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Abstract

This paper studies an incentive rationale for the use of group lending as a method of
financing liquidity-constrained entrepreneurs. The joint liability feature associated with
group lending lowers the liquidity risk of default but creates a free-riding problem. In the
static setting, the free-riding problem dominates the liquidity risk effect under a plausible
condition, thus making group lending unattractive. When the projects are repeated in-
finitely many times, however, the joint liability feature provides the group members with
a credible means of exercising peer sanction, which can make the group lending attractive,
relative to individual lending.
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1 Introduction

Group lending has received much attention recently as an effective means of financing liquidity-

constrained entrepreneurs who lack collateralizable assets. While differing in the ways group
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lending schemes work in different cases, their common feature is that a group of borrowers
as a whole are liable for repayment of their collective loans. The rationales for this joint
liability contract have been the subject of many recent studies. For instance, authors have
recognized (1) adverse selection (see Ghatak (2000), Armendariz de Aghion and Gollier (2000),
and Sadoulet (1998)), (2) limited enforcement (Besley and Coate (1995), Armendariz de Aghion
(1999), Rai and Sjostrom (2000)) and (3) moral hazard (see Stiglitz (1990), Varian (1990),
Banerjee, Besley, and Guinnane (1994), and Conning (1996), Spagnolo (1999)), as possible
reasons for the emergence of joint liability contracts. !

Much of this literature, particularly in the latter two categories, has singled out peer mon-
itoring as an important benefit arising from joint liability contracts. It has been argued that
peer monitoring among group members can prevent members’ shirking in their productive
efforts, their poor project selection (Stiglitz (1990) and Varian (1990)) and/or their strategic
default (Besley and Coate (1995) and Rai and Sjostrom (2000)). While this literature recog-
nizes the connection between the joint liability feature and the incentive for peer monitoring,
it does not explore whether group members will indeed have incentives to sanction their peers
when necessary. It is often assumed that that the members can coordinate their project choices
and productive efforts through complete contracting, which seems unrealistic in many circum-
stances. In particular, the peer sanction behavior is left largely unexplained. Rather, it is
typically assumed that group members have access to some exogenous penalty device and that
they apply it whenever it is warranted.

The current paper endogenizes the punishment behavior by introducing repeated inter-
action among group members. Self-enforcing punishment behavior is well known from the
repeated game literature. What is novel here is the way in which design of the lending format
influences the dynamic interaction of the group members. In particular, we show that peer
sanction can be accomplished under group lending even without the group members having
access to an explicit penalty device. Specifically, we will show that the joint liability contract
itself creates the possibility of peer sanction through the members’ effort decisions. A group

member’s shirking can hurt (or punish) the other members by raising their payment burdens.

!See Ghatak and Guinnane (1999) for an excellent survey of the literature.



I shall argue that this built-in penalty mechanism associated with the joint liability contract
can make group lending attractive, in comparison with individual lending, in the repeated en-
vironment. The joint liability feature is crucial in achieving this outcome since other contract
forms (e.g., individual lending) cannot generate a similar self-enforcing dynamic punishment.

To this end, we develop a model along the tradition of moral hazard.? We abstract from
strategic default possibilities by assuming that the project returns of the entrepreneurs are
observable to the lenders (e.g., at a sufficiently low audit cost). Instead, the incentive prob-
lem stems from the entrepreneurs’ unobservable effort decisions and their liquidity constraints.
Entrepreneurs make efforts that can increase the expected returns of the projects. If en-
trepreneurs were not liquidity constrained, they would self finance the projects, thus becoming
residual claimants of their project returns. Hence, no incentive problem would arise. Liquid-
ity constraints of the entrepreneurs, however, necessitate giving away positive shares of their
project returns in exchange for the initial funding. The sharing of the returns reduces their
incentives for efforts, so the agents tend to make too little efforts.

The current paper studies whether group lending is desirable, particularly in comparison
with individual loans, in alleviating this incentive problem. We consider both a static setting
in which the project is performed only once and a dynamic setting in which the project is
performed repeatedly. The findings of the current paper are summarized as follows.

In the static setting, the joint liability feature associated with group lending affects the
incentive problem in two ways. Since the additional return generated by a group member is
used to repay the other members’ loans (with positive probability), each member does not
have as much incentive in generating his return as he would had he been individually liable
for his loan. This free-riding problem tends to lower the members’ incentive for effort, all
else equal. On the positive side, group members pool their resources and hence share their
idiosyncratic project risks in repayment, which lowers the probability of a default (compared
with individual lending). Consequently, a lender will lower her risk premium, which tends to

improve their incentives, all else equal, since each entrepreneur internalizes (at least part of)

?In this sense, the current work is similar in its modeling approach to Stiglitz (1990) and Varian (1990)
but differs from the other work, whose primarily concern is strategic default; i.e., whether a borrower has an

incentive to withhold his return and not pay.



his return with a greater probability. Despite this seeming trade-off, we find that the free-rider
effect dominates the liquidity effect, thus making group lending undesirable, provided that
the effort raises the project return in the sense of the monotone likelihood ratio property. In
particular, extending the result of Innes (1990), we show that an individual loan dominates all
return-sharing schemes, individual or group, that pay the investor a (weakly) monotonic share
of the agents’ project returns.

