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Various risk sharing arrangements are common in underdeveloped agranan economles where o
households have no formal means of contract enforcement and little access to risk markets. -
Social insurance is still possible through repeated interaction in an environment with few
informational asymmetries. In a simple repeated game model of two selfsintére |
facing independent income streams, we characterize the best arrangement that can be sustained
as a noncooperative equilibrium. We establish precisely how this optimal informal arrangement
differs from first best-risk sharing, and 1dent1fy the condmons under whtch the drvergenee
between the two is greatest. -

1. Introductlon

“sted households L

Modern insurance arrangements take the form of wntten and legally -

binding contracts which stipulate transfer payments contingent on certain

~ events occurring. These arrangements require a government to record and
enforce written contracts and a literate population to make such contracts.
Thus insurance markets are not found in pnmmve societies. Nor is insurance
based on explicit contracts common in many present day developtng :
countries; 1111teracy, cultural 1nt1m1datlon by modern 1nst1tutlons, | and
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problems of asymmetric information can effectively restrict access by the

poor even when a formal insurance market does exist. |

When explicit and binding contracts are not possible, risk-sharing arrange-
ments will have to be sustainable on an informal basis. This clearly makes
them more difficult to implement; if there is only one realization of the risky
event, no self-interested person would have an incentive to share realized
good fortune, and so will renege on any prior non-binding agreement.

However, as first shown by Kimball (1988) and also by Foster (1988),! risk

Shax.'ing- ‘among non-altruists may exist in replications of a suitably risky
~ environment \Ylthout the advantage of binding contracts; current generosity
may then be justified by expected future reciprocity. This may not be an

unreasonable expectation in a traditional village society, where generations of

households remain in relatively close contact, and the need to spread risk is
often great. | |

Indeed, there is considerable evidence of the existence of various forms of |

informal insurance arrangements in village communities,2 though they have
received rather little attention from economists.® Scott (1976) and others
have described and discussed at length village level customs of mutual
support in traditional societies — the so-called ‘moral economy’. The forms of
such behavior which have been observed include gift giving, reciprocal
interest free credit, shared meals, communal access to land, sharing bullocks,
and work-sharing arrangements. The main risks covered are accidents or
illnesses of productive family members or livestock, certain forms of crop
damage, such as due to fire or wild animals, and other relatively non-
covariate income fluctuations, such as fishing yields. A recurrent feature of
these practices is their reciprocity: recipients at one date often become donors
at another. | .

The performance of these informal insurance arrangements has been an
issue in the anthropological literature. Popkin (1979) is staunchly critical of
the ‘moral economists’ (more of whom were anthropologists than econ-
omists) for over-stating the value of indigenous institutions. However, while
it is not unusual to find a seemingly romanticized view of these institutions
in the literature, it is at least as common to find sobering reservations. For

 1Kimball develops his analysis to assess the scope for farmers’ cooperatives as risk-sharing
institutions in medieval England. Foster, on the other hand, is concerned with family based risk-
sharing arrangements in developing countries. |

20n informal insurance in traditional village societies see Scott (1976), Dirks (1980), Posner
(1980), Watts (1983), Caldwell et al. (1986), Platteau and Abraham (1987), Platteau (1988),
Ravallion and Dearden (1988), Rosenzweig (1988), Thomas et al. (1989), Townsend (1991), and
Ravallion and Chaudhuri (1991). Note that these institutions are not confined to traditional
village societies. See, for example the empirical results of Kaufman and Lindauer (1984) (for
urban El Salvador), and Ravallion and Dearden’s (1988) results (for both urban and rural Java).
Transfers between traditional and modern sectors also appear to be common.

3For example, Newbery's (1989) recent survey, ‘Agricultural Institutions for Insurance and
Stabilization’, makes only a brief mention of informal insurance. |
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example, Scott (1976 p 43) wrrtes that vrllage redrstnbutmn worked | ; A
unevenly and, even at its best, produced no egalitarian utopia’ There is also

some evidence to suggest that, even when they do exist, traditional risk-
- shanng arrangements may well break down, and at partrcularly bad times
for the poor. A number of observers have notlced the collapse of community

based nsurance durrng famines; for example, a common Bengah word for

describing famine is ‘durbhiksha’ hterally meanrng that ‘alms are scarce’.4

~ The performance of these institutions also has bearmg on lohg tandmg” I

policy concerns. In the absence of informal insurance, mcomplete risk

markets yield a strong prima facie case. for pohcy intervention [Newbery and
Stiglitz (1981)]. With the existence of informal insurance possibilities that

‘case is less clear. This can be viewed as an example of a more general point:

while there is a case for intervention in one shot games of the Prisoners’

Dilemma sort, that case may be significantly weakened if the game is .

repeated.’ Indeed, it may even be argued that, without any policy interven- "

- tion, private voluntary arrangements within. the v111age commuhrty wrllv
adequately supply insurance against 1dlosyncratrc income shocks.
In this paper we build on the work of Kimball and Foster to. further(

develop a theoretical understandmg of the risk-sharing that can be achieved S
with informal insurance arrangements. We characterize the ‘best’ mformal. :

insurance arrangement which can be sustained as a noncooperatrve equi-

| ~ librium and compare ‘its propertles with those of the arrangement which .

