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1 Introduction

In developing countries, the ability of farm households to deal with risk is a key determinant of their daily
livelihood as well as their long term economic outcome. In rural regions, formal credit and insurance markets
are generally missing. In this context, households try to mitigate the effects of various types of shocks through
ex-post coping strategies, individually through buffer stocks such as cattle on the one hand, and collectively
through informal insurance transfers on the other hand. However, those ex post strategies generally prove
insufficient, forcing households to also adopt ex ante precautionary measures. These measures, which take
the form various production plans through crop choices as well as agricultural (traditional versus modern)
techniques, imply a trade-off between expected returns and output risks. This trade-off is a potential source
of poverty traps for the poorest, who tend to adopt low risk, low return production plans, whereas the rich
tend to adopt higher risk, higher return plans. Still, interestingly, the empirical literature has shown that the
poor tend to be more affected by idiosyncratic shocks than the rich.!

In this paper, we provide a theory of informal risk-sharing with endogenous risk-taking which reproduces
the aforementioned stylized facts. Our model takes into account two fundamental specificities of informal
risk-sharing arrangements compared to classical insurance models. First, unlike standard insurance markets
where shocks can be diluted over a very large number of agents, informal insurance groups are of limited
size. Second, informal insurance groups cannot rely on credit to cover a deficit in the event of a bad year for
multiple agents, whereas in developed economies, capital markets or markets for reinsurance are available.
As a result, informal insurance transfers must adapt to every combination of shocks, in the sense that the
insurance group’s budget must always be balanced ex post, for all states of the world.?2 A direct consequence
of these two features is that agents’ risk-taking behavior, which affects the distribution of shocks, generates a
negative externality on their partners. More precisely, if a household takes important risks, it is more likely
to face large negative shocks, and these shocks need to be covered by its insurance partners. Ex ante, the
post-transfer income of these partners is therefore more random. At equilibrium, risk externalities entail
moral hazard in the sense that, for a given degree of risk-sharing, risk-taking is higher than the socially
optimal level. This moral hazard problem affects the way agents are ready to share risks, and is a potential
explanation for the fact that the poor are less well protected against shocks although they take lower risks
than the rich. Interestingly, moral hazard is more severe for poor agents, because they have larger returns to
risk-taking in terms of expected marginal utility. However, poor agents also are more risk averse and have a
stronger willingness to share risks. The net effect of these two opposite forces depends on the composition of
the insurance group in terms of wealth or risk aversion. If, as highlighted by most empirical analyses (Ahlin
(2010), Giné et al. (2010), Attanasio et al. (2012)), insurance groups are homogeneous, the moral hazard
effect dominates the need for insurance among poor groups. In other words, the levels of risk-sharing and
risk-taking in poor groups are lower than in richer groups. If the group becomes more heterogeneous, the
presence of rich agents who are less reluctant to support the risk externality than the poor should allow the
latter to receive more insurance than what they would get in homogeneous groups of identical size. We show
that this, however, may not necessarily be the case. In contrast, rich agents always achieve a higher level of

risk-sharing in homogeneous groups than in heterogeneous groups of identical size.

I References for these claims are provided in the section "Related literature".
2Budget balance means here that the sum of interpersonal transfers is equal to zero, whereas in a formal insurance market,

this constraint must only hold in expectation.



We first solve the first best problem of the model, in which a social planner designs the risk-sharing scheme
and sets agents’ levels of risk-taking under the above mentioned constraints imposed by informal insurance.
We then compare this constrained first best to two types of risk-sharing arrangements in which agents choose
non-cooperatively their risk-taking after observing the insurance scheme. These two types of insurance scheme
formation under non-cooperative risk-taking are: (i) the planner’s second best solution, which is equivalent
to a centralized bargaining problem and (ii) a decentralized bargaining problem in which all potential pairs of
agents set a specific transfer scheme so as to maximize the pair’s joint surplus. This decentralized bargaining
generates group overlaps, which leads to insufficient internalization of risk externalities within pairs since
these externalities also hit all other partners. Moral hazard in risk-taking is therefore more problematic in
the absence of coordination within the community. In line with empirical findings, both types of arrangements
lead to incomplete rates of risk-sharing.

This paper is organized as follows. In Section 2, we provide a survey of the literature. In Section 3 we
present the general setting and solve the social planner’s first best problem. In sections 4 and 5, agents
choose their risk-taking levels non cooperatively after observing the insurance scheme. In Section 4, we study
the planner’s second best problem. In Section 5, the scheme is instead the result of multiple decentralized
bargaining processes between all pairs of agents. In Section 6, we study the impact of insurance groups’

composition on risk-sharing schemes. Section 7 concludes.

2 Related literature

The survey is articulated around three fields of the literature which interact in this paper. In the first
subsection, we review the literature which treats risk-coping and risk-taking mechanisms, which our models
studies simultaneously. In the second subsection, we provide a survey of moral hazard in mutual insurance
and explain how endogenous risk-taking relates to this concept. Finally, we cite references linking risk-taking

to wealth / risk aversion and risk-sharing.

2.1 Risk-coping and risk-taking

As previously mentioned in the introduction, our paper provides a rationale for the combination of two
fundamental stylized facts about risk and poverty in developing countries: (1) poor households tend to be
more affected by idiosyncratic risk (Jalan and Ravallion (1999)); (2) poor households take less risk in general
(Dercon (1996), Dercon (1998)) and are in particular less keen to adopt high risk / high return technologies
(Dercon and Christiaensen (2011)).

Jalan and Ravallion (1999) estimate the fraction of idiosyncratic income shocks that translates into
household consumption and find that this fraction tends to be higher for the poor. The inability of the poor
to protect themselves against income shocks is due to a limited access to (or use of) risk-coping strategies.
These strategies are divided into three important categories.

First, households facing shocks can rely on buffer stocks such as cattle (McPeak (2004), Verpoorten
(2009)) or grain (Kazianga and Udry (2006)). However, cattle is also a productive asset and selling it may
threaten the household’s future livelihood. In that sense, the optimal dynamics of asset accumulation may
be incompatible with consumption smoothing when mechanisms of poverty traps are at play. This has been

recently attested by Carter and Lybbert (2012) in Burkina Faso. According to them, poor households may



engage in asset smoothing rather than consumption smoothing when they feel that their stock of assets is
close to a critical threshold, while richer households can afford to use their assets as a buffer.

Second, adjustments in terms of household composition and activities can be made, such as the use of
child fostering (Akresh (2009)) and child labor (Jacoby and Skoufias (1997), Beegle et al. (2006), Gubert and
Robilliard (2008), Bjorkman-Nyqvist (2013)).

Third, and central to this article, rural households share risk informally. As already mentioned, this
strategy is however known to be imperfect as rural households do not exhaust the gains from sharing their
risks, i.e. risk-sharing is incomplete (Townsend (1994); Jalan and Ravallion (1999); Hoogeveen (2002); Murgai
et al. (2002)). Development economists have tried to rationalize this phenomenon. Yet, to the best of our
knowledge, the classical arguments that are generally invoked in the context of formal insurance markets (i.e.
adverse selection and moral hazard) have not been explicitly transposed to the case of informal groups.

Some contributions highlight the lack of contract enforceability (i.e. limited commitment) as a source
of incomplete risk-sharing (Kimball (1988), Coate and Ravallion (1993), Kocherlakota (1996), Ligon et al.
(2002)).? Limited commitment implies that an agent experiencing a favorable outcome relative to his insurance
partners and should be in a position to help them has an incentive to renege on this promise. However, the
role of wealth and risk aversion as well as the impact of heterogeneity within insurance networks has been
overlooked in this literature, with the exception of Coate and Ravallion (1993). They show that informal
risk-sharing is potentially more limited in scope for the poor, which is consistent with the first stylized fact
we intend to explain. Indeed, the incentive compatibility condition, which restricts the rate of risk-sharing, is
binding at lower levels of interpersonal transfers for the poor since their marginal utility of current income is
higher. The poor are therefore more reluctant to make transfers when other agents are facing adverse shocks,
which explains why they are less protected against income shocks ex post. Our analysis comes to the same
conclusion under perfect commitment and endogenous risk-taking, a modeling strategy which allows us to
rationalize the two above mentioned stylized facts in a single setting.