When the group members operate their projects repeatedly, however, the free-rider problem
associated with group lending can actually alleviate the incentive problems of the agents and
therefore increase their credit-worthiness. We show this result without introducing an ad hoc
penalty technology for the group members (such as ostracizing members who do not perform
well). Rather, the joint liability feature itself makes it credible for members to penalize others
through their effort decisions. Under group lending, a member’s shirking (= the lowering of
his effort) increases the payment burden of his peers, and thereby negatively affecting their
payoffs. This means that a group member can be penalized by other members’ shirking. If the
group members observe the effort decisions of their peers, then they can use this punishment
strategy to improve their incentives and thereby to enhance their ex ante credit-worthiness.
It is shown that group lending can provide (weakly) better incentives than individual lending,
given a mild condition, and furthermore that group lending can eliminate the incentive problem
altogether (i.e., achieves the first-best outcome) if there are sufficiently many members who
are sufficiently patient and can observe one another’s effort.

To my knowledge, the static model of this paper is the first that studies the trade-off
between the liquidity-risk effect and the free-riding effect of group lending in a general envi-
ronment.> Our dynamic model is related to the repeated game literature but, unlike standard
repeated game models, our payoff structure is generated endogenously through contract de-
sign. For instance, Besley and Coate (1995) studies a repeated game played between a lender
and a group of borrowers, to address the latter’s strategic default incentive. The nature of

repeated interaction does not change with the chosen lending format there, and the social

3Stiglitz (1990) considers a similar issue in a special model with two entrepreneurs and binary return structure
(See also Ghatak and Guinnane (1999)). As will be seen below, the binary return structure is special and not

representative of a more general model.



sanction behavior is treated as exogenous. In this regard, Che and Yoo (2001) is closer to
the current paper. They study the effect of contract design on the repeated game played by
multiple agents. The focus of this latter work is labor contracting, though, and the current
paper deals with a richer environment.*

The rest of the paper is organized as follows. Section 2 describes the basic model. Section
3 compares individual and group lending in the static setting. Section 4 studies the repeated

setting. Section 6 concludes.

2 Static Model

There are n > 2 risk neutral agents, each endowed with the same, potentially productive
project. The project requires a lump-sum investment of K to start and its success depends
on the agent’s entrepreneurial effort, e € R, measured in monetary units. Specifically, the
project generates a return y € [0,7] according to a cdf F(y|e) where e € R4 is his effort.
The cdf has density, f(y|e), which is strictly positive and continuously differentiable for all
(y,e) € (0,7) x Ry4. (This permits a possibility that a zero effort yields zero expected
return.) We assume that a higher effort generates a higher return in the sense of stochastic
dominance: i.e., Fe(yle) < 0 for any (y,e) € (0,7) x R4+. The main result of this section

requires a stronger version of this assumption, Monotone Likelihood Ratio Property:

Condition MLRP: For any y' >y both in (0,7) and € > e,
fW'le) _ fW'le)

>

flle) = flyle)

To ensure a unique interior solution, we further assume that Fe.(y|e) > 0 for any (y,e) €

(0,9) x R4, and that lim. | Fe(y|e) = —oo and limejo Fe(yle) = 0 for any y € (0,7). Through-

4The current model allows for a continuum of outcomes and a finitely many effort levels for each agent,
whereas Che and Yoo assume a binary outcome and a binary effort. Furthermore, the debt contracts studied
here introduce new features absent in the Che and Yoo model. See also Martimort (1999), which studies
contract design in a repeated adverse selection environment and Spagnolo (1999), which studies the linking of

social interaction and production interaction in a repeated setting.



out, we use E.[-|e] to denote an expectation taken over a random variable z, given the effort
profile, e. If e is light-faced, it will indicate either an individual’s effort choice of e or all agents
choosing the same effort, e.

The agent’s expected payoff, gross of the investment cost, is then
Yy
(o) = Byluled = e = [ (1= Flule))dys = ev

Given F. > 0, v(-) is strictly concave. Hence, there is a unique maximizer, e* > 0, character-
ized by the first-order condition: B

- [" Ry =1 1)
We assume that v(e*) > K, so the project is productive given the first-best effort choice.

The agents are liquidity constrained, so the investment fund must be financed by an in-
vestor(s). We assume that the realized project returns are verifiable but that the efforts are
unobservable to the investor(s). In many circumstances, group members reside in the same
neighborhood, so it is likely that the agents can observe one another’s effort. In this latter
case, it is clearly to the benefit of the principal to require cross reporting of the mutual ob-
servations.® Here we assume that such communication is prohibitively costly.® Given this
restriction, an investor’s contract simply specifies a payment from each agent as a function of
all project returns. Let N := {1,...,n} denote the set of agents, y; agent i’s project return,
and y = (y1, ..., yn) the vector of all the projects. Then, a contract, p = (p1,...,pn), is profile
of payment functions, where p; : [0,7]" — R. We assume that the function is integrable and
satisfies several conditions. Since each agent is liquidity constrained and the investor cannot

be liable beyond his investment,
(LL) 0<ply) <wi VieNVy.
In addition, we impose the Innes (1990)’s monotonicity constraint:

(M) pi(y) is nondecreasing in y; Vi, Vy.

®See Rai and Sjostrom (2000), which consider a mechanism that involves cross reporting of the agents. They
consider a strategic default model in which the returns are unverifiable but mutually observable to the agents.

No moral hazard (effort decision) problem arises in their model.
5This assumption is fully justified in the current section if the agents cannot observe one another’s efforts.

Our repeated version of the model requires peer monitoring of the agents’ efforts, though.



The monotonicity constraint can be justified if the agent can secretly borrow to take a lower
payment offer available only for a higher realized return, which will effectively eliminate the
nonmonotonic portion of the payment function (see Innes (1990) for an alternative justifica-
tion). We say p a feasible contract if it satisfies (LL) and (M).