could, in principle, be achreved with brndmg contracts. We show precisely

how the two differ and try to identify the crrcumstanoes under whlch thel;" | '

divergence between them is likely to be the greatest

While we use the same basic model as Kimball and Foster, our anal)fsrs o i
] dlﬁ'ers from thelrs in focusing on the propertres of the optithal informal
insurance arrangement and how it differs from the first-best. In Foster's

analysis households’ actions are restricted to one of two extremes: to pool

= income fully, or to defect. As we show later, the optimal arrangement will

- typrcally involve an intermediate strategy in which, while transfers are made, -
full income pooling is not achreved While Kimball does allow for the
‘possibility of less than full income pooling, he lnmts his analysrs to

1dent1fymg the conditions under which transfers of some form will take place e

(ie., a risk-sharing institution will exist) and under which.full income pooling

 will be achieved (i.e., the institution will aehreve ﬁrst-best risk shanng) Thus
‘Kimball is not concerned with the propertles of the optrmal equrhbnum RN

insurance arrangement | |
The next section outhnes our repeated game model and characterrzes those

" “Declines in patronage and customs of gll't giving dunng fammes have been noted by Bpstern
(1967), Sen (1981), Currey (1981), Greenough (1982), Ravalhon (1987), D’Souza (1988), and
Dréze and Sen (1989). o . | | ST

- 3Sugden (1986), for example, has argued along these lrnes
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insurance arrangements which are sustainable as subgame perfect equilibria.
Section 3 then characterizes the ‘best’ of these implementable arrangements
and compares it with first-best risk sharing. Section 4 examines comparative
static properties of the optimal insurance arrangement. Section 5 presents
parameterized numerical simulations of the optimal arrangement and exam-
ines how its performance relative to the first-best varies with the parameter
values. Section 6 offers some suggestions for further research, while our
conclusions are summanzed in sectlon 7.

2. A simple informal insurance game
2.1. The basic model

We use the same basic model studied by Kimball (1988). This provides an
adequate yet tractable characterization of the sort of environment in which
informal insurance may exist. We consider two risk-averse households who
face intertemporally variable and independent income streams, so they may
“have different incomes at any given date. The two households are similar ex
ante, having the same preferences and the same expected income.

In each period, each household k=A, B receives an income y* drawn from
the set {y;,...,y,} in which incomes are ranked in ascending order,
y1<‘* <y, The probability that household A receives an income y; and B
an income y; is denoted m;; ie. m;=Prob{(y* y®)=(y,y;)}. We confine
attention to symmetric probabilities whereby, for all i, je{l,...,n}, m;="
n;>0. Thus, each income pair is possible and the probablhty that A gets Vi
and B gets y; equals the probability that A gets y; and B gets y,° The
players have identical preferences defined over own income only and
represented by the (per period) utility function u(y). We assume that they are
non-satiated and risk averse, ie, for all y>0, #(y)>0 and u"(y)<0. In
addition, each household has a utility discount rate or ‘subjective rate of time
preference’ r. ‘As we wish to focus attention on income transfers as a means
of insurance, we shall assume that households do not save.

Since both households are risk averse and face uncertain income streams,
there are potential gains from state-contingent transfers between them; A
agrees to help B out if B is unlucky and, in return, B agrees to help A out
when their situations are reversed. In the absence of binding contracts, such
~ arrangements cannot, be sustained in one period interactions. No matter
what is agreed ex-ante, the household who obtains the highest income will

always renege. In repeated interactions, however, such transfer arrangemeats
can be sustamed

%This can be mtcrpreted as ex-ante-equallty ; elther player could end up nch’ or ‘poor’ in any
period.
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To make th’is precise 'We consider the fOIIOWing repeated noncooperative :
game. In each period ¢, nature selects an income pair y(t)=(yA(t), y*(t)).

Observing y(t) and knowing the history of the game, each household must u

choose a transfer to the other household. The game is assumed to be

infinitely repeated,” and the equrhbnum concept we shall ernploy 1s the P

usual one of subgame perfect equrhbrlum |
Since each individual’s life-span is of ﬁmte duration our assumptlon that |
the game is infinitely repeated needs justification. T he idea we have in mind
is that, in a traditional village setting, households are likely to be in contact
with each other for more than one generation. Thus the current head of the
household may decide to help out other households in the expectation that
they in turn will be around to help out his/her offspring should they need it.
The players can thus be interpreted as dynasties. It may be too strong to
postulate that households expect with certainty to be playmg the game for
the rest of time, but that is more than we need. All that is necessary, is that
households believe that there is a positive probablhty that the game will
continue to be played. This probability assessment can be thought of as
being reflected in agent’s discount rates. The less likely they think that future
generations will be playing the game, the higher the discount rate. '

2.2. Informal insurance arrangements -_

~ Our first objective is to characterize the msurance arrangements Wthh can
ebe implemented by the equilibria of this game. An arrangement specifies a
net transfer between the two players for each realized incomeé pair. We follow
Foster and Kimball in restricting attention to pure insurance arrangements,
- whereby the transfers at any date depend only on incomes realized at that
date. This precludes possible credit features of informal risk-sharing arrange-
ments whereby transfers are more like loans which are paid back at least in
part at some later date. We brreﬂy eomment on the effects of allowrng these |
in section 6. L

Formally then, we deﬁne an mformal insurance arrangement to be an nxn
matrix @ =(0,;;) where the component 6,; denotes the net transfer from A to
B when A gets an income y, and B gets y, Feasibility demands that

| If the game were of finite duratnon and the termination date were common knowledge the

usual backward induction argument would suggest that the only equnhbnum would be zero
transfers. If the termination date were uncertain, as seems reasonable in this context, then
~ transfers may still be possible. See Basu (1987) for a discussion of ﬁnrtely repeated games with

- uncertain termmatton

8To save notation, we will not define prectsely what is meant by a subgame perfect |
equilibrium. For a definition of this concept, see Friedman (1986)..For a genetal characterization
of subgame perfect equilibria in mﬁnltely repeated games with drseountmg see Abreu (1988)
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0,€l—y; yi] Under the arrangement @ A’ - : period expected utility will
be | | o

™

DA('@j— Z Z nrj;l(Yi—etj)y |

i=1 j=1

and B’s expeeted utility is
UB(@) = izl jzl nijU(y] + Ou‘).

