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B Model extensions

This section extends the model to incorporate several additional characteristics of microfi-
nance borrowing, namely collateral, within-group heterogeneity in loan size, social sanctions,
and groups with more than two members. The implication that a partial liability which maxi-
mizes group transfers without inducing strategic default minimizes default rates remains true
in all extensions.

B.1 Incorporating collateral

Suppose that borrowers are required to put down collateral C ≤ I in order to borrow which
the bank may keep if the borrower fails to repay. Without loss of generality, assume that i
is considering whether or not to make a transfer T to g (i) to allow g (i) to repay her loan.
Individual i will make the transfer if the value of doing so exceeds the maximum of letting
g (i) default and either repaying or defaulting herself:

Ri + βV − I − T ≥ max{Ri + βV − I − P,Ri − C}

As a result, the maximum transfer that i is willing to make is the minimum of the penalty
she incurs when g (i) defaults and the present discounted value of continuing to borrow less
plus the value of the collateral she would have forfeited if she were to have defaulted:

T ∗ = min{P, βV − I + C}

Since individual i will choose to strategically default if and only if P > βV − I + C, the
optimal liability is P ∗ = βV − I + C. Hence, the greater the amount of collateral that
the bank requires, the higher the group liability (and hence within-group risk sharing) that
can be maintained without inducing strategic default, as the cost of strategically defaulting
increases in the amount of collateral.

B.2 Within-group heterogeneity in loan size

Suppose that borrower i has a loan of size I and her group member g (i) has a loan of size αI.
Let the group liability rate be the same for both borrowers (i.e. each borrower is penalized a
fraction p of their group member’s loan size if their group member fails to repay). Suppose
that g (i) is unable to repay and i is considering whether to make a transfer to g (i). Borrower
i will make the transfer if and only if her value of making the transfer exceeds the maximum
of repaying and allowing her group member to default or defaulting herself:

Ri − T + βVi − I ≥ max{Ri − pαI + βV − I, Ri}

As a result, the maximum transfer i is willing to make to g (i) is:

T ∗i = min{pαI, βVi − I}
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and, as in the basic model, strategic default becomes optimal when βVi − I < pαI. Hence,
the optimal group liability that maximizes i′s transfers without inducing her to strategically
default is p∗i = β Vi

αI
−1. By a similar logic, if i is unable to repay, g (i) will be willing to transfer

up to T ∗g(i) = min{pI, βVg(i)−αI}, and will strategically default when βVg(i)−αI < pI, so that

the optimal group liability that maximizes g (i)’s transfers without incentivizing strategic

default is p∗g(i) = β
Vg(i)
I
− α. Hence, as in the basic model, any liability below min{p∗i , p∗g(i)}

or above max{p∗i , p∗g(i)} is suboptimal.

Calculating the value functions for i and g (i) and substituting this into the optimal group
liabilities yields expressions for each group members optimal liabilities (where I retain the
assumption of zero expected net transfers):

p∗i =
β

α

E[Ri]
I
− πR,R

1− βπR,R
− 1

p∗g(i) = β

E[Rg(i)]
I
− πR,Rα

1− βπR,R
− α

If the expected returns to borrowing are a constant fraction of the amount (i.e.
E[Rg(i)]

I
=

αE[Ri]
I

), then:
p∗g(i) = α2p∗i + (α− 1)

If α > 1 (i.e. g (i) has a larger loan than i), then g (i) can incur a higher group liability
rate than i for two reasons: first, her value of borrowing is greater since expected returns are
proportional to the loan amount; second, the cost of her group member defaulting is lower
since she is penalized a fraction of her group member’s loan, which is smaller than her own.

B.3 Social sanctions

Suppose there is an additional stage (Stage 4) of the basic game where borrowers can choose
to inflict a utility cost (a “social sanction”) s ∈ [0, S] on their group member at zero cost to
themselves. Borrowers will find it optimal to inflict the maximum social sanction S on their
group members in the event that the group member does not make a transfer that she is
able to afford. While social sanctions will increase the amount of within-group risk sharing,
because an individual can inflict a social sanction regardless of whether their group member
repays, social sanctions will not directly affect the optimal group liability.

To see this, suppose that i is considering whether or not to make a transfer T to g (i).
Individual i will make the transfer if and only if the value of making the transfer exceeds the
maximum of the value of not making the transfer, incurring the social sanction, and either
repaying or strategically defaulting:

Ri + βV − I − T ≥ max{Ri + βV − I − P − S,Ri − S}

As a result, the maximum transfer that i is willing to make is:

T ∗ = S + min{βV − I, P},
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so that the maximum transfer is increasing monotonically in the maximum social sanction.
Individual i will choose to strategically default if and only if P > βV − I. Hence, as in
the basic model, the optimal group liability is P ∗ = βV − I, which depends on the social
sanction only to the extent that the value of borrowing V increases in S due to the increased
within-group risk sharing.