The set of all feasible contracts includes a wide range of financial contracts, including some
well-known ones. For instance, the set includes as special cases individual debt contracts as

well as group debt contracts.

e Individual loan: An individual loan requires a borrower to pay a fixed amount or else his

entire return is seized. According to this rule, given a return profile, y, agent i pays
pi(y;rt) = min{y;, 7'},
for some (gross) interest charge, r' > 0. Clearly, such a p satisfies (LL) and (M).

e Group loan: A group loan requires a group of borrowers to be jointly liable for repay-
ment of their collective loans. In our notation, a group loan specifies p; that satisfies
Yo pi(y) = min{> y;, nr™} for some per-capita (gross) interest charge r™ > 0. This
specification does not pin down the way in which the payment burden is shared among
the agents when total return exceeds nr™. A natural sharing rule would involve setting
an internal interest rate so that each agent pays the internal rate if his project return
exceeds the rate, or else he defaults (internally) and his entire return is seized to pay the

group debt. Specifically, for any return profile, y, a payment from agent ¢ is given by:
pi (y;r") == min{p(y;r"), yi}, (2)

where the internal rate, p(y; R), is determined to meet the aggregate payment require-

ment, i.e., to satisfy
n
p(y;r™) =sup{ z < nr" Zmin{z,yj} <nr"
j=1
Note that p!'(y;r") = y; if yi < p(y;r™), but once y; > p(y;r"), p (and therefore pl)

remains constant with an increase in y;. Hence, p}'(y;r") specified in this way satisfies



both (LL) and (M). Henceforth, a group loan will refer to this particular sharing rule.”
Note that this payment function collapses to that of the individual loan if n = 1. For
later use, we define the expected payment for an agent when all other agents choose

effort, e, and his realized return is y;:
P™Myi;r" e) == Ey_,[p}(y;r")|e] = By_[min{p(y; ™),y }e].

The set of admitted contracts also includes other financial contracts, such as equity con-
tracts (both in individual and group forms).
Fix a feasible contract, p, and suppose that all agents except i pick efforts e_; € R’}r_l and

agent ¢ chooses e;. Then, agent ¢ receives payoft:
mi(ei, e P) == Eyly; — pi(y)le] —ei.

This contract implements an effort profile e := (ey, ..., e,) when it is a Nash equilibrium choice;

ie.,
(IC) mi(ei,e_i;p) > mi(ej,e_;;p) Vi, el

Suppose that a contract p implements efforts e. Since an investor offering a contract should

not incur a loss, we must have, for each 1,
(PC - R) Ey[pi(y)le] = R,

for some R > K. Imposing this constraint for different values of R enables one to capture
different scenarios in terms of the underlying market structure and of the relative bargaining
power of the investors. For instance, a large R value will correspond to investors with strong

market power, and a small R will correspond to investors with weak market power.

"Many other reasonable sharing rules satisfy our feasibility condition. Another reasonable rule is the pro-

portional rule, according to which each agent makes a payment proportional to his project return. That is,

. nr"
pi(y):mln{la n }yz
Zj:l Yi

Clearly, this rule also satisfies both (LL) and (M).



Remark 1 For later use, we digress to consider a (possibly group) debt contract with a per-
capita interest rate of r™ for n > 1. In particular, for n > 2, suppose that all agents, except
agent i, choose the same effort e and that agent i chooses e;. Then, agent i receives from the

loan contract a payoff:
1" (e;, e;r") == /Oy[yi — P"(y;; 7", e)|dF (yi|e;) — e;.
A per-capita charge, r™, then breaks even for the lender, given that all agents choose e, if
[ P elar(ule) = K.

This rate is called henceforth a competitive rate or a break-even rate.

In the case of an individual loan, P (y;;r!, e) = min{r!, y;}, so

Y y
Weresr) = [ = rDaF(ules) — e = [ 1= Fluleoldy: e

where the second equality follows from integration by parts. Since there is no payoff interdepen-
dence, the equilibrium, denoted e*(r'), is given by the mazimizer of this payoff. Since Fp. > 0,

the latter is well defined and is characterized by a first-order condition:

v
— /1 Fe(yilei)dy; — 1 = 0. (3)

Note that the left side of (3) is strictly smaller than that of (1) when e; = e*, for any r' > 0.

Given F.. > 0, it clearly follows that e*(r') < e* for any r' > 0.

In principle, there may not exist any feasible contract that satisfies both (IC') and (PC' — R)
for an arbitrary R. We assume that at least one contract, an individual loan, satisfies both for

R = K; i.e., there exists 7 such that
Blmin{y, i}le'(7)] = K.

Any such 7 must exceed K > 0, or else the inequality cannot hold. The above remark then
implies that e(7) < e*.

We say that a contract, p, is optimal for R > nK, if it solves

[S — R] max ; mi(e;p)



subject to

(LL), (M), (IC), and (PC — R).

As mentioned above, considering the optimal contract for different values of R enables
one to produce an equilibrium prediction robust to the particular conditions of the lending
market.® The next result, which is an extension of Innes (1990), shows that an individual loan

contract is indeed optimal for all values of R.

Proposition 1 Given Condition MLRP, an individual loan contract is optimal for for any
R > K for which [S — R] has a solution. The implemented effort level in the optimal individual

loan is less than the first-best level.