Let ¥ denote each household’s per period expected utility in the absence of
any kind of informal insurance, i.e., |

=Y ¥ mu)=Y ¥ mu).

i=1 j=1 i=1 j=1

An arrangement is implementable if there exist equilibrium strategies for
the players which result in net transfers consistent with it. An arrangement
will be implementable if the difference between each household’s expected
utility undeg‘continued partxcxpatlon and the status quo (i.e., zero transfers) is
always greater than the gain from current defection. Strategies which follow
the arrangement until defection and then punish defections by setting all
future transfers equal to zero w111 implement any such contract. Conversely,
~ gince the status quo is the worst possible equilibrium, any implementable
arrangement must necessarily satisfy the condition that the difference
between each household’s expected utility under continued participation and
‘the status quo is always greater than the gain from current defectron Thus
an arrangement is implementable 1f and only if? |

u(y) —u(—0,) SEHO)~9)/r for all i j) B ¢
and |

wy) - uy+0) SO~ for allG) @

We refer te these as the implementability constraints.*°
~ An arrangement is symmetric if the net transfer from A to B when

°For a formal proof of this assertion see the earlier version of this paper [Coate and
Ravallion (1989)].

1%These implementability constraints are similar to those which arise in the labor economlcs
literature on ‘self-enforcing’ wage-contracts. See Thomas and Worrall (1988).
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"(YA )= .Vj) CQuals the g t&ansfer from B to A when (y" y") (y . y‘) ie. . e
if = —0,,.!! Clearly, if © is symmetric then 6,,=0 for all i. It follows that a R
symmetrrc arrangement 1S completely charactenzed by the vector e

0= (021,931,932, 9;.1,: 0, - 1) |

Thus if we know the net transfer from A to B for each case where A has a

strictly larger income than B, then we know the entire transfer arrangement S

Each household’s utrhty can be rewrrtten m terms of the vector . Let
v(0)= Zl LZI nij(u(yi 9:}) + “(.Vj + 91})) + nttu(}’i)]

Then it is strarghtforward to verlfy that v“(@) v”(@) v(6) Thls observatlon
allows us to simplify the implementability constraints. In partlcular it is

easily verified that a symmetric, non-negatrve arrangement 0 is 1mp1emen- R

table if and only if for all 1-—1 | ‘_,n,

)l ~0,) STo0) - 5]/r =1, wislo ECRE

By a non-negatrve arrangement we s1mp1y mean one wrth the property that_ N
the net transfer from A to B is non-negatlve whenever A has a greater .
mcome than B. | | | E - = e

| 3 The performance of mformal msurance

- Our task now is to compare the best possible 1mplementable msurance R
‘arrangement with the first-best. Since any implementable arrangement isa
- possible equilibrium of the game, the reader may wonder why we are

'focusmg solely on the best of the 1mplementab1e arrangements The Justlﬁca-
tion is twofold. First, the best arrangement is a natural ‘focal point’ and_
hence may be more likely to arise than any other 1mplementab1e arrange-

ment. Second, even if one does not believe this, the best arrangement- )

provides an upper bound on the performance of informal insurance.
Without loss of generality we can confine attention to transfer arrange- f
ments which are symmetric and non-negative. The first-best, denoted 8, is
defined as the set of state-contingent transfers which maximizes average
expected utility allowing binding commitments. Formally, it is the solution to

Note that symmetry of ® and n 1mp11es that the expected value of the transfer 1s zero Thus
player has the same expected value of post-transfer income. S
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the unconstrained problem of maximizing v(6) with respect to 0. It is
straightforward to verify that | | | ,

gij=(yi_.},j)/2’ i=1,...,n, j=1,.’...,i""1.

Thus the first-best involves full income pooling. The best implementable
contract, denoted 6%, is the one which results in the high@st average expected
utility subject to the implementability constraints, i.e., * is the solution to
the constrained problem of maximizing v(6) subject to eq. (3). Recall that we
are restricting attention to non-negative and feasible transfer arrangements
and hence the choice set is compact and convex. Since the objective function
is strictly concave, we can be sure that 8* exists and is unique. Our task now
is to compare 6* and #. | | |

We begin by providing a useful characterization of 6*. First let f(y,w)
denote the function implicitly defined by the equation

u(y)—u(y— f)=w.

Intuitively, f(y,w) can be thought of as the maximal amount of income
which can be taken from a household with income y without inducing
defection when the cost of defecting (in utility terms) is w>0. Obviously, the
larger the cost of defection, the greater is the amount of income which can be
taken away. In addition, diminishing marginal utility of income implies that
the amount of income which can be taken away without inducing defection
gets larger as the household’s income increases. Thus f is increasing in both
1its arguments. The key point to note about the function f is that, given a
particular arrangement 6, the maximal amount of income which can be taken
from a household with income y without violating implementability will be
given by f(y, [v(6)—0]/r), since it is at this transfer level that the implement-
ability constraint is satisfied with equality.

We now have the following theorem, which underpins all the later results
of the paper.