B.4 Groups with more than two members

Suppose there are N > 2 members in a group. As in the basic model, no borrower will be
willing to transfer more than βV (P ) − I (the value of remaining eligible to borrow in the
future) to another group member. Suppose that n individuals are facing shortcomings and
in need of transfers. With group liability P , the group faces a total penalty of nP . In what
follows, I assume that groups can credibly threaten individual members with having to incur
the total penalty themselves if they do not participate in the intra-group risk sharing so
that any borrower would be willing to transfer at most T ∗n = min{βV (P )− I, nP}.25 Given
these transfers, however, if n individuals actually default, I assume the remaining repaying
members split the liability penalty equally.26

Given this set-up, I show two things: first, that the model predicts a U-shaped relationship
between group liability and default rates and the optimal group liability is no greater that
βV − I; second, if there is free entry, the welfare of a borrower is maximized when the
probability of default is minimized.

As in the basic model, the group liability affects the probability of repayment in two
ways: first, higher group liabilities incentivize greater within-group risk sharing; second,
higher group liabilities incentivize strategic default, as the maximum number of group mem-
bers a borrower is willing to let default before strategically defaulting herself is k (P ) =

b
(

βV−I
βV−I+P

)
Nc. Since transfers are maximized at the fixed point P = βV (P ) − I for all

n, the optimal group liability is no higher than the present discounted value of continuing
to borrow: P ∗ ≤ βV (P ∗) − I. Whether or not P ∗ is strictly below βV (P ∗) − I, however,
depends on the relative importance of strategic default and within-group risk sharing, which
will vary depending on the distribution of returns. As P increases, within-group transfers
increase up to P = βV (P ) − I, lowering the default rate. However, k(P ) declines, causing
discontinuous increases in strategic default rates, resulting in a U-shaped relationship be-
tween group liability and default rates. Intuitively, the more group members who are forced
to default because of insufficient returns, the greater the incentive each of the remaining
group members has to strategically default, as the larger group liability penalty is shared
across a fewer number of borrowers.

I now show that if there is free entry, the welfare of a borrower is maximized when the
probability of default is minimized. Let πn be the probability that n group members default

25Because this assumption maximizes the amount of intra-group risk-sharing, both borrowers and loan
officers would have an incentive to commit to such a penalty scheme ex-ante.

26A more general structure would allow lenders to impose a penalty f (n,N) on each repaying member when
n group members default in an N . Indeed, it is straightforward to show that as in the two person borrowing
group, the optimal penalty structure is f (n,N) = βV (P )− I. I focus on the case where f (n,N) = n

N−nP
because it seems best reflective of the actual rules of group liability lending, i.e. all repaying members incur
an equal penalty of a fraction P/I of the unpaid loans.
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(where, for clarity, I do not explicitly note the dependence on model parameters). Normalize
the loan amount to one so that I = 1 + r. Then the per borrower profits to the MFI are:

Π (p, r) =
1

N

N∑
n=0

πn

(
1{βV − (1 + r) ≥ n

N − n
p} (N − n)

(
1 + r +

n

N − n
p

)
−N

)
With free entry, given a group liability p, the interest rate ensures that each MFI earns

zero profits:

1 + r∗ (p) =
1−

∑N
n=0 πn1{βV − (1 + r) ≥ n

N−np}
n
N
p∑N

n=0 πn1{βV − (1 + r) ≥ n
N−np}

(
N−n
N

) (11)

Using the fact that if n group members default with probability πn, the probability any
particular group member repays is N−n

N
, the borrowers value function is:

V = E

[
Ri

I

]
+

N∑
n=0

πn

(
N − n
N

)
max{βV − (1 + r)− n

N − n
p, 0} (12)

which is equivalent to:

V =
E
[
Ri

I

]
− I

∑N−1
n=0 πn

(
N−n
N

)
1{βV − I ≥ n

N−np} −
∑N−1

n=0 πn1{βV − I ≥
n

N−np}
n
N
p

1− β
∑N−1

n=0 πn
(
N−n
N

)
1{βV − I ≥ n

N−np}
(13)

Substituting in the zero profit interest rate given in equation (11) into the borrower value
function given in equation (13) yields an expression for welfare:

V (p) =
E [Ri]− I

1− β
∑N−1

n=0 πn
(
N−n
N

)
1{βV − I ≥ n

N−nP}
.

