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Abstract

Recent evaluations have found that traditional microloans have insignificant impacts on incomes and
output. We examine if this is because microfinance institutions are unable to target productive bor-
rowers. We conduct a randomized field experiment in West Bengal with a different method of borrower
selection for individual liability loans: this was delegated to local trader-lender agents incentivized
by repayment-based commissions. We develop a theoretical model of differences in selection and
production incentives between this variant (called TRAIL) and standard group loans (called GBL).
Consistent with model predictions, we find that TRAIL borrowers had lower average default risk and
achieved higher rates of return on their loans. TRAIL loans increased production of the leading cash
crop and farm incomes by 27–37%, but GBL loans had insignificant effects. Differences in selection
across observable borrower characteristics correlated with productivity accounts for at least 14% of
this difference. Repayment rates were equally high in both schemes, while TRAIL had higher take-up
rates and lower administrative costs.
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1 Introduction

Microcredit was famously heralded as a solution to global poverty; yet across a large number of
experimental evaluations there has been no evidence of significant impacts on borrower incomes
or production (see Kaboski and Townsend, 2011, Banerjee, Karlan, and Zinman, 2015). This
is true not only for the traditional group-based lending schemes (where selection, monitoring
and enforcement is devolved to borrower groups) that have been evaluated most commonly, but
also for variants with individual liability loans (see Giné and Karlan, 2014, Attanasio, Augsburg,
De Haas, Fitzsimons, and Harmgart, 2015). Other experiments have found that when the rigid
repayment schedules that restrict borrowers’ project choice are relaxed, microloans increase farm
activity and business incomes, but at the cost of increased default rates(Field, Pande, Papp, and
Rigol, 2013, Feigenberg, Field, and Pande, 2013, Beaman, Karlan, Thuysbaert, and Udry, 2015).1

No microcredit variation thus far has achieved a significant average treatment effect on production
or borrower incomes, while maintaining high repayment rates. The reasons for this are not well
understood. It is also not known whether alternative variants would be more likely to succeed.

In this paper we explore the hypothesis that traditional group-based microfinance schemes fail
to increase borrower incomes partly because they do not manage to screen out unproductive
borrowers. Since unproductive borrowers are more likely to default, they pay high interest rates in
the informal credit market. Therefore they have a strong incentive to apply for MFI loans. Unlike
informal lenders, MFI loan officers lack fine-grained information about the risk and productivity
characteristics of poor borrowers, and cannot screen them with sufficient precision. Moreover,
group lending schemes are rarely as sophisticated in practice as typically modelled in theoretical
formulations (Ghatak, 1999, 2000): they rarely offer a menu of credit contracts within the same
village in order to induce different borrower groups to sort according to their type.

These considerations motivate experimentation with alternative methods of selecting borrowers:
formal financial institutions or MFIs could collaborate with local informal lenders and tap into
their knowledge of the characteristics of different borrowers within the community. This pa-
per considers an alternative variant of microfinance called TRAIL (Trader Agent Intermediated
Loans), in which the lender delegates borrower selection to an agent randomly chosen from among
the informal trader/lenders in the community. The agent is incentivized by commissions that de-
pend on interest paid by recommended clients. This could motivate the agent to select borrowers
who are less likely to default. Under the plausible hypothesis that default risk and productivity
are negatively correlated, this could result in a borrower pool that is more productive.

To test this idea, we devised and conducted a field experiment in two districts of West Bengal in
India. The experiment implements a version of TRAIL and compares its effects with a version of
group-based lending (GBL). Villages were randomly assigned to the TRAIL or the GBL scheme.
In each TRAIL village an agent was randomly selected from a list of established trader-lenders
within the village, and asked to recommend as potential borrowers 30 village residents who owned
no more than 1.5 acres of cultivable land. A random subset of these recommended households were
offered TRAIL loans. The agent was promised a commission equal to 75 percent of the interest

1Field, Pande, Papp, and Rigol (2013) find that a longer grace period for repaying individual liability microloans
increased weekly business profits by 41% and household incomes by almost 20%, but also tripled the default rate.
Beaman, Karlan, Thuysbaert, and Udry (2015) find that when loans were repaid in a single lumpsum at harvest
time, borrowers increased cultivation and value of agricultural output, although not farm profits.
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payments received at the end of each 4-month loan cycle. He incurred penalties for borrower
defaults, via termination clauses and the forfeiture of modest deposits posted upfront.

Shree Sanchari, a Kolkata-based MFI, implemented the GBL scheme in which village residents
from households owning less than 1.5 acres of cultivable land were invited to form 5-member
groups. Consistent with standard MFI practices in rural West Bengal, groups were required to
meet with loan officers each month and make regular savings deposits over a six-month period
before the loan scheme began.2 A random subset of the groups that completed the six-month
initiation process were offered joint liability loans. The monthly group meetings and savings
continued throughout the loan cycle. As described further below, GBL loans featured the same
interest rate, loan duration, growth in credit access and covariate risk insurance as the TRAIL
loans. Just as in the TRAIL intervention, the MFI received a commission equal to 75 percent of
the interest payments received from GBL borrowers. Neither the TRAIL agent or the MFI were
responsible for providing loan capital: we provided this from our research funds.

Unlike the GBL loans where groups were jointly liable for repayment, TRAIL borrowers were
individually liable for their loans. We designed the TRAIL loan contracts this way because local
lenders had no experience lending to groups. Traders and moneylenders who were offered the
opportunity to become the TRAIL agent were only interested in participating if the borrowers
were individually liable to repay their loans. Apart from the selection mechanism and loan liability,
the two schemes were identical in all other loan features. They were designed to facilitate the
cultivation of potatoes, the leading cash crop in the state. Loans were first given out during
the potato planting season. Repayments were due in a single lumpsum four months later, when
potatoes were harvested. To provide insurance against local covariate risks, the amount to be
repaid was adjusted downward if revenues per acre (product of potato harvest price and yield
per acre) in the village fell 25 percent below a 3-year moving average. In order to provide each
borrower with strong repayment incentives, the credit limit in the next four month cycle was set
at 133% of the amount of the current loan repaid. Hence those who repaid satisfactorily were
eligible for a larger loan that could be used to store potatoes or plant other crops. Those who
repaid less than 50% of their current loan obligation were terminated. The interest rate was 18%,
8 percentage points below the prevailing market rate for non-collateralized informal loans of a
similar duration. Thus the loss of future access to these loans would be costly. This was expected
to incentivize borrowers to repay the loan.

The experiment ran for three years from October 2010 to September 2013, allowing us to examine
both short- and intermediate-term impacts of the program. We conducted household surveys every
four months and thus have high-quality high-frequency data about sample households’ cultivation
decisions, harvest and sales of all crops grown. There was no attrition in the sample over time.
Further details about the context and experimental design are provided in Section 2.

The difference in liability rules between the TRAIL and GBL schemes undoubtedly complicates
the task of making inferences about the role of borrower selection in the differential performance
of the two schemes. The type of liability could affect borrower incentives and generate differences
in outcomes even if the borrowers were identical in both schemes. By its very nature, joint liability

2Many group-lending schemes in different parts of the world require that members save regularly for a preassigned
duration or meet a savings target before they can begin to borrow. Many MFI officials argue that this helps to
improve borrower selection and builds the financial discipline required to repay regularly.
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raises the effective interest rate that any given borrower faces because he or she may be called
upon to pay up on behalf of a defaulting group member. This can limit borrower incentives
to expand the scale of borrowing. Equally, to avoid incurring this “joint liability tax”, group
members might monitor each other and prevent risk-taking, which could reduce the adoption of
high-value high-risk cash crops. These incentive effects could generate significant differences in
the impacts of the two schemes on borrowers’ crop output and value added. Other features of
traditional group lending such as mandated attendance in frequent group meetings and savings
targets could generate additional selection and incentive effects. Our version of GBL also includes
these features, whereas TRAIL does not, making it even more difficult to identify underlying
causal reasons for difference in the performance of the two schemes.

To address this, we develop a theoretical model of borrower heterogeneity and incentives. This
allows us to test our hypotheses about underlying causal mechanisms and to disentangle the role
of selection and incentive differences. We assume borrowers have heterogeneous ability, where
ability is negatively correlated with default risk and positively with high productivity. Ability
can be observed by members of the local community, not by MFIs (or researchers). TRAIL agents
are motivated to select high ability borrowers. In contrast, the GBL scheme attracts both low and
high ability borrowers. The effect of these selection differences are compounded by differential
incentive effects: the GBL loans have a smaller impact on borrowing, cultivation and farm incomes
for a borrower of any given ability because the joint liability tax raises the effective interest rate.
Both differences work in the same direction: TRAIL loans have a larger average treatment effect
on production and farm incomes than GBL loans do.

The model generates a number of testable predictions under the additional hypothesis that ob-
servable characteristics such as caste, religion, and gender of household head are significantly
correlated with ability. Specifically, the model imposes restrictions on the pattern of correlations
of such characteristics with informal interest rates, the scale of borrowing, cultivation and farm
incomes either before or after the interventions. In addition, it predicts that TRAIL treatment
effects will vary across households with different characteristics in particular ways. We test these
predictions in our data, and then obtain lower bound estimates of the contribution of selec-
tion differences per se to differences in average treatment effects between the TRAIL and GBL
schemes. This controls for incentive effects (or any other factor such as differences in trust or
social capital) that might generate differential impacts for borrowers with a given set of observable
characteristics.

Our main findings are that the TRAIL loans generated significant average treatment effects (ATE)
on production and incomes, whereas GBL loans did not. The ATE differences between the two
schemes are both large in magnitude (e.g., the farm income impact difference is about 25% of
mean farm income) and statistically significant (with a p-value of 0.077). Consistent with the
predictions of the model, TRAIL agents tended to recommend borrowers who borrowed, culti-
vated and earned more, and paid lower interest rates on informal loans taken before the schemes
were introduced. The recommended households were less likely to be low-caste or non-Hindu,
were less likely to belong to a female-headed household, and had higher landholding on average
(while remaining below the mandated 1.5 acre threshold). Households with these characteristics
experienced significantly larger treatment effects of TRAIL loans, while the treatment effects of
GBL loans were not large enough to be precisely estimated. Our estimates imply gender, religion
and caste selection differences account for at least 14% of the overall difference between TRAIL
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and GBL ATEs. Part of the success of the TRAIL scheme may have owed to superior incentives
it provided borrowers to increase the cultivation of high-value high-risk crops (such as potatoes)
(Fischer, 2013), or differences in trust or social capital. We are unable to quantify the contribution
of such factors.

Repayment rates were an equally high 95% over the 3 years in both the TRAIL and GBL schemes,
but loan take-up rates were significantly higher for TRAIL loans.3 We find no evidence that
TRAIL agents siphoned off the benefits of treated borrowers by manipulating the terms of other
trading relationships with them. Conversely, we also do not find evidence that the agent helped
create these large effects by providing input subsidies to recommended borrowers, or marketing
advice enabling them to realize higher prices for output sales.4 Finally, the administrative costs
of the TRAIL scheme were lower than those of the GBL scheme. The reason is that commission
rates for both the TRAIL agents and the MFI that implemented the GBL scheme were the same,
but the MFI’s loan officers incurred substantial costs on high-frequency meetings with borrowers
in the GBL scheme, which were redundant in TRAIL. Hence with regard to financial performance,
TRAIL performed at least as well on all dimensions as GBL.

Our paper contributes to the literature by providing a possible explanation for why traditional
microcredit had disappointingly small impacts on borrower productivity and incomes: its failure
to target productive borrowers.5 Our results on selection echo Beaman, Karlan, Thuysbaert,
and Udry (2015)’s finding that community associations in Mali prevented low-productivity house-
holds from taking joint liability loans. The third-party community leaders in their setting and
the TRAIL agents in our setting play a similar role by screening out less productive loan appli-
cants. An additional contribution is our design and implementation of an alternative variant, that
generated large and significant impacts on production and incomes, while maintaining the high
repayment rates of traditional microcredit.

A few qualifications are in order. The scale of our intervention was smaller than most other
microcredit experiments, since only ten loans were offered in each village. It is not possible to
project these results to estimate the consequences of a larger scale intervention.6 Also, our analysis
is restricted to impacts on production and incomes; we do not examine impacts on consumption
smoothing, liquidity management, investment or social empowerment. For these reasons we do
not argue that the TRAIL scheme is welfare-superior to existing group-lending schemes. Instead,
our objective is to understand better whether selection can explain (some of) the failure of group-
based lending to generate high growth impacts, and to test a promising alternative.

3Loan records show that 92% of households that were offered TRAIL loans took the loan in the first four-month
cycle of the scheme. At the end of three years, the take-up rate was 62%. In the GBL scheme the take-up rate was
88% to begin with, and fell to 49% by the end of the third year.

4Although TRAIL agents rented out power tillers at a lower price to TRAIL borrowers, this accounts for less
than 5% of the TRAIL impact on farm incomes.

5See Banerjee, Karlan, and Zinman (2015), Angelucci, Karlan, and Zinman (2015), Attanasio, Augsburg, De
Haas, Fitzsimons, and Harmgart (2015), Augsburg, De Haas, Harmgart, and Meghir (2015), Banerjee, Duflo,
Glennerster, and Kinnan (2015), Crépon, Devoto, Duflo, and Parienté (2015), Tarozzi, Desai, and Johnson (2015).

6The small scale of our interventions also imply that spill-overs on non-beneficiaries in the experimental villages
were unlikely.
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2 Experimental Design and Data

Our field experiment was conducted in Hugli and West Medinipur in the state of West Bengal,
India. These two districts are among the largest producers of potatoes in West Bengal, which
itself produces about a third of all the potato output in India. As shown below, potatoes are a
particularly high-value crop. It was expected that microcredit would finance potato cultivation
and thereby increase incomes and productivity. To this end, the loan product had several features
to facilitate its use for potato cultivation. The project team provided the funds for all loans in
the two schemes. The TRAIL scheme was implemented in 24 randomly selected villages. One
agent was randomly chosen from the traders/moneylenders operating in each village and asked
to recommended potential borrowers for the loans. In another 24 villages, we collaborated with a
local MFI to implement the GBL scheme.7 Each sample village was at least 10 kilometers away
from all other sample villages, to help minimize contamination of the experimental interventions
through the spread of information. The MFI had not operated in any of the sample villages before
our project started, and in general MFI penetration was low.

In each scheme, borrowers were offered multiple cycles of loans of 4-month durations at an annual
interest rate of 18%. The first loans were capped at |2000 (equivalent to approximately $US40
at the prevailing exchange rate), and were disbursed in October-November 2010, to coincide with
the potato-planting season. Repayment was due in a single lumpsum after 4 months. In each
subsequent cycle, borrowers who repaid the entire amount that was due became eligible for a 33
percent larger loan, on the same terms as before. Those who repaid less than 50 percent of the
repayment due were not allowed to borrow again. Others were eligible to borrow 133 percent of
the principal repaid.8 Both schemes had an in-built index insurance scheme, according to which
the required repayment would be revised downwards if the revenue per acre for potatoes fell 25
percent below a three year average in the village, as assessed through a separate village survey.

Table 1 summarizes the differences between the TRAIL intervention and other related microcredit
interventions recently studied in the literature (see the summary presented in Banerjee, Karlan,
and Zinman, 2015, Table 1). Apart from the method of borrower selection in the TRAIL scheme,
an important difference is in repayment frequency: loans were due in a single lumpsum at the end
of 4 months in both TRAIL and GBL schemes, whereas repayment was due on weekly, bi-monthly
or monthly schedules in the other studies. Many of the other loan features are comparable between
TRAIL and GBL, and other microcredit products.

The scale of our interventions was also different from many of the other experimental interventions
in the literature. We rationed loan offers to 10 borrowers in each village. In contrast, the scale
of most other interventions was determined by the demand for the loan product: any eligible
individual in the treatment slum or village could participate in the loan scheme. The impacts
estimated in those studies combine selection and loan treatment effects, and are interpreted as

7In yet another 24 villages, an alternative version of the agent intermediated lending scheme (called GRAIL) was
implemented, where a member of the village council (Gram Panchayat) was appointed as the agent. The GRAIL
agent is likely to have been motivated by the political benefits of participating in the scheme. The treatment effects
of the GRAIL program will be analysed in a separate paper.

8To facilitate credit access for post-harvest storage, borrowers were allowed to repay the loan in the form of cold
storage receipts (or “bonds”) instead of cash. In that case the repayment was calculated at the prevailing price of
potato bonds.
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the effects of MFI entry on a representative member of the eligible sub-population within that
sampling unit, where loan take-up within the sub-population is entirely demand-determined.

In our study, estimates of loan treatment effects control for “selection” into the scheme (either
through recommendation by a TRAIL agent or through participation in a GBL group). This
is possible because only a subset of households who were recommended (in the TRAIL villages)
or joined groups (in the GBL villages) were offered the program loans. In TRAIL villages, the
agent recommended 30 individuals for loans, and 10 of these were randomly chosen through a
public lottery to receive them. In GBL villages, two of the groups that had survived a 6-month
initiation period were randomly chosen, and their members offered loans. The treatment effects
are then estimated by differences in outcomes between those randomly chosen to receive a loan
offer (we call these Treatment households in what follows), and those who were recommended or
formed a group but unlucky in the lottery and did not receive the loan offer (we call these Control 1
households). This is similar to the analysis of loan treatment effects in Karlan and Zinman (2011),
where loan assignment was randomized among borrowers deemed marginally creditworthy by a
credit scoring algorithm.9

The villages where the experiment was conducted had an average of 350 households per village.
Sixty percent of the households had access to electricity, 78% of villages had a primary school,
24% had a primary health centre, 15% had a bank branch and 35% of the villages had access
to a metalled road. Households had 5 members on average. The majority of the households
were Hindu, among whom the low and the high castes were equally distributed. The average
landholding was 0.75 acres. 95% of households had male heads, 48% of the household heads had
completed primary schooling and 47% of them reported their primary occupation as cultivation
(see Table 2).

2.1 The Trader-Agent-Intermediated Lending (TRAIL) Scheme

In the TRAIL villages, the lender consulted with prominent persons in the village to draw up
a list of traders and business people who had at least 50 clients in the village, and had been in
business in the village for at least three years. One person from the list was randomly chosen
and invited to become an agent.10 The agent was asked to recommend as potential borrowers 30
village residents who owned no more than 1.5 acres of agricultural land. In October 2010, our
project officer selected 10 out of these 30 individuals in a lottery conducted in the presence of
village leaders. Loan officers visited the treatment households in their homes to explain the loan
terms and later to disburse the loan if it was accepted.