Beside limited commitment, the existing theoretical literature has also studied private information as a
another source of incomplete risk-sharing. Some papers develop models allowing them to confront predictions
on risk-sharing under various types of information imperfections. For instance, Ligon (1998) provides a very
general model in which agents are able to hide income and/or actions, and compares the intertemporal pattern
of the second best risk-sharing arrangement to the permanent income hypothesis. Karaivanov and Townsend
(2014) and Kinnan (2014) consider various regimes including hidden income, moral hazard and limited
commitment hypotheses and confront them empirically. However, these papers put very little structure on
the moral hazard problem and do not intend to study its consequences on risk-taking, neither do they explore
the role of the composition of risk-sharing groups in terms of risk aversion / wealth. Both Ligon (1998) and
Kinnan (2014) refer to Rogerson (1985), which studies the role of moral hazard in a dynamic Principal-Agent
relationship, as a theoretical basis for the analysis of risk-sharing with moral hazard. Moral hazard in the
specific context of informal risk-sharing is however quite distinct from a Principal-Agent relationship, given
the interactions between multiple agents and the absence of an explicit authority managing risk-taking in
the community. In contrast, we impose more structure on the type of moral hazard and study in detail the
consequences of group composition on risk-sharing and risk-taking.

Third, since risk-coping strategies, including buffer stocks and risk-sharing, are imperfect especially for the

poor, households also mitigate risks ex ante via risk management strategies (Dercon (2002)). These strategies,

3Notice that limited commitment might also be labelled as ex post moral hazard.



which affect the distribution and the magnitude of income shocks, take various forms. First, household
may diversify their income sources, both in terms of economic activities (agricultural and non-agricultural
sectors) and geographical locations (urban and rural environments) (Morduch (1995), Sarpong and Asuming-
Brempong (2004)). Second, households may make use of various crop, production and technological choices.
Used efficiently, i.e. on the production frontier, these strategies lead to a trade-off between expected returns
and risk. As already mentioned, poor households tend to opt for low risk, low return strategies (Dercon
(1996), Dercon (1998), Kurosaki and Fafchamps (2002), Dercon and Christiaensen (2011)).

The following section aims at defining the concept of moral hazard that will be used throughout the paper.
It has indeed to be distinguished from the standard formulation of moral hazard in insurance problems. We
argue that the pure risk-taking dimension, as opposed to the standard version of moral hazard, is particularly

relevant in the context of informal risk-sharing.

2.2 DMoral hazard and risk-taking

As previously mentioned, risk management strategies affect the distribution of future income. In classical
insurance problems, one generally represents the way in which agents affect the distribution of outcomes in a
specific form, which involves an investment in costly actions, or effort. This effort reduces the probability of
facing an adverse shock (Arnott and Stiglitz (1988), Arnott and Stiglitz (1991)), and the outcome distribution
under high effort is generally considered to first order stochastically dominate a low effort distribution.* While
utility is concave to account for risk aversion, effort costs are generally a separable argument in the utility
function.

Instead, we model risk management strategies as a trade-off between the expected output and the variance
of income shocks. Agents allocate their resources on the production frontier, so that if they opt for high return
strategies, they will face higher risks.®

In the context of formal insurance markets, the classical approach (effort to reduce the likelihood of
adverse shock) only leads to a moral hazard problem for the insurer if insufficient effort leads to a lower
outcome mean. Indeed, if riskier strategies didn’t reduce the outcome mean, but were only increasing its
variance, insurer profits would remain unchanged on average, while the increase in risk would be handled
thanks to the large size of developed economies’ markets, the existence of markets for reinsurance and the
ability to smooth profits over time via capital markets.

In contrast, in informal insurance groups, moral hazard occurs even if the mean of shocks is unaffected by
agents’ risk-taking behavior. If the group is of finite size and markets are incomplete, the risk-sharing group’s
budget constraint has to be satisfied with equality.® As previously mentioned, this implies that individual
risk-taking affects the (post-transfer) income distributions of all group members. In other words, we show

that the context of informal risk-sharing leads to the existence of externalities which are purely related to

4Those efforts therefore result in an increase in the outcome mean. However, the impact on the outcome variance may be
indeterminate in this setting. Suppose that an agent’s income Y is equal to y, with probability (1 — p) and y—s, with probability
p, where (y,s) € Ri and p € [0, 1]. Assume that effort e reduces the probability of facing the shock, p’ (e) < 0. It is easy to see
that OE [Y] /0e > 0 and that OVar[Y]/0e < 0 < p < 1/2.

5Risk management strategies also involve direct costs, as with technology adoption for instance. These costs are considered

as implicitely deducted in the final income.
6Yet, one can imagine that the group can store resources even when capital markets are absent in order to smooth aggregate

income over time. This however depends on the storage technology that is available. If this possibility remains limited, then the

budget contraint may bind with a strictly positive probability, which would not affect our main results.



risk.” In this sense, moral hazard may occur under the weaker concept of second order stochastic dominance
(Rothschild and Stiglitz (1970)).

2.3 Wealth, risk aversion and risk-taking

When possibilities to share risk are absent or limited, it is natural to expect that risk-taking will be posi-
tively related to risk tolerance, or wealth. The classical theory of entrepreneurship builds on this relationship.
Kihlstrom and Laffont (1979) produce a general equilibrium theory of occupational choices. Under missing
insurance markets and without any informal possibility to share risk, they show that the identity of entre-
preneurs as well as the size of their firms is directly explained by wealth when preferences are characterized
by decreasing absolute risk aversion. More recently, Newman (2007) falsified this prediction by adding the
possibility of risk-sharing. In this paper, he shows that a setting based on wealth heterogeneity, endogenous
risk-taking and risk-sharing with moral hazard may lead to implausible predictions, namely that the poor be-
come the entrepreneurs. Newman (2007)’s model differs from our approach in several ways. First, it adopts
the standard approach to moral hazard described in the previous subsection (first order stochastic domi-
nance induced by a costly effort). Second, Newman (2007)’s setting considers risk-sharing with a continuum
of agents, which prevents the problem of the imperfect diversification of risks that is inherent to informal
risk-sharing groups motivated in our paper. These differences lead us to divergent conclusions. Indeed, he
finds that moral hazard is more severe for the rich in the sense that, to produce the incentive compatible
level of effort, they need to bear more risk. In other words, moral hazard in the classical approach leads the
rich to receive a lower insurance coverage. In contrast, we find that moral hazard mainly prevents the poor
from sharing risk efficiently. As developed below, the reason is that the poor are more sensitive to a marginal
increase in their insurance coverage, so that their response in terms of risk-taking generates more negative
externalities. The reason for this opposition in predictions is therefore due to the absence of risk externalities
in Newman’s setting.

Fischer (2013), which examines risky investments and risk-sharing within microfinance groups, also shares
similarities with our paper. He compares the performance of alternative contractual forms, such as individual
liability, joint liability, and equity contracts, and shows that joint liability, which fosters peer monitoring,
may hamper risky investments, thereby reducing the profitability of the economic activities financed by
micro-loans. As in our model, he finds that agents who are more risk tolerant / richer may engage more in
risk-sharing. The mechanisms behind this similarity are however different. In Fischer (2013), risk tolerant
agents tend to invest more in the risky assets and therefore have more risk to share than risk averse agents. In
our model, the presence of risk externalities plays again a crucial role to explain this result. Moral hazard in
risk-taking leads to lower insurance coverage. Since, as previously mentioned, moral hazard is more prevalent

among poor, these agents end up being less insured than the rich.

"Note that in our model, different risk-taking strategies imply differences in shock variance as well as differences in the income
mean. These differences in mean affect the lump sum component of interpersonal transfers, but the unique source of inefficiency

in risk-sharing stems from pure risk externalities.



3 The general model

3.1 Technology and preferences

Let us consider a set H = {1, ...,n} of n households which may engage in risk-sharing. Income y;, is random
and its distribution is affected by the household’s risk management choices embodied by the decision variable
op € [0;7], which captures the level of risk taken by household h. We assume that the first and second

moments of y;, are affected by o}, in the following way:

E (yn;on)

Var (yn;on) = o3,

|
=
S
Z

where y1/ (0) > 0 and p” (o) < 0 for all ¢ < 7.8 The fact that o, increases both the mean and the variance
of y implies a trade-off between risk and expected return. One can interpret this representation as the
production frontier of the set of technologies available to households.?’'? For expositional simplicity, one can

rewrite income as

Yn = p(on) + sn, (1)

where s, € R is a random shock of mean F (sp;05,) = 0 and variance Var (sp;0n) = afb. Shocks are
independent between households: s; L s;, for all i # j in H.'' A state of the world S is a specific realization
of all households’ income shocks: S = (s, ...,sn)/ € R™. Households can protect themselves against these
shocks via an informal risk-sharing arrangement within the group. In this arrangement, they commit to

12 As argued in the introduction, informal insurance groups

make reciprocal income-contingent transfers.
cannot rely on credit to cover potential deficits. A direct consequence of these characteristics is that the
transfer scheme must be budget-balanced for all possible states of the world. This implies that, contrary to
classical insurance problems, each household’s transfer is a function of all the shocks faced by all households:

tp, =t (S), and budget balance imposes that for all S,

Zth (S) =0.

heH

The vector of income transfers received by each household is denoted by T = (t1,...,t,) € R*. A

risk-sharing arrangement maps a vector of shocks S into a vector of transfers 7" in the following way:
T=L+T1'S, (2)

where L = (Iy, ..., ln)/ € R™ is a vector of lump sum transfers, i.e. transfers that are independent of S, and

