not

always associated with a higher aggregate risk premium (proposition 4.ii).

5.1 Data

We use data from the well-known and publicly-available Townsend Thai Project.” Started in
1997, this project probably provides with the longest running panel data set in a developing
country, with extensive information at the individual, household and community levels. For
this research, we use the initial baseline survey of 1997 (the “Big Survey”) and the Townsend
Thai Monthly Rural Surveys, which started in August 1998. As for the 1997 baseline survey,
we use information at the household level: 2880 households were interviewed, 15 for each of
the 192 villages selected in 48 tambons (“counties” - ie 4 villages per tambon), themselves
located in 4 changwats (“provinces” - ie 12 tambons per changwat). As for the following
Monthly Rural Surveys, approximately 45 households were followed in 16 villages selected
among the 192 of the baseline survey, ie 4 villages in one tambon in each of the 4 changwats

selected for the initial survey.

These high-frequency panel data, over a very long time span, provide with detailed informa-
tion on households’ incomes and consumption, that allows us to precisely estimate incomes’
variability, thus idiosyncratic risks, and how they relate to consumption’s variability. The
questionnaire also includes questions about the behaviours of lenders and borrowers that we
can use to investigate - at least indirectly - the role of social control, as discussed in our

theoretical model.

However, the scope and ambition of our empirical investigation will be limited by the fact,

Yhttp://townsend-thai.mit.edu/. See also Townsend et al. (2013) and Townsend (2016) for a descrip-
tion of the project, and of the related data and researches.
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as mentioned above, that these surveys do not offer direct information on inter-individual
risk-sharing networks. In addition, only 16 villages and about 45 households per village
are surveyed for the panel data, limiting cross-villages and within-village variation in the

observations.

We will restrict our empirical analysis to households for which we have all the relevant data
for the whole time span considered, thus balancing the panel to avoid in particular potential
issues of endogeneity stemming from attrition and the potential selection of households in and
out of the surveyed sample. We use data for the time period January 1999 to December 2012
(165 months).' In the end, we use information on 605 households (out of the 720 targeted by
the Monthly Rural Surveys of the Townsend Thai Project), approximately evenly distributed

in the 4 changwats and 16 villages surveyed.

5.2 Econometric Evidence
5.2.1 Objectives
We first provide econometric evidence on two empirical claims derived from our model:

1. The homophily principle: The further away two households are apart in terms of
idiosyncratic income risk, the less likely they are to belong to the same risk-sharing
coalition, and so the lower the correlation of their consumptions should be. This
assertion follows from the consecutivity property of the DP-core partition stated in

Proposition 2 (7).

2. The impact of social control: A higher social control (weakly) decreases the number of
risk-sharing coalitions in a village, thus increasing the likelihood that two households
at a given distance in terms of risk exposure belong to the same coalition and perfectly

share risk. This assertion follows from Proposition 4 (7).

10The survey started in 1997, and has continued beyond 2012, but we restrict ourselves to the period Jan.
1999 to Dec. 2012, for which information we need from the Income Statement Survey module is available
and comparable.
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5.2.2 Variables

2

Dependent variable: consumption correlation r> ,.~ Our independent variable is a
7G4

measure of consumption correlation between two households, denoted ri v, for the dyad

constituted by households ¢ and ' in village v. In Appendix A.5, we explicitly compute

the correlations of the consumptions for a dyad of households i and i’ in the village v,

2

Tci,ci/ cv

respectively when these households belong to the same risk-sharing coalition and
when they do not. In the former case, the correlation of their consumptions should be high,
and even, in our theoretical case of perfect risk-sharing within a coalition, equal to unity.
In the latter case, this correlation should be lower, but note that it is not generally nil,
and that it depends in particular, on the one hand, at least indirectly, on the levels of the
households’ idiosyncratic income risks o? and 0%, and on the other hand, directly, on the

level of village-level aggregate income risk o2 .

Practically, we use the household-level variable “consumption” computed following the method-

ology of Samphantharak and Townsend (2009),"" from August 1998 to December 2012.

Then, for all possible dyads of surveyed households 7 and ¢’ in a village v, we compute the
(Spearman) correlation of their consumption over the whole time span. Spearman (1904)
correlation coefficients are preferred to Pearson ones as they do not require the assumption
that the data are bivariate normal and because they are less sensitive to outlying values
(Croux and Dehon, 2010). Coefficients of correlation that are not statistically significant at

the 10% threshold are considered as nil and treated as zeros.

Independent variable 1: Idiosyncratic income risk distance |0? — 02| Our first and
main independent variable of interest is the distance in terms of idiosyncratic income risk

faced by different agents in a community.

Firstly, each household’s income is computed, following the methodology of Townsend (2017)

"UVery practically, it is the variable IS5 of the Townsend Thai Monthly Survey Household Financial
Accounting database, available at https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:
10.7910/DVN/LJIDPJM&widget=dataverse@harvard and described in the User’s Manual: “Financial Account
Manual Instruction.pdf” available at the same url. This variable includes depreciation of household assets
and land improvement, consumption of household production, consumption expenditure (food and non-food)
and insurance premium.
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who treat households as corporate financial units. In a nutshell, following this approach, a
household’s net operating income represents revenues from production activities and the
household’s assets, minus production costs, depreciation, interest and taxes. This provides

with a measure y;; of net income for household 7 in month ¢.

Secondly, the important variable in our theoretical model (see equation (1)) is each agent’s
idiosyncratic income risk, o, that is to say the variance of &4, the income residual, at each
point in time, that cannot be accounted for by the agent’s deterministic part of income and
by global shocks common to the whole society. These ¢;; are empirically computed as the

residuals of the following equation, estimated separately for each household i:

Yit = Qi + VYot + Eit (12)

where y,; is the average net operational income of all other agents in the village v at time .
The constant «; accounts for the deterministic part of household 7’s income while y,; accounts
for aggregate village-level shocks. The variance o of the residuals & is taken as the measure
of each agent’s idiosyncratic income risk exposure. This measure is normalized by applying
the inverse hyperbolic sine transformation, as it approximates the natural logarithm while

allowing to retain non-strictly-positive values (Bellemare and Wichman, 2020).

Thirdly and finally, we measure the distance, in terms of risk exposure, between two house-
holds 7 and i’ by the absolute value of the difference between their (ihs transformed) income

2|'

,[:/

risk exposures: |02 — o

Independent variable 2: Social Control SC, Our second main variable of interest is
the level of social control in a village, that is, the intensity of the threat faced by agents
who defect from the coalition arrangement they belong to and choose not to share their ex
post realized income with other members of the coalition. In our theoretical model, this
threat, denoted by p, is the probability that a defecting agent will be punished by being
excluded from any future risk-sharing coalition and left in autarky. We approximate this
probability by the proportion of borrowers in a given village v who declare, in the baseline

survey of 1997, that they will face a sanction if they do not properly repay their loans. This
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proxy is not an exact measure of our theoretical variable of social control, as it concerns only
borrowing - whereas mutual risk sharing arrangements can take other forms than financial
transfers - and declared sanctions do not always correspond to complete future autarky, a

simplifying but practically unrealistic theoretical assumption.

Note here that as we take the average for each village at the beginning of the survey, we have
no within-village but only cross-village variation - itself limited, as we have only 16 villages

in our data.

Control variables The Townsend Thai Project dataset offers an extremely rich array of
potential control variables, as it provides with detailed information on household character-
istics and behaviors - like labour allocation for example - each month over a very long time
span (January 1999 to December 2012 for the data we actually use). In order to alleviate to
some extent endogeneity issues, as households are likely to change their behaviors over time
depending on the mechanisms of risk sharing and the level of social control in their respective
village, we focus on information available at the very onset of the monthly panel survey. We
run a lasso procedure on all variables available for the very first month, and end up with the
following control variables: numbers of household members (total and adults), average age
and education and maximum education among household members. The vector of character-
istics is denoted by z; for household 7. Following the methodology of Fafchamps and Gubert
(2007), and as the dyadic relationship we investigate here is undirectional (rgi’ci, = rzi,’ci),
we include these controls as the absolute value of the difference for a dyad of households:

|z; — zy| for households i and j, and we propose estimates of our models with and without

level effects (z; + zir).