At the beginning of the scheme, the agent was required to put down a deposit of |50 per borrower.
The deposit was refunded to the agent at the end of two years, in proportion to the loan repayment
rates of his recommended borrowers. At the end of each loan cycle he received as commission
75% of the interest received on these loans. The agent’s contract was terminated at the end of

9We also use the data on Control 2 households in our analysis; the difference between Control 1 and Control 2
households tells us how those who participated in the scheme differed from those who did not.

10The experimental protocol stated that if the person approached rejected the offer, the position would be offered
to another randomly chosen person from the list. In practice, the first person offered the position accepted it in
every village.
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any cycle in which 50% of borrowers he recommended failed to repay. Agents were also promised
an expenses-paid holiday at a local sea-side resort if they survived in the program for two years.

Interactions between loan officers and borrowers were limited to loan disbursement and collections
at the beginning and end of each cycle, which occurred at the borrowers’ residences. Loan officers
were not required to engage in any monitoring or collection effort, and borrowers were not required
to report to the loan officers their intended or actual use of the loan.11

A potential concern with the TRAIL intervention is that agents could have extracted rents from
borrowers. For instance, they might have tried to charge high interest rates (through kickbacks),
selected unsuitable borrowers (high default risks, less productive individuals, wealthy individuals,
cronies, or persons willing to pay bribes), extracted borrower benefits by manipulating other
relationships, colluded with borrowers (suggested that they default, and divided up the loan
funds instead) or coerced borrowers to repay. The scheme contained several features to help
guard against these possibilities. All loan transactions took place directly between project loan
officers and the borrower. The agent could recommend only landless and marginal landowners
(households owning ≤ 1.5 acres), and the interest rate was fixed and communicated clearly to all
borrowers. As we discuss in Section 3, the agent’s borrower selection pattern would have been
qualitatively similar even if collusion were possible. Also, as we shall see in Section 4.3.3, our
data do not support the hypothesis that the agent extracted a substantial proportion of borrower
benefits by manipulating transactions in credit, input or output markets.

2.2 The Group-based Lending (GBL) Scheme

In the GBL villages, the MFI began operations in February-March 2010 by inviting residents
to form 5-member groups, and then organized bi-monthly meetings for each group, where each
member was expected to deposit |50 per month into the group account. Of the groups that
survived until October 15, 2010, two were randomly selected into the scheme through a public
lottery. Each group member received a loan of |2,000 in Cycle 1, for a total of |10,000 for the
entire group, with a four-month duration, payable in a single lump sum. All group members
shared liability for the entire |10,000: if less than 50% of the due amount was repaid in any cycle,
all members were disqualified from future loans; otherwise the group was eligible for a new loan,
which was 33% larger than the previous loan. Bi-monthly group meetings continued throughout,
in keeping with the MFI’s standard protocol for joint liability lending. At the end of each loan
cycle the MFI received as commission 75% of the interest received on these loans.12

2.3 Data and Descriptive Statistics

From December 2010 to 2013, we collected household survey data from 50 households in each
village. This included information about household demographics, assets, landholding, cultivation,

11However in our household surveys we did ask respondents to tell us how they used each loan.
12Thus the incentives provided to TRAIL agents and to the MFI were roughly equivalent. Both faced the same

formula for commissions. The paid holiday for surviving in the scheme offered to TRAIL agents was akin to
(although not identical to) the internal bonuses and enhanced promotion prospects within Shree Sanchari that loan
officers could expect if their job performance was considered satisfactory.
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land use, agricultural input use, sale and storage of agricultural output, credit received and given,
incomes, and economic relationships within the village. In each village, the household sample
was composed of three sub-groups. In TRAIL villages, the agent recommended 30 borrowers for
loans, 10 of whom were randomly chosen to receive the loan offer. All 10 Treatment borrowers
were included in the sample. Of the remaining 20 recommended individuals, a random subset of
10 were also included in the sample; we call these the Control 1 group. Finally, we included 30
households that were not recommended (Control 2). In the GBL villages, of all the groups that
formed, 2 were randomly selected to receive the loan offer, and all 10 households from these two
groups (Treatment households) were included in the sample. Two groups that were not offered
loans were also randomly chosen into the sample (Control 1). Finally, 30 households that did not
form groups were included (Control 2).

Our analysis is restricted to the 2042 sample households who owned less than or equal to 1.5 acres
of land. We conducted surveys every four months over a three year period. This high-frequency
data collection helped to minimize measurement error. There was no attrition in the sample over
the three years. In each sample household the same respondent answered survey questions in each
round.

Panel A in Table 2 provides checks of balance for the randomization of villages into the TRAIL ver-
sus GBL treatment categories. As can be seen, there were no significant differences in village-level
characteristics across the two groups. Within each treatment category, Panel B checks whether the
randomization of selected households (recommended households in TRAIL villages/participating
households in GBL villages) led to a balance of characteristics across the Control 1 and Treatment
groups. For most characteristics, there are only minor differences across households assigned to
the Treatment or Control 1 arms. The F-statistic shows that we cannot reject the joint hypothesis
of no differences across the two categories in either the TRAIL or GBL villages.

Table 3 shows how observable household characteristics are correlated in our sample. As we see in
column 1, households headed by women owned on average 0.29 acres of land. Only 20% of these
female heads had completed primary schooling. Compare this to male-headed high caste Hindu
households, where 63% of household heads had completed primary schooling and the average
landholding was 0.59 acres.13

Table 4 describes credit market transactions that took place during September–December 2010
in all sample households that owned less than 1.5 acres of land. Since this was the planting
season for potatoes, the crop with the highest working capital requirements in this region (as
shown below in Table 5), these data provide a picture of the main sources of agricultural credit,
and characteristics of the loans. The sample households self-reported all borrowing, regardless
of source or loan purpose. We present here data on both total borrowing and borrowing for
agricultural purposes.14 Note first that nearly 70 percent of sample households borrowed in this
4-month period. Traders and moneylenders provided two-third of all agricultural credit and thus
were the single most important lender category. Credit cooperatives provided about a quarter of

13 To compute sample means for the representative household in the village, we re-weight the households in each
of these three categories. Each recommended household (Treatment or Control 1) household is weighted by 30

N
and

each Control 2 household is weighted by N−30
N

, where N is the village size.
14Importantly, the data also include information on trade credit from input suppliers. Since we collected detailed

data on input purchases, we are able to cross-check that all inputs purchased on credit are counted as loans.
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the agricultural credit, but they lent mainly to households with relatively larger landholdings.15

The average interest rate on loans from traders and moneylenders was 26.6%, substantially above
the 18% interest rate charged on the TRAIL and GBL program loans. Loans from family and
friends were also more expensive than the program loans.16 The average duration of loans from
traders and moneylenders was 4 months, reflecting the 4-month agricultural cycles in this area.
Loans from family and friends were given for closer to 6 months. It was extremely rare for any
of the informal loans to be secured by collateral. Cooperatives and government banks charged
substantially lower interest rates and had longer average durations. However the share of informal
lenders in agricultural credit became progressively larger as household landholding decreased from
1.5 acres to zero. Landless households received 87% of their agricultural credit from them, and only
6% from cooperatives (statistics available upon request). Presumably this is because cooperatives
lend against collateral: nearly three quarters of cooperative loans were collateralized.

Table 5 describes the mean characteristics of the major categories of crops grown by sample
farmers during the three years of our study. Paddy was grown two or three times a year, on an
average of 0.47 acres of land. Potatoes and sesame are both winter crops planted only once a
year, and the average farmer planted each on similar quantities of land: potatoes on 0.31 acres
and sesame on 0.22 acres. A small subset of sample farmers grew a range of vegetables such as
cauliflower, cabbage, gourd, chillies and lentils year-round at high profits, but on average this
accounts for only 0.02 acres per year. As the table makes clear, potatoes were the major cash
crop for the farmers in our sample: they accounted for a significant proportion of acreage, had
the highest working capital needs, and generated the highest value added per acre.

3 Theoretical Model of Selection

Our model is based on two key features: borrower heterogeneity, and a segmented informal credit
market. Borrowers vary in (exogenously-determined) ability; more able borrowers have lower
default risk and higher productivity. The model abstracts from moral hazard, although similar
results can be obtained in extensions that incorporate moral hazard (which were presented in
previous versions of this paper). Defaults arise from incidents of crop failure (such as a pest
attack) combined with limited liability: when their crop fails, farmers do not have the means to
repay their loans. More able farmers are less likely to experience crop failure because they are
better at preventing the pest attack. The risk of crop failure is not correlated across farmers.

Conditional on avoiding crop failure, more able farmers are more productive insofar as they
produce a higher output from a given amount of expenditure on purchased inputs. Specifically, a
farmer of ability i experiences crop failure with probability (1−pi) ∈ (0, 1) and produces nothing;
otherwise he produces θif(l) where l denotes the level of input (≡ loan size) chosen by the farmer,
and f is a smooth, strictly increasing, strictly concave production function wth f ′(0) large enough
to ensure interior production for all parameter values and ability levels. Both pi and θi are non-
decreasing in i, while their product (or expected productivity) θ̄i ≡ piθi is strictly increasing. It

15MFIs other than Shree Sanchari had a very small share of the overall credit provided in these villages, which
is consistent with low MFI penetration in this region at the start of the intervention.

16Note, we do not consider loans where the repayment amount due was reported to be equal to the principal.
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will turn out that the limited liability constraint will never bind in the absence of a crop failure:
farmers will always cultivate on a scale such that the output generated is sufficient to repay their
loans. Informal lenders are able to monitor whether their borrowers experienced a crop failure,
and can impose sufficient penalties to deter voluntary default. Hence 1− pi is the default risk of
a farmer of ability i.

Note that productivity variations could reflect either differences in total factor productivity (e.g.,
based on differences in experience or farming skill) or ownership of complementary fixed factors,
such as land or household labor stock. In the simplest version of the theory, there are just two
possible ability levels: high (i = H) and low (i = L), with H > L and a given proportion µH of
borrowers are highly able. Extension to the case of more types is straightforward. To keep the
exposition simple we restrict attention to the two-type case from this point onwards.

3.1 Pre-Intervention Informal Credit Market

Each village is partitioned into different segments (hamlets, neighborhoods or networks) on the
basis of physical or social proximity. The location of each agent in the village is given exogenously.
There are N borrowers in the village divided equally into k segments, each of which has the
same proportion of H type borrowers. Each segment has at least two informal lenders who can
distinguish borrower types in their own segment, but not in any other segment. All borrowers
have the same cost of capital ρ per unit loaned, and are not capacity constrained. They compete
with one another in Bertrand fashion, making credit offers to borrowers. A credit offer consists
either of an interest rate (with the borrower deciding how much to borrow), or of a loan size and
interest rate pair.

Standard arguments imply that the (unique) outcome of Bertrand competition will be the follow-
ing. Lenders in any given segment will specialize in lending to highly able borrowers in their own
segment, and will compete with each other so that the equilibrium offer will be to lend them any
amount at interest rate ρ

pH
. Low ability borrowers will be able to borrow from any lender in the

village at the interest rate ρ
pL

, because each lender will be prepared to lend to any borrower in

the village at this rate.17

Thus, before the MFI intervention, borrower of type i will take an informal loan of size l̄i where

θ̄if
′(l̄i) = ρ (1)

which is a Walrasian allocation. The segmentation of the market has no consequence for the
allocation: it would remain the same even if it were not segmented. However, segmentation
affects the outcomes of the TRAIL intervention, to which we now turn.

17An informal lender will not be willing to lower the interest rate below ρ
pL

for any low ability borrower in her own
segment. They will not offer borrowers from other segments an interest rate below ρ

pL
because the only borrowers

who would accept that offer would be the low ability ones, resulting in losses.
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3.2 TRAIL Intervention

Suppose now that the MFI enters and wishes to offer loans at interest rate rT which is below ρ,
the cost of capital for informal lenders. Its comparative advantage over the informal lenders is its
lower capital cost. However, it suffers from an informational disadvantage: it is unable to identify
the ability of any given borrower. To overcome this, it randomly selects an informal lender, and
appoints him as its agent. The agent recommends to the MFI n borrowers from the village as
potential borrowers for TRAIL individual liability loans at interest rate rT . The MFI then selects
a fraction of these recommended borrowers randomly and offers them these loans. The agent
stands to receive a fixed commission at the rate of m ∈ (0, 1) per unit of interest repaid by the
borrowers he recommended. This incentivizes him to recommend borrowers with lower default
risk (i.e., lower risk of crop failure).

As with informal loans, we assume that the borrower is always incentivized to repay the loan and
so there is no voluntary default.18 We assume that the TRAIL loans supplement the informal
loans that the borrowers have already contracted with informal lenders.19 We also simplify by
assuming that the TRAIL credit limit is not binding. In other words, each farmer’s desired TRAIL
loan size is smaller than the ceiling. The main conclusions continue to apply when the ceiling is
binding for some borrowers.20

We can now predict the impact of the TRAIL intervention. A selected farmer of ability i will
select a TRAIL loan lTi satisfying

θ̄if
′(l̄i + lTi ) = pirT (2)

The TRAIL agent’s selection incentives are as follows. Assuming that the TRAIL agent and
lenders do not collude, the agent’s objective is to maximize the likelihood that the TRAIL loans
are repaid.21 To achieve this he will most prefer to recommend H-type borrowers in his own
segment, followed by randomly chosen borrowers from other segments, followed finally by L-type
borrowers in his own segment. If n ≤ N

k µH , all the borrowers recommended will be H-type from
his own segment. Otherwise, he will recommend all the H-type borrowers in his own segment and
then fill the remaining slots by randomly choosing borrowers from other segments.22

Notice first that conditions (1) and (2) can easily be used to compare levels of borrowing, output
and farmer income across types, both before and after the intervention, as stated in the proposition
below.

18This can be due to the threat that future access to TRAIL loans will be cut off, or due to pressure from the
informal lender.

19This can be the result of borrower reluctance to disrupt their pre-existing credit channels, given their uncertainty
about how long the TRAIL intervention will last. Alternatively, it is possible that informal loans have features (that
we do not formally model) that make them more attractive, such as greater flexibility in duration or repayment
terms, so that MFI loans are not close substitutes for them. If we did not assume this, we would expect that once
TRAIL loans become available borrowers cut back on their informal loans. We do not observe this in the data.

20It is evident that a binding credit ceiling will not affect the selection incentives of the TRAIL agent. However the
loan treatment impact will be decreasing in ability if the ceiling is binding for both high and low ability borrowers
(since the more able borrow more on the informal market to start with). We shall see in the data that instead,
the TRAIL scheme caused borrowing to increase by more for the high ability borrowers. Given this, if there was a
credit ceiling it must have been binding for high ability borrowers but not for low ability borrowers. In this case,
the same reasoning will continue to apply as when the limits are non-binding for both types of borrowers.

21We shall discuss below how the analysis changes if the agent colludes with borrowers.
22This is under the reasonable assumption that other segments have a total population that exceeds n.
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Proposition 1 Selection (Comparing Levels): Higher ability types borrow, produce and earn
more than lower ability types, both before and after being offered the TRAIL loan.

The less trivial question is how treatment effects on borrowing, output or income vary by borrower
type. This is ambiguous in general. Starting with the loan treatment effect, the question is will
more able farmers take larger TRAIL loans? There are three relevant forces here:

(a) TFP Difference: More able farmers have larger TFP, so they derive larger benefits from
expanding the scale of cultivation;

(b) Diminishing Returns: More able farmers produced more before the intervention, and so
after controlling for productivity differences, they face a lower marginal rate of return from
expanding cultivation;

(c) Subsidy Difference: More able farmers paid a lower interest rate to start with and so the
intervention lowers their interest rate by less.

The TFP difference induces more able farmers to take larger TRAIL loans, but the diminishing
returns and smaller interest rate subsidy works in the opposite direction. As a result it is unclear
whether the overall treatment effect would be larger for more able types.

In the absence of any productivity differences across high and low ability farmers, it is evident that
the loan treatment effect will be decreasing in ability. To see this, note that any given borrower
of type i selects the TRAIL loan size l = lTi to maximize net income conditional on crop success
θif(l̄i + l)− rT l. If there are no productivity differences, θi does not vary with i: then all ability
types would have the same aggregate borrowing, cultivation, output and income (conditional on
crop success). Since higher ability types borrow more before the credit intervention, the loan
treatment effect would decrease in i.

Now consider productivity differences, wherein θi increases in i. This induces higher ability
borrowers offered TRAIL loans to borrow a larger total volume (l̄i + lTi ). The pre-intervention
scale of borrowing depends entirely on expected productivity θ̄i. Hence if we keep the expected
productivity schedule unaffected, and productivity differences account for more of this variation
(and correspondingly the risk of crop failure accounts for less of this variation), then the pattern of
initial loans is given, while the pattern of total borrowing post-intervention increases more steeply
in i. This will raise the slope of the loan treatment effect with respect to ability. In the limiting
case where crop risk does not vary at all with ability, we show below that the loan treatment
effect must increase in i. Hence the relative importance of productivity variations relative to crop
risk variations in ability determines how loan treatment effects vary with ability.

In the following result, we restrict attention to production functions satisfying a Regularity Con-
dition (RC): −f

′′

f ′ is decreasing. This condition is satisfied by a constant elasticity function

[f(l) = 1
α l
α with α < 1, different from 0 (which corresponds to a log function)], as well as

exponential function [f(l) = K[1− exp(−al)] with a > 0].
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Proposition 2 Selection Effects (Comparing TRAIL Treatment Effects Across Types):
Suppose that the production function satisfies RC, and that expected productivity θ̄i is strictly in-
creasing in ability i.

(a) If the loan treatment effect is rising in ability, the output treatment effect must be rising in
ability.

(b) If all (or most) of the variation in expected productivity is accounted for by variation in
productivity, i.e. the crop success probability pi is entirely (or nearly) independent of ability,
then loan, output and farm income treatment effects will be rising in ability,

(c) If all (or most) of the variation in expected productivity is accounted for by variation in the
probability of crop success, i.e. productivity is entirely (or nearly) independent of ability,
then loan and output treatment effects will be falling in ability.

