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Abstract

This paper estimates the impact of microcredit borrowing from the Grameen
Bank and two similar microfinance institutions in Bangladesh. I find that an
increase in the amount borrowed has a positive and significant effect on per-
capita household consumption. The estimated elasticity is in the range of
0.193 to 0.212, and these parameters can be interpreted as the impact of
borrowing on a randomly selected household in Bangladesh. The model is
identified by an assumption on the conditional second moments of the errors.
These results contribute to the ongoing debate, driven by the rapid expansion
of microfinance programs in recent years, over whether or not microcredit is
helping to reduce poverty.
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1 Introduction

Microcredit is considered by many practitioners and advocates to be a powerful tool
to alleviate poverty. The practice consists of lending small amounts to the very poor
for self-employment projects, known as microentrepreneurship, with the intention of
allowing households that would otherwise be credit constrained to engage in income-
generating activities. The Grameen Bank and its founder, Muhammad Yunus, were
awarded the Nobel Peace Prize in 2006 for originating this method of economic
development, which has been praised for allowing families to work to end their own
poverty. As a result of its perceived success, the Grameen Bank model of lending
has spread around the world, reaching millions of people. While microcredit is
succeeding at providing access to loans, however, there is little evidence that this
lending is achieving the underlying policy goal of poverty reduction.

One of the innovations of the Grameen Bank has been to require borrowers to
form small, self-selected groups that accept liability jointly. Much of the literature
on microcredit has focused on the potential of this type of group-based lending to
overcome credit market imperfections (Stiglitz 1990, Ghatak and Guinnane 1999,
Armendariz and Morduch 2005). Traditional banks have historically been unwilling
to lend to the rural poor in developing countries, where the high cost of gathering
information and enforcing contracts can lead to adverse selection and moral hazard
problems. The difficulty in screening potential borrowers is exacerbated by the fact
that households lack collateral. The interest rates necessary to compensate for the
risk of lending in these areas are high enough to drive away many safe borrowers.
Information costs also make it difficult to monitor borrowers’ activities after lending.
Group lending is designed to overcome these information problems. If one member

of the group defaults, the entire group becomes ineligible for further loans. Group



members thus have incentives to screen and monitor each other’s projects.
As Roodman and Morduch (2009) point out, there are different ways to ask

whether microcredit is '

'working." There is evidence that this type of microcredit
lending is succeeding in extending credit to those who would not otherwise get
it. Participation is increasing, with estimates indicating that more than 150 mil-
lion clients have been reached, over 100 million of whom were counted among the
world’s poorest (Microcredit Summit Campaign). Repayment rates average over 90
percent (Grameen Foundation). Microfinance institutions are, by these measures,
demonstrating an ability to overcome obstacles to providing credit to the rural poor.

The relevant policy question, however, is whether the extension of credit is
achieving the original goal, stated by the Grameen Foundation as seeing people
"move themselves out of poverty." Most microfinance institutions rely on funding
from governments and other donors with anti-poverty agendas, and the amounts are
increasing. A survey conducted by CGAP found that leading donors and investors
had committed $14.8 billion in active microfinance investments and projects as of
December 2008, 63% of which consisted of debt. Critics worry that microcredit
programs are essentially untested, however, and might be counterproductive. By
pushing loans at high interest rates, microcredit could ultimately make borrowers
even poorer. If microentrepreneurs are unable to earn profits, perhaps because un-
favorable local economic conditions prevent them from selling what they produce,
borrowers may not be able to pay off their loans without selling off assets or receiving
help from relatives.

Microfinance institutions often offer an array of training activities in addition to
financial services. There are thus a variety of measures of participation and predic-

tions about outcomes that could, in principle, be tested to measure their success.



For example, microfinance institutions in Bangladesh provide training in literacy,
health, and business skills like accounting, and encourage family planning and child-
hood education among their members. The extension of credit is the primary flow of
services, however, and the question of whether microcredit increases household in-
come and consumption is of particular interest, given the goal of enabling households
to escape poverty.

In attempting to answer this question, the literature has focused on household
consumption, which is generally taken to be the preferred measure of well-being, or
standard of living, in applied work (Ravallion 1992). The measurement of income,
and self-employment income in particular, is notoriously inaccurate in surveys in de-
veloping countries. Incomes are reported with a high degree of error, and accounting
frameworks not employed by the households must be imposed on the data in order
to obtain a measure of profit that can be correctly interpreted (Deaton 1997). In
addition, poverty in countries such as Bangladesh is often thought of in terms of
consumption; households do not have enough to eat. Microcredit is intended to ad-
dress this type of poverty by increasing the household consumption of participants
(Khandker 1998). Consumption expenditure is thus a natural measure of household
welfare in Bangladesh, and for these reasons, I focus on consumption as the outcome
of interest.

Microcredit borrowing can be expected to increase consumption if households
that would profit from choosing microentrepreneurship are constrained from do-
ing so by lack of access to credit. Many of the types of enterprises in question
require a fixed investment up-front, before income is generated. For example, self-
employment activities in Bangladesh include the production of handicrafts such as

weaving, which requires purchase of a loom, or transportation services by van, rick-



shaw or boat (Khandker 1998). Banerjee, Duflo, Glennerster and Kinnan (2009)
outline a two-period model in which households that can invest a minimum amount
in an entrepreneurial business during the first period are able to generate income
in the second. The presence of microfinance institutions allows more households to
meet the minimum capital investment required for production.

This model generates predictions about consumption for new entrepreneurs.
Current consumption could increase or decrease upon receipt of a microcredit loan,
since investment can be financed partly by the loan and partly by cutting back on
consumption. Income is generated in the next period, after borrowing and invest-
ment have taken place, allowing for increased consumption as investments pay off.
It is also possible that some loan money is being used directly for consumption.
Grameen Bank borrowers are expected to monitor other group members, ensuring
that loans are invested in business activities. Nevertheless, money is fungible within
a household, and an increase in current consumption could be the result of consump-
tion smoothing. A better assessment of the impact of borrowing would therefore
look at less immediate outcomes. If microcredit is enabling households to generate
enough income to escape poverty, one would expect to see evidence of sustained
increases in consumption over time, as households continue to borrow, invest, and
produce from year to year. I follow Pitt and Khandker (1998) in examining the
impact of the cumulative amount borrowed over the past seven years from micro-
credit institutions on current household consumption. While it would be desirable
to isolate the effects of borrowing in different years, borrowing from year to year is
too highly correlated to be able to make any definitive statements about each year
separately.

A particularly relevant question for donors and practitioners is how a micro-



credit loan would affect the consumption of a randomly selected household in the
population of interest. Many organizations, including the World Bank, the United
Nations and USAID, have stated goals of increasing the usage of microcredit in
developing countries. In particular, during the years since the survey data used
here were collected in Bangladesh, microcredit institutions have continued to open
branches across the country. It is therefore important to ask not just how loans
have benefited those who were first to join microcredit groups, but how they can be
expected to benefit an average household.