Note that all these variables are measured over the whole time period, which means that we
assume stability over time for all the phenomena of interest: in particular the households’
income generating process (and the associated idiosyncratic risk), the level of social control
in village and their respective partition into risk-sharing coalitions. Households’ initial char-
acteristics used as controls are similarly constant over the period. This is quite a strong

assumption but our theoretical model predicts that the partition of a village community
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into risk-sharing coalitions remains stable over time, given the stability of village-level social
control and of households’ idiosyncratic risks. Moreover, to compute the latter, we need a
long enough time span and large enough number of observations to disentangle the determin-
istic part of household’s incomes from unexpected shocks. Hence our choice is to consider
the whole time period covered by the data (1999-2012) as a single period from the point of
view of the mechanisms at play - but as a consequence, empirically, we do not capture with
precision the potential changes in the underlying variables of interest and our estimates will

provide a rather blunt picture of a probably much finer reality.

5.2.3 Specification

The first prediction of our model that we aim to empirically illustrate is Proposition 2 (7),
that all coalitions S7 in the DP-core partition P* are consecutive, that is to say that coalition
formation is driven by a homophily principle: a coalition gathers agents who are close in
terms of risk-exposure. This should translate into the empirical observation that the further
away two households are apart in terms of idiosyncratic risk exposure, the lower should be
the correlation of their consumptions. Following the methodology of Fafchamps and Gubert

(2007), the equation we estimate is:
12 eren = Blot — il + (0] + 07) + 7207 + 75|z — 2| + a2+ ze) o + 6 (13)

2

eiepco the correlation of their con-

Where ¢ and i denote two households in a village v, r
sumptions, o7 and o2 their respective idiosyncratic income risk, and |67 — o3| the distance
thereof. Following Fafchamps and Gubert (2007), we use the absolute value of the differ-
ence of the independent variables of interest, as the dyadic relationship here is undirectional
(rgiyci, = Tzi,,c,,-,) and symmetry requires that regressors satisfy SX;; = BXy;. For the same
reason, we include the absolute difference in households’s controls |z; — zy|. And, again
following Fafchamps and Gubert (2007), we provide estimates with and without level effects,
(02 +02) and (2; + 2). We also provide estimates with the level of idiosyncratic risk of one

member of the dyad, o2, to account for the effect of the position of the households in the

risk-ladder of their village. Village-level fixed effects o, are included to account for structural
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differences between villages.'? ;7 denotes the error term, the dyadic nature thereof is taken

into account in empirical estimates.

Our main prediction is that the coefficient 8 in equation (13) is negative: the closer two
households 7 and ¢’ are, in terms of risk exposure, the more likely they are to belong to the
same risk-sharing coalition, and thus the more likely the correlation of their consumptions

is to be high.

The second prediction of our model that we aim to empirically illustrate is derived from
proposition 4 (i), which states that social control contributes to a lesser segmentation of a
society. This implies that ceteris paribus, and in particular for the same distance in terms
of risk exposure |67 — o], two households i and ¢’ in a village v are more likely to belong
to the same risk-sharing coalition (and thus display a high level of consumption correlation)

when the level of social control SC, is high in village v. The equation we estimate is then:

12 erew = Bilof =00+ B2SCy X |07 — i | +71 (07 +070) + 7207 +73l2zi — 20 | +7a(zi+ 200 )+ +ei
(14)

Where we add, on top of the variables included in equation (13), our variable SC,, proxying

social control in a village, interacted with the distance between two households in terms of

2

idiosyncratic risk SC, x |02 — g2|. As before, we expect the coefficient 5; to be negative,
that is to say the higher the distance in terms of risk exposure, the lower the correlation of
consumptions of households ¢ and ', but now we also expect this effect of the distance to be
lessened by village-level social control: the higher the level of this social control, the larger
the risk-sharing coalitions, the lesser the (negative) effect of the distance. The coefficient (3,

should then be positive.

Due to their dyadic structure, observations are not independent, and to obtain consistent
standard errors for all estimations, we rely on the method of Fafchamps and Gubert (2007),
who themselves extend the method developed by Conley (1999) to deal with spatial corre-

lation of errors.

12Note that, unlike Fafchamps and Gubert (2007), we do not include a set w;; of characteristics of the
relationship between households i and 4’ itself, as we do not have such information.
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Note that the precision of our empirical investigation with respect to the underlying mecha-
nisms at play in terms of income generating processes, risk sharing behaviors and consump-
tion correlations, and social control, is limited by two strong assumptions. First, and as
mentioned above, all variables are measured over the whole time period, and thus consid-
ered as constant, as in our theoretical framework. Second, and again following our theoretical
framework, we assume that our regressors, and in particular our two main variables of in-
terest, distance in terms of risk exposure and social control, are exogenous. Our theoretical
model shows how distance in terms of risk exposure and social control - themselves inde-
pendent of each other - affect in a causal way risk sharing behaviors and thus consumption
correlations. But practically, these variables might be related in several other ways. The pat-
terns of consumption correlation between different households might affect these households’
choices of activities and thus their income generating processes, as well as the mechanisms
of social control. All of these variables might also depend on underlying characteristics, for
example social, cultural and/or economic features that we do not observe. These concerns
are somewhat - but not fully - alleviated by some of our methodological choices. First, we
include village-level fixed effects, to account for time-invariant local characteristics. Second,
our idiosyncratic income risk variable is built in such a way (see equation 12) that it should
measure purely idiosyncratic and unexpected shocks, net of time-invariant household char-
acteristics («;), temporal effects common to all and village-level income (y,;). Third, for our
control variables and our measure of social control, we take information from the 1997 base-
line survey or from the very first month of monthly panel re-survey, and so these measures
should be less affected by the income generating processes and consumption patterns that

are measured afterwards.

5.2.4 Results

Cross-village evidence The results of the estimates of equations (13) and (14) across all
sixteen villages are presented in Tables 1 and 2. Following Fafchamps and Gubert (2007), we
use the OLS estimator and correct the standard errors to account for the dyadic structure
of the observations. While we run the estimation on all villages, we of course restrict dyadic

relationships to households belonging to the same village.
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INSERT TABLES 1 AND 2 - SEE APPENDIX B.1.1

The results show that, as expected, the coefficients § and ; (associated with the dyadic
distance in terms of risk exposure - see equations (13) and (14)) are significantly negative,
while the coefficient 55 (associated with social control) is positive. In both tables, in column
(1), we only take into account our main variable(s) of interest: distance in income risk
|02 — 02| in Table 1, to which we add the interaction with social control SC,, (ie probability
of sanction in case of default) in Table 2. Without any further variables, coefficients 5 and /3,
are negative, and significantly so, at least at the 5% levels. All the same, without any further
variables taken into account, in column (1) of Table 2, the coefficient (B, (associated with
the interaction between village-level social and the dyadic distance in terms of risk exposure
- see equation (14)) is positive and statistically significant at the 5% level. In the following
columns, we progressively add more variables: difference in control variables |z; — 2|, sum of
idiosyncratic risks (0?2 +0%) and of control variables (z; + zi1) to account for level effects, the
individual level of idiosyncratic income risk (¢?), and, finally, village fixed effects c,. The

estimated coefficients remain remarkably stable, and statistically significant.

This is consistent with our theoretical predictions, respectively, that households that are
closer in terms of risk exposure are more likely to belong to the same risk-sharing coalition
and thus to display a high correlation of their consumption, and that a higher social control
contributes to a lesser segmentation of a society. Note that, in Table 2, the two coefficients
of interest 5; and f5 are of the same order of magnitude. That would mean that when social
control is at its highest possible level, with a probability equal to one of sanction in case of
default, the sum of both effects would be roughly equal to zero, meaning that the distance
between two households in terms of idiosyncratic income risk does not affect the correlation
of their consumption - implying that all households belong to the same big risk-coalition:

the community is not partitioned anymore into several coalitions.