Theorem. For all i=l,'...;n andj;v-:_l,...,i——l,

0% =min {9, f (v, [0(6*) — 51/} ' G

Proof. It will be convenient to use the notation 6*/6,; to denote the vector
- 0* with 8% replaced by 6,,. We show first that if f(y;, [v(6*)—5]/r)20,; then
0%=0,. Suppose that, on the contrary, 6%+8,. Now consider the vector
9*/9,,. Since dv/00,; is negative for all 0,,>9,, and positive for all 9;,<9, , We
know that v(6*/8,)>v(6*). In addition, since f is increasing in its second
argument it follows that o |
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S, [0(0*/ 0,)—51/r)> F [0(0"‘) v’.l/r) 2 9: ,

which 1mplxes that 9*/@ ; is lmplementable Slnce 9,.. /gu is 1mpl emen table and- S

yields a higher level of expected utlhty, 6* cannot be optrmal - a
~ contradiction. | |

We now show 'that 0z, f(y,, [v(H"') r3]/r) if f(yi, [0(6*%) — ﬂ/r)<0,, S .
Agam suppose not. Then by implementability, it must be the case
that < f (yi9 [0(0*) i)-]/ r) Now Choose | 9},6(9”, f (yg, [U(O*) ﬂ/ r)) B

and consrder the vector §*/8,,. Since dv/d0,; is positive for all 9,,<9,, and
0U<0}j we know that v(O"‘/G{,)>v(0*) Moreover, following the argument

given above, it can be shown that %/, is 1mplementable T hrs contradrcts g
the optlmahty of 0*. Q. E. D | | »

Thus, for any given income pair, the transfer under the best 1mplementable o

contract either equals the first best or, if this is not 1mplementable the

maximal 1mplemcntable transfer (ie., ‘that which ‘equates the gain from

current defection from the arrangement with the expected gain from con-

tinued participation.)!? Intuitively this makes good sense. If it were feasible L

to implement the first-best transfer for a particular mcome pair, then there is

no good reason not to do so. If, on the other hand, this were not feasible, S
then one would want to get as near to the first-best as possrble whrch would‘l

entail settmg the transfer at the maximal level.

“'We can now establish some 1nterestmg results concernmg the relatronshrp o
between 0* and 8. Under the first-best contract, all that determines the size

of the net transfer between the households is the difference between their

incomes. The level of incomes is irrelevant. Thrs is not’ the case for the* o

‘optimal mformal arrangement as we show in the followmg proposmon
* Proposition 1. Let Vi— yj Yo y,,>0 and let y,> }’, Ifeu < 9‘ : then Ll
6 gh™— gh>0ij—0ij

Proof. The result follows 1mmed1ately from the theorem and the fact that
the functron f is mcreasmg in y Q E. D | |

Proposmon 1 tells us that if the mformal msurance arrangement drverges o

”Our theorem makes precise Krmball’s claim that “The optunal arrangement is for gram to

! ‘be transferred from those who have more than the lowest amount to those who have the least
" until either (1) the quantities are equalized; or (2) each of the farmers who has more than the

lowest amount has contributed as much as the threat of expulsron can force htm to contnbute »
- (p. 226). v. | |
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transfer |
from
AtoB
m ' , 8(y*,y* - m)
2 .
e.(onyA - m)
l
yA
m
Fig. 1

from the first-best, this divergence is greatest at dates with low income levels.
At low income levels, the marginal utility of income is high and hence the
incentives to defect are strong. As a consequence, if the implementability
constraint is already binding, then it becomes even tighter at lower income
levels. The result is illustrated in fig. 1, where 6*()*, y®) denotes the informal
insurance transfer and 8(y*, y®) denotes the first-best.

Our next experiments involve studying the effects of changes in current
(ex-post) income inequality. First suppose we fix household A’s income and
lower B’s income. Under our assumptions, the first-best arrangement has the
property that A will always transfer one half of the income difference to B.
The following proposition tells us what happens to the optimal informal
insurance arrangement as B’s income lowers. |

Proposition 2. | Let y, > ;> Ve 'Then ‘ if 0f< g, j» O =10}

Proof. Since y,<y;, we have that 9u.>9z g It follows from the theorem that

0=y [0(6%)—2)/r).  QE. D.

Thus, once the 1mplementability constraint bites, there is no scope for
additional transfers no matter how low B’s income falls. As a consequence,
post transfer income inequality will exist and will 1ncrease as the income
divergence grows. This is illustrated in fig. 2. |

Finally, let’s fix household B’s income and increase household A’s. Under
the first-best contract, household A transfers exactly one half of the difference
to household B. What happens under the optimal informal arrangement?
The following proposition is established in the appendix.
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~ transfer :
- from
AtoB |

n

Fig. 2

'4Proposztton 3. Let yi> yg> Vi and suppose that l/u (y) zs concave If 0"‘#0.'

and 0 h<0gh’ then 9,,,--9,,,>9' 0

Thus if the utility function satlsﬁes the stated property and 1f the mforma] RARREE

arrangement drverges from the first-best, then this divergence wrll increase as

fig. 3.

household A’s income increases, holdmg B’s constant Thrs is 1llustrated in

~ The condition that 1/u (y) is concave in y is satrsﬁed by a reasonably A
‘broad class of utility functions. 13 For example, the constant relative risk
aversion utility function u(y)=y'~?/(1—p) has this property for p€e(0, 1] If

the utility function does not have this property, however it is possible that

the difference between the first-best and the informal insurance arrangement

can close after some point, as illustrated in ﬁg 4. On the one hand, as the
‘income difference grows, the first-best transfer increases which makes imple-

mentability more difficult. But, on the other hand, diminishing marginal = L

. utility of income 1mp11es that the utrhty cost of a glven transfer decreases as 7
income increases. = - ‘