8In order to avoid third order effects in some comparative statics, we also assume that u'”’ (¢) = 0.
9 Any technological choice below this frontier would be inefficient as, from this point, it would be possible to strictly increase

the expected income without increasing risk.
10 A1l households have access to the same set of technologies, but may opt for different strategies at equilibrium.
I Notice that a covariate shock could easily be added. It would simply imply that some fraction of the variance cannot be

reduced by risk-sharing at the group level. However, since one of our objectives is to describe pure risk externalities, ignoring
covariate shocks reinforces our point. Indeed, we show that individual risk-taking generates externalities even if shocks are

independent.
121n order to describe the mechanism behind risk externalities in the clearest way, we assume that these transfers are enforce-

able. In this way, the implications of moral hazard in risk-taking are clearly distinct from the limited commitment argument.



where the (nxn) matrix I' determines how the realization of shocks in the group affect all members’ transfers:

—Q1 Y12 Vin
Y21 —a2
F =
(nxmn)
“Qn—-1) V(n-1)n
Yn1 e T Yn(n-1) —Qn
The diagonal element I', j, = —ay, represents the share of household h’s shock which is insured by the

group, while the off-diagonal element v, represents the share of household j’s shock that household h

commits to cover. The budget constraint reduces the scheme’s total number of parameters by imposing the

following structure.

Lemma 1 The risk-sharing arrangement’s budget constraint imposes that
1. ZheH Ih =0,
2. forallh € H, an =3 e (ny Vhi-

Proof. Provided in Appendix 1. =

For the budget constraint to be satisfied, two conditions need to be met. On the one hand, the sum of

lump sum transfers should be zero, otherwise the group would generate a surplus or a deficit on average. In

particular, it can be easily seen that in the state of the world where S = (0, ...,())'7 the budget constraint

would be violated. On the other hand, the insured fraction of household h’s shock, ay, is equal to the sum of

the fractions of h’s shock that the other members commit to cover, ), H\{r} Vhi- 1t is worth noting that the

informal insurance’s budget constraint makes full insurance impossible since under full insurance, the risk

sharing arrangement would be such that I' = —1I,,, where I,, is a (n X n) identity matrix.

Making use of (2), we can write the transfer received by household h as

th (S;L,T) =1l —ansn+ Y Vs
i€eH\{h}

The consumption level of household h after transfer is obtained by combining (1) and (3):

cn (S;L,T) = kp+yn+tn

kn 4+ p(on) +ln + (1 —ap) sp + Z VihSis
ieH\{h}

where kj, is household h’s wealth. The mean and variance of consumption are

E(cn;on, L) = kn+p(on)+ln,

Var (ep; T, X) (1—ap)’or + Z v2,02,
i€H\{h}

(5)
(6)

by independence between s; and s;, for all ¢ # j in H. The consumption equation (4) shows that informal

risk-sharing may allow a household A to reduce its exposure to its own income shock by «j. This fraction of



the shock is supported by the other group members since by Lemma 1, ap = ZieH\{h} Yni- The fact that
shocks are passed to other members affects these members’ utilities through their consumption variance (see
6). This implies that risk-sharing is a source of risk externalities, since households nolonger fully internalize
the adverse effects of their risk-taking behavior, which now affects other members. This will be the case as
soon as off-diagonal elements of T are different from zero (i.e. v;; # 0), which is imposed by any insurance
scheme’s budget constraint.'?

Informal risk-sharing allows household A to reduce its own shock variance to (1 — ozh)2 o2 (see equation 6),
while other members, who support part of this risk, increase their variance by v3,0%. The interest of sharing
risk is that the aggregate impact of o7, {(1 — e in 7}”)2 + 2 ieH\(h) ’yfm} 0%, is always smaller than

o
n—1

the risk in autarky, 0,%. To illustrate this, let us consider the homogeneous case where a; = o and y,; =
for all i. The aggregate impact in the group of o7 then boils down to 1 — « (2 — ﬁa), which is equal to 0
(i.e. risks are fully diversified) when n tends to infinity and « tends to 1. In other words, when the group
is of infinite size, full risk-sharing (a« — 1, v — 0) allows perfect diversification and makes risk externalities
disappear. Summing up, when capital and insurance markets are missing and informal risk-sharing groups
are of finite size, individual risk-taking generates risk externalities. These externalities will generate moral
hazard problems when actions are imperfectly monitorable.

Agents are risk averse and derive utility from consumption. The utility function of a household h, uy, (c) is
therefore such that v’ > 0 and u” < 0, with constant absolute risk aversion a;.!*’'® The vector of household

risk aversions is noted A = (a1, ...,a,) € R’ The certainty equivalent ¢, is by definition such that

u(Cn) = Egu(cp (tn (S; L, T)))] = / . ~/u (cn (tn (S; L,T))) f (81, ..-8n) ds7...dsp, (7)

where f (s1,...85,) is the joint density of shocks in the group. Making use of Pratt’s approximation of the risk

premium, we can write

5h%E(Ch;ah)—%hva?"(ch;nx):kh+#(0’h)+lh—% (1—an)or + Z ot |- (8

i€ H\{h}
3.2 The first best allocation

Under the above mentioned technological and institutional constraints imposed on rural risk-sharing groups,
we first consider the first best problem of a social planner who designs the risk-sharing scheme and is able to
enforce households’ risk-taking op. This planner seeks to maximize a social welfare function W aggregating
the expected utilities of all households in the group, with respect to the vector of lump sum transfers L, the

risk-sharing arrangement I', and the risk-taking profile 3:

MagW =3 " Ayu(én), (9)

L,%
heH

130mne could argue that risks are also shared with agents outside the community, such as migrants, allowing the group to
survive to structural losses. However, as soon as the risk cannot be fully diversified, a residual risk remains at the group level,

which is the mechanism on which we concentrate.
141n what follows, we will simplify notations by ignoring the subscript on the utility function.
151n our framework, households are heterogeneous in wealth and risk aversion, richer households having a lower level of risk

aversion. This representation of utility can be seen as a case of decreasing absolute risk aversion across agents. However, from
an individual’s viewpoint, local variations in income do not affect affect risk aversion. It must also be noted that, while we are
able to determine the shape of the risk-sharing scheme under wealth heterogeneity, this heterogeneity per se does not play a

crucial role as it is managed by the lump sum transfer. Heterogeneity in risk aversion is instead crucial.



where \j, is the Pareto weight attributed to household h. Let us denote by 75, = i the risk tolerance of

household h.
Proposition 1 At the first best,

1. the vector of lump sum transfers L¥'B is such that for all i,j € H,

v (10)
w(G) A
2. the risk-sharing arrangement T'F'B is such that for all i,j € H,
VBB = L, (11)
>
heH
aiFB = 1- T ’
>
heH
3. risk-taking is homogeneous: B = (UFB, o UFB), where 0¥ B is such that
FB
p (oFB) = Z—. (12)
>
heH

Proof. Provided in Appendix 2. =

At the first best, the Pareto frontier is defined by the socially optimal levels of risk-sharing T'*'# and
risk-taking X5, Based on the Pareto weights A = (A1, ..., A,,), the role of the vector of lump sum transfers
LFB is to select a particular point on this frontier by equalizing the ratios of marginal utilities to the ratios
of pareto weights (10).'6

The first best risk-sharing arrangement I'"Z (11) imposes that individual income shocks s are shared

across households according to their relative level of risk tolerance: ’yf;B = ZTiJ More risk-tolerant
Th
heH
households also bear more of their own shock, since 1 — af B = i Therefore, the relative level of risk
>
heH
tolerance determines the way in which the total sum of income shocks, Z si, is shared between households,
icH
since
-
cn (S;TFB SFBY = by, + 18P + (o P) + = ;. (13)
Z TiicH
icH

As regards risk-taking £7Z, two things are worth mentioning.

First, despite potential differences in risk aversion, all agents take the same level of risk at the first best.
This is due to the fact that the planner is able to reallocate consumption among households and at the same
time to prevent them from adjusting their risk-taking behavior. This does not hold anymore in the second

best, where ¥ is not enforceable. Equation (12) states that the (unique) optimal risk-taking level is such

16 At this stage, we are agnostic about A. If pareto weights are equal across agents, certainty equivalents must be equal for all

agents at the first best.
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that its social marginal benefit ' (i.e. the increase in total expected output by an individual) exactly offsets

its marginal social cost of'B/ Z 7i, which represents the increase in the social risk premium. These social
icH
costs and benefits can be obtained by taking the certainty equivalent of ¢;, (13) and by aggregating it over

- 1
PIELED WD SUCED WL MRS o
heH heH heH heH Z TiicH
ieH
Second, the socially optimal risk-taking level is determined by the willingness to bear risk at the group

all individuals:

1 217

level, namely the aggregate risk tolerance Z Th. One can indeed see from (12) that the first best level
heH
of risk-taking ¢f'® is increasing in aggregate risk tolerance Z 7p. This implies that the socially optimal

heH
level of risk-taking increases mechanically with the size of the insurance group, which is due to a better

diversification of risks.