By-village evidence The results presented above gather observations for all sixteen vil-
lages in our dataset. Even if dyads are restricted to be formed between pairs of households

within the same village, this approach still constrains the effect of the pairwise distance in
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terms of risk exposure, measured by [ and 3, and the effect of social control, measured by
B2 to be the same in all villages. To allow for more flexibility, we carry out exactly the same
estimation based on equation (13) but village by village, first without any and then with all
controls.'® This yields an estimate of our parameter of interest for each of the 16 villages,
B,. In Figures 1 and 2, these estimated coefficients are plotted against the level of social
control for each village, respectively when no control variables and all control variables are

taken into account in the village-level estimations of equation (13).
INSERT FIGURES 1 AND 2 - SEE APPENDIX B.1.2

These figures provide with some visual evidence that in many villages, the pairwise distance
2

in terms in risk exposure |o; — oy is negatively correlated to consumption correlation T s
This result is in line with our theoretical prediction that households tend to share risk with
other households that are close to them in terms of idiosyncratic income risk. The line of
best fit is also reported and appears to be increasing, indicating that on average, in villages
where the level of social control is lower, the correlation of the consumptions of a dyad of
households is more affected by the distance in terms of idiosyncratic income risk for this
same dyad of households. It is consistent with our theoretical prediction that more social
control allows on average for larger risk-sharing coalitions, and thus decreases the impact
of idiosyncratic income risk distance. For villages with the highest possible level of social
control, that is to say, a probability equal to one to be sanctioned in case of default, this
impact is actually around zero which echoes the results we found in Table 2. However this

line of best fit should be taken with much caution as it is drawn for only 16 observations,

with, then, an extremely limited statistical power.

5.3 Simulations

Based on the Thailand Townsend Thai Project database, we proceed to simulations of the
partitioning of each village economy into risk-sharing coalitions and illustrate Propositions 3

and 4 of the theoretical setup. The simulations are based on the 16 villages of the Thailand

I3Equation (14) cannot be estimated for each single village, as our measure of social control varies across
villages, but not within each village.
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Townsend Thai Project database. We estimate the variance of idiosyncratic shocks (our index
of risk) affecting each inhabitant and the kernels of the density functions of the logarithm
of the variances of each village, using the Epanechnikov method. Using these empirical
kernels, we generate 16 hypothetical villages of identical size, drawing 3000 values of the
logarithm of variances for each village. We work with adjusted sigmas defined as follows
£2

(o

2 = ¢2/5* for all i with 3% being the mean of the 3000 draws for each village. It implies

that the mean of the adjusted sigmas is equal to 1 so as to abstract from scale issues.'* The
kernel distributions of the logo; are depicted in Figure 3. Villages differ with respect to
risk heterogeneity. While some distributions are unimodal (villages #765, #2753, #4961),
other are rather multimodal (villages #763, #2751, #5353). Further, some distributions
are right-skewed (villages #4957, #5353, #5354), others are left-skewed (villages #4960,
#5360).

INSERT FIGURE 3 - SEE APPENDIX B.2

For each 3000-large village, we derive the partition associated with commitment and its
counterpart under no commitment. Simulations of the DP-core partitions are obtained using
the equilibrium properties described in Section 3. The pivotal agent of the first coalition
is determined by selecting the global maximum of the function X (nl; J?Ll) subject to the
constraint C1 X (nl; 0,2“) > CyY (ny). For this purpose, we compute the X (nl; U,QH) value of
the coalition with head h; = 1 for any size n; satisfying condition Cy X (ny;0%) > CyY (ny).
The size n; with the highest X (ny;o?) value is chosen among such a set of coalitions.
Given Ny, hsy is deduced. The same algorithm is applied using the functions X (n2; 0%2)and

Y (ng; 0%2), and recursively, all ¢; are deduced.

The parameters used in the simulations are described below. For the sake of simplicity, the
aggregate risk is assumed ti be null, 02 = 0. Based on Barro and Sala-i-Martin (2004), we
assume the yearly discount factor denoted by 9, to be equal to 0.98. This implies that the
monthly discount factor is § = ((5y)1/ ' — 0.998. The idiosyncratic shock &, is distributed
over the interval [g,2] with ¢ = —2 x (0.950%) and € = 2 x (0.950%). These bounds

guarantee that the truncated normal distribution of the idiosyncratic shocks is close to the

14 Simulation programs are available upon request.
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normal distribution. All possible shocks are within the 95% confidence interval of the normal
distribution of the top 5% riskiest agent. For less risky agents, the approximation is more
accurate. For example, in village #5359 which we focus on below, ¢ = —2.75, and € = 2.75.
Further, the absolute risk aversion parameter is normalized to @ = 1 as well as the means
of o7 at the village level. Notice that the function X (nj; U%j) depends on oo} while the
function Y (n;) depends on ag;. We use p = 1, which corresponds to perfect social control:
any defection is perfectly detected, and punishment strategy is applied with certainty. Yet,
perfect social control does not systematically deter defection: the shock experienced by
an agent ¢ may be so large that she chooses defection despite the certainty of subsequent

punishment.'”

First, we compare the number of coalitions characterizing the partition with and without
commitment for each village. We also compute the two associated measures of risk shar-
ing, that is, the associated aggregate risk premium and the average coefficient ¢;. Under
commitment, according to Proposition 2, coalitions are consecutive and the pivotal agent
of any coalition SJN B minimizes the coalition risk premium, that is qjv B = argmin (SJN B )
Under the limited commitment case, coalitions are consecutive with pivotal agents given by
¢; = min {¢",¢P"}. Table 3 displays our results. Even though incentives to defect under
the limited commitment case are at their lowest (we set p = 1), we observe that the asso-
ciated patterns of risk sharing differ. First, we find that under no commitment the number
of coalitions increases in all the villages. For 14 villages, the number of coalitions increase
by more than 100 fold (from 72 times for village #5359 to 297 times for village #5353).'9
Villagers share risk in much smaller coalitions. This is not surprising: the lifting of the full
commitment assumption induces the less risky agents to become extremely sensitive to the
risk of defection of their immediate follower. We then observe that, except for village #762,
both the aggregate risk premium as well as (; increase. Note that for village #762, the parti-

tion with commitment is such that the largest coalitions are the ones with less risky villagers

15We made various simulations changing parameters values and obtained the same qualitative results. We
do not present them for sake of brevity. They are available upon request.

160f course, the purpose of the simulations is to proceed to some comparative static exercises and highlight
the sign of variation of the variables of interest. The figures obtained by the simulations have no interest
per se.
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while without commitment the riskier individuals share risks in the largest coalitions. This

explains why the aggregate risk premium is smaller without commitment.
INSERT TABLE 3 - SEE APPENDIX B.2

Second, in order to study the impact of increasing risk through the partitioning of society,
we proceed as follows. For each village, we multiply the calibrated sigmas by a positive
integer.!” We thus obtain two distributions of o satisfying (A1). We aim at illustrating
the counter-intuitive results contained in Propositions 3 and 4, focusing on village #5359.
Figure 4 displays the risk schedule (in logs) for this village, that is, the ranking of variances
faced by villagers from the lowest to the largest. This illustrates the large heterogeneity

existing in a given village.
INSERT FIGURE 4 - SEE APPENDIX B.2

In the absence of commitment, village#5359 is partitioned into 575 risk-sharing coalitions
in the DP partition. The 570th coalition includes the largest number of villagers (1089) and
provides the lowest risk premium which is approximately equal to 12 * 10~° of the median
village risk premium obtained in coalition j = 27. The residual coalition is formed by the
10 riskiest villagers which explains why the risk premium is so high (9.02). Clearly, the risk
premium schedule is not monotonously increasing in j. This reflects that for some coalitions
the DP condition is binding (e.g. at least coalitions j = 489 and j = 523). By contrast, under
full commitment, the number of coalitions shrinks to J = 8. The 3th coalition gathers 1095
villagers and the residual second coalition just 10. The risk premium is equal to 12 * 1076

for the first coalition and to 9.02 for the last one.

INSERT FIGURE 5 - SEE APPENDIX B.2

For the chosen set of calibration parameters, village #5359 displays the counter-intuitive
results highlighted in Propositions 3 and 4. First, as depicted in Figure 6, for any p, the

partition obtained with the estimated distribution of risks is more segmented than the one

ITFor a given risk schedule 72 = {6%765...,6]2\,}, we define the risk ratios for any two individuals ¢ and
i+ 1, N\ = &,?H/&f, we denote by A the risk-ratio schedule A = {1, A2,..., Ay—_1}. The positive integer ¢
defines the new risk ratios A} such that A, = :\; for any i. We choose ¢ = x so that 6’2 is 1.2 times bigger
than 0% . The number 1.2 is arbitrary.
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arising with an SS-dominated distribution of risks. For instance, when p = 0.1, the number of
coalitions falls from 2058 to 1981 with the riskier simulated distribution of risks (Proposition
3 (i)). Although there is a rise in absolute idiosyncratic risks, the change in coalitions’ heads
again may lead to a flattening of the subsequent remaining risk schedule. Thus some villagers
are closer in the risk ladder and strive to share risk in larger coalitions. Notice that as ¢
depends positively on J it decreases with p. Further, Figure 6 shows the significant impact
of the limited commitment assumption. Whereas the SS-dominated society 1 generates a
higher number of risk-sharing coalitions (determined by the no-blocking condition) under

commitment, the reverse is true in the absence of commitment, due to the binding effect of

the DP-condition.