 The preceding three proposrtrons all have the same basrc form Assummg o

-that the optimal informal arrangement diverges from the first-best, they tell
b us how this divergence behaves. Proposition 1 tells us that it increases as
-' income levels fall, Proposition 2 tells us that it increases as B’s income falls,

- | 13The 1mportance of the concavrty or convexrty of l/u anses in a number of other mcentrve
- -problems [for example, Rogerson (1985)] i | |



‘)I?
.l'

12 S. Coate and M. Ravallion, Reciprocity without commitment

transfer
from
AtoB

6(y*.yp)

0*(yy,)

Fig. 3

‘transfer
from

A to B 6(y*y,,)

6*(yy,)

Fig.4

'holdmg A's income constant; and Proposmon 3 gives a condmon under

which the divergence increases as A’s income increases holding B’s constant.

‘Note that these results do not tell us that the optimal informal arrangement

necessarily diverges from the ﬁrst-best even at ‘very low or unequal income
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palrs Krmball estabhshes some results whlch speak dlrectly to thls issue.

Assumlng that households’ utility functrons have the constant relatrve risk SRR

aversion form, he finds that unless p — the risk aversion parameter — is equal

to 1 there will always exist some income pair (y*,»®) at which full sharing is S

not implementable no matter what the gains in expected utrllty from full risk

sharing.'* As he explains ‘when p <1, diminishing marginal utility is weak | s
enough that a very fortunate farmer enjoys feasting on his hoard so much

that he cannot be induced to share it all. On the other hand, when p>1,

poverty is so pamful that when all farmers in the cooperatrve are doing
badly, but one is doing a little better than the others, he cannot be induced =
to share all of his pitfall pile’ (p. 229). For the case p=1 he shows that full
sharing can be achieved (for all conceivable income pairs) if households are

sufficiently patient and if they face sufficient variability in their incomes.

ya

4. Comparatrve statlc propertles '

In this section we mvestlgate how the opttmal 1nforrnal 1nsurance arrange--f |

ment varies with some of the exogenous ‘variables of the model. Specifically,
we examine the effects of changes in the households’ discount rates and the -

probability distribution over incomes. Our results should shed light on the

circumstances under which the drvergences between the Optrmal 1nformal, Ll

arrangement and the first-best are greatest. | . -
We began with the discount rate which, 1t wrll be recalled is denoted r. .

Kimball’s computations for the constant relatrve risk aversron case suggest N |
that risk-sharing institutions -are less lrkely to form the more impatient are
households. This makes good sense intuitively, since the benefits from being

in a rrsk-sharmg arrangement are enjoyed in the future. Thus we would

F expect the drvergence between the first-best transfer and the optimal mforrnal)_ o
 transfer at any income level to increase as the discount rate falls. This is
confirmed in the following proposition. The notation 0*(r) denotes the

optlmal 1mplementable contract when the dlscount rate 1s r.

Proposztzon4 Let r°<r! and suppose that 9*(,.1)#0 Th o 0 (r‘) S 0 (r°) MR

‘with the inequality holdmg strzctly if Ou(r )<9,j

Proof It is clear that 0"‘(r’) is 1mplementable when the discount rate is r°
and hence that v(O"‘(rO))Zv(H"‘(rl)) It follows therefore that [v(8*(r°))— 6]/r

“exceeds [v(6*(r'))—o]/r'. Since f is increasing in its second argument the
~ result now follows from the theorem Q E D |

“ln terms of our notatron Kimball shows that 1f pael for all w>0 there extsts (y" y") such

et SO <0A -2
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As was pointed out earlier, the discount rate will reflect households’
assessment of the probability of playing the game in the future. Another way
of interpreting this result, therefore, is that if households do not expect to be
playing the game for long the divergence between the optimal arrangement
and the first-best will be large. This suggests that as traditional societies
become more mobile, so that future generations are less likely to be in close
contact, the moral economy will tend to perform less well. A further
1mportant influence on the discount rate is the expected length of time
between income draws. If the income draws we are talking about are
harvests, this frequency may be annual or biannual. Clearly, more frequent
draws correspond to a lower discount rate.

Let us now consider perturbing the probability distribution n=(m;;). One
would expect informal insurance to perform poorly if it was unlikely that the
households would earn different incomes. For then the potential risk-sharing
gains would be small, and there would be less incentive not to defect. Thus
one can conjecture that the divergences between the optimal informal
arrangement and the ﬁrst-best will be greater when participants face more
covariate income streams. To investigate this possibility we analyze the
performance of informal insurance under two probablhty distributions which
differ in the weight they give to divergent incomes. Let 6%(n) denote the
optimal arrangement associated with the probability distribution . We now

have the following proposition a proof of which can be found in the
- appendix. ‘-

Proposztzon 5. Let n® and ' be two probablllty dzstrlbutlons such that

() Zj 1(”:1"750) =0 and |
(i) mj<my) forall i#j |

If 9*(1:1);&0 then 0} (n‘)SO (1t°) wuh the mequahty holdmg stnctly if

Thus in situations where the optimal arrangement ‘diverges from the

first-best, a decrease in the probablhty of different mcomes will increase the
divergence. |

5. Numerical simulations of informal insurance_ -

The results of the previous two sections prOvide a reasonably complete
picture of the quahtatxve properties of informal insurance. In this section we
supplement these results by sxmulatmg optimal informal insurance arrange-
ments under alternative assumptions on the relevant parameters. This will
allow us to form a clearer picture of the likely quantitative significance of the
divergences from the first-best solution in specific circumstances. It will also
shed light on the arrangement’s analytically ambiguous properties. The
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parameters focused on are the probabrhty dlstrrbutlon over mcomes the L
discount rate, and the players’ aversion to risk. | | .