The issue with estimating this effect is that households that have already bor-
rowed are not a random sample of the population. Households decide whether or
not to take out a loan and start a business based on unobserved attributes such
as entrepreneurial ability. In addition, microcredit institutions are targeted toward
poorer households. In the presence of these limitations, various techniques have been
employed in the literature to try to identify the expected impact of microcredit bor-
rowing on a random household. Quasi-experimental survey designs have been em-
ployed to simulate randomization by creating an appropriate control group of people
who were excluded from borrowing (Pitt and Khandker 1998, Coleman 1999). More
recently, randomized trials have been developed and implemented (Banerjee, Duflo,
Glennerster and Kinnan 2009). Although it is difficult to randomly assign loans by
household, it is possible to identify other measures of the impact of microcredit by
randomizing the expansion of microcredit programs into new areas.

Rather than relying on randomization, in this paper I adopt a new approach to
identify the treatment effect. I estimate the average effect of the amount borrowed
from a microcredit institution on per capita household consumption in Bangladesh.

Identification relies on the assumption that the conditional correlation between the



errors in the borrowing and consumption equations is constant. I outline a plausible
error structure that satisfies this requirement. Under this assumption, the model is

identified in the presence of heteroskedasticity.

2 Literature

Attempts to model household consumption as a function of microcredit borrowing
have focused on ways to overcome the endogeneity of borrowing. Households se-
lect into borrowing based not only on their observed characteristics, but also on
unobserved traits such as entrepreneurial ability. Microcredit institutions choose
where to locate and what type of households to target, perhaps using information
that is not observable to the econometrician. These unobserved characteristics can
also be expected to affect consumption directly, biasing estimates of the impact of
borrowing that do not account for the endogeneity. The empirical literature on this
topic has been scarce, reflecting a failure to find instrumental variables that affect
borrowing but not consumption.

Pitt and Khandker (1998) was one of the first significant attempts to study of
the impact of microcredit borrowing on household outcomes, and their results are
often cited by both academics and practitioners. Using the intuition of a regression
discontinuity to generate exclusion restrictions, they estimate the impact of borrow-
ing from three different microfinance institutions in Bangladesh: the Grameen Bank,
the Bangladesh Rural Advancement Committee (BRAC), and the Bangladesh Rural
Development Board’s (BRDB) Rural Development RD-12 program. Estimating the
impact of loans from these three institutions to both men and women, they find

elasticities of per capita household consumption with respect to the six resulting



sources of borrowing ranging between 0.018 and 0.043.

Identification in Pitt and Khandker comes from a lending rule that was, at
least nominally, followed by all three microfinance institutions in Bangladesh at the
time of the survey. Only households that were "functionally landless," defined as
owning less than one-half acre of land, were considered eligible for microfinance
loans. The assumption is that there should be a discontinuity in borrowing at
one-half acre of land, but no discontinuity in household consumption at the cutoff
point, conditional on borrowing. Using this requirement to divide households into
groups based on borrowing eligibility, Pitt and Khandker are able to identify the
effect of borrowing in a limited-information maximum likelihood estimation. The
authors point out that the same identifying assumptions could be used to implement
a two-stage least squares estimation, in which a dummy variable for whether a
household faced the choice to borrow is interacted with all of the exogenous variables
to generate instruments for borrowing.

Concerns have been raised about the validity of this identifying assumption.
Morduch and Roodman (2009) perform regression discontinuity analyses on the
Bangladesh data and find little evidence of discontinuity at one-half acre of land-
holding. This result is likely due to substantial mistargeting, in the sense that the
landholding rule was not enforced. If there is no discontinuity, the strategy of Pitt
and Khandker lacks the power to identify the impact of borrowing. In the two-stage
least squares framework, the lack of a substantial discontinuity has the interpreta-
tion of the instruments being weak. Morduch and Roodman conclude that Pitt and
Khandker have not succeeded in identifying the endogeneity of borrowing, and leave
open the question of whether microcredit is increasing consumption in Bangladesh.

Another example of a quasi-experimental design is Coleman (1999). Survey data



was collected from villages in Thailand that were targeted by a microcredit program.
In some villages, lending had already taken place. In others, households had selected
into borrowing groups, but had not yet received any loans. Coleman estimates the
average program effect by regressing household income on the treatment status of
a village, given by whether or not loans had been disbursed, and a set of house-
hold and village controls. A dummy for whether or not a household had joined a
borrowing group is assumed to control for unobserved factors that lead to selection
into borrowing. Coleman does not find a significant impact of treatment status
on household income, but notes that the population in Thailand is wealthier than
that of countries such as Bangladesh, and access to other sources of credit is more
widespread.

The implementation of randomized trials is the most recent strategy employed to
deal with the endogeneity of borrowing. Banerjee, Duflo, Glennerster and Kinnan
(2009) discuss an ongoing experiment in Hyderabad, India, where new microfinance
institutions were opened in a randomly selected half of a group of slums. Within each
location, households could then endogenously form groups and choose to borrow.
The treatment status of a slum provides an exclusion restriction, affecting borrowing,
but not consumption conditional on borrowing. The authors estimate the impact of
living in a treatment area 15 to 18 months after the branches were opened, and find
no effect of access to microcredit on average per-capita expenditure. They did find
increases in durable expenditures in households with existing businesses and those
that were likely to start a business, however, suggesting that investment is taking
place, and that greater impacts may be found as time goes on. Karlan and Zinman
conducted a trial in the Philippines, working with a lender to generate exogenous

variation in loan approval, a method they previously applied in South Africa (Karlan



and Zinman 2008). They find significant benefits from loans in the South African
trial, but not in the Philippines. These studies look at consumer credit, however,
and may not be directly comparable to results on microentrepreneurial credit in
populations like that served by the Grameen Bank.

To draw broader conclusions about the impact of microcredit in different popu-
lations in different countries, it would be beneficial to combine the results from these
studies with results from a wider range of observational datasets. Comparison of
different treatment effects is also of interest. Instruments created by randomization
identify local average treatment effects, such as the effect of microcredit loans on
those who were moved to borrow by the presence of a new institution. Estimates
of average treatment effects can help address questions about the external validity
of these studies, and are an important parameter given the interest in expanding
microfinance programs. In addition, the ability to use currently available datasets
would allow for the comparison of microfinance programs in a variety of countries.

Despite the pioneering status of the Grameen Bank, there is still no consensus
on the question of whether or not microcredit in Bangladesh is alleviating poverty
by increasing the household consumption of borrowers. I return to the Bangladesh
data used by Pitt and Khandker, and Morduch and Roodman, and estimate the
impact of borrowing on consumption without imposing the controversial moment

conditions on the instruments.

