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Abstract

We compare two different methods of appointing a local commission agent as an intermediary for a credit
program. In the Trader-Agent Intermediated Lending Scheme (TRAIL), the agent was a randomly
selected established private trader, while in the Gram Panchayat-Agent Intermediated-Lending Scheme
(GRAIL), he was randomly chosen from nominations by the elected village council. More TRAIL loans
were taken up, but repayment rates were similar, and TRAIL loans had larger average impacts on
borrower sd f ar m iitynof thisndfferenceTirhirapacts asjdoe to differences in treatment
effects conditional on farmer productivity, rather than differences in borrower selection patterns. The
findings can be explained by a model where TRAIL agents increased their middleman profits by helping
more able treated borrowers reduce their unit costs and increase output. In contrast, for political reasons
GRAIL agents monitored the less able treated borrowers and reduced their default risk.
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1 Introduction

Public programs in developing countries are increasigly being implemented at the local
level. Communities are monitoring service providers, and local governments are
delivering development and welfare programs. Despite the promise that
decentralization can improve targeting and implementation through bette information
and accountability, a growing literature argues that these programs have a mixed
record.! Community-led programs are often captured by the local elite (see, for example
World Development Reprt 2004; Mansuri and Rao 2013 Vera-Cossio 2018
Deserranno et al. 201§, and there is evidence that local governments target their vote
bank, rather than those who stand to benefit the mostStokes 2005 Robinson and
Verdier 2013; Bardhan et al. 201% Bardhan and Mookherjee 2016 Devarajan and
Khemani 2016; Dey and Sen 201p%

In this paper we present evidence on a new alternative designed in the context of an
agricultural credit program in West Bengal, India. The program offered subsidized
individual liability loans to smallholder farmers. Our approach, died Agent
Intermediated Lending (AIL), delegates the selection of beneficiaries to an intermediary
AET OAT &EOiTi xEOEET OEA AiTii Ol EOGU8S )O Ol OCEO
information and connections with local residents, while avoiding thepitfalls associated
with elite capture.

During 2010z2013 we collaborated with a microfinance institution that
implemented the AIL scheme in 48 randomly chosen villages in two potagrowing
districts of West Bengal, India. We experimented with two differenversions of the AIL
scheme? In the 24 villages randomly assigned to the TradeAgent Intermediated
Lending (TRAIL) treatment, the agent was randomly chosen from a list of local private
traders with a track record of lending to, and selling and buying &m farmers in the

1In her survey of community-driven development (CDD) programs around the worldCasey(2018)
argues that although CDDs have successfully provided public goods in countries with weak ssaféor
example, Sierra Leone, Indonesia, Afghanistan and Sudan), they have generally failed to transform local
decisiorn-making or increase empowerment.

2|n a different set of 24 randomly chosen villages in the same districts, we implemented a grebpsed
lending (GBL) approach, where borrowers selgelected into joint liability groups. Our previous research
(Maitra et al. 2017 compares TRAIL with GBL. In the cuent paper we focus on a comparison of the TRAIL
and GRAIL schemes.



village. In the remaining 24 villages assigned to the Gram Panchayat Agent
Intermediated Lending (GRAIL) treatment, the agent was randomly selected from a list
of local individuals provided by the elected village council in GRAIL. The age then
recommended village households for individual liability loans designed to finance the
cultivation of the local cash crop, potatoes. They earned as commission 75 percent of the
interest payments made by each borrower they recommended.

The goal ofthis paper is to evaluate these alternative methods of devolution of
beneficiary selection. Specifically, we ask if the programs had positive impacts on farmer
cultivation decisions, output and incomes. \W examine whether the impacts differ across
the two ADDOT AAEAOh AT A xEU8 )1 DPAOOEAOI Adoh OE
motivations could have affected the success of the intervention. Given their experience
lending and trading farm inputs and output wthin the community, the TRAIL agents may
be betteril £ Of AA AAT OO0 AT 001 xAOO6 AZAOiI bDOT AOAOEOE
AgpAAO O1T AAOT 1 EAAI AT AT DOl £ZEOO A&£OiI I OOAAET
chosen to direct credit and business adviceottheir most productive farmer-clients#
GRAIL agerd, on the other hand, would have likely acted in line with the priorities of
OEAEO PI 1 EOEAAI DAOOUh &£ O AgAi bl Ah OAI AAGET
poor agenda. They may also havesken motivated differently vis-a-vis their beneficiarE A O &
projects: they were unlikely to benefit directly if their borrowers had large harvests, and
ET OOAAA AT O1 A EAOA MEAAAA OEA Al AT A EZE OEA Al
economic distress.The agents would also likely impose informal sanctiazs on defaulting
borrowers. A TRAIL agent might withhold future business transactions, and the GRAIL
agent might apply social or political pressure.
Our experimental design allows us to separate the effect of receiving an AlL loan from
the confound causedoy endogenous borrower selection. In each village, the agent was
asked to recommend 30 village residents as potential borrowers, but only 10 randomly
chosen from this list were offered the AIL loan. Among the recommended, a comparison
of those who were oféred the loan with those who were not, provides an estimate of the
treatment effect of the loan, conditional on selection. Among those who were ndffered

3 SeeFuentes (1996), Varghese (2005) and Mansuri (2007) for theoretical arguments about credit
delivery using local agents and banknoney-lender linkages in developing countries.

4 The potato value chain in this region is characterized by large middlemen marginktitra et al. (2018)
estimate that in 2008 farmgate prices were 45% of wholesale prices, with middlemen earning at least-50
70% of this gap.



the loans, the underlying differences between those who were and were not
recommended allow us to sparately estimate the selection effect.

Our estimates show that TRAIL loans were more likely to be taken up than GRAIL
loans. Among the loans takenm repayment rates were a similarly high 93 percent in
both schemes. In both schemes, beneficiaries borrowemore, cultivated more area and
had larger potato harvests. However, potato profits and farm incomes only increased for
beneficiaries in the TRAIL sheme (by 40 percent and 21 percent, respectively)This is
AAAAOOGA 421), EAOI AO0OWasddmpahied Bylateductian irdudit OE OA OF
production costs, whereas GRAIL farmers continued to produce at previous (high) costs
per acre.

We develop asimple model with a decreasing returns Cobibouglas production
function where farmers vary in a single praluctivity attribute, and at baseline, the
allocation of informal credit is efficient. We use this model to estimate farmer
productivity, and find that the TRAIL agent selected more productive farmers than the
GRAIL agent did. And yet, this selection diffence accounts for less than 10 percent of
the TRAILZGRAIL difference in the average treatment effects on farm income. We show
that alternative explanations such as superior selection on other farmer attributes (such
as wealth or unit costs), and credit rabning cannot explain why the TRAIL scheme
outperforms the GRAIL. Instead, our analysis indicates that most of the difference can be
attributed to the TRAIL scheme generating larger treatment effects on farm income,
conditional on farmer productivity. Spedfically, our findings suggest that a beneficiary in
the TRAIL scheme produced more output at significantly lower peunit cost and earned
larger profit, than a GRAIL beneficiary of the same productivity. Since the loan product
and hence borrower incentives were identical in the two schemes, this suggests that the
EAU AEZAZAOAT AA xAO OEA AT OOI xA0O60O OAI AOCEI T OE!

Accordingly, we extend ar simple model of selection on a single productivity
dimension to incorporate interactions between agentsand borrowers. Since TRAIL
agents are also middlemen in the potato trade, they are motivated to increase their
profits by helping their clients produce and sell morelitra et al. 2018). In our model,
they advise farmers on ways to lower unit costs of prodttion, inducing them to cultivate
more potatoes, and earn larger profits per kilogram. This advice is most effective for the

5 These percentage effects are mirroredh the absolute effects on borrower profits and farm incomes,
since control farmers in both stiemes had similar profits and incomes.



most able farmers. On tk other hand, the GRAIL agent is motivated by the objectives of
the political party controlling the village council. His primary goal is to minimize loan
defaults, and accordingly he may intensively monitor poor, less able borrowers and
induce them undert&ke actions and expenditures that ensure crop success, but also
lower expected profits. As a result GRAIL oowers would incur higher costs than TRAIL
AT 00i xA08 7A OEi x OEAO 1060 IiTAAI 80 DPOAAEAOEI
rates and conditionalO OAA QI AT O AEAEAAOO 11 AT OOI xAOOG8 EAO
as the frequency of their interactions wih the agent and local traders.
Our paper contributes to the recent literature that examines the role that community
agents play in development interentions. Several recent papers find that central
individuals in the network can help to effectively targebeneficiaries, diffuse information
and increase program takeup (Bandiera and Rasul 2006 Alatas et al. 2012 2016;
Fisman et al. 2017Hussam et al2018; Berg et al. 2018 Beaman and Magruder 2012
Debnath and Jain 2018Beaman et al. 2018Banerjee et & 2013; Chandrasekhar et al.
2018). We bring to this literature the observation that villages tend to have a number of
different networks: economic,political and social. The nodal agents of different networks
may have different information sets and diffeent incentives to deliver development
programs. This raises the question of which network to tap into. Further, the
intervention itself may affect A Ox T OE OAI AOET 1 OEEPOh AT A OEAOA
profits. Our results indicate the importance of loking beyond the architecture of local
networks, and incorporating the effects of policy treatments on relationships within the
network. Our work also sheds light on the specific role that intermediaries plagWe
provide evidence on interactions between lhe beneficiary and program intermediary,
and quantify the importance of such interactions visa-vis beneficiary selection.
Our experiment provides a rare instance of a microcredit experiment that
successfully raised borrower production and incomes, while Hintaining high
repayment rates and takeup. In a previous paper faitra et al. 2017, we found that the
TRAIL scheme alsooutperformed a traditional group-based microlending (GBL)
scheme. We found that differences in borrower selection accounted for adst 30-40%
of the difference in the average treatment effects across the two schemes. Instead, this

6 For example, Beaman and Magruder(2012) argue that members of social networks can be
incentivized to help select and refe high ability workers to jobs. On the other handHeath (2018) finds
evidence that firms mitigate shirking by workers referred by employees that interact with them socially,
relying on these interactions to help weaken the effect of limited liability cortsaints.



paper finds that seletion differences explain very little of the difference in the outcomes
of the TRAIL and GRAIL schemes; accordingly we focus on thderof interactions
between the agent and farmers.nterestingly, the large profits that the traders earn as
middlemen appear to be the precise reason why their incentives are aligned with
ET ACAAOGET ¢ Z£AOI AOOGSG 1 00P0OOS8

The paper is organized as follows. Inégtion 2 we describe the two loan intervention
schemes that we will analyse in this paper. Sectiod describes our data andSection4
presents the estimates of the average treatment effects of the two schemes on borrower
outcomes. In Sectiorb we present gatistics on the financial performance of the schemes.
To explain our empirical findings, in Section6 we examine how and vy selection
patterns varied across the two schemes. We then decompose the difference in average
treatment effects into the part thatcan be explained by these selection differences, and
the part that is due to differences in the treatment effects, conddnal on borrower
productivity. Since we find that this latter part is substantial, in SectiorY we develop a
model of agent incentives and agentfarmer interactions and test its predictions. Section
8 concludes.

2 Empirical Context and Intervention Design

Ou interventions were conducted across 48 randomlychosen villages in the Hugli and
West Medinipur districts of the Indian state of Wet Bengalé The loans offered through
the AIL schemes were designed to facilitate the cultivation of potatoes, a high retur
high-cost crop in this region (seeMaitra et al. 2017, Table 2).

The 48 villages in our sample were randomly and evenly assigned tbe two
treatment arms. Our sample villages were at least 8 kilometres apart from one another;
this helped to avoid information and other spillovers across the treatment arms. Each
village belonged to the jurisdiction of a different village council ogram panchayat(GP).
Panel A of Tablel shows that across the villages in the two treatment arms there are no

7In another related paper (Maitra et al. 2019, we compare the distributive effectsof TRAIL, GRAIL
and GBL, by assessing their impacts on &itkinson (1970) welfare function. We find that the TRAIL
scheme had significantly positive average treatent effects on welfare that were consistently larger than
the average treatment effects of tb GRAIL and GBL schemes, irrespective of the degree of inequality
aversion.

