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Abstract

Essays on behavioral responses to development interventions

by

Kyle Jared Emerick

Doctor of Philosophy in Agricultural and Resource Economics

University of California, Berkeley

Professor Elisabeth Sadoulet, Chair

This dissertation combines three papers which are all empirical analyses of agricultural inter-
ventions in developing countries. I focus on how new policies, technologies, and institutions
affect the behavior of small-scale farmers in both Mexico and India. The first paper focuses
on the certification of agricultural land in Mexico while the second and third papers focus
on technology adoption in rural India.

Chapter 1, which is based on joint work with Alain de Janvry, Marco Gonzalez-Navarro,
and Elisabeth Sadoulet, shows that removing the link between active land use and ownership
through certification leads to a reallocation of labor away from agriculture and towards
migration. In particular, we use the rollout of the Mexican land certification program from
1993 to 2006 to show that households obtaining land certificates were subsequently 28%
more likely to have a migrant member. This response was differentiated by initial land
endowments, land quality, outside wages, and initial land security, as predicted by our model.
Effects on land under cultivation were heterogeneous: in high land quality regions land under
cultivation increased while in low quality ones it declined.

Chapter 2, which is based on joint work with Alain de Janvry, Elisabeth Sadoulet, and
Manzoor Dar, shows evidence that risk is an important factor that constrains the decisions
made by small farmers. More specifically, the chapter reports results of a field experiment
in Odisha India that quantifies the effects of Swarna-Sub1, a promising new rice seed that
effectively reduces risk by sharply reducing the susceptibility of the crop to flood damage. In
doing so, the chapter offers novel evidence on the effect of a direct reduction in production
risk on economic behavior. Specifically, access to this new technology leads to increases in
area cultivated, fertilizer used, and the likelihood of using a more modern planting method.
Also, the technology reduces precautionary savings of grain for consumption and increases
the use of agricultural credit. An important implication from the chapter is that technological
progress that directly eliminates weather-induced production variability offers a promising
method of advancing agriculture in areas that are prone to extreme weather.

Chapter 3 builds on the promising results in Chapter 2 by studying diffusion of Swarna-
Sub1. I provide an experimental test of whether informal exchange of Swarna-Sub1 between
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farmers produces an efficient allocation. I report results on a field experiment, also in Odisha,
to compare decentralized trade of Swarna-Sub1 through networks with an approach where
demand was revealed via door-to-door sales. While 84% of farmers are expected to gain from
Swarna-Sub1, only 7% adopt in networks. Conversely, 40% of farmers adopt when demand
is revealed in door-to-door sales. Using variation across the sample in estimated gains in
revenue, I show that 63% of the gains from door-to-door sales are lost with decentralized
trade through networks. Frictions preventing interactions between farmers from different
social groups offer an explanation for the results. Sub-caste and surname association with
suppliers are strong predictors of adoption in networks, but have no effect in door-to-door
sales. The main implication from the chapter is that relying on exchanges between farmers
to disseminate new seed varieties will not produce an allocation where demand is met.
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CHAPTER 1. LAND CERTIFICATION AND MIGRATION IN MEXICO 1

Chapter 1

Land certification and migration in
Mexico

1.1 Introduction

Well-defined and secure property rights over land have long been recognized as essential for
economic development (Demsetz, 1967; North and Thomas, 1973; De Soto, 1989). There
are however different ways in which these rights can be established. Contrary to the norm
in developed countries in which rights are established with land tiles, in many developing
countries rights are established by contingent use. In the latter case, security of access
requires evidence of active use (production); i.e., leaving land idle implies a risk of reallocation
without compensation. This can be inefficient as it imposes restrictions on the amount of
labor used on the land by requiring that it be kept in production at an accepted standard of
use, ignoring the return to labor in other activities. With a focus on improving the security
of access to land and stimulating investment, land certification and titling programs have
been proposed (De Soto, 2000), resulting in the implementation of large-scale certification
programs sponsored by national governments and international development agencies (Heath,
1990). While the focus has been on land productivity, little attention has been given to the
potentially large effects on the spatial reallocation of labor. The importance of this effect
becomes clear once one considers that in developing countries value added per worker is on
average four times higher in the non-agricultural sector than in agriculture (Gollin et al.,
2012). For the specific case of Mexico, in the early 1990s agriculture represented only 3.8%
of GDP while 34.4% of the population lived in rural areas.

In reviewing the literature, Galiani and Schargrodsky (2011) find that the benefits from
well-defined and secure property rights over land can materialize through four channels:
enhanced investment incentives (Alchian and Demsetz, 1973; Lin, 1992), facilitation of land
trades (Besley, 1995; Deininger, 2003), increased use of land as collateral to access credit
(Feder, Onchan, and Chalamwong, 1988; De Soto, 2000), and improved intra-household labor
allocations (Field, 2007). There is no clear distinction, however, as to whether rights are
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established by use or by certification/titling, for as long as they are well defined and secure.
Yet, the difference on labor and land use can be very important: use-based rights can restrain
migration out of agriculture and keep inferior land in production (Feder and Feeny, 1991).

The classic economic argument regarding the impact of weak property rights on migration
is based on treating insecurity as a tax on output. Improving property rights is then predicted
to increase the marginal products of agricultural land and labor, decreasing incentives to
migrate. In this paper, we argue that a pre-title regime where use-based property rights
require presence of the owner on the land and his active use of the land, creates a distortion
working in the opposite direction, inefficiently tying labor to the land.1 We use a simple
household model to show that implementation of a land certification program delinking land
rights from land use can lead to increased outmigration. In the model, the inefficient labor
tying result rests on two main conditions: a preexisting suboptimal farm size and the land
use requirement.

We test the model’s predictions using data from Mexico’s large-scale land certification
program (Programa de Certificación de Derechos Ejidales y Titulación de Solares, or Pro-
cede). The program was rolled out nationwide from 1993 to 2006 to issue certificates of
ownership over ejido land. Ejidos are agrarian communities that were created over the 1914
to 1992 period as part of an ambitious land reform program in which community members
(ejidatarios) were granted use and residual claimant rights over individual agricultural plots.
Security of access for individuals was closely linked to usage. Any land that was left fallow
for more than two years could be granted to another beneficiary. Procede revoked this pat-
tern of property rights. It gave ejidatarios land certificates specifying the name of the owner
of each agricultural plot alongside with a GIS-based map of the plot. Similar documents
were provided for residential plots, while a certificate was issued to each ejidatario giving
ownership of a share of common use lands. Procede was massive in scale, providing certifi-
cates to over 3.6 million families by the end of the program. We use this large-scale land
certification experiment to assess the migration and land reallocation impacts of redefining
property rights from use-based to title-based.

Because the program provided certificates to the entire community simultaneously, selec-
tion concerns are minimized.2 We use a fixed-effects econometric specification that compares

1There are many examples of use-based property rights with implications on the efficiency of land use.
In Brazil, cultivation of more than 50% of the potentially productive area in large farms is required by the
constitution of 1988 as a “social obligation” of land ownership, with the right to expropriate at the demand
of occupants if deemed under-used (Navarro, 2009). By contrast, occupants making active use of the land
cannot be removed as long as they are growing crops. In China, under the household responsibility system
introduced in 1978, land belongs to the community and individual farmers have usufruct rights that can be
subject to expropriation. Households engaging in off-farm employment are more likely to see part or all of
their land reallocated (Rozelle and Li, 1998). In Ghana, Goldstein and Udry (2008) find that individuals
with more secure property rights due to their political position can reduce land use, leaving it idle over longer
fallow periods to restore soil fertility.

2Typically, distribution of land titles is demand driven. See for example, Alston, Libecap, and Schneider
(1996).
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changes in migration between households in early certified and later certified ejidos.3 We
establish the migration result using three independent datasets with the following results.
First, using panel data on rural households, we find that households in certified ejidos were
subsequently 28% more likely to have a migrant household member. Second, using locality
level data from two successive population censuses, we find that certification led to a 4% re-
duction in population. Third, we use a nationwide ejido census to confirm that certification
led to more young people leaving the ejido for work reasons. Our estimates imply that about
70,000 people–or some 20% of the total number of migrants from these communities–can be
attributed to the certification program.

With this main result established, we proceed to test other predictions of the model. First,
we document heterogeneity in migration responses, with larger effects for households with
ex-ante weaker property rights (associated with border conflicts and gender of the household
head) and with more attractive off-farm wage opportunities. Second, we document that
migration effects are smaller where land is more productive, consistent with labor tying being
more onerous in less productive land. Third, we find evidence of sorting at the community
level regarding who migrates based on differential land endowments. Farmers with more land
were less likely to migrate than smaller landholders as a result of the program. The model
predicts this differential effect, as the use restriction in the previous property rights regime
was more binding for farmers with smaller landholdings. Finally, the model suggests that
the difference in migration responses between large and small landholders should be sharper
in areas with higher land productivity. We find clear evidence of this in the data. The overall
effect of certification for land-rich households in high productivity areas is not statistically
different from zero. In contrast, in low land productivity regions the migration effect is
statistically significant for large and small landholders and of about the same magnitude.

The focus of the empirical analysis in the first part of the paper is on the labor reallocation
effects. The second part of the paper explores the effects of certification on farm consolidation
and land use. By allowing consolidation of farm units, the certification program could help
resolve the suboptimal farm size problem. Of course, frictions in the land market in spite
of certification can also lead to less cultivation if migrants decide to keep the land fallow
- but preserve ownership due to its option value or as a retirement activity. We test for
this effect using a Herfindahl land concentration index, but cannot reject that there was no
consolidation over a four year period, although the coefficient is positive and the magnitude
economically significant. Land concentration effects may of course take a longer time to
emerge and we only have data on this outcome in a four year window.

The second question regarding land use we focus on is whether the certification program
actually led to reductions in cultivated area. Less labor inputs are naturally expected to
decrease total output. However, there are two countervailing forces that make this an empir-
ical question. The first is land consolidation in a context of increasing returns to land, while
the second is the enhanced investment effect traditionally argued for in the property rights

3The robustness checks section provides evidence for the parallel trend assumption necessary for identi-
fication.
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literature. Investments that are complementary to agricultural land could help expand cul-
tivated area after the program. We use three rounds of satellite land use data to determine
that, on average, farmland in ejidos did not decrease after introduction of the program in
spite of large population losses. We also find that the impact of certification on land area
under cultivation depends on land quality: ejidos in high land productivity areas saw an
increase in farmland after the certification program was introduced compared to those in
low productivity areas where there was a slight reduction.

An alternative explanation for the increased migration result is that the certification pro-
gram attracted funds from outside the community through land transactions which helped
finance migration by relaxing liquidity constraints.4 We test and reject that this alternative
mechanism is explaining the increased migration after certification. We assess the role of
credit constraints by comparing the effect of the certification program between randomly as-
signed Progresa (a conditional cash transfer program) and non-Progresa localities. Because
the former experienced substantial exogenous cash inflows before certification, thereby mit-
igating liquidity constraints, the migration response should be smaller in Progresa localities
once certification occurred. We do not find evidence of this in the data.5

Our paper relates to a new literature on the effects of property rights on migration in
rural areas. In the context of China, a recent working paper by Giles and Mu (2011) shows
that tenure insecurity caused by periodic land reallocations, based in part on household land
use, has caused farmers to reduce outmigration. Work by Chernina et al. (2013) studies rural
to rural migration in the Russian Empire during the early 1900s and argues that increased
land liquidity was an important component of the Stolypin titling reform. The authors use
a difference-in-differences strategy to show that migration increased significantly after the
titling reforms. It is however difficult to attribute the effects of the Stolypin reforms to
land liquidity since the reforms occurred concurrently with a large number of government
programs designed to incentivize migration to rural Siberia, including giving away land at
destination and paying for transportation costs.6 In a recent paper, Valsecchi (2012) studies
the effect of Procede on international migration to the U.S. using a triple differences estima-
tor. However, an important complication arises from his use of posesionarios/avecindados7

as a non-eligible household control group, since these were often formally recognized as eji-
datarios during administration of the program or hired as laborers following the opening of
the labor market. Because the program had indirect effects on non-eligible households, this

4Angelucci (2012b) shows that conditional cash transfer programs alleviate credit constraints and allow
for migration of household members.

5Previous research has failed to document a credit access effect from banks using land as collateral after
titling (Galiani and Schargrodsky, 2010; Field and Torero, 2006). The Mexican certification program was
explicitly designed to limit mortgages (hence the term certification, not title) so we ignore this alternative in
the paper. Early evidence on Procede also failed to find any credit access effects (Deininger and Bresciani,
2001).

6The authors also show that the main effects of the reform on migration persisted conditional on land
sales, suggesting that other mechanisms are potentially contributing to the results.