As in the basic model with two borrowers, welfare is maximized by maximizing the probability
the individual borrower repays.
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C Additional Tables and Figures

Figure 8: Nonparametric relationship composition of two-member borrowing group defaults
and level of default in borrowing groups with three or more members
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Notes: This figure shows the non-parametric relationship between the fraction of defaulting
two member borrowing groups where one group member repays (fracRDl) for a particular
loan officer and the default rates that loan officer achieves in all other (three or more member)
borrowing groups. The regression is the fully non-parametric version of equation (3) and
Table 3, where all values of fracRDl are included as dummy variables and the coefficients are
estimated separately. The excluded category are those loan officers for which fracRDl = 0
(but who did oversee two member loans in which default occurred). The standard errors
(reported in the parentheses) are clustered at the loan officer level and the bars report the
implied 2.5%/97.5% confidence intervals.

55



Table 5: Evidence of Optimal Partial Liability: Alternative ratio measure

(1) (2) (3) (4) (5) (6)
RD / (1 + DD) in two 0.028** 0.027* 0.029** 0.028** 0.026* 0.029**
person borrowing groups (0.013) (0.014) (0.013) (0.013) (0.013) (0.013)
No RD two person 0.059** 0.059** 0.063** 0.060** 0.058** 0.064**
borrowing groups (0.024) (0.025) (0.025) (0.024) (0.024) (0.025)
Probability of default in 1.549*** 1.559*** 1.521*** 1.468*** 1.474*** 1.450***
two person borrowing
groups

(0.399) (0.395) (0.394) (0.420) (0.423) (0.439)

Length of loan (weeks) -0.001 -0.001 -0.001
(0.001) (0.001) (0.001)

Interest rate -0.160 -0.153 -0.143
(annualized) (0.121) (0.126) (0.152)
Group size -0.001 -0.001 -0.001

(0.001) (0.001) (0.001)
Loan size (000s pesos) 0.001* 0.001* 0.001**

(0.000) (0.000) (0.000)
Borrower age -0.000 -0.000 -0.000

(0.000) (0.000) (0.000)
Borrower is male 0.002 0.001 0.001

(0.004) (0.003) (0.003)
Borrower’s tenure with -0.000 -0.000 -0.000
bank (0.000) (0.000) (0.000)
Branch Fixed Effect Yes Yes Yes Yes Yes Yes
Year Fixed Effect No Yes Yes No Yes Yes
Branch-year Fixed Effect No No Yes No No Yes
Dep.var. mean 0.046 0.046 0.046 0.046 0.046 0.046
R-squared 0.058 0.069 0.097 0.064 0.073 0.102
Observations 22555 22555 22555 22555 22555 22555

Notes: The dependent variable is an indicator variable equal to one if the loan was defaulted
upon. The sample comprises all loans overseen by loan officers who oversaw at least one two
person borrowing group loan. Borrowing groups comprising two members are excluded to
avoid a mechanical relationship between the left hand side and right hand side. Because the
variables of interest are at the loan officer level, each observation is weighted by the number
of two person borrowing groups the loan officer oversaw and the standard errors (reported in
the parentheses) are clustered at the loan officer level. Stars indicate statistical significance:
* p<.10 ** p<.05 *** p<.01.
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Table 6: Evidence of Optimal Partial Liability: Unweighted observations

(1) (2) (3) (4) (5) (6)
RD / (RD + DD) in two 0.127 0.118 0.165* 0.128* 0.103 0.146*
person borrowing groups (0.078) (0.079) (0.086) (0.074) (0.072) (0.076)
No RD two person 0.080 0.082 0.108* 0.078 0.072 0.094*
borrowing groups (0.049) (0.053) (0.055) (0.049) (0.052) (0.050)
Probability of default in 1.956** 1.958** 2.095** 2.005** 1.964** 2.110**
two person borrowing
groups

(0.962) (0.943) (0.920) (0.970) (0.919) (0.892)

Length of loan (weeks) -0.001 0.000 0.001
(0.001) (0.001) (0.001)

Interest rate 0.057 0.135 0.276
(annualized) (0.169) (0.207) (0.294)
Group size -0.001 -0.002 -0.002