Proof. This result is obtained as a simple extension of Theorem 1 of Innes (1990). We
show first that, for any contract satisfying the constraints, there exists an individual loan
contract that can make all agents weakly better off. To this end, fix any pair (p, e) satisfying
(LL),(M),(IC) and (PC — R) for R > K. For each i, consider his expected payment when
his project return is y;:

Pi(yi;e) :== Ey_ [pi(y)le].

By (LL) and (M), we must have 0 < P;(y;;e) < y; and P;(y;;e) is nondecreasing in ;.
Then, Lemma 2 of Innes (1990) proves that an individual debt contract with r > 0 satisfying
Ey[min{y,r}|e;] = P;(y;e) induces a weakly higher effort. With this increase, (PC — R)
continues to hold, and the agent i’s payoff can only increase. Applying the result for all
agents, a set of individual debt contracts can make all agents (at least weakly) better off.

Since r > 0, e(r) < e*, proving the last statement. Q.E.D.

In particular, this result implies that group sharing of payment burden, as exemplified by
group loans cannot strictly dominate the individual loan contracts. The proposition implies
that the free-riding problem arising from group lending outweighs the beneficial liquidity effect

it may create. Several examples illustrate this intuition.

8The previous version of the paper, Che (2000), considered a model in which multiple investors offer in a

Bertrand style. Such a model corresponds to R = nK.
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Example 1: A binary return structure

A binary return structure has been commonly adopted in the corporate finance literature.
As will be seen in this example and the next, the binary model is special and does not reflect
the predictions of more general models.

Suppose that each agent has a project which generates a high return, 3, (“success”) and
a low return y*(< y#) (“failure”) with probabilities a(e) and 1 — a(e), respectively. Assume

that a(-) is increasing.” We then obtain the equivalence of the two lending formats.

Proposition 2 Given a binary return structure, a group loan can implement the same effort

and yield the same expected payment to the investor as any individual loan.

The same observation is made for the case of n = 2 in the existing literature (see Ghatak
and Guinnane (1999)). The current result is more general since we allow for any n > 2 and
for an arbitrary af(-).1°

As will be seen by the next example, this equivalence result depends crucially on the binary
signal. Moreover, group lending may admit additional, bad, equilibrium that arises due to a

coordination failure among the agents — one in which agents’ shirking reinforces one another’s

shirking.!! To illustrate this point, consider following return profile.

yi |03
€;
0 110
A 1 3
€ 1|1

The first column lists an agent’s effort choices, the first row displays possible returns, and each
of the rest cells displays the probability that a given return is realized under a given effort
choice. Throughout all examples, we assume that K = 1 and that ™ is chosen so that the

lender just breaks even (i.e., the supply side of the loan market is competitive).

9This binary signal structure immediately satisfies Condition MLRP.
10Ghatak and Guinnane consider « as a choice variable but assumes the cost of choosing o to be quadratic.

Our model here can be seen as assuming an arbitrary cost function.
"1t turns out that agents’ payoffs are supermodular in their efforts under group lending. See Che (2000) for

the details.
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A lender can break even in individual lending by charging 4/3, assuming that the agent
picks e; = é. Given that r! = 4/3, the net surplus for the agent is (3/4)(3/2 — 4/3) = 1/8 if
he picks e; = é and zero if he picks e; = 0, respectively. If é < 1/8, then the agent will indeed
pick é, and the project is financed.

Now consider group lending. As shown in Proposition 2, the same effort choice can arise
under group lending as well. But there exists another, bad, equilibrium. Consider a group
of size n = 2. The break-even per-capita charge, denoted r2(¢), is still greater than 1(= K),
because of the default risk in the bad state. Suppose now that one member picks the low effort
e = 0, (which generates zero return). If the other agent picks é, then the return in the good
state is 3/2 which does not cover the group charge, 2r2(¢) > 2, so he receives zero surplus.
Thus, as long as € > 0, it is an equilibrium that both agents shirk. Given this latter behavior,

the lender incurs a loss, so it is an equilibrium for no group loan to be offered.

Example 2: An MLRP case
We now present an example where an individual loan implements a strictly higher effort

than any group loan in any equilibrium. Consider the following return profile.

Y 0 2 4
€;
1 1
0 31510
N 1 1 1
€ 3133

Notice that the MLRP holds for the project return with respect to the effort decision. Consider
individual lending first. Assuming that the agent picks é (“work”), the loan will be defaulted
with probability 1/3 (in the zero return state). So, the break-even interest rate is r!(é) = 3/2.
The agent’s net expected surplus (net of the interest payment) will be 1 if he works and 1/4 if
he shirks (e = 0).

Now consider a group loan with n = 2. The pooling of the resources reduces the default
chance, so, assuming that both agents work, the (per-capita) break-even interest rate turns
out to be r2(é) = 7/6, which is less than the break-even charge under individual lending. The

net return for each member is again 1 when he works and 5/18 > 1/4 when he shirks. Thus,

12



if 13/18 < é < 3/4, an agent will work under individual lending but not under group lending.

The reason for this difference is explained as follows. Under individual lending, an agent
is asked to pay 3/2 whenever his return exceeds this amount. Under group lending, an agent
is expected to pay more when his return is 4 than when it is 2: his expected payment is
14/9 > 3/2 in the former case and 13/9 < 3/2 in the latter case. The reason is that, when
his return is 2, his liability is effectively limited to that amount if his partner has zero return,
so he pays 2 which is less than the group liability; but, when his return is 4, he has to pay
the entire group charge of 2 x (7/6) > 2. That is, a relatively low return insulates an agent
from the group liability. Since group lending favors the agent for the relatively lower return

realization, the agent has a stronger incentive to shirk under group lending.