INSERT FIGURE 6 - SEE APPENDIX B.2

Second, as Figure 7 shows, the riskier and less segmented partition does not necessarily devote
more resources for risk-sharing purposes than the partition obtained with the estimated
distribution of risks (Proposition 3 (4i)). When p = 0.1, the aggregate risk premium increase
from 0.087 to 0.092 in the riskier society. However, the riskier society incurs a lower aggregate
risk premium at a higher social control level, that is, p = 0.7. Moreover, the aggregate risk
premium happens to be non-monotonic with respect to p (Proposition 4 (4i)), confirming
that a higher social control does not imply a lower cost of protection against risk. Again,
we observe a critical impact of the limited commitment assumption as the aggregate risk

premium may be lower in the SS-dominated society T under no commitment.

INSERT FIGURE 7 - SEE APPENDIX B.2.

6 Conclusion

When financial markets are insufficient, improper or absent, individuals resort to non-market
arrangements for getting some protection against hazards: exchanges of services or informal
groupings based on some redistribution rules. These groupings are made fragile by the
capacity to renege on previous promises to be part of a collective arrangement. This paper

tackles the issue of the outcome of informal risk-sharing coalitions with limited commitment.
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In particular, it explores the role played by social control on the formation of these risk-
sharing coalitions and on their effectiveness in sharing risk. Social control is understood
here as any disciplinary devices existing at the level of a society, supported by mores, habits
or institutions which constrain individual behavior. In particular social control mechanisms
are assumed to be used so as to punish defectors from a risk-sharing coalition and thus
mitigate the incentives to defect. Precisely, we consider village economies where financial
markets are absent altogether and villagers resort to the formation of risk-sharing coalitions
to be protected against idiosyncratic shocks. As these coalitions are based on voluntary
agreements, a village (a society) may include a plurality of such coalitions. Social control
exerted within a village is assumed to force into social autarky in subsequent periods any
defector to a coalition she pledged to join in a given period. The heterogeneity between
households is related to their exposure to idiosyncratic risk: households in a given society

are ranked according to the increasing variance of their idiosyncratic shock.

We first search for the partition of society into risk-sharing coalitions based on voluntary
behavior in the absence of commitment. We define a defection-proof core partition as the
partition of society which fulfills both a core equilibrium condition and a defection-proof
condition. We prove that such a partition exists and is generically unique. It is based on
homophily principles: agents form coalitions based on proximity. Moreover, it depends on

social control as the defection proof condition may bind.

Turning to comparative statics exercises, we show that the riskier society is not necessarily
more segmented, when segmentation is captured by the number of coalitions. A society with
a higher degree of social control (capacity to punish defectors) is likely to be less segmented
according to the same criterion. However, a higher social control can lead to a higher

aggregate risk premium.

Empirically, the assumption of limited commitment in villages is more easily acceptable than
its opposite. However, sociologists and anthropologists alike point to the pervasive presence
of informal social control mechanisms (Chriss, 2022). It is therefore enticing to look for the
empirical consequences of social control over consumption smoothing and how the degree of

social control affects the consumption smoothing pattern in a non-financial society. Turning
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to this matter, we provide some empirical evidence which are consistent with our theoretical
results based on a large dataset obtained from a vast enquiry on sixteen Thai villages. We
obtain that the correlation between households’ consumption reflects homophily and this

effect is more pronounced when social control is lower.

Simulations illustrate our theoretical propositions and in particular show that some coun-
terintuitive results are easily obtained. They also highlight the consequence of assumptions
made about the capacity to fully commit or not. Moreover, they show the sensitivity of
the DP-core partition to changes in these parameters. In particular a change in the social
control parameter appears to drastically alter the partitioning of the society into risk-sharing

coalitions.

Theoretically, our enquiry is founded on several assumptions which can be relaxed. First
we could look to another source of heterogeneity among villagers: income inequality, as was
done in Jaramillo et al. (2003) or different risk aversions. Second, we could mitigate the
assumption of no access to financial markets and instead assume that there is an partial and
imperfect access to financial markets. Finally we could assume different (and less stringent)
punishment patterns. Studying such changes is fully compatible with the logic of our enquiry
and would represent a welcome continuation of our paper, allowing us to better understand
how societies deal with risk which cannot always and perfectly be managed by financial

markets.

Empirically, a precise verification of our theoretical results would imply a complete descrip-
tion of risk-sharing groups in several different communities and a linking between these
partitionings with the modalities and level of social control, as well as with the distribution

of income risks.
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A  Proofs

A.1 Proof of Proposition 1

1. First we prove the following: If a sequence of DP core partitions exists, its elements

are identical over time.

Assume by contradiction a sequence of DP core partitions denoted by S; where an individual
i belongs to the DP-coalition S} (i) at date ¢ and to a different DP-coalition Sj, . (i) = 5" (4)

afterwards. We drop the j index for sake of brevity. The expected lifetime utility writes:

Ui (St) = Eq [u; (57 (4))] + Eq

> 6w (S (i))]

=1

Since individual shocks are i.i.d. and the mutual insurance rule is implemented for any

period of time:

[ee) T ’ /- 5 o
=1
with for any 7 = 1, ..., and
1 (—owi—auyy, —a keSO Thitr
u; (8" (i) = —~e( + W (3) >,

o
n'(i) denoting the size of S’ (7).
Given the risk sharing rule is non-state-contingent, the indirect utility is not time-dependent.
As S’ (1) is assumed to satisfy the no-blocking condition, we must have that

By ui (87 (0))] > By [ui (57 (i)] -
This contradicts the fact that S; (i) satisfies the no-blocking condition and that S; is a
sequence of DP-core partitions.

2. Emistence

Consider a partition constituted solely of singletons. Given Definition (1), it is easy to check
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that any singleton is DP. Thus, the set of DP partitions is not empty.

For any two DP-coalitions S and S’, S # S’, of size n respectively n’, in § and &', S and S’

remaining the same over time, we have for any 7 in S, and any i in S’

T ot T ok
1 1 @ {wi 503—04 ki:Z :| 1 1 @ |:wi~‘;‘012,—a k§5/’2
; = — —— >U(S8) = —— ——
Ui(5) s e = U;(S") s e )

or equivalently,

>or o

KES  _ kes
mz = o2

Hence, for any DP-coalitions S and S’, all individuals ¢ in either S or S’ are unanimous
about the preference ordering of the coalitions. This is the common ranking property that

implies the non-emptiness of the core partition.
The following Lemma proves the existence of DP-core partitions.

Lemma 1. Any coalition S; is DP if and only if the head h; of S;, such that aij =

min {02}, S, does not defect in any state of nature, for all j.

We denote by n; the cardinal of S;.

1. Necessary condition. Definition (1) requires that in order to be defection-proof, a coalition

must be such that none of its members, in particular i;, has any interest to defect.

2. Sufficient condition. Let us prove that if the head does not want to defect in any state of

nature from a coalition S;, no other member wants to defect in any state of nature.