(0.001) (0.001) (0.002)
Loan size (000s pesos) 0.000 0.000 0.000

(0.000) (0.000) (0.001)
Borrower age -0.000 -0.000 -0.000

(0.000) (0.000) (0.000)
Borrower is male 0.005 0.003 0.001

(0.009) (0.008) (0.008)
Borrower’s tenure with -0.000 -0.000* -0.000
bank (0.000) (0.000) (0.000)
Branch Fixed Effect Yes Yes Yes Yes Yes Yes
Year Fixed Effect No Yes Yes No Yes Yes
Branch-year Fixed Effect No No Yes No No Yes
Dep.var. mean 0.046 0.046 0.046 0.046 0.046 0.046
R-squared 0.103 0.128 0.173 0.105 0.133 0.180
Observations 22555 22555 22555 22555 22555 22555

Notes: The dependent variable is an indicator variable equal to one if the loan was defaulted
upon. The sample comprises all loans overseen by loan officers who oversaw at least one
two person borrowing group loan. Borrowing groups comprising two members are excluded
to avoid a mechanical relationship between the left hand side and right hand side. The
standard errors (reported in the parentheses) are clustered at the loan officer level. Stars
indicate statistical significance: * p<.10 ** p<.05 *** p<.01.
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Table 7: Default Combinations by Loan Officer in Structural Estimation Sample

Loan Officer RR Loans RD Loans DD Loans Total number of loans
1 776 0 6 782
2 572 2 10 584
3 458 0 4 462
4 388 0 0 388
5 358 0 18 376
6 290 2 34 326
7 254 0 24 278
8 236 8 14 258
9 240 6 4 250
10 208 2 4 214
11 192 0 16 208
12 182 2 12 196
13 188 2 4 194
14 192 0 0 192
15 164 0 14 178
16 178 0 0 178
17 166 0 10 176
18 166 0 0 166
19 162 0 0 162
20 134 4 22 160
21 148 2 0 150
22 142 0 2 144
23 130 0 2 132
24 130 0 0 130
25 124 0 0 124
26 112 0 0 112
27 102 0 4 106
28 94 0 4 98
29 86 0 4 90
30 84 0 0 84
31 72 0 0 72
32 68 0 0 68
33 60 0 6 66
34 58 0 0 58
35 50 0 4 54
36 48 0 6 54
37 50 0 2 52
38 46 0 6 52
39 42 0 6 48
40 38 0 8 46
41 36 0 0 36
42 36 0 0 36
43 30 0 4 34
44 28 0 4 32
45 22 0 4 26
46 26 0 0 26
47 22 0 0 22
48 20 0 0 20
49 18 0 0 18
50 14 0 2 16
51 14 0 2 16
52 16 0 0 16
53 14 0 0 14
54 12 0 2 14
55 12 0 0 12
56 10 0 0 10
57 6 0 2 8
58 6 0 0 6
59 4 0 0 4
60 4 0 0 4
61 4 0 0 4
62 2 0 0 2
Total 7544 30 270 7,844

Notes: This table shows the frequency of all repayment combinations for all two-person
borrowing groups in the structural estimation sample by loan officer.
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Table 8: Are the loan officers with RD groups observably different?

(1) (2) (3) (4)
Length of loan (weeks) -0.004 0.000 -0.001 0.001

(0.006) (0.002) (0.002) (0.001)
Interest rate -1.650* -0.383 -0.344 -0.305
(annualized) (0.841) (0.421) (0.429) (0.453)
Group size -0.017* 0.001 0.001 0.002

(0.009) (0.002) (0.002) (0.002)
Loan size (000s pesos) 0.003*** 0.001 0.001 0.001*

(0.001) (0.000) (0.000) (0.001)
Borrower age 0.000 0.001 0.000* 0.000

(0.001) (0.000) (0.000) (0.000)
Borrower is male 0.039 -0.007 -0.006 -0.002

(0.050) (0.007) (0.007) (0.006)
Borrower’s tenure with 0.000 0.000 0.000 0.000
bank (0.000) (0.000) (0.000) (0.000)
Branch Fixed Effect No Yes Yes Yes
Year Fixed Effect No No Yes Yes
Branch-year Fixed Effect No No No Yes
Dep.var. mean 0.158 0.158 0.158 0.158
R-squared 0.100 0.593 0.596 0.619
Observations 22555 22555 22555 22555

Notes: The dependent variable is an indicator variable equal to one if the loan officer oversaw
a two-member borrowing group in which one member defaulted and one repaid. The sample
comprises all loans overseen by loan officers who oversaw at least one two person borrowing
group loan. Borrowing groups comprising two members are excluded for comparability with
default results. Because the variables of interest are at the loan officer level, each observation
is weighted by the number of two person borrowing groups the loan officer oversaw and the
standard errors (reported in the parentheses) are clustered at the loan officer level. Stars
indicate statistical significance: * p<.10 ** p<.05 *** p<.01.
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