Example 3: A non-MLRP case.
Consider the following example, which is the same as Example 2, except when the agent

shirks.

Yi 0]2]4
€;

2 1

0 [5]0]|3

A 1 1 1

€ 313|3

Now the MLRP fails, and the intuition provided at the end of Example 2 now favors group
lending. The (per-capita) break-even interest charge (assuming that the agents work) is the
same as before for both formats since the return profile for working remains unchanged. The
deviation payoff (exclusive of effort cost) is now 5/6 for individual lending and 22/27 (< 5/6)
for group lending. Hence, the incentive for shirking is now stronger with individual lending.
The reason for this reversal is the same as before. Group lending favors the lower return than
higher return, relatively speaking, which in the current example disfavors the shirking under
group lending relatively more than under individual lending. If 1/6 < é < 5/27, then the agent

will work only under group lending.
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3 Repeated interaction with peer monitoring

In this section, we study a repeated version of the stage game studied in the previous section.
Each agent can perform his project infinitely many times. Formally, time flows discretely with
period t = 0,1, ... In each period, the stage game described in the previous section is played.
The agents are long-lived and maximize the present discounted value of the long-term payoffs
and they have a common discount factor § € (0,1). We assume that the agents can observe
the effort decisions made by other members in the past. This assumption is meant to capture

)

the notion of “peer monitoring,” which has been an important element of many group lending
programs.

We consider a group loan of size n > 1. This restricted scope will entail no loss in some
circumstances since group lending implements the first-best outcome. Any return left after
repaying the loan is consumed in that period, so the revenue generated in a given period
cannot be used to repay the loan in the next period.

We first consider a restricted game in which a group of n > 1 has an accepted group
loan with per-capita interest charge, r™, in each period, and ask what effort levels can be
implemented in this (restricted) repeated game. Later, we will augment the restricted game
to address the issue of contract offering. Studying the restricted game in isolation serves to

highlight the effort incentives issues, independent of the underlying market structure or the

relative bargaining power of the investor(s).

3.1 Analysis of the restricted game

Since the agents can observe other members’ effort decisions, it is natural to consider a strategy
conditional on these observations. Formally, let h* = (e!,...,e’) denote the history at time ¢

of effort decisions, e’ € E™, h? = (). Then, a strategy for agent i is a sequence of functions,

1 t

t
E L

si = (s ), where st : A1 — R maps from the effort decisions up to period t — 1
into an effort decision at time ¢. We are interested in a subgame perfect equilibrium in this
restricted game. We say that a group loan with r™ implements a common effort € if there exists
a subgame perfect equilibrium in which each agent chooses é every period.

Since the projects are completely independent across the agents, the only possible payoff

14



interdependence can come from payment sharing. Since there is no payment sharing under
individual lending (i.e., n = 1), the equilibrium outcome in the repeated setting is the same
as that in the static game. By contrast, group lending can create an interesting payoff inter-
dependence across the agents. Since an agent’s low return increases the payment burden of
the rest of the group members, an agent’s shirking (i.e., lowering his effort) exerts a negative
externality on the rest of the group. If the agents can thus observe the other members’ effort
decisions, they can employ a punishment strategy whereby a shirking agent is retaliated by a
subsequent shirking by his peers.'?> When such a punishment strategy is self enforcing, group
lending can alleviate the incentive problems facing the agents.

The joint liability feature of group lending implies that the worst sustainable (or minmax)
payoff for a given agent is attained when his peers all choose the lowest effort. An effort level
é is said to be individually rational given r if

" (é,é;r) > sup II"(e,0;7) > 0.
6€R+

The individual rationality condition says that an agent is better off when all group members
choose é than when he plays his best response against his peers who choose the maximum
shirking. Under group lending, shirking increases the payment burden of other members, so

this condition is likely to hold as long as group lending involves a strong joint-liability feature.'?

Lemma 1 Fiz anyn > 2 andr > 0 and an individually rational é. Then, there exists § € (0,1)

such that, for all § > 5, a group loan with ™ implements é.

Our main results are obtained as applications of this lemma.

20ur model can be seen as capturing the notion that an agent is motivated by the effect that his shirking

may have on the collective morale or work ethics of the other agents.
13Individual rationality would hold if the lenders were to adjust their rates in response to a shift to a minmax

effort choice. Such adjustment does not occur, however, since lenders do not observe such a switch following
deviation. While lenders observe imperfect signals of the change in effort decisions, it does not affect the lenders’
posterior beliefs about the agents’ effort choices since they concentrate entire prior beliefs on the equilibrium

behavior. A similar phenomenon arises in Bagwell (1995).
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Proposition 3 There exists N such that, for any n > N, a group loan of size n with a
competitive interest charge r™(e*) implements the first-best effort e*, for all 6 > 5(71) for some

5(n) € (0,1).

This result shows that group lending can solve the incentive problem completely if there
are sufficiently many agents who are sufficiently patient. This result is intuitive since a group
penalty becomes very strong when a large number of agents exert it. While the first-best
result may not hold unless the group size is very large and the supply side of the market is
competitive, one can show that group lending dominates individual lending, regardless of the

group size and of the market structure, given the following assumption:
Condition B: E[y|0] = 0.

This assumption says that zero effort yields no returns, which seems plausible in many

scenarios in which any positive return requires at least some minimal amount of effort.