Proof of Proposition 2:

(a) Suppose lTi is nondecreasing in i. Take any pair of types satisfying i > j. Then lTi ≥ lTj .

Applying condition RC we obtain f ′(l̄i+l)
f ′(l̄j+l)

is increasing in l. Combining this with (1) which

implies f ′(l̄i)
f ′(l̄j)

=
θ̄j
θ̄i

, we therefore obtain θ̄if
′(l̄i + l) > θ̄jf

′(l̄j + l) for any l > 0. Hence the output

treatment effect for type i is

θ̄i[f(l̄i + lTi )− f(l̄i)] ≥ θ̄i[f(l̄i + lTj )− f(l̄i)]

= θ̄i

∫ lTj

0
f ′(l̄i + l)dl

> θ̄j

∫ lTj

0
f ′(l̄j + l)dl

= θ̄i[f(l̄j + lTj )− f(l̄j)]

the output treatment effect for j.

(b) If the probability of crop success pi is independent of i, equal to p, equations (1, 2) imply
f ′(l̄i+lTi )

f ′(l̄i)
is independent of i. This implies log f ′(l̄i + lTi )− log f ′(l̄i) is a constant. Differentiating

this expression and setting equal to zero, we obtain

1 +
lT
′

i

l̄
′
i

= [−f
′′
(l̄i)

f ′(l̄i)
][−f

′′
(l̄i + lTi )

f ′(l̄i + lTi )
]−1 > 1 (3)

owing to RC. Hence the loan treatment effect is rising in i. Applying part (a) we infer the output
treatment effect is rising in i.
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Finally consider the income treatment effect for i:

θ̄i[f(l̄i + lTi )− f(l̄i)]− pirT lTi = [θ̄if(l̄i + lTi )− pirT lTi ]− θ̄if(l̄i)

≥ [θ̄if(l̄i + lTj )− pirT lTj ]− θ̄if(l̄i)

= θ̄i[f(l̄i + lTj )− f(l̄i)]− pirT lTj

= θ̄i

∫ lTj

0
f ′(l̄i + l)dl − pirT lTj

> θ̄j

∫ lTj

0
f ′(l̄j + l)dl − pirT lTj

where the first inequality uses the property that type i chooses TRAIL loan size to maximize his
post-intervention income, and has the option of choosing the loan size selected by type j. The
last inequality again uses RC in the way described in the proof of (a) above. The expression in
the last line above equals the income treatment effect for type j, less (pi − pj)rT lTj . This last
‘correction’ term equals zero (approximately) when pi does not vary (varies very little) with i.

(c) If productivity does not vary with i, the pre-intervention loan size and output are rising in i,
but after the intervention do not vary with i. Hence the loan and output treatment effects are
falling in i. QED

Parts (b) and (c) show that how the treatment effects vary with ability depends on whether
productivity or crop risk is more sensitive to variations in ability.23 These results help to see why
the model must incorporate variations in both default risk and productivity. Variations in default
risk alone would impose very strong restrictions on variations in treatment impacts that might be
(and indeed turn out to be) empirically invalid. A model based on productivity variations alone
would also not work, since variations in default risk that co-move with productivity are required
to generate the predictions about the TRAIL agent’s selection incentives. Nevertheless, the model
enables us to empirically disentangle the two sources of variations to some extent: differences in
informal interest rates will reflect variations in default risk, and the pattern of variation of TRAIL
treatment effects will (given Proposition 2 above) then tell us something about the importance
of productivity differences. For instance, if treatment effects are rising in proxies for ability,
while interest rates are falling, higher ability farmers have lower default risk and must also be
significantly more productive.

3.2.1 Collusion between the TRAIL agent and borrowers

In this section we consider the case where the TRAIL agent can collude with borrowers when
deciding whom to recommend. He would then charge bribes in return for recommendations. Loan
sizes could also be collusively chosen, so that recommended TRAIL borrowers would internalize
the larger commissions that the agent would earn if the loan were to become larger. If so, the

23In case (c) we are not able to provide a definite result about how treatment effects on farm income vary across
types. They can be shown to be decreasing in ability when the scale of the TRAIL loans is small enough, i.e, when
[ ρ
pL

− rT ] is not too large.
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effective interest rate on the loan for the coalition would be (1 −m)rT (where m is the agent’s
commission rate) instead of the rT from the non-collusive equilibrium.

Proposition 2 would continue to hold (with the effective TRAIL interest rate adjusted from rT to
(1−m)rT , as above). If TFP variations are larger than default risk variations, case (b) applies and
the borrower income treatment effects would increase in ability. Then high ability borrowers would
benefit more from the loan than low ability borrowers, and would be willing to pay larger bribes.
Thus collusion would reinforce the agent’s incentive to recommend high ability borrowers.24

3.3 GBL Intervention

As is standard in the literature (e.g., Besley and Coate (1995), Ghatak (1999, 2000)), we assume
that each GBL group consists of two members. The MFI requires individuals to self-select into
groups. Group members then apply for a joint liability loan, which is offered at the same interest
rate rT as the TRAIL loan. Each member is potentially liable for the loans of both members.
In addition, the GBL program requires members to periodically attend group meetings and meet
savings targets. The cost of meeting these requirements varies idiosyncratically in the population
and is uncorrelated with their type: we assume the cost for any borrower c is drawn from a
distribution with positive density g over the nonnegative reals. As in the analysis of TRAIL we
abstract from repayment incentives, and assume that borrowers honor their obligations whenever
their own project does not fail. We also assume that it is feasible for members of a group
to enter into side payments without any friction, so the loan size choices for any group will
maximize the sum of their respective ex ante payoffs. Hence a group consisting of members of
types i, j will select loan sizes lGij , l

G
ji to maximize the sum of expected payoffs of the two members

θ̄if(l̄i + lGi ) + θ̄jf(l̄j + lGj )− rT [pi{lGi + (1− pj)lGj }+ pj{lGj + (1− pi)lGi }], implying

θ̄if
′(l̄i + lGij) = pi[1 + pj(1− pi)]rT (4)

In this context it turns out to be very difficult to find conditions under which groups will be
formed through assortative matching of types.25 Hence we must consider the possibility that
groups could be form as a result of any of three kinds of matching: (H,H), (L,L) or (H,L).

When comparing GBL outcomes with TRAIL outcomes, the first point to note is that for any
given type i of borrower, a GBL loan will have a smaller impact on borrowing, output and income.
The reason is joint liability: conditional on his own crop succeeding, borrower i pays an effective
interest rate of [1 + pj(1 − pi)]rT , which is higher than the interest rate rT he would pay for a
TRAIL loan. This obtains irrespective of the type of group member that i is matched with. Hence
we obtain

Proposition 3 Incentive Effect (Comparing TRAIL and GBL Impacts for a Given

24This would obtain regardless of whether the collusion game were modeled cooperatively with stable matching
(followed by Nash Bargaining), or non-cooperatively (where either side makes take-it-or-leave-it offers to the other).
We omit the details here.

25This is because the usual arguments provided by Ghatak (1999) for the case of loans of fixed size do not extend
in a straightforward manner when loan sizes are endogenously chosen.
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Borrower Type): For any given ability type, the TRAIL treatment impact on loans, output and
income is larger than the GBL treatment impact.

The “joint liability tax” or the incentive effect provides one explanation for a smaller average
treatment effect of GBL loans. Another explanation might be a difference in selection of types.
Note that both high and low ability borrowers have an incentive to participate in the GBL scheme
(ignoring the costs of attending group meetings and savings requirements). To see this, consider
first a homogenous group, both of whose members are of type i. Each member of such a group
faces an expected interest rate of (2− pi)rT , which is smaller than what she pays in the informal
market, since rT < ρ

pi(2−pi) .26 Hence, homogenous groups of either type would prefer a GBL

loan to the status quo. If conditions for assortative matching do not obtain, heterogenous (H,L)
groups would earn a larger surplus than the average surplus of homogenous (H,H), (L,L) groups,
and would have an even higher incentive to apply for GBL loans. Either way, both low and
high risk types would form and apply for GBL loans. The composition of the GBL applicant
pool would depend on the relative treatment impacts for different types of groups: e.g., with
assortative matching, if the treatment effects are larger for higher ability groups the composition
would be biased in favor of high ability groups.

However, the key point is that the proportion of low ability GBL applicants will be bounded away
from zero.27 Unlike the TRAIL agent who acts as a gatekeeper, there is no mechanism in the
GBL scheme to keep out low ability types. We therefore expect the TRAIL agent to recommend a
larger proportion of high ability agents than self-select into the GBL scheme, provided the number
of recommendations required does not greatly exceed the number of high ability borrowers in the
agent’s own segment of the informal credit market.

Proposition 4 Differences in Selection Patterns between TRAIL and GBL:

(a) If n ≤ N
k µH , all TRAIL borrowers are H-type, while only a fraction of GBL groups are of

H-type.

(b) If n > N
k µH , the proportion of borrowers who are H-type in the TRAIL scheme is weakly

larger than µH . It has relatively more H-type borrowers, unless GBL treatment effects are
rising in ability and n is sufficiently large relative to N

k µH .

3.4 Predicting and Decomposing TRAIL-GBL Differences in Average Treat-
ment Effects

We can express the average treatment effect on any given outcome of intervention v (where v = T
if the scheme is TRAIL, and v = G if the scheme is GBL) as an average of the treatment effects
for different types, using as weights the composition of selected borrowers between types:

T v ≡ ωvT vH + (1− ωv)T vL (5)

26This follows from the fact that pi(2 − pi) < 1, for any i.
27If matching were assortative, treatment effects for both high and low ability homogenous groups would be

bounded away from zero. If instead matching were not assortative, mixed type groups containing low ability types
would form.
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where for intervention v, T vi denotes the treatment effect on a type i borrower, T v the average
treatment effect and ωv the fraction of H types selected. Then the difference between TRAIL
and GBL average treatment effects can be expressed as

T T − TG ≡ {ωG[T TH − TGH ] + (1− ωG)[T TL − TGL ]}+ (ωT − ωG)[T TH − T TL ] (6)

The difference in average treatment effects is the sum of two expressions: the first is a weighted
average of the Incentive Effect for various types, using as weights the selection likelihoods in the
GBL scheme. The second, the Selection Effect, is the product of two terms: the difference in
TRAIL treatment effects between the two types, and the difference in the proportion of H-types
between the two interventions. From this and the preceding propositions it follows that

Proposition 5 Sufficient Condition for Comparing Average Treatment Effects: The
average treatment effect of TRAIL loans is larger than the average treatment effect of GBL loans
if the TRAIL agent recommends a larger proportion of H types (e.g. if n is smaller than N

k µH ,
or is not much larger), and if TRAIL treatment effects increase in ability.

3.5 Summary of Predictions and Strategy for Empirical Analysis

At this stage it is helpful to summarize the theoretical predictions that we can test in the data. The
key problem is that farmer ability is unobservable. The TRAIL agent has access to information
about a range of borrower characteristics that help him to predict the farmer’s ability. To test
whether selected borrowers’ default risk patterns match theoretical predictions, we examine the
interest rate that borrowers paid on informal loans taken before the intervention. This is a valid
proxy, given the plausible assumption that informal lenders can evaluate borrowers’ default risk
and vary the interest rate accordingly. Specifically, we can test the following prediction.

(a) In the TRAIL intervention, the borrowers that the agent recommended from within his own
clientele paid a lower informal interest rate than own-clientele borrowers whom he did not
recommend. Among households outside his clientele, those he recommended paid an interest
rate that was no higher than what the non-recommended paid.28

We also observe a subset of the borrower characteristics that are potentially correlated with ability,
such as caste, landownership, education or gender of the household head. However, the strength
of the correlation needs to be assessed empirically. We can test the hypothesis that a particular
observable characteristic denoted by x is positively correlated with ability by testing the following
implications of this hypothesis:

28This follows from the discussion following equation (2). Note that from outside his own clientele the model
predicts that the agent recommends two kinds of borrowers: highly able borrowers in his own segment that are
served by other lenders in the segment, and randomly chosen borrowers from other segments. Hence outside the
agent’s own clientele, the average informal rate paid by the recommended will be equal to or lower than that paid
by the non-recommended (i.e., the low ability types).
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(b) Before or after either intervention, x is positively correlated with the scale of production
loans, cultivation and farm income, and negatively correlated with the informal interest
rate the farmer pays (Proposition 1).

(c) In either credit intervention, if loan treatment effects increase in x, then the treatment effects
on farm revenues also increase in x (part (a) of Proposition 2).

If these predictions are verified in the data, we can use equation (6) to obtain a lower bound
estimate of the role of the selection effect in accounting for average treatment effect differences
between TRAIL and GBL, by using characteristic x as a proxy for ability. Specifically, we can
estimate how TRAIL treatment effects differed across borrowers varying in x, and multiply this
with corresponding differences in proportions of borrowers selected as classified by x. This provides
an estimate of the role of selection differences using only characteristic x to classify borrowers.
It is an underestimate of the true selection effect, since that would include other observable
characteristics as well as characteristics observed by the TRAIL agent that we are unable to
capture in our data.

4 Empirical Results

We start by presenting the average treatment effects in the two loan schemes on borrowers’
cultivation, output and farm value added. Next we test the model’s predictions, and whether (and
how much) the difference in selection patterns can explain the difference in their average treatment
effects. Later, we present results concerning take-up and repayment behavior of borrowers in the
two schemes. This is followed by a discussion of a number of ancillary issues: loan repayment
and take-up rates, time variation of impacts, possible side-transactions between borrowers and
TRAIL agents, and comparisons of administrative costs in the two schemes.

4.1 Empirical Results About Loan Treatment Impacts on Borrower Produc-
tion and Income

To examine the average treatment effect of the two lending mechanisms, we rely on the fact
that only a randomly chosen subset of the selected borrowers (recommended by the agent in
the TRAIL villages or members of self-formed groups in the GBL villages) were offered the
loans. Any difference between households that were recommended but were not offered the loan
(Control 1 households) and those that were both recommended and offered the loans (Treatment
households) must be caused by the loans. We can also investigate how outcomes differed between
the recommended households and the non-recommended. This is estimated by the difference in
outcomes between the Control 1 households (who were selected but did not receive program loans)
and Control 2 households (who were not selected and did not receive program loans).

19



Our regression specification takes the following form:

yivt = β0 + β1TRAILv + β2(TRAILv × Control 1iv) + β3(TRAILv × Treatmentiv)

+ β4(GBLv × Control 1iv) + β5(GBLv × Treatmentiv) + γXivt + εivt (7)

Here yivt denotes the outcome variable of interest for household i in village v in year t. The
omitted category is the Control 2 group in GBL villages, so that β̂0 estimates the mean yivt
for Control 2 households in GBL villages. All other coefficients then estimate the level of yivt
for a different group, relative to these GBL Control 2 households. Here β̂3 − β̂2 estimates the
treatment effect in the TRAIL scheme and β̂5 − β̂4 estimates the treatment effect in the GBL
scheme.29 β̂2 and β̂4 measure differences between Control 1 and 2 households within TRAIL
and GBL villages, respectively. Xiv is a set of additional controls, including land owned by the
households, caste, gender and educational attainment of the household head, two year dummies
to control for secular changes over time and a dummy variable indicating whether the village
received a separate intervention informing residents of the prevailing market price for potatoes.30

To reiterate, our sample consists of 2042 households across 24 TRAIL and 24 GBL villages. In
each village our sample consists of 10 Treatment, 10 Control 1 and 30 Control 2 households.
We exclude households with more than 1.5 acres of land from the estimating sample. Since
agricultural activity involves a long delay from planting to harvest, and the harvest can be sold
over several months, we aggregate our data to the annual level in order to correctly compute the
costs and revenues of each crop. Our unit of observation is then household-year. Standard errors
are clustered at the hamlet level.31

4.1.1 Treatment effects on Borrowing, Cultivation and Farm Incomes

The regression results corresponding to equation (7) are presented in Tables 6–8: treatment effects
on borrowing are in Table 6, treatment effects on cultivation of and incomes from potatoes are in
Panel A of Table 7, effects on cultivation of and incomes from other crops are in Panel B of Table
7, and effects on total farm income are in Table 8.

Since we analyze a large number of outcome variables, the null of no treatment effect could be
rejected by mere chance for some of them, even if the null were actually true. To correct for

29All treatment effects presented in the tables below are intent-to-treat estimates because they compare the
outcomes of households assigned to Treatment and Control 1 groups, regardless of actual take-up.

30This information intervention was undertaken for a separate project aimed at examining the effect of providing
information about potato prices to farmers and is similar to the public information treatment described in Mitra,
Mookherjee, Torero, and Visaria (2015). Villages were assigned to the information treatment randomly and or-
thogonally to the credit intervention that is the focus of this paper. The results are unchanged if we drop this
information village dummy.

31In Indian villages households are clustered by paras (or hamlets/neighbourhoods). Administrative definitions
of a village correspond to a collection of 10-15 paras geographically isolated from each other. Households within
the same para tend to be more homogenous, are more likely to interact with each other, and experience geographic
shocks to cultivation and market prices that are highly correlated. The results are robust to clustering at the
village-level instead (see columns 1 and 2 of Table R-4 and Table R-5). The treatment effects are also unchanged
qualitatively if we restrict the sample to the Treatment and Control 1 households only (see columns 3 and 4 of
Table R-4 and Table R-6).
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this, we follow Hochberg (1988) and compute a conservative p-value for an index of variables in
a family of outcomes taken together (see Kling, Liebman, and Katz, 2007).32

Effects on Borrowing

We see in Table 6 that as a result of the TRAIL scheme, treatment households’ overall borrowing
increased by |5050, which is a 90% increase over the |5590 mean borrowing by TRAIL Control 1
households. In the GBL scheme treatment households increased overall borrowing by a statisti-
cally significant |3732, which is a 92% increase over the mean for the GBL Control 1 households.
Note in this connection that the fact that TRAIL Control 1 households borrowed significantly
more (p-value 0.000) than the GBL Control 1 households is consistent with the model prediction
that TRAIL borrowers were more productive farmers.

In column 2 of Table 6 we examine if program loans crowded out agricultural loans from other
sources. There is no evidence that this happened in either scheme: the treatment effects on
non-program loans are small and statistically insignificant.