7Avecindados are families living in the ejido without formal access to ejido land. Posesionarios are fringe
members of ejidos that had voting rights in ejido assemblies, but did not have formal access to ejido land.
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creates identification concerns for triple difference estimates. Land rights and migration in
Africa have been studied by de Brauw and Mueller (2012) who show that changes in self-
reported perceived transferability of land rights was not significantly correlated with changes
in probability of labor out-migration in Ethiopia. That null result of course must be consid-
ered as taking place in a context in which the land remains state-owned, and sales, mortgages
and land exchanges are still illegal, making it unclear how perceived land transferability can
impact migration.

Other work on property rights and labor allocation has focused on urban areas. Field
(2007) finds that providing land titles to urban squatters in Peru resulted in an increase in the
amount of labor allocated to work away from home, in essence due to a reduction in the need
for guarding labor. In contrast, Galiani and Schargrodsky (2010) find that the provision of
land titles to squatters in urban Argentina had no effect on labor market outcomes, possibly
due to unconstrained labor supply prior to the reform.

Our paper complements this literature by providing theory and empirical analysis suggest-
ing a different explanation for why households may migrate after rural land titling programs.
Requirements to use land productively put households in a constrained optimum where too
much labor was being used in agriculture, particularly in the least productive areas and on
the smaller farms. Our model has clear predictions about what types of families should be
most likely to send migrants following reform. The household-level microdata that we use
allows us to test these theories. The prediction that some families should send migrants
and others should not has implications for the aggregate impacts of the reform. Particu-
larly, sorting according to land productivity suggests that average productivity could indeed
increase due to migration rather than to increased investment.

The remainder of the paper is organized as follows. In Section 2 we provide further details
on Procede. Section 3 develops a basic household model and derives testable implications.
Section 4 discusses the data and the identification strategy. Section 5 presents the results.
Section 6 provides robustness checks and section 7 concludes.

1.2 The Procede Land Certification Program

During the period from 1914 to 1992, Mexico’s first land reform consisted in government
expropriation of large private landholdings and redistribution of these tracts of land to groups
of peasant farmers organized in agrarian communities called ejidos (Sanderson, 1984).8 Once
awarded, the land was managed by the assembly of farmers under the guiding hand of the
state. Beneficiaries received usufruct rights to a land plot for individual cultivation, access
to common-use land (for forests, pastures, and surface water), and a residential lot. With
the objective of limiting land concentration, ejidatarios faced strict legal restrictions on

8The program also certified land in indigenous communities. In the remainder of the paper we do not
differentiate ejidos from indigenous communities.
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rentals and sales of land.9 Furthermore, the Constitution itself ruled that any individual
land that was not cultivated in two consecutive years was to be reassigned to a member of
the community willing and able to cultivate the land, imposing a permanent “use it or lose
it” restriction.

Giving access to land with obligation to use it productively has been an important in-
strument of land redistribution programs. For example, the United States Homestead Act
of 1862 and the Reclamation Act of 1902 only awarded title to the landholder after five
years of actual and continuous residence in order to guard against “dummy filings, specula-
tion, and the accumulation of large estates” (Coman, 1911). In the Mexican ejido, the use
requirement was permanent. Political scientists have argued that granting incomplete prop-
erty rights with use requirements was purposefully done to create a clientelistic relationship
between farmers and the party in power, in spite of the economic inefficiencies it entailed
(Magaloni, 2006).10

This first land redistribution program, one of the largest in the world (Yates, 1981),
eventually resulted in low agricultural productivity and high levels of poverty among bene-
ficiaries (de Janvry, Gordillo, and Sadoulet, 1997). With the impending advent of NAFTA
(the free trade agreement between Mexico, the United States, and Canada), the Mexican
government introduced a major constitutional reform in 1992 to improve efficiency in the
ejido by certifying individual land plots to current users. The reform was clearly intended to
improve security of access to land in the ejido by delineating individual property boundaries
within the ejido, thus encouraging long-term productive investments by ejidatarios (Heath,
1990). The reform created Agrarian Tribunals to resolve conflicts over the issuance of cer-
tificates, established an ejido National Land Registry where individuals would be assigned
parcels in the ejido, allowed land rental and sales between ejidatarios, and established a
well defined procedure to turn ejido certificates into full titles that could be sold to non-
ejidatarios.11 By issuing land certificates, the program effectively delinked property rights
from use requirements.

The program was national in scope and took 13 years to complete. The registration pro-
cess began with officials from the Agrarian Attorney’s Office (PA) approaching ejido officials
and providing information about Procede. An ejido assembly was called to approve initiation
of the certification process. Except for a few conflict zones, the program progressed remark-
ably smoothly. After the first assembly, government officials from the National Institute of
Statistics and Geography (INEGI) worked with the ejido to identify owners of plots and to
produce GIS maps of the ejido. Any disputes over property ownership had to be resolved
during this stage of the process by the agrarian courts especially created to resolve such
conflicts (Deininger and Bresciani, 2001). After all conflicts had been resolved, the maps
showing individual ownership were submitted for approval at a final ejido assembly. Final

9Although there is evidence that a black market for ejido lands existed in some parts of the country
(Cornelius and Myhre, 1998).

10In a recent paper, we find evidence of voting behavior consistent with that hypothesis (de Janvry,
Gonzalez-Navarro, and Sadoulet, 2013).

11See Appendini (2002) and de Ita (2006) for a description of the reforms.
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approval resulted in issuance of ownership certificates by the National Agrarian Registry
(RAN) simultaneously to all rights-holders in the ejido.

de Janvry, Gonzalez-Navarro, and Sadoulet (2013) investigate the correlates of the Pro-
cede rollout, showing that ejidos where the program was initiated earlier were on average
smaller, had more land in parcels, were closer to large cities, were wealthier, had fewer pose-
sionarios, and were more likely to be in municipalities that were politically aligned with the
party of the state governor. The differences between early and late certified ejidos are not
a threat to our identification strategy as long as the differences are largely time invariant or
uncorrelated with changes over time in migration. As a first robustness check to address this
concern we verify that changes over time in migration prior to the program were not corre-
lated with the year of program completion. In our main analysis, we also interact fixed ejido
characteristics with time effects to account for the possibility that migration changed over
time due to these fixed characteristics that were correlated with timing of land certification.

1.3 Theory

The traditional land insecurity model treats insecurity of property rights as a tax on produc-
tion. Because improving property rights in the canonical model generates a higher expected
output, this naturally leads a household to optimally allocate more labor to the farm, thus
reducing the equilibrium level of outmigration. Note that this result is based on the critical
assumption that the household is always efficiently allocating labor between uses.

The main innovation in our model is to introduce use requirements as a condition to
maintain property rights. In a context of small plot sizes (due to the prohibition of land
transactions), this leads to spatial labor misallocation. The model makes clear how these two
conditions can cause inefficient tying of labor to land, and how relaxing the use restriction
can provoke increased outmigration. Once this is established, the model is used to generate
predictions about heterogenous effects which can be taken to the data.

Setup

We use the standard agricultural production model in which farm labor he produces expected
output Ye according to Ye = γAαhβe , where 0 < α, β < 1, A is land, and γ is a total
factor productivity parameter. We incorporate migration as households having the option
of supplying labor hm in the non-farm labor market at the wage wm, from which they earn
wmhm. Household utility is quasi-linear:

u(C, `) = C + v(`),

where C is consumption, ` is leisure, and utility of leisure is concave (v′ > 0, v′′ < 0).
Households are endowed with time T which is spent working on the farm, on wage labor off
the farm, and on leisure, so that T = he + hm + ` is the time constraint. The household’s
budget constraint is C = γAαhβe + wmhm + I, where I is non-labor income.
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Traditional land insecurity model

Insecure property rights are usually modeled as reducing the expected product that the
household reaps from farm labor (for instance Besley and Ghatak, 2010). In particular,
expected farm production becomes Ye = (1 − τ)γAαhβe , where τ ∈ [0, 1] reflects the degree
of insecurity in property rights.

Obtaining the first order conditions of the household’s problem and differentiating with
respect to τ provides the following prediction:

∂he
∂τ

=
−he

(1− τ)(1− β)
< 0.

Thus, in the standard setup, improving property rights results in an increase in farm labor
and a corresponding decrease in migration.

When land use preserves property rights over the land

In line with the nature of property rights in Mexican ejidos, we instead incorporate land
insecurity as a required minimum production level per unit of land:

Ye
A
≥ πm

s
,

where πm is the minimum yield, and s ∈ (0, 1) is a parameter representing the household’s
specific strength of property rights. The parameter s captures the idea that households
with weaker property rights have to maintain a higher production level to keep their land
(Goldstein and Udry, 2008). Because we do not have stochastic output, the minimum yield
requirement can alternatively be thought of as a minimum labor requirement per unit of
land. However, in deference to the principal-agent literature, we use the minimum yield
requirement as it is more realistic.

In line with use-based ownership, there is neither a rental nor a sales markets for land,
and farmers are not allowed to hire workers. Hence A is the exogenously allotted land to
the household during the initial phase of land reform, and he can only be family labor. Lack
of land markets and farm sizes below the optimal scale generate non-decreasing return to
scale (α + β ≥ 1). Non-decreasing returns to scale can arise out of small landholdings or
production indivisibilities. In any case, there is evidence for this assumption in Mexican
ejidos.12

12The 1994 ejido survey was administered to around 1300 ejido households by the World Bank. We
estimated a production function of the form ln(productionis) = β0+β1ln(hectaresis)+β2ln(laboris)+αs+εis,
where i indexes households and s indexes states. Standard errors were conservatively clustered at the state
level. The estimates from this regression are β̂1 = 0.933 and β̂2 = 0.176. The sum of the two coefficients
is significantly larger than 1 with a p-value of 0.048. While these estimates certainly cannot be interpreted
causally, the results provide suggestive empirical evidence consistent with non-decreasing returns to scale in
this context. See also Adamopoulos and Restuccia (2013) for estimates of the efficiency cost of small farms
in developing countries.
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Without constraint, the optimal allocation of labor to farm production would be:

h∗e =

(
γβ

wm

) 1
1−β

A
α

1−β , (1.1)

which is an increasing and convex function of A. The minimum yield constraint requires the
household to allocate a minimum amount of labor (he) to agricultural production

he =

(
πm
sγ

) 1
β

A
1−α
β , (1.2)

or else lose its land. This minimum labor requirement is an increasing and concave function
of A. The restriction will bind for farm sizes that are smaller than the threshold A0 defined
by h∗e = he:

A0 =

[
1

γ

(πm
s

)1−β
(
wm
β

)β] 1
α+β−1

. (1.3)

At the constrained labor allocation, the average on-farm return to labor is:

Ye
he

= γAαhβ−1
e = γ

1
β

(πm
s

)1− 1
β
A

α+β−1
β ,

When the restriction binds, although households allocate more time to the farm than under
unrestricted optimization, it is still advantageous to allocate he to the farm as long as the
average return to farm labor is as large as the off farm wage, i.e., Ye/he ≥ wm. This defines
a threshold A1 below which households will prefer to relinquish their land and fully work
off-farm:

A1 =

[
1

γ

(πm
s

)1−β
wm

β

] 1
α+β−1

= β
β

α+β−1A0 (1.4)

Equilibrium Labor Allocation: The labor allocation solution to this restricted optimiza-
tion is represented in Figure 1.1 and summarized as follows :

• Leisure is determined by: wm = v′(`)

• On farm labor is given by:

(i) he = h∗e, if A ≥ A0

(ii) he = he, if A1 ≤ A ≤ A0

(iii) he = 0, if A ≤ A1,

where A0 is defined by h∗e = he, and A1 is defined by Ye/he = wm
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• Migrant/off-farm labor is given by:

hm = T − he − ` (1.5)

The results have simple interpretations since land is the key complementary input to farm
labor. Households with a sufficiently small land endowment cannot obtain their opportunity
cost by staying and cultivating land; they choose to surrender their land and work off-farm.
Households with a large land endowment have a high marginal product of labor and are
thus unaffected by the production constraint. These households optimally allocate all their
labor to agriculture while at the same time producing enough output to keep their land.
Only households with intermediate levels of land find themselves allocating more labor than
would be optimal under unrestricted optimization.

We argue that in the context of Mexican ejidos one can think of most households as be-
longing to this intermediate range. First, consider that the objective of the original Mexican
land redistribution program was to provide land to as many landless peasants as possible.
This gave the government an incentive to minimize plot size subject to providing the house-
hold a livelihood (the opportunity cost in the model). Second, because land transactions
were not allowed prior to the Procede program, farm sizes were maintained at the originally
allocated size without allowing for adjustments in response to the advent of mechanization
in agriculture, which is thought to increase the optimal farm size. Third, further evidence
of excess labor in ejidos comes from the 1991 agricultural census which indicates that the
number of workers per hectare of land in the Mexican private sector (non-ejido) was 0.041,
whereas in the ejido sector it was 0.052.