3 Estimation and identification strategy

A new approach to identifying models in the absence of exclusion restrictions is to
make an alternative assumption about the unobservables. In the absence of credible

instruments, other literatures have looked for different types of moment conditions
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that can reasonably be imposed to identify sample selection models. For example,
many impact evaluations use propensity score methods to compare people in the
treated group to people with similar characteristics who did not receive treatment.
Estimation of this type involves assuming that treatment status is independent of
the outcome of interest, conditional on the probability of receiving treatment. This
assumption is not realistic in the context of microcredit, however, as households
select into borrowing based on unobservable characteristics that also affect con-
sumption. Biased estimates of the impact of borrowing will result unless selection
on unobservables is also controlled for.

An example from the education literature, Altonji, Elder and Taber (2005),
suggests imposing that selection on the observables is equal to selection on the
unobservables. Here, the impacts of the observed part of the outcome equation and
the unobserved part of the outcome equation on the endogenous variable are assumed
to be equal. The authors argue that the assumptions necessary to motivate this
condition are no less plausible than the assumption, made when using OLS or probit
methods, that selection on the unobservables is zero, and show that estimates using
this moment condition can provide a lower bound on the impact of the endogenous
variable.

I adapt control function methods, discussed below, by imposing another restric-
tion that has been applied in the education literature. The missing moment condi-
tion caused by the endogenous variable is replaced with a condition on the second
moments of the errors in the model. This identification strategy, proposed by Klein
and Vella (2010), does not require the use of instruments, but instead relies on the
presence of heteroskedasticity in the estimating equations. Identification is based on

the restriction that the correlation coefficient of the disturbances, conditional on the
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exogenous regressors, is constant. I outline a plausible error structure that satisfies
this requirement below.

Consider the following system of borrowing and consumption equations. Per
capita household consumption depends on the amount borrowed, B, and a set of
additional household characteristics, X, that are assumed to be exogenous. These
include demographic characteristics such as the sex and age of the household head,
and the education levels of household members. Borrowing also depends on a set
of exogenous characteristics, Z. For expositional puroposes, Z is for the time being
allowed to contatin a variable that is excluded from X. Borrowing is censored at the

minimum loan amount, B, of 1000 taka.

C; = Xif + 0B; + u; (1)

By it Bf > B
B; = (3)
0 otherwise

The endogeneity of borrowing arises due to correlation between the error terms,
u and v, caused by the unobservable factors that affect both borrowing and con-
sumption.

Models encompassing endogeneity combined with Tobit-type censoring have been
considered in the parametric and semiparametric literature. Vella (1993) describes a
two-step estimation procedure for estimating the system of equations above, under

the assumption that the errors are jointly normally distributed. Taking conditional

expectations of equation (1) gives
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E[Ci|X;, Bi]| = X, + 0B; + Elu;| X;, Bj (4)

Using the assumption of joint normality and the law of iterated expectations,

the last term can be rewritten.

where p = % The equation to be estimated becomes

The remaining error term e, is uncorrelated with v by construction: e = u —

cov(u,v)

var(e) V- The conditional expectation of v, however, is unobserved and correlated

with the other regressors. Employing a consistent estimate of this expectation as
a control function removes the impact of v on u, restoring orthogonality of the
regressors. Under the normality assumption, equation (3) can be estimated by
Tobit, and the appropriate control function is the Tobit generalized residual, given
by

U = E[vi|Z;, Bi]| = —6,(1 — I})p,(1 — ®;) " + L;v; (8)

Here, 7, and 7 are the Tobit estimates, ¢, and ®; are the probability density
function and cumulative distribution function of the standard normal distribution
evaluated at these estimates, and I; is an indicator that is equal to one if borrowing
is positive. The last term, v; = B; — Z,;m, is the residual for observations with

positive amounts of borrowing. Consistent parameter estimates can be obtained by
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estimating the following equation by least squares.

In the absence of an exclusion restriction requiring that a variable in Z does
not appear in X, this equation is identified only by the nonlinearity of the normal
distribution.

A related model is a sample selection model in which consumption is only ob-
served for households that have borrowed positive amounts. This group of house-
holds is expected to be different from the full sample. After controlling for the X
variables, selection into the positive borrowing group is caused by v, leading to sam-
ple selection bias if u and v are correlated. Since the factors in v are responsible
for both sample selection and the endogeneity of borrowing, however, one control
function can be used to control for both. Equation (9) can be consistently estimated
over the subsample of observations with positive amounts of borrowing, noting that
the residual for these observations is v. The control function purges the error term
of the component that is correlated with borrowing, including factors that lead to
selection into the positive borrowing group. In this case, however, an exclusion re-
striction would be necessary. The residual, v, would otherwise be a perfect linear
combination of the variables in X and the borrowing variable, and the matrix of
regressors would not be of full rank.

The assumption that the errors in equations (1) and (2) are normally distrib-
uted can be relaxed. Lee and Vella (2006) propose a semiparametric least-squares
estimator for this system of equations, which relies on the same idea of removing

the impact of v on equation (1) by conditioning on an estimate of its conditional
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expectation. This approach also requires the assumption of an exclusion restriction.

These control function approaches could be employed in the present applica-
tion in the presence of an exclusion restriction. However, the scarcity of empirical
literature on microcredit so far reflects the failure to find such exclusions. Many
of the obvious candidates have been ruled out. Interest rates cannot be used as
instruments, since these rates generally do not vary within programs. Community
characteristics cannot be used when community-level fixed effects are included to
control for nonrandom program placement (Armendariz and Morduch (2005) dis-
cuss these points). Finally, there are no obvious household characteristics that can
be assumed a priori to affect borrowing but not consumption.

Accordingly, assume that Z=X in equations (1) through (3). The lack of identi-
fication in equation (1) is the result of having one more parameter to estimate than
moment conditions to impose on the data. Since orthogonality of borrowing and the
error term cannot be justified, an additional moment condition is needed to identify
the model. The literature on microcredit to date has approached this problem by
looking for additional moment conditions involving the first moments of borrowing
and consumption, generating instruments either by randomization or survey design.
The strategy of Klein and Vella focuses on second moments. Variation in X pro-
vides an additional source of identification when the distribution of the error terms
depends on the exogenous variables.

To see how this strategy enables identification, assume the errors are heteroskedas-
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tic and can be written as follows.

u o= S,(X)u* (10)
vo= S,(X)v* (11)
Elu|X] = E[|X]=0 (12)

Here, u* and v* are assumed to be homoskedastic, and the conditional variances

are given by

var(u|X) = S%(X) (13)

var(v|X) = S2(X) (14)

In equation (7), the impact of the control function on consumption was given by

cov(u,v)

p= (15)

var(v)
When the conditional second moments of the errors depend on X, however, the

impact of the control function is no longer constant. Define

cov (u,v|X)

AX) = var (v|X)

(16)

The equation to be estimated is now identified without exclusion restrictions.