The main task is to solve eq. (4) for an exphcrt utility functron and glven |
parameter values. For this purpose we assume a constant relative risk

aversion utility function u(y)=y" ~#/(1—p). While eq. (4) does not yield an -

explicit solution for the optimal 1mplementab1e transfers, it can be solved
numerically. Let 0*(t) denote the estimated vector of transfers obtamed at the

tth iteration, and set 6*(0)=29, berng the ﬁrst-best transfers Then up-date
these estlmates at each 1teratron usmg | - | |

03(t-+1)=min @ ,yi-[y%‘"-(v(e*(t» A Kats) NN

Convergence then implies that (4) is satrsﬁed 15

Since our sole aim here is to grve a simple illustration, we assume only
three possible incomes, y,=1, y,=2, y;=3. The correspondmg first-best
transfers are then 8,,=0.5, 93, =1 and 8,,=0.5. Three joint probability .
distributions are considered ranging from ‘hrghly covariate’ to ‘highly non-
covariate’, where the less covariate distribution is obtained from the more
covariate one by transfers of density from diagonal to oﬁ-dragonal elements.
Specrﬁcally the three possible dlstrlbutlons are |

(i) The ‘highly covariate’ mcome stream,
Ty =T33 = 0-42, 22=0.3, T12= M3 ="N23=0.05; H
(i1) The ‘moderately covariate’ income stream:
- T22 *0-2, 11 = 7f33 =T12=Ty3 =7t23‘ éO.l;‘
(iii) The ‘highly non-covariate’ iincome stream:' -
T4 =”22 =T33 ="y, =7523%0-1, Ty3 =-'I'()_.'IS. -

" Tables 1, 2, and 3 glve the 1nformal transfers 1mp11ed by a w1de range of
parameter values for the discount rate and relative risk aversion
parameters.!® Although ewdence is scarce (and often conflicting), values for

13A copy of a Fortran program 1mplementmg this algonthm is available for use on a PC with
the DOS operating system It is set-up in a user-fnendly mode.

16The convergence criterion is that successive estimates are wrthm 01 percent of each other
This was generally achreved within twenty or so 1terattons e - -
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Table 1
Equilibrium transfers for highly covariate income streams.*®

Discount Risk Transfers Proportional
rate aversion — gain
r P 63, 63, 63, Y
0.05 0.1 0 0 0 0
0.05 0.3 o 0 0 0
0.05 0.5 0262 . 0323 0323 0.649 D
0.05 0.7 0500 0.687 0500 0942
0.05 0.9 0500 0963 0500 0999
0.15 01 0 0 0 0
0.15 0.3 0 0 0 0

- 0.15 0.5 0 0 0 0
0.15 0.7 0 0 0 0
0.15 0.9 0 0 0 0
0.15 1.1 - 0180 0280 0.280 0.569
0.15 1.3 0299 0500 0500 0.819
0.15 1.5 0386 0686 0500 0934
0.15 1.7 0452 0846 0500 0986
015 1.9 0500 0982 0500 1.00
0.15 2.1 0.500 1.00 0500 1.00
0.25 0.1 0 0 0 0
0.25 0.3 0 0 0 0
0.25 0.5 0 0 0 0
0.25 0.7 0 0 0 0
0.25 0.9 0 0 0 0
0.25 1.1 0 -0 0 0
0.25 1.3 0034 0058 0058 0.142
025 1.5 0149 0271 0271 0.544
0.25 1.7 0234 0451 0451 0.761
0.25 1.9 0299 0608 0500 0.879
0.25 2.1 0353 0750 0500 0.946
0.25 2.3 0398 0.875 0500 0981
0.25 2.5 0435 0985 0500 0.995

0.25 2.7 0500 1.00 0.500 1.00

"y =02, ,3=005, 73;=0.3, 71,3 =0.05, 7,3 =0.05, 755 =02.
®First-best transfers: §,,=0.5, 8,,=1.0, 532 =0.5.

relative risk aversion of around 0.5-1.0 in poor agrarian settings are not
implausible.!” We give results for all values of p up to that at which
informal insurance achieves first-best risk sharing. Results are given for
discount rates of 5%, 15% and 25%; the latter figure may well be quite
realistic in underdeveloped rural economies [see Pender and Walker (1989)].
The tables also give a useful measure of performance relative to the
cooperative solution, namely the proportional gain, y, defined by

17See Binswanger’s (1978) experimental results for rural India. Newbery and Stiglitz (1981)
discuss this study and other evidence on peasants’ risk aversion in poor countries. Kimball
discusses evidence for other settings, though estimates vary.
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| Table2 | |
Equnhbnum transfers for moderately covanate mcome streams S
Discount Risk "I‘.ransfets’ S Proportlonal o
rate  aversion ——— gain
005 o1 0 0 o0 o
005 03 0365 0415 0415 0767
- 0.05 05 0500 0934 0500 0997
0.05 0.7 0500 100 0500 100
005 09 0500 100 0500 100
015 o1 o0 o o0 o0
o015 03 0 O 0 0
015 05 0 0 0o 0o
- 0.15 07 0253 0338 0338 0664
015 09 0424 0628 0500 0916
0.15 1 0500 0857 0500 0989
015 13 0.500 1,00 0.500 1.00
025 01 0 0 o 0
025 03 0 o o o0
0.25 0.5 00 0 0
025 07 o0 o o0 o0
0.25 09 0123 0.177 0177 0398
0.25 1.1 0283 0440 0440 0770
025 13 0390 0649 0500 0920
0.25 1.5 - 0469 0.827 0500 0983
025 17 050 100 050 100