Plugging (3) and (9) into (8), leads, for any agent ¢ in S;, to

) o2 s g2 kES;
a” 2 2n% kES.: _ —« * _ .
ez% —e 7% >e | e " —e ) VL (15)
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By definition of the “head” h;, we have for any 7 in \S;:

2
2 2(22 2 0%

2

@ 2 2
a” . 50 ny
620i e JkGS] >€2 hj

— e ikES; (16)

o o? kesvsk’t
. ) o? o % 0}21. 2n2‘k€S- F —av, - ]- —ag; 3
Therefore if ;Zspe 2 [e? " —e 777 >e ™| e " — et | for any t, this
is true for all i € S;.
Let us focus on the scenario that makes the most likely the defection of h;. Let us study
the RHS of (15) in the case of the “worse state of nature” from the point of view of i: for a

given ¢; the other members of S; suffer from the lowest idiosynchratic shocks and the lowest

common shock. Hence:

_a (nj71*>§+si ﬁakg’:sjEk
fle)=e o —e®>e i —en % (17)

The derivative of f (g;) is :

nj

1)
[ (i) = ae™ @ [1 ~ ieT

Let us define £™** such that f' (™) =0, i.e.:

[

aln®—1
() nosn) |
n, =e & — t+E=¢ .
g a(n; —1)
e™**ig bigger than ¢ as n;log (n;) /a(n; —1) > 0. As f'(g;) > 0 for any ¢; € [g,e™**], the
maximum value of f (g;) over the support of ¢; is obtained for £ = min [¢"%*, £]. Then, given

(17)

—

f(é)>f(e)>e nj 0%t
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The head of S; does not defect in the worse case for her when

(18)
If h; does not defect in her worse state of nature, she will not defect in any state of nature.
If in any given period, h; does not defect, all other members of S; do not defect given (16).

This completes the proof of Lemma 1.

Finally, according to (18), a coalition S; is defection-proof if and only if:

o2 n;—1)(e—¢)
§ anf o2z 2% o2 AN E]
] 5p67"" e?hy — o ies Se WwemE [ 7 nj —-1].

o2 o2 (012/277,2) Z O’g . 7a(nj71)(§*é(nj))
Letting X (nj;a}%]) = e( /2y _ e = , Y(n;) = e—aé(ng) | ¢ oy 1,

Cy = (6/(1—08))pez, Cy = e, é(n;) = min[n;logn;/(a(n; — 1)) +&,8], it can be

written as follows

C1X (ni0p) > CoY (n). (19)

Notice that for n = 1 this condition is satisfied as X (1;07) = Y (1) = 0: singletons are

always DP. There exists at least a size n that satisfies (18). This ends the proof of existence.

A.2 Proof of Proposition 2

(i) Consecutiveness
Let us first provide

Lemma 2. Consider a DP-coalition S; of size n;, which comprises ¢ but not ¢ where h; <

i’ <. Then the coalition S; = S;\ {¢} U {7 } is DP.

Proof. Consider a coalition S; which comprises ¢ but not ¢ with h; < 7" < i. According to
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Lemma 1, S; is DP when it satisfies (18), that is:

a2 2 —1)ete
) a2 [ 2252 znzkezgv% o ,QM e
1 5pe 2% e? M —e 77 >e e " —e .

Consider coalition S;={S; \ {i}} U {¢'}. Coalitions S; and S; have the same size. Since

cr,%j< o3 < o7, we get that :

Therefore S} is DP. O

Let us assume that P* contains a coalition S* which is not consecutive, i.e. which comprises
i but not ¢ where h < ¢/ < i. Let us define a new coalition S={S*\ {i}} U {i'}. Since

i <i<= o} > 02, we get from (4) that for any i

ol a2 a? 2 a2 a2 2
Et [uz (S*)] = —le i 23*2 kg*ak < ]Et [Uz (S)] = —le | 23*2 kgsak

« «

From Lemma 2, S is also DP and thus is a welfare-augmenting coalition. This implies that

S* cannot be in the DP core partition P*.

(ii) Uniqueness

We consider the consecutive coalition S of size n with the head h. According to (18), it is

defection-proof if and only if:

CiX (n;0f,) > CoY (n). (20)

40



Consider Y (n) and we consider that n is a continuous variable. We have:

~ 1 n—1)(e—£&(n A — ¢ n—1)(e—£(n
Y’(n) = —aé'(n)e_o‘e(") (_1 + —6_0[7( 1)(;1 ( ))> + e—ae(n) (—Oé (§ i<n>)6_a7( 1)<;l ( >))
n n

with €'(n) = 0 when ™% > & = &(n) and —aé'(n)e™ (™ (—1 + %e’ai(nﬂ)(?é("))) — 0 when
£(n) = €™M < Z since the envelope theorem applies. Hence,
Y'(n) = o 0E(n) (_a@— i(n»ea(”_l)(ﬁ_é("))) - 0.V, (21)
n

We thus conclude that Y(n) is an increasing function of n.

In the absence of commitment, the core partition is generically unique (Farrell and Scotch-
mer, 1988). The possible existence of two core partitions with two different “first-ranked”
coalitions generating the lowest risk premium is non-generic in the following sense: a slight
perturbation of idiosyncratic risks would modify each coalition’s risk premium and make
impossible that these two first-ranked coalitions generate the same payoff. This argument
can be generalized to any coalitions in the core partitions generating the same level of risk

premium. Hence, in the absence of commitment, the core partition is generically unique.

We assume that X (n) is strictly concave with size n and reaches its maximum 7 when the

most risky agent of the consecutive coalition S, denoted by ¢, satisfies the two following

inequalities:
2
< n-1) Y T (22)
(n—1)
keS\{q}
and
2 . o
o> 20+ 1)) o (23)
kes

Let us consider S; the consecutive coalition of size n; comprised of the less risky individuals
of society I. Let us show that the coalition S; that belongs to the DP core partition is unique.
First, notice that n; = 1 fulfills this condition as X (1;07) = Y(1) = 0: singletons are DP.
X (n; 0?) reaches its maximum at 7, which is given by (22) and (23). Y(n) is increasing. If

C1X (n;0?) < CyY (n) whatever n > 1, then the defection-proof condition is not satisfied for
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any coalition with n > 1 and the only DP-coalition is the singleton.

Second, let us consider cases where there are some values of n; > 1 such that the defection-
proof condition is satisfied. When the defection-proof condition is satisfied for ny > nq, with
ny the size satisfying inequalities (22) and (23). Given the characteristics of X (n;o7) and

Y (n), there can be at most one value of n; > nysuch that
ClX (TL; 0%) 2 CQY(’H,)

and

CiX (n+1;07) < CoY(n+1).

This implies that n; verifies C1 X (fy;0%) > CyY (1) and is DP. As f; also maximizes the
utility of individuals belonging to S7, we deduce that n; is in the DP core coalition. Consider
now that the defection-proof condition is satisfied for several ny < ni, and let us focus on

the highest value of n; denoted by ;. We then must consider the two following cases:

1. If ClX (ﬁl, O'%) Z CQY(ﬁl) and C’lX (ﬁl + 1, O'%) < CQY(ﬁI_'_l), we get ClX (ﬁl, O'%) <
CyY (n1) and ny is not DP. As 7 is located on the upward leg of C; X (n) it generates a
higher ex ante utility than the other n; satisfying the defection-proof condition. Hence,

ny satisfies the conditions for a DP-coalition in the core partition.

2. If ClX (ﬁl - 1,0’%) < CQY(ﬁl —1) and ClX (ﬁl,O'%) Z OQY(ﬁI), we get ClX (fbl,O'%) >
CyY (n1) and ny is DP and again satisfies the condition for a DP-coalition in the core

partition.

There is therefore always a unique DP core coalition S including agent 1. Reasoning on
I\ ST, and replicating the reasoning for a coalition including the lowest ranked agent in I\ S},

and so on, we obtain a unique DP core partition.

A.3 Optimal risk sharing and regression coefficients

We first present as a benchmark the case of risk-sharing within a given society when resources

are allocated by a benevolent planner. Individuals differ with respect to exposure to risk
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and also risk aversion. There is commitment.

Let the state of nature be denoted by €f = (14,...,&j¢,---Ens, v¢). We will denote by Y, (e})

the aggregate level of resources at date t:e; = (€14, ..., N+, 1) the state of nature at date ¢.

N N
=D Wit ) st Ny
i=1 i=1

Following Townsend (1994), the planner’s program can be expressed as follows:

T
i Z (stleaici,t] )
a;

t=1

subject to the following feasibility constraint at each date ¢:

{Czt7

max U = Z'M’ (—]EO

=2

I _ I
Ct: CitSY;

where p;, © = 1, ..., N, denotes the non-negative Pareto weight attached to agent ¢. It turns

out that Pareto-optimal consumptions can be written as follows'®

, Viel (24)

In pg 1
1 . N yI
%:_llnm_zm k]+
Q;

Zkel g Zkel

The mutual insurance rule corresponds to the case when In u; = a;w; for any 1.