8 This is a subset of the random sample of villages wheiditra et al. (2018) conducted a potato price
information intervention experiment in 2007 z08.



significant differences in village size, or number or landsize distribution of potato
cultivators. Our partner MFI had not operated in any of theseillages before. In general,
when our intervention began in 2010, there was very little microfinance available in this
area.

The institutional arrangements in this region are such that potato traders regularly
visit farmers in their fields, and often engagen repeated sales and credit transactions
with farmers. In each TRAIL village, our project team drew up a list of localaders who
had at least 50 clients or had been operating for longer than 3 years. One trader was
randomly drawn from this list and offered the position of agen®

In India, gram panchayats are village councils of between 8 and 15 members, formed
through direct elections once every five years. In the West Bengal village councils,
candidates tend to be affiliated with statelevel political parties.'® Many government
schemes are implemented locally by village councils, and local party affiliates are often
involved in both identifying beneficiaries and delivering benefits!

In the villages assigned to the GRAIL treatment, we asked the villageuncil to
suggest as potential GRAIL agents individuals who had lived in the village for at least 3
years, were personallyfamiliar with village farmers, and had a good local reputation.
Given the background we described above, we expected the GP to reomend political
affiliates experienced at delivering government benefits. One randomly drawn person
from this list was offered the contract!2

In each intervention arm, the agent was asked to recommend 30 potential borrowers,
from the land-poor households inthe village 2 Ten of these 30 recommended individuals

9 If this person had refusedto participate, we would have offered the position to a second randomly
chosen trader from the list. In practice the first trader approached always accepted themtract.

10West Bengal has a long history of cadrbased mass mobilization of voters through glitical rallies
and campaigns. From 1977 to 2011, the Communist Party of India (Marxist) led a lefing coalition
government in West Bengal state, and held thmajority of the village council seats. This long dominance
ended when the Trinamool Congressaptured the majority of state assembly seats in the 2011 state
elections. After the 2013 village council elections most village councils also had a Trinamool Caass
majority.

11 There is considerable evidence that local governments in West Bengal direcrefits towards swing
voters (Bardhan et al. 2015Dey and Sen 2015

12 Only 1 of the 24 individuals selected in this way refused the position, citing a religiousboo on
participating in a credit scheme. He was replaced by a second randomly drawn persioom the list.

13 Specifically, we required that recommended households owned no more than 1.5 acres of cultivable
land.



were randomly chosen in a lottery that we conducted in the office othe local
government.24 The MFI then approached the selected individuals in their homes and
offered them the loans.
Our partner MFI was limited to disbursing hte program loans and collecting
repayment. It did not select borrowers or monitor them subsequeny. The loans were
funded through an external grant held by the principal investigators of this project.
The first loan cycle began wth disbursals in OctobegNovember 2010, to coincide
with the planting season for potatoes. Borrowers were individually lidle for the
OAPAUI AT O T &£ OEAEO 11T AT 08 4EA OAEAI A EAAOOC
dynamic repayment incentives. In cycle 1the loan size was capped at Rs. 2000
(equivalent to US $30), repayable as a single lumpsum at the end of four months, at 6
percent interest. The loan size in each subsequent cycle was 133% of the principal
amount repaid. Borrowers who repaid less than 50%of principal in any cycle, were
terminated. We did not want to create any pressure for borrowers to sell their harvest
prematurely to meet their repayment obligation; therefore borrowers could also repay
ET BT OAOT OATTAOGON xA @& Ak repayimen & ihélpiedaingOEA OO
price of potato bonds!>Although the stated purpose of the loans was agricultural, weidi
not monitor or restrict how households spent the funds's

Agents had both monetary and normonetary incentives to participate in the scheme.
At the end of each loan cycle, they received from the MFI a commission equal to 75% of
the interest paid by all borrowers whom they had recommended. This high commission
rate was meant to incentivize the agent to select productive borrowers whoauld repay
the loan and benefit from it, and to discourage collusion between the agent and potential
applicants!’ In addition, the agent put down a deposit of Rs. 50 per borrower, wtih was
refunded if his borrower survived in the program for two years. Ifmore than onehalf of
the borrowers recommended by an agent defaulted on their loans, the agent was
terminated and earned no further commissions. All agents who survived in the progmna

14 The list of recommended borrowers was kept confidential so as to avoid any spillovers on informal
credit access or other relationshipgor households that had been recommended but were not eventually
chosen to receive the loan.
15 Farmers can store their h® OAOO ET AT 1T A OO01 OACAO £ O A 1 AgEI O1 1 E
receipts from the cold store facility that are often traded between farmers and traders.
16 Survey respondents reported to us their actual use of loan funds in our detailed foumonthly
household surveys.
17 Maitra et al.(2017) presents a model of borrower selection that illustrates this mechanism.



for 2 years also received a paid holiday to a seaside resort. In consations during our
field visits, some TRAIL agents remarked that they expected the scheme to increase their
prominence in the village, or to boost their business. GRAIL agents mayalsave viewed
the scheme as an extension of government antioverty programs, or expected the public

to view their political party more favorably because of association with the scheme.

3 Data and Selected Descriptive Statistics

We conducted surveys with a ample of 50 households per village. These households
were selected as fdbws. In each village, all 10 households assigned to receive the loan
(Treatment households) were included in the sample. Of the 20 households that the
agent recommended but did not eceive the loan, we included a random subset of 10
households; they are eferred to as Control 1 households. We also included 30
households randomly chosen from the pool of the nenecommended, hereafter referred
to as Control 2 households.
The first round of surveys was conducted in December 2010, two months after the
Cycle lloans were disbursed. Surveys were repeated every four months. In each
sample household, we ensured that the same person responded to the survey in each
round. There was no attritionin the sample over the eight survey rounds. In Panel B of
Table 1, we present summary statistics of selected householtevel characteristics for
this sample. These household characteristics do not jointly explain assignment to
treatment (p = 0.996).
Table 2 compares the characteristics of the TRAIL and GRAIL agents. Over 95%ef
TRAIL agents were business persons and reported owning a shop or business. GRAIL
agents were either farmers, or had a salaried government job. TRAIL agents were
wealthier and had higher incomes, but were less likely to have studied beyond primary
schaool. On the other hand GRAIL agents were more involved in civil society and politics;
30% were members of a village organization, 17% were political party workers, and 13%
had been members of the local government. None of the TRAIL agents were directly
involved in politics in this way.
Table 3 presents information about the relationships between agents and village
residents. Both types of agents were weknown in the village. Mo than 90% of the
non-recommended Control 2 households said they knew the agerand 98% of these 90
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percent said they saw him at least once a week. However Control 2 households were less
likely to have close social ties with the agent, as depicted by balging to the same caste
I O OAI ECET OO0 AAOACT OUh dpadial6oERBiegn@ET ¢ OEA ACAT O

The main distinction between TRAIL and GRAIL agents is in their economic links with
sample households. Nearly a fifth of Control 2 households and a quartefr Gontrol 1
households in TRAIL villages reported that the agent was an impoméasource of credit
or inputs, or an important buyer of their crop output. The GRAIL agent was significantly
less likely to fill these roles!®In survey round 1 in December 2010 we also asked
households whether they had transacted with the agent in the pduct, credit or labour
markets at any point in the previous three years. A third or more of TRAIL households
had bought from the agent, and a tenth to a quarter had borrowed avorked for the
agent. Households in GRAIL villages were less likely to havegaged with their agent in
this way. This suggests that the TRAIL agents were better informed about the cultivation
and borrowing activities of village residents.

Table Al in the Appendix summarizes the characteristics of the loans that sample
households hdd at the time that our intervention began. Twethirds of the households
reported that they had an outstanding loan, the bulk of which were for production
purposes. Of the agrigltural borrowing, nearly two-thirds was from traders or
moneylenders, for a man duration of 4 months and an average annual interest rate of
25%. Credit cooperatives accounted for nearly one quarter of the loans, but loans from
commercial banks and from nicrofinance institutions were rare. Cooperatives and
commercial banks charged mch lower interest rates, but generally required collateral,
and so were inaccessible to poor households.

4 Average Treatment Effects of the Schemes

We start by examining the impats of the TRAIL and GRAIL schemes on borrower
outcomes. Since only a random $set of the recommended household were offered the
loans, the average difference in the outcomes of the Treatment and Control 1 households
is an estimate of the treatment effecof the loan, conditional on the household being
selected into the scheme. Thaverage difference in the outcomes of the Control 1 and

18 We note however tha about 10% of sample households in both treatment arms reported that they
had worked for the agent.
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Control 2 households is an estimate of the selection effect. Our regression specification
takes the form:

yit =0+ 1TRAIL + [ 2(TRAIL, x Control 1v) +3(TRAIL, x Treatmenti)
+ 1 4(GRAIL x Control 1v) +s5(GRAIL % Treatmenti) Q)

+r X+ I(Yean) + Rut

Here yit denotes the outcome variable of interest for householdin village v at time t.
The omitted aategory is the Control 2 households in GRAIL villages. The average

treatment effects of the TRAIL and GRAIL schemes are estimatectt%/l"lr Gand r (E‘Mr G

respectively.’® The coeﬁicientrg’is the difference in outcomes of Control 1 and Control

2 borrowers in TRAIL villages, and so represents the TRAIL selection effect; analogously,

r Gmeasures the GRAIL selection effect. The séicontains measures of the hoO A ET 1 A8 O

landholding, religion and caste, and the age, education and occupation of the oldestie
in the household?°I(Year) denotes two year dummies to control for secular changes
over time .21 Standard errors are clustered at the hamlet level.

4.1 Treatment Effects on Agricultural Borrowing

Columns 1 and 2 of Tablel present the average treatment dects on agricultural
borrowing. The TRAIL scheme increased total agricultural borrowing for selected
households by Rs. 2868 (or 137%) over the thregear study period, which is statistically
significant at the 1% level. The GRAIL scheme caused a simikdgnificant, increase of
Rs. 2754 (or 143%). The point estimates on neprogram agricultural borrowing are
small and statistically insignificant, suggesting that the TRAIL and GRAIL loans did not
crowd out agricultural loans from other sources. Thus Treatrant households took the

19 All treatment effects are intentto-treat estimates because they compare the outcomes of households
assignedo the Treatment and Control 1 groups, regatiess of whether the Treatment households actually
took the loan.

20 In our study the administrative definition of a village corresponds to a collection of hamlets gparas.
Households within the same hamlet tend to be more homogenous, are more likely to interact with each
other, and arguably experience correlated shocks to cultivation and market prices. Thesults are
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additional subsidized credit, but did not substitute away from their more expasive pre-
existing informal loans, possibly because they wanted to sustain their traditional
informal credit relationships.

4.2 Treatment Effects on Farm Inco mes

Columns 3, 4 and 5 of Tabld present the estimates of average treatment effects on
aggregate farmand nonfarm income. In column 3, farm valueadded is computed as the
sum of the valueadded for the four major crops grown in this region: potatoes, paty,
sesame and vegetable€.The TRAIL loans caused a statistically significant 21% increase
in average farm valueadded, whereas GRAIL loans had a naignificant impact,
estimated at 1.3%. In column 4, nomagricultural income is calculated as the sum @éntal,
sales, labour and business income. The average treatment effect estimates for non
agricultural income are imprecise, possibly because these incomes are measured with
greater error. Nevertheless, column 4 indicates that neither loan scheme increasedn-
agricultural incomes significantly. Column 5 shows that aggregate income increased by
11.3% in the TRAIL scheme, and decreased by 10% in the GRAIL scheme; this difference
is statistically significant at the 10% level.

robust to clustering at the vilage-level instead. See Panel B of Table3.

21In Panel A of TableA3 we present the results from running equation (1) without the set of controls Xiv.
The key effects are qualitatively similar, although less precise.

22The separate results for paddy, sesae and vegetables are available on request.