Unlike equation (9), the matrix of regressors here is of full rank, as long as
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the impact of the control varies with X. Equation (17) can be estimated provided
consistent estimation of A(X).
Klein and Vella show that estimation is possible when the errors satisfy the

following constant correlation condition.

Elu™v*|X] = E[u*v"] (18)

When this condition holds, A(X) can be rewritten.

Su(X)
AX) = 19
where p, = —c‘;”a(;‘(zf )*) is constant. Provided consistent estimates of the conditional

variances of u and v, the equation of interest can now be estimated as

Su(X)
5u(X)

The model is identified as long as S, (X) and S,(X) are not identical functions. I
assume a reasonable structure for the errors that possesses the constant correlation
property, which is discussed in detail below.

Estimation is done in two stages. First, the borrowing equation is estimated over
the entire sample of households who faced a choice to borrow. The borrowing equa-
tion is estimated by the semiparametric least squares method of Ichimura (1993).
This technique allows for censoring without requiring homoskedasticity or normality
of the error terms. Ichimura describes how a Tobit-type model can be described as
a single-index model, in which the distribution of the error term, v, can depend

on the index. The necessary assumption is thus that the same index of character-
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istics is driving selection into borrowing and the amount borrowed, as well as the

heteroskedasticity.! Estimates of 7 in Equation 2 are obtained as:

n ~ 2
7 —argminy_ (Bl- B [Bi|Xi7r]> (21)
=1

The operator E [-] is a nonparametric conditional expectation, estimated using a
normal kernel. Since these estimators are identified up to location and scale, X7 is
an index of the X’s in which the constant is normalized to zero, and the coefficient
on a continuous variable in X is normalized to one.

The residuals from this estimation are used to compute the conditional variance
of the borrowing error. For households with positive amounts of borrowing, the
residuals from the first stage estimation are simply ¥ = X7 . Once residuals have
been obtained for these households, they are used to estimate S?. This is done by
taking the nonparametric expectation of v? conditional on X7, in order to maintain

the index assumption on the heteroskedasticity.

S2, = E [63X 7] (22)

In the second stage, the primary equation is estimated over the subsample of
households that borrowed positive amounts. The functional form of S, (+) is unspec-
ified. Although it is possible to estimate S, () nonparametrically, it is more practical

to assume an index structure, allowing parameters to be well-identified using a rea-

!This equation could also be estimated under these assumptions using the symetrically trimmed
least squares estimator of Powell (1986), without requiring the heteroskedasticity to be a function
of the index. Using this technique resulted in a severe loss of precision, however, due to the amount
of data that is thrown out by trimming the positive observations.
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sonable amount of data. The index restriction is that S (X;) = 52 (X;7).

X.
C; = X,+6B; + powﬁi + & (23)

v

Klein and Vella (2010) provide a semiparametric estimation procedure for this
equation, which estimates the index parameters of the conditional variance simul-

taneously with the other parameters of interest. First, define

A variance-type estimator is defined as

Su.(8,0,7) = E[u} (8,0)| X (25)

Notice that at the true parameter values, u;(8y,d0) = u; and S2 (5,6,7) =
S2 (X;). The conditional variance is estimated semiparametrically, where E[] is

once again the nonparametric expectation using normal kernels.

S2(8,8,7) = E[u?(8,6)| X (26)

Parameter estimates are obtained selecting (3,0, and v to minimize the sum of

the squared residuals of the resulting consumption equation.

v

In each step, starting values are given by the OLS estimates, and standard errors

are computed by 250 bootstrap repetitions with replacement.
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Identification relies on the constant correlation assumption given by equation
(17). It is useful to think of potential error structures in the present example under
which this assumption would or would not be satisfied. The literature on micro-
credit has focused on entrepreneurial ability as the driving force behind selection
into borrowing and the endogeneity between borrowing and consumption. (Pitt and
Khandker 1998, Coleman 1999, Armendariz and Morduch 2005). Armendariz and
Morduch describe the household’s endowment of entrepreneurship as "entrepreneur-
ial skills, persistence in seeking goals, organizational ability and access to valuable
social networks." Individuals with more entrepreneurial tendencies are likely to bor-
row more, and also to earn higher incomes regardless of borrowing. Failure to control
for entrepreneurial ability might therefore lead to an over-estimation of the effects of
borrowing. Armendariz and Morduch cite a finding, from a survey done by Hashemi
(1997), that over half of those who chose not to borrow from a microfinance pro-
gram in Bangladesh did so because they felt that they would not be able to generate
sufficient profits to be able to repay the loans. In this sense, households appear to
be selecting into borrowing based on their own assessments of their entrepreneurial
ability.

One example of an error structure is therefore the assumption that the dis-
turbances are comprised purely of entrepreneurial ability. In this case, the errors
described by equations (10) - (12) can be written as follows, where a* denotes un-

observed entrepreneurial ability.

u = S,(X)a* (28)

o= Sy(X)a* (29)

There are a variety of ways that heteroskedasticity of this form can be expected
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to arises in the model. Consider the borrowing equation. The impact of entrepre-
neurial ability on borrowing is likely to be a function of the location variables. A
higher variance of borrowing can be expected in locations that have more extensive
microfinance institutions that have been in place longer. In these areas, high ability
households will have had more opportunities to borrow greater amounts,so the effect
of their ability will be magnified by a function of their location, S,(X). The avail-
ability of outside borrowing options also varies across areas, and can be expected to
affect the amount of microcredit borrowing demanded. High ability households may
be able to obtain loans from traditional banks. Regional variation in the availabil-
ity of traditional banks may therefore lead to different variances in the amount of
borrowing from microcredit institutions in different areas. Microcredit institutions
also increasingly target female borrowers. Thus the impact of high ability would be
magnified, as determined by S,(X), for households containing an adult woman.
The consumption equation contains potential sources of heteroskedasticity as
well. Two households with equal endowments of ability may face different con-
sumption opportunities if one is headed by a man and the other is headed by a
woman. The impact of the ability term is magnified or diminished based on the
gender of the head of the household, in a manner captured by S,(X). Thus a higher
variance in consumption might be expected in households headed by men. The set
of regressors also includes the number of family members of the household head and
spouse who own land, which is a measure of wealth. Having wealthier relatives may
have a stabilizing effect that helps to guarantee a minimum amount of consump-
tion, dampening the variance in consumption for those households and minimizing
the impact of low ability. In addition, the set of location characteristics includes

information that will affect incomes in an area, and households with higher income-
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generating opportunities will have greater variance in consumption. For example,
households with the same endowment of ability can earn higher incomes in areas
with higher wages. Among households that produce milk or eggs, for example, those
in areas with higher prices for milk and eggs will be able to earn higher incomes,
increasing the variance of consumption.