Given (24) the conditional expectation of individual consumption used by most of the liter-

ature when testing for the perfect risk sharing hypothesis:

|2 vE

E(CZ tl N’ Yi, t) Ki + ﬁzwt + Ciyi,t (25)

where the formulas of 8; and (; are obtained by using properties of conditional expectations

I8If we considered a production sector and leisure choice, formulas of Pareto-optimal consumptions would
not be affected if separable utility functions are assumed (see Townsend, 1994).
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of multivariate normal distributions (Ramanathan, 1993):

YI X/tI
cov (3, it ) var (Yir) — cov (Yir, Cit) cov (3=, Yi

. 26
var (?) var (yi) — [Cov <th1’ yzt)} 2 (26a)
;= cov (Yit, Cit) var (YWtI) v <§J/VI’C“> o <YWJ’ yit) (26b)

var (yy) var (%) — [cov (ng, y"t)r

Given (24), some straightforward computations lead to the following

L (No2+ Zuft®m) (2 4 0?) — (No2 + 0?) (02 + %)

R 2
Zaerar (o2 +0?) (of+ Zugth) — (024 %)
1 (No?+o02) ( +M> (No? _|_ZLI’2”) <03+ %)
(= 2 |
ket o (03 +02) (o3 + =287 ) — (o2 + %)
Hence,
L
Bi==*+N
Zkel alk
and

G =0.

Second, let us now assume that optimal risk sharing takes place in subset S C I, with

n = card(S) < N. It turns out that Pareto-optimal consumptions can now be written as

follows
In 1
1 e N Wi + €t + 1
cit = — |Inp; — Sies =" 2ores(n F e t), fori € S. (27)
@ > kes an D kes . n

If we still consider (25) and use the latter expression of ¢; to compute (26a) and (26b), it

turns out that the coefficients g; and (; are equal to:

L (no) + Z’“ES =keS k) (g2 4 02) — (nol + o) (o2 + U—;)

2
v

1 . o2 02\ 2
Zkes a (02 + 0?) (03 + %) — (0,% + Wz)

fi =
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i (no? + o?) (0 + —ZMEI : ) — (no? + —Z’“f\faz) (Uﬁ - %’2)

29
ZkESaLk (02 + 02) (03+Z%§03n)_<03+%2)2 3

G =

If we concentrate on (; we get easily a simplified expression highlighting the role of social

segmentation. Let us assume o2 = 0 and dividing by o2 we get

1 Yome1%m  kesTh 1
C' _ Q; N2 N N
i — 1 s o2 P .
—_ cl
Zk’es ag mN2 = — NZQ
. Y me1 o o? > el Tm . T s
Assuming =7ei—" — oh = =28 and summing over all individuals of the coalition S; we
have ) )
2 me1%m 2 kes %k
} :C' —~_ N2 N2
vt ZmGI U%’L
iGSj N2

Summing over all coalitions S of the partition P of society I yields

Yt ies Gi ZzeSC

(= = 0.

J 1
“NTN

A.4 Proof of Proposition 4

For a given risk schedule o2 = {02, 02, ..., 0%}, we define the risk ratios as follows

Adopting the convention that, for any two individuals i and 7 + 1, \; = 0;,1/0;, we denote

by A the risk-ratio schedule A = {A1, Ay, ..., Ay_1}.

A4.1 (3)
First, we prove the following

Lemma 3. For a given society I, let us consider two DP-coalitions, S = {h,h+ 1,...,q (h)}
and S" = {h',h +1,...,q(h)} with b < K/, q(h) and ¢ (k') are the pivotal individuals
¢ (h) = min {¢"" (h),¢"® (h)} and ¢ (1) = min {¢"F (W), ¢"P (k') }. We have the following

four cases:
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1- ¢ (h) = ¢”" (h) and ¢ (k') = ¢®F (I'). Denoting by Ay 4y = O'g(h)/d%, if for any h

Ang(r) — 1
(1+q(h) —h)?

An—1— >0 (30)

then q(h) < g(I).

2- q(h) = ¢"" (h) and q (h') = ¢"" (1), then q(h) < q(I).

3- q(h) = q"" (h) while ¢ (1) = ¢" (K') then q(h) < q(}).

4 q(h) = ¢"B (h) while ¢ (b)) = ¢°F (W) then q(h) < (k') under (30).

This lemma proves that coalitions defined by successive heads cannot be nested but overlap

or are disjoint.

Case 1: ¢ (h) = ¢PF (h) and q (W) = ¢PF (W'). For sake of clarity, let us use the following
notations v (2) = 02, n(h,q) = 14+ q—h, 7 (h,q) = 3.°_, v (2) / (n(h,q))*. Let us introduce
the following

W (hg)= X (hq) = 22 Y (n(h,q)). (31)

—a (n(hﬂ)*l)(s*é(n(hyq)))

with X (h,q) = /20 — eo?/27(u0) "y (n (b, q)) = e~ ¢ (h0) (e () — 1>
and £(n) = min[((nlogn)/(a(n —1))) + &, 2].

We first show that Y (n (h,q)) is concave. Let us consider that n is a continuous variable

and, using (21), let us compute Y"(n) :

Y (n) = e~0ém) gmal=rE=l {é'm) (oé2M + 3) + (20‘ (e—2(n)+ = (e — é(n)f)]

with €'(n) = 0 if &(n) = € and €'(n) = (1/(a(n — 1)))[1 — ((logn)/(n — 1))] if E(n) =
((nlogn)/(a(n —=1))).

We can rearrange Y”(n) as follows. If £(n) =€ and £€'(n) = 0 then

(n—1)(e—&(n))
n

Y (n) = e Mg (e —2) % (2 + % (e — E)) :

n

Let us concentrate on the last term in the above expression, 2+ (a/n) (¢ — €). As we assume
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that £(n) = <= ((nlogn)/(a(n—1)))+& > &, hence this amounts that 2+ (a/n) (¢ — &) >
2—logn/(n—1). It can be easily checked that 2—logn/(n—1) is positive for any n € [1, +o0|.

Hence, when £(n) =% and £'(n) =0, Y"(n) < 0.

Now consider the case €(n) = nlogn/a(n—1). Then &'(n) = (1/a(n—1))[1—(logn/(n—1))]

and we can rearrange Y (n) and get

o (n=1)(e—2(n 1 2logn logn 2
Y// _ aé(n) al 1)<n (n)) L —92] ( ) .
() =e ¢ n?(n—1) n—1 ogn M n—1

It can be easily checked that the expression in brackets is negative for any n € [2,+o0],

implying that Y (n) is concave for any n € [2, +oo[. Taking now n as a discrete variable we

can say that Y (n) =Y (n—1) >Y (n+1) =Y (n) for any n = 2,3, ..., N.

Second, consider that the pivotal agents g (h), ¢ (h') are such that they bind the DP condition

associated to their respective coalition, then

U (h,q(h)) >0 and ¥ (h,q(h)+1) <0. (32)

and for ¢ (k') we have

U(h',q(h)) >0and U(h,q(h')+1) <O0. (33)

We aim to provide the sufficient conditions so that when b’ > h then ¢ (h') > ¢ (h). We adopt

the following notations for the following partial differences A, W (h,q (h)) =V (h,q (h) +1)—

W (g (), ¥ (b g (1) = U (h+ 1, (R)— (g (), g ¥ (g () =g W (B (B) + 1) — &3,
W (g (), 8g X (hoa(B) = X (hyq (B) + 1)=X (hyq (), & X(hyq () = X (h+ 1,4 (h)—

X (h,q(h)).

When the coalition S = {h,h+ 1,...,q(h)} is DP, ¢ (h) is such that

Dg W (h,q(h)) =04 X (h,q(h)) — = -[Y (1 +n(hq(h))) =Y (n(h,q(h))] <0. (34)
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Given Y (n(h,q)) is concave, then (34) implies

b0 X (g () < G-I (1 (e (1) = Y (o o (W)
<G g () = Y ((hg () — 1), (3

Since n (h+1,q) = n (h,q)—1 for a given ¢, we have Y (n(h + 1,q(h))) =Y (n(h,q(h)) —1).

Hence,

Ap W (h,q(h)) =on X (h,q(h)) = %j Y (n(h +1,4(h))) = Y (n(h, q(h)))]
can be written as follows

Ap W (h,q(h)) =on X (h,q(h)) + % Y (n(h,q(h)) =Y (n(h, q(h)) = 1)].