4.3 Treatment Effects on Potato Cultivation

Recall that the AL loans were designed specifically to enable the cultivation of potatoes,
the highestvalue cash crop in the region. Tablé shows that the TRAIL loans lé to large
and statistically significant increases in potato cultivatior?! The effect is concentrated
on the intensive margin: although the TRAIL Treatment households were just as likely
to cultivate potatoes as the Control 1 households (column 1), theygited an additional
0.09 acres (or 27%, column 2), harvested 950 kg (or 26%, column 3) more, and eadne

21 We aggregate the data from the foumonthly surveys into a householdyear level dataset capturing
the amount of land households planted with potatoes, harvested quantities, sales, revenues, production
costs, valueadded and imputed profits.This allows us to align the costs of cultivation with the revenues,
since harvested potatoes can be stored and then sold at different points in the year.

13



an additional Rs. 3900 (or 27%, column 5) in sales revenué.Simultaneously they
incurred an additional Rs. 1846 (or 22%, column 4) in production costso that on net,
value-added increased by Rs. 2060 (or 36%, column 6). When we subtract the imputed
cost of family labor, this works out to a statistically significant Rs. 1907 or 40% increase
in profit (column 7).23

The households that the GRAIL agent resomended were less likely to cultivate
potatoes in the absence of the loan: potatoes were planted in only 64% of Control 1
householdyears in GRAIL villages, unlike the 72% in TRAIL villages. However, the loans
increased the likelihood that a GRAIL borrowercultivated potatoes by 13% points (or
20%, Column 1p <0.001). Correspondingly, acreage (column 2) and output (column 3)
increased significantly (23% and 24%, respectively). Revenue increased by 19%
(column 5), but since the cost of production increasebly a larger 28% (column 4), the
GRAIL loans had a nosignificant effect on valueadded and imputed profit.24 The
difference in the average treatment effects on imputed profits (column 7) across the two
schemes is statistically significant at 10%.

Thus, whle both schemes led borrowers to plant more potatoes, onlyf RAIL
borrowers earned larger profits as a result. This is mainly because they lowered their
OT EO AT OO AU ¢obh xEAOAAO '21!), AT OO1I xAOOG
is statistically significant (p <0.05).25

22 Households reported to us the quantity and price of each potato sale. When they held potatoes for
sdf-consumption, we imputed the sales revenue by pricing the potatoed the median sale price in the
village.

23 To calculate the shadow cost of family labour, we price the reported family labor time (male, female
and child labor separately) spent on the @p at the median wage reported for hired labor of that type in
that village in that year for that crop.

24 Since we analyse a large number of dependent variables, we correct for the increased chance of
finding statistically significant results. Following Hochberg (1988), we report a conservative pvalue for
an index of varables in a family of outcomes taken together (sekling et al. 2007. The variables are
normalized by subtracting the mean in the control group and dividing by the standard deviation in th
control group; the index is the simple average of the normalizedaviables. To adjust the pvalue of the
treatment effect for an index, the pvalues for all indices are ranked in increasing order, and then each
original p-value is multiplied by m Mk + 1, wherem s the number of indices andk s the rank of the original
p-value. If the resulting value is greater than 1, we assign an adjustee/plue of>0.999.

25 TRAIL borrowers also faced a smaller decline in output price (0.6% instead of 3.6%), butdtdifference

is not statistically significant (p = 0.14).
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5 Loan Performance

In Table6 we examine the take-up and repayment rates for the program loans. In column
1, the dependent variable is the likelihood that a household eligible to take the loan in a
given cycle actually took the loarf The sample means in Panel A show that eligible
TRAIL Treament households accepted 94% of the program loans offered, whereas
eligible GRAIL Treatment households took 87% of the loan offers. The difference is
statistically significant at the 1% level. Thé result holds ( <0.01) even in Panel B when
we control for household characteristics following the regression specification:

yhvt=] 0+ | 1GRAIlv+ r Xivt + Rovt (2)

where Xt includes the landholding, religion, caste, and the age and educational
attainment of the oldest male member of the household, and a vectof loan cycle
dummies to control for seasonal or other timevarying changes in takeup and
repayment rates.

We define a loan to be in default if the repayment amount due was not paid fully by
the due date. The average default rate over the thregear intervention period is an
identically low 7% in both schemes (Table, Panel A column 2). The regression result
in Panel B confirms that there is no difference in the loan default rates in the two schemes.
Despite the fact that the scheme did not increasengir incomes significantly, GRAIL
Treatment households repaid their loans athe same high rates as TRAIL Treatment
households.

6 Selection-based Explanation

Next we examine the mechanisms that underlie our empirical findings. We start by
examining how much of the difference in the average treatment effects in the two
schemes can beexplained by selection differences. This requires us to estimate a
measure of he underlying heterogeneity among farmers, based on the following simple
model. The key assumptions are that (a) farmers are heterogenous in ability, (b) more

26 In loan cycles 2 and beyond, a Treatment household was only eligible to borrow if it had repaid at
least 50% of the amount previously outstanding.
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able farmers havehigher TFP and lower unit costs of production, (c) the production

function follows the CobbDouglas form and exhibits decreasing returns to scale, and (d)
the informal credit market is efficient because lenders have perfect information about
borrower ability and compete in Bertrand fashion. In particular, borrowers are not

credit-rationed. The program loans provide them an extra line of credit at an interest
rate below the prevailing market rate, and induce them to expand borrowing and
cultivation scale.

6.1 Estimation of Ability: Control Households
Consider farmeri in village vin yeart who produces according to the function:

1
Yiw = P Ai——1;°
vt 4 "1 — o vt (3)

p]
m/

P« denotes a villagelevel yield or price shock,ln EO OEA £EAOI A0G60
cultivation, and | N (0,1). Farmer ability A follows a common, given, distribution both in
GRAIL and in TRAIL villages. The cost of production per unit areds constant for any
given farmer, and decreases in farmer ability. Assume for now thd., A and ¢ are
unaffected by the treatment?’

A farmer in village v, yeart who does not receive a program loan (henceforth, a
control farmer) borrows from informal lenders. All informal lenders face the cost of
capital mt.28 Since these lenders compete in the Bertrand fashion, the farmer pays
expected interest costm.

To cultivate potatoes, the farmer must incur a fixed co$t >0. Accordingly, the control

farmer chooses = livtcto maximize
[1 —o

P A;
l—«a

For control farmers with a sufficiently high ability, this yields

o pvicil - F

27 The current model assumes that farmer productiity and costs are correlated with a measure of
exogenous ability. Tlis is a special case of the model in our previous papévigitra et al. 2017). In Section
7 we allow the trader and agent to endogenously determine the extent to which they help and monittire
farmers, and these in turn affect the values @fiand ci.
28 |n the presence of default risk, the informal interest rate also depends on, and is decreasing in, the
AAOI AO8O AAEI EOUR O1T OEAO OEAMAOPAAOAA ET OAOAOGO Al OO
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Observe that Ioé%, or the ratio of TFP to petunit cost, is increasing in farmer ability. This
serves as an exogenous measure of relative productivity. In equatidrthis ratio is saled
relative to J; if | is close to 1 then it is also an absolute measure of the ratio of TFP to
per-unit cost. Accordingly, among control farmers, productivity can be estimated as the
household fixed effect in a householyear level panel regression, whee the (log) scale
of potato cultivation (acreage or output) is regressed on farmer, village and year
dummies.

Equation (4) applies only to farmers with ability above the threshold[ . These
farmers eventually earn profits that cover the fixed cost. Famers with ability below
this threshold would choose not to cultivate potatoes. Our data show that roughly 30
percent of Control 1 and Control 2 group farmers planted potatoes in at most one of the
three years in our study period; we cannot estimate househd fixed effects for these
households. We call these households nesultivators, and assign to them the lower
endpoint of the estimated productivity distribution among the cultivators. This is an
upper bound to their true latent productivity. None of the omparisons below are
affected if we replace this upper bound with any lower estimate. Throughout we will use
our estimate of productivity as a proxy for underlying unobserved ability.

In Table 7 x A DOAOCAT O OEA OAOOI 6O &EOI i OACOAOOE
productivity estimate, obtained from the household fixed effects regression following
equation (4), on household characteristics? As the bottom panel of Tabl& shows, there
is wide variation in the estimated productivity level across households: the 75th
percentile is more than three times the size of the 25th percentile. Although the
productivity estimate correlates positively with landholding and having a male
household head, the Rsquared indicates that variation in observable characteristics can
only explain 16% of thevariation in household productivity.2° This justifies our working

29 Table A2 presents the differences in demographic characteristics between the cultivators and
noncultivators. Cultivators own more land, are more likely to be upper caste Hindus, have larger
households, are more likely to be malkdneaded, and the oldst male in thehousehold is likely to be older
and is more likely to have completed primary school.

30 A LASSO estimator performs only slightly better than the ordinary least squares estimator. Under the
Extended Bayesian Information Criterion the selected ASSO model haan Rsquared of 0.23.
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hypothesis that community-based agents have local information about farmers that an
outsider would be unable to observe.

6.2 Estimation of Ability: Treatment Households

We cannot use the same cedure as in Sectior6.1 to estimate the productivity of
treated households, because the program loan would have a direct impact on treated
ET OOAET | AOGS ©OrAAdo Areatedthousénbld3 EoOldHae engaged differently
with their agent than cortrol households. Instead, to recover their productivity estimate,

we employ theOrder-Preserving Assumption (OPAWhich states that the treatment did

not change househol®d OATE T OAAO ET OAOI O 17&Awvendi AOAOEOD

provide theoretical justification for this assumption3! Under this assumption, in each
treatment arm, we can rank Treatment farmers by cultivation scale, and assign to them
the counterfactual productivity estimate A of the farmer in the Control 1 distribution at
the same rank, as estimated in Sectio®.1. This gives us the correct estimate for the
latent productivity of this farmer.

6.3 Differences in Selection

We can now examine whether the TRAIL and GRAIL agents systematically recommended
households of different productivity levels. We focus on Control 1 and Cami 2
households; neither group received program loans.

In Panel A of Figurel, we compare the distributions of the productivity estimates for
Control 1 and Control 2 households? The figure on the left shows thatn TRAIL villages,
the cumulative distribution function for Control 1 households firstorder stochastically
dominates that for the Control 2 households. A twsample KolmogorovSmirnov test
rejects the null hypothesis that the two distributions are identicd (p = 0.005).33Thus, the

31 Athey and Imbens(2006) use a similar assumption in order to identify treatment effects in nodinear
difference-of-difference settings.

32 The flat segment in the bottom end of the plotted CDFs depicts the upper baliof the estimates for
non-cultivators.

33 Since our productivity estimates are generated variables, we also simulate 2000 bootstrap samples
and run the Kolmogorov+Smirnov test for each Control 1 vs Control 2 CDF comparison. In 87 percent of
the simulations, we can reject the null hypothesis that the two distributionsare identical.
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TRAIL agent podively selected borrowers on productivity. The figure on the right shows
that the GRAIL agent also selected borrowers positively (& testp = 0.011).34

When in Panel B we again present the cumulative distribution fictions for Control
1 households, we sedhat the graph for TRAIL households firstorder stochastically
dominates that for GRAIL households. A tweample KolmogorovSmirnov test rejects
the null hypothesis that the two distributions are identical { = 0.06).3°>Thus, the TRAIL
agent selected more poductive borrowers than the GRAIL agent.

For what follows, it is convenient to group sample households into productivity
classes, or bins. Accordingly, we place all namultivator households in Bin 1. Among the
rest, we use a median split to create Bins &nd 3. FigureA2 shows that the GRAIL agent
selected more Bin 1 borrowers (34.5% versus 27.3%), and fewer Bin 3 borrowers (32.3%
versus 39.7%)36

6.4 Explaining Selection Differences

What explains this difference in sshAOET T DAOOAOT Oe 4Eéhces2! ),
lending and trading with village residents could have given him more or better
information about their productivity levels. Alternatively, he might have had different
incentives than the GRAIL agent. For exanglthe prospect of increasing his middlern

profits might incentivize him to help farmers increase their crop volumes. Conversely,

the GRAIL agent would likely share the motives of the political party controlling the

village council. If this party pursuesa pro-poor welfarist ideology, this might motivate

the GRAIL agent to select assgor (and possibly) low-ability farmers. Alternatively, if

34 The KolmogorowSmirnov test rejects the null hypothesis that the two distributions are identical in 83
percent of our bootstrap simulations.