"y -“12—01 7‘22—02 7‘13—7‘23—7‘33—01

_o(6) -5
AT

Tables l--3 nicely 1llustrate our prevrous results. Smoe yz- yl- y3-- yz, our* B
claim that income levels matter can be verified by companng 0%, and 6%,. As
predicted, if 0%, is less than the first-best transfer then 6%, is always less than o
0%,. Thus lower income levels result i in greater drvergences from the first-best.
Proposrtxon 2 is verified by comparing 6% , and 0%,. If 0%, is less than the
first-best transfer 0.5, then 6% equals 0%, as predlcted ‘Thus the transfer from
household A to household B flattens out as B’s income falls. Fmally, o

Proposition 3 can be verified by comparmg 92, and 0%,. We find, as

gredrcted for utility functions in whrch 1/u'(y) is concave, the drvergence from
first-best increases as A’s income rises for all p in this interval. (Indeed, this
‘also happens when the risk aversion coefficient exceeds one). Srmrlarly, these
results illustrate our comparative static results. The performance of informal
- insurance improves as the dlscount rate falls and as the mcorne dlstnbutronr
L become less covariate. | , | . | s
Note also that hlgher degrees of nsk averswn are found to be assocnated |

D e LRI SR T e~ ke SO — . 4 « aquve o o .o - e - oy . [P L I . . i . N ; : - co . .o . ’ - Co ’ ST ot o B . . CRN * : . s
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| Table 3
Equilibrium transfers for highly noncovariate income streams."

Discount Risk Transfers Proportional
rate aversion - — gain
r p - 0% 63, 0%, Y
0.05 0.1 0 0 0 0
0.05 0.3 0500 0649 0500 0914
005 0S5 0500 1.00 0500 1.00
0.0 0.7 0500 1.00 0500 1.00
0.05 0.9 0500 100 0500 100
0.15 0.1 0 0 0 0
0.15 03 0 0 0 0
0.15 05 0132 0162 0.162 0.362
0.15 0.7 0426 0570 0500 0.872
0.15 0.9 0.500 0.857 0500 0.987
0.15 1.1 0500 100 0500 1.00
0.25 0.1 -0 0 0 -0
0.25 0.3 0 0 0 0
0.25 0.5 0o 0 0 0
0.25 0.7. 0059 0078 0078 0.186
0.25 09 - 0288 0415 0415 0735
0.25 1.1 - 0438 0.665 0.500 0925
025 1.3 0.500 0.866 0500 0.989

0.25 1.5 0500 100 0500 1.00

.7!11 =N12=MN32=Ny3=N33 =0.1, 1t13=0._15.

with a relatively better (or no worse) performance. This is consonant with the
results of Kimball who reports that the discount rate above which no risk
sharing is possible is increasing in p. The relationship between y and p for
r=0.10 and the moderately covariate income stream is depicted in fig. 3.
(The pattern of concavity beyond some critical value is the same for other
parameter combmatlons) Risk sharing only exists for p=0.38. With increas-
ing risk aversion beyond that point, relative performance improves rapldly,
though flattening at high levels of risk aversion.

One striking feature of the results in tables 1-3 1s how sharply the
performance varies. Even a quite successful ,nsk-shanng arrangement may
vanish with certain seemingly modest perturbations to parameter values,
such as a small decline in the participants’ aversion to risk. Thus Foster’s
‘conclusion that family based risk-sharing .arrangements are likely to be
‘highly unstable’ (pp. 34-35) appears robust to allowing households to make
partial  transfers. What causes these sharp variations in performance? The
implementability constraints imply that transfers must be reduced below the
first-best level. But once transfers have been reduced, there is less incentive to
‘participate and hence the implementability constraints tighten. This necessit-
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Fig.5

ates a further reductlon in transfers Thls process can easrly converge to zero-; S
‘transfers. The implication of this variability is that we might expect to find
wildly dlvergent performances of the moral economy in apparently sumlar

communltles

6. Suggestlons for fnrther research

The analysis in this paper could be usefully extended in a number of
different  ways. First, one could allow households to use non-statlonary |
~insurance arrangements; that is, ‘arrangements whose transfers may depend
- on both current and past income realizations. These are of interest because

" they allow an element of lending in informal insurance arrangéments. A S

household who has received a transfer may ‘pay back’ the donor household

by agreeing to a less favorable transfer arrangement in future periods. This
*'may bring forth a larger transfer from the donor household and hence result

in improved nsk-shanng [Platteau and Abraham (1988) have noted the N "
- quam-credlt nature of some mformal rlsk-shanng arrangements in practrce ]- ST
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While characterizing the optimal non-stationary insurance arrangement
represents a more challenging analytical task, Thomas and Worall (1988)
have analyzed a formally similar problem in wage contract theory and the
techniques they have developed should prove helpful.

Another extension would be to relax the assumption that households
‘cannot save. Savings represent another way households can insure against
income shocks. It is by no means obvious how the introduction of self-
insurance possibilities would affect the nature of informal social insurance. A
household’s ability to give, or its need for transfers, would depend not only
on its income but also on its past savings. Self-insurance may displace social
insurance in some circumstances, although there will still (in principle) exist
potential gains from informal insurance. .