Further, we aim to find a sufficient condition so that

oW (g () =00 X (b (1) + G2+ ¥V (n(h.)) = ¥ (ulha) = D] > 0.9 (36)

as it would imply

U (h',q) >V (h,q). (37)

If (37) holds it would imply that the coalition (h’,q (h)) satisfies the DP condition, which
prevents from getting ¢ (h') < g (h). Given (36) and (35) we have

800 (s () =0 X (hya (1) + 22 -V (n(hs)) = ¥ (i q) — 1)

1

>Ap X (hyq(h))+ 0q X (h,q(h)).
So that a sufficient condition for A, W (h,q(h)) > 0 is to have
8 X (g (W) + 84 X (hyg (1) > 0.

We approximate Ay, X (h,q(h)) and A, X (h,q(h)) by their derivatives. To this aim, we
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consider that population is a continuum of households (i being a continuous variable) and

that an individual 7 is characterized by the risk v (i) . Hence the risk premium writes

[iv(z)dz

) = )y

and Ap, X (h,q(h)) is approximated by
X (h,q) = e /Wy (h) — 2™ 0D gy (b q)
while A, X (h, ¢ (h)) is approximated by
X, (hyq) = = 270w, (h,q).
Hence,

Xh (h, Q) + Xq (h, Q) — ea2/2.v(h)vl (h) 2/27r hq (h Q) a2/2-7r(h,£1)ﬂ-q (h’ Q) >0 =

X (h,q) + X, (hyq) > 0 < e 2CM=mta)y (n) — 7, (b, q) — 7y (hyq) > 0 <

where
- ___ v (h) fh
) ==y T i, q))
and f
v (q) }?v(z) dz
w, (h,q) = 5 — 7
10 = P E tnna)

Since v (h) > 7 (h, ¢), a sufficient condition to get X (h,q) + X, (h,q) > 0is

v’ (h> — Th (h7 Q) — Ty <h7Q) >0

which approximates
v(g) —v(h)

v(h+1)—v(h) — (1—|—q—h)2

>0
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and is equivalent to

—1
)\h—l—)\h’q—2>0.
(L4+q—h)

This condition amounts to saying that the growth rate of idiosyncratic risk between A and
¢, Ahg+1 — 1 must not be too high, in other terms the distribution of idiosyncratic risks must

not be too heterogenous.

Case 2: q (h) = ¢"P (h) and q (1) = ¢ (I'). Consider two coalitions, S = {h,h+1,...,¢" 5 (h)}
and 5" = {h’,h’ +1,...,¢V8 (h/)} with h < h' and suppose by contradiction that g(h) >
q(h'). Equivalently, S’ C S. Since n(h',q(h’)) < n(h,q(h)), S is consecutive and ¢ (h) =

gV B (h), we have

7({h, .., h+n (W q(h))—1}) >c({h,h+1,. . ;h+n(h,qh)—1}) =7a({h,h+1,....q(h)}).
(38)

Moreover, as h < b/, we have

a({W,. W +n q))—=1}) =a{h,....q(A")}) >7({h,... h+n (W, q(h)) —1})
(39)
We deduce from (38) and (39) that

m({h, g (W)}) > 7 ({h, ;g (R)}) .
Members in S’ are accepted in a coalition S generating a lower risk premium. This contradicts
the initial assumption that S" = {h/,h' + 1, ...,q (h’)} satisfies the no blocking condition.

Case 3: q(h) = ¢”" (h) and q (B') = ¢"B (I). As ¢"P(h) < ¢"B(h) for any h, and from
Case 2 above ¢VB(h) < ¢VB (1), we deduce that g(h) < q(h).

Case 4: q(h) = ¢"B (h) and q (k') = ¢PP (I'). As ¢VB(h) < ¢PF(h) and from Case 1 above
we have ¢P7(h) < ¢PP (1), it turns out that q(h) < q(I').

This ends the proof of Lemma 3.
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A4.2 (i)

Let us consider P* = {57, ..., S}, ..., 87} the DP-core partition associated to I. We study an
increase of p from p to p > p. We denote by ¢; (h; p) the pivotal agent of coalition S} with
head h and given p. Hence, we have from Proposition 2 that ¢ (1;p) the pivotal agent of S}
is given by

¢ (1;p) = min {¢P” (1;p), a1'” (1;p)} -

# Consider g7 (13p) =ai'” (1;p) < " (1;p),
(i) If ¢} (1; p) =¢'? (1; p) then from conditions (22) and (23), ¢f (1;p) =¢'? (1;p) = ¢VZ (1;p) .
(ii) If ¢ (1;p) = ¢PP (1;p) <¢VB (1;p) then from conditions (22) and (23), we deduce
gi (1:p) = a’” (L,P) < @'® (1;P) = ¢'P (L;p).
% Consider ¢} (1;p) =¢P” (1;p) < ¢"P (1;p). Using (22) and (23) we deduce that ¢} (1;p) =
P (1;p) <¢¥B (1;p) = ¢I¥B (1;p) . Moreover from the DP condition (11), we have ¢} (1;p) =¢P? (1;p) <
qP? (1;p) . We thus deduce that ¢} (1;p) < ¢ (1;p). From Lemma 3, we have : ¢* (¢} (1;p) + 1;p) >

¢ (q; (1;p) + 1; p). Tterating this reasoning leads to Proposition 4. The argument is similar

when considering an increase of 9.

A.4.3 (iit) A Simple Example

A society I is formed by 4 agents. For a given p, let us assume that the DP core partition is

such that P* = {5} ,, 95 ,} with S}, DP-binding so that it satisfies
CiX (2;01;p) > CoY (2), (40)

053< 307 and 03 > (0% + 05)

= Ot
—~
I
—_
N—

and S3 4 satisfies both following inequalities
o3 < 303.
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The associated aggregate risk premium is

o2+ o3 +20§+0§}

ﬂp*):%[Q 4 4

With p’ < p, the DP core partition becomes P"™* = {Si", 55,374}. It must satisfy the following
inequalities amounting to say that (i){1, 2}is no more DP, (ii) {2, 3,4}is DP, (iii) individual
3 is accepted by 2 and (iv) individual 4 is accepted by 2 and 3.

o (i) C1X (2;0%;p) < CRY (2)
o (i) C1X (3;0%;p) > CuY (3)
o (iii) 02 > (02 +02) /4

e (iv) sigma3 > 5 (03 + o3) /4

(i) C1.X (2;07;0") < CoY (2), (i1)Ci X (3;05:p') > CoY (3) (iii)os > (05 + 03) /4 and(iv) of > 5 (05 + 03

The associated aggregate risk premium is

a 03 + 03 + 03

T(P"*) == |of +3
T (P™) 3 o1 + 9
Notice that
T (P*) <7 (P")
is equivalent to
2 U% + 032) + UZ
o - =
! 6
Given that
2. y_ O 202 [ (a?/2)02 (a2/(2n?))3 . cs0?
OlX (TL,O'h,p) f— 1 5p€2 v (e h — e z€S z)
and

LY (n) = emoémM—ov (e—awlﬂni(n)) B 1)
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with
£(2) =min[2log2/ (o) +¢,8] =2log2/a+¢

and

£(3) =3log3/2a +¢.

We have to find the A\; and the p satisfying the following set of 10 inequalities:

g 1 _1) Ze—(? log2+a§)—ay’

) 2 o2 o a2 2(14X3
pe2re T [1 _ T35 *1)} >~ (2log2+ag)—av

2 2 14X
p 6%0’360‘70% 1 6%0%(272171) < 67(210g2+a§)7ag
)

)

2 2 14+Ao+Ag X
) 1,202 a2 [1 _e%ag(%—l)} > e—(3log3/2+a§)—ag

Ay < 3
5
AA3 < ()\2 + 1) Z_l

and
AL+ A A+ A A3

1<
6

(51)

Consider that, for any 0%, \; we can find parameters {8, p, o, 02, &, v} such that (42) is satis-

122

fied. Let us set Ay = 2, Ao = 2.9 and A3 = 1.1, it is then easy to check that (43), (44), (45),

(49), (50), (51) are satisfied. Tt is also easy to check that for any 0% > 0 and given the values
of A1, Ay and A3 the LHS of (46) is higher than the LHS of (42). Hence, (46) is also satisfied.
Since both RHS of (42) and (47) are the same and the LHS of (47) is lower than the RHS

of (42) because p' < p, then we can always set p’ so that (47) is satisfied. Further, it can

53



be easily checked that the RHS of (48) is lower than the LHS of (47). Hence, a sufficient
condition for (48) to be satisfied would be to set p’ so that the LHS of (47) is lower but close
from the RHS of (47) and to have that the LHS of (48) is higher than the LHS of (47) that
1s

2 2 1+Xg+Ag A 2 1+
2 a 2 2 273 2 a” 2 1_
6%02 1— 6702( 32 1>i| > 6%01 [1 —e2 Ul( 22 1)]

which is equivalent to

2 2 1+Ao+Ag\ 2 2 142
o 2 a” 2 2 2473 a” 2 a” 2 1
eTAlUl e2>‘1 1( 32 )>62‘71—6201< 22 )

Given A\; = 2, Ay = 2.9 and \3 = 1.1, it can be checked that for any positive a?c? the above
inequality is satisfied . This completes the proof.