35 The Kolmogorov+Smirnov test rejeds the null hypothesis that the two distributions are identicd in
74 percent of our 2000 bootstrap simulations. FigureAl, in the Appendix, presents descriptive statistics
on household productivity for TRAIL and GRAIL Control 1 households. TRAIL househ®lthd higher mean
and maximum productivity estimates; the 25th 50th and 75th percentiles or the distribution of
productivity were also higher for TRAIL Control 1 households.

36 The Bin 3 borrowers here could be thought of as equivalent to theung-ho (GE) entrepreneurs in
Banerjee et al(2019). Indeed, the Bin 1 borowers are akin to the norGE entrepreneurs in that they do
not cultivate potatoes absent the AIL loan. However, whilBanerjee et al(2019) argue that the overall
differences in later outcomesbetween GE and nofGE entrepreneurs are driven by selectionye find in
this paper that TRAIL and GRAIL borrowers have different outcomenditional on selection, and that
OEEO AEAEAOAT AR EO AAOOA Aprogram idcénteesASe Sécdoded. ET OEA ACAT O

19



the party is opportunistic and uses welfare programs clientelistically to mobilize votes,
then too the GRAIL agenivould recommend poor households for thdoan scheme3’

We examine whether GRAIL agents used the loan recommendations for political
gains. In our final survey round, we asked survey respondents to participate in a straw
poll. Survey investigators gave thema sheet of paper resembling a ballot, aresked them
to mark the symbol of their preferred political party, and then fold and place the paper
in a box38 If the straw poll vote indicates the political party that the respondent supports,
then we can interpret a straw vote for the political party that was incumbent in 2010 as
support for the political party of the GRAIL agent. We use data from the West Bengal
State Election Commission to identify the incumbent political party in each local village
council in 2010. We run the regression:

liv="to+ u Treatment v+ wControl L+ r Xy + Ry (5)

where the dependent variableliv takes the value 1 if the respondent in village v voted
for the incumbent party in the straw poll. The set of controlsXiv includes the same
household characteristics included in equationX). We run the regression separately for

TRAIL and GRAIL villages. In Tabkewe see that the estimated treatment eéfct STMGis

positive and statistically significant in GRAIL villages (column 2)ut insignificant in
TRAIL villages (column 1).

Hence in GRAIL villages, those who were randomly selected to receive the program
loan were 8% more likely to express supporfor the incumbent party than comparable
households that were not offered the loanColumn 4 shows that the point estimate of the
treatment effect is largest for the lowestability GRAIL households. This is consistent
with opportunistic selection by the GRAIL agent, since clientelistic transfers are most
likely to mobilize votes among thepoor. It is also consistent with the incumbent

37|t is a standard feature of the literature onpolitical clientelism that political parties target swing
voters among the poor. This is because poor voters sell their vote for a lower price (see, for example,
Stokes 2005 Kitschelt and Wilkinson 2007).

38 Respondents were assured the response would blkept confidential and used only for research
purposes. Less than 1% of households refused to participate.
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following a pro-poor welfarist policy and thereby inducing greater gratitude among poor
beneficiaries, that they express byoting for the party.

6.5 The Role of Selection in Explaining ATE Differences

We have sen that the TRAIL agent selected more productive borrowers than the GRAIL
agent did. However it does not follow that this superior selection alone caused the larger
impacts on borrower outcomes. In what follows, we examine how much of the
differential impact of the TRAIL scheme on profits can be explained by differences in
borrower productivity levels, and how much by differential effectsconditional on
productivity. Specifically, we will decompose the difference in the ATEs of the TRAIL and
GRAIL schemesnito the component attributable to differences in productivity, and the
component due to differences in conditional treatment effects.

In Table 9 we estimate bin-specific haerogenous treatment effects (HTES) using the
following specification:

3 3 3
Yivt = Xesik Bindik + Kok (Control 1iv % Bindik) + Xesak (Treatmentiy x
k=1
3 o Bindik)
+ Ear Bing, X iz k=1
k=1 3
3 =
GRAIL + Xsk (Control Liv X Bing X GRAIL) (6)

k=1

+ Rk (Treatmentiv X Bindik x GRAIL) + r X0t + Rt
k=1

Since household productivity is an estimated regressor, we bootstragtandard errors
with 2000 iterations.3°In both schemes, the HTEs on valeadded (column 7) are larger
for borrowers of higher productivity, which indicates that a steme that selects more
able borrowers will likely generate a larger average treatment effac Comparing the

39 For households that did not cultivate potatoes in any study year, we replace the valogpotato area
cultivated, output produced or profits earnedwith zero, thus we continue to include these households in
the estimating sample. However the treatment effects on unit costs are only estimated in the subset of
observations where potatoes werecultivated.
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TRAIL and GRAIL HTEs for any given productivity bin, we also see that the point
estimates are larger for the TRAIL scheme, although Panel C indicatéhat the
differences are not statistically significant©

Table 10 shows the results of thle decomposition. The penultimate row indicates that
EIT1TAET ¢ AOAOUOEET ¢ Al OA Ai1 OOAT Oh EAZ OEA 421
selection patterns, then theaverage treatment effect of the TRAIL scheme on potato
value-added would have been 8.38% maaller than our actual estimate. The last row
shows that if the GRAIL agents had kept their own selection pattern but their selected
borrowers had had the same HTEas the TRAIL borrowers in that productivity bin, then
the gap in the ATEs would have narroed by 75%.

We infer that selection differences accounted for only a small fraction of the observed
ATE difference. This conclusion is robust to using the continuousneasure of
productivity rather than the three discrete bins: with continuous productivity, selection
differences explain 17.5% of the difference in ATEs, whereas differences in HTEs explain

82.5%.

6.6 Alternative Selection -based Explanation: Multidimensional
Screening with Credit Rationing

A potential concern with the selection model we described aive is that in the presence

of credit constraints, wealth levels affect credit access and thereby productivityG@alor

and Zeira 1993 Banerjee and Newman 1993Moll 2014; Kaboski and Townsend 2012

de Mel et al. 2008§. If, in reality, borrowers differ both in ability and wealth, then even

between two farmers of the same ability, the wealthier farmer would cultivate more.

Further, if returns to scale are increasing, then thevealthier farmer would be more

productive at the margin Banerjee et al. 2019. Somepart of the larger treatment effect

of the TRAIL scheme could then be explained by the fact that the TRAIL agent selected

wealthier farmers. If there are pecuniary scaldd AT T 1T 1 EAOh OEAT OEAOA £

40 Here we are abstracting from any heterogeneityf treatment effects within productivity bins. Our
findings are similar when we consider continuous productivity levels instead. In Figurd3, the vertical
difference in (smoothed) valueadded ketween Treatment and Control 1 households gives us a visual
edimate of the treatment effect at that productivity level. As the left panel shows, the vertical difference
for TRAIL households is larger at larger productivity levels. The right panel shows dh the GRAIL
treatment effects are nearly always zero.
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scale of cultivation could also explain theirdwer unit costs. In addition, farmers could
differ in the extent to which this happens: lowercost farmers could face larger
reductions in unit cost as they expand theircle of cultivation. If cost and ability are not
perfectly correlated, then our solefocus on ability differences might incorrectly attribute
too little of the ATE of the TRAIL scheme to selection.
In SectionAl in the Appendix, we present a model where faners differ on three
dimensions: ability, wealth and cost. Assuming constant elastig forms of the
production function and the unit cost function, and assuming also that all farmers are
AOAAEO OAOQETTAAR xA AAT OOA bekdndelto badcRGiA T 1 /A

- L A s o~ oA -

the production function is
logyivt = logai + ploglivt + ) 2wt (7)

where ai denotes ability, lit denotes area cultivatedyit denotes revenue,) 2wt denotes a
village-year productivity shock andp represents returns to scale. The c&t function is

loguivt = logci + Bloglivt + loggwt (8)

where uit denotes cost per acreg AAT T OAO OEA AEAOI dOdhdles 41 OO OU
village-year cost shock, ad s represents elasticity of unit cost with respect to the scale

of cultivation, representing pecuniary scale effects. The creddAOET T AA AEAOI A08 C
cultivation cost (Gw) is determined by his financial access according to the equation:

logGut = logwi + logr vt (9)

wherewOADOAOAT OO A T AAOOOA ruis aQillade-yeFiAstockkd 6 O x A A
the supply of credit. The three dimensions of type: ability, cost andealth can be

estimated as farmer fixed effects in the panel regressions corresponding to these three

equations. As shown in the Appendix, the model predicts that ¢htreatment effect of

AGDAT AET C AOAAEO AARAAGO ADOI EEOBAOALIO ANOGAI
of Control 1 householdi in village v in year t, where Rvt denotes the revenue earned by

farmer i in village v in year t, and Gt is the cultivation cost, as definedabove. Taking

expectations of this with respect to unit mean villageyear shocks, the predited
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‘i (ei) ™+ (10)

We refer to the quasiprofitastE A OOAAOAAA &£ Of AOOEI AGASs 1 £ (
to the expression in equation {00 AAT OA AO OEA OOOOOAOOOAI AOGO

To examine if this model can explain our empirical results, we follow equationg’),

(8) and (9) and estimate the three dimensios for each control household in the TRAIL
and GRAIL villages. The cumulative distribution functions for each of the three types are
presented in Figure A4. We see in Panel B that control farmers in TRAIL and GRAIL
villageshave almost identical ability digributions. In Panel A the cumulative distribution
functions for cost type cross, although a larger fraction of TRAIL farmers have low unit
costs over a wide range. Similarly, the CDFs for wealth cross, although a largection

of TRAIL farmers have higlwealth over a wide range.

The corresponding estimates ofs and 1 are presented in Tablell. Row 4 displays
OOAAOAAA £l Oi 6 A OOEdrofitinkt@ twio geheésAuBiAgBsere® A O E
revenues and costs of Control $ubjects, adjusted using the eghated elasticities. This
EO 1 01 OEPI EAA AU OEA bDOI Pi OOEI T Al AEATCA V¥
CAT AOAOA A OOAAOAAA &I Oi 6 AOOEI AGA 1T &£ OEA ! 4
shown in Row 6, and the corresponding predicted percentage effect on potato
valueadded in Row 7.

7A OAA OEAO OEA 11T AAI 60 OAAOGAAA &£ Oi AOOEI A

similar to our actual empirical estimate (Rs2059, see Table column 7). However for
the GRAIL ATE the model produces a vast overestimate (Rs. 3481 v. Rs. 492). Similarly,
OEA OOOOAOOOAT AOOEI AOGA T A-adi&dA36.48%)i9 similaD AEAT A S
to the 35.92% that we obtained in Tablsh A OO OEA AOOEI AOGA & O OEA
(33.48%) is nearly four times as large as the estimated GRAIL ATE (8.45%).

Rows 8 through 12 show how the predicted ATEs are modified when we replace the

estimated returns to scale elasticity (1) with an IV estimate#! The predicted percentage

41 This elasticity estimate is discussed in more detail in Sectiof. It is obtained from a regression
(equation (14) below) of log output per acre on log area cultivated and village year dummies using
Treatment and Control households, with treatment dummies as ainstrument for area cultivated.
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effects on potato valueadded are not significantly altered, so the predicted GRAIL ATE
continues to be larger than the predicted TRAIL ATE. Hence allowing for credit rationing
and extending the dimensions of heterogenty to include wealth and unit cost does not
help explain our empirical result that the TRAIL scheme generated a larger ATE than the
GRAIL scheme.

Below we present an alternative model that instead emphasizes differences in the
TRAIL and GRAIL outcomes caiitional on borrower selection.