When both borrowing outcomes are considered together, we find that TRAIL loans caused a
0.24 standard deviation increase in household borrowing, which is significant even according to
the more conservative Hochberg test that corrects for multiple hypothesis testing (p-value 0.025).
However, the effect of the GBL treatment is not statistically significant using the conservative
test (effect 0.18 sd, Hochberg p-value 0.368).

Effects on Cultivation and Farm Incomes

We now check if the increased agricultural borrowing translated into increased agricultural ac-
tivity, output and incomes. Since the loan cycles matched the potato production cycle, we first
present the estimated effects on potato cultivation. Panel A of Table 7 shows that TRAIL Treat-
ment households committed a statistically significant 28 percent more in acreage to potato cul-
tivation than Control 1 households did (column 2). They also spent more on inputs (column 4)
and produced higher output (column 3: treatment effect is 27% of Control 1 mean). As a result
they earned 28% higher revenue and 37% higher value-added (column 6) and imputed net profit
from potato cultivation increased by |1939, or 41% of the mean for Control 1 households (column
7).33

The GBL scheme did not significantly change the probability that Treatment households culti-
vated potatoes or the acreage they devoted to potatoes. It did cause them to spend 27% more
on purchased inputs, but although the point estimate is similar to that for TRAIL treatment

32The variables are normalized by subtracting the mean in the control group and dividing by the standard
deviation in the control group; the index is the simple average of the normalized variables. To adjust the p-value of
the treatment effect for an index, the p-values for all indices are ranked in increasing order, and then each original
p-value is multiplied by (m− 1 + k), where m is the number of indices and k is the rank of the original p-value. If
the resulting value is greater than 1, an adjusted p-value of > 0.999 is assigned.

33Value-added in column 6 is computed by subtracting from revenues only the costs of purchased or rented inputs,
but in column 7 we impute the cost of family labor using the average market wage rate for hired labor in the village
(an upper bound for the shadow cost of family labor).
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households, the effect on revenue is statistically insignificant. The higher standard errors for the
GBL treatment effects are consistent with the theoretical prediction from Section 3 that both
low- and high-ability borrowers participated in the GBL scheme.

On the index of outcomes related to potato production, the TRAIL treatment caused a 0.20
standard deviation increase (Hochberg p-value 0.003), while the GBL treatment had a statistically
insignificant effect (Hochberg p-value 0.861).

Panel B of Table 7 presents the treatment effects on acreage and value-added of the other main
crops: sesame, paddy and vegetables. The TRAIL scheme significantly increased the acreage that
treatment households put under paddy and sesame. The treatment effect on value added is also
positive for all three crops, but it is only statistically significantly different from zero for sesame.
The GBL scheme did not change the acreage or value-added for any of the crops.34

Finally, column 1 of Table 8 presents the treatment effects on total farm value-added, computed
by aggregating across the four crop categories. The TRAIL treatment led to a 25% increase in
overall farm value-added over the Control 1 mean. The GBL treatment effect was negligible and
statistically insignificant. As the last row in column 1 shows, the TRAIL treatment effect on farm
value-added was statistically significantly larger than the GBL treatment effect (p-value 0.077).

In column 2 we see that neither the TRAIL nor the GBL loans significantly affected borrow-
ers’ non-agricultural incomes. However, when we take both farm and non-farm income into ac-
count, column 3 shows that TRAIL loans increased borrower incomes by 11.6 standard deviations
(Hochberg p-value 0.034). GBL loans had no effect (Hochberg p-value > 0.999).

4.1.2 Comparing Productivity of Selected TRAIL and GBL borrowers

Next we compute the rate of return on program loans as the ratio of the treatment effect on
value-added to the treatment effect on cultivation cost. In columns 4 and 5 of Table 8, we report
the rate of return on the costs of cultivation of potatoes and all major crops considered together,
respectively. Since the rate of return is the ratio of two treatment effect estimates, the standard
errors are cluster-bootstrapped, with 2000 replications. The rate of return on potato cultivation
expenses was a statistically significant 123% for TRAIL borrowers. GBL borrowers earned a
substantially lower but still statistically significant 37% rate of return on potato cultivation. We
reject the null hypothesis that these rates of return were the same. Thus TRAIL borrowers
earned a statistically significantly higher rate of return on potato cultivation than GBL borrowers
did. Across all major crops, TRAIL borrowers earned a statistically significant rate of return of
132%, whereas the rate of return earned by GBL borrowers was non-significant. These results are
consistent with our model predictions based on the different selection and/or production incentive
effects of TRAIL.

34Although the magnitude of the effect on paddy is similar to that for TRAIL treatment households, it is
imprecisely estimated.
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4.2 Testing Theoretical Predictions

4.2.1 Empirical Results About Selection On Default Risk

We begin by examining prediction (a) in Section 3.5. Consider the interest rate that the households
paid on informal loans they took before the intervention (as reported in the survey cycle 1), as
a proxy for the loan default probability, which is negatively correlated with ability. The model
predicts that among households within his clientele, the TRAIL agent recommended borrowers
with higher ability, and from outside their clientele he selected randomly. It follows that within
the agent’s own clientele, the informal interest rate that recommended TRAIL borrowers paid
before the intervention was below the interest rate paid by non-recommended borrowers. The
corresponding difference would be smaller for borrowers outside the agent’s own clientele.

In column 1 of Table 9 we present the results of the following regression on the sample of households
in TRAIL villages that owned at most 1.5 acres of land:

riv = δ0 + δ1Selectediv + δ2Own Clienteleiv + δ3(Selectediv ×Own Clienteleiv) + γ1X2iv +uiv (8)

Here riv denotes the average interest rate that household i paid on informal loans it had taken
in Cycle 1. The variable Selectediv indicates whether the household was recommended by the
TRAIL agent. We define the variable Own Clienteleiv to indicate whether the household had
borrowed from the agent in the three years prior to the study. We include household landholding
as a control. The total effects in the second panel confirm that the prediction holds in the data:
from within his own clientele, the TRAIL agent recommended households who paid significantly
lower interest rates. The point estimate of this difference is almost 5 percentage points (almost
one-fifth the average interest rate in the village), and it is statistically significant at 10%. Outside
the agent’s own clientele, the corresponding difference (estimated by δ̂1) is quantitatively smaller
and not statistically significantly different from zero.

Proposition 4 provides sufficient conditions under which TRAIL will select borrowers that pay
lower interest rates on average, which generate a presumption that this is likely to happen, though
it is not inevitable. To examine this empirically we run the following regression on pooled data
from the TRAIL and GBL villages:

riv = θ0 + θ1Selectediv + θ2TRAILv + θ3(TRAILv × Selectediv) + γ2X2iv + εiv. (9)

The results presented in column 2 (second panel) show that the interest rate that households
recommended in the TRAIL scheme paid was a statistically significant 4 percentage points than
what GBL group members paid.

Finally column 3 uses the specification

riv = κ0 + κ1Selectediv + κ2TRAILv + κ3(TRAILv × Selectediv)

+ κ4(TRAILv ×Own Clienteleiv) + κ5(TRAILv × Selectediv ×Own Clienteleiv)

+ γ3X2iv + ζiv (10)

The difference effects shown in the second panel of Table 9 indicate that borrowers whom the
TRAIL agent recommended from within his own clientele had paid lower interest rates on average
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than GBL group members did. The difference is a statistically significant 5 percentage points. It
follows that the TRAIL scheme outperformed the GBL scheme at selecting able borrower.

4.2.2 Relationship between Household Characteristics and Scale of Productive Ac-
tivity

Prediction (b) of the model is that if a particular characteristic x is positively correlated with
ability, then households with a larger value of x produce on a larger scale and earn higher farm
income than other households. To finance this, they borrow more. Since informal lenders know
that this characteristic is correlated with ability, they pay lower interest rates. In Table 10 we
examine if the data support these predictions.

We split our sample households (with at most 1.5 acres of land) into four categories defined by
the gender and religion/caste affiliation of the household head. We then examine the mean potato
output, farm revenue (as a measure of the value of total agricultural output) and farm value-added,
as well as total borrowing for agricultural purposes and the interest rate paid by households in
each category. Table 10 indicates that on average, female-headed households borrowed the least,
produced the smallest quantities of potatoes and aggregate farm output, and earned the lowest
farm value-added. Male-headed high caste Hindu households comprised the other extreme. Male-
headed non-Hindu households produced and borrowed less than high caste Hindu households,
but more than low-caste Hindu households. The tests of difference presented in the lower panel
of the table show that differences across the gender and caste/religion groups are systematically
significant. This suggests the following ordering by ability (from lowest to highest): female-headed
households, male-headed Hindu low caste, non-Hindu and finally Hindu high-caste households.

The ordering by mean informal interest rates conforms to this among male-headed households.
High caste Hindus paid the lowest rates of interest, followed by non-Hindus, with Hindu low-caste
households paying the highest rates. However, one exception is that female-headed households
paid the lowest interest rates on agricultural loans.

4.2.3 Heterogeneity in Treatment Effects by Household Characteristics

Next, consider model prediction (c): If treatment effects on borrowing increase in characteristic
x, then treatment effects on farm revenue also increase in x. To test this prediction, we start in
column 1 of Table 11 by comparing the treatment effects on borrowing for the same four borrower
categories as above. The TRAIL treatment effect was a non-significant |459 for female-headed
households, and was negative and non-significant for male-headed non-Hindu households. It was
positive and statistically significant for both male-headed low caste and male-headed high caste
households.

Given this, we check if the TRAIL treatment effects on farm revenue can be similarly ordered.
Column 2 shows that high-caste Hindu male-headed households experienced the highest farm
revenue treatment effects. They also experienced the highest treatment effects on farm value
added. The difference with respect to low-caste Hindu male-headed households is statistically
significant. Thus high caste households paid lower interest rates, cultivated and produced more,
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and experienced larger TRAIL treatment effects on borrowing, revenues and farm income than
low caste households. Many of these comparisons are statistically significant.

Our model does not predict how treatment effects of the GBL loans should be ordered, but for
the sake of completeness we present the estimates in the lower panel of Table 11. Column 1 shows
that treatment effects are non-significant for both female-headed and male-headed non-Hindu
households. They are positive and significant for both male-headed low caste and male-headed
high-caste households, but the difference between the two is not significant. It is similarly difficult
to order the treatment effects on farm revenues in column 2.

4.2.4 The Contribution of Borrower Selection to the Difference in Average Treat-
ment Effects Across the Two Schemes

Finally, we follow equation (6) (extended to incorporate four rather than two groups) to calculate
how much of the difference in average treatment effects on farm value added can be explained by
differences in selection on observable characteristics. Table 12 presents these results. We find for
example that compared to GBL group members, households recommended by TRAIL agents were
more likely to be headed by high-caste Hindu males. The difference in the proportion of selected
households who were male-headed high-caste Hindu was a statistically significant 8.8 percent. In
column 5, this difference is multiplied with the TRAIL treatment effect for households in this
category. This is the contribution of selection on this characteristic to the difference in average
treatment effects between the two schemes. A similar calculation is done for the other categories.
When aggregated, these individual contributions sum up to 14.3 percent of the difference between
the average treatment effect of the TRAIL scheme and the GBL scheme on farm value-added.

Thus we conclude that at least 14 percent of the difference between the TRAIL and GBL average
treatment effects can be attributed to differences in patterns of borrower selection.35 Clearly this
also means that 86 percent of the difference remains unexplained. This could be due to differences
in selection along other dimensions that we do not observe, or could be due to other differences
between the two schemes: incentives for borrowers to take on risky projects, monitoring, help
provided by the agent to the borrower, or trust.

4.3 Ancillary Issues

Next we examine (i) loan performance; (ii) year-specific effects; (iii) the possibility that bor-
rower benefits might have been siphoned off by the TRAIL agent through higher input prices,
lower output prices or higher interest rates on loans, alternately that subsidies provided by the
agent to TRAIL clients may have accounted for most of the observed treatment effects; and (iv)
administrative costs.

35This is a lower bound on the overall contribution of selection differences, since it pertains to differences along
a single dimension x, and therefore does not account for the contribution of other characteristics that the TRAIL
agent may also have used to select borrowers. We could create a composite of multiple characteristics (for which
predictions (a) and (b) are verified). But this would lower the effective sample size within any given observable
category, thereby reducing the precision of the estimates of treatment effect heterogeneity and differences in selection.
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4.3.1 Loan Performance

To examine loan performance, we use administrative data on take-up of loans, continual partic-
ipation in the lending scheme, and repayment. Over the three years of the intervention, both
TRAIL and GBL borrowers paid up their loans on time in more than 95% of instances, well
within the range of the industry standard (see Panel A of Table 13). The take-up of loans in the
two schemes is a useful metric of the ex ante impact of these loans on borrower welfare. Take-up
rates, measured as the proportion of households that were offered a program loan in a given cycle
who accepted it, were 75% in the GBL scheme, and 86% in the TRAIL scheme. Continuation
rates measure the proportion of households who were eligible in cycle 1 who took a program loan
in a given cycle. This dependent variable depends both on repayment behavior in previous cycles
and take-up in this cycle, and therefore the means are naturally lower.36 Sixtynine percent of
GBL borrowers continued in the scheme, compared to 81% of TRAIL borrowers.

To examine rigorously how their behavior differed in the two schemes, we estimate the equation

yivt = α0 + α1TRAILv + γXivt + εivt (11)

where yivt = 1 if household i assigned to treatment in village v accepted the program loan in cycle
t (continuation), yivt = 1 if treatment household i in village v who was eligible to receive a loan in
cycle t accepted it (take-up), or yivt = 1 if treatment household i in village v repaid a loan taken
in cycle t within 30 days of the due date (repayment). We include cycle dummies as additional
controls.

In our model it is ambiguous how the repayment rate on TRAIL loans would compare with the
rate on GBL loans. Although TRAIL borrowers are more able, GBL borrowers have the benefit
of joint liability so that even if their own projects failed, their group members might repay on
their behalf. Column 1 in Table 13 shows that the difference is not statistically significant.

Columns 2 and 3 show that households that were offered the loan in the TRAIL scheme were
more likely to accept it than those offered the loan in the GBL scheme. This result holds whether
we use as the denominator the households households that were offered the loan in that cycle
(take up, Column 2), or instead all households that were offered the loan at the beginning of the
intervention (continuation, Column 3).37

4.3.2 Year-Specific Effects

The TRAIL and GBL treatment effects on agricultural output estimated in Table 7 were aver-
ages across the three years of the intervention. It is informative to examine how these effects
varied across years. As Figure 1 shows, the point estimates of the TRAIL treatment effects on
potato acreage and the rate of return from potato cultivation were positive and higher than the
corresponding GBL effects in each year of the intervention. There is no clear evidence of learning

36Borrowers who repaid less than 50% of the amount due in a previous cycle would not have been offered a loan
in this cycle and therefore would automatically be coded as zero.

37The denominator for take up differs from the denominator for the measure of continuation because past default
would disqualify a treatment household from borrowing subsequently.
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effects in TRAIL: while acreage and rate of return increased somewhat from the first year to the
next, both declined from the second year to the third. As a result, the confidence intervals for the
first and third years overlap. While GBL treatment effects are too imprecise to permit any clear
inference, the point estimates show a tendency for acreage and rate of return to increase across
years.

4.3.3 Impact of TRAIL on Transactions with Agents

One may wonder whether the TRAIL agent extracted benefits from the borrowers, either by
requiring bribes before he recommended them, demanding side-payments, or by manipulating
other transactions with them. Although it is naturally difficult to collect data on bribes or side-
payments, we do have detailed data about sample households’ input purchases from, output sales
to, and borrowing from the TRAIL agent. We use these to test if the agent extracted rents from
TRAIL borrowers, or helped the TRAIL borrowers by manipulating transactions.38

In Table 14 we analyse input, output and credit transactions between sample households in TRAIL
villages and the TRAIL agent. In each panel, the third row shows the mean incidence of such
transactions for the Control 1 households. Note first that there is no evidence that recommended
households interacted exclusively with the TRAIL agent in these markets. As can be seen in
Panel A, over the 3 years, Control 1 households conducted only about 8% of input transactions
with the agent, accounting for less than 6% of the value of inputs purchased. Panel B shows
that they conducted 19% of output transactions with the agent, representing less than 16% of the
value of transactions, and Panel C shows that 16% of Control 1 households borrowed from the
agent, accounting for 5% of their total borrowing.

The TRAIL agent could have manipulated transactions to extract borrowers’ benefits in various
ways. He could have sold larger quantities of inputs at higher prices to the borrowers, bought
larger quantities from them at discounted prices or adjusted downward the price he paid for their
output. Alternatively he could have charged them higher interest rates on loans. To examine if
this occurred, we run a regression of the form:

yivt = λ0 + λ1Buy from agentiv + λ2(Buy from agentiv × Treatmentiv)

+ λ3(Buy from agent× Control1) + γXivt + εivt (12)

The difference λ2− λ3 captures whether Treatment households interacted with the TRAIL agent
on different terms than Control 1 households. In Panel B, the two significant treatment effects
are a slight increase in the price at which farmers purchased seeds, and a reduction in the rate
at which they rented power tillers from TRAIL agents. Thus the two effects go in opposite
directions. Given the large number of input prices we examine, we worry that the null hypothesis
of no treatment effect could be rejected by chance even if it were actually true. To correct for
this, we follow Kling, Liebman, and Katz (2007) and regress an index variable of all input prices
in column 3. The Hochberg (1988) p-value of 0.773 indicates that overall, borrowers assigned to

38A group of students in Boston University’s Masters of Global Development Studies program did fieldwork and
very useful analysis to help address this question (see Ah-Tye, Bai, Blanco, Pheiffer, and Winata, 2013).
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a TRAIL loan continued to pay the same input prices to TRAIL agents, as households who were
recommended but not offered a loan.39

In Panel B we find no significant effects on the quantities of output that borrowers sold to TRAIL
agents, or the prices at which they sold them. Column 1 in Panel C shows that instead of
borrowing more at higher interest rates, treatment borrowers were less likely to borrow from the
agent during the three years of the experiment. The average interest rate charged by the agent
also did not change.

Thus, we do not find evidence that the agent extracted side-payments from the borrowers by
engaging in a larger volume of transactions, charging higher prices for inputs sold or paying lower
prices for outputs purchased from the borrowers. It appears likely that the TRAIL treatment
households retained control over the program benefits that accrued to them. These results also
cast doubt on the hypothesis that the agent gave extra concessions on output sales or input
purchases to TRAIL borrowers, compared to others whom he recommended but who did not
receive TRAIL loans.