If the unobserved error terms are purely comprised of entrepreneurial ability, as
in equations (28) and (29), the constant correlation assumption is satisfied trivially,
and we would expect a positive correlation between the error terms. In the data,
however, the correlation between u and v is found to be negative, both here and in
Pitt and Khandker. A negative correlation between the error terms is also common
in the literature on returns to education, where the presence of unobserved ability
terms would, on its own, lead to a positive correlation. This suggests that there
are other sources of endogeneity in the error terms. In the present application, one
such source of unmeasured variation is random shocks to household income. For
example, two households with equivalent endowments of ability may make different
borrowing decisions if a member of one household becomes sick or injured. Such a
shock could also cause a reduction in consumption, leading to correlation between
the error terms of the two equations. Similarly, random events such as flooding
that destroys crops could also affect both borrowing and consumption. Microcredit
programs are specifically designed to appeal to the poorest borrowers, using devices
such as small loans sizes and the requirement to enter into joint liability agreements,
which households with other resources might find unattractive (Khandker 1998).
This targeting will lead to a negative correlation between the unpredictable shock
components of the error terms, since events that reduce potential consumption will

also increase interest in borrowing. Denoting these shocks €; and €9, and assuming
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a multiplicative structure, the errors become

u = Su(X)a'e (30)

v o= Sy(X)a'eq (31)

Now p, in equation (19) will depend on the correlation between the es, and have
a negative sign if this correlation is negative. This structure is the same as the one
employed by Klein and Vella’s returns to schooling estimation (2009), and satisfies
the constant conditional correlation condition under the assumption that the s are
independent of X, as well as independent of a*.

To give some intuition, consider two households in which the head of household
suffers a broken leg, reducing his ability to work. The assumption would be that
this shock leads to a constant propensity to consume less, and a constant propensity
to borrow more. The relationship between the borrowing and consumption propen-
sitites is captured by p,. Each household’s actual ability to adjust consumption and
borrowing, however, depends on factors such as location. For instance, a household
in an area with more access to microcredit could respond by borrowing more; this
effect is captured by S,(X). Thus, while the correlation between &; and e, is con-
stant, the correlation between u and v depends on the functions of X that magnify
or diminish the impact of the es in each equation. The conditional correlation as-
sumption would not be satisfied, then, if failure to control for location effects led
to correlation between ¢; and €5 that varied with location, which is potentially re-
lated to other variables in X. Below, I control for location effects in the estimation,
first by including a set of location fixed effects, and then using a set of village-level

characteristics.
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4 Empirical model and results

The Household Study to Conduct Micro-Credit Impact Studies was carried out by
the Bangladesh Institute of Development Studies (BIDS) and the World Bank be-
tween 1991 and 1992. The survey sampled 1,798 households drawn from 87 villages
of 29 Thanas, or sub-districts, in rural Bangladesh. Out of the 29 Thanas, 24 had
microfinance programs in place at the time of the survey. The first stage of es-
timation is carried out over all households in these 24 program Thanas, resulting
in a sample size of 1,461 households. The second stage uses the subsample of 814
households with positive microcredit borrowing. Descriptive statistics are provided
in Table 1. Results presented here use the dataset made available by Roodman and
Morduch.?

The exogenous variables chosen are the same as those employed by Pitt and
Khandker. Household characteristics include the age and sex of the household head,
the education level of the household head, and the highest education level achieved
by a male and female in the household. Dummy variables for the absence of an adult
male and absence of an adult female are included to allow interpretation of these
coefficients, as is a dummy for the presence of a spouse. Also included is a set of
variables describing whether or not the parents of the household head and spouse
own land, and the number of brothers and sisters of the head and spouse who own
land. These variables are intended to control for outside opportunities for borrowing
or income.

Location characteristics are controlled for in two ways. The first set of results
includes a set of Thana dummy variables. The use of Thana dummies is a departure

from the Pitt and Khandker model, which includes village fixed effects, but was a

http://www.cgdev.org/content /publications/detail /1422302
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necessary reduction in dimensionality for the semiparametric estimations. Location
characteristics that may affect both borrowing and consumption include not only
observed features like price and infrastructure variables, but unobserved attributes
like proximity to an urban area, climate, and local attitudes. The location dummies
will also absorb any spillover effects that the presence of a microcredit institution has
on all residents, regardless of their borrowing status. It is possible, for example, that
some of the increased expenditures by households that borrow will go toward buying
goods and services from their neighbors. In this case, the presence of microcredit
will raise the average consumption for all residents of a community. The coefficients
on borrowing estimated here thus represent the benefit to a household that borrows
over and above the benefits from any spillovers.

The second set of results includes a set of village characteristics. These include
the average wages for men and women in each village, and a set of goods prices.
Also included are variables that describe the local infrastructure, including the dis-
tance to a bank and the presence of schools, health clinics, and family planning
and midwife services. This specification has the advantage of controlling for some
location characteristics at a more local level, but lacks the spillover interpretation
given above. In each specification, the heteroskedasticity index for the consumption
equation includes the same explanatory variables that appear in the conditional
means of both equations.

Table 2 shows the results of testing for heteroskedasticity by regressing the
squared residuals from the borrowing and consumption equations onto all the ex-
planatory variables. Test results are reported under both model specifications. In
all four cases, the null hypothesis of homoskedasticity is rejected. For the borrow-

ing equation, the evidence of heteroskedasticity is strongest for the Thana dummy
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specification, indicating that regional variation in program availability and intensity
is an important source of heteroskedasticity.

Table 3 presents the results of estimation of the borrowing equation in the Thana
dummy specification. As discussed above, one of the index coefficients must be
normalized to one. Given this normalization, the coefficients can only be interpreted
in relative terms. Here, the coefficient fixed to unity is on the variable that gives
the negative of log-landholding, since an increase in landholding is known to reduce
the likelihood of borrowing, and the remaining coefficients will therefore have the
correct sign. All variables have been standardized to have mean zero and standard
deviation equal to one. Thus an increase of one standard deviation in the maximum
education of a male in the household is interpreted to have 75% of the impact of a
increase of one standard deviation in the maximum education of a female.