7 A Model Of Agent-Farmer Interactions

In this model, TRAIL and GRAIL agents interact with program borrowers so as to
influence their cultivation, purchase and sales choices and crop outcomes. Interactions
take the form of corversations éout the weather, market prices, cultivation techniques
AT A EAOOAOOETI ¢ OEIi A08 4EOI OCE OEAOA AiT1OAOO
actions, and provide technical advice and marketing assistance.
Agents are motivated to engage with farmerbecause ofheir program as well as non
program incentives. Since the TRAIL agent is also a trader, he has a stake in both the
OPOEAA AT A Al x1 OEAA 1T £ OEA EAOI A0O6O AOI OEOAC
harvest ensure that he receives his TRAIL comssion, it dso earns him a larger
middleman profit. On the downside, a failed crop wipes out both his commission and his
profit. The GRAIL agent is a political appointee and so has incentives aligned with his
village council. The elected village leaders ay benefit if the scheme is perceived to be a
success, and so the GRAIL agent may want to ensure that poor borrowers repay their
loans. This gives him a stake in the success of the crop, but conditional on crop success,
he has no additional benefit from darge harves.
In turn these different motivations will shape the specific manner in which the agents
engage with the farmer: either helping to increase the harvest size, or monitoring to
reduce default risk.

7.1 Assumptions and Predictions

Farmers vary in intrinsic ability, denoted by the single dimensionf. Their crop is
successful with probability p(f h)iwhere p; > 0,pm > 0,pmm < O,py i < O: lower ability
farmers are riskier, and monitoring (m) reduces their risk by more. In the event of
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success, output isa(f h)f(l), where a; > 0,amn<0, fi>0,fi <0, M_1&is non-increasing, and
p varies relatively little with [ .42Expected TFPA( h)ik a(f h)p( h)isatisfies An<DO.
4EA EAOI A0S O A MDENEA B Bréal cultikdtedOs the @vel of help he
receives, andon <0,ah>0,6n>0. We abo assumecnm = 0; this simplifies the analysis but
is not critical. Whereas monitoring increases unit costs and lowers risk and expected
productivity, help has no effect on risk and loweraunit cost. For instance, monitoring
induces the farmer to act to dwer the chance of crop failure, such as by spending more
iIT PAOOEAEAAO8 4EAOCA AAOEOEOEAO AOA Ag@gbPAl OEO
unit cost rises and productivity fall. On theother hand, the agent can help the farmer
lower costs or raise qudity of inputs, by providing valuable business advice about the
brands to purchase and where to purchase them. We also assume that the relevant
functions are smooth with welkbehaved curvatue, so that optimal allocations are
interior, satisfying suitable first and second order conditions.

Traders and farmers enter into bilateral interlinked credit-cum-output contracts,
where the trader provides the farmer credit for working capital, help andmonitoring,
and the farmer cultivates the specified area, and thmesells his harvest to the trader. Both
parties are risk-neutral. Farmers have zero wealth, and traders have unlimited access to
credit at a constant cosiw The contracts are the outcome an efficient equilibrium in a
frictionless contract market where OOAAAOO ET T x EAOI AOOS AAEI E
interaction costs ofrt(h + m) and credit costs ofmper rupee loaned, and earn per unit
reurnof zx EAT OEAU OAI 1 OEA EAOI AOGO Aoi b 11 Al
repay the loan if the crop fails, bit otherwise repays at interest rater, and receives a
lumpsum side payments from the trader when the contract is signed. Hence a control
farmer of type [ enters into a contract specifying I¢(J ),me(J ),bs(J ),re(f ),<(J )), where
(I,m,h) = (I<(J ),me(J ),h(J )) maximizes joint expected payoffs of the farmetrader pair:

(1 +2)AJ h)(1) M1 +mc(h,m)| Mrr[m + h] (11)

The interestratersf@ EO OEAT OAO 061 OAAAAT OGAtoB& A6 OEA
farmer, so that the farmer selects the effient areal<([ ) in his own selfinterest: | =1¢([ )
maximizes A(J he@f ) f()M([ he®)(L+re(f ))ceU)(h,m)l.43 The sidepayment depends on

42 This is in comparison to how much TFR varies with [ . This assumption ensures that treatment
effects of the TRAIL scheme increase Jn SeeéMaitra et al.(2017) for further details.

pC — 1+p iy g C
3 Note that 1 4 (?) = a0y 50 () gecreases irf .
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the relative bargaining power of the trader and the farmer. The details of the model are
presented in SectionA2 in the Appendix.

In an optimal contract, traders do not monitor control farmers (n¢(J ) k 0), but they
do help them (c(f) > 0). Monitoring is inefficient because it lowers expected
productivity and is costly for both farmer and trader, and produces no benefitsince
neither party is risk-averse. Help is efficient because it raises expected productivity, and
so it is provided as long astis not too large. The help induces the farmer to plant more
area (), and earn greater profit per acre. More able farmers reive more hdp, because
PDAO OTEO T £ OOAAAOEO OEIi Ah EAI P CAT AOAOAO
higher ability. Hence we obtain the following testable predictions for control farmers:

(i) Higher ability farmers are less likely to defaultnd pay a lover interest rate (ii)
Higher ability farmers produce more output, and incur lower unit costs

In TRAIL villages, a trader is selected as the agent. Suppose a farmer of type
offered the TRAIL loan. This allows him to supplement his informal loan frothe trader
at interest raterri , and thus expand acreage bly. We assume he cannot reduce the
area that was already agreed upon before the scheme was introduced, whilader help
and monitoring decisions can be freely modified. The farmer repays theRRIL loan only
if his crop succeeds. The TRAIL agent receives a commissfon 1 per rupee interest
repaid. The traderfarmer pair then modify their contract decisions by chosing (t,m,h)
= (It ),m([ ),h(J )) to maximize

(1+2)A¢ AY(Ie( )HOMA+MI() )+{2+r7(IM)}p( R)Fc(ht,mt)M 7 (ht +m) (12)

Let the resulting outcomes for TRAIL treated farmer of typg¢ be denotedIT () k
le(f)+It([),m™([) =mt(J),hT(J) =ht([ ). The variabledT(J ) and hT([ ) are increasing in[ ,
while mT([ ) k 0. Hence the OrdetPreserving Assumption (OPA) holds. The model then
predicts:

(i) Among treated farmers in the TRAIL scheme, those with higher ability produce more
and receive more help, @hincur lower unit costs

(iv) Inthe TRAIL scheme, a treated farmer progisecmore, earns more profit and incurs
lower unit costs than a control farmer of the same ability level.
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In the GRAIL scheme, a third party who is not a trader is appointed as the agélite
GRAIL agent earns expected payo#f[ )p(f h)IMram where v(J ) represents a welfare
weight on the farmer, weighted by the default rate, anthis the extent to which the agent
monitors the farmer. The welfare weight is decreasing irf , reflecting the propoor
ideological or opportunistic objedives of the political party the GRAIL agent represents.
These objectives are achieved as long as the farmer does not default on the GRAIL46an.
The commission enters into the welfare weight. This may bias the GRAIL agent in favor
of high ability farmers, because they borrow more, culvate larger areas and produce
more. We assume that this consideration for personal financial gain is outweighed by the
political considerations which create a bias in the opposite direction. Not being a trader,
the GRAIL aget is not in a position to provide business advice and help to the farmer,
but can monitor him. The cost of monitoring of the GRAIL agentiis.

Given a farmer of typg OAT AAOGAA &£ O A '2!1), 1T1TAT h OEA ' 2
m&J) will maximize v(f)p(J h)IM ran. Given this monitoring level, the farmer
renegotiates his contract with his trade partner. It is easy to check the trader will
continue to have no incentive to monitor the farmer. Hence, givem&J ), the revised
contract will select supplementary area cutivated [9=19(] ) and revised helphg=hg(J ) to
maximize their joint payoff

(1+2)AU A (I )+HMA+MI( )+p( h)fL+rr)]c(hg,me)lsM ch (13)

Let the resulting GRAIL treated outcomes be denoted¥([) k I¢(J)+19(J ),mX[ ),h])).
m[)1 0=mT(J) andm&] ) is decreasing. We find that the Order Preserving Assumption
holds in the GRAIL scheme. We obtain the following predictions for GRAIL treatiadmers:

(v) The GRAIL agent interacts more with low ability agents. GRAIL borrowers are less
likely to default on their loans than TRAIL borrowers of the same ability level.

(vi) If the production function has constant elasticity, a GRAIL treated farmer cultigate
a smaller area, receives less help, achieves a smaller reduction in unit costs, and a
smaler increase in expected profits, than a TRAIL treated farmer of the same ability.

“4HeOA xA OEI DI EAU AU AOOOIi ET ¢ OEAO OEA AZ£AOI AOBO DPOI A£E
substantively, the GRAIL agent worries about only the downside risk faced by the farmers theslect, but
does not obtain any benefit if the farmer avoids default and earns a large profit.

28



This model thus explains larger heterogenous treatment effects for the TRAIL sche,
which can account for a larger TRAIL ATE even in the absence of any selection
differences. This is mainly because TRAIL treated farmers receive more help. In turn, this
is due to the different nonprogram objectives of the TRAIL and GRAIL agents. TRAIL
agents farmers want the borrowers to produce more, so that they can earn larger
middleman profits. The help is more effective at raising crop output if the farmer is more
able. On the other hand, the GRAIL agent monitors treated farmers so as to reducadk
risk. This raises their unit cost and lowers their productivity, and so GRAIL treated
farmers produce less and earn smaller profits than TRAIL treated farmers. These effects
are larger, the less able the farmer. Observe finally that the model alsopéins the
different selection incentives of the two agent types: the TRAIL agent benefitsone from
more able farmers, while the GRAIL agent benefits more from less able farmers.

7.2 Testing Predictions of the Model

Before testing the predictions, we test thainderlying assumption of decreasing returns
to scale. We regress per acre productivity as d@ouble-log-linear function of log area
cultivated, farmer fixed effects and villageyear shocks

log[i:f} =loga; + (pt — 1) log lips + 10 Gut + it 14

The elasticity (u M1) with respect to area cultivated carbe estimated by instrumental
variables on the sample of Treatment and Control 1 farmers, wWitthe treatment dummy
as the instrument. We have already seen that treatment has a significant positive effect
on area cultivated, while the randomization ensureshat the exclusion restriction is
satisfied. We obtain an IV estimate ofyML) = M094, which is statistically insignificant
(p-value of the onesided test of the null hypothesis (ML) = 0 is 081). Hence we have
weak evidence for decreasing returns to scale.

Totestpredicion(i@ AAT OO OEA OAOEAOQOEIT 1T &£ Al iyO0Oi 1 £A
Column 1 of Tablel2 presents the OLS regression results of interest rates paid on
informal loans by Control 1 households, using the pooled sample of TRAIL and GRAIL
households. We restrict our sample to informal loans taken before our intervention

begd h Oi AOI EA DI OAT OEAI Ai 1T OAIETAOETT &OTI
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rates#> The coefficent estimate of productivity is negative p = 0.11) indicating that for
control households, there is a decline in interest rate as productivity increase3he
average control household in Bin 1 reported taking loans at 21% interest per annum.
This is signficantly higher than the 15% that Bin 2 p = 0.03) and the 16% that Bin 3
households reported f = 0.04).46 Hence the evidence confirms predictioniy.

Next consider prediction (ii) about how output and unit cost vary with ability among
control farmers. Coumns 2 and 3 of Tablel2 present OLS regression results of potato
ouput (in kg) and input cost per acre in potato cultivation (in Rs.) on the productivity
estimate. The regressions control for year dummies, and pertain to all Control 1 and
Control 2 houselolds. Consistent with prediction i), column 2 shows that output is
increasing in productivity, while column 3 shows that unit costs are decreasing in
productivity.