Land certificates and migration

Procede certificates can be interpreted as allowing farmers to move from the restricted opti-
mization situation to the unrestricted situation. If the minimum labor allocation restriction
was binding (regime (ii) with A1 ≤ A ≤ A0), farm labor decreases with land certificates :

∆he = h∗e − he

And migrant labor increases by the opposite amount:

∆hm = he − h∗e =

(
πm
sγ

) 1
β

A
1−α
β −

(
γβ

wm

) 1
1−β

A
α

1−β . (1.6)

In Figure 1.1, certification is represented by a vertical move from the restricted to the
unrestricted on-farm labor schedule. Leisure is unaffected because it is solely determined by
the outside wage wm.
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Figure 1.1: Labor allocation to farm production

A2 A1 A0
No cultivation Constrained Unconstrained

Optimal farm labor

Constrained farm labor

Migration

Farm size

Notes: Figure shows the optimal agricultural labor schedule as a function of farm size. Optimal farm labor
is labor use under the title-based regime. Constrained farm labor is labor use under the minimum
production constraint. See Section 3 for other details on theoretical model.

Heterogeneity in migration response to certification

This simple framework can be used to obtain comparative statics predictions resulting from
household level heterogeneity. Note that, while the level of migration hm of a household de-
pends on family size (equation 1.5), this is not the case for the out-migration ∆hm induced
by the land certificate (equation 1.6). Our unitary model also does not generate predictions
on which household members should migrate as a response to the program. Ejidos did not
have rules on which household members should cultivate land and therefore any household
member could be used to meet minimum production requirements.13 The predicted mi-
gration response however varies with strength of the use-based property rights previously
enjoyed, outside wages, farm size, and land productivity. All comparative statics results are
obtained by simple differentiation of equation (1.6).

13In results not reported here we find marginally significant heterogeneity in program effects according to
the number of young males in the household at baseline. These effects could be interpreted as either related
to household size (T ) or to greater potential off-farm wages (wm).
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Degree of security under use-based property rights
Heterogeneity in the degree of land insecurity under the use-based regime can be thought of
as heterogeneity in the s parameter. More insecure property rights are reflected as a lower
s and a higher required farm activity he. Differentiating (1.6) with respect to s:

∂∆hm
∂s

=
∂he

∂s
< 0

shows that, ceteris paribus, this generates a higher migration response the more insecure
property rights were in the use-based regime.

Off-farm wages
Higher wages commanded higher levels of migration hm through lower optimal leisure. They
also induce a higher migration response to the land certificate:

∂∆hm
∂wm

= − ∂h∗e
∂wm

> 0

Because the unrestricted on-farm labor schedule is lower the more attractive outside oppor-
tunities (wm) are, the regime change leads to larger migration responses from households
with better off-farm opportunities.

Land productivity
Differing farmland quality in the model can be understood as heterogeneity in the produc-
tivity parameter γ. Higher land quality reduces the minimum labor necessary to reach the
required yield under use-based rights and increases the optimal labor that the household
should allocate to the farm. Both effects contribute to a reduction in the excess labor im-
posed by use-based property rights:

∂∆hm
∂γ

=
∂he

∂γ
− ∂h∗e

∂γ
< 0

This suggests that farms with lower land productivity have more outmigration when moving
from a use-based to a title-based property rights regime.

Farm size
Differentiation of (1.6) with respect to A gives:

∂∆hm
∂A

=
∂he

∂A
− ∂h∗e
∂A

=

(
πm
sγ

) 1
β 1− α

β
A

1−α−β
β −

(
γβ

wm

) 1
1−β α

1− β
A

α+β−1
1−β

This expression can be shown to be negative for land size A greater than a threshold A2

where the two curves he and h∗e have parallel slopes.

A2 = A1

[
(1− α)(1− β)

αβ
β

−1
1−β

] β(1−β)
α+β−1
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The first term in the square brackets is smaller than 1, while the second term is greater than
1, meaning that A2 can either be greater or smaller than A1. Hence, migration induced by
relaxing the yield constraint decreases with farm size, except possibly for the smallest farms
still operating with A ∈ [A1, A2], if it is the case that A1 < A2. The case where A2 < A1 is
depicted in Figure 1.1. In this case the vertical distance between the two curves is clearly
decreasing in A. This expression suggests that if there is heterogeneity in land holding size
(A) within ejidos, the larger landholders should migrate less in response to certification.
This can be thought of as a sorting effect in which the larger farmers are more likely to stay
behind while the smaller more marginal farmers migrate.

It is also straightforward to see that this expression implies that the differential induced
migration across farm sizes is sharper in areas with higher land quality:

∂2∆hm
∂γ∂A

< 0.

This prediction is economically important. It can be interpreted as saying that the mi-
gration response of larger landholders in high productivity areas is lower than the migration
response of larger landholders in low productivity areas. An equivalent interpretation is
that in low productivity areas, the difference in migration response between small and large
landholders is not as different as that which arises in high productivity ones.

In summary, we expect that delinking property rights from use requirements allows house-
holds to allocate the optimal amount of labor to their farm activity instead of the inefficiently
high level required by the “use-it or lose-it” restriction. The out-migration response is ex-
pected to be larger for households that had weaker property rights under the prior regime of
incomplete property rights, that have better outside opportunities, smaller farms, and lower
land quality. We also expect that the differential migration response between small and large
farms is stronger in areas with better land. These are the results taken to the data in section
1.5.

Before moving to the data, we should explicitly acknowledge that the model focuses on
the use constraint and its effects in an environment of small landholdings (increasing returns
to scale). In doing so, it leaves out many other factors that, while relevant, cannot explain
the migration responses we are interested in. The first factor left out in this model is land
consolidation. Procede can be expected to allow farmers to consolidate their operations (by
rentals or sales of land) in order to achieve a more efficient scale. We test for this effect
when we explore land use outcomes, but note that it cannot explain increased outmigration.
By increasing the productivity of labor, land consolidation works to increase labor demand.
The second factor we leave out is labor markets. If Procede allowed for more efficient labor
markets, we expect moving towards a separation equilibrium (as in Benjamin, 1992). We
test for this in the results section, but note that it would not explain increased outmigration
either.

Finally, the view we take in this model is that credit constraints were not restricting
migration. Some have argued that the existence of wage differentials between urban and
rural areas may be explained by credit constraints to migration (Levy and Van Wijnbergen,
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1995), and this is a definite alternative mechanism. By allowing land transactions to take
place, certification could have alleviated credit constraints and allowed for more migration.
We investigate this alternative mechanism empirically, but fail to find evidence for it.

1.4 Data

Our source of information on the rollout of Procede is a set of ejido digital maps created
during the certification process by INEGI and managed by RAN. GIS ejido boundaries are
available for the 26,481 ejidos that completed the program during the period from 1993-
2006.14 The rollout of the program was quite rapid. Nearly half of all ejidos were fully
certified by 1997 while all but a small subset of ejidos had completed the program by 2006.
The curve in Figure 1.2 gives the share of these ejidos that had completed the program each
year from 1993 to 2006. Figure 1.2 also shows the dates of the other datasets used: the
Progresa surveys (ENCEL), the population censuses, the ejido censuses, and the land use
maps. Figure 1.3 in the online appendix maps the rollout of Procede at the national level,
helping visualize the extensiveness and national scope of the program.

We use the 1998-2000 Encuesta Evaluacion de los Hogares (ENCEL) surveys adminis-
tered in the evaluation of the anti-poverty program Progresa to study individual migration
behavior.15 The ENCEL data consist of a panel of approximately 25,000 households from
506 poor localities that qualified for the program in the states of Guerrero, Hidalgo, Mi-
choacan, Puebla, Queretaro, San Luis Potosi, and Veracruz. We matched the localities to
ejidos using the coordinates of the centroid of the locality. We considered the locality to
match an ejido if the centroid of the locality was located inside the boundaries of one of the
ejidos in the GIS database. This process matched 200 localities to 195 different ejidos. Of
these ejidos, 68 were certified in 1993-1996, 51 in 1997-1999, and 76 after 1999. Our final
data consist of an unbalanced panel of 7,577 households from ejidos that were certified after
1996.16 Approximately 2.2% of these households had a migrant leave during 1997. Between
1998 and 2000 an additional 5.9% of households sent a migrant.

For the community level analysis, we use the 1990 and 2000 population censuses at the
locality level from INEGI. Figure 1.2 shows that approximately 75% of ejidos completed

14These data also include 246 ejidos that were in the process of certification but had not yet completed
the program during 2007. They do not include the remaining 2500 ejidos that were left to a special program
after Procede closed in 2006.

15Progresa is the Mexican conditional cash transfer program started in 1997. The program is now referred
to as Oportunidades. Progresa localities were selected to have more than 50 but less than 2,500 inhabitants
and have a high marginality index as computed from the 1990 population census and the 1995 population
count information. We use the 1998, 1999, and 2000 ENCEL surveys. The 1997 migration data were derived
from recalls in the 1998 ENCEL survey. The 1997 ENCASEH baseline survey did not have comparable
migration information.

16The panel is unbalanced due to attrition as well as addition of a small number of households to the
sample in 1999 and 2000. Our migration result is robust to estimation with a fully balanced panel of
households.
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Figure 1.2: Correspondence between data and rollout of Procede
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Notes: Figure shows cumulative share of ejidos certified over time. Vertical lines represent observations for
each of the datasets used in the analysis. The Progresa ENCEL data are from 1998-2000. Migration recall
data were used for 1997. Locality level census data are from 1990 and 2000. Ejido level census data are
from 1991 and 2007. LANDSAT land use data are from 1993, 2002, and 2007.

the program between the two censuses. We matched locality centroids to ejidos using the
spatial matching technique mentioned above. The final data used in the regressions is a
balanced two year panel of population and certification status for 17,328 localities.17 These
data cover all states of Mexico and therefore have broader geographic coverage than the
panel of Progresa households. Approximately 62% of the localities in ejidos experienced a
decline in population during the period from 1990-2000.

The fourth dataset we use is the Ejido Census (Censo Ejidal) from INEGI that was
administered to all ejidos in Mexico in the years 1991 and 2007. The 1991 and 2007 matched
surveys are not publicly available and were merged by INEGI specifically for this study.
Because the census data that were made available to us did not identify the ejido by name,

17All regressions at the community level exclude localities that had population of 20 or less individuals
in 1990. Small localities often disappear or are regrouped over time and we therefore drop them from the
analysis.
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we created a matching algorithm that builds on common variables in the two censuses and
the ejido GIS maps to construct a matched dataset of 19,713 ejidos. The details of the
matching algorithm are given in the online appendix.

Finally, we use INEGI GIS land use maps for the whole country. The data consist of
Series II, III, and IV of the INEGI land use/land cover maps. The data are based on a
combination of Landsat imagery taken during 1993, 2002, and 2007 and a series of field
verifications by INEGI. The digital ejido boundaries were overlaid on the land use maps to
create a panel of land use at the ejido level for the years 1993, 2002, and 2007. The median
amount of agricultural land during 1993 in the ejidos certified in 1993-2006 is roughly 240
hectares, while the median share of total ejido area that is in agriculture is 27%. These
figures rose slightly to 275 hectares and 32% in 2007.

1.5 Results

The impact of land certification on migration

We establish our basic result that rural land certification leads to increased outmigration in
three independent datasets. First, we consider the panel of households from Progresa, which
contains detailed demographic variables and migration status of household members over
the four years 1997-2000. The unit of analysis is the household and the dependent variable
is an indicator for whether the household has a permanent migrant that left the ejido since
the onset of our observations. The main estimating equation is:

yijt = δCertifjt + γj + αt + xijtβ + εijt, (1.7)

where yijt is an indicator for whether household i in ejido j has a permanent migrant by year
t, Certifjt is an indicator for whether ejido j was certified at the beginning of year t, γj is an
ejido fixed effect, αt is a time fixed effect, xijt is a vector of household level covariates, and
εijt is a random error term. Standard errors are clustered at the ejido level for estimation.
This is a standard fixed effects regression where identification is coming from changes in
migration behavior correlated to changes in certification status. Any time-invariant ejido
characteristic that is correlated with the program rollout is accounted for by the ejido fixed
effects. The identifying assumption is therefore that any time-varying ejido characteristic
that affects migration trends is uncorrelated with the distribution of certificates. We provide
support for the validity of this identification assumption in the next section, focusing first
on the results.

First, we use the Progresa dataset to show that land certification led to increased migra-
tion of individual household members. In the first column of Table 1.1, the probability of a
household having a migrant increases by 0.015 after being reached by Procede. The average
rate of migration during the sample period is 5.3%, indicating that the effect of the program
was to increase permanent migration by 28%.

The result is not sensitive to a variety of robustness checks. The second column shows
that the estimated program effect is almost identical when household level covariates are
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included in the regression. This minimal change is consistent with the fact that certificates
were distributed to all ejidatario households in the ejido. Importantly, the regression in
column 2 also controls for an ejido-level time-varying measure of the value of agricultural
productivity. One concern with our identification is that the opening of the Mexican economy
due to NAFTA may confound our estimate. In particular, our estimate could be confounded
by NAFTA if ejidos were affected differentially over time in a way that was correlated with
the rollout of the land certification program. Since the influence of NAFTA on ejidos would
operate through agricultural prices, we use a measure of potential agricultural revenue per
hectare that proxies for the impact of prices on each ejido.18 The limited change in our
main estimate when controlling for this measure of potential agricultural value suggests that
NAFTA is not a confounding factor.