A further extension would be to allow a household’s income to depend on
its work effort, and in a way which others in the community cannot observe.
This would introduce an element of moral hazard into the problem; that is,
households may have an incentive to slack off knowing that they will receive
an income transfer. This is likely to be more of a problem in urban
communities than in village economies where individuals can observe each
other fairly closely. An optimal informal insurance arrangement will natur-
ally take into account any such asymmetries in information. This may alter
some of our results; for example, as a referee has suggested, the presence of
moral hazard may invalidate our finding that the optimal informal arrange-
ment achieves first-best risk sharing for small income differences.

Finally, it might be interesting to relax the assumption that households
face identical income distribution. What type of arrangements would arise
between a rich and poor household? A referee has suggested that one might
expect implementable arrangements to favor the richer household. They may
then be ‘exploitative’ in some appropriately defined sense. The logic behind
this view is that, because the poorer household has more to gain from
~insurance, the implementability constraints will be tighter for the richer
household. However, it must be remembered that diminishing marginal
utility of income will imply that the poorer household has more short-run
incentive to deviate.

7. Conclusions

Community wide participation in various informal risk-sharing practices is
a common feature of traditional rural societies. These practices can be
perfectly reasonable and sustainable strategies in the absence of suitable and
- widely accessible risk markets and legal institutions enabling explicit and
enforceable contracts. This does not mean, however, that such arrangements
will be particularly good nsk-sharmg institutions. Even without problems of
asymmetric information, the constraint imposed by 1mplementab1hty without
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‘commitment will generally reduce performance relatlve to ﬁrst-best r1sk o e

| sharing.

This paper has used a sunple model to better understand preclsely how B
informal insurance arrangements are likely to diverge from first-best nskg R
sharing. Our analysis suggests that such divergences will be larger in many
situations where insurance is badly needed, such as at dates when incomes R
are generally low, or those at which a few incomes are low, géfiérating hlgh“;?;
current 1nequa11ty It also suggests that these dlvergences wrll tend to be‘ ST

' preference rates are hlgh Furthermore our numencal s1mulatlons suggest .
that informal arrangements may beé qu1te sensitive to small changes in initial

conditions. An active informal insurance arrangement may vanish entlrely "

~ with a seemingly small drop in the players aversion to risk or an increase in

their discount rate. Thus our inquiry throws light on the circumstances in

Wthh non-market } msurance may exist, and how well it w1ll perform B SRR

| Appendlx
Proof of Proposztzon 3

Define the functlon

g(y) =y)2— 10, [v(B*) ﬂ/r)

- 9’h<0”"’ the theorem tells us that Bah—f (.Vg, [0(9*) '7]/7') In addmon E

o

g

p=(Vg—In)/2 and hence we have that g(y,) =0,—0%>0. Suppose we

could show that g(y)>g(y,). Then, since ,'9,,. vi=)/2, 0,>

f(y,,[v(0*)—7]/r) which implies by the theorem that g(yi)_gm__ ot and

hence that 8,,—6%>0,,— 62, which is the result -we want to prove ‘Thus it
~ suffices to show that g(y;)>g(y,). Note ﬁrst that | | -

g'(y)=— - f11(; [v(9*) —v]/r).

It is stralghtforward to verify that if 1/u/(y) is concave, f 1S SO and hence that; N
g"(y)=0. We know that g(y,)>0. In addition, it is clear that g(y,,)<0 It
follows that there must exist some y*e(y,, y,) such that g (y"‘)>0 But since
g'(») 20, this 1mp11es that g(y)>0 for all yz:y* It follows that g(y,)>

g(yg) Q E.D.

~ Proof of Proposmon 5

" In what follows we recogmze the dependence of expected utlhty on n, by o
writing v(9 n) Wc know by the theorem that for all n, |
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9:1(1!) min {8, 1 (¥, [v(9*(1t) n) v(n)]/r)}
Since f is mcreasmg in its second argument it therefore sufﬁces to show that |
‘ [0(9*(7!“), n%) — (x))/r> [0(6*(x"), n»‘)-—ﬁ(n‘)]/r- N
We begin by proyi'ng that for any non-zero non-negative vector 0<0,
~ v(6, n°)>v(0,ni). .
To see this, note that
-1

v(0, n°) — 0(9 7ti) 2 [2 (“ij"‘“u)(“(}’r 9:})+“()’j+9u))

1.
+(mq _nili)u(yi)]° |

| By condmon (1) of the proposrtlon we know that, for all i=1 )

. ’nu"nu:" Z (ﬂu"“u)
| jEl

Thus

2 S v
o(60,7%) — (0, n1) = . [ 5 ()~ mh) (i Oy) +u(y; +6,)

=1 j=1

-1 S » |
-5 - (n?,—nbw(yo]

j=i+1

v Z [ —Z (7’-':1 - nu)(“()’i ou) + “(.Vj + eij)
—u(y)— u(y,»], '

| where the last equahty follows by symmetry Smce ny>mny; for all
j=1,...,i—1, and u(y,— 0,,)+u(y,+0,,)2u(y,)+u(y,) for all 0,,6[0 9,,] with
strict mequahty 1f 0,,>0, the result follows | |
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From the above result, we know that
0(0*(1[1) 750)>v(0*(n1)n1). |

Since #(n!)=#(xn°), th1s 1mp11es that 0*(1r1) 1s 1mp1ementable when the
probablhty drstrlbutlon is n°. Thus o o

[”(9*(7‘0) 730) v(ﬂo)]/rz[v(e"‘(nl) 7t°) v(no)]/r -' T |

>[”(9*(ﬂ‘) n‘) L Q-E#D,"'
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