4 Second best analysis: risk-sharing with moral hazard

Let us now study the case in which the social planner is not able to enforce households’ risk-taking behavior.
The transfer scheme (L,I") maps S into T' and accounts for households’ levels of risk aversion A. As we will
see, the insurance scheme affects individuals’ risk-taking ¥, and even though ¥ is not enforceable, observing A
allows the planner to anticipate the impact of (L,T") on 3. In this second best analysis, the planner’s problem
is therefore to maximize the social welfare function by setting the insurance scheme (L,T’), anticipating the
scheme’s impact on individuals’ non-cooperative risk-taking .

We start by solving the household’s individual risk-taking problem, considering the risk-sharing arrange-

ment as given. The following Lemma characterizes the equilibrium non-cooperative risk-taking profile £V.

Lemma 2 Non-cooperative risk-taking The equilibrium non-cooperative risk-taking profile ¥V (I') =
(o (1), ..., ol (o)) is such that
i (o) =an (1 —an)od. (14)

Proof. Considering the transfer scheme as given, households maximize expected utility u (¢,) = Eg [u (cp, (tn (S; L, T)))],
where &, is determined by equation (8). Jﬁf is obtained by taking the first order condition of the household’s
utility maximization problem with respect to o,.'% =

Let us comment the positive and normative aspects of Y. First, risk-taking decreases with risk aversion,
da¥¥ /0ay, < 0. Therefore, as soon as group members have different degrees of risk aversion, risk-taking is
not homogeneous as in the first best. Also, household h’s risk-taking increases with its own rate of insurance
coverage: 0ol /Oy, > 0: the larger the share of its shock that a household can externalize through risk-
sharing, the higher the level of risk it takes. Let us define ¢;, as the elasticity of non-cooperative risk-sharing
to the rate of coverage ay,, a concept that will be used later on to highlight the impact of moral hazard on

risk-sharing:

N 2(1 -
_ Q7 on UZanan g (15)
Qan oyl = (o) n+ (1= )

€h

17This can be done because, by the lump sum transfers, we know that A\pu’ (c) is identical for all h.
18 A5 the strategy of the other households do not appear in household A’s reaction function, we have an equilibrium in dominant

strategies.
19This formula is obtained by applying the implicit function theorem to equation (14).
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Second, as regards the normative aspects of O',JZV , the private marginal benefit of non-cooperative risk-
taking, u' (JhN ), is equal to its private marginal cost, which by definition does not incorporate the risk
externalities generated by oY on other members (i.e. the shares of h’s risk that are borne by its insurance
partners). As a result, ahN is too high compared to the social optimum, leading to moral hazard as stated in

the next proposition.

Proposition 2 Moral hazard Non-cooperative risk-taking is always larger than the socially optimal level
under the same arrangement I':
N FB
op (I) >0y, 7 (I),

where o'B (T') is the social planner’s first best level of risk-taking for any given T.

Proof. Asin Appendix 2, of'B (T') is obtained by the planner’s first order condition with respect to o, with
the only distinction that I' is here left undefined so as to highlight the fact that the moral hazard phenomenon

is general to any insurance scheme. This first order condition states that

gl:Ahu (cn 8Ch Z A’ ( gcz =0, (16)
Th Th ieH\{h} Th

which, using (10) and taking the derivative of &, and ¢&; with respect to oy, in (8), leads to:

p (op? ()
O(.FhB(F)) = ap (]_ — ah)Q + Z al’y%”
h ieH\{h}

W (oEP ()
oy, 2(T)

’ H_N
Comparing this expression to (14), one can see that for any T, > & SN’”(S;)) =an (1 — ap)’. Since
h

@ is decreasing in o, we can conclude that £ (T') < oV (T') for all . m

This proposition states that non-cooperative risk-taking is always higher than the risk-taking level that

would have been chosen by the social planner, had this risk-taking been enforceable. The reason thereof

ach

is that, while the household only considers its private marginal cost of risk-taking Apu’ (é5) 5=, the social

planner also takes into account the externalities generated by risk-taking on the other group members, as
highlighted in (16) by A/ (&) 0¢i/don.

i€H\{h}
This result may appear at odds with empirical observations of risk-taking behaviors in developing coun-

tries, which highlight that risk-taking is limited (see, for instance Kurosaki and Fafchamps (2002)). However,
since risk-taking is generally excessive, risk-sharing arrangements are adjusted to mitigate the moral hazard
problem, which leads to limited insurance. As a result, under the second best risk-sharing arrangement, it
may well be that o, (I‘S B ) 0B as shown in Proposition 5. This proposition indeed consists in describing
the design of the transfer scheme (LS B 1sB ) set by the planner in the first stage of the game (i.e. before indi-
vidual risk-taking is chosen), anticipating that households will adopt the non-cooperative level of risk-taking
»N (D).

Proposition 3 At the second best,

1. the vector of lump sum transfers L°P is such that for all i,7 € H,

Aj
Al



2. the risk-sharing arrangement T'SB is such that for alli,j € H,

N N R
N Z Th + Ti€
heH
(1 )
Q;SB - 1_ T’L( +€Z) . (17)
Z Th + Ti€;
heH

3. the risk-taking profile is ¥58 = N (FSB) = (U{V (osz),...,oN (aSB)), where 098 = oV (oa»SB) is

n n %

given by
2

1+6i SB

E Th + Ti€;

%
heH

/J,/(O'iSB):TZ‘

Proof. Provided in Appendix 3. =
Proposition 3 describes the equilibrium of the game. In order to provide an interpretation of this equilib-

rium, we compare it to the first best in terms of risk-sharing and risk-taking.

Proposition 4 The second best level of risk-sharing is lower than the first best level:

v = PPy EE <P, (19)
aiSB = @fBafB<afB, (20)
where
>
5B = I (0, 1). (21)
Z Th + Ti€;
heH

Proof. This result is derived from a direct comparison of equations (11) and (19). m

The fraction of shock v,; that household 7 transfers to household j is lower for all 4,7 € H under the second
s

best. Conversely, i’s coverage ;P is lower than the first best level (20). One can immediately see that the

difference between the first best and second best levels of risk-sharing is attributable to the presence of moral

N
hazard, captured by the term ¢; = %Z"'i ;‘N in (21). Indeed, if risk-taking was enforceable by the planner and

households were not able to adapt their risk-taking behavior to the insurance scheme (i.e. €; = 0), then ®$8
would be equal to 1, and the second best risk-sharing arrangement would be identical to the first best. The
main intuition behind this result is that, in the second best, the planner faces a trade-off between risk-sharing
and incentives: as seen above, risk-sharing leads to higher risk-taking, so that risk-sharing has to be reduced
compared to the first best in order to temper moral hazard.

Another comment pertains to the way shocks are shared between agents. We noticed at the first best
that a household supports the same fraction of all households’ shocks, including its own (1 — af'B = 4£B).
In order to temper moral hazard under the second best, households must support a larger fraction of their

own shock than the fraction that they support from their partners (1 — ay? > y38).20

20Indeed, 1 — aEB > ijB if and only if 1 — @;SBQZFB > @;SB'yijB, or equivalently 1 > <I>;SB ('yZFjB + af5> = @fB, which is

always the case.
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Finally, it is also worth highlighting that the reduction in insurance coverage is proportionally larger for
households more subject to moral hazard, that is, households characterized by a higher elasticity of risk-
taking to risk-sharing. This means that households more prone to taking risks when they are insured receive
less insurance under the second best, other things equal. Interestingly, we will show below that those are the
households with the highest levels of risk aversion.

The second comparison that deserves attention pertains to risk-taking.

Proposition 5 The second best level of risk-taking is lower than the first best level (JfB < J}TB) if and only

if
NP>
€n e Ti.
Thich

Two conflicting effects are at play here. On the one hand, the moral hazard problem leads households to

Proof. Provided in Appendix 3. =

take too much risk for the level of insurance that they receive. On the other hand, anticipating that effect,
the planner tempers households’ risk-taking behavior by offering a lower rate of risk-sharing (than at the first
best). Proposition 5 tells us that if the moral hazard problem is important, i.e. if €, is too large, then the

reduction in afB is so strong that risk-taking is lower that the first-best level.

5 Decentralized risk-sharing arrangements

The second best approach is standard in the risk-sharing literature. However, implementing the second best
risk-sharing arrangement I'SE described above requires a high degree of coordination at the group level.
It can indeed easily be shown that the second best approach encompasses the outcome of a centralized
bargaining in the whole community. This outcome may however not be sustainable as soon as, for instance,
households are able to deviate from the centralized risk-sharing scheme by negotiating bilateral agreements.?!
We therefore study in this section the arguably more realistic case in which households bargain over risks-
sharing arrangements in a decentralized way. Under decentralized bargaining, all potential pairs of households
set a specific transfer scheme so as to maximize the pair’s joint surplus.