The third column shows that the estimated coefficient is robust to replacing ejido fixed
effects by household fixed effects. A key concern for our identification strategy is the pos-
sibility of differential time trends that would be correlated with the timing of certification.
In columns (4)-(6) we show that the results are robust to controlling for specific time trends
more flexibly. In column (4) we allow the time effects to be specific by state. Column (5)
includes interaction terms between each time effect and the household-level covariates. In
column (6) we include interactions between time effects and some ejido-level characteristics
that are shown in de Janvry, Gonzalez-Navarro, and Sadoulet (2013) to be correlated with
the rollout of Procede. The purpose of this robustness check is to control for the possibility
that the program was initiated earlier in certain types of ejidos that experienced differential
changes in migration after the program due to reasons other than land certification. For
example, the program was completed on average earlier in ejidos that are located closer to
large cities. The fixed effects in our specification obviously account for time invariant differ-
ences due to proximity to major cities. Allowing the time effects to depend on proximity to
cities further controls for differences in migration over time that are due to earlier program
areas being closer to cities rather than certification. Our main result remains economically
large and statistically significant after introducing several additional controls for differential
time trends. Overall, the behavior of households in the Progresa dataset firmly points to
land certificates increasing the probability that a household member migrates.

Second, we study migration behavior at the locality level using the matched 1990 and
2000 population censuses. The locality level analysis captures both migration of individuals
and entire families. Three key characteristics of this alternate dataset are its inclusion of
localities of all sizes and levels of income, its geographical coverage (nationwide), and its
longer time span (up to 7 years with a certificate). By the year 2000, 73% of the ejidos had
been awarded a certificate, while the other ejidos were still in the pre-certification regime.

18For each ejido, we assume a fixed allocation of land to crops according the observed allocation in 1995.
The crop choices of individual farmers from the farm support program PROCAMPO were used to calculate
crop shares for each ejido. We then calculate the weighted average value of a hectare of farm land as
valueit =

∑K
k=1 pricekt ∗ yieldk,1995 ∗ shareik,1995, where pricekt is the price of crop k in year t, yieldk,1995

is the nationwide yield of crop k in 1995, and shareik,1995 is the share of the crop land in ejido i that was
cultivated to crop k in 1995.
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We first compare the evolution of locality population over time in a standard two-period
fixed effects regression:

Popjt = γj + βI(t = 2000) + δI(Certified by 2000j = 1)I(t = 2000) + εjt. (1.8)

We then allow for a linear effect of certification over time by estimating:

Popjt = γj + βI(t = 2000) + (δ0 + δ1Y ears Certifiedj)I(Certified by 2000j = 1)I(t = 2000)

+ εjt. (1.9)

We finally partition the ejidos certified between the two censuses into early certified and late
certified groups and estimate separate effects for the two groups:

Popjt = γj + βI(t = 2000) + δ1I(Certified before 1997j = 1)I(t = 2000)+

δ2I(Certified from 1997− 1999j = 1)I(t = 2000) + εjt. (1.10)

The dependent variable is the total population (or logarithm) of locality j in year t (1990
or 2000). The first specification (1.8) is a simple fixed effect regression where δ identifies
the average effect of the ejido getting certification on the change in locality population.
The second specification (1.9) takes into account the number of years since certification,
allowing the migration response to take effect over several years in a linear way. The third
specification (1.10) estimates a separate certification effect for localities in ejidos certified in
1993-1996 (δ1) and localities in ejidos certified in 1997-1999 (δ2).

Regression results are reported in Table 1.2, where standard errors are clustered at the
ejido level. The first row in the table shows that ejido localities lost around 9.6 persons
or 21% of their population between 1990 and 2000 (the time effect in the first row). The
coefficients on the interaction term in the second row indicate that Procede was associated
with an additional reduction in population of approximately 3-4 individuals, in a setting
where the average locality has 99 individuals (column (1)), or 4% of its population (column
(2)). Similar to Table 1.1, column (3) shows that our estimate is not meaningfully affected
when controlling for the effects of agricultural prices.

While results are less statistically precise, column (4) suggests that the loss of population
is progressive over time, with a decline of approximately 0.54% of the population per year
after Procede certification. In column (5) we estimate separate effects for early certified
ejidos (before 1997) and late certified ejidos (1997-1999). The estimated effect of certifica-
tion is a 5.9% decrease in population for early certified ejidos and a 2% decrease for later
certified ejidos. The difference between early and late certified ejidos is statistically signif-
icant. The large difference is consistent with certification leading to initial migration and
further migration after migrant networks have been established in destination communities,
as in Munshi (2003) who shows that migration networks take approximately 3-4 years to
develop. As a specification check we use 12,455 localities with available population in 1980
to estimate a version of (1.8) for the period 1980-1990. The estimate in column (6) indicates
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that the difference in population change in the 1980-1990 decade between early and late cer-
tified localities was very small and not significant. This similarity in pre-program population
trends suggests that our estimate is not driven by pre-1990 differences in population change
between early program and late program areas.

Ubiquity of the emigration effect across the whole distribution of change in population is
illustrated in Figure 1.4. The solid black line represents the empirical distribution function
for the change in population from 1990 to 2000 for localities in ejidos that were certified
between the two censuses. The dashed line represents localities in ejidos certified in 2000 or
later.19 The distribution for localities in ejidos not certified by 2000 stochastically dominates
that for certified localities. This indicates that the effect of certification on migration is not
a feature of some specific localities but occurs throughout the distribution of population
changes.

Figure 1.4: Cumulative distribution of population change, 1990-2000, by certification date
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Notes: Figure displays empirical CDF of population change (in levels) from 1990-2000. Data used are the
1990 and 2000 locality-level population censuses.

How does this estimated effect of Procede on the locality population compare to what

19The top and bottom 5% of observations were removed for the graph.
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was revealed in the selected Progresa communities? We cannot simply directly compare
effects between datasets because the time periods differ. We also must be careful to measure
migration effects annually, rather than over a period of several years. The Progresa data
document annual emigration from 1997 to 2000, in localities that were certified from 1997
onwards. The most direct comparison can thus be drawn with column (4) of Table 1.2 where
we also estimate the program effect during this time period. The time effect shows a baseline
migration of 20.7% of the population over 10 years, which corresponds to an average annual
rate of 2.3% (=0.7930.1-1). The certification effect for those ejidos certified in 1997-99 is an
additional effect of 1.96% over these 3 years, or an average annual effect of 0.7%. Hence
Procede led to an increase of the annual loss of population of 29% (=0.7/2.3). Recall that
the average annual effect in the Progresa dataset was an increase in migration by 28%. So
while we looked at different measures of migration in the two datasets (households sending
off one permanent migrant in the Progresa dataset and population change in the locality
dataset), we find that Procede has had the same relative effect of increasing migration by
an additional 28-29%.

Third, we analyze migration behavior using the 1991 and 2007 ejido censuses. By 2007,
all the ejidos in our dataset had been certified. Hence we can only identify the effect of
certification coming from the differential number of years an ejido has been certified in 2007.
Furthermore, because the migration question was not asked in the first round, we can only
perform a cross sectional regression. Our dependent variable is the response to a question
from the 2007 census asking if the majority of young people leave the ejido. We estimate a
cross-sectional regression of the form:

Yjs = α + γs + δYears Certifiedjs + xjsβ + εjs. (1.11)

where γs are state fixed effects and xjs is a vector of ejido level covariates in 1991 (before
Procede). The dependent variable Yjs is an indicator variable for whether the majority of
young people are said to emigrate from the ejido.

This is obviously a less well identified regression than those reported using the previous
two datasets. However, this specification is justified by the result in Table 1.2 suggesting
that the effect of certification is increasing over time. Second, the ejido census has the
advantage that the unit of observation coincides perfectly with the population of interest,
because questions are asked about the group of ejidatarios in each particular ejido. Finally,
this is the only dataset we use that does not necessitate a geographical merge. Hence, we
see this as an important verification of the results presented in the previous two tables.

Results are reported in Table 1.3. Column (1) shows a positive association between the
years since certification and the probability that the majority of young people migrate from
the ejido. Certified ejidos are 0.35% more likely to respond that a majority of their young
people emigrate from the ejido for every year since certification. This result is robust to the
addition of ejido covariates measured in 1991 (column (2)). Columns (3) and (4) suggest
that most of this effect is driven by increased migration to the United States. The average
ejido had been certified 9.5 years in 2007, meaning that for the average ejido, the probability
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that a majority of young people would be leaving the ejido increased by 7.8 percentage points
due to the Procede program.

By presenting results from three independent datasets, we seek to credibly establish
that delinking property rights from use requirements generated by the assignment of land
certificates led to increased migration from agrarian communities. The number of households
having a migrant increased by 28%, the locality population declined by 4%, and ejidos were
0.35% more likely to report that a majority of their youth were leaving the community for
every year they had been certified.

Applying these migration effects to the 1.7 million population of the localities matched to
ejidos (17,328 localities with average population of 99.1 as reported in Table 1.2 column(1))
suggests that Procede would have been responsible for an outmigration of about 4% of them
or almost 70,000 people. This should be compared to the natural trend of a loss of 20.7% or
350,000 people in these communities over 10 years.

These results should not be interpreted as suggesting a reduction in welfare. On the
contrary, as the model suggests, we interpret this as evidence that inefficient amounts of labor
had been allocated to the land under the use-based property rights regime. By delinking
property rights from use, the program merely allowed households to adjust from an inefficient
equilibrium with too much farm labor to an efficient equilibrium with less farm labor.

Heterogeneity in pre-reform property rights security

The model predicts that the migration response to land certification should be larger when
pre-reform property rights were weaker (∂∆hm

∂s
< 0). As a measure of between ejido security,

we use a question from the 1991 ejido census on the presence of boundary problems within
the ejido. Column (1) of Table 1.4 shows that the point estimate of the migration effect
of certification is more than double for households in ejidos where boundary problems were
present. A concern with this specification is that migration could increase over time in
ejidos with boundary problems independent of certification. We control for differential time
effects in column (2). The difference between ejidos with and without boundary issues
becomes larger with the addition of specific time effects. The effect of certification on the
probability of having a migrant household member increases from 0.008 for households in
ejidos without boundary problems to 0.036 for households in ejidos with problems. This
difference is significant at the 10% level.

Next, as a measure of within ejido insecurity, we use an indicator for a female headed
household. Work by social observers indicates that, prior to Procede, female ejidatarias
held low status inside the ejido (Stephen, 1996; Deere and Léon, 2001; Hamilton, 2002).
For example Stephen (1996, p.291) quotes an ejidataria from Oaxaca as stating, “Women
don’t participate in ejido assemblies. The men in our community don’t let us participate
in meetings.” Based on interviews conducted in four ejidos in northern and central Mexico,
Hamilton (2002) points out that women were susceptible to expropriation by male relatives
or friends of high-level ejido officials. This anecdotal evidence prompted the use of a female-
headed household dummy as a proxy for weaker ex-ante property rights. We must however
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interpret our result with caution since female headed households are almost certainly different
for reasons other than s in our model.

Columns (3) and (4) show that indeed the effect of certification on migration of house-
hold members is significantly larger for female headed households. The magnitude of the
coefficient is quite large. The subset of households with female heads is small but not trivial,
consisting of around 10% of the population. The marginal effect of certification for these
households represents an approximate doubling in the probability that the household has a
migrant (marginal effect of Procede of 0.065 compared to the mean value of 0.056). These
effects contrast with the smaller impact for male-headed households.

These results are consistent with improvements in property rights brought about by land
certificates having much larger effects for households with weaker rights prior to certification.
In terms of the model, we interpret this as individuals with weaker property rights (lower s)
being more constrained prior to the program and thus having to dedicate more labor to the
farm to maintain their land. Hence, receipt of land certificates resulted in a larger migration
response for these households.20

Heterogeneity in off-farm wages

We derive an empirical measure of off-farm wage opportunities by using the 1994 Encuesta
Nacional de Ingresos y Gastos de los Hogares (ENIGH) household survey to estimate off-farm
wages as a function of gender, years of education, the interaction between gender and years
of education, a quadratic function of age, and a state fixed effect. We limit this estimation
to wage earners that were 18-50 years old since this population is more representative of the
population of potential migrants. We then used the wage equation to predict wages for each
adult in the set of Progresa households matched to ejidos. The maximum predicted off-farm
wage amongst adults 18-50 was taken as the household’s off-farm wage opportunity.21 In
columns (5) and (6) of Table 1.4 we estimate a separate certification effect for households
above and below median values of off-farm wage opportunity. The difference in migration
response to certification between households with high and low wage opportunities is statis-
tically significant at the 10% level. Using the results from column (6), the estimated increase
in the certification effect for male headed households that have above median off-farm wage
opportunities is 0.026 and is statistically significant at the 10% level. These results are
consistent with the theoretical prediction that the migration response should be larger for
households that have higher wage opportunities outside of agriculture (∂∆hm

∂wm
> 0).