Having a male head of household led to a significant reduction in the amount bor-
rowed. This result is expected, since microcredit has become increasingly targeted
toward women over the years in Bangladesh. Each borrowing group is required to
be single-sex, and female-only groups were more prevalent in the survey areas, com-
pounding the effect of targeting women by providing more opportunities for women
to join groups. Households without an adult male or a spouse present borrowed
less. This is evidence that entrepreneurship is easier for households that have two
working age adults present, a household head and a spouse. The entrepreneurial
good may be produced at the same time as home production, such as child care,
making entrepreneurship feasible for households in which the spouse of the head
does not work outside the home. (Pitt and Khandker 1998 describe such a model
of household production.) Households in which the spouse’s family members owned

land also borrowed less. This confirms the idea that families borrow from each other
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when they have the opportunity, rather than paying interest rates to outside lenders.
Households with more highly educated females borrowed less, which is perhaps an
indication that these women were more likely to work before microcredit borrowing,
and thus less inclined to microentrepreneurship. In addition, there is evidence that
regional variation is an important determinant of borrowing, as several of the Thana
dummy variables are significant.

The parameter estimates for the consumption equation are presented in table 3.
The first column shows the OLS estimates over the subsample of households with
positive borrowing. Column three gives the estimates after inclusion of the control
function. Parameter estimates are presented for the non-standardized variables.
Several household characteristics had a significant impact on per-capita consump-
tion. The elasticity of consumption with respect to land-holding is 0.311, confirming
the expectation that land is an important source of income generation. The lack of
an adult female in the household was significant, but increased consumption only
slightly, by 0.8%. The variables summarizing the land-holding of the relatives of the
household head were also significant, supporting the idea that families help smooth
each other’s income. Several of the Thana dummies were significant as well.

The coefficient on borrowing estimates the elasticity of per-capita household con-
sumption with respect to borrowing. This coefficient is 0.056 in the OLS estimation
with a t-statistic of 3.290. Inclusion of the control function raises the estimate of the
borrowing coefficient to 0.193. With a t-statistic of 2.838, this effect is still statisti-
cally significant below the 5% level. The increase in the effect of borrowing is due to
the negative and significant coefficient on the control function. The significance of
this coefficient, with a t-statistic of 3.92 in absolute value, is an indication that the

estimation strategy is succeeding in capturing the endogeneity of borrowing. The
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negative sign is evidence that there is a negative correlation between the random
error components, €; and ;. Pitt and Khandker also find a negative correlation be-
tween the errors, and interpret the sign as an evidence that microfinance programs
are successfully targeting poorer clients.

The results of estimating the village-characteristics specification lead to similar
conclusions. The estimates for the borrowing equation are presented in table 5,
where interpretation is subject to the same normalizations discussed above. Here,
a higher level of education for the head of the household led to an increase in
borrowing, as did an increase in the age of the head of the household. The absence
of an adult male or female decreased the amount borrowed, supporting the idea
that microentrepreneurship is easier in a household with two adults. A higher level
of female education again decreased borrowing, but in this specification, none of
the coefficients on family members’ landholding were significantly different from
zero. Of the village characteristics, only two were significant. Both the presence
of a family planning center and the availability of a wage for females increased the
amount borrowed. These variables may be a reflection of gender attitudes in a
village. Areas that are in general more supportive of women working outside the
home and women’s health issues may also be more accepting of women engaging in
microentrepreneurship.

Table 6 presents the estimates of the consumption equation under the village
characteristic specification. The amount of land held by a household is again found
to be significant, although the elasticity is slightly smaller, at 0.218. An additional
year of age of the household head is found to reduce per capita consumption by
4.3%. The maximum education of a female in the household is again found to

increase consumption, while the absence of an adult female again slightly increases
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it. Household consumption was lower in villages that had a primary school, a rural
health center, or a midwife available. This is perhaps due to households that own
more land and are able to generate more income living farther out from town centers,
where poverty may be more concentrated.

In the village characteristic specification, the coefficient on borrowing rises from
0.023 to 0.212 after inclusion of the control function, an even greater increase than
in the previous specification. The t-statistic is also larger, at 6.793. Once again, the
coefficient on the control function is negative and significant, indicating a negative
correlation between the error components ¢; and &,.

Tables 3 and 6 present the coefficient estimates for the index of the heteroskedas-
ticity function of the consumption equation in each specification. These parameters
have no direct interpretation, other than to note that some of them are significantly
different from zero, including the variables capturing the landholding of relatives of
household members. More of the coefficients are significant in the village character-
istic specification, indicating that this model may better capture the heteroskedas-

ticity present in the consumption equation.

5 Discussion

The rapid spread of microcredit in recent years is an indication that many peo-
ple believe it can be successful at combating poverty. In finding that microcredit
borrowing from the flagship Grameen Bank and other similar institutions raises
household consumption, the results of this paper therefore confirm the beliefs of
numerous microcredit practitioners and donors, which have so far been based on

anecdotal evidence alone. While the scarcity of empirical evidence on this topic to
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date has raised doubts about the effectiveness of microcredit, the finding that bor-
rowing has a positive and significant impact on consumption is in this sense what
many have expected.

Theoretical results also predict that the impact of microcredit could be large. If
the principle of diminishing returns to capital holds, microenterprises with relatively
little capital should be able to earn high returns on their investments (Armendariz
and Morduch). The average size of a loan disbursed by the Grameen Bank is $100.
At the average, then, the results above predict that an additional $100 in lending
can be expected to increase per-capita household consumption by around 20%. In
absolute terms, this is a small amount of consumption, given that the average house-
hold income in Bangladesh is around $293 (World Bank). Such small amounts can
make a big difference for households that are living in extreme poverty, however.

The elasticities discussed above are larger in magnitude than those found in the
previous literature, some of which finds no impact of borrowing on consumption at
all. In the case of Banerjee, et. al., who look at consumption a little more than
one year after borrowing, the difference in results is in keeping with their model of
household investment. As discussed above, the benefits of microcredit borrowing
might not be immediately evident, and my estimates incorporate borrowing over
a longer span of time. In addition, both Banerjee, et. al. and Coleman estimate
intent to treat effects, or the impact on a household of living in a treatment village.
Estimates of the average treatment effect presented here, in describing the expected
gains from actually borrowing, can be expected to be larger.

A more interesting result is that the elasticity estimates found here are higher
than those found by Pitt and Khandker using the same data. While both studies

detected positive and significant effects of borrowing, the estimates presented here
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are larger in magnitude and farther from the OLS estimates. This is evidence
that the strategy employed here is more successful at identifying the endogeneity of
borrowing. It is clear from the results that failure to appropriately control for the
endogeneity of borrowing leads to severe underestimation of the impact of borrowing
on consumption, and also that the restrictions imposed above on the conditional
second moments of the data are sufficiently informative to identify that endogeneity.