Let us start by formalizing the bilateral bargaining process. Each pair of households {i, j} C H negotiates
a risk-sharing contract (I, ’Yz'j,’in) which determines the transfers that they commit to make to each other
after the realization of income shocks. Consistently with our previous definitions, the net transfer given by
j to @ writes

tii = —tij = Lji — 7581 + iS4
where [;; = —[;; is the lump sum transfer going from j to 7. Notice that the budget constraint is automatically
satisfied within a pair as ¢j; = —t;;, or equivalently ¢;;+t;; = 0. We assume that the other bilateral agreements
that ¢ and j have concluded with other households in H are taken as given when they negotiate. Still, these
agreements with third parties matter as they define their respective exit options. Let us therefore define ; _;
as the expected utility of household i if it had bilateral links with all households but j. Summing up, for all
i,j € H, the pair of households (7, j) bargain over the risk-sharing contract (lji,’yij,'yji) so as to maximize
the bilateral Nash product :
mij = [u (&) = Wi 5] [u (&) — a;,].- (22)

21Tn fact, we will show in this section that households always have an incentive to deviate from the second best outcome.
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Gathering the n(n — 1) /2 bilateral agreements, one obtains the aggregate risk-sharing arrangement

(LDB,FDB) following the same structure as in (2), where, following previous notations, I, = ZjeH\{h} Lin

and an = 3 ic i\ (n} Vhi
The following proposition describes the solution to the decentralized bargaining problem.

Proposition 6 Under decentralized bargaining,

1. the vector of lump sum transfers LPB is such that for alli,j € H,

w (@) _ u(C) = Ui
w(E)  ul(E) —uj—

9

2. the risk-sharing arrangement TP is such that for all i,7 € H,

1+€UZ« ij
753 _ Vi - , (23)
Ti + Z 1+eo; ,vin
he H\{:}
1
B — — (24)
1+; Z 1+EU:,71-]'
JjeH\{i}

_ 801{\] Yig . Yij
where €055 = Byyy o T Ciag

i

3. the risk-taking profile is LPB = 1N (FDB) = (Uf)B,. O'DB), where oPB = oV (oziDB) s given by

O p 7 —_

2

1
p (oPP) =1 - - b8, (25)
1+ T Z Iteo; v
JeH\{i}

Proof. Provided in Appendix 4. =
As can be seen from Proposition 6, the decentralized bargaining (DB) and second best solutions (SB)
are relatively similar as they both try to mitigate moral hazard, represented by the presence of ¢; in (17)

and €, 4, =€ 13 (24). However, risk externalities are only internalized at the level of the pair {7, j} in the

decentralized bargaining case. While determining (%j, ’in)a households ¢ and j take into account the impact
of their risk-taking on each other’s utilities, but neglect its impact on their other partners outside the pair.

Since it doesn’t sufficiently mitigate moral hazard, ’yfj’»B is too high, as discussed in the next proposition.

Proposition 7 Under decentralized bargaining, risk-sharing is lower than the first best level, but higher than
the second best level: for all h € H,

QSB < aEB < Ong.
Proof. This results obtains by comparing the first order conditions in the various cases. The only difference
between them comes from the marginal costs of risk-sharing (externalities) which are highest in the second
best and lowest in the first best. =

As expected, a higher level of risk-sharing results in higher risk-taking as well.

Proposition 8 Under decentralized bargaining, the risk-taking level is always higher than the second best

level (038 < oPB).

15



Proof. This result readily follows from the previous proposition, since O',]lv is increasing in . |
Summing up, when a group is characterized by a lack of coordination or by its inability to enforce a
centralized cooperative solution, then the moral hazard problem proves more severe, which results in a higher

level of risk-sharing and an inefficiently high level of risk-taking.

6 Imposing structure on the composition of groups

In this section, we explore the role of risk attitudes as well as the impact of heterogeneity within risk-sharing

groups.

6.1 The case of homogeneous groups

As pointed out in recent empirical works (Ahlin (2010), Giné et al. (2010), Attanasio et al. (2012)), risk-
sharing groups tend to be composed of individuals with similar characteristics. We study in this section how
groups which are homogeneous in terms of risk aversion behave in terms of risk-sharing and risk-taking. In
this context, we describe the mechanisms explaining why poor (risk averse) households tend to share and
take less risks than rich households.

Let us consider the polar case in which, inside a given group, all agents have the same degree of risk aversion
(risk tolerance): for all i,j € H, a; = a; = a (1; = 7; = 1/a).?? It is worth noting that independently of
the setting (FB, SB and DB), homogeneity implies that v;; = v Vi # j € H, and an = > e (py Yhi =
(n—1)y = a. As a result, the risk-sharing matrix I of a homogeneous group is symmetric and has the

following structure:

¢ mDn T oD

T = (n—1)
(n—1)
(n(il) (n(il) -«

One can see from this expression that the insurance scheme is fully characterized by a single parameter,
a. Of course, the levels of @ depend on the group’s risk aversion on the one hand, and on the regime under

which the risk-sharing arrangement is established, on the other hand, with

n—1 n—1 n—1
of B — >aDB:7€>aSB: )
n n+ = n—+e

It is already worth noting at this stage that the mechanism through which risk-sharing « is affected by risk
aversion a is related to €, the elasticity of individual risk-taking to insurance. As seen in Propositions 3 and
6, the moral hazard problem, which is captured by this elasticity, indeed limits the degree of risk-sharing.
In the next proposition, we address the following question: how do groups composed of poor (risk averse)
households share their risks compared to rich (less risk averse) groups? In order to answer this question, a

first step is therefore to see how risk aversion affects this elasticity e.

Lemma 3 The elasticity of risk-taking to risk-sharing is increasing in risk aversion: g—; > 0.

22Qur previous results in Propositions 1, 3 and 6 can be easily translated to this particular case, so that we won’t restate

them thoroughly.
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Proof. Provided in Appendix 5. =

This lemma states that the moral hazard problem is more severe among poor (risk averse) households.
Indeed, these households’ risk-taking behavior is more sensitive to insurance. Note that this result is general
and independent of the group composition since it is only based on household optimization for any given
insurance arrangement (see equation (2)). This result has important consequences on risk-sharing however,
as stated in the next proposition. In order to see this, we analyze the impact of a homogeneous increase in

risk aversion (i.e. affecting all group members) on the equilibrium level of risk-sharing.

Proposition 9 The tmpact of risk aversion on risk-sharing in homogeneous groups
Poor (risk averse) groups, which are more subject to moral hazard, share less risks than rich groups under

both second best and decentralized bargaining solutions:

daSB daSB Pe
da de Oa <0,
dOéDB B aaDB % “0
da a Oe Oa '

Proof. Provided in Appendix 5. =

Lemma 3 and Proposition 9 provide a central result of this paper. We have seen in Lemma 3 that moral
hazard is more prevalent in poor groups. Proposition 9 tells us that because of this, the social cost of
insurance (risk externalities) is higher in poor groups. As a result, these groups are more reluctant to share
risks than rich groups. This result provides a rationale for the fact that poor households are less able to
protect themselves against adverse shocks. Let us now analyze whether poor groups also tend to take less

risks than rich ones.

Proposition 10 The impact of risk aversion on risk-taking in homogeneous groups

Poor (risk averse) groups take less risks than rich groups under both second best and decentralized bargaining

solutions:
dUSB aUSB aO_SB 8aSB
= + <0,
da da da  0Oa
doPB 9oPB  9oPB 9o PB
= < 0.
da da + da  Oa

Proof. By applying the implicit function theorem on equation (14), it is straightforward to show that
ag% < 0 and Bg—aN > 0. Combining with g—‘; < 0 (from Proposition 9), one obtains the result. m

Two effects differentiate risk-taking between poor and rich groups. First, since the rich are more risk-
tolerant, they are ready to take more risks, ceteris paribus. Second, by Proposition 9, we know that rich

. DB . . . . .
groups share more risks (8% — < 0). Because receiving more insurance induces agents to take more risks,

this second effect reinforces the first: rich groups take more risks because they have higher risk tolerance and
higher risk-sharing.

Taken together, Propositions 9 and 10 therefore rationalize the two stylized facts according to which poor
households tend to be more affected by idiosyncratic shocks and are less keen to adopt high risk / high return

technologies.