20One potential issue with this interpretation is that the gender of the household head may reflect the
available off-farm labor of the household. In Table 1.5, we show that households with 1-2 young males in the
age range from 17-30 are if anything, more likely to respond to the program with migration. We also show
that controlling for an indicator for whether the household has 1-2 young males and an interaction between
this variable and the certification indicator does not change the female household head results. Thus, the
result does not appear to be due to availability of potential migrants.

21Predicted wage was set to 0 if the household did not have any individuals in the 18-50 years old range.
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Table 1.5: Heterogeneity according to gender and age composition of the household

Progresa Households Matched to Ejidos

(1) (2) (3) (4)
Has Migrant Has Migrant Has Migrant Has Migrant

Certified 0.0077 0.0098 0.0003 0.0019
(0.0076) (0.0081) (0.0074) (0.0080)

Certified*HH has 1-2 0.0193 0.0146 0.0227∗ 0.0181
young males (0.0120) (0.0139) (0.0118) (0.0137)

HH has 1-2 young 0.0152∗∗ 0.0091∗ 0.0149∗∗ 0.0090∗

males (0.0060) (0.0049) (0.0060) (0.0049)

Certified*HH Head is 0.0625∗∗ 0.0672∗∗

Female (0.0246) (0.0275)

HH head is Female 0.0015 0.0055
(0.0090) (0.0082)

Time Effects Yes Yes Yes Yes

Ejido Fixed Effects Yes Yes Yes Yes

Time Effects*HH has 1-2 young males No Yes No Yes

Time Effects*HH Head is Female No No No Yes
Mean of Dep Variable 0.056 0.056 0.056 0.056
Number of Observations 24533 24533 24533 24533
R squared 0.056 0.056 0.057 0.057

Standard errors that allow for clustering at the ejido level are reported in parentheses. Asterisks indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels. Data include observations on all households
in ejidos that completed the Procede process after 1996. All regressions are linear probability models.
Dependent variable = 1 if the household had a migrant leave during the year or any previous sample year.
Certified indicator = 1 if ejido was certified at the start of the year. All regressions include landholder
indicator and age of household head as controls.
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Heterogeneity in land productivity

The theory predicts that certification leads to a smaller migration response in places with
higher land productivity (∂∆hm

∂γ
< 0). A common measure of land productivity in Mexico

is rainfed corn yield. This measure has the advantage of its geographical coverage, as corn
is the staple food grown all over the country. However it is only systematically available
at the municipality level and since 2002 from SAGARPA (Ministry of Agriculture). We
use the average corn yield over the period 2002-2008 as the measure of land productivity,
and partition agricultural land as high or low productivity at the median yield of 1.29
tons/ha. Columns (1) and (2) of Table 1.6 show that, as predicted, the migration response
to certification is weaker (and almost null) in ejidos where land is more productive.

Heterogeneity in land endowments

The model predicts a smaller migration effect for farmers with more land. Column 3 in
Table 1.6 shows evidence that this holds in the data. The coefficient for relatively large
landholders22 is only 1/5 of that for small landholders.

The final prediction derived in the model is that large farmers in productive regions are
expected to respond the least to certification with labor re-allocation (∂

2∆hm
∂γ∂A

< 0). We

test for this by splitting the sample into low and high productivity areas (using the maize
yield variable defined above) and estimating the effect of the program for large and small
landholders (using the large landholder variable defined above). The results are striking.
In low productivity areas, columns (6) and (7), larger landholders are not significantly less
likely to migrate than land poor farmers. The coefficient is negative but insignificant. In
contrast, in high productivity areas, columns (4) and (5), larger landholders increase their
migration significantly less than land poor farmers. In fact, the overall effect of certification
for land-rich households in high productivity areas is not statistically different from zero. In
sum, these results are consistent with the prediction of the model that households are sorted
according to their landholdings: larger, more productive farmers stay on the farm, whereas
smaller more marginal farmers respond to the removal of use requirements by having more
members migrate.

Certification and land use

The model we presented considered an autonomous household deciding how to allocate
labor on and off the farm. According to the model, the freedom provided by certification
makes constrained households allocate less labor to the farm. A logical byproduct of this
phenomenon would be that less agricultural labor should be reflected in more land being
left fallow. In reality, Procede also made land rental and sales transactions legal23 and there

22We use an indicator variable which is equal to one if a family has more land per adult than the median
in the ejido in 1997.

23Deininger and Bresciani (2001) report observing an increase in land rentals in 1997 compared to 1994.
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are two reasons why land reallocation after Procede can be expected: first, it alleviates
the inefficiently small farm size problem by allowing consolidation of production units in
a context of increasing returns to scale; second, if some farmers are more productive than
others, certification can allow for gains from trade through land markets to be realized.

We first test whether certification led to increased land concentration using a Herfindhal
index of land concentration in ejidos using the Progresa data to estimate an ejido fixed-effect
specification that allows us to assess changes in land concentration arising from Procede in
a four year window. Column (1) in Table 1.7 reports results from a regression in which
the Herfindahl index is the dependent variable. While the point estimate is positive (and
reflects a 23% increase in land concentration) it is not statistically significant, possibly due
to the small number of observations.24 Given the large standard errors, we take away from
this exercise that the evidence from household surveys points towards an increase in land
concentration but the data is not conclusive.

Table 1.7: Effect of Procede on agricultural land use

Progresa Data LANDSAT Satellite Data

(1) (2) (3) (4)
Herfindahl Log(Area Ag.) Log(Area Ag.) Log(Area Ag.)

Certified 0.0268 0.0013 -0.0080 -0.0175
(0.0320) (0.0093) (0.0108) (0.0136)

Certified * High Yield Municipality 0.0209∗∗ 0.0332∗

(0.0093) (0.0182)

Ejido Fixed Effects Yes Yes Yes Yes

Time Effects Yes Yes Yes Yes

Time Effects*High Yield Mun No No No Yes
Mean of Dep Variable 0.116 5.718 5.714 5.714
Number of Observations 506 63392 58763 58763
R squared 0.547 0.012 0.012 0.012

Standard errors that allow for clustering at the ejido level are reported in parentheses. Asterisks indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels. The dependent variable is the log of the area
in agriculture in the ejido. High Yield is 1 if average maize yield in the municipality of the ejido is larger
than 1.293 tons/ha.

Our second strategy to assess changes in land use is to test for aggregate changes in the
amount of cultivated land in the ejido using objective data and a longer time horizon. If
the certificates were used by families to simply leave the land fallow without risk of loss, we
would observe a reduction in cultivated land in the ejido. Alternatively, if land was rented
out or sold to other community members by households with migrants, we would observe no

24The small number of observations is due to the index being calculated using information from all
households in a given ejido year.
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changes in cultivated land. Finally, if the certification program provided better incentives
to invest in agriculture, we could actually observe increases in cultivated acreage in spite of
population reductions.

We test for this using panel data from Landsat providing cultivated area in 1993, 2002,
and 2007.25 At each of the three points in time we observe the amount of land allocated
to agriculture, pasture, forest, jungle, and thicket in the ejido. We estimate the reduced
form impact of certification on the logarithm of cultivated area in a standard fixed effects
framework:

log(Aglandjt) = γj + αt + δCertifiedjt + εjt, (1.12)

where j indexes ejidos and t refers to the year of the land use observation. Results reported in
column (2) of Table 1.7 show that certification had no significant effect on the total area used
for agriculture within the ejido. The coefficient is actually positive but very small (0.1%).
This is a surprising result given the reduction in labor induced by Procede. If marginal
farmers were abandoning land in order to migrate, then we would have observed a decrease
in agricultural land after certification. Columns (3) and (4) however show a rich pattern
of heterogenous effects by land quality. Column (3) shows that cultivated land actually
increased with certification in agriculturally favorable regions but decreased in lower land
quality areas. In column (4), we add controls for differential time trends in high and low yield
areas. The estimated coefficient shows that certification is associated with an insignificant
decline of cultivated land in low-yield regions. Point estimates range from -0.8 to -1.8%.
In contrast, agricultural land increases with certification in high agricultural productivity
areas. The point estimate ranges from 1.3 to 1.6%, and the difference between favorable and
non-favorable areas is significant.26

We conclude our land use analysis by verifying that there is a correlation between pop-
ulation changes and cultivated area changes. In order to do this, we consider the overall
change in log agricultural land between 1993 and 2007 using the Landsat data. The me-
dian change in log of agricultural land in these data is .0001 while the mean is 0.111. To
limit the influence of outliers, we use the rank of the ejidos in the distribution of change in
cultivated land.27 The first two columns of Table 1.8 repeat the fixed effects regression of
locality population on whether the ejido has been certified separately for the localities with
agricultural land use change below and above the median value. The table shows that the
negative effect of certification on population size is much stronger in localities that also saw
the largest decreases in agricultural land. Column (3) shows that localities with the most
pronounced declines in agricultural land (rank =0) experienced a decline in population of

25INEGI GIS land use series II, III and IV.
26As a robustness check on the resolution of the Landsat images, we ran all the regressions in Table 1.7

after dropping the smallest 5% of ejidos. The coefficients change only minimally and statistical significance
is unaffected (results not reported).

27The value of the variable Rank corresponds to the empirical distribution function of the change in the
logarithm of agricultural land.
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9.2% in response to certification, while ejidos with the largest increases in agricultural land
saw no significant effect of certification on population.

Table 1.8: Population regressions by change in agricultural area

Rank>0.5 Rank<0.5 All

(1) (2) (3)
ln(Population) ln(Population) ln(Population)

Year=2000 -0.2285∗∗∗ -0.1936∗∗∗ -0.1765∗∗∗

(0.0143) (0.0195) (0.0239)

Certified 1993-1999*Year=2000 -0.0230 -0.0760∗∗∗ -0.0924∗∗∗

(0.0183) (0.0232) (0.0292)

Rank of Ag Change * Year=2000 -0.0705∗

(0.0368)

Rank of Ag Change * Certified 1993-1999 * Year=2000 0.0876∗

(0.0461)

Ejido Fixed Effects Yes Yes Yes
Mean of Dep Variable 4.240 4.324 4.278
Number of Observations 15200 12420 27624
R squared 0.035 0.041 0.038

Dependent variable in all regressions is log of locality population. Standard errors that allow for clustering
at the ejido level are reported in parentheses. Asterisks indicate statistical significance at the 1% ∗∗∗,5% ∗∗,
and 10% ∗ levels. Data come from the 1990 and 2000 locality population censuses. Localities located in
ejidos with no agricultural land during either 1993 or 2007 are excluded from the regressions, thus
explaining the difference in observations from Table 1.2. The first column limits to localities in ejidos that
experienced above the median change in log agricultural area from 1993-2007. The second column limits to
localities in ejidos that experienced below the median changes. The final column is for all localities in
ejidos that had nonzero agricultural land area in both 1993 and 2007.

In summary, in areas of low land quality, certification induced a strong migration response
accompanied by a decline in cultivated land. In more favorable land quality regions, only
the less well endowed households responded with migration, while the larger farmers did not
migrate, and total land in agriculture increased slightly.

Effects of land certification on household consumption
expenditures

How does land certification affect household-level consumption? If more secure rights to land
allow households to allocate labor more optimally, then this could translate into increased
consumption. To investigate this, we use the consumption modules in four rounds of the
follow-up surveys from Progresa. The specific surveys were carried out in May 1998, October
1998, June 1999, and November 2000. Each survey had a detailed consumption module that
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allows us to calculate monthly expenditures per household member for both food and nonfood
items.28 43% of the households from our main sample had the program completed in this
interval.

The data show that land certification only led to increases in aggregate consumption per
capita in areas of low land quality where the migration effects were the strongest. Column
(1) of Table 1.9 shows that the overall immediate effect of certification is small and statis-
tically insignificant. However, column (2) shows that certification led to a 7.5% increase
(p=0.07) in monthly consumption per capita in low-yield areas where the program also led
to increased migration. This suggests that reallocating household labor is an important
mechanism through which land certification increases household welfare.

Turning to the breakdown of expenditures by category, land certification did not lead to
increased food expenditures. Column (3) shows a small and statistically insignificant effect of
certification. Column (4) separates certified households into those that were certified within
the last six months and those that had been certified for more than six months at the time of
the survey. Being certified for a longer period of time is unimportant for food consumption.

There is some evidence that certification led to increased consumption of nonfood items,
particularly for households in ejidos that had the program completed more than six months
before the survey date. The overall effect on nonfood consumption in column (5) is a 4.7%
increase, however the coefficient is not statistically significant. This is largely due to timing.
Column (6) shows that households in ejidos that had been certified for at least six months
increase consumption of nonfood items by 16.7%.

