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Joint-Liability Credit Linked with Index Insurance
A Dynamic Game Framework

Jian Chen, Mario J. Miranda
Agricultural Environmental and Development Economics Department, The Ohio State University
chen.4797@buckeyemail.osu.edu — (614) 795 7500

Introduction

• Joint-liability credit, where all members are held jointly liable
for the group’s collective debt, is believed to lead to lower de-
fault rates, compared with individual credit.

• However, experience with joint-liability credit in agricultural
lending in developing countries has been unimpressive (Gine
& Karlan, 2009; Attanasio et al., 2015).

• One explanation is that the catastrophic weather causes corre-
lation between borrowers’ returns and amplifies the incapac-
ity of repayment.

• Index insurance is designed to cover the adverse shocks from
catastrophic weather, thus has the potential to improve the
sustainability of joint-liability credit.

Research Questions

• How do group and individual credit perform in the presence
of systemic risk

• Does the availability of index insurance improve the perfor-
mance and sustainability of group credit arrangements?

• What types of group credit and insurance schemes best reduce
the default rates among smallholder borrowers and increase
the expected revenue of lender?

Methodology

We construct a dynamic game model of two borrowers and de-
rive Markov sub-game perfect equilibrium by numerically solv-
ing the two borrowers’ interrelated Bellman equations using or-
thogonal polynomial collocation methods.

Model
Two borrowers in the joint-liability group are offered one of
three loan contracts
• A conventional joint-liability group loan – no insurance is

available
• An insured group loan – bundled with index insurance con-

tract that provides a payout to the farmer in the event of catas-
trophic weather

• A contingent group loan – linked with insurance contract that
provides a payout to the lender to be applied toward the farm-
ers debt obligation

In each period, borrowers make the trade-off between: a) the
benefits of repaying their own loan, and possibly the other farm-
ers loan, and b) the alternative of being excluded from access to
credit in perpetuity and suffering additional non-pecuniary util-
ity penalty

• Borrowers’ goal: maximize present value of current and ex-
pected future utility from consumptions

• Lender’s goal: receives positive revenue from borrowers

Equilibrium

wi and w−i are borrowers’ returns. w∗
1 and w∗

2 are wealth thresh-
olds for borrowers to default, repay only their own loan, or repay
for the group.

Red areas: The group fails, since both borrowers do not have
any incentive to repay their own loan. Green areas: The group
succeeds, since both borrowers have the incentive to repay their
own loan. Blue areas: The group succeeds, since the borrower
with higher initial return has the incentive to help the other re-
pay.

Simulation Results

Conclusions

• Joint-liability lending results in lower default rate and higher
expected revenues relative to individual lending in the pres-
ence of systemic risk.

• Also, group credit improves the welfare for borrowers, and
more so for low- and mid-income borrowers.

• If index insurance is available, borrowers willingness-to-pay
for insured credit and contingent credit is higher than for con-
ventional credit, and the default rate decreases.

• Our sensitivity analysis shows that the optimal interest rate
charged by the profit-maximizing lender for joint-liability
credit is lower than individual credit and that this optimal in-
terest is further reduced when index insurance is introduced.
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