2

eeyco Within and

A.5 Computation of consumption correlations r

outside coalitions

2

Ci,C;1 €V

Within a village v, r the correlation between the consumptions of two households @

and 7/, denoted by ¢; and ¢y, depends on whether ¢ and " belong to the same coalition or

not.
kes; ot
If 7 and ¢’ belong to the same coalition S; and since ¢, = w, + v, + = ]7‘;(? for z =14,7, we
Js
have )
9 _ (cov (¢iycqr))
() ™ var (¢;) - var (cy)
with
cov (¢, c) =E[(¢; - E(c;) ) (¢i- E (cr) )]
leading to
Z €k,t 2
kJESjﬂf
cov (¢c;,cy) =E v,
( 1y L1 ) t + nj,t

and for z = 4,7

var (¢,) = E[c, — E(c,)]?

o4



leading to

Z €k,t 2

kESj,t

We thus have

r? =
(eircr) ((72 4 Zkesj2‘713> (02 1 Zkesj;z)
v (n;) v (ny)

which is obviously equal to 1 when ¢ and i’ belong to the same coalition.

If < and i" do not belong to the same coalition S, the same reasoning leads to

(02)°

Mlewen) =
it (02 i Zkesj201%> (0_2 i Zke%f%)
v (n;) > (ny)

which is obviously lower than 1, and even nil when 2 = 0, that is to say when there is no

aggregate income risk at the village level.

%)



B Empirical results

B.1 Econometric Estimates

B.1.1 Tables

Table 1: Cross Village Results
Without Social Control

Dependent variable: Correlation of consumption r?

Ci,Cyy EV
(1) (2) (3) (4) (5)
Distance in income risk |02 — o2 -0.0240***  -0.0214*** -0.0221*** -0.0221*** -0.0192***

1

(0.0052)  (0.0055)  (0.0054)  (0.0053)  (0.0051)

Difference in control variables |z; — zy/ No Yes Yes Yes Yes
Sum of idiosyncratic risks o + o2 No No Yes Yes Yes
Sum of control variables z; + zy No No Yes Yes Yes
Individual level of idiosyncratic income risk o2 No No No Yes Yes
Village FE ay, No No No No Yes
Total number of observations 30362 26230 26230 26230 26230

This table presents the results of estimations of Equation (13) (see section 5.2.3).

An observation is a dyad of households in a given village. For a detailed description of the variables used in the
estimations, see Section 5.2.2. Control variables have been selected by a lasso procedure from all household-level
variables available from the baseline survey of the panel dataset, and eventually include: numbers of household
members (total and adults), average age and education and maximum education among household members.
The standard errors reported in parentheses are dyadic-robust, following the methodology of Fafchamps & Gubert
(2007). Significance levels: * 0.1; ** 0.05; *** 0.01.
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Table 2: Cross Village Results
With Social Control

Dependent variable: Correlation of consumption r2

Cj,CyrEV
1) (2) ®3) 4) ®)
Distance in income risk |02 — o2 -0.1345**  -0.1384**  -0.1255"*  -0.1254** -0.1422***

(0.0529)  (0.0554)  (0.0530)  (0.0531) (0.0488)
Interaction: Risk distance x Social control |62 — 0Z| x SCy 0.1256**  0.1323**  0.1170**  0.1168"*  0.1391***
(0.0564)  (0.0587)  (0.0561)  (0.0562) (0.0518)

Social Control: Probability of sanction in case of default SCy, Yes Yes Yes Yes No
Difference in control variables |z; — zy| No Yes Yes Yes Yes
Sum of idiosyncratic risks o + o2 No No Yes Yes Yes
Sum of control variables z; + z; No No Yes Yes Yes
Individual level of idiosyncratic income risk o No No No Yes Yes
Village FE ay No No No No Yes
Total number of observations 30362 26230 26230 26230 26230

This table presents the results of estimations of Equation (14) (see section 5.2.3).

An observation is a dyad of households in a given village. For a detailed description of the variables used in the estimations,
see Section 5.2.2. Control variables have been selected by a lasso procedure from all household-level variables available from
the baseline survey of the panel dataset, and eventually include: numbers of household members (total and adults), average
age and education and maximum education among household members.

The standard errors reported in parentheses are dyadic-robust, following the methodology of Fafchamps & Gubert (2007).
Significance levels: * 0.1; ** 0.05; *** 0.01.
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B.1.2 Figures

Figure 1: Risk-Sharing and Social Control - Village-Level Evidence - Without Controls
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Village-level social control SC,

Each dot represents, on the y-axis, a BU, that is to say, for each of the sixteen villages v in our
sample, the estimated coefficient for the effect of distance in terms of idiosyncratic risk |o; — oy| on
consumption correlation rghcv,, for two households 7 and ¢’ in the same village v, ie the coefficient
B of equation (13) estimated at the village level, without any control variables. The shaded area
shows the 95% confidence interval. On the x-axis is reported our measure of social control at the

village-level, SC;,.
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Figure 2: Risk-Sharing and Social Control - Village-Level Evidence - With Controls
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Village-level social control SC,

Each dot represents, on the y-axis, a BU, that is to say, for each of the sixteen villages v in our
sample, the estimated coefficient for the effect of distance in terms of idiosyncratic risk |o; — o] on
consumption correlation rg“c_,, for two households ¢ and ¢’ in the same village v, ie the coefficient
B of equation (13) estimated at the village level, with all control variables included. The shaded
area shows the 95% confidence interval. On the x-axis is reported our measure of social control at

the village-level, SC,,.
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B.2 Simulation Results

Table 3: Simulation Results - With and Without Commitment

Number of coalitions Aggregate risk premium Zeta
Villages
with without with without with without
commitment commitment commitment commitment commitment commitment

761 10 2020 0.0140 0.0393 0.0030 0.6730
762 10 1879 0.1307 0.0701 0.0030 0.6260
763 9 2236 0.0294 0.0371 0.0027 0.7450
765 10 1878 0.0539 0.0644 0.0030 0.6257
2751 8 1974 0.0176 0.0609 0.0023 0.6577
2753 9 1576 0.0376 0.0558 0.0027 0.5250
2756 8 1081 0.0309 0.0451 0.0023 0.3600
2765 8 1422 0.0329 0.0371 0.0023 0.4737
4957 8 2071 0.0103 0.0534 0.0023 0.6900
4959 8 2035 0.0079 0.0380 0.0023 0.6780
4960 8 1464 0.0101 0.0353 0.0023 0.4877
4961 8 1675 0.0126 0.0358 0.0023 0.5580
5353 7 2077 0.0402 0.0510 0.0020 0.6920
5354 7 1807 0.0262 0.0476 0.0020 0.6020
5359 8 575 0.0447 0.0474 0.0023 0.1913
5360 5 494 0.0041 0.0182 0.0013 0.1643
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Figure 3: Simulated distribution of idiosyncratic income risks o; in the 16 villages
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Risk Schedule for Village #5359

Figure 4

Idiosyncratic risk schedule

Village 5359
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Risk of coalition j

Risk of coalition j
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Figure 5: Simulated Risk Premia for Village #5359

Village 5359: risk of coalitions with commitment
a,=1; 6,=0.998;, £=275 £=-275

Coalition j

Village 5359: risk of coalitions without commitment
p=1; o, =1; 6,=0.998; £=275 £=-275

Coalition j
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Number of coalitions without commitment
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Figure 6: Simulated Number of Coalitions for Village #5359
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Figure 7: Simulated Aggregate Risk Premium for Village #5359
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