4.3.4 Financial Performance

Lending institutions usually evaluate loan programs in terms of their repayment rates, take-up
and administrative costs. We have shown that loan take-up rates were higher for the TRAIL
than the GBL scheme and repayment rates were similar. Administrative costs also turned out to
be lower in TRAIL. The per-month cost to the MFI of operating the GBL scheme in a village
was |1463. The cost of running the TRAIL scheme was nearly |1400 lower, at |68 per village.
This difference is largely explained by the fact that the TRAIL scheme did not require group
meetings, which involve high personnel and transport costs. Recall that in both schemes the
intermediary (the agent in TRAIL villages and the MFI in GBL villages) received 75 percent of
interest payments as commission, and the repayment rates were similar. Hence TRAIL loans had
a higher financial return, as well as higher take-up.

5 Conclusion

The problem of identifying creditworthy borrowers and ensuring repayment in the absence of
collateral has made agricultural finance in developing countries notoriously cost-ineffective for
formal financial institutions. While microcredit has famously solved these problems by leveraging
local information and enforcement, recent interventions have shown that it generally does not
increase borrowers’ incomes or production. In this paper we have examined the hypothesis that
part of this could be because it is difficult to select productive borrowers.

To overcome this, the trader-agent intermediated lending (TRAIL) scheme delegated borrower
selection for individual liability loans to local lenders or traders who had experience in doing
business with farmers in the local community. We compared the outcomes of this scheme with

39The Hochberg (1988) p-value corrects for the family-weighted error rate across the two index variables in
Panels A and B.
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the outcomes of a traditional group loan treatment. Both treatments provided loans at below-
market-average interest rates, repayment durations that matched crop cycles of the predominant
cash crop, and insurance against local yield and price shocks. The scheme was particularly
successful at inducing selected beneficiaries to increase potato cultivation and output. TRAIL
borrowers achieved significant increases in farm incomes and production of potatoes, without
any offsetting decline in income from any other source. Consistent with other recent microcredit
experiments, GBL loans failed to generate comparable outcomes.

Some features of the TRAIL loans were non-standard. These include below-market interest rates,
longer loan durations and insurance against covariate risks. One may wonder how much these
features contributed to its success at raising borrower incomes. Note that in our experiment
the GBL loans had non-significant effects on borrower output and incomes even though they
shared all of these features, making it unlikely that these variations in the TRAIL scheme were
primarily responsible for its success. Some recent experiments have found that simply switching
loan liability from groups to individuals also has no effect on production and incomes. For these
reasons we are inclined to infer that the unique method of borrower selection in the TRAIL scheme
was primarily responsible for its relative success.

Consistent with this idea, we found evidence that TRAIL agents recommended households with
low default risk and high productivity. We explained these findings with the help of a model in
which borrowers have heterogeneous ability, where ability is correlated with low default risk and
high farm productivity. A well-informed TRAIL agent was incentivized to act as a gatekeeper
and select high ability borrowers. In contrast, the GBL scheme had no comparable gatekeeper,
and attracted both low and high ability borrowers.

The effects of these selection differences could have been compounded by differential incentive
effects: theoretically GBL loans could have had a smaller impact on borrowing, cultivation and
farm incomes because the joint liability tax raised the effective interest rate. Other factors such
as differential scope for learning or social capital may also have played a role. To evaluate the
contribution of selection differences per se, we used the model to generate a number of testable
predictions under the additional hypothesis that some observable characteristics such as caste,
religion, and gender of household head are significantly correlated with ability. We then utilized
the observed selection differences and estimated heterogeneity of treatment effects across these
characteristics to obtain lower bound estimates of the contribution of selection differences to dif-
ferences in average treatment effects. TRAIL agents selected nearly 9% more borrowers from
male-headed non-low-caste Hindu households. These households were more productive to start
with, and had larger treatment effects. This difference in the composition of borrowers accounted
for 14% of the difference between the average treatment effects of the two treatments. Thus it ap-
pears that selection differences accounted for at least part of the differential success of the TRAIL
scheme. Once again, this leaves open the possibility that differences in incentives, monitoring or
social capital may also have played a role.

Loan take-up rates were higher in the TRAIL scheme, suggesting higher ex ante effects on borrower
welfare. TRAIL loans were repaid at the same high rate as GBL loans. At the same time,
the costs of administering the TRAIL scheme were lower. We found no evidence that TRAIL
agents siphoned off the benefits of recommended or treated borrowers by manipulating their
other economic transactions with them. These results are encouraging and point to the value of
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further experimentation with alternative versions of TRAIL. In addition, future research needs
to examine a number of issues neglected in this paper. These include the external validity of
these results in other regions and contexts, effects of scaling the scheme up to more borrowers per
village, financial sustainability, distributive impacts on farm incomes, impacts on empowerment of
women or other disadvantaged social groups, household consumption and liquidity management.

Our paper contributes to the policy debate on ways to promote financial inclusion of the rural poor
in the developing world. Several countries have attempted to expand financial services in rural
areas by employing local agents, but with limited success.40 The TRAIL scheme is also related
to a lending approach that India’s central bank has been promoting recently, where “banking
facilitators” are recruited from within the local communities to select and monitor borrowers
on behalf of formal banks (Srinivasan, 2008). To our knowledge no rigorous evaluation of that
approach has been carried out so far. The findings from our study could inform policy makers
and central bank officials involved in the design of such schemes.
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Table 1: Terms of TRAIL and GBL loans relative to other recent inter-
ventions

TRAIL GBL Summary: Six evaluations
(Banerjee, Karlan, and Zinman, 2015, Table 1)

(1) (2) (3)

Liability Individual Group (Joint) Group (4), Individual (1), Both (1)

Interest Rate 18% APR 18% APR 12–27% APR
(Mexico = 110% APR)

Market Interest Rate 24% APR 24% APR 16–47% APR
(Mexico = 145% APR)

Loan Length 4 months 4 months 3–18 months

Repayment Frequency 4 months 4 months Weekly/Bi-monthly/Monthly

Group Size – 5 3–50

Collateralized No No Yes (3), No (3)

Dynamic Incentives Yes Yes Yes

Notes:
Columns 1 and 2 summarize the terms of the TRAIL and GBL loans; Column 3 summarizes the results
presented in Table 1 of Banerjee, Karlan, and Zinman (2015).
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Table 2: Balance of Characteristics across Treatment Categories

Panel A: Village Characteristics

TRAIL GBL Difference†

(1) (2) (3)

Number of households 297.59 388.50 -90.91
(48.06) (80.36)

Percent households electrified 0.60 0.59 0.01
(0.06) (0.05)

Has primary school 0.77 0.79 -0.02
(0.09) (0.08)

Has primary health centre 0.27 0.21 0.06
(0.10) (0.08)

Has bank branch 0.14 0.17 -0.03
(0.07) (0.08)

Has pucca road 0.27 0.42 -0.14
(0.10) (0.10)

Panel B: Household Characteristics

All TRAIL GBL
Treatment Control 1 Difference† Treatment Control 1 Difference†

(1) (2) (3) (4) (5) (6)

Non Hindu 0.182 0.163 0.171 -0.008 0.131 0.118 0.013
(0.008) (0.025) (0.025) (0.022) (0.022)

Low caste 0.404 0.374 0.385 -0.010 0.520 0.459 0.061
(0.011) (0.032) (0.032) (0.033) (0.034)

High caste 0.414 0.463 0.444 0.018 0.349 0.423 -0.073
(0.011) (0.033) (0.033) (0.032) (0.033)

Landholding 0.464 0.448 0.454 -0.006 0.354 0.395 -0.040
(0.009) (0.027) (0.025) (0.025) (0.026)

Male headed household 0.941 0.987 0.991 -0.005 0.930 0.895 0.035
(0.005) (0.008) (0.006) (0.017) (0.021)

Head Education: Primary Schooling 0.420 0.520 0.487 0.033 0.432 0.427 0.005
(0.011) (0.033) (0.033) (0.033) (0.033)

Joint Significance (χ2(5)) 1.04 5.41

Notes:
Panel A uses village census data collected in 2007 (see Mitra, Mookherjee, Torero, and Visaria, 2015). Panel B restricts the
sample to households with atmost 1.5 acres of land. Column 1 includes all households. Columns 2 and 5 include only Treatment
households. Columns 3 and 6 include only Control 1 households. Standard errors are in parentheses. ‡: χ2(5). †: Difference =
Treatment – Control 1. ∗∗∗ : p < 0.01,∗∗ : p < 0.05,∗ : p < 0.1.
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Table 4: Credit Market Characteristics (before
experiment)

All Loans Agricultural Loans
(1) (2)

Household had borrowed 0.69 0.59
Total Borrowing† 6222 (10140) 4953 (8608)

Proportion of Loans by Source‡

Traders/Money Lenders 0.65 0.66
Family and Friends 0.05 0.03
Cooperatives 0.23 0.24
Government Banks 0.05 0.05

Annualized Interest Rate by Source (percent)
Traders/Money Lenders 26.57 (24.14) 26.36 (24.51)
Family and Friends 20.53 (15.09) 19.84 (16.32)
Cooperatives 15.41 (3.07) 15.62 (3.15)
Government Banks 11.91 (4.30) 11.83 (4.65)

Duration by Source (days)
Traders/Money Lenders 123.63 (27.54) 122.52 (20.29)
Family and Friends 168.92 (103.61) 174.13 (101.31)
Cooperatives 323.53 (91.19) 320.19 (93.97)
Government Banks 299.67 (108.95) 300.35 (108.74)

Proportion of Loans Collateralized by Source
Traders/Money Lenders 0.01 0.01
Family and Friends 0.02 0.07
Cooperatives 0.73 0.77
Government Banks 0.77 0.83

Notes:
Statistics are reported for all sample households in TRAIL and GBL
villages with at most 1.5 acres of land. All loan characteristics are
summarized for loans taken by the households in Cycle 1. Program
loans are not included. For the interest rate summary statistics
loans where the principal amount is reported equal to the repayment
amount are not included. †: Total borrowing = 0 for households that
do not borrow. ‡: Proportion of loans in terms of value of loans at the
household level. All proportions are computed only over households
that borrow. Standard deviations are in parentheses.
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Table 5: Selected Crop Characteristics

Sesame Paddy Potatoes
(1) (2) (3)

Cultivate the crop (%) 0.49 0.69 0.64
(0.006) (0.006) (0.006)

Acreage (acres) 0.22 0.47 0.31
(0.004) (0.006) (0.005)

Harvested quantity (kg) 141 1175 5302
(2.53) (16.12) (75.90)

Cost of production (Rs) 341 3012 7731
(8.08) (51.95) (138.57)

Price (Rs/kg) 31 10 5
(0.19) (0.09) (0.03)

Revenue (Rs) 1667 5554 13726
(37.45) (97.69) (248.6)

Value added (Rs) 1325 2598 5938
(32.85) (67.12) (145.82)

Value added per acre (Rs/acre) 6349 6568 17777
(84.23) (113.42) (282.92)

Notes:
Statistics are annual averages over the 3-year study period, re-
ported for all sample households in TRAIL and GBL villages
with at most 1.5 acres of land. Standard errors are in parenthe-
ses.
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Table 6: Program Impacts: Treatment Effects on Total Borrowing

All Agricultural Loans Non Program Agricultural Loans† Index of dependent
(|) (|) variablesq

(1) (2) (3)

TRAIL 5050*** -364.60 0.242***
(767.50) (630.90) (0.082)

Hochberg p-value 0.025
Mean TRAIL Control 1 5590 5590
% Effect TRAIL 90.34 -6.52

GBL 3732*** -157.8 0.176*
(845.10) (600.2) (0.092)

Hochberg p-value 0.368
Mean GBL Control 1 4077 4077
% Effect GBL 91.54 -3.87

Sample size 6,204 6,204

Notes:
Treatment effects are computed from regressions that follow equation (7) in the text and are run on household-
year level data for all sample households with at most 1.5 acres of land. Regressions also control for gender and
educational attainment of household head, household caste and religion and landholding, a set of year dummies
and an information village dummy. % Effect: Treatment effect as a percentage of the mean of the relevant
Control 1 group. q: In column 3 the dependent variable is an index of z-scores of the outcome variables in the
panel; the p-values for treatment effects in this column are computed according to Hochberg (1988)’s step-up
method to control for the family-weighted error rate across all index outcomes. †: Non-Program loans refer
to loans from sources other than the TRAIL/GBL schemes. The complete regression results are in Table A-1.
Standard errors in parentheses are clustered at the hamlet level. ∗∗∗ : p < 0.01,∗∗ : p < 0.05,∗ : p < 0.1.
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Table 8: Program Impacts: Effects on Farm Value Added and Rates of
Return

Farm Value Non-Agricultural Index of Rate of Return
Added Income dependent Potato Farm Value

(|) (|) variablesq Cultivation Added
(1) (2) (3) (4) (5)

TRAIL Treatment 2707.21*** -608.000 0.116*** 1.23*** 1.32***
(739.46) (4153.557) (0.044) (0.03) (0.02)

Hochberg p-value 0.034

Mean TRAIL Control 1 10705.02 40115.81
% Effect TRAIL 25.29 -1.52

GBL Treatment 400.176 -6092.631 -0.017 0.37*** 0.28
(1069.61) (4959.88) (0.047) (0.08) (0.21)

Hochberg p-value >0.999

Mean GBL Control 1 9729.48 45645.10
% Effect GBL 4.11 -13.35

TRAIL vs GBL p-value 0.077 0.000 0.000
Sample Size 6,210 6,210

Notes:
The analysis is run on household-year level data for all sample households with at most 1.5 acres of land.
Regressions also control for gender and educational attainment of household head, household caste and
religion and landholding, a set of year dummies and an information village dummy. The rate of return
is defined as the ratio of the treatment effect on value added to the treatment effect on cost, estimated
using the regression specification in equation (7) in the text. The full set of results corresponding to
the treatment effects in columns 1 and 2 are in Table A-6. q: In column 3 the dependent variable is
an index of z-scores of the outcome variables in the panel following Kling, Liebman, and Katz (2007);
p-values for this regression are reported using Hochberg (1988)’s step-up method to control the FWER
across all index outcomes. In columns 1 and 2, standard errors in parentheses are clustered at the
hamlet level. In columns 3 and 4, standard errors are cluster-bootstrapped with 2000 replications.
∗∗∗ : p < 0.01,∗∗ : p < 0.05,∗ : p < 0.1.
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Table 9: Interest Rate Comparisons Across the TRAIL and GBL Schemes

TRAIL Pooled Pooled
(1) (2) (3)

TRAIL × Selected† 0.016 -0.026 -0.011
(0.016) (0.049) (0.032)

TRAIL × Own Clientele† 0.045 0.044*
(0.033) (0.026)

TRAIL × Selected × Own Clientele† -0.065** -0.064*
(0.031) (0.034)

TRAIL -0.014 -0.023
(0.043) (0.025)

Selected 0.027 0.027
(0.047) (0.027)

Constant 0.209*** 0.227*** 0.228***
(0.014) (0.047) (0.026)

Total Effects
TRAIL Selected from Own Clientele 0.20***

(0.02)
TRAIL Not Selected from Own Clientele 0.25***

(0.03)
TRAIL Selected 0.21***

(0.02)
GBL Selected 0.25*** 0.25***

(0.02) (0.03)
TRAIL Selected Own Clientele 0.20***

(0.02)
TRAIL Selected Other Clientele 0.22***

(0.01)

Difference Estimates
TRAIL: Selected Own Clientele - Not Selected Own Clientele -0.05*

(0.03)
TRAIL Selected - GBL Selected -0.04*

(0.02)
TRAIL Selected Own Clientele - GBL Selected -0.05*

(0.03)
TRAIL Selected Other Clientele - GBL Selected -0.03

(0.03)

Sample Size 448 872 872

Average Interest paid on Informal loans
TRAIL 0.22
GBL 0.23

Sample Size 448 872 872

Notes:
The dependent variable is the average annualized interest rate paid on informal production loans
from traders, moneylenders and family and friends, as reported in Cycle 1. In column 1 the
estimating sample includes all sample households in TRAIL villages with at most 1.5 acres who
had borrowed from traders, moneylenders and family and friends in Cycle 1. In columns 2 and 3
the estimating sample includes all sample households in TRAIL and GBL villages with at most
1.5 acres of land and had borrowed from traders, moneylenders and family and friends in Cycle 1.
Regressions control for landholding. Loans where the principal amount is reported equal to the
repayment amount are not included. Standard errors in parentheses are clustered at the hamlet
level. †: By definition, TRAIL = 1 for all observations in column 1. ∗∗∗ : p < 0.01,∗∗ : p < 0.05,∗ :
p < 0.1.
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Table 11: Heterogeneity of Effects

Total Borrowing Farm Revenue Farm Value Added
(1) (2) (3)

Treatment Effects TRAIL

Mean TRAIL Control 1 5590 22849 10705

Female headed household 459.4 5111 2404
(1882) (5977) (3450)

% Effect 8.22 22.37 22.45
Male headed Non Hindu household -3069 3686 1637

(2766) (4046) (2072)
% Effect -54.90 16.13 15.29
Male headed low caste household 4071*** 1041 -174

(1309) (2413) (1264)
% Effect 72.83 4.56 -1.63
Male headed high caste household 6527*** 8089** 5190***

(1600) (3336) (1846)
% Effect 116.76 35.40 48.49

Comparison of Treatment Effects across Groups (TRAIL)
Male headed Non Hindu vs. Female -3528* -1426 -766
Male headed low caste vs. Female 3612 -4070 -2578
Male headed high caste vs. Female 6068** 2978 2787
Male headed low caste vs. Male headed Non Hindu 7140** -2645 -1812
Male headed Non Hindu vs. Male headed high caste -9596** -4403 -3553
Male headed low caste vs. Male headed high caste -2456 -7048 -5364**

Treatment Effects GBL

Mean GBL Control 1 4077 19605 9729

Female headed household -2789 -8094 -5057*
(1892) (5136) (2645)

% Effect -68.41 -41.28 -51.97
Male headed Non Hindu household -3714 2101 2225

(3258) (7052) (3007)
% Effect -91.10 10.72 22.87
Male headed low caste household 3962*** 3924 1551