6.2 The case of heterogeneous groups

While the case of homogeneous groups treated above appears realistic, let us analyze for the sake of generality

how group heterogeneity affects the relationship between risk aversion and risk-sharing. Let us consider the
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case of a group composed of n, rich and n, poor households, with a, < a, and n, +n, = n. Let R (P) denote
the set of rich (poor) households, with H = RU P. The case of a rich-poor group is a also a particular case

of the general model studied above. In this setting, the risk-sharing arrangement can be rewritten as

FTT FTp
r = :
(nxn) Ty Tpp

where
—Qr  Ypp e Yrr —Qp  Ypp Ypp
(nrxnr) : N Yrr (npx15) Ypp
Yrr e Yrr —Q ’Ypp e ’Ypp —Qp

The structure of Iy, (I'yp) is very similar to the structure of a risk-sharing arrangement in a homogeneous
rich (poor) group. In this sense, these submatrices can be interpreted as the risk-sharing arrangements within
each subgroup (R and P). However, contrary to the analysis of the homogeneous group, the rich also share
risks with the poor, so that the budget constraint within a subgroup need not be satisfied. Instead, since
the constraint imposes budget balance at the level of the entire group H, one subgroup may enjoy a surplus
which is financed by the other subgroup. The cross-group risk-sharing arrangements are represented by the

submatrices I'y, and I'p,., which write

Yrp e Yrp Yor e Ypr
Ly =0 o0 |5 Tw = '
(nrXnp) (npXny)
Yrp Yrp Ypr Ypr
Since there are only two types of agents, risk-sharing across groups can be summarized by two parameters,

Vrp and 7,,.. Applying this structure to Lemma 1, the budget constraint imposes that

[C7ES (nr - 1) Vrr + NpYrps (26)
Qp = (np - 1) Ypp + Y pr- (27)

When a poor household faces a shock, it is insured against a fraction a,, of this shock. This fraction is
absorbed by the (n, — 1) other poor households at a rate of v,,, and by the n, rich households at a rate
of v,,. The parameter v,,, can therefore be interpreted as the fraction of a w household’s shock which is
absorbed by a w’ household.

Let us now analyze the impact of group heterogeneity on the relationship between risk aversion and risk-
sharing. To do so, we study the comparative statics of the coefficient of absolute risk-aversion of the poor
ap. More precisely, we analyze how the risk-sharing arrangement (o, v,.., Yrps Ops Vpps 'yp,,) evolves as the
n, poor households become more risk averse. Since initially a, > a,, such a variation represents an increase

in the degree of heterogeneity of the group.

Proposition 11 The impact of group heterogeneity on the decentralized risk-sharing arrange-
ment

An increase in poor households’ risk aversion has a negative impact on risk-sharing for the rich, and an
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ambiguous impact for the poor:

d DB
i < 0,
day,

DB
dap > o
day,

Proof. Provided in Appendix 6. =

Proposition 11 provides contrasting predictions about the impact of group heterogeneity on the insurance
coverage that informal risk-sharing offers to the rich and to the poor. Indeed, while an increase in the poor
subgroup’s risk aversion leads to a reduction in risk-sharing for rich households, its effect is indeterminate
for the poor. Let us describe the mechanisms behind this twofold result, starting with the impact on a..

Using the budget constraint and equation (26), one can see that a variation in a, affects «, through ~,.,.

and 7,,:
da d d
T (nr _ 1) Vrr +n, 7Tp.
day, day, day,
Since a variation in a, affects both v,, and v,, simultaneously, total effects Cil([pr and (ZLT: are rather

complex. To illustrate this, let us start by decomposing in detail the total effect of a, on =,,. First, there
is a direct (partial) effect of a, on +,.,., which in this particular case is zero because the poor’s risk aversion
does not directly affect bargaining between two rich households. Second, there is an indirect effect through
¥rp: When ay, increases, v,,, (the insurance offered by the poor to the rich) decreases. This decrease in v,,, in
turn affects the way two rich negotiate, but its impact on 7, is indeterminate.

Yr

d . . . . . .
The case of "> presents the converse situation: the direct effect of a, on v, is negative, while the
P
W

indirect effect through +,.. is zero. As a result, —* is always negative.
‘P

Summing up for the total effect of a, on ., while the first effect on the "within rich subgroup" risk-

‘2};", is ambiguous, the second effect UZ/J is negative. Interestingly, the direct effect on =, always

ap
dominates the indirect effect on 7, (through +,,) so that the total effect on «,. is always negative.

sharing,

Let us now analyze the effect of a,, on the poor’s risk coverage a;,. Using equation (27), one can decompose

this effect into: d d d
day, :(np—l) Vpp +n Vpr

day, " day, '

day,

This part of the analysis does not provide clear results since both total effects, d’ypr /da, and d’y[’?rB /da,
are indeterminate. Yet, it is interesting to note that, when these two indeterminate effects are combined to
Zjﬁ , the indirect effects on ,,, (through ~,,.) and on ~,,. (through +,,,) cancel out, which simplifies

the interpretation of the results. Indeed, day,/da, depends only on the direct effects of a, on v, and v,,,

compute

which we describe here.

First, an increase in a, unambiguously decreases the level of "within poor subgroup" risk-sharing (873,3 /Oa, >
0). The mechanism behind this result is that an increase in risk aversion affects ¢,. Following Lemma 3, we
indeed know that an increase in risk aversion strengthens the moral hazard problem, which discourages poor
households from sharing risks with each other, in line with the result obtained in homogeneous groups.

As regards 8733

/Oay, its sign is indeterminate since it results from two conflicting effects. On the one
hand, if they become more risk averse, the poor’s marginal benefit of being insured by the rich increases. On

the other hand, moral hazard by the poor is stronger, which deters the rich from offering them insurance.
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Since the moral hazard problem affects the willingness of both poor and rich to offer insurance to the
poor, a total negative effect of a), on «, remains likely, as in the case of homogeneous group.

Finally, let us interpret Proposition 11 in terms of inter-group comparison. Consider for instance a rich
household that would be initially a member of a homogeneous (rich) group. Proposition 11 tells us that, in
a group of identical size but composed of a certain number of slightly more risk averse households, this rich
household would have received a lower level of insurance. This result therefore indicates that rich households
may be reluctant to share risk with poorer households, which may provide an additional rationale to the fact

that groups tend to be formed homogeneously in terms of wealth or risk attitudes.

7 Concluding remarks

The analysis conducted in this paper has been motivated by a twofold empirical observation: on the one
hand, poor farm households are reluctant to adopt technologies and to take risks that would allow them
to obtain higher returns. On the other hand, despite taking less risks, they tend to suffer from a higher
exposure to idiosyncratic shocks. We show that some imperfections which are inherent to informal risk-
sharing arrangements, namely small group sizes and missing insurance and capital markets, are particularly
detrimental to the poor and may contribute to explaining those stylized facts.

Within this set of imperfections, we have analyzed the interactions between households’ risk-taking be-
havior and risk-sharing arrangements under various regimes, i.e. second best and decentralized bargaining.
Our representation of risk-taking strategies is based on a trade-off between return (average of income) and
risk (variance of income). While a standard setting with formal markets leads to efficient outcomes under
this representation, this is not the case under the specific framework of informal risk-sharing. On the one
hand, due to their reduced size, informal groups achieve a limited level of risk diversification. On the other
hand, missing capital and reinsurance markets imply that the group’s transfers must adapt to all potential
realizations of shocks. As a result, individual behavior affects all group members through the mutual insur-
ance scheme, leading to risk externalities. These externalities, which are present independently of the regime
under which the insurance arrangement is set, naturally lead to moral hazard problems in terms of excessive
risk-taking.

We first show that any cooperative insurance arrangement (second best or decentralized bargaining) limits
the degree of risk-sharing in order to mitigate moral hazard.

Second, in addition to the classical first-best / second-best analysis, we also formalize the risk-sharing
process as a decentralized bargaining in which all households are free to negotiate the terms of risk-sharing
arrangements with any potential household. This solution concept appears more realistic in an environment
where enforcement devices are lacking, as it does not rely on the strong coordination imposed by the classical
second best approach. The comparison between this setting and the second best provides interesting insights.
When a pair of households bargains over insurance transfers, they anticipate that these transfers will affect
each other’s risk-taking behavior. However, they do not internalize the externalities that this risk-taking
generates on their other partners with whom they also share risks. As a result, the lack of coordination at
the group level strengthens the moral hazard mechanism.