Proposition 4 Given Condition B, for any individual loan satisfying (PC — R), R > K,
there exists a group loan of arbitrary n > 2 that yields a weakly greater expected payment to

the investor and implements a weakly higher effort if 6 > S(n) for some 5(71) € (0,1).

While the proposition proves only weak dominance of group lending over individual lending,

strict dominance holds in many cases, as illustrated by the following example.

Example 4: A binary return

Consider the following return profile.

Yi 0 2
€;

2 1

0 |53

~ 1 2

€ 3|3

The break-even (per capita) interest rates are r!(é) = 3/2 and r2(¢é) = 5/4 under individual

and group lending, respectively, assuming that the agents work. Given these rates, an agent
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shirks in both formats if é > 1/6, in the static setting. Given shirking, the project is not
credit-worthy, so no lender will offer a loan in this case.

Group lending can work, however, in the repeated setting. If 1/6 < é < 1/4, then, for a
sufficiently large 4, it is an equilibrium behavior for both agents to work under a group loan of
n = 2, which makes the projects credit-worthy under group lending (but not under individual
lending, which yields the same outcome as in the static setting). In that equilibrium, lenders
charge the break-even rate of 72(¢) = 5/4 and the agents work each period. Whenever a
member deviates, the strategy triggers a punishment strategy which involves repeated shirking
by both agents. (One can show that given é > 1/6, it is a stage game Nash equilibrium for
both agents to shirk, so its infinite repetition constitutes a subgame perfect equilibrium.) To
be concrete, assume that é = 1/5, then group lending will induce the agents to work if 6 > 2/5.

In this circumstance, the projects can only be financed through group lending.

Remark 2 An added virtue of the joint liability contract is that the mazimal effort equilibrium
tends to be also collusion proof in the sense that there exists no other equilibrium that would
make all agents better off and some strictly better off. The reason is that, in a joint-liability
contract, an agent’s raising effort increases the payoff of the other agents, and such positive
externalities are fully realized in the mazximal effort equilibrium, leaving no scope for agents
to exchange favors. Hence, there exists no scope for the agents to collusively select a Pareto
superior equilibrium. While this point is difficult to prove in a gemeral environment, it can
be seen immediately for the case described by Proposition 3, in which the first-best outcome is
implemented and the agents receive the entire surplus. The point can be seen also in the above
example. When the group loan implements (é,¢€) in that example, the low effort pair, (0,0),
can also be sustained as an equilibrium, but it yields a lower payoff to each agent — a point
obvious by the fact that (0,0) is used there as a punishment to sustain (é,¢é). Less immediate,
but one can also see that alternating between (0,é) and (é,0) yields a lower total payoff, so it
can never Pareto-dominate the implemented pair, even when the former can be sustained as

an equilibrium.

Remark 3 Just as any other repeated games, our repeated game has many equilibria and is

4See a more detailed analysis on this issue in Che and Yoo (2001).
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susceptible to the possibility of renegotiation. That is, the agents may have incentives to rene-
gotiate around a severe punishment, which undermines the sustainability of the implemented
equilibrium. Authors have suggested different criteria for renegotiation proofness. According
to the criterion suggested by Abreu, Pearce and Stachetti (1993), for instance, the repeated
stage-game Nash equilibrium constitutes a renegotiation-proof punishment strategy. While our
main theorem uses a severer punishment strategy than repeated Nash, our equilibrium appears
to be also sustained in many circumstances by a repeated stage game Nash punishment, as can

be seen in the above example.

3.2 Contract offering

We have so far considered a restricted game in which that a group of n faces a stationary
contract. This stationarity feature of the contract can be justified as an equilibrium behavior
in a richer game which involves either a single investor or multiple investors offering short-term
contract(s) repeatedly. While constructing a precise contract form is cumbersome and is not
the main focus of this paper, it is not difficult to sketch the arguments that illustrate this
point.

Suppose that a group loan of n > 2 implements é with ™ in the restricted game. If the
investor is making a substantial profit in that equilibrium of the restricted game, then that
equilibrium is justified as part of an augmented game in which a single lender repeatedly offers a
short-term contract. Specifically, suppose that the lender offers a contract satisfying (LL) and
(M) in each period to any group of agents and that each agent of that group decides whether
to accept that contract. If all agents of that group accept the contract, then that contract is
in force for that period. Otherwise, no contract is in force for that period. Given this game

form, suppose that each agent accepts any contract (satisfying (LL) and (M)) but that he

15Given the specification of the acceptance procedure, vetoing of any group contract can be sustained as an
equilibrium in a stage game. This equilibrium, when repeated, can yield an even severer punishment strategy
against any deviation on the part of the lender as well as on the part of the agents, than is considered in this
paper. But this equilibrium is an artifact of an ad-hoc coordination failure and runs counter to the spirit of this
paper (which refrains from introducing an artificial punishment device through group lending programs). Indeed,

this coordination-failure equilibrium can be eliminated if we model the acceptance procedure as a sequential
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behaves according to the equilibrium strategy of the restricted game if and only if the lender
has previously offered the particular group loan of n with r™. Any deviation from the lender
is followed by the agents repeatedly choosing an one-period best-response effort against any
subsequent contract the lender may offer. Clearly, this latter punishment behavior is subgame
perfect. Given this behavior, if the lender ever deviates from the group lending contract, he
will deviate to offer an individual loan (since the latter Pareto-dominates all other contracts
satisfying (LL) and (M), by Proposition 1). Suppose that the group loan Pareto dominates
the best individual contract in the restricted game, which will be the case, given Condition B,
by Proposition 4. Then, the investor never deviates from the group loan, so long as it offers
a stream of rents to the lender large enough to make deviation to the optimal individual loan
unprofitable.