Now turn to prediction (iii) for TRAIL treated farmers. At each foumonthly survey
interview, we asked sample households whether in the previous three days they had
spoken with the local trader or the agent (separately) about cultivation, thedrvest, or
output sales. Since in th@RAIL scheme the agent is also a trader, we include interaction
with the trader as well as the agent (in case the agent is a different trader) to measure
number of interactions with traders.#” In column 4 of Table12 we see that TRAIL
4 OAAQOI AT O HEntefacdel Eriore Avithéthe agent if they had higher ability.
Columns 5 and 6 of Tablé2 present the OLS regressions of quantity of potato cultivated
and input cost per acre in potato cultivation on productivity for TRAL Treatment
households. Consistent wit prediction (iii), more productive TRAIL Treatment farmers
interacted more with the agent, and produced more potatoes, at a lower input cost per
acre.

45 Since only 10 households in each village received the program loans, we do not believe there were any
spillover or general equilibrium effects.

46 These averges are presented in the left panel of Figuréd6. The right panel of this Figure uses
continuous variation in productivity. Recall that we do not have a continuous measure of productivity for
those who did not cultivate potatoes; for this groupve computethe mean informal interest rate and plot
it as a single point in the right panel of Figuré\6. For Bins 2 and 3, we run a locallyeighted polynomial
regression of the mean interest rate on farmer productivity.

47 Since the GRAIL agent is not a trader, wheme measure the number of interactions with the GRAIL
agent we will not include interactions with the trader.
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Table 9 provides evidence about prediction {v). The TRAIL HTEs opotato acreage,
potato output and input cost per acre in potato cultivation (see columns 2, 3 and 10
respectively) conform to prediction (iv), and most are statistically significant.

Finally, we test the predictions about the GRAIL scheme, and its comsam with the
TRAIL scheme. Start withprediction (v). Column 11 of Tabled presents the HTES on
agent interactions in TRAIL and GRAIL. As the results in Panel B show, they are
decreasing in ability in the GRAIL scheme indicating that the GRAIL agent intetsasmore
with low ability farmers. On the other hand they are increasing in ability in the TRAIL
scheme, indicating that the TRAIL agent increases his interaction with highability
farmers more.

Figure 2 presents the default rates on program loans by TRA and GRAIL treated
households by praluctivity bin. TRAIL Treatment households in productivity Bin 1
defaulted on 9.3 percent of their loans, whereas GRAIL Bin 1 Treatment households
defaulted at a significantly lower 5 percent jp = 0.03). In Bins 2 and 3the differences in
default rates across TRAIL and GRAIL go the other way, although they are not statistically
significant. This is consistent with prediction ).

To check prediction (i), consider the results presented in Panel C ofable 9. For
every productivity bin, TRAIL treatment effects on acreage, output and valeedded
exceed the corresponding GRAIL treatment effects (although the differences are not
statistically significant): see columns 2, 3 and 7. For every productivity bjrthe TRAIL
treatment effects on unit costs are lower than the corresponding GRAIL treatment effects
and the difference is statistically significant for Bin 3. See column 11. This is consistent
with prediction (vi).

8 Concluding Comments

This paper finds evdence that appointing private traders as intermediaries to deliver
credit, as in the TRAIL scheme, resulted in significant impacts on borrower production
and farm incomes. When the local elected council appointed the intermediary, as in the
GRAIL scheme his did not have a gynificant impact on borrower incomes, though it did
increase production. The difference was due to the different impacts on cultivation costs:
TRAIL treated households reduced their unit costs of production while the GRAIL
treated households did not. Furher, although the TRAIL agent selected more productive
farmers to participate in the scheme than the GRAIL agent did, this could only explain
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treated farmers were far mare important: they increased their interactions with treated
farmers, and to a greater extent with more productive farmers. GRAIL agents also
interacted more with treated farmers, but to a greater extent with less productive
farmers; this appears to have aused them to default less than their TRAIL counterparts.
The results are consistent with a model of endogenous agefarmer interactions where
the TRAIL agent helped treated farmers reduce production costs by providing helpful
advice, while the GRAIL aget monitored treated farmers more intensively, thus
reducing their default rates and raising production costs. In this model, the GRAIL agent
resembles a private holder of debt, motivated primarily to reduce borrower default risk,
while the TRAIL agent isike an equity holder who shares risk evenly with the farmer
and is motivated to provide useful information and advice. Although the TRAIL agent did
not monitor the treated farmers, TRAIL and GRAIL loans still had similar repayment
rates, because the TRAIborrowers were more able farmers to start with, and so were
less likely to default. The GRAIL agent selected a larger proportion of low ability farmers
with higher ex ante risk, and then monitored them intensively to lower these risks.

The more general leson is that the role of the intermediary was not confined to
selecting beneficiaries and achieving better targeting. The differences in the nature of
network connections with the intermediary mattered significantly for the eventual
sucaess of the program.In particular the endogenous change in this relationship
resulting from the intervention accounts for most of the differences in impacts on
beneficiary incomes. Policy interventions that employ local intermediaries could benefit
from considering this mechanism at the time of intervention design.
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Figure 2: Default Rates on TRAIL and GRAIL Loans, by Productivity Bin
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Notes: The height of each bar measures the fraction of program loans that were not repaid fully by the due date.
The sanple is restricted to Treatment households in TRAIL and GRAIL villages with at most 1.5 acres of land. p
value of difference between default ra¢ between TRAIL and GRAIL for each Bin presented. Productivity is
computed using the logarithm of the acreage uret potato cultivation.

Table 1: Randomization

TRAIL  GRAIL  TRAIL? GRAIL
(€ @ (©)

Panel A: Village level characteristics

Number of Households 276.04 252.21 23.83
(201.59) (238.36)

Number of Potato Cultivators 164.63 160.75 3.88
(130.30) (168.39)
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Of which:
Landless 15.96 27.96 -12.00

(18.98)  (75.63)

I x1 125 atrep 11388  99.67 14.21
(103.22)  (78.00)

Own 1l¢ v .50 ages 25.58 24.63 0.96
(16.27) (25.20)

Own 2v 11 .00 aares 10.88 12.83 -1.96
(7.39) (17.11)

Own5mtmm MO geres 1.38 1.17 0.21
(2.79) (1.95)

Own more than 1250 acres 0.00 0.04 -0.04
(0.00) (0.20)

Panel B: Household level characteristics

Head: More than Primary School 0.407 0.420 -0.013
(0.015) (0.015)

Head: Cultivator 0.441 0.415 0.026
(0.015) (0.015)

Head: Labourer 0.340 0.343 -0.003
(0.015) (0.015)

Landholding (Acres) 0.456 0.443 0.013
(0.013) (0.013)

Area of house and homestead (Acres) 0.052 0.052 0.000
(0.001) (0.002)

Separate toilet in house 0.564 0.608 -0.044
(0.015) (0.015)

Own a motorized vehicle 0.124 0.126 -0.002
(0.010) (0.010)

Own a Savings Bank Account 0.447 0.475 -0.028
(0.015) (0.015)

Notes: Panel A uses data from the houselisting exercise we carried out in 2007. Since 2 of
the villages from the 2007 sample had to be replaced due to Maoist violence, Panel A uses
a sampk of only 46 villages. Panel B uses household survey data from 2010 for 48
villages for sample households that owned no more than 1.5 acres of land. Standard errors
in parentheses.
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Table 2: Agent Characteristics

GRAIL TRAIL Difference
@ @ @)
Male 1.00 0.958 0.042
(0.00) (0.042) (0.042)
SC/ST 0.208 0.083 0.125
(0.085) (0.058) (0.102)
Non-Hindu 0.125 0.083 0.042
(0.069) (0.058) (0.090)
General caste 0.667 0.833 -0.167
(0.098) (0.078) (0.125)
Primary Occupation: Cultivator 0.375 0.042 0.33
(0.101) (0.042) (0.109)
Primary Occupation: Shop/business 0.208 0.958 -0.667
(0.095) (0.042) (0.104)
Primary Occupation: Other 0.417 0.000 0.125
(0.690) (0.000) (0.690)
Owns agricultural land 2.63 3.29 -0.667
(0.198) (0.244) (0.314)
Total owned land 4.08 5.04 -0.958
(0.248) (0.292) (0.383)
Haspuccahouse 0.375 0.458 -0.083
(0.101) (0.104) (0.145)
Educated above primary school 0.958 0.792 0.167
(0.042) (0.085) (0.094)
Weekly income (Rupees) 1102.895  1668.75 -565.855
(138.99) (278.16) (336.78)
Village society member 0.292 0.083 0.208
(0.095) (0.058) (0.111)
Party hierarchy member 0.167 0.000 0.167
(0.078) (0.00) (0.079)
Panchayat member 0.125 0.000 0.125
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(0.069) (0.00) (0.069)

Self/family ran for village head 0.083 0.000 0.083
(0.058) (0.00) (0.058)

Notes: Sample consists of 24 agents in TRAIL villages and 24 agents in GRAIL villages.
Standard errors in parenthesis.
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Table 4: Average Treatment Effects on Agricultural Borrowing, Farm Value Added,
Non Agricultural Incom e and Total Household Income

Agricultural Loans Farm Income
All Non-Program ¢ Value Added Non Agricultural Household
(Rs.) (Rs.) (Rs.) (Rs.) (Rs.)
(1) (2) 3) 4) ©)
TRAIL Treatment 2868 -448.50 2147.874 1506.785 5612.479
(658.90) (634.80) (723.935) (3655.543) (4125.591)
Mean TRAIL C1 2096 2096 10336.511 33617.764 49765.238
% Effect TRAIL 136.83 -21.39 20.779 4.482 11.278
GRAIL Treatment 2754 -104.90 138.905 -4326.522 -5434.789
(593.40) (551.30) (929.675) (3225.654) (4496.421)
Mean GRAIL C1 1931 1931 10501.064 37170.751 56082.489
% Effect GRAIL 142.62 -5.43 1.323 -11.640 -9.691
TRAIL v. GRAIL 114.50 -343.6 2008.969 5833.307 11047.268
Treatment (890.60) (842.6) (1183.349) (4879.593) (6110.838)
Sample Size 6,156 6,156 6,156 6,159 6,156

Notes: Treatment effects are computed from regressions that follow equationl( in the text and are run

on householdyear level data for all sample households in TRAIL and GRAIL villages with at most 1.5 acres

of land. Regressions also control for the rajion and caste of the household, age, educational attainment

AT A T AAODPAOGETT 1 4&# OEA A1 AAGO T AT A TAIARO 1T &£ OEA
dummies and an information village dummy. % Effect: Treatment effect as a percentage of the meéathe
relevant Control 1 group.4: Norn-Program loans refer to loans from sources other than the TRAIL or GRAIL
schemes. Standard errors in parentheses are clustered at the hamlet level. .
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Table 6: Loan Performance

Take-up  Default
(1) (2)
Panel A: Sample Means
TRAIL 0.937 0.070
(0.006) (0.007)
GRAIL 0.872 0.070
(0.009) (0.008)
Difference (TRAIZGRAIL) 0.065 0.000
(0.011) (0.010)
Panel B: Regression Result s
GRAIL -0.066 0.005
(0.011) (0.010)
R 0.08 0.05
Sample Size 2667 2422

Notes: The sampe consists of householecycle level
observations of Treatment households in TRAIL and
GRAIL villages with at most 1.5 acres of landholding.
The dependent variable in column 1 takes value 1 if
the household took the program loan in the
particular cycle, provided the household was eligible
for the loan in that cycle. The dependent variable in
column 2 takes value 1 if a borrowing household
fails to fully repay the amount due on the loan taken
in that cycle on the due date. The regression
specification In Parel B is given by equation %).
Regressions also control for landholding, religion
and caste of the household and age and educational
attainment of the oldest male in the household.
Robust standard errors.
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Table 7: Variation of Productivity with Obs ervable
Household Characteristics

Regression Results

Landholding 1.103
(0.115)
Non Hindu -0.157
(0.147)
Low Caste -0.110
(0.120)
Household Size 0.019
(0.021)
Femaleheaded Household -0.457
(0.217)
Age of Oldest Male -0.004
(0.003)
Oldest Male: Completed Prirary School 0.080
(0.084)
Constant 1.212
(0.188)
Sample Size 1,000
R-squared 0.163

Descriptives on farm productivity

Mean of Productivity 1.707
SD of Productivity 1.148
Minimum Productivity -1.294
Productivity Quartile 25% 0.811
Productivity Quartile 50% 2.014
Productivity Quartile 75% 2.638
Maximum Productivity 3.702

Notes: The dependent variable is the household
productivity estimate. Standard errors in
parentheses are clustered at the hamlet level. The
etimating sample includes cultivator Contol 1 and
Control 2 households in TRAIL and GRAIL villages
with at most 1.5 acresof land.