Third, we investigate the role played by risk aversion and the implications of group heterogeneity on risk-
taking and risk-sharing. Interestingly, we show that the moral hazard problem is stronger for poor households,

whose risk-taking behavior is more sensitive to insurance. This leads to the result that, if insurance groups
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are homogeneous in terms of wealth or risk aversion, poor groups share less risks than rich groups.
Analyzing the impact of group heterogeneity, we show that the rich’s insurance tends to decrease in
the presence of poor households. This suggests that the rich might be reluctant to share risk with poor
households. Furthermore, it may also be that an increase in the group’s risk aversion also penalizes the poor.
Indeed, despite the gains of sharing risks with the rich, their insurance level might decreases due to the moral
hazard problem. While these results shed light on the benefits of group homogeneity in informal risk-sharing,
a deeper exploration of the process of group formation in presence of moral hazard appears an interesting

research avenue.
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8 Appendix 1: proof of Lemma 1

For the budget constraint to be satisfied with equality, the sum of transfers over the whole group, which we
denote by B (5), needs to be zero for all S € R™. Making use of equation (2), the budget constraint can be

written as

B(S)=> th() =0« > |+ Y vpusi| =0YSeR"

heH heH jEH

First notice that in the particular case where S = (0, ..., O)/, this condition implies that Z I, = 0. Therefore,

heH
we can rewrite the budget constraint as
B(S) = 0<= > Y v;s=0VSeR"
heH jeH
= 5 Z’ylh—l—...—FSn ny"h:O,VSER”. (28)
heH heH

Therefore, in the particular case where S = (s1,0,...,0)’, with s; # 0, condition (28) is satisfied if and only
if >, cpvin = 0. Similarly, when S = (0, s2,0, ...,0), with so # 0, we need to have Y ohen Yan = 0, etc.
Applying the same reasoning to the n income shocks gives the condition of Lemma 1.

9 Appendix 2: proof of Proposition 1

The first best can be found by maximizing the social welfare function (9) with respect to the parameters of
the transfer scheme (L,T") and the risk-taking profile X.
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The first order condition with respect to any lumpsum transfer /;; imposes that

ow
8lij

=0 < )\iu' (él) = /\ju’ (Ej) s

which gives the first point.
Making use of equation (10) and of the expression of the consumption variance (6), the first order condition

with respect to any 7,; can be written as

ow 0¢; 0¢;
— = 0+ ++——=0
5%]‘ 6%‘]‘ 6%;‘
— a(l—-qa)= aj’yf;B. (29)

Recall that, by definition, a; = Z 7;j- Summing over all j € H\ {i},
JeH\{i}

jentiy
Solving for «;, we end up with
B
=1—

Ti
)
>
heH

with 7 = 1/a.

Using this expression in equation (29), allows to find the first best value of any given -, ;:

FB _ @ FB Tj
72] 7 (1 Q; )
a; Z Th
heH

Finally, the first order condition with respect to risk-taking o; imposes that

—0<:>u(FB)fai(17a12crfB Z ajfyl] B —o.

do;
JEH\{i}

Rearranging and substituting for the first best values of I" gives the result.

10 Appendix 3: proof of Propositions 3 and 5

In order to find the second best, we maximize the social welfare function (9) with respect to the transfer scheme
(L,T), subject to the incentive compatibility condition (14), which gives us a function o}’ (ay,),Vh € H.

First, the first order condition with respect to the lump sum transfer is unchanged as compared to the
first best analysis (equation 10).

Second, making use of the latter condition, the first order condition with respect to any v,; can be written

as
ow _ 0 e Z dCh _
8’}/i_j heH 71]
Béi 862 aO'i 35j 8Ej 80?’ 8éh ao.f\f o

heH\{i,j}
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where 9¢;/00; = 0, by the envelope theorem, and where do} /8v;; = do} /da;, since oy = Z Yij-

JeH\{i}
Therefore,
ow 0¢; 0¢; ¢, 0oy
5 =0 = ac’ +acj + Y <8Clj801 >_0
Vij Vij Vij heH\{i} 05 0%y
Making use of the expression of the consumption variance (6), we end up with
ow 9N day
5o = 0 <= a;(1— ;) o} —ajv,;0; — Z any3,oi 301. 804 =0
Vi he H\{i} @i i
2
Yih . _
= a;(1—a;) —a;y; - Z aho#ei =0. (30)
heH\{i}
Summing over all j € H\ {i}, we find
2
(n-—1)a;(1-0a;) = Z ajvi; +(n—1) Z ah’y”fei
jeH\{i} heH\{i} ¢
B T 1 Yih
heH\{i}
where 7, = 1/ay,. Using «; = Z Yin, We obtain
heN\{:}
Ti 1 Ti Vin
S oy (14— 4+ L lhe ) =1. (31)
) Thn—1 T o
he H\{i}

This leads to
NSB— __Ti
; .
’ E Th + Ti€;
heH

With this expression of v,;, the condition in (31) is indeed satisfied. To see this, let us compute

N (Hﬂ' 1 +ﬂ'm,>
3
jeingy 2 Thk e N Tin LT
heH

1 i

= . Z Tj+Ti+ Z Ti%ei =1,
Y ThtTien \ jem jeH\{i} "
heH
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by definition of a;. Note that the initial first order condition in equation (19) is also valid under this solution:

wll-a) = amy+ Y alle =0
nemiy
2
(14 € : 1
o Ti (14 ¢€) _— Tj N Z a Th .
> ThtTiE D_ThETi6 nemuy | D Th T Tic
heH heH heH Z —Th
heH\{i} Zm-‘rnw
heH
>
(1+¢) B 1 te 1 heH\{i}
_ TS = - e
ZT}A-TM ZT}L+Ti6i ZT}L+Ti€i Z Th
heH heH heH heH\{i}
1+¢ = 1+e¢

The expression of a7 P can then be found by using the definition of ; and the second best value of Yij-
Third, the condition for the second best level of risk-taking for household i € H comes from the expression
of the Nash equilibrium (14), where « is replaced by its second best value.
Finally, we compare second best to first best risk-taking (Proposition 5).

To prove the condition on risk-taking, start by noting that M is a decreasing function of . As a result,

B <ol —= (o78))odP > i (6FB) JofB. Substltutlng from Propositions 1 and 3 (equations 12
and 18),
2
1+e€ 1
o < P = b >
Serna] 3w
i€H i€H
2
.
— Y larar (Zweh) |
iern | icr ' h
Rearranging,

O‘SB < 0534:> <ef—z;-:l> (ZZ—1>>O
= >Z

ZGH

11 Appendix 4: proof of Proposition 6

The solution to the Nash bargaining problem can be found by maximizing the Nash product (22) with respect
to the terms of the bilateral risk-sharing arrangement {lji,'yij, %‘i}-
The first order condition with respect to the lump sum transfer /;; imposes that

87@]-

8[1‘]‘

=0 <= v (@) [u(@) — -] " = [u(E) —a,- v (&).
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Making use of the latter condition, the first order condition with respect to v,; (we proceed similarly for

7,i) can be directly written as

a%'j d%‘j d%‘j
(851 + 851 aofv)+(8éj &Ej 80’£V> -
where 0¢;/do; = 0, by the envelope theorem, and where aafV/a%j = 9o /da;, since a; = Z Yij-
JEH\{i}
Therefore,
87%- -0 861» 8Ej 8Ej 6O'£V _
Making use of the expression of the consumption variance (6), we end up with
Omyj 2 2 o OoN
= a;(1—a;) —a;y; (1 + ’Y”Q) =0 (32)
a;
= a;(1—a;) —a;v (1 + egimj) =0,
vy 00N Yig . -
where €5, 5, = ¥ 505 = €5,,0, 5+ - Rearranging, one obtains
a; (1 —a;)
gy = —Sidma) (3
a; (1 + 60’1‘:%:_7')
Summing over all j € H\ {i}, we find
a; 1— Q5
) DIETIED DRI TR
JEH\{i} jer\{i} 4 (1 + Eai,m>
1
a; = a;(1—ay) —_— =
jeEH\{:} aj (1 + 601‘771:;‘)
1 1
0‘i1+aiz— = a; —_— =
JEH\{i} &) (1 + Gmmj) JEH\{i} @] (1 + Goi,vij)
. -1
% DL i)
DB JjeH\{i}
o = - .
AU Dl e
JEH\{i}
Rearranging, one obtains
DB Ti
a7 =1-— .
Ti + Z 1—0-602‘%.]-
jeH\{i}
Tt follows that, using (33),
i
~DB @ Ti _ THeo,; vy
'L] - Tj Tj ’
aj (1 + 6073771’]‘) Ti + Z 1+E‘7i:7ij Ti + Z 1+€"'i=7ij
jeH\{i} JEH\{i}
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12 Appendix 5: proof of Lemma 3 and Proposition 9

Let us first prove Lemma 3. Making use of equation (15), we have that

" N217
o i(ol)20-aan

or (—u” (oh) T+ (1 - 04h)2>2

Qe _ Oe Ot _ _ Qe 1
Note that 9a — o1 da — Or a2 > 0.

Let us now prove Proposition 9. One can rewrite equations (17) and (24) for homogeneous groups as

afP (n+e(afPa))—(n—1) = 0,
af)B<n+6(f}ia)>—(n—l) = 0.

where € is a function of « (and a), as can be seen from equation (15), while a only affects o through e.