(1186) (3313) (1651)
% Effect 97.18 20.02 15.94
Male headed high caste household 4301** -2085 -2421

(2206) (5604) (3554)
% Effect 105.49 -10.64 -24.88

Comparison of Treatment Effects across Groups (GBL)
Male headed Non Hindu vs. Female -925 10195 7281*
Male headed low caste vs. Female 6751*** 12018* 6608**
Male headed high caste vs. Female 7090** 6009 2636
Male headed low caste vs. Male headed Non Hindu 7676** 1823 -674
Male headed Non Hindu vs. Male headed high caste -8015 4186 4646
Male headed low caste vs. Male headed high caste -339 6009 3972

Sample Size 6,204 6,216 6216

Notes:
Treatment effects and differences in treatment effects are presented. The sample includes all households in
TRAIL and GBL villages with at most 1.5 acres of land. Regressions control for year dummies and information
village dummy. % Effect is computed as a percentage of the relevant mean for Control 1 households. Standard
errors in parentheses are clustered at the hamlet level. ∗∗∗ : p < 0.01,∗∗ : p < 0.05,∗ : p < 0.1.
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Table 13: Loan Performance

Repayment Take up Continuation
(1) (2) (3)

Panel A: Sample Means
TRAIL 0.958 0.856 0.805

0.005 (0.008) (0.009)
GBL 0.954 0.746 0.691

(0.006) (0.011) (0.011)
Difference† 0.003 0.110*** 0.114***

(0.008) (0.014) (0.014)

Panel B: Regression Results
TRAIL 0.006 0.117* 0.116*

(0.020) (0.067) (0.067)
Constant 0.989*** 0.838*** 0.827***

(0.015) (0.053) (0.053)

Mean GBL 0.956 0.747 0.694
Sample Size 2,406 3,226 3,512

Notes:
The sample consists of household-cycle level observa-
tions of treatment households in TRAIL and GBL vil-
lages. The dependent variable in column (1) takes
value 1 if a borrowing household repaid a loan taken
in the cycle within 30 days of the due date, and that in
columns (2) and (3) takes value 1 if the household took
the program loan. In column (1) the sample consists
of households that had taken a program loan in that
cycle, in column (2) it consists of households that were
eligible to take the program loan in that cycle, and in
column (3) it consists of all households that were el-
igible to receive program loans in Cycle 1. In Panel
B, regressions control for cycle dummies. Standard er-
rors in parentheses are clustered at the hamlet level. †:
Difference between mean in TRAIL and mean in GBL.
∗∗∗p < 0.01,∗∗ p < 0.05,∗ p < 0.1.
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Table A-1: Program Impacts: Treatment Effects on Total Borrow-
ing

All Loans Non Program Loans†

(|) (|)
(1) (2)

TRAIL 1,314.487** 1,258.715**
(597.577) (597.740)

TRAIL × Control 1 -216.505 -162.695
(623.478) (616.692)

TRAIL × Treatment 4,833.918*** -527.303
(631.596) (491.950)

GBL × Control 1 324.865 254.498
(674.202) (674.256)

GBL × Treatment 4,056.411*** 96.717
(802.940) (556.996)

Landholding 9,078.801*** 8,275.706***
(702.236) (696.243)

Non Hindu household -3,287.325*** -2,772.558***
(643.155) (585.505)

Low caste household -1,692.419*** -1,658.744***
(536.831) (462.049)

Male headed household 1,746.050*** 1,349.010***
(502.763) (498.760)

Household head: Completed Primary Schooling -4.810 66.508
(425.426) (392.054)

Constant -84.527 795.939
(702.412) (644.860)

Treatment Effect
TRAIL 5050*** -364.60

(767.50) (630.90)
Mean TRAIL Control 1 5590 5590
% Effect TRAIL 90.34 -6.52

GBL 3732*** -157.8
(845.10) (600.2)

Mean GBL Control 1 4077 4077
% Effect GBL 91.54 -3.87

Recommendation/Group Formation Effect
TRAIL Recommendation -216.50 -162.7

(623.50) (616.7)
GBL Group Formation 324.90 254.50

(674.20) (674.30)

Sample size 6,204 6,204

Notes:
Treatment effects are computed from regressions that follow equation (7) in the text
and are run on household-year level data for all sample households with at most 1.5
acres of land. Regressions also control for a set of year dummies and an information
village dummy. % Effect: Treatment effect as a percentage of the mean of the relevant
Control 1 group. †: Non-Program loans refer to loans from sources other than the
TRAIL/GBL schemes. Standard errors in parentheses are clustered at the hamlet level.
∗∗∗ : p < 0.01,∗∗ : p < 0.05,∗ : p < 0.1.

48



T
a
b

le
A

-2
:

P
ro

g
ra

m
Im

p
a
c
ts

:
T

re
a
tm

e
n
t

E
ff

e
c
ts

in
P

o
ta

to
C

u
lt

iv
a
ti

o
n

C
u
lt

iv
a
te

L
a
n
d

p
la

n
te

d
H

a
rv

e
st

e
d

q
u
a
n
ti

ty
C

o
st

o
f

p
ro

d
u
c
ti

o
n

R
e
v
e
n
u
e

V
a
lu

e
a
d
d
e
d

Im
p
u
te

d
p
ro

fi
t‡

(%
)

(A
c
re

s)
(K

g
)

(|
)

(|
)

(|
)

(|
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

T
R

A
IL

0
.0

5
7
*

0
.0

3
2

2
9
2
.7

6
3

7
8
1
.3

5
4

5
2
6
.8

4
4

-2
6
3
.9

8
5

-2
9
0
.1

2
9

(0
.0

3
0
)

(0
.0

2
7
)

(3
0
4
.2

5
2
)

(6
8
4
.1

2
7
)

(1
,2

2
2
.3

3
8
)

(6
1
7
.0

0
8
)

(5
8
0
.9

6
4
)

T
R

A
IL
×

C
o
n
tr

o
l

1
0
.0

6
9
*

0
.0

1
1
3
7
.6

4
7

4
4
6
.8

2
7

4
3
3
.1

0
7

-1
9
.9

-9
9
.0

9
3

(0
.0

3
5
)

(0
.0

2
6
)

(2
9
3
.8

5
4
)

(7
0
5
.0

3
0
)

(1
,1

8
6
.2

4
9
)

(6
0
0
.3

9
2
)

(5
6
5
.3

3
6
)

T
R

A
IL
×

T
re

a
tm

e
n
t

0
.1

1
6
*
*
*

0
.1

0
4
*
*
*

1
,1

1
3
.0

1
8
*
*
*

2
,3

5
6
.5

6
5
*
*
*

4
,4

4
4
.7

3
1
*
*
*

2
,0

8
9
.3

4
2
*
*
*

1
,8

4
0
.4

0
1
*
*
*

(0
.0

3
1
)

(0
.0

2
4
)

(2
6
4
.6

3
4
)

(6
1
5
.1

3
5
)

(1
,0

3
7
.9

0
6
)

(5
2
4
.4

3
0
)

(4
9
1
.3

3
6
)

G
B

L
×

C
o
n
tr

o
l

1
0
.0

6
-0

.0
0
2

-3
9
.0

0
3

-3
6
0
.8

0
1

-6
4
1
.2

6
4

-2
6
0
.9

9
3

-4
0
6
.7

0
1

(0
.0

3
7
)

(0
.0

3
3
)

(3
8
1
.2

2
4
)

(8
0
4
.0

4
0
)

(1
,6

8
5
.3

2
1
)

(9
4
5
.2

4
2
)

(8
9
7
.4

7
3
)

G
B

L
×

T
re

a
tm

e
n
t

0
.1

1
4
*
*
*

0
.0

5
0
*

4
7
5
.4

3
2

1
,2

4
0
.4

9
6
*

1
,7

0
2
.7

0
4
5
3
.1

4
3

1
4
7
.0

0
7

(0
.0

3
5
)

(0
.0

2
7
)

(2
9
9
.0

6
9
)

(7
0
3
.8

6
1
)

(1
,2

4
9
.8

7
1
)

(6
1
6
.9

2
2
)

(5
6
9
.2

4
8
)

L
a
n
d
h
o
ld

in
g

0
.3

6
4
*
*
*

0
.4

7
1
*
*
*

5
,1

7
2
.9

0
9
*
*
*

1
0
,5

5
5
.6

6
1
*
*
*

2
1
,9

1
8
.6

5
8
*
*
*

1
1
,2

6
2
.0

2
4
*
*
*

1
0
,3

7
0
.5

5
9
*
*
*

(0
.0

2
8
)

(0
.0

3
1
)

(3
5
1
.5

6
4
)

(7
9
5
.9

2
0
)

(1
,4

2
4
.9

1
1
)

(7
1
8
.6

4
8
)

(6
8
2
.9

1
9
)

N
o
n

H
in

d
u

h
o
u
se

h
o
ld

-0
.2

4
6
*
*
*

-0
.1

2
6
*
*
*

-1
,4

5
6
.4

3
8
*
*
*

-3
,6

6
6
.8

7
0
*
*
*

-6
,1

3
4
.4

0
4
*
*
*

-2
,4

7
1
.6

9
5
*
*
*

-1
,9

3
7
.6

6
2
*
*
*

(0
.0

4
1
)

(0
.0

3
2
)

(3
5
3
.5

7
7
)

(7
9
1
.5

9
1
)

(1
,4

2
4
.1

6
7
)

(7
0
5
.9

6
8
)

(6
4
9
.5

5
1
)

L
o
w

c
a
st

e
h
o
u
se

h
o
ld

-0
.0

9
1
*
*
*

-0
.0

6
7
*
*
*

-7
8
5
.3

9
9
*
*
*

-2
,3

5
0
.4

1
7
*
*
*

-3
,6

6
2
.6

2
9
*
*
*

-1
,2

9
9
.1

5
9
*
*

-1
,2

0
1
.9

4
2
*
*

(0
.0

2
7
)

(0
.0

2
4
)

(2
7
5
.1

7
9
)

(6
1
9
.8

4
6
)

(1
,0

8
0
.3

6
4
)

(5
1
6
.1

7
9
)

(4
8
0
.6

0
8
)

M
a
le

h
e
a
d
e
d

h
o
u
se

h
o
ld

0
.1

7
3
*
*
*

0
.0

8
9
*
*
*

9
9
4
.4

5
8
*
*
*

2
,1

9
3
.3

3
1
*
*
*

3
,5

3
3
.3

6
0
*
*
*

1
,3

1
9
.7

8
3
*
*

9
2
5
.5

0
4
*

(0
.0

3
9
)

(0
.0

2
5
)

(2
8
0
.9

2
4
)

(6
0
4
.0

0
0
)

(1
,1

7
6
.1

8
1
)

(5
9
4
.3

9
3
)

(5
4
5
.0

3
7
)

H
o
u
se

h
o
ld

h
e
a
d
:

C
o
m

p
le

te
d

P
ri

m
a
ry

S
c
h
o
o
li
n
g

-0
.0

3
2
*

0
.0

0
1

2
6
.7

3
6

3
1
8
.9

0
1

1
3
4
.9

5
5

-1
9
8
.7

2
6

-5
.6

4
9

(0
.0

1
8
)

(0
.0

1
7
)

(1
9
0
.1

9
9
)

(4
3
3
.8

0
5
)

(7
5
1
.6

4
3
)

(3
7
1
.1

6
6
)

(3
4
6
.9

6
8
)

C
o
n
st

a
n
t

0
.3

7
2
*
*
*

0
.0

1
8

3
2
7
.6

5
9

3
3
2
.5

0
4

-4
2
1
.2

5
7

-8
1
1
.7

2
4

-9
2
6
.5

1
4

(0
.0

4
8
)

(0
.0

3
3
)

(3
7
7
.2

0
8
)

(8
1
6
.2

2
1
)

(1
,5

6
7
.0

5
7
)

(8
2
6
.2

9
0
)

(7
8
1
.8

9
9
)

T
re

a
tm

e
n

t
E

ff
ec

ts
T

R
A

IL
T

re
a
tm

e
n
t

0
.0

4
7

0
.0

9
5
*
*
*

9
7
5
.3

7
1
*
*
*

1
9
0
9
.7

3
8
*
*
*

4
0
1
1
.6

2
4
*
*
*

2
1
0
9
.2

4
2
*
*
*

1
9
3
9
.4

9
4
*
*
*

(0
.0

3
2
)

(0
.0

2
8
)

(3
0
1
.1

2
4
)

(7
1
8
.7

9
9
)

(1
1
8
6
.5

3
8
)

(6
2
1
.0

3
7
)

(5
9
1
.3

3
9
)

M
e
a
n

T
R

A
IL

C
o
n
tr

o
l

1
0
.7

1
5

0
.3

3
3

3
6
4
6
.1

2
4

8
4
7
4
.6

2
8

1
4
2
8
5
.4

6
7

5
7
3
9
.4

7
9

4
7
4
0
.8

9
3

%
E

ff
e
c
t

T
R

A
IL

6
.5

6
2
8
.4

6
2
6
.7

5
2
2
.5

3
2
8
.0

8
3
6
.7

5
4
0
.9

1

G
B

L
T

re
a
tm

e
n
t

0
.0

5
3

0
.0

5
2

5
1
4
.4

3
5

1
6
0
1
.2

9
8
*

2
3
4
3
.9

6
4

7
1
4
.1

3
7

5
5
3
.7

0
8

(0
.0

4
4
)

(0
.0

3
5
)

(3
9
5
.0

8
2
)

(8
7
7
.2

1
9
)

(1
7
2
9
.7

2
3
)

(9
1
8
.6

7
1
)

(8
6
6
.4

3
0
)

M
e
a
n

G
B

L
C

o
n
tr

o
l

1
0
.6

2
0

0
.2

5
1

2
7
6
1
.1

2
7

5
9
9
2
.0

8
0

1
1
0
1
4
.2

8
6

4
9
9
7
.4

4
6

4
0
1
8
.7

9
6

%
E

ff
e
c
t

G
B

L
8
.5

9
2
0
.7

9
1
8
.6

3
2
6
.7

2
2
1
.2

8
1
4
.2

9
1
3
.7

8

R
ec

o
m

m
e
n

d
a
ti

o
n

/
G

ro
u

p
F

o
r
m

a
ti

o
n

E
ff

ec
ts

T
R

A
IL

R
e
c
o
m

m
e
n
d
a
ti

o
n

0
.0

6
9

0
.0

1
0

1
3
7
.6

4
7

4
4
6
.8

2
7

4
3
3
.1

0
7

-1
9
.9

0
0

-9
9
.0

9
3

(0
.0

3
5
)

(0
.0

2
6
)

(2
9
3
.8

5
4
)

(7
0
5
.0

3
0
)

(1
1
8
6
.2

4
9
)

(6
0
0
.3

9
2
)

(5
6
5
.3

3
6
)

G
B

L
G

ro
u
p

F
o
rm

a
ti

o
n

0
.0

6
0

-0
.0

0
2

-3
9
.0

0
3

-3
6
0
.8

0
1

-6
4
1
.2

6
4

-2
6
0
.9

9
3

-4
0
6
.7

0
1

(0
.0

3
7
)

(0
.0

3
3
)

(3
8
1
.2

2
4
)

(8
0
4
.0

4
0
)

(1
6
8
5
.3

2
1
)

(9
4
5
.2

4
2
)

(8
9
7
.4

7
3
)

S
a
m

p
le

S
iz

e
6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

N
o
t
e
s
:

T
re

a
tm

e
n
t

e
ff

e
c
ts

a
re

c
o
m

p
u
te

d
fr

o
m

re
g
re

ss
io

n
s

th
a
t

fo
ll
o
w

e
q
u
a
ti

o
n

(7
)

in
th

e
te

x
t

a
n
d

a
re

ru
n

o
n

h
o
u
se

h
o
ld

-y
e
a
r

le
v
e
l

d
a
ta

fo
r

a
ll

sa
m

p
le

h
o
u
se

h
o
ld

s
w

it
h

a
t

m
o
st

1
.5

a
c
re

s
o
f

la
n
d
.
‡
:

Im
p
u
te

d
p
ro

fi
t

=
V

a
lu

e
A

d
d
e
d

–
sh

a
d
o
w

c
o
st

o
f

la
b

o
u
r.

%
E

ff
e
c
t:

T
re

a
tm

e
n
t

e
ff

e
c
t

a
s

a
p

e
rc

e
n
ta

g
e

o
f

th
e

M
e
a
n

o
f

C
o
n
tr

o
l

1
g
ro

u
p
.

R
e
g
re

ss
io

n
s

a
ls

o
c
o
n
tr

o
l

fo
r

a
se

t
o
f

y
e
a
r

d
u
m

m
ie

s
a
n
d

a
n

in
fo

rm
a
ti

o
n

v
il
la

g
e

d
u
m

m
y
.

S
ta

n
d
a
rd

e
rr

o
rs

in
p
a
re

n
th

e
se

s
a
re

c
lu

st
e
re

d
a
t

th
e

h
a
m

le
t

le
v
e
l.
∗
∗
∗

:
p
<

0
.0

1
,∗
∗

:
p
<

0
.0

5
,∗

:
p
<

0
.1

.