Table 8: Effect of Treatment on Voting Patterns in Straw Poll
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Average Treatment Effect Heterogeneous Treatment Effect

TRAIL GRAIL TRAIL GRAIL
1) &) ®3) (4)
Treatment Effect 0.0241 0.0782
(0.0496) (0.0340)
Treatment Effect: Bin 1 0.0915 0.130
(0.0868) (0.0697)
Treatment Effect: Bin 2 -0.0741 0.0309
(0.0805) (0.0702)
Treatment Effect: Bin 3 0.0568 0.0135
(0.0564) (0.0743)
Selection Hfect -0.0649 0.0825
(0.0447) (0.0369)
Selection Effect: Bin 1 -0.133 0.0217
(0.0610) (0.0580)
Selection Effect: Bin 2 -0.0291 0.117
(0.0738) (0.0664)
Selection Effect: Bin 3 -0.0343 0.105
(0.0594) (0.0718)
Sample Size 1,011 1,026 1,021 1,044

Notes: Estimating sample includes all sample households in TRAIL and GRAIL villages with atmost
1.5 acres of land. OLS regression results presented. Standard errors in parenthesis clustered at the
hamlet level. Estimating sample includes Asample households inTRAIL and GRAIL villages with

at most 1.5 acres of land. Productivity computed using logarithm of acreage under potato
cultivation.
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Table 11: Estimates from the Multidimensional

Screening Model

Variable

GRAIL

TRAIL

@

)

-0.076
0.21

@)
)

0.28

a7



) u (Fixed Effect Estimaté) 1.39
Reduced Form Estimates:

B . . .

(4) Quasi Profit: 1+¢< Ru:! ('u;L 13008.29

nop. a1 7,

(5)  Predicted ATE: [+ ffivt — Civel X & 273174

Structural Estimates:

w5 T - V
ci e ®) [ y 1.35 146
@) Percentage Effect on Value Added 36.48 33.48

(8) W (IV Estimatef) 0.90

Reduced Form Estimates:

9) Quasi Profit: 1+
= Ru.l - Ci'u!.]

wWRvw M Gu 5432.67 5557.38 (10) Predicted ATE:

[T+ *¥1140.86 1556.07
Structural Estimates:
(1) fag[25]THE — —2
(e)THC Y 1.31 1.48
(12) Percentage Effect on Value Added 35.27 33.95

Notes: 4: Estimate ofp obtained from a household fixed effects regression
of log quantity of potato cultivates on log acreage and villageyear
dummies. Sample includes Control 1 and Control 2 households in TRAIL and
GRAIL villages with at most 1.5 acres of lanél.Estimate ofu obtained from

a regression of average productivity a log acreage, household fixed effects
andvilageUAAO AOIi T EAOh xEOE OEA OOAAOQI AT O AOIi U AO OEA ET
defined as the proportional increase in the cost of cultivation owing to the
treatment defined by the treatment effect as a proportion of the Meafor
Control 1 households in column 4 of Tablé. Rand Cdefined by the mean
Revenue and Cost of cultivation for Control 1 households in columns 6 and
4 of Table5. Sample includes Treatment and Contf 1 households in TRAIL
and GRAIL villages with at mst 1.5 acres of land.
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Online Appendix

Al Multidimensional Screening with Credit Rationing

Below we sketch the alternative model where agents screen farmers of
multidimensional types, in the presence of credit rationing. We use the predictions of
this model to empirically examine whether this nechanism can provide an alternative
explanation of our result of larger average treatment effects in the TRAIL scheme.
Farmers (indexed byi) can vary in three different dimensions of type: wealth, ability
and cost.All farmers face binding credit constrants in the informal credit market, so
their scale of cultivation is determined by their credit access, which is an increasing
function of their wealth type. Output is increasing in the scale of cultivation, with a
constant elasticity pu which may exceed orbe smaller than one, so we impose no
restrictions on returns to scale. Output also depends on productivity, which depends on
OEA EAOI AOGO AAEI EOU OUDPA8 &ETAI T Uh ®éEO AT OC
scale of cultivation with a constantelasticity k. Cultivation costs vary across farmers
according to the third dimension of heterogeneity, their cost type. We impose no
constraints on the joint distribution of wealth, ability and cost.
Since credit constraints bind, the scale of cultivation is not ches by farmers and
AAPAT AO 11 OEAEO xAAI OE OUBPAh xEEAE EO Agi C/
constraint determines the upper bound on what the farmer can spend on cultivation cost.
Since financing constraints bind by assumption, the actual cultiti@an cost equals the
financing constraint. The farmers financial access (from sefinancing as well as access
to credit) therefore determines the actual cultivation cost:

log Cie = log w; + log vy + €450 (Al)

where Gvt denotes the total cultivation cost of a control farmer in village-year v,t, wiis a
measure of credit access or wealth, andw represents village and year dummies for
shocks to the supply of credit. Hence farmer fixed effects in the panel regressiofl]
provide a measure of wealth.

Let uivt denote the unit cultivation cost of farmeri in village-year v,t. This in turn
AADPAT AO 11 OEA caddine déxauhivafedJdvingiwp@duniary scale
economies or diseconomies), according to

log u;yy = log c; + 1og qu + Clog i + €350 (A2)

where loggwt denotes input price shocks in ¥,t). On the othe hand, the relationship
between total and unit cultivation costs is given by



Gtk uivtlivt Qut (A3)

GivenGut the financial access of the farmer,A2) and (A3) represent two equations in
two unknowns (unit cost, and scale of cultivation). Solving these, the scale of cultivation is

determined by
1

1+

log w; — log ¢; — log que + 1og Yur| + €4
(A4)
i.e., by the wealth and cost type ohe farmer, in conjunction with village and year shocks

in the supply of credit and input prices.
Finally, we can estimate farmer abilityai as a fixed effect in a panel production function

log li = log ¢t — log ¢; — log qu] =

Iy

1+¢

regression:
log yivt = 1og a; + prlog livt + dayt + €21t (A5)

where yiwt denotes revenue of farmeii in villagevin yeart, i represents returns to scale,
and) 2wt denotes village and year dummies representing village level productivity shocks.

Selection Patterns

The three type variables are estimated as farmer fixed effecis panel regressions A1,
A2, A5) respectively. We can then directly check selection ieither TRAIL and GRAIL on
any of the three dimensions by comparing the corresponding distribution of each
dimension between control 1 and 2 subjects.

Predicted Treatme nt Effects

Under the assumption of no treatment effects per se on farmer wealth, ability cost, we
can estimate the treatment effect of either program (TRAIL or GRAIL) and the difference
between these treatment effects implied by selection differences onhe three
dimensions: wealth, ability and cost.

, A & 0 tenote the percent change in financial access resulting from the treatment,
sothat logGr OEOA O AU Y8 $OI DBPEI ¢ OEA OACOAOOEIT AO«
for post-treatment log acreage and log unit cost are:

1
log liyy = ——[A + log w; + log v,: — log g, — log ¢ ]
1+C
(AB)
| S [A+1 +1 |+ ! 1 +1

08 Uiyt = ——— og w; 0L Yot — log ¢; 0L Gy

g Uiyt 14 ¢ 2 t 1+ ¢ g ot
]

(AT)

Denoting (total) cost by Gvt, the reduced form for log cost is therefore



logGvk loglv+ loguiE Y VE+ logiv C (A8)
Hence the treatment effects on these three variables are:
1 ¢
dlogli,y = ——A,dlog u;yy = ——A,dlog Cip . o
"1+¢ "1+¢ ey (A9)

The resulting treatment effect on log revenues is

ol
dlo 'Rw = pudlog Ziv. - o
g t L 5 Vvt 1+Cy (AlO)
and on farm profit is
e
dHi?‘, = dRii', - dCrr = _R'i'r;, - Cii,v, o
’ " o= gl = Gy g (A1)

The difference in predicted treatment effect between TRAIL and GRAIL is thus equal to

BEpo .

the difference between average quagorofit [ 1+¢ R Cwi] of the respective Control 1
subjects. To relate quasprofit to underlying types of the farmers, observe that the
model implies

LRMJt - Cﬂ,‘t = a’i[“iiqﬁ"ll]ﬁ - Lﬁ;
1+¢ Ciut (Ciqu) T+¢ (A12)
so if we normalize the village year shocks to their unit mean, this reduces to
Wi, w;
;[T — —
Ci (c;) ¢ (A13)

which we can calculate for each control 1 farmer from the estimated types on the three
dimensions ability (ai), wealth (wi) and cost ).



A2 Model Of Agent-Farmer Interactions: Details

Control Farmers

A contract between farmerF of ability [ and trader T is represented by a scale of
cultivation I, helph, monitoring m, an interest rater and a sidepayments. The first three
determine the size of the loarc(h,m)l. The farmer repays the loan if his crop succeeds.

(AT AA OEA A ObydiQexdudidy®@dcAst)isA b
p( Miay h)i(1) ML +r)cthm)I] +s (A14)
xEEIT A OEA OOAAAO8O PAUI ££ EO
z § &g () + @ +npd h)MI +m]ch,mI Mrr(m+h) Ms (A15)

where zrepresents an exogenous middleman margin earned by the tradper unit output.
An efficient contract maximizes the joint payoff given by

1 +2)AJ F)(1) ML +mc(h,m)l Mrr[m + h] (A16)

It is optimal for the trader to not monitor the farmer at all (m¢(J) = 0), since
monitoring is costly, lowers expected produtvity A and increases the production cost.
Next, observe that given a certain level of help, the optimal scale of cultivationlc(f H E
which maximizes

(1 +2)AJ O)f(l) M(L +mc(h0)l (AL17)
is increasing in[ and h. Let the maximized value of the ex@ssion in equation A17) be
AAT T OA EB.Ahén helphs(]) is chosen to maximize

L EHMrrh (A18)

‘U OEA %l OAT 1T PA 4EATOATh + EO A OOPAOIT AOI AC
ET ACAAOGAO xEOE ©Hehceh®R) Giinkrénsitd: hiharEabilleyGdngers
receive more help, and end up with higher scale of cultivation, productivity, and lcav
unit cost. This rationalizes our use of scale of cultivation as a proxy for ability and for

productivity among control farmers.

Observe also thatle choice of scale of cultivation can be delegated to the farmer, if the
interest rate is set at

B4EEO EO ndgdasmiO®Ic(JL ) &hich is rising in| .
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L+p
(1+7)p(8,0) (A19)
This interest rate adjusts the cost of capital up for default risk, and then subsidized by
the trader in order to induce the farmer to internalize theeffect of cultivation scale on
4860 POl ZEOO8 (AT AA xA T AOAET PDPOAAEAOEITO | EQ
TRAIL Treatment Eff ects

1+7°(0) =

In TRAIL, a trader is appointed the agent, and recommends borrowers for TRAIL loans.
These loans are offered at interest rater, which is lowerthan the informal cost of capital
for traders m Agents earn a commission of N (0,1) per rupee interest paid by the
borrowers they recommended. We assume that any farmer whom the agent selects is
already committed to cultivating I¢, financed by informal loans taken before the TRAIL
loan was offeredto him/her. 4° As a result the TRAIL loa finances an increase in the
cultivation scale>° This applies to farmers in productivity Bins 2 and 3; for those in Bin
1 there are no preexisting plans for cultivating potatoes. In what follows, we present
calculations for farmers in Bins 2 and 3; for hose in Bin 1 we set the preexisting
cultivation scaleL<(J ) to zero.