Overall, the results on consumption suggest that our migration results are not driven
by other mechanisms where migration happens as an undesired outcome of the program.
For instance, we would not expect to see changes in consumption if the program allowed
the most powerful ejidatarios to obtain a disproportionate share of ejido lands during the
land registration process. While we can’t definitely say that the increased consumption in
low productivity areas is due to migration, the result is consistent with land certification
allowing households to better allocate labor and thus increase consumption.

Alternative mechanisms from certification to migration

While the view taken in this paper has been that the increased migration caused by land
certification is a result of relaxing the land use constraint, there is an alternative mechanism
that would also be consistent with increased migration. Namely, land certification could
have relaxed liquidity constraints by allowing poor households to sell or rent their land and
use those funds to finance migration.29 While this would not invalidate the link between
certification and migration, it refers to a completely different cause of increased migration.

28Nonfood items include transportation, medicine, fuel and electricity, hygiene products, clothing, and
home accessories.

29In the context of Mexico, McKenzie and Rapoport (2007) have shown that migration to the U.S. is
related to wealth.
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Table 1.9: Effect of Procede on household consumption

Log consumption Log food consumption Log nonfood consumption
per capita per capita per capita

(1) (2) (3) (4) (5) (6)
Certified 0.003 0.075∗ -0.012 0.047

(0.032) (0.040) (0.033) (0.054)

Certified*High Yield -0.122∗∗

Municipality (0.047)

Certified 6 months -0.028 -0.036
or less (0.039) (0.059)

Certified more than 0.011 0.167∗∗∗

6 months (0.037) (0.063)

Ejido Fixed Effects Yes Yes Yes Yes Yes Yes

Time Effects Yes Yes Yes Yes Yes Yes
Mean of Dep Variable 4.838 4.838 4.470 4.470 3.435 3.435
Number of Observations 25482 25482 25373 25373 24965 24965
R squared 0.234 0.235 0.226 0.227 0.186 0.187

Standard errors that allow for clustering at the ejido level are reported in parentheses. Asterisks indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels. The dependent variable is the log of monthly
expenditures – either for all goods or food and nonfood items separately. High Yield Municipality is 1 if
average maize yield in the municipality of the ejido is larger than 1.293 tons/ha.

In particular, it would imply that credit constraints were the critical factor holding people
in agriculture, not the land use requirement.

One way to distinguish between these two competing explanations is by taking advantage
of the Progresa experiment. Progresa randomly allocated cash transfers across villages in
our sample to poor households equivalent to 140% of monthly food consumption per adult
(Angelucci and De Giorgi, 2009). Because the cash payments were awarded to the poorest
families, Progresa would have alleviated liquidity constraints in households where the re-
striction was more likely to be binding. Crucially, because these large cash inflows to poor
families were occurring before certification, liquidity constraints would have been less binding
in Progresa treatment villages when Procede arrived. Hence if the liquidity constraint story
is correct, we should observe smaller effects of certification in Progresa treatment villages.
We test for this by estimating the following regression:

yijt = δ1Certifjt + δ2Certifjt ∗ Progresaj + γj + αt + εijt. (1.13)

The specification is similar to our main specification in Table 1.1. The only difference is that
in this specification we test whether the migration response is differentiated according to
Progresa treatment status. Note that the because of the ejido fixed effects, the specification
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allows for Progresa to have a direct effect on migration (these are explored in Stecklov et al.
(2005) and Angelucci (2012a)).30 The specification does impose the same time trends for
both groups. We relax this assumption by also showing a specification which adds Progresa-
treament specific time trends.

δ2 < 0 would be evidence that liquidity is the mechanism causing certification to increase
migration. The results in columns (1) and (2) of Table 1.10 do not support this story. If
anything, the migration effect is larger in Progresa treatment villages. In Column 1, the
certification effect in Progresa control villages is .006 and that in treatment villages is .021.
The difference between control and treatment villages is economically large, positive, but not
statistically significant (p =0.25). The same story holds in column (2) where we allow for
differential time trends in Progresa treatment villages. We hence reject the hypothesis that
liquidity was the factor holding back households in ejidos.

Rural labor markets

Hiring outside labor was technically illegal prior to Procede. It is possible then that ejido
households substituted hired labor for family labor, thus allowing family members to migrate.
However, recall that the estimates from the locality level regressions (which correspond to net
migration) were of similar order of magnitude to the individual household estimates. This
suggests that substituting hired labor for family labor was not an important phenomenon in
the data.

We can nonetheless inquire whether Procede led to more efficient rural labor markets.
Benjamin (1992) shows that frictions in rural labor markets generate non-separation between
production and consumption decisions. In our context, the correlation between household
size and the amount of land cultivated can be expected to decrease after the completion of
Procede. The intuition is that a large labor endowment was necessary to cultivate a large
amount of land prior to the program. If the program had a significant impact on the labor
market, then this correlation should decrease after completion of Procede. We estimate:

Hectaresijt =β0Certifjt + β1Adultsijt + β2Adultsijt ∗ Certifjt + γj + µt + xijtα + εijt,
(1.14)

where Hectaresijt is land cultivation and Adultsijt is the time-varying number of adults
in the household. A negative and significant estimate of β2 would suggest an increased
separation between the household as a firm and the household as a consumer, which would
be interpreted as working through rural labor markets. The estimate in Column (3) of Table
1.10 shows that the correlation between household size and cultivation does not decrease
significantly after program completion. Thus the data are consistent with the certificates
liberating family labor from the farm, but not with hiring in of workers to substitute for
family labor.

30We use ejido fixed effects to maintain consistency with our previous specification. The direct effect
of Progresa on migration is fully absorbed when locality fixed effects are used. Since the match between
localities and ejidos is near one to one, the results of these two specifications are very similar.
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Table 1.10: Alternative explanations of migration effect of land certification

(1) (2) (3)
Migration Migration Hectares

Certified 0.0065 0.0056 -0.1135
(0.0085) (0.0086) (0.1670)

Certified*Progresa locality 0.0143 0.0153
(0.0123) (0.0123)

Adults in HH 0.4314∗∗∗

(0.0393)

Certified*Adults in HH 0.0296
(0.0414)

HH Head is Female -0.4606∗∗∗

(0.0741)

Age of HH Head 0.0268∗∗∗

(0.0027)

Ejido Fixed Effects Yes Yes Yes

Time Effects Yes Yes Yes

Time Effects*Progresa Locality No Yes No

Time Effects*Adults in HH No No Yes
Mean of Dep Variable 0.054 0.054 2.121
Number of Observations 26690 26690 24211
R squared 0.047 0.047 0.288

Standard errors that allow for clustering at the ejido level are reported in parentheses. Asterisks indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels. Column 3 drops the top 1% of observations
with hectares cultivated of 25 or more.

1.6 Internal validity checks

We present several tests that support the validity of the identifying assumptions of the paper.
The main threat to identification in the Progresa dataset is correlation between the timing
of Procede and the time-path of migration in the ejido. The estimated average program
effect would be biased if completion of Procede were correlated with pre-program changes
in migration. To investigate the possibility of bias in program timing, we use a standard
regression of pre-program changes in ejido level migration rates on indicators for the year
Procede was completed:

∆yjt = γ + αt +
∑
k≥t

δkI(Procede Y earj = k) + εjt ∀t ≤ Procede Y earj. (1.15)

The dependent variable ∆yjt is the change in the average level of the migrant indicator
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in ejido j from year t − 1 to year t. The key independent variables are a set of dummy
variables, Procede Y earj = k, for the year in which the program was completed in the ejido.
Since the data cover the years 1997 to 2000, only three such variables are necessary for the
ejidos certified in 1999, 2000, or after 2000.31 Procede Year effects that are jointly significant
would indicate that year of program completion was correlated with pre-program changes in
migration. The results are reported in the online appendix in Table 1.11 where we report
results separately for changes in migration from 1997-1998, 1997-1999, and 1997-2000. Year
of program completion does not significantly explain pre-program changes in migration in
either of the three regressions. Lack of a significant correlation between the year of Procede
completion and changes in ejido level migration rates over time provides evidence that pre-
program time trends in migration were not correlated with completion of the program.

Another possibility is that the timing of Procede is correlated with sharp changes in
migration prior to the program. If Procede was rolled out in response to sharp declines in
migration prior to the program, then our estimate would simply reflect reversion to mean
migration levels. Perhaps more likely, if households anticipated the program and reduced
migration to oversee the certification process, then post-program returns to normal migration
rates would confound our estimate. We estimate the following specification to consider this
potential Ashenfelter dip effect (Ashenfelter, 1978):

yjt = γj + αt + β0 · (Year of)jt + β1 · (Year before)jt + β2 · (2 Years before)jt + εjt, (1.16)

where yjt is average migration at the ejido level, and other variables are indicators for the
year of, year before, and two years before program completion. The β coefficients indicate
whether migration levels were significantly different than average in the ejido during the
years directly before the program. Column (4) of Table 1.11 gives the results of estimating
(1.16). The point estimates are very small and statistically insignificant (the smallest p-value
is 0.84), yet the standard errors are large. An ideal result of the regression would be a set
of precisely estimated zeros on the three indicator variables. While we cannot reject large
coefficients, it is reassuring that there are no obvious significant changes in migration in the
years leading up to completion of the program. We interpret the combined results in the
table as providing no clear evidence that our identification strategy is biased by correlation
between program completion and pre-program migration.

A similar concern with our identification strategy is that anticipation of being certified in
the future would lead to a decrease in migration in uncertified ejidos. Our observed increase
in migration would then reflect an anticipation effect and not a true migration effect. The
results in column (4) of Table 1.11 are not consistent with a large decrease in migration
during the years immediately prior to the program.

Finally, another potential issue of concern is attrition of households from the ENCEL
survey. 11.2% of households with an interview completed in 1998 did not have an interview
completed in 1999. The percentage rose slightly to 12.7% in 2000.32 In Table 1.12 we run the

31The base group is composed of ejidos certified in 1998 since we require the ejido to be certified at the
start of the year to be considered as certified for that year.

32We define attrition as the interview not being conducted for any purpose.
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basic regression used to identify the role of Procede on migration, equation (1.7), on attrition.
The coefficient of the certified variable is both insignificant and very small. There is therefore
no evidence that the migration effect we estimate could be due to selective attrition.

Table 1.12: Regressions of attrition on certification status and household covariates

(1)
Attrition

Certified -0.003
(0.025)

HH is Landholder -0.043∗∗∗

(0.010)

Number Males 17-30 in HH 0.005
(0.004)

HH Head is Female 0.030∗∗

(0.012)

Age of HH Head -0.000
(0.000)

Ejido Fixed Effects Yes

Time Fixed Effects Yes
Mean of Dep Variable 0.112
Number of Observations 12895
R squared 0.115

Standard errors that allow for clustering at the ejido level are reported in parentheses. Asterisks indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels. Data are for all households that were
surveyed in the Fall 1998 ENCEL survey. Observations are from 1999 and 2000. Dependent variable = 1 if
household did not have survey completed. Certified indicator = 1 if household had a certificate at the start
of the year. 446 households attrited in 1999 but not in 2000. 331 households attrited in both 1999 and
2000. 554 households attrited in 2000 but not in 1999.

1.7 Conclusions

Delinking land rights from land use has been the focus of a number of large land certification
programs. In this paper, we showed that if property rights were tied to land use requirements
in the previous regime, these policy reforms can induce increased outmigration from agri-
cultural communities. We provided evidence on this phenomenon by analyzing the Mexican
ejido land certification program which, from 1993 to 2006, awarded ownership certificates to
farmers on about half the country’s farm land.

We used three independent datasets to document a strong migration response in agri-
cultural communities where certificates were issued. Families that obtained certificates were
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subsequently 28% more likely to have a migrant household member and the locality’s overall
population fell by 4%. The estimated effect increased over time. We documented hetero-
geneity in migration response according to the ex-ante level of property rights insecurity,
level of off-farm opportunities, initial plot size, and land quality.

There is also evidence of sorting within the community: larger farmers stayed, whereas
land-poor farmers left, and this effect was starker in high productivity areas. This prompts
the question of whether total acreage under cultivation decreased with the program. We
found that, on average, cultivated land was not reduced because of the program. However,
this masks an interesting heterogeneity. While in low land quality regions agricultural land
was reduced, in high land quality regions the certification program led to increases in agri-
cultural land, which we attribute to gains in agricultural labor productivity or increased
incentives to invest. Overall, the evidence shows that certification of ownership increases the
efficiency of labor allocation across space by inducing low productivity farmers to migrate,
while leaving higher productivity farmers in place and allowing them to consolidate land.
Because smallholder farmers are the ones most likely to leave after certification, efficiency
gains are accompanied by immediate benefits for them. These results are most consistent
with a model where the key constraint imposed by insecure property rights is the requirement
of continued presence. The empirical evidence is not consistent with alleviation of liquidity
constraints being the mechanism explaining the increase in migration.