Therefore, we need to apply the implicit function theorem in order to assess the impact of € on «. This gives

a8 afB (n+55) — (n—1) De De
aaDB

Oe Oe
% <0<:)%>0(:>E<0'

13 Appendix 6: proof of Proposition 11

In the two-type case, the risk-sharing arrangement I is determined by two pairs of parameters: {(V,.., ¥,p) » (Vpps Vpr) }-
Indeed, the other two key parameters, «, and o, are characterized separately by these two pairs through
the budget constraint: a, = (n, —1)7v,, + npY,,, and a, = (n, — 1) v, + 77, (equations (26) and (27)).
Furthermore, these two pairs of parameters do not depend on each other, since for instance, neither v,,, nor

Ypr appear in the first order conditions on v, and on 7,,. Indeed, following equation (32), one can write:

g:: = 0 = Qo (Vs @ (Vs V) 00) =0,
g::i = 0 <= Qp (Vrps & (Yrrs V) 10ry0p) =0,
where
D (Vyrs @ ips Vo) 300) = (1= ) @r = Yy (O + Yy (i ) = 0, -
Qp (Vepr @ (Vs Vo) 30y ap) = @ (1= ) @ = @Yy, (@0 + Y (@5 0,)) = 0. (35)

The system of two equations (34)-(35) therefore characterizes {y57,v5P} (and as a result a, through the

budget constraint). Similarly, {’prpB , 733 } is characterized by
OTpp
oy = 0= Oy (Vpp’ Qp (7pp7'7pr) ;ap) = (L —ap)ap =, (O‘P + 7ppep) =0, (36)
PP
o,
oy L= 0= D (Vpr % (Vpp Ypr) 10prar) = ap (1 — ) ap — a7y, (0p +7p06p) = 0. (37)
pr
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In other words, the equilibrium is characterized by two independent systems of two equations, in the
sense that the endogenous variables of a system do not interact with the other system.?? As a consequence,
comparative statics of the equilibrium can be achieved by applying the 2 equation, 2 unknown version of

the implicit function theorem (IFT) to each of the two separate pairs of first order conditions. For instance,

applying the IFT on equations (34)-(35) allows us to determine the impact of a, on {’y?’?T,B , ’yzB }:
H’I’
d’}/TLzB (al’"yrp)
7l m— (38)
P T
(Ver Vo)
T
d’yng o H(”‘pv')’m‘)
day T T | (39)
P Hr
(YVrpYrr)
where the matrices H(Tap )’ H{, ) and H(T’v ) are composed of derivatives of the system (34)-(35):
» Irp T rrylrp
dQ,..  dQp dQ,..  dp
r _ da da T — da da
(ap,'er) = dQ:r' dﬂfp ’ H(apv'er) = ( dQ:r' dep > ’
d'er d’er Ay v,
dQp, Ay dQp, Ay
A = d’yrr d’yrr T — d'yr d'yr
H('yvp) - Ay Ay | H(wp'r) = | 4. 2.,
dYrp AV Yy Ay

Similarly, the impact of a, on {’Y;%Ba 'Y;jaj

to the system (36)-(37):

B } is determined by the application of the implicit function theorem

HP
d'ﬁ?pB _ _ (al’"ym) (40)
day, P
(’YPI”’YI”‘)
HP
d’Y[?TB — o (ai”’ypp) (41)
day, P ’
(’YPT”YPP)
where HE’ _ H?7 ) H(A/ ) and HE)“f )’ which are composed of derivatives of the system (36)-
ApsYpr ppap pr Tpp pp> Ipr
(37), are defined in a similar way. Note that since {(W,PTB, 'prB ) , ('yl?pB, 733 )} maximize the Nash product
m, the determinants |H” r and |H? =—|H? must be positive. We are
(’YT"”’Y”'P) (’erryr"ﬂ) PYPP”YP"') (FYP""’YPP)

now ready to prove the results.

23Note however that the exogenous parameter ap appears in both systems through €, and Q- for the poor, and through
Qp for the rich.
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13.1 Comparative statics of a’?

Making use of the budget constraint (26) and (38)-(39), and using |H =— ‘ 7 >0,
(VerVen) (Vep V)
daPB d~PB d rDB
Q. — (nr _ 1) Yrr + np g p
day, day, day,
1 T T
- H |:_ (nr B 1) )H(G’PY’YTIJ) T H(apv’Yrr) :| '
' (Yo Vrp)
Let us first analyze d’yg,B/dap. Since dQ,/da, = 0, by equation 34,
dyhP dQ,, dQ
Trp <0<:>‘H{a )‘<0<:>0— P <0,
dap » dﬂYrr dap

which is always satisfied. Indeed, by the second order condition on =,, we have that 9Q,,./07,.. < 0, and

dQ,,
da, ~Vrp (O + Yrper) <0
Second, let us analyze dv22 /da,.
_|gT
PP ’ (a700)
da‘P B T ,
(Yo Vrp)
. s,
where, using d2,.,./da, = 0, and da: = ~Vpp (ozr + %pﬁr),
ds)
_ ‘HTa =, (ar +7, Er) rr’
( 7”77'1)) P P dﬁ)/rp
and
Q. 0 O (“)Q,,Tn
dVyp ooy 0v,,  Oa, P
0y Oe,
= (1-2a,)— 1 .
D, (1 —20) %( + Yrr a%_)
Therefore,
d DB bl ,
T o 0 = 1-20, >, (1+%T ¢ )
day, oo,

Oe,
= 120, 7, > 3057 2
T

DB

r .

Finally, let us compute the total effect on «

As shown above,

daT‘DB 1 T T
da, B ' A [7 (= 1) )H(%Ww) i ‘H(“l’"yw) } ’
(77'7‘777"1))
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Therefore,

do,

) <o

(42)

_ _ T T
o < 0= - 1)‘H(%M) + 1, H(%%)‘ <0
Ay €2y Ay dQpr Ay dS2y Ay S,
— _ (nr _ 1) P _ P » P _ P
dap dv,,  da, dvy,, da, dv,. dvy,. da,
dou, ds), Ay Ay
a < 0 <= p[(m_ ) —ny }<0.
day, day, Yy avy,.,
We have seen from Point 1 that dQ,,/da, = 0 and dgs < 0. Using these results, one can rewrite the
condition as J . 50
a'f' Tr rr
0« (n, —1 - 0,
day =1 (d%«) " (d%r> g
where, fli?r; %%T: g%; %%’; =1, and fligr: = %:: (nr —1) %%: = from (34) so that
da, 0y
0 —n,—— >0
da, <0 <= —n, o >0,
which is always true since gﬁ? =— (o +7,,.6) <O0.

13.2 Comparative statics of a”

Using the budget constraint, we know that

daDB d DB d DB
P (ny— 1) 2y, Do
day, day, day,
where
H? H?
d’Y;?rB _ ‘ (QP”YPP) _ ‘ (ap"ypp)
day, a P a P
; ‘ (’YPT”’YPP) ‘H(”Vmﬂvpr)
Therefore,
daPB 1
P = — |- (n,—1) H? +n, |H? <0
dap Hp (aP”YIJT) (aP”Ypp)
(’Ypp7’yp7')
— 1) dQy,, dQy, d€y Ay, dQyp dQyr A€y dSpp
n, — — Ny —
P day, dv,, da, dy,, dyp, dap  dy,, dap
where )
dQy,, _ 0y, O, Oy, Oy <3ap )
d’Ypp a’Ypp aap a’ypp aFYpr 87[)7“
with

Oy Oy dSdpy
day, O, d’ym,'

Hence, we can rewrite d€2,,/dy,, as

Ay Oy Ay ny — 1
dpp Oy dYpr T
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Similarly,

dQpr 00, 09, day, Doy, <aap )1
dpr OV O D7y DYy \ Oy 7
with
Oy Oy dSYpy

Dy O,y o dvpp

Hence, we can rewrite d,,./dy,, as

dQpr Oy dQy ny
d7pr 87}77‘ d’}/pp Np — 1 .
Condition (43) can be rewritten as
9 g ey B [(n - 1) 4y —n, de’} LT, [(n —1) Wy _ ,«de” > 0.
day, ap P dY A,y day, P vy, Yy
Substituting for d2p,/dy,, and d€2,./dy,,, one obtains after simplification,
doy, <0 e dQpp {(n 1) 0y " (deT B depﬂ n dQpr 0Qpp >0
day, day, P M pr Yy AVpr da, 0v,,
Rearranging,
doy, <0 = (n,—1) dQpp (_6Qpr> n dQyp, (_8Qpp> n dQpp (dep B deT) <0
da, P da, Mpr da, M pp da, \ dv,.  dy,, ’
where
0Qpy
— = —a (ap + Tep) <0,
Mpr ?
0Qpp
= —(ap +7,p6) <0,
OVpp Lo
and
Oy < 0 = Ky _ -2 9ep <0
0Ypp0ayp day, PP a, 7
0%y dQ)
— I < 0= =T =(1 L <0
a’ypraap dap ( O‘p) ap a ’Ypra »
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