The efficient contract betweenT and Fwill now involve a supplementary cultivation
scale oflt, resulting in total scale of Tk Ic+ It. The levels of monitoring and help will be
adjusted tomT ,h". Then the joint payoff ofT and Fis

(1+2)AJ  h)f(Le() )+IOM(L+mLe(f )+{1+r7(IM)p( h)iEc(h,mM 1[h+m]
(A20) where Le(f ) k I5(f (D).
The TRAIL agent continues to find it optimal not to monitor the farmemT(J ) = 0. Given
help h, the treatment effect on cultivation scald!(f B maximizes

(1 + A0 Bf(L() + 1) M + ML) + p( O{L +rr (1 MS)}H]c(h,m) (A21) and
therefore it also maximizes

(1 +2)a(f Of(Le(f) +1Y) M[{1 +rr(1 MS )}t c(h,m) (A22)

49 This is in order to explain the l&k of treatment effects on informal borrowing.
50 Recall that in Table4 we did not see any evidence that the TRAIL loans crowded out informal loans.
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Using the same argument as used in Lemma 2 Maitra et al. (2017), the cultivation
treatment effect It(.,h) is increasing inf . The Envelope Theorem implies that the help
provided by the agent to the treated farmehT (J ) must satisfy the first order condition

[(1+ ML) +{1 +rr(X M)} BT A E)]cn(h™()0) +r7=0. (A23)

The corresponding second order condition implies thath () is increasing. Among
treated farmers the more able will receive more help, and thereby attain lower unit costs,
cultivate a larger scale, and produce higher output: hence the Order Pegging
Assumption holds in TRAIL.

We can also compare agent interactions between treated and control farmers with the

same ability[ . Helphe(J ) provided to a control farmer with the same ability satisfies the
first order condition

[(L + ML ) en(he(f ),0) +rT= 0. (A24)

Comparing (A23) and (A24), it is evident thathT (] ) | h([ ), so treated farmers obtain
more help. The reason is that they cultivate a larger area compared to control farmers
with the same ability, so the gains from unit cost reductiongeneratea larger reduction

in total cost, which motivates the agent to provide more help. In turn this implies treated
farmers cultivate a larger area, produce more output and earn more profits compared
with control farmers of the same ability. This is pediction (iv).

GRAIL Treatment Effects

In the GRAIL scheme, the political incumbent appoints an agent who is not a trader. This
agent does not lend, or trade in inputs or crop output, and so does not have the same
businessrelated incentives as a TRAIL age. Instead, his objectives are political or
ideological, represented by welfare weight([ ), and seeks to maximize([ )p(f h)Mam.
The welfare weight also includes the commission earned by the agent. While this may
bias the agent in favor of selecting mar able rrowers because they select larger loans
and are less likely to default, we assume this is outweighed by political considerations
which bias them in favor of less able farmers, sois a decreasing function. The optimal
level of monitoring (positive if rcis small enough) satisfies

v()pm( b)) =rc (A25)

Since monitoring is more effective when farmers are less able, and the welfare weights
are decreasing in abilitym(J ) is decreasing in ability, and is greater than™(J ) = 0. This



implies prediction (vi): the GRAIL agent interacts less with high ability farmers. And
default rates on GRAIL loans are lower than on TRAIL loaggf h[)) | p(J 0).

Monitoring by the GRAIL agent affects the payoffs of treated farmers and ttiader they
contract with. Their joint payoff is given by

(1 +2)A0 hA[) +m)f(Le(f) +19) MI(1 +mLe(f)
+H1 +rr}p(f he[) +m)lglc(h,m&J ) + m) Mrr[h+m] (A26)

where |9denotes the additional area that the GRAIL treated farmer cultivates, antd,(n)
continues to denote kelp and monitoring activities of the trader. The commission does
not enter this expression since it accrues to the GRAIL agent rather than the trader. The
trader has no incentive to monitor. Hence the contract involves a treatment effelston
area cultivated and helph which maximize

(1+2)AJ RSN F(Le( )HIML+mLe( )+H{L+rrip(f R DIdle(th,m&(f )M Th

(A27)

lo(f B BBust then maximize
(1 +2)a( AN F(L) +19) MI{L +rr}gfe(h,mA(] ) (A28)

while help h&(f ) minimizes
[(1+ML(f) +{L +rr}p( AA))Ieg BEDI c(h,mA([)) +r7h (A29)

Arguments similar to those used for TRAIL treated subjects imply that higher ability
farmers receive more help. To see this, note that I#([ ;h) denotes the area treatment
effect in GRAIL for any given help, the same argument (combined wit m¥.) decreasing)
implies 19(,,h) is increasing inf . Henceh{ [ ) satisfies the first order condition

[(1+mLe() +{1 +rr}p( R NISC FEDIe(hS( ). mAJ)) +r7=0 (A30)

chm= 0 then implies thatcn(h¥(J ),mA(J )) = en(h¥(] ),0) and the second oder condition for
minimization of (A30) implies h¥. is increasing. Hence the Order Preserving
Assumption is also satisfied in GRAIL: treated farmers of higher ability have lower unit
cost, cultivate larger area and produce more outpufThis is the secongbart of prediction
(v). The first part follows from the greater monitoring in the GRAIL scheme.



Observe next that the HTE on area cultivated is higher in TRAIL, for afiy This
follows from comparing maximization problems (222) and (A28), and usinga(f h%{[))
Sa(f 0),{1+rr}>{1+rr(A MS)}andc(h,mX[)) | c(h0).

To obtain prediction (vi), compare the first order conditions (A23) and (A30) for help

provided by the trader to treated farmers in TRAIL and GRAIL. f(f ®){1 +rr(1 M
O FE) >pd AL +rrHe( F(E)) (A31)

more help will be provided to TRAIL treated farmers, who will then end up with lower
unit costs, higher odput and profits than GRAL treated farmers of the same ability
(because the latter are less productive and incur higher unit costs).

Finally we show (A31) holds if the production function has constant elasticityf(l) =
l+where | N (0,1). SinceA(J h)is fallinginmandc(f h)iis rising inm, it follows that
A(B,m%(8)) < A(6,0)
c(6,m(9)) = ¢(6,0) (A32)

This implies
a(f,0)c(h,mY(9))

a(0, m%(0))c(h, 0)] (A33)
Since the righthand-side of (A33) is larger than one:
p(8, m%(0)) a(f,0)c(h,m%(0)), s

200 = la@me@emn o) (A34)

p(8,m(0))
p(0,0)

<[

<

From the respective firstorder conditions for maximization of (A22) and (A28), and using
f(1) =14, we have

a(8,0)c(h, mY(8)) _q Le(0) +1'(0,0) ]17(_21 + (1 — 1))
a(@,m&(0))c(h,0)  “Le(0) +19(0, mE(0)) 1+ rp (A35)

The right-hand-side of this is smaller than

[ Le(O) +11(0,0) 14 rp(1 — -y"i!)]l_“
Le(0) +19(60,mE(0)) 1+ (A36)
Therefore
a(0,0)c(h, m(0)) A Le(0) +1°(60,0)  1+7rp(1—1)
a6, mE@)c(h,0) "~ T0)+14(6,mE(@)  1+rr  (A37) Combining this

with (A34) we obtain



P8, 0){1 +rr(1 —)}(LE(H) +1'(6,0))
p(8, mC(O){1 + rr}(LE(0) + 19(6, m<(0))) (A38)

o 5 Le(8)+14(6,0) < __118,0)
Sincel9(] hHJ)) SIt(J 0) we haveL“@)+is(6.m())) — 19(6.m“(6))), So A31) holds.

1<




Figure Al: Comparing selection in TRAIL and GRAIL villages. Descriptive Statistics
on Productivi ty.
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Notes: Sample restricted to Control 1 households TRAIL and GRAIL villages with at most 1.5 acres of land.
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Figure A2: Percentage of households in each Productivity Bin. TRAIL and GRAIL

Percent

TRAIL GRAIL
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39.74

3447

30
I

20
|

Notes: The height of the bars denote the fraction of householda each productivity Bin. Productivity is computed
using the logarithm of acreage under potato cultivation. Sanig restricted to Control 1 households in TRAIL and
GRAIL villages with at most 1.5 acres of land.

11



Figure A3: Variation in Farm Value Added for T reatment and Control 1 groups by
Productivity

TRAIL GRAIL
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Notes: Lowess plot of farm value added from potato cultivation n productivity presented. Separate lowess plots
presented for Treatment and Controll households in TRAIL and GRAIL villages.
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Figure AG6: Inte rest Rate on Informal Loans and Productivity. Control Households
Only

Panel A: Panel B:
Average Informal Interest Rates Variation in Informal Interest Rates
021 ™
o
g o
g ] 2
4 2 0 2 4
Pl Productivity
| I Bn1 [ Bin2 [N Bin3 | 95% ClI Locally weighted Relationship

Notes: The vertical axis measures the average interest rate paid on informal loans by househ&ld@he horizontal
axis shows the productivity estimate. In the left panel, we compute theverage interest rate for households in each
productivity bin. The average interest rate paid on informal loans by households in productivity Bin 1 is
significantly higher than that paid by households in productivity Bin 2 fMsalue= 0.03) and productivity Bin 3 (p M
value= 0.04). In the right panel we present the locally weighted regressions in of interest paid on informal loans
on productivity. The average interest rate paid by households in productivity Bin 1 is shown assangle point. The
sample is restricted to Control 1 and Control 2 households in TRAIL and GRAIL villages with at most 1.5 acres of
land. Productivity is computed using the logarithm of the acreage under potato cultivation.
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1] HKUST IEMS

INSTITUTE FOR EMERGING MARKET STUDIES
Table Al: Baseline Credit Marke t characteristics

All Loans Agricultural Loans
(€] 2
Household had borrowed 0.67 0.59
Total Borrowingd 6352 (10421) 5054 (8776)
Proportion of Loans by Source d
Traders/Money Lenders 0.63 0.66
Family and Friends 0.05 0.02
Cooperatives 0.24 0.25
Government Banks 0.05 0.05
MFI and Other Sources 0.03 0.02
Annualized Interest Rat 2 by Source (perc 2nt)
Traders/Money Lenders  24.93 (20.36) 25.19  (21.47)
Family and Friends 21.28 (14.12) 22.66 (16.50)
Cooperatives 15,51 (3.83) 15.70 (2.97)
Gowernment Banks 11.33 (4.63) 11.87 (4.57)
MFI and Other Sources 37.26 (21.64) 34.38 (25.79)
Duration by Source (da S)
Traders/Money Lenders 125.08 (34.05) 122.80 (22.43)
Family and Friends 164.08 (97.40) 183.70 (104.25)
Cooperatives 323.34 (90.97) 327.25 (87.74)
Government Banks 271.86 (121.04) 324.67 (91.49)
MFI and Other Sources 238.03 (144.12) 272.80 (128.48)

Proportion of Loans Collaterali

Traders/Money Lenders
Family and Friends

Cooperatives

0.02

0.04

0.79

zed by So urce

0.01

0.07

0.78



Government Banks 0.81 0.83

MFI and Other Sources 0.01 0.01

Notes: Statistics are reported for all sample households in TRAIL
and GRAIL villages with at most 1.5 acres of land. All characteristics

are for loans taken by the households in Cycle 1. Pmagn loans are
not included. For the interest rate summary statistics loas where
the principal amount is reported equal to the repayment amount
are notincluded. To arrive at representative estimates for the study
area, Treatment and Control 1 householdsra assigned a weight of

3oyand Control 2 households are assigned a wéigof —~ , wereN
is the total number of households in their villaged: Total borrowing
= 0 for households that do not borrow.d: Proportion of loans in
terms of value of loans at the busehold level. All proportions are
computed only over households that brrowed. Standard

deviations are in parentheses.

Table A2: Cultivators and Non -cultivators. Differences in

Demographic Characteristics

Non Cultivators  Cultivators
(1) (2)
Landholding 0.267 0.561
Non Hindu 0.239 0.139
Low Caste 0.419 0.261
Household Size 4.440 4.806
Female Headed Household 0.101 0.031
Age of Oldest Male 45.280 49.007
Oldest Male: Completed Primary School 0.348 0.457

Notes: Households that cultivate potato at leat 2 of the 3 survey years are

categorized as cultivators.
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