The literature on property rights focuses on investment and increased access to credit as
key pathways between rural land reform and economic growth (Galiani and Schargrodsky,
2011). Outmigration from rural areas has only recently received attention. Our results
suggest that the permanent reallocation of labor between sectors of the economy can be
an equally important pathway resulting in the effects of agricultural land reform extending
beyond rural areas. The importance of low agricultural labor productivity in explaining low
aggregate output across countries suggests that enhancing agricultural labor productivity
can possibly have large effects (Restuccia, Yang, and Zhu, 2008). Removing the barriers
to migration through property rights reforms is one way to achieve this. An important
policy implication of our results is thus that improvement of property rights through formal
land certification can have not only direct effects on investment, land markets, and land use
patterns but also indirect effects on the spatial performance of labor markets, resulting in
particular in large flows of rural migrants.
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Chapter 2

Behavioral effects of risk-reducing
seed varieties

2.1 Introduction

Exposure to uninsured risks is a major factor contributing to poverty, low productivity, and
slow growth. This occurs through two mechanisms. The first is the direct cost of shocks
that periodically destroy assets and alter growth trajectories, with short run exposure to
adverse events eventually having very large long-term consequences (Alderman, Hoddinot,
and Kinsey, 2006; Maccini and Yang, 2009). The second is self-insurance whereby risk-
averse producers who anticipate the occurrence of shocks shift management decisions toward
activities with lower expected returns in exchange for lower exposure to risk (Binswanger and
Rosenzweig, 1993; Morduch, 1995). The latter effect presents a major setback for growth.
Donovan (2014) estimates that uninsured production risk leads to less use of intermediate
inputs and thus increases the difference in agricultural productivity between poor and rich
countries by 40%.

While the first mechanism is well-studied, we focus on the latter mechanism by asking
how does risk affect the choices made by small farmers? To study this, we focus on flooding
risk faced by farmers in rural Odisha India. We use the randomized dissemination of a
new flood-tolerant rice seed that effectively decreases risk by reducing the damages caused
by prolonged flooding. The technology is well-suited for the experiment because it offers
flood tolerance – thus reducing risk – without any other meaningful differences compared to
the existing popular seed variety. Our intervention can therefore be thought of as partially
reducing the production risk faced by farmers.

This leads to our main finding: reducing risk with technological progress causes farmers
to shift towards behaviors that are more risky, but lead to higher expected productivity. As
examples, farmers with access to the new technology use more inputs such as fertilizer and
land, shift away from cheap and less productive planting techniques, and increase the use
of agricultural credit. These changes translate into increases in productivity – measured by
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output per hectare – in years when flooding is absent.
There are two implications of this finding. First, risk is an important factor that discour-

ages farmers from investing in inputs and thus reduces overall productivity. Second, we are
the first to show that new technologies that reduce weather risk have meaningful impacts
on the choices made by farmers. By decreasing the need to self-insure and thus encouraging
farmers to take more risk, the benefits of these technologies extend beyond stabilizing yields
during extreme events. This finding is important given the substantial scientific effort to
create new seed varieties that are more tolerant to weather extremes.1

How does the technology that we rely on allow us to study risk and economic behavior?
Swarna-Sub1 was developed by use of modern plant breeding techniques to insert the SUB1A
(flood tolerance) gene into Swarna – eastern India’s most popular rice variety.2 Excluding
flood tolerance, the technology is otherwise genetically similar to Swarna – a fact that has
been extensively documented by agricultural scientists (Neeraja et al., 2007; Bailey-Serres
et al., 2010; Mackill et al., 2012). Therefore, the technology increases yield during flooding
while leaving it unaffected during normal years when flooding is absent. This has been
shown in agronomic trials (Singh, Mackill, and Ismail, 2009). The genetic similarity between
the two varieties also means that other important characteristics such as responsiveness to
fertilizer are unaffected by the introduction of flood tolerance.

We randomized the distribution of this new technology across 128 villages of Odisha
India. Prior to the 2011 wet season, a random subset of five farmers in each of 64 treatment
villages were provided a minikit of Swarna-Sub1 seed. The minikit contained only a small
amount of seed and a short information sheet on the variety. The comparison farmers in the
remaining villages were not provided with any seeds, as the base variety of Swarna is widely
grown in the area.

Spatial variation in flooding intensity during September 2011 allowed us to verify the
yield properties of the variety. That is, Swarna-Sub1 significantly increases yield during
flooding without any differences in yield when flooding does not occur (Dar et al., 2013).
The results presented in this paper are from the following 2012 wet season – a year when
flooding did not occur.

We show three main findings from the second year of the experiment. First, farmers
given access to the flood-tolerant variety use more inputs on rice, which is the only wet
season crop for over 90% of the sample.3 Treatment farmers increase overall cultivated
area, sowing on average 0.7 additional plots, implying an increase in area of 10%. Part of
this response is driven by treatment farmers being less likely to take land out of production,

1These technological advancements include development of rice varieties that are more tolerant to flooding
(Xu et al., 2006; Hattori et al., 2009), development of rice and maize varieties that are tolerant to drought
(Capell, Bassie, and Christou, 2004; Karaba et al., 2007; Nelson et al., 2007), and identification of genes in
rice that confer tolerance to extreme cold temperatures (Fujino et al., 2008).

2The SUB1A gene confers flood tolerance by restricting the natural elongation response of the plant, thus
preventing the crop from failing by losing stored energy (Xu et al., 2006; Fukao and Bailey-Serres, 2008).

3Due to a lack of irrigation in the dry season, most farmers grow a single rice crop only in the wet season.
Only 20% of the sample cultivates a dry season crop.
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particularly lower-lying and lower quality plots. Access to the technology also causes farmers
to be 33% less likely to use a traditional planting technique known as broadcasting, which
is cheaper, less labor intensive, but less productive. In addition, treatment farmers use
approximately 11% more fertilizer, conditional on total area cultivated. The increase in
fertilizer use is consistent with a risk explanation because it is concentrated on the types of
fertilizer typically used for soil conditioning at the time of planting or early in the growing
season, i.e. the fertilizers that are at the most risk of loss to flood.

Our second set of findings are on credit usage and savings behavior. Treatment farmers
are 36% more likely to utilize credit. These loans are primarily agricultural loans distributed
from local cooperatives early in the growing season. This effect can plausibly be explained
by either demand or supply side responses in the credit market. That is, the technology
decreases the probability of the low production state, which could increase the demand for
credit. Alternatively, reducing risk could increase the supply of credit by decreasing default
risk. Our design does not allow us to distinguish between these alternative mechanisms.4

Farmers given access to Swarna-Sub1 also reduce the share of the harvest that is saved
for future consumption by five percentage points. Given that farmers in the sample set
aside excessive amounts of rice, a plausible interpretation of this finding is that reducing risk
crowds out these precautionary savings. Also, the effect is smaller for households that are
at least partially insured by access to government subsidized rice, which is also consistent
with this precautionary savings explanation.

Third, we show that productivity increases as a result of having access to the risk-
reducing variety. Specifically, rice yield on plots cultivated by treatment farmers increases
by approximately 10%. This occurred during a year when there was no flooding. Therefore,
the effect is most likely driven by changes in management. Along these lines, we show
evidence that the productivity effect decreases significantly when conditioning on fertilizer
use, planting technique, and credit access. This result is consistent with reducing risk leading
to changes in farm management which in turn lead to increases in productivity.

Our results could be alternatively explained by two different mechanisms. First, wealth
effects could explain the results if the success of Swarna-Sub1 during the first season increased
wealth and thus increased demand for inputs during the second season. We show that this
explanation is infeasible because the amount of seed provided to treatment farmers during the
first year was sufficient for testing and seed multiplication, but not large enough to generate
meaningful wealth effects. Second, we show in a simple model that the results could be
alternatively explained by the technology increasing the marginal products of inputs during
flooding. This explanation is less consistent with our results on savings and credit because
these actions obviously don’t enter the production function. Also, the key effects on fertilizer
and planting techniques persist on plots that are not cultivated with Swarna-Sub1, which
suggests that reducing risk is an important channel.

We are the first to study how technological progress aimed to reduce risk in agriculture

4The supply side explanation seems more likely given that liabilities are often waived by cooperatives
after years of heavy flooding or drought.



CHAPTER 2. BEHAVIORAL EFFECTS OF RISK-REDUCING SEED VARIETIES 45

affects decisions made by farmers. In contrast to technology, insurance is another tool that
can transfer risk away from farmers and can affect their decisions. Thus, our results are
most related to a recent literature on index-based weather insurance and decision-making in
agriculture (Mobarak and Rosenzweig, 2012; Cole, Giné, and Vickery, 2013; Karlan et al.,
2013). The common finding among these papers is that access to insurance causes farmers
to increase the use of risky inputs.

While this literature clearly suggests potential for insurance to improve agricultural pro-
ductivity, several barriers have limited wide-scale adoption of index insurance. These barri-
ers include lack of trust, credit constraints, and risk from being far from the station where
weather is measured (Giné, Townsend, and Vickery, 2008; Cole et al., 2013). A range of em-
pirical studies have found adoption of index insurance to vary from 5-50% (Giné, Townsend,
and Vickery, 2008; Mobarak and Rosenzweig, 2012; Cole et al., 2013; Dercon et al., 2014;
Karlan et al., 2013). One advantage of new technologies is that some of these barriers to
adoption become less relevant for new seed varieties.

In addition to barriers to adoption, another important difference is that new seed varieties
reduce risk rather than transfer it to insurers. If variability in agricultural productivity
affects non-farmers through prices or wages, as in Mobarak and Rosenzweig (2014), then
risk-reducing technologies would also be expected to benefit those that are not farmers.

We also add to a literature on the barriers to technological progress in agriculture (Duflo,
Kremer, and Robinson, 2011; Suri, 2011). We point to production risk as a key barrier that
limits investment in agriculture. Past work that has arrived at a similar conclusion has relied
on spatial variation in exposure to risk (Binswanger and Rosenzweig, 1993; Kurosaki and
Fafchamps, 2002; Dercon and Christiaensen, 2011). In contrast, the uniqueness of the new
technology that we study allows us to experimentally vary the level of production risk faced
by farmers.

The rest of this chapter is organized as follows. In section 2.2 we provide additional
background on the technology, with particular emphasis on how it reduces risk. This sec-
tion also provides more details on the experiment and outlines data collection. Section 2.3
develops a basic model of input use and savings with production risk. The model guides
our empirical analysis and particularly emphasizes the two main mechanisms through which
the technology changes decision-making. Section 2.4 presents results, including analysis that
rules out some alternative non-risk mechanisms. Section 2.5 concludes.

2.2 Background, experimental design, and data

In this section we summarize the evidence showing that the technology used in the experiment
offers reduced risk to farmers. We then discuss the details of the experimental design and
sampling. Finally, we outline the timing of data collection and present summary statistics
on both village and household characteristics.
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Background on technology

The genetic similarity between Swarna and Swarna-Sub1 is tremendously important for
interpreting our results. This genetic similarity was indeed an important target of breeding
efforts to create Swarna-Sub1. While scientific effort to create submergence-tolerant seed
varieties dates back to the 1970’s, it was not until more modern plant breeding techniques
became popular that the SUB1 genes were successfully bred into popular varieties without
introducing other undesirable traits (Xu et al., 2006; Mackill et al., 2012). The result is
a new variety that offers a decrease in risk without any losses in yield when fields are not
flooded.

We use data from the first year of this experiment to verify that this property holds in
farmers’ fields. Specifically, Swarna-Sub1 offered a significant advantage in rice yield during
flooding of approximately 6 to 14 days (Dar et al., 2013). The magnitude of this agronomic
impact is meaningful: farmers with Swarna-Sub1 experienced an approximate 65% increase
in yield when fields were submerged for 13 days. At the same time, yield differences were
small and statistically insignificant when flooding did not occur. Combining these results, the
technology both reduces the variance of output and increases the expected level of output.

Experimental design

Our sample is drawn from villages in flood-prone areas of the Bhadrak and Balasore districts
of northern Odisha. This area is suitable for the study because flood risk is high, Swarna is
widely grown, and Swarna-Sub1 was still unknown and unavailable to farmers in May 2011
when the project was initiated. The villages were identified from two sources. In Bhadrak,
RADARSAT satellite imagery was matched to a GIS database of villages to identify villages
that were affected by flooding during recent floods. A random subset of 64 affected villages
was selected for inclusion in the study. We used a list of flood-prone villages from our local
NGO partner to randomly select 64 villages in Balasore district.5 Figure 2.1 displays a map
of the study area and the villages included. As is seen in the map, almost all of the study
villages are in low-lying coastal areas.

The timing of the experiment is as follows. In the 64 treatment villages, five farmers
were randomly selected to receive minikits containing five kilograms of Swarna-Sub1 seeds.6

Each minikit was delivered during June 2011, which corresponds to the time of planting
for year one of the experiment. The comparison group consists of ten randomly selected
non-recipients in treatment villages and five randomly selected farmers in the 64 control
villages.