It is harder to sustain an equilibrium of the restricted game that offers low rents to the
lender. The extreme case of zero equilibrium rents can be sustained as an equilibrium of
an augmented game, however, in which two (or more) lenders competitively offer short-term
contracts in each period. Much as before, suppose that the agents accept the assumed group
loan in the restricted game (if it is offered) and behave according to its equilibrium strategy and
that, if any other contract is offered (and accepted), they pick their short-term best responses
given that contract. Suppose further that lenders all offer the suggested group loan repeatedly.
This strategy profile forms a subgame perfect equilibrium, if the equilibrium of the augmented
game implements an effort level weakly higher than that of the individual loan (which is
satisfied in the circumstances described by Propositions 3 and 4). In the latter circumstances,
a single-period deviation by a lender is not profitable, since, whenever a deviating lender offer
a contract (satisfying the feasibility constraint) that would yield a strictly positive profit upon
acceptance by some agents, all agents (at least weakly) prefer to choose the nondeviating

lender.

process.
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4 Conclusion

This paper has studied the incentive rationale for the use of group lending as a method of
financing liquidity-constrained entrepreneurs. We have seen that, in a static setting, the indi-
vidual loan is optimal among the monotonic return-sharing rules, individual or group, given
a monotone likelihood ratio property. Hence, group loans can never be desirable in those
circumstances. By contrast, the joint liability feature of group lending may turn out to have
a desirable incentive benefit in the repeated setting. In particular, the associated free-riding
problem provides the group members with credible means of exercising peer sanction. We
find that, given a reasonable condition, group lending dominates individual lending, and that
the former attain the first-best outcome if there are sufficiently many group members who are
sufficiently patient. These results are obtained when the group members have no access to
other means of social sanction, although the availability of other social sanctions will reinforce
the appeal of group lending.

Our result suggests that interlocking the fates of the agents through a joint liability contract
can be desirable in the repeated setting due to the dynamic punishment strategy that it makes
available. This insight can shed some light on the issues outside the particular problem that we
considered. For instance, it is a routine practice in Korea for a division of a chaebol, a Korean
style conglomerate, to warrant loans obtained by the different divisions of the chaebol. Such a
cross-warranting practice effectively makes the divisions jointly liable, just as in group lending.
Following the logic of the current paper, then cross-warranting can promote peer monitoring
among divisions, to the benefit of the lender. Internal capital markets can bring out similar
peer monitoring incentives across divisions of a diversified company. Its presence often means a
cross-subsidization of a losing division by a winning division, — the so-called “socialism within

716 which interlocks the fates of the divisions much as in a joint liability contract.

a firm
While such cross-subsidization can only cause free-riding by a weak division in the short run,
it may motivate the divisions to peer monitor in the long run, more effectively than otherwise

possible.

63ee Meyer, Milgrom, and Roberts (1992), Rajan and Zingales (1996) and Scharfstein and Stein (1996). See

also Shin and Stulz (1998) for empirical evidence of internal capital markets.
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5 Appendix: Proofs

Proof of Proposition 2: We show that for any effort level e and interest r, a group loan of
an arbitrary n > 2 can implement the same effort and the same expected payment, for some
per-capita charge r".

This result holds trivially if » < y”. In that case, individual lending implements the first-
best effort (i.e., e = e*) since the agent becomes a residual claimant. With a group loan of
size n, setting r™ = r will make each agent a residual claimant, thus implementing the first-
best effort. The expected payment to the lender will be the same, given 7™ = r. Therefore,
assume r € (y%, y). (If r > y, then the agent will pick the zero effort, which can be easily
implemented by a group loan with r" = r.)

Consider a group loan with per-capita charge, 7™ € (y”,y). Given such a charge, an agent

pays y~ when his return is low. Let
P(y";r" e) := Ey_ [min{p(y; "),y }|¢]

be the expected payment that a given agent makes when his return is high and all agents
choose e. In particular, consider ™ that would yield the same expected payment to the lender

as the individual loan with r, given the same effort e; i.e., r™ satisfies

a(e)P "y e) + (1 —ale))y” = ale)r + (1 —ale)y",
or equivalently,
Py e) =1 (4)
Such r" € (y*,yH) exists, since P*(y™;r", e) < rif r™ <yl and P*(y";r",e) > rif v >y
and since it is continuous in r”. Observe now that an agent has no incentive to deviate from

e when all other agents choose e: i.e., for any ¢ € R,

a(e)ly" — P"(y"r" e)] — e
()" —r]—e
> o)y —r] ¢
(

= «

Ny = Py )] ¢

= «
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where the two equalities follow from (4), and the inequality follows from the fact that the

individual loan with r implements e. Q.E.D.

Proof of Lemma 1: Consider two paths: (1) Compliance path: All agents repeatedly choose
é, and (2) Punishment path: All agents choose zero effort in the first period and then from
the next period onwards repeatedly choose é. We now construct a strategy: The players
start with the compliance path unless a unilateral deviation occurs. The punishment path is
triggered following a unilateral deviation. Any deviation from the punishment path triggers
the punishment path anew.

We now prove that this strategy profile is subgame perfect. Invoking the single deviation
principle, it suffices to show that there is no profitable single period deviation by any single
agent from each path.

Consider first the punishment path. The (average) equilibrium payoff on the punishment
phase is

I .= 6117(0,0; ™) + (1 — §)II" (&, &;1™).