49



T
a
b

le
A

-3
:

P
ro

g
ra

m
Im

p
a
c
ts

:
T

re
a
tm

e
n
t

E
ff

e
c
ts

in
S

e
sa

m
e

C
u

lt
iv

a
ti

o
n

C
u
lt

iv
a
te

L
a
n
d

p
la

n
te

d
H

a
rv

e
st

e
d

q
u
a
n
ti

ty
C

o
st

o
f

p
ro

d
u
c
ti

o
n

R
e
v
e
n
u
e

V
a
lu

e
a
d
d
e
d

Im
p
u
te

d
p
ro

fi
t‡

(%
)

(A
c
re

s)
(K

g
)

(|
)

(|
)

(|
)

(|
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

T
R

A
IL

0
.0

7
6
*
*

0
.0

4
2
*

1
3
.5

7
5
*

3
4
.7

6
3

2
1
6
.4

9
3

1
8
0
.9

8
5

1
0
3
.8

0
3

(0
.0

3
5
)

(0
.0

2
1
)

(7
.6

1
5
)

(3
8
.9

5
0
)

(1
7
5
.7

5
8
)

(1
4
8
.6

4
9
)

(1
2
7
.4

2
8
)

T
R

A
IL
×

C
o
n
tr

o
l

1
0
.0

8
7
*
*

0
.0

3
6
*

6
.9

2
4

8
2
.2

0
9
*
*

2
2
0
.6

8
4

1
3
8
.5

8
5

8
6
.2

9
9

(0
.0

3
5
)

(0
.0

2
2
)

(7
.1

0
5
)

(3
6
.3

2
3
)

(1
7
1
.6

2
1
)

(1
5
2
.0

5
1
)

(1
3
5
.9

1
4
)

T
R

A
IL
×

T
re

a
tm

e
n
t

0
.1

2
2
*
*
*

0
.0

7
9
*
*
*

1
6
.5

6
7
*
*

1
0
8
.0

6
4
*
*

5
2
5
.6

6
3
*
*
*

4
1
6
.8

0
8
*
*

2
6
5
.5

1
3
*

(0
.0

3
5
)

(0
.0

2
0
)

(7
.7

0
3
)

(4
2
.8

3
5
)

(1
9
9
.0

9
4
)

(1
7
5
.9

2
2
)

(1
6
0
.6

0
9
)

G
B

L
×

C
o
n
tr

o
l

1
0
.0

8
7
*
*

0
.0

3
7
.1

-2
9
.7

2
1

1
7
7
.1

1
9

2
0
5
.7

1
4

1
0
9
.8

7
7

(0
.0

3
8
)

(0
.0

2
9
)

(9
.5

1
7
)

(3
5
.8

7
6
)

(2
4
9
.8

3
4
)

(2
2
6
.6

4
9
)

(2
0
2
.9

4
5
)

G
B

L
×

T
re

a
tm

e
n
t

0
.0

6
3
*

0
.0

3
3

1
.6

5
2

-1
2
.9

3
1

-1
1
.4

9
1
.6

3
1

-1
9
.4

9
7

(0
.0

3
4
)

(0
.0

2
3
)

(7
.2

2
5
)

(3
7
.3

4
0
)

(1
6
9
.9

6
4
)

(1
4
4
.4

7
5
)

(1
2
4
.7

7
1
)

L
a
n
d
h
o
ld

in
g

0
.3

6
9
*
*
*

0
.3

6
1
*
*
*

1
0
1
.1

1
2
*
*
*

4
5
6
.4

4
3
*
*
*

2
,6

1
9
.4

8
4
*
*
*

2
,1

6
0
.2

1
1
*
*
*

1
,8

2
4
.1

3
1
*
*
*

(0
.0

2
5
)

(0
.0

2
4
)

(8
.4

2
3
)

(3
9
.1

9
5
)

(2
0
2
.6

1
1
)

(1
7
9
.6

7
0
)

(1
6
6
.5

4
9
)

N
o
n

H
in

d
u

h
o
u
se

h
o
ld

-0
.2

1
9
*
*
*

-0
.1

1
0
*
*
*

-4
3
.4

1
5
*
*
*

-1
9
0
.7

2
6
*
*
*

-9
8
1
.7

5
8
*
*
*

-7
9
0
.5

4
0
*
*
*

-5
8
6
.3

0
9
*
*
*

(0
.0

4
0
)

(0
.0

2
4
)

(8
.5

6
4
)

(3
7
.8

5
4
)

(2
2
5
.4

0
7
)

(1
9
7
.2

6
8
)

(1
7
4
.9

5
2
)

L
o
w

c
a
st

e
h
o
u
se

h
o
ld

-0
.0

4
6

-0
.0

3
5
*

-2
4
.2

6
4
*
*
*

-8
7
.2

7
0
*
*

-5
7
0
.4

4
6
*
*
*

-4
8
3
.7

4
7
*
*
*

-4
7
1
.2

4
4
*
*
*

(0
.0

3
2
)

(0
.0

1
9
)

(6
.3

9
7
)

(3
4
.8

4
7
)

(1
4
8
.4

6
9
)

(1
2
3
.3

0
0
)

(1
0
4
.5

7
0
)

M
a
le

h
e
a
d
e
d

h
o
u
se

h
o
ld

0
.1

5
9
*
*
*

0
.0

5
8
*
*
*

2
0
.1

4
0
*
*
*

6
0
.9

9
9
*
*

4
1
7
.1

1
4
*
*
*

3
5
7
.3

9
5
*
*
*

1
6
0
.8

6
1

(0
.0

3
0
)

(0
.0

1
7
)

(5
.7

7
5
)

(2
9
.2

6
7
)

(1
4
6
.0

4
8
)

(1
2
4
.0

0
6
)

(1
0
4
.2

9
0
)

H
o
u
se

h
o
ld

h
e
a
d
:

C
o
m

p
le

te
d

P
ri

m
a
ry

S
c
h
o
o
li
n
g

-0
.0

2
8

-0
.0

0
6

-0
.8

4
5

5
5
.5

1
7
*
*

-3
1
.1

7
3

-8
7
.3

0
9

-1
7
.1

0
8

(0
.0

1
9
)

(0
.0

1
2
)

(4
.2

4
7
)

(2
3
.0

0
8
)

(1
0
2
.6

3
6
)

(8
9
.7

3
8
)

(7
9
.8

6
3
)

C
o
n
st

a
n
t

0
.2

0
6
*
*
*

-0
.0

1
9

1
1
.8

5
3

1
0
5
.6

8
9
*
*

-1
8
2
.8

2
7

-2
8
7
.9

0
1

-2
3
5
.1

4
8

(0
.0

4
2
)

(0
.0

2
6
)

(8
.4

8
9
)

(4
6
.7

9
6
)

(2
1
4
.3

3
1
)

(1
8
1
.7

5
7
)

(1
5
7
.0

1
8
)

T
re

a
tm

e
n

t
E

ff
ec

ts
T

R
A

IL
T

re
a
tm

e
n
t

0
.0

3
5

0
.0

4
4
*
*

9
.6

4
3

2
5
.8

5
5

3
0
4
.9

7
9
*

2
7
8
.2

2
3
*
*

1
7
9
.2

1
4

(0
.0

3
3
)

(0
.0

2
3
)

(6
.7

3
8
)

(4
4
.1

8
5
)

(1
7
0
.5

2
7
)

(1
4
2
.1

9
2
)

(1
2
4
.6

8
3
)

M
e
a
n

T
R

A
IL

C
o
n
tr

o
l

1
0
.5

8
1

0
.2

6
6

8
1
.6

2
4

4
3
6
.9

1
0

1
9
5
7
.4

9
8

1
5
1
9
.5

5
8

1
0
8
0
.8

0
0

%
E

ff
e
c
t

T
R

A
IL

6
.0

2
1
6
.3

9
1
1
.8

1
5
.9

2
1
5
.5

8
1
8
.3

1
1
6
.5

8

G
B

L
T

re
a
tm

e
n
t

-0
.0

2
4

0
.0

0
3

-5
.4

4
9

1
6
.7

9
0

-1
8
8
.6

0
5

-2
0
4
.0

8
4

-1
2
9
.3

7
4

(0
.0

4
4
)

(0
.0

3
1
)

(9
.7

6
8
)

(3
9
.0

1
6
)

(2
5
6
.0

2
1
)

(2
2
9
.4

7
5
)

(2
0
3
.5

8
5
)

M
e
a
n

G
B

L
C

o
n
tr

o
l

1
0
.4

8
4

0
.1

9
3

6
0
.8

4
8

2
5
8
.8

7
8

1
5
1
3
.1

3
8

1
2
5
2
.8

5
0

8
6
6
.2

8
8

%
E

ff
e
c
t

G
B

L
-4

.9
7

1
.4

6
-8

.9
5

6
.4

9
-1

2
.4

6
-1

6
.2

9
-1

4
.9

3

R
ec

o
m

m
e
n

d
a
ti

o
n

/
G

ro
u

p
F

o
r
m

a
ti

o
n

E
ff

ec
ts

T
R

A
IL

R
e
c
o
m

m
e
n
d
a
ti

o
n

0
.0

8
7
*
*

0
.0

3
6
*

6
.9

2
4

8
2
.2

0
9
*
*

2
2
0
.6

8
4

1
3
8
.5

8
5

8
6
.2

9
9

(0
.0

3
5
)

(0
.0

2
2
)

(7
.1

0
5
)

(3
6
.3

2
3
)

(1
7
1
.6

2
1
)

(1
5
2
.0

5
1
)

(1
3
5
.9

1
4
)

G
B

L
G

ro
u
p

F
o
rm

a
ti

o
n

0
.0

8
7
*
*

0
.0

3
0

7
.1

0
0

-2
9
.7

2
1

1
7
7
.1

1
9

2
0
5
.7

1
4

1
0
9
.8

7
7

(0
.0

3
8
)

(0
.0

2
9
)

(9
.5

1
7
)

(3
5
.8

7
6
)

(2
4
9
.8

3
4
)

(2
2
6
.6

4
9
)

(2
0
2
.9

4
5
)

S
a
m

p
le

S
iz

e
6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

N
o
t
e
s
:

T
re

a
tm

e
n
t

e
ff

e
c
ts

a
re

c
o
m

p
u
te

d
fr

o
m

re
g
re

ss
io

n
s

th
a
t

fo
ll
o
w

e
q
u
a
ti

o
n

(7
)

in
th

e
te

x
t

a
n
d

a
re

ru
n

o
n

h
o
u
se

h
o
ld

-y
e
a
r

le
v
e
l

d
a
ta

fo
r

a
ll

sa
m

p
le

h
o
u
se

h
o
ld

s
w

it
h

a
t

m
o
st

1
.5

a
c
re

s
o
f

la
n
d
.
‡
:

Im
p
u
te

d
p
ro

fi
t

=
V

a
lu

e
A

d
d
e
d

–
sh

a
d
o
w

c
o
st

o
f

la
b

o
u
r.

%
E

ff
e
c
t:

T
re

a
tm

e
n
t

e
ff

e
c
t

a
s

a
p

e
rc

e
n
ta

g
e

o
f

th
e

M
e
a
n

o
f

C
o
n
tr

o
l

1
g
ro

u
p
.

R
e
g
re

ss
io

n
s

a
ls

o
c
o
n
tr

o
l

fo
r

a
se

t
o
f

y
e
a
r

d
u
m

m
ie

s
a
n
d

a
n

in
fo

rm
a
ti

o
n

v
il
la

g
e

d
u
m

m
y
.

S
ta

n
d
a
rd

e
rr

o
rs

in
p
a
re

n
th

e
se

s
a
re

c
lu

st
e
re

d
a
t

th
e

h
a
m

le
t

le
v
e
l.
∗
∗
∗

:
p
<

0
.0

1
,∗
∗

:
p
<

0
.0

5
,∗

:
p
<

0
.1

.

50



T
a
b

le
A

-4
:

P
ro

g
ra

m
Im

p
a
c
ts

:
T

re
a
tm

e
n
t

E
ff

e
c
ts

in
P

a
d

d
y

C
u

lt
iv

a
ti

o
n

C
u
lt

iv
a
te

L
a
n
d

p
la

n
te

d
H

a
rv

e
st

e
d

q
u
a
n
ti

ty
C

o
st

o
f

p
ro

d
u
c
ti

o
n

R
e
v
e
n
u
e

V
a
lu

e
a
d
d
e
d

Im
p
u
te

d
p
ro

fi
t‡

(%
)

(A
c
re

s)
(K

g
)

(|
)

(|
)

(|
)

(|
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

T
R

A
IL

-0
.0

3
4

-0
.0

1
6

-4
7
.2

9
3

-2
7
5
.2

5
1

-3
9
0
.7

8
3

-8
2
.7

5
-2

7
.3

2
7

(0
.0

2
5
)

(0
.0

2
6
)

(4
7
.6

8
8
)

(2
3
3
.8

4
8
)

(4
0
8
.8

1
2
)

(2
6
8
.4

0
9
)

(1
5
1
.0

3
4
)

T
R

A
IL
×

C
o
n
tr

o
l

1
0
.0

9
1
*
*
*

0
.0

1
5

2
6
.8

2
4

8
7
.8

5
3

1
1
2
.5

2
8

5
.4

2
5

-5
4
.6

2
(0

.0
2
9
)

(0
.0

2
2
)

(3
5
.8

1
4
)

(1
8
3
.4

8
5
)

(3
1
6
.8

3
0
)

(2
2
3
.6

4
2
)

(1
1
8
.2

6
5
)

T
R

A
IL
×

T
re

a
tm

e
n
t

0
.0

8
6
*
*
*

0
.0

5
1
*
*

4
9
.0

3
4

3
0
0
.1

0
8

5
8
3
.6

1
1
*

2
7
3
.2

1
5

8
0
.8

2
5

(0
.0

3
0
)

(0
.0

2
1
)

(3
1
.8

9
6
)

(1
8
4
.7

1
9
)

(3
0
3
.1

7
8
)

(2
3
4
.7

7
9
)

(1
1
7
.9

5
1
)

G
B

L
×

C
o
n
tr

o
l

1
0
.0

4
0
.0

4
1
5
3
.4

1
5
*
*

5
0
4
.4

3
4
8
5
.5

7
3

3
.8

1
8

7
6
.0

5
7

(0
.0

2
9
)

(0
.0

3
0
)

(7
5
.2

4
9
)

(3
7
8
.6

5
7
)

(5
1
2
.7

1
7
)

(2
6
7
.8

5
0
)

(2
1
9
.3

0
5
)

G
B

L
×

T
re

a
tm

e
n
t

0
.0

3
9

0
.0

5
1
*

1
1
6
.8

9
4
*
*

4
2
9
.4

4
1

6
0
0
.0

5
2
1
7
.3

4
5

-4
4
.3

0
5

(0
.0

3
1
)

(0
.0

2
9
)

(5
7
.7

2
1
)

(3
0
7
.9

5
2
)

(4
3
2
.8

1
1
)

(2
3
1
.6

9
9
)

(1
6
6
.8

9
2
)

L
a
n
d
h
o
ld

in
g

0
.4

6
1
*
*
*

0
.8

9
4
*
*
*

1
,0

9
5
.0

5
6
*
*
*

4
,9

3
6
.4

0
4
*
*
*

9
,1

7
6
.4

9
3
*
*
*

4
,3

5
5
.6

6
1
*
*
*

9
6
5
.4

3
8
*
*
*

(0
.0

2
5
)

(0
.0

3
5
)

(5
8
.2

9
7
)

(3
0
6
.6

4
1
)

(5
0
2
.9

4
2
)

(3
1
0
.8

5
0
)

(1
6
2
.1

0
0
)

N
o
n

H
in

d
u

h
o
u
se

h
o
ld

-0
.0

9
3
*
*
*

0
.0

3
4

7
4
.0

9
1

5
2
9
.4

1
6

6
5
3
.8

1
2

2
4
6
.9

8
5

2
8
7
.0

7
(0

.0
3
0
)

(0
.0

3
6
)

(7
8
.2

1
2
)

(4
1
6
.4

2
1
)

(5
7
8
.7

8
9
)

(3
1
1
.2

7
7
)

(1
9
3
.2

3
5
)

L
o
w

c
a
st

e
h
o
u
se

h
o
ld

-0
.0

6
8
*
*
*

0
.0

1
3

2
.8

9
2

-2
3
3
.1

0
3

-2
9
.7

3
2

2
4
4
.5

6
1
0
2
.2

7
1

(0
.0

2
3
)

(0
.0

2
1
)

(3
9
.2

8
9
)

(1
9
9
.8

9
0
)

(2
9
4
.9

6
8
)

(1
8
8
.7

7
5
)

(1
1
4
.1

5
8
)

M
a
le

h
e
a
d
e
d

h
o
u
se

h
o
ld

0
.2

0
3
*
*
*

0
.1

2
6
*
*
*

2
1
7
.5

3
5
*
*
*

1
,0

0
7
.4

4
6
*
*
*

1
,8

8
3
.5

5
6
*
*
*

8
5
7
.5

1
4
*
*
*

-6
5
.7

4
9

(0
.0

3
7
)

(0
.0

2
6
)

(3
9
.8

3
3
)

(1
8
6
.0

4
6
)

(3
3
5
.5

8
7
)

(1
9
7
.8

7
1
)

(7
7
.6

0
7
)

H
o
u
se

h
o
ld

h
e
a
d
:

C
o
m

p
le

te
d

P
ri

m
a
ry

S
c
h
o
o
li
n
g

-0
.0

4
2
*
*

-0
.0

3
3
*

-7
8
.2

7
6
*
*

-5
9
.9

7
4

-3
8
9
.5

7
8

-3
1
7
.8

4
2
*

1
6
6
.6

8
4
*
*

(0
.0

1
7
)

(0
.0

1
9
)

(3
1
.1

1
2
)

(1
6
1
.2

2
3
)

(2
8
8
.1

5
8
)

(1
7
5
.8

4
7
)

(8
0
.0

3
4
)

C
o
n
st

a
n
t

0
.4

2
0
*
*
*

0
.0

0
9

-4
6
2
.5

0
7
*
*
*

1
0
4
.1

3
5

-6
6
6
.9

9
3

-7
1
0
.1

2
2
*
*

-5
4
5
.3

6
5
*
*
*

(0
.0

4
6
)

(0
.0

3
3
)

(6
2
.1

4
1
)

(2
7
8
.7

0
0
)

(4
9
9
.9

6
4
)

(3
1
9
.6

1
0
)

(1
7
5
.0

1
8
)

T
re

a
tm

e
n

t
E

ff
ec

ts
T

R
A

IL
T

re
a
tm

e
n
t

-0
.0

0
5

0
.0

3
6
*

2
2
.2

1
0

2
1
2
.2

5
4

4
7
1
.0

8
3
*

2
6
7
.7

9
0

1
3
5
.4

4
5

(0
.0

3
2
)

(0
.0

2
0
)

(3
0
.8

1
7
)

(1
7
8
.7

1
6
)

(2
8
0
.8

0
7
)

(2
4
1
.4

5
7
)

(1
3
1
.0

7
9
)