Since the results discussed above provide consistent estimates for the consump-
tion equation, a set of variables that could potentially be used as instruments is
identified. In the Thana dummy specification, the variables representing the sex
of the household head, the maximum education of a female household member, no
adult male present, no spouse present, and the landholding of the spouse’s parents
and brothers are all significant in the borrowing equation, but not the consumption
equation. The estimation was therefore repeated using these variables as exclusion
restrictions. While the first stage of estimation was the same as above, in the pres-
ence of the exclusion restrictions, the control function used in the second step was
simply the residual from the borrowing equation, v, and higher order terms 7? and
0% (Das, Newey and Vella). The coefficient on borrowing was found to be 0.12 and
significant. The village characteristic specification was estimated in the same way.
Here, the variables education of the household head, no adult male present, family
planning center present in village, and village average female wage were excluded
from the consumption equation. The coefficient on borrowing in this case was 0.04
and not significantly different from zero. These results indicate that the instruments
were able to identify the endogeneity of borrowing in the first specification, but not
the second. In both cases, the estimated impact of borrowing was lower than the

estimates using the control function approach. The conditional second moment
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restrictions thus appear to be the most informative in this application.

6 Conclusion

This paper estimates the impact of borrowing from a microcredit institution in
Bangladesh on per-capita household consumption. By appropriately controlling
for the endogeneity of borrowing, I am able to estimate the average effect of a
microcredit loan for a randomly selected household in the survey areas. By imposing
an assumption that the errors in the model have a constant correlation, conditional
on the exogenous variables, I am able to exploit the presence of heteroskedasticity
in the model to control for the endogeneity of borrowing.

I find that microcredit loans have a positive and significant impact on consump-
tion, with an elasticity in the range of 0.193 to 0.212. These estimates contribute to
the debate over whether microcredit is reducing poverty in Bangladesh by finding
that microcredit loans are succeeding in allowing households to raise their levels of

consumption.
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7 Appendix

Table 1: Summary statistics.

mean standard dev
annual per-capita houshold consumption (taka) 4507.212 2796.714
total borrowng (taka) 2931.259 6843.770
education of head 2.754 3.723
age of head 41.266 13.153
sex of head (male = 1) 0.950 0.219
max education female 1.920 3.306
max education male 3.627 4.234
no adult male present 0.033 0.178
no spouse present 0.117 0.321
no adult female present 0.010 0.101
no adult male present 0.033 0.178
head’s parents own land 0.254 0.559
# head’s brothers own land 0.805 1.301
# head’s sisters own land 0.802 1.256
spouse’s parents own land 0.514 0.780
# spouse’s brothers own land 0.919 1.437
# spouses’s sister’s own land 0.764781 1.20497
landholding  137.887 425.389

n = 1457
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Table 2: Heteroskedasticity tests.

Chi-squared statistic = p-value
borrowing equation
Thana dummy specification 30.93 (0.000)
village characteristic specification 9.34 (0.0022)
consumption equation
Thana dummy specification 48.37 (0.000)
village characteristic specification 40.65 (0.000)
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Table 3: Dependent variable: log borrowing.

coeff t statistic

education of head  0.209 (0.609)
sex of head -5.510  (-6.288
age of head  0.572 (1.336
max ed male -0.377  (
max ed female -0.503  (
no adult male present -0.934  (-6.406
no adult female present -0.038 (
no spouse present -0.889
head’s parents own land  0.071 (0.635
# head’s brothers own land -0.008  (-0.047
# head’s sisters own land  0.113 (1.056
spouse’s parents own land -0.319 (-2.317
# spouse’s brothers own land -0.358  (-2.238
# spouses’s sister’s own land  0.093 (0.804

Thana 1 -2.117 -3.496
Thana 2 -0.965 -1.357
Thana 3 -0.495 -1.012
Thana 4 -1.342 -2.205
Thana 6 -2.590 -3.450
Thana 7 -2.133 -4.320
Thana 8 -1.218 -1.503
Thana 9 -0.796 -1.536

Thana 10 0.444  (0.664
Thana 11 0.772 (1.505
Thana 12 -1.044  (
Thana 13 -2.398  (
Thana 14 -0.991 (-1.294
Thana 15 -2.191  (
Thana 16  2.123 (
Thana 17 1.031 (
Thana 18  1.637 (
Thana 19  0.310 (
Thana 20 0.504  (0.920
Thana 21 1.479 (
Thana 22 0.920 (

(

)

)

)

)

)

)

)

)

)

)

)

)

)

( )
( )
( )
( )
Thana 5 -1.165 (—1.882)
( )
( )
( )
( )
)

)

)

)

)

)

)

)

)

)

)

|
Thana 23  2.084 )
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Table 4: Dependent variable: log per-capita houshold consumption.

OLS coeff t statistic CF method coeff t statistic

constant 7.894  (32.014) 7.940  (20.262)

log landholding 0.124 (2.429) 0.311 (2.984)
education of head -0.004  (-0.730) 0.038 (0.277)

sex of head -0.001  (-0.038) 0.032 (0.860)

age of head -0.277  (-1.564) -0.015  (-0.624)

max ed male 0.228 (3.111) 0.070 (0.374)

max ed female 0.006 (2.019) 0.043 (0.574)

no adult male present -0.002  (-1.111) 0.001 (0.210)

no adult female present 0.020 (4.349) 0.008 (2.722)
no spouse present 0.023 (2.228) 0.002 (0.185)

head’s parents own land 0.011 (0.700) 0.020 (1.391)
# head’s brothers own land 0.018 (1.092) 0.046 (1.752)
# head’s sisters own land 0.016 (1.574) 0.053 (2.122)
spouse’s parents own land 0.030 (1.482) 0.009 (0.556)
# spouse’s brothers own land -0.010  (-0.628) -0.025  (-0.849)
# spouses’s sister’s own land 0.000  (-0.097) 0.012 (0.501)
Thana 1 0.016  (0.911) 0.016  (0.687)

Thana 2 0.069  (4.532) 0.087  (4.458)

Thana 3 0.027  (1.708) 0.030  (1.514)

Thana 4 0.000  (0.006) 0.002  (0.077)

Thana 5 0.062  (3.641) 0.061  (2.945)

Thana 6 0.032 (1.991) 0.027 (1.227)

Thana 7 0.056  (3.406) 0.080  (3.957)

Thana 8 0.022  (1.431) 0.010  (0.382)

Thana 9 0.022 (1.488) 0.025 (1.228)

Thana 10 0.017  (1.097) 0.023  (1.385)

Thana 11 0.031  (2.055) 0.032  (1.476)

Thana 12 0.056  (3.040) 0.045  (2.294)

Thana 13 0.024  (1.570) 0.052  (2.493)

Thana 14 0.041 (2.561) 0.040 (2.182)

Thana 15 0.009  (0.607) 0.038  (1.926)

Thana 16 0.041 (2.621) 0.038 (2.228)

Thana 17 0.015  (0.888) 0.015  (0.894)

Thana 18 0.009  (0.616) -0.007  (-0.392)