Since é is individually rational given r”, there exists 51 € (0,1) such that, for any § > 31,

"(e, 0;7") < II} for all e € R. Hence, for such 4,
Iy > 611" (e, 0;7™) + (1 — 6)IL;, Ve € Ry.

Given this inequality, there is no profitable (single-period) deviation from the first period of
the punishment path.
We now consider the compliance path (or equivalently, after the first period of the punish-

ment path). Since é is individually rational,
(e, é;r") > meaXH"(e,O; r") > I1"(0,0; r™).
Hence, there exists by € (0,1) such that, for any 6 > 52,

" (e, e;r") = oIl (e, & r) + (1 — )IL; Ve € R

Therefore, there is no profitable deviation from the compliance path and from the punishment

path from the second period onward.
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Combining the arguments, if § > max{gl,gg}, the strategy profile is subgame perfect.

Q.E.D.

Proof of Proposition 3 It suffices to show that, e* is individually rational under a group

loan of size n with r"(e*), for sufficiently large n. Define first g™

_ Z?:l Yi
= —

Fix € € (0,€*). We then have

v

>

lim {II"(e*, e*;r"(e*)) — sup 1" (e, 0; 7" (e*))}

n—oo e>e
nh_}rgolgf{ﬂ (e*,e*;r(e)) — " (e, 0;7"(e%))}
Jim 1I>1f{H (e, e*;r(e”)) — " (e, e;7"(e¥)) }

lim inf{Ey» [max{g"™ —r"(e*),0}|e*] — " — {Egn[max{y" —r"(e"),0}|e] —e}}

n—00 e>¢

B lyle’] ~ K = ' = sup {E,fmax{y ~ K.0}[¢] - e}

Eylyle’] — K —e* — sup {Eylyle] — K — e}
e>e

0,

where the first inequality holds since II"(e, 0;r"(e*)) < II"(e, e;7™(e*)) for all e > € (i.e., the

joint liability feature), the second equality holds since, given a symmetric effort, each agent

receives the equal share of what is left after repaying the debt, L [max{>"" | y; —nr"(e*),0}] =

max{y"

r"(€*),0}, the third equality holds since r"(e*) — K as n — oo, and the last

inequality follows since e* is the first-best effort level.

Similarly,

lim {II"(e*, e*;7"(e*)) — sup II" (e, 0; 7" ("))}

—
n—oo €>€

lim inf {H"(e e*;r’(e’)) — " (e,0;r"(e*))}

n—00 e€[0,€)

lim inf {II"(e*,e*;r"(e*)) — " (e, e;r" (%))}

n—00 e€[0,¢)

lim inf {E [max{y" —r"(e*),0}|e*] — e — {Egn[max{y™ —r"(e*),0}]e] — e}}

n—00 e€[0,¢)

Eylyle*] — K —e* — sup {Ey[max{y — K,0}|e] —e}

e€[0,e

Eylyle’] — K — e — sup {Ey[yle] - K — e}
e€[0,¢)

0,
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where the only differences are that the first inequality is now weak and the last inequality is
now strict, which follows since the Ey[yle] is strictly concave in e.

Combining the arguments, we have

lim {II"(e*, e*;r"(e*)) — sup 1" (e, 0; 7" ("))} > 0,

n—o00 e>e
proving that e* is individually rational for a large n. The result then follows directly from

Lemma 1. Q.E.D.

Proof of Proposition 4. Suppose that an individual loan with r implements é. Since the
contract satisfies (PC—R), R > K, we must have r > 0 and é > 0 (or else the expected payment
falls short of K > 0, given Condition B). It suffices to show that é is individually rational under
a group loan of arbitrary n > 2 with r" satisfying Eyn [min{g",r"}|é] = Ey[min{y, r}[é].

First note that nr™ > r. To see this, suppose contrary to the claim that nr™ < r. Then,
an agent, say ¢, pays at most nr™. Specifically, when y; > nr”, he will no greater than r
and strictly less than r with positive probability since other agents are contributing as well
when they all choose é. Likewise, when y; < nr™, the agent will pay no greater than y;, and
strictly less than y; with positive probability, again because other agents are contributing with
positive probability. In sum, each agent is paying strictly less under a group loan with ™ than
he would under an individual loan with . This fact contradicts the hypothesis that " satisfies
Egn[min{g",r"}|€] = Ey[min{y,r}|é]. We thus conclude that nr™ > r.

We now show that é is individually rational under a group loan with r™. Let € € (0, é).

Then,

(e, é;r™) = TI'(e, é;r)
> supll'(e,é;r)
e>e
> supIl”(e, 0;7"),
e>e

where the equality holds since both formats yield the same expected payment to the investor,
given é, (thus yielding the same net surplus to each agent), the weak inequality holds since the
individual loan with r implements é, and the strict inequality holds since an agent in a group
loan with 7™ faces the same situation as in an individual loan with nr™ > r if no other agents

yield any returns (recall Condition B).
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Similarly,

(e, é;7") = TII'(e,ér)
> sup IT'(e, é;7)
e€[0,€]
> sup II"(e,0;7"),
e€[0,¢]

whose inequalities are explained as before except that the strict inequality now follows from
the strict concavity of TI'(-, é;r).
Combining the two arguments, we conclude that

" (e, é;r™) > sup II"(e,0;r"),
eER 4

for any n > 2. Lemma 1 then proves that the group loan with " implements é. The stated
result holds since it is possible that a higher effort can be implemented under the group loan

with the same 1", which will mean a weakly higher expected payment to the investor. Q.E.D.
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