M
e
a
n

T
R

A
IL

C
o
n
tr

o
l

1
0
.7

4
4

0
.4

7
0

5
6
9
.7

2
6

2
8
8
9
.8

3
8

5
3
9
8
.4

9
0

2
5
5
6
.7

5
5

9
3
.1

3
3

%
E

ff
e
c
t

T
R

A
IL

-0
.7

1
7
.6

6
3
.9

0
7
.3

5
8
.7

3
1
0
.4

7
1
4
5
.4

3

G
B

L
T

re
a
tm

e
n
t

-0
.0

0
1

0
.0

1
1

-3
6
.5

2
1

-7
4
.9

8
9

1
1
4
.4

8
0

2
1
3
.5

2
7

-1
2
0
.3

6
2

(0
.0

3
9
)

(0
.0

2
9
)

(6
8
.4

4
6
)

(3
5
4
.9

1
6
)

(4
4
7
.4

6
7
)

(2
7
1
.9

0
7
)

(2
2
7
.2

7
0
)

M
e
a
n

G
B

L
C

o
n
tr

o
l

1
0
.6

8
9

0
.4

5
6

6
7
2
.8

9
4

3
2
2
5
.7

4
5

5
5
1
3
.2

2
7

2
3
3
6
.8

3
7

1
8
3
.1

6
3

%
E

ff
e
c
t

G
B

L
-0

.0
7

2
.3

9
-5

.4
3

-2
.3

3
2
.0

8
9
.1

4
-6

5
.7

1

R
ec

o
m

m
e
n

d
a
ti

o
n

/
G

ro
u

p
F

o
r
m

a
ti

o
n

E
ff

ec
ts

T
R

A
IL

R
e
c
o
m

m
e
n
d
a
ti

o
n

0
.0

9
1
*
*
*

0
.0

1
5

2
6
.8

2
4

8
7
.8

5
3

1
1
2
.5

2
8

5
.4

2
5

-5
4
.6

2
0

(0
.0

2
9
)

(0
.0

2
2
)

(3
5
.8

1
4
)

(1
8
3
.4

8
5
)

(3
1
6
.8

3
0
)

(2
2
3
.6

4
2
)

(1
1
8
.2

6
5
)

G
B

L
G

ro
u
p

F
o
rm

a
ti

o
n

0
.0

4
0

0
.0

4
0

1
5
3
.4

1
5
*
*

5
0
4
.4

3
0

4
8
5
.5

7
3

3
.8

1
8

7
6
.0

5
7

(0
.0

2
9
)

(0
.0

3
0
)

(7
5
.2

4
9
)

(3
7
8
.6

5
7
)

(5
1
2
.7

1
7
)

(2
6
7
.8

5
0
)

(2
1
9
.3

0
5
)

S
a
m

p
le

S
iz

e
6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

N
o
t
e
s
:

T
re

a
tm

e
n
t

e
ff

e
c
ts

a
re

c
o
m

p
u
te

d
fr

o
m

re
g
re

ss
io

n
s

th
a
t

fo
ll
o
w

e
q
u
a
ti

o
n

(7
)

in
th

e
te

x
t

a
n
d

a
re

ru
n

o
n

h
o
u
se

h
o
ld

-y
e
a
r

le
v
e
l

d
a
ta

fo
r

a
ll

sa
m

p
le

h
o
u
se

h
o
ld

s
w

it
h

a
t

m
o
st

1
.5

a
c
re

s
o
f

la
n
d
.
‡
:

Im
p
u
te

d
p
ro

fi
t

=
V

a
lu

e
A

d
d
e
d

–
sh

a
d
o
w

c
o
st

o
f

la
b

o
u
r.

%
E

ff
e
c
t:

T
re

a
tm

e
n
t

e
ff

e
c
t

a
s

a
p

e
rc

e
n
ta

g
e

o
f

th
e

M
e
a
n

o
f

C
o
n
tr

o
l

1
g
ro

u
p
.

R
e
g
re

ss
io

n
s

a
ls

o
c
o
n
tr

o
l

fo
r

a
se

t
o
f

y
e
a
r

d
u
m

m
ie

s
a
n
d

a
n

in
fo

rm
a
ti

o
n

v
il
la

g
e

d
u
m

m
y
.

S
ta

n
d
a
rd

e
rr

o
rs

in
p
a
re

n
th

e
se

s
a
re

c
lu

st
e
re

d
a
t

th
e

h
a
m

le
t

le
v
e
l.
∗
∗
∗

:
p
<

0
.0

1
,∗
∗

:
p
<

0
.0

5
,∗

:
p
<

0
.1

.

51



T
a
b

le
A

-5
:

P
ro

g
ra

m
Im

p
a
c
ts

:
T

re
a
tm

e
n
t

E
ff

e
c
ts

in
V

e
g
e
ta

b
le

C
u

lt
iv

a
ti

o
n

C
u
lt

iv
a
te

L
a
n
d

p
la

n
te

d
H

a
rv

e
st

e
d

q
u
a
n
ti

ty
C

o
st

o
f

p
ro

d
u
c
ti

o
n

R
e
v
e
n
u
e

V
a
lu

e
a
d
d
e
d

Im
p
u
te

d
p
ro

fi
t‡

(%
)

(A
c
re

s)
(K

g
)

(|
)

(|
)

(|
)

(|
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

T
R

A
IL

0
.0

1
3

0
.0

0
3

9
2
.4

4
7

8
7
.6

2
2

2
5
7
.1

7
4

1
5
5
.8

4
7

1
7
4
.6

5
6

(0
.0

2
3
)

(0
.0

0
5
)

(5
8
.9

9
2
)

(1
0
3
.2

1
7
)

(4
3
2
.4

5
9
)

(3
3
2
.5

0
6
)

(2
6
8
.5

8
5
)

T
R

A
IL
×

C
o
n
tr

o
l

1
-0

.0
1
4

-0
.0

0
4

-3
8
.0

2
8

-7
1
.4

6
7

-2
6
.9

9
7

5
2
.4

1
9

3
5
.7

4
1

(0
.0

1
6
)

(0
.0

0
3
)

(3
4
.8

0
0
)

(7
1
.2

9
0
)

(2
3
6
.1

7
9
)

(1
7
4
.3

6
6
)

(1
4
4
.9

6
1
)

T
R

A
IL
×

T
re

a
tm

e
n
t

-0
.0

1
3

0
.0

0
7

-1
0
.4

0
3

9
.8

8
1

1
1
0
.1

6
3

1
0
4
.3

7
2
5
.0

5
5

(0
.0

1
8
)

(0
.0

0
7
)

(5
4
.8

8
6
)

(1
0
8
.4

6
6
)

(4
0
7
.1

8
3
)

(3
1
0
.6

2
5
)

(2
4
3
.2

6
1
)

G
B

L
×

C
o
n
tr

o
l

1
0
.0

4
3

0
.0

0
9

7
5
.0

1
1
7
3
.2

0
9

8
1
9
.1

3
7

6
3
1
.2

0
6

5
3
7
.8

8
5

(0
.0

3
2
)

(0
.0

0
8
)

(5
6
.2

3
7
)

(1
6
7
.1

0
8
)

(8
1
9
.5

9
7
)

(6
4
2
.2

1
2
)

(5
6
2
.8

0
9
)

G
B

L
×

T
re

a
tm

e
n
t

0
.0

5
4
*
*

0
.0

0
9
*
*

7
6
.1

3
2
*
*

1
9
5
.1

3
8
*
*

5
1
1
.0

0
6
*

3
0
7
.8

0
2

1
4
1
.2

7
4

(0
.0

2
1
)

(0
.0

0
4
)

(3
1
.8

9
0
)

(8
7
.2

1
2
)

(2
7
8
.0

7
1
)

(2
1
0
.5

8
6
)

(1
6
4
.3

4
7
)

L
a
n
d
h
o
ld

in
g

0
.0

4
6
*
*
*

0
.0

1
5
*
*
*

1
6
0
.8

1
2
*
*

1
9
4
.9

9
1
*
*

1
,2

2
0
.1

2
5
*
*
*

1
,0

0
7
.7

2
0
*
*
*

8
3
4
.7

3
1
*
*
*

(0
.0

1
6
)

(0
.0

0
5
)

(6
2
.3

6
3
)

(8
0
.1

5
9
)

(3
8
1
.8

8
1
)

(3
0
5
.4

4
2
)

(2
6
7
.4

6
5
)

N
o
n

H
in

d
u

h
o
u
se

h
o
ld

-0
.0

8
8
*
*
*

-0
.0

1
9
*
*
*

-2
1
2
.1

8
3
*
*
*

-3
7
8
.1

2
5
*
*
*

-1
,8

7
0
.7

1
6
*
*
*

-1
,4

6
8
.9

6
6
*
*
*

-1
,1

6
9
.9

6
2
*
*
*

(0
.0

2
5
)

(0
.0

0
6
)

(6
1
.0

7
2
)

(1
1
5
.9

4
7
)

(4
8
0
.6

2
6
)

(3
7
1
.8

4
2
)

(3
0
3
.0

3
6
)

L
o
w

c
a
st

e
h
o
u
se

h
o
ld

-0
.0

6
7
*
*
*

-0
.0

1
4
*
*
*

-1
7
1
.9

1
3
*
*
*

-3
5
4
.6

1
7
*
*
*

-1
,6

4
8
.3

3
7
*
*
*

-1
,2

7
3
.1

3
3
*
*
*

-1
,0

5
9
.7

1
0
*
*
*

(0
.0

2
4
)

(0
.0

0
5
)

(5
1
.9

3
6
)

(1
0
2
.4

2
1
)

(4
5
3
.1

7
7
)

(3
5
2
.2

1
7
)

(2
8
7
.4

7
4
)

M
a
le

h
e
a
d
e
d

h
o
u
se

h
o
ld

0
.0

6
5
*
*
*

0
.0

1
2
*
*
*

7
5
.3

2
0
*
*
*

2
6
5
.7

4
3
*
*
*

6
4
1
.9

0
4
*
*
*

3
6
7
.6

2
6
*
*

2
0
7
.3

(0
.0

1
3
)

(0
.0

0
3
)

(2
6
.8

9
4
)

(5
2
.5

3
8
)

(2
1
7
.4

3
3
)

(1
6
9
.1

2
3
)

(1
3
3
.1

2
8
)

H
o
u
se

h
o
ld

h
e
a
d
:

C
o
m

p
le

te
d

P
ri

m
a
ry

S
c
h
o
o
li
n
g

-0
.0

2
1
*
*

-0
.0

0
5

-6
0
.6

8
6
*
*

-1
0
1
.6

8
8
*
*

-5
1
1
.0

5
0
*
*
*

-4
0
2
.1

0
2
*
*
*

-2
8
0
.2

7
0
*
*

(0
.0

1
0
)

(0
.0

0
3
)

(2
8
.4

7
1
)

(4
7
.9

1
4
)

(1
8
9
.4

7
7
)

(1
4
9
.9

3
0
)

(1
3
4
.4

6
9
)

C
o
n
st

a
n
t

0
.0

3
6
*

0
.0

0
3

-1
5
.7

2
4

5
5
.9

9
1
3
9
.7

0
5

9
0
.9

5
1

4
3
.9

4
1

(0
.0

2
0
)

(0
.0

0
5
)

(4
6
.8

1
7
)

(8
3
.6

3
8
)

(3
2
4
.5

3
2
)

(2
5
1
.1

4
7
)

(2
0
6
.4

4
4
)

T
re

a
tm

e
n

t
E

ff
ec

ts
T

R
A

IL
T

re
a
tm

e
n
t

0
.0

0
0

0
.0

1
1

2
7
.6

2
5

8
1
.3

4
8

1
3
7
.1

5
9

5
1
.9

5
2

-1
0
.6

8
6

(0
.0

2
1
)

(0
.0

0
7
)

(4
5
.7

8
0
)

(1
0
6
.0

5
8
)

(4
1
8
.5

9
9
)

(3
2
1
.7

3
6
)

(2
3
6
.5

3
6
)

M
e
a
n

T
R

A
IL

C
o
n
tr

o
l

1
0
.0

8
0

0
.0

1
5

1
4
2
.8

2
3

3
0
7
.0

7
1

1
2
0
7
.6

4
2

8
8
9
.2

2
9

6
6
4
.5

0
7

%
E

ff
e
c
t

T
R

A
IL

0
.3

3
7
2
.1

3
1
9
.3

4
2
6
.4

9
1
1
.3

6
5
.8

4
-1

.6
1

G
B

L
T

re
a
tm

e
n
t

0
.0

1
0

0
.0

0
0

1
.1

2
2

2
1
.9

2
9

-3
0
8
.1

3
1

-3
2
3
.4

0
4

-3
9
6
.6

1
1

(0
.0

3
6
)

(0
.0

0
9
)

(6
1
.4

2
7
)

(1
8
0
.6

7
2
)

(8
6
2
.9

8
8
)

(6
7
6
.4

5
5
)

(5
8
2
.5

8
0
)

M
e
a
n

G
B

L
C

o
n
tr

o
l

1
0
.1

1
2

0
.0

2
2

1
3
5
.8

9
3

4
0
4
.9

1
9

1
5
6
4
.0

2
9

1
1
4
2
.3

5
0

8
5
3
.0

6
2

%
E

ff
e
c
t

G
B

L
9
.0

8
0
.8

0
0
.8

3
5
.4

2
-1

9
.7

0
-2

8
.3

1
-4

6
.4

9

R
ec

o
m

m
e
n

d
a
ti

o
n

/
G

ro
u

p
F

o
r
m

a
ti

o
n

E
ff

ec
ts

T
R

A
IL

R
e
c
o
m

m
e
n
d
a
ti

o
n

-0
.0

1
4

-0
.0

0
4

-3
8
.0

2
8

-7
1
.4

6
7

-2
6
.9

9
7

5
2
.4

1
9

3
5
.7

4
1

(0
.0

1
6
)

(0
.0

0
3
)

(3
4
.8

0
0
)

(7
1
.2

9
0
)

(2
3
6
.1

7
9
)

(1
7
4
.3

6
6
)

(1
4
4
.9

6
1
)

G
B

L
G

ro
u
p

F
o
rm

a
ti

o
n

0
.0

4
3

0
.0

0
9

7
5
.0

1
0

1
7
3
.2

0
9

8
1
9
.1

3
7

6
3
1
.2

0
6

5
3
7
.8

8
5

(0
.0

3
2
)

(0
.0

0
8
)

(5
6
.2

3
7
)

(1
6
7
.1

0
8
)

(8
1
9
.5

9
7
)

(6
4
2
.2

1
2
)

(5
6
2
.8

0
9
)

S
a
m

p
le

S
iz

e
6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

6
2
1
0

N
o
t
e
s
:

T
re

a
tm

e
n
t

e
ff

e
c
ts

a
re

c
o
m

p
u
te

d
fr

o
m

re
g
re

ss
io

n
s

th
a
t

fo
ll
o
w

e
q
u
a
ti

o
n

(7
)

in
th

e
te

x
t

a
n
d

a
re

ru
n

o
n

h
o
u
se

h
o
ld

-y
e
a
r

le
v
e
l

d
a
ta

fo
r

a
ll

sa
m

p
le

h
o
u
se

h
o
ld

s
w

it
h

a
t

m
o
st

1
.5

a
c
re

s
o
f

la
n
d
.
‡
:

Im
p
u
te

d
p
ro

fi
t

=
V

a
lu

e
A

d
d
e
d

–
sh

a
d
o
w

c
o
st

o
f

la
b

o
u
r.

%
E

ff
e
c
t:

T
re

a
tm

e
n
t

e
ff

e
c
t

a
s

a
p

e
rc

e
n
ta

g
e

o
f

th
e

M
e
a
n

o
f

C
o
n
tr

o
l

1
g
ro

u
p
.

R
e
g
re

ss
io

n
s

a
ls

o
c
o
n
tr

o
l

fo
r

a
se

t
o
f

y
e
a
r

d
u
m

m
ie

s
a
n
d

a
n

in
fo

rm
a
ti

o
n

v
il
la

g
e

d
u
m

m
y
.

S
ta

n
d
a
rd

e
rr

o
rs

in
p
a
re

n
th

e
se

s
a
re

c
lu

st
e
re

d
a
t

th
e

h
a
m

le
t

le
v
e
l.
∗
∗
∗

:
p
<

0
.0

1
,∗
∗

:
p
<

0
.0

5
,∗

:
p
<

0
.1

.

52



Table A-6: Program Impacts: Treatment Effects in Aggregate Farm
Value-Added and Non Agricultural Incomes

Farm Value-Added Non-Agricultural Income
(|) (|)
(1) (2)

TRAIL -9.903 1,167.37
(751.40) (4,619.44)

TRAIL × Control 1 176.529 -11,159.343***
(777.903) (3,686.649)

TRAIL × Treatment 2,883.735*** -11,767.343***
(703.472) (4,211.561)

GBL × Control 1 579.745 -4,744.83
(1,106.787) (5,088.544)

GBL × Treatment 979.921 -10,837.461**
(747.682) (4,600.405)

Landholding 18,785.617*** 3,415.37
(932.284) (5,374.352)

Non Hindu household -4,484.216*** 5,675.42
(904.270) (4,559.521)

Low caste household -2,811.479*** 1,324.12
(584.828) (3,610.341)

Male headed household 2,902.318*** -4,912.29
(857.462) (10,315.913)

Household head: Completed Primary Schooling -1,005.980** -260.836
(507.548) (3,031.750)

Constant -1,718.80 45,738.771***
(1,065.959) (8,109.731)

Treatment Effects
TRAIL Treatment 2707.206*** -608.000

(739.438) (4153.557)
Mean TRAIL Control 1 10705.022 40115.808
% Effect TRAIL 25.29 -1.52

GBL Treatment 400.176 -6092.631
(1069.611) (4959.881)

Mean GBL 9729.483 45645.104
% Effect GBL 4.11 -13.35

TRAIL vs GBL p-value 0.077 0.393

Recommendation/Group Formation Effects
TRAIL Recommendation 176.529 -11159.343***

(777.903) (3686.649)
GBL Group Formation 579.745 -4744.830

(1106.787) (5088.544)

Sample Size 6,210 6,210

Notes:
Treatment effects are computed from regressions that follow equation (7) in the text and are run
on household-year level data for all sample households with at most 1.5 acres of land. % Effect:
Treatment effect as a percentage of the Mean of Control 1 group. Regressions also control for a set
of year dummies and an information village dummy. Standard errors in parentheses are clustered
at the hamlet level. ∗∗∗ : p < 0.01,∗∗ : p < 0.05,∗ : p < 0.1.
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