Thana 19 0.005  (0.347) 0.007  (0.348)

Thana 20 0.020  (1.187) 0.025  (1.196)

Thana 21 -0.021  (-1.284) 0.030  (-1.537)

Thana 22 0.055  (3.383) 0.046  (2.331)

Thana 23 -0.033  (-0.399) -0.006  (-0.296)

borrowing 0.056 (3.290) 0.193 (2.838)

control function -0.974  -(3.290)
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Table 5: Heteroskedasticity index.

coeff. t statistic

education of head  1.050 (1.173)

sex of head  0.048 (0.279)

age of head  0.095 (0.699)

max ed male -2.020  (-1.764)

max ed female -0.604  (-1.489)

no adult male present  0.001 (0.059)

no adult female present  0.006 (0.794)
no spouse present -0.103  (-1.932)

head’s parents own land  0.112 (1.575)
# head’s brothers own land  0.244 (1.642)
# head’s sisters own land  0.393 (2.394)
spouse’s parents own land -0.110 (-1.130)
# spouse’s brothers own land -0.146  (-0.644)
# spouses’s sister’s own land  0.064 (0.351)
Thana 1 -0.028  (-0.206)

Thana 2 0.048 (0.431)

Thana 3 0.057  (0.588)

Thana 4 -0.066  (-0.616)

Thana 5  0.004 (0.034)

Thana 6 -0.094  (-0.787)

Thana7 0.112  (0.922)

Thana 8 -0.106  (-0.876)

Thana 9 -0.011  (-0.098)

Thana 10 0.042  (0.429)

Thana 11 0.021  (0.191)

Thana 12 0.003 (0.027)

Thana 13 0.076  (0.605)

Thana 14 -0.013  (-0.115)

Thana 15  0.165 (1.780)

Thana 16  0.022 (0.193)

Thana 17 0.099  (0.849)

Thana 18 -0.080  (-0.759)

Thana 19 0.055 (0.546)

Thana 20 0.063  (0.621)

Thana 21 0.060 (0.570)

Thana 22 -0.025  (-0.223)

Thana 23 0.046  (0.392)
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Table 6: Dependent variable: log household borrowing.

coeff t-statistic

education of head  0.520 (2.688)

sex of head -0.862  (-1.721)

age of head  1.194 (3.399)

max ed male -0.492  ( )

max ed female -0.336  ( )

no adult male present -0.349  (-3.415)

no adult female present -0.277  ( )

no spouse present  0.049 (0.447)

head’s parents own land -0.099  ( )

# head’s brothers own land -0.038  (-0.322)

# head’s sisters own land -0.085  ( )
spouse’s parents own land -0.067 )

# spouse’s brothers own land  0.041 (0.372)
# spouses’s sister’s own land  0.048 (0.401)
village has primary school -0.098  (-0.530)
village has rural health center  0.074 (0.714)
village has family planning center  0.290 (2.452)
midwife available in village 0.188 (1.544)
village distance to bank (km) 0.090 (0.718)
village price of rice -0.118  (-0.859)

village price of wheat flour -0.212 (-1.509)
village price of milk  0.134 (1.091)

village price of hen egg -0.024  (-0.333)
village price of potato  0.015 (0.147)
village average male wage 0.242 ( )
village average female wage 0.333 (2.015)
(1.533)

no village female wage 0.233
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Table 7: Dependent variable: log per-capita household consumption.

OLS coeff t-statistic CF method coeff t-statistic

constant 8.310  (37.811) 7.766  (24.265)

log landholding 0.050  (2.050) 0.218  (2.870)

education of head -0.014  (-0.153) -0.130  (-0.950)

sex of head -0.002  (-0.098) 0.005 (0.185)

age of head -0.022  (-1.595) -0.043  (-2.106)

max ed male 0.275 (2.680) 0.258 (1.805)

max ed female 0.094 (1.997) 0.156 (2.382)

no adult male present -0.002  (-0.800) -0.002  (-0.401)

no adult female present 0.006 (4.006) 0.006 (2.375)

no spouse present 0.011 (1.883) 0.007 (1.119)

head’s parents own land 0.002 (0.297) -0.001  (-0.099)

# head’s brothers own land 0.014 (0.838) 0.042 (1.234)
# head’s sisters own land 0.015 (0.937) 0.024 (1.236)
spouse’s parents own land 0.011 (0.983) 0.004 (0.241)

# spouse’s brothers own land -0.019  (-0.972) -0.027  (-1.137)
# spouses’s sister’s own land -0.022  (-1.337) -0.051  (-2.115)
village has primary school -0.027  (-4.305) -0.022  (-2.025)
village has rural health center -0.006  (-1.650) -0.012  (-2.203)
village has family planning center 0.004 (1.128) 0.008 (1.442)
midwife available in village -0.015  (-2.700) -0.018  (-2.204)
village distance to bank (km) -0.037  (-1.113) -0.053  (-1.243)
village price of rice -0.010  (-0.757) -0.026  (-1.088)

village price of wheat flour 0.040 (2.549) 0.067 (2.563)
village price of milk 0.007 (0.121) -0.039  (-0.524)

village price of hen egg 0.003 (0.126) 0.016 (0.621)
village price of potato 0.019 (0.936) 0.011 (0.281)

village average male wage 0.199 (1.461) 0.270 (1.393)
village average female wage -0.201  (-0.966) -0.289  (-0.923)
no village female wage 0.001 (0.172) 0.004 (0.267)

log borrowing 0.023 (1.616) 0.212 (6.739)

control function -0.951  (-3.007)
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Table 8: heteroskedasticity index.

coefl t-statistic

education of head -1.417  (-1.413)

sex of head -0.022  ( )

age of head -0.142  (-1.099)

max ed male -0.406  ( )

max ed female 0.333 (0.624)

no adult male present -0.033 )

no adult female present -0.003  (-0.234)

no spouse present -0.026 )

head’s parents own land -0.119  ( )

# head’s brothers own land ~ 0.853 (3.171)

# head’s sisters own land  0.290 (2.183)
spouse’s parents own land -0.293  (-2.461)

# spouse’s brothers own land  0.203 (1.030)
# spouses’s sister’s own land -0.454  (-2.315)
village has primary school  0.033 (0.374)
village has rural health center -0.101  (-2.635)
village has family planning center  0.054 (1.354)
midwife available in village -0.060  (-1.028)
village distance to bank (km) 0.072 (0.202)
village price of rice -0.317  (-1.979)

village price of wheat flour 0.311 (1.409)
village price of milk -0.264  (-0.483)

village price of hen egg  0.132 (1.049)
village price of potato -0.256  (-0.953)
village average male wage  2.054 (1.548)
village average female wage -0.136  (-0.065)
no village female wage 0.112 (1.249)
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