A large flood in September 2011 affected several districts in coastal Odisha. Many of the
villages in our sample were affected by the flood, with the most severe inundation occurring
in the southern-most district of Bhadrak. Flood damage was high, as the crop was entirely

5The satellite imagery of historic floods in Balasore was not available at the time of village selection.
6Five kilograms of seed is sufficient to cultivate 0.1 to 0.2 hectares, or approximately 10-20% of average

cultivated area. This small size of the minikit is standard, but also helps eliminate large wealth effects.
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Figure 2.1: Location of villages
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lost on approximately 11% of the plots in our sample. Importantly, the flood allowed for the
effects of the technology on yield to be estimated for different levels of flood severity.

Data collection

Our first follow-up survey was conducted in March 2012 after the first year’s crop was
harvested. A total of 1,248 farmers were reached, making a response rate of 97.7%.7 The
main objective of the initial follow-up was to establish the effects on productivity that are
reported in Dar et al. (2013).

The second follow-up survey was carried out one year later after the growing season for
year two. A total of 1,237 of the farmers surveyed during 2012 were reached again during
this survey. The important outcomes of interests are farm-level information on fertilizer use,
allocation of output across uses, and credit utilization. In addition, a plot-level module on
seed variety choice, planting methods, and production was administered. All of the analysis
in this paper uses these data from the second follow-up, unless explicitly noted otherwise.

Compliance with the design – defined as continued cultivation of Swarna-Sub1 during
year two – was high. 76% of minikit recipients cultivated the technology during year two.8

The average number of plots sown with Swarna-Sub1 amongst minikit recipients was 1.5.
Average land area cultivated with Swarna-Sub1 was 0.33 hectares, or approximately a third
of average landholdings. Conversely, only 10.1% of of control farmers cultivated Swarna-
Sub1 during year 2. This was a direct result of seed transfers from original recipients: 13.3%
of control farmers cultivated Swarna-Sub1 in treatment villages and only 3.3% did so in
control villages. Given this fairly low level of overall non-compliance, we take a conservative
approach and report intention-to-treat (ITT) results throughout the paper.

Summary statistics

Villages in the sample are fairly representative of the low-lying villages in the flood-prone
states of Bihar, Odisha, and West Bengal. Table 2.1 shows village characteristics from the
2001 census.9 With the exception of village size, the sample villages are roughly similar to
all villages in low-lying areas of the three states.

Turning to the microdata from our sample, Table 3.1 reports summary statistics of vari-
ables that are likely predetermined, but were collected during the first follow-up survey. Most
importantly, treatment and control households look similar on most observable characteris-
tics. Farms in the sample are small. Average landholdings are less than one hectare. While

7This small level of attrition is balanced across treatment and control. Enumerators were not able to
contact farmers in one control village due to disagreement with local village leaders about participation in
the program. The results reported are for the remaining 127 villages.

8The most common reason for disadoption was crop loss during year one. Swarna-Sub1 is not suitable
for low areas where water remains stagnant after flooding (Singh, Mackill, and Ismail, 2011). Swarna-Sub1
that was planted in these areas during year one was lost.

9Villages in the other three states were included if the elevation was below 56 meters, the maximum
elevation in the sample.
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Table 2.1: Characteristics of sample villages and other low-lying villages in Odisha, West
Bengal, and Bihar

In experiment Other villages in 3 states
Number households 177.72 307.66

(175.536) (408.872)

Household size 5.31 5.26
(0.891) (0.843)

Share Scheduled Caste 0.20 0.23
(0.202) (0.246)

Share Scheduled Tribe 0.09 0.07
(0.181) (0.183)

Share cultivating land 0.12 0.09
(0.069) (0.067)

Share agricultural laborers 0.06 0.09
(0.066) (0.082)

Literacy rate 0.60 0.51
(0.110) (0.182)

All data are taken from the 2001 census. Column 1 pertains to 125 villages in Odisha that were part of the
experiment. 3 of the 128 sample villages were not successfully matched to the 2001 census. Column 2
pertains to the other 55,324 villages in Odisha, Bihar, and West Bengal that have an elevation of less than
56 meters (the maximum elevation of the sample villages). Numbers in parentheses are standard deviations.

electricity is fairly widespread, few households have access to piped water. Most households
rely on either village or private tubewells for water. Approximately 56% of households hold
Below the Poverty Line (BPL) cards, which provide access to government supports such as
a monthly allotment of subsidized rice.

2.3 A basic model of risk and decisions

In this section we develop a household-level model of optimal input choices under production
uncertainty. We set up the model to realistically include the properties of Swarna-Sub1.
Most importantly, the model clarifies the two mechanisms through which introducing this
new technology can change input use: by reducing risk and by increasing the expected
marginal product of the input. We use this result when distinguishing between these two
mechanisms in the empirical analysis.
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Table 2.2: Mean values of household characteristics by treatment status

Control Treatment P-value of difference
Land owned in hectares 0.810 0.868 0.18

HH has private tubewell 0.332 0.325 0.82

HH has piped water 0.035 0.057 0.14

HH has refrigerator 0.078 0.076 0.92

HH has television 0.628 0.605 0.50

Education of farmer 6.896 6.946 0.83

Age of farmer 51.191 51.783 0.46

HH has thatched roof 0.557 0.548 0.79

HH has latrine 0.289 0.354 0.08

HH has electricity 0.843 0.822 0.42

HH has below poverty line card 0.574 0.559 0.67

ST or SC 0.189 0.176 0.59
Data are from year 1 follow-up. Values in columns 1 and 2 are means. P-values in column 3 are based on
t-tests of equality of means. Standard errors are adjusted for clustering at the village level. ST refers to
Scheduled Tribe and SC refers to Scheduled Caste.

Model setup and comparative statics

The model has two periods. Investment and savings decisions are made in the first period
and output is realized in the second period.10 We assume that the farmer holds an exoge-
nously determined amount of rice in the first period. This amount is denoted as h. The
farmer chooses between saving an amount s for the next period and consuming or selling the
remainder immediately. The farmer can invest in a continuous amount of input x at a cost
of r. Non-farm income is denoted as w.

After the crop is planted, there are two states of nature that can be realized in the second
period. The farmer experiences a flood with probability α and no flood with probability 1−α.
Consumption in the second period takes place after the state of nature is realized and the
crop is harvested.

Introducing the flood-tolerant variety results in a change in the production technology.

10In reality the decision making process of the farm household occurs in three periods. The savings
decision is made after harvest, the input decision is made at or near the time of the next planting, and the
harvest is realized at the end of the growing season. We simplify the model by assuming that the first two
events occur during the same period.
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We denote φ as the amount of flood-tolerant seeds used. Usage of flood-tolerant seeds is
exogenous, matching the randomization in our experiment. The production function in a
non-flood year is f0(x). This formulation explicitly makes the assumption that ∂f0

∂φ
= 0

for any value of x. This assumption is consistent with the property that the productivity of
Swarna-Sub1 is indistinguishable from Swarna when flooding does not occur. The production
technology in the event of flood is f1(x, φ).

We assume that investment does not enhance productivity more in a flood year than a
non-flood year, that is ∂f0

∂x
> ∂f1

∂x
for all values of x. In addition, the level of production

under flooding is larger when more flood-tolerant seeds are used. More formally, ∂f1
∂φ

> 0.
Finally, consumption in the first period is c, consumption in the second period if there is

flood as c1, and consumption in the second period without flood is c0. The discount factor
is δ.

The maximization problem of the farmer is,

max
c,c0,c1,s

u(c) + δ (αu(c1) + (1− α)u(c0)) (2.1)

subject to,

s ≤ h

c ≤ w − rx+ h− s
c0 ≤ w + f0(x) + s

c1 ≤ w + f1(x, φ) + s.

x ≥ 0

s ≥ 0

Assuming that the constraints on consumption bind with equality, the two first order con-
ditions for x and s are

ru′(c) = δ

[
αu′(c1)

∂f1

∂x
+ (1− α)u′(c0)

∂f0

∂x

]
(2.2)

u′(c) = δ (αu′(c1) + (1− α)u′(c0)) . (2.3)

Both savings and input use are chosen such that the expected marginal benefits in the future
period are equal with the marginal cost in terms of foregone consumption in the present.

Application of the implicit function theorem delivers,

∂x

∂φ
=
δα
[
u′′(c1)∂f1

∂φ

(
Uxs − Uss ∂f1∂x

)
− Ussu′(c1) ∂

2f1
∂x∂φ

]
UxxUss − U2

xs

(2.4)

where Uxs is the cross-partial derivative of the objective function with respect to x and then s.
The sufficient conditions for maximization deliver that Uss < 0, Uxx < 0 and UxxUss−U2

xs > 0.
Therefore, access to Swarna-Sub1 increases use of the input if Uxs−Uss ∂f1∂x < 0. The existence
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of “under-investment” in the input during a flood year (i.e. ∂f0
∂x

> r) is sufficient to generate
∂x
∂φ
> 0.
There are two effects driving increased input use. The first is a “production effect”

where the flood-tolerant variety increases the marginal product of the input under flood
conditions ( ∂

2f1
∂x∂φ

> 0). This effect is represented by the final term in brackets in Equation
2.4. The second is an “insurance effect”, represented by the first term in square brackets.
By increasing the level of production during flooding (∂f1

∂φ
> 0) , the technology acts as

insurance, hence leading to increases in input use, particularly for risk averse farmers. The
insurance effect is represented as the first term in brackets.

Little is known empirically about whether the new technology enhances the marginal
product of inputs during flooding. If the results are to be interpreted as driven by risk,
it must be the case that the production effect is not the only channel through which the
technology affects input use. This is easy to see in equation (2.4): even a farmer with a low

level of risk aversion will use more inputs if ∂2f1
∂x∂φ

is positive and large. We show empirical
evidence in sections 2.4 and 2.4 suggesting that the insurance channel is important.

A similar derivation to the above gives

∂s

∂φ
=
δα
[
u′′(c1)∂f1

∂φ

(
Uxs

∂f1
∂x
− Uxx

)
+ Uxsu

′(c1) ∂
2f1

∂x∂φ

]
UxxUss − U2

xs

. (2.5)

If the technology increases the marginal product of the input during flooding, then savings
is more likely to decline after adoption of the new technology because increased input use
substitutes for precautionary savings. Similar to the case of input use, increasing the level
of production during flooding also crowds out savings due to the insurance effect.

Introducing credit

We do not formally model the demand for agricultural credit. Rather, we instead discuss
how introducing the new technology can affect utilization of agricultural credit in a credit
environment similar to the one faced by farmers in our sample.

There are two important characteristics of the credit market in our sample. First, local
agricultural cooperative societies are the most popular source of credit. 45% of loans during
year one of the experiment came from cooperative societies. Since cooperatives have limited
resources, borrowing constraints are likely to be relevant. Second, limited liability is a
feature of a substantial amount of these loans. In particular, 40% of loans from year one
were renegotiated or had liability fully waived.11

Credit could therefore be realistically introduced into the model by allowing both bor-
rowing constraints and limited liability. Specifically, the household borrows an amount b,
where an exogenous borrowing constraint forces b ≤ b̄. Assuming that γ is the degree of

11Loans from agricultural cooperative societies in areas where heavy flooding occurred were nearly twice
as likely to have their terms changed compared to loans from other sources. The probability of renegotiation
is also increasing in the duration of flooding.
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limited liability, the household must pay back (1−γ)(1+v)b during the second period, where
v is the interest rate. Since loans are most likely to be forgiven after flooding, it is plausible
to assume that γ = 0 in the event that flooding does not occur.

Under this setup, there are two plausible mechanisms which could explain how introduc-
ing the new technology will influence credit usage. First, by increasing production during
the flood state, the technology increases consumption, thus decreasing the marginal utility
of consumption. This makes it less painful to have liabilities and therefore increases demand
for credit. This effect becomes less relevant as limited liability increases because limited
liability effectively acts as insurance by further increasing consumption during flooding. Sec-
ond, making production less risky could induce cooperatives to make more credit available
to treatment farmers – an increase in b̄. This supply effect would increase credit utilization
as long as credit constraints were binding prior to introduction of the technology.12

While the frequency of limited liability in our data suggests that the credit supply mech-
anism is most relevant, our empirical analysis does not completely distinguish between these
two mechanisms.

2.4 Results

This section presents results supporting the argument that reducing risk with agricultural
technology changes the management decisions of farmers. We first outline the estimation
approach and then present the main results on input use, savings and credit, and produc-
tivity. We then present further evidence supporting the risk interpretation of the results.
Finally, we present evidence against some key non-risk explanations.

Estimation Approach

Our main approach is to use the random distribution of Swarna-Sub1 seeds to explain man-
agement choices at both the farm and plot level. The baseline specification is therefore

yivb = β0 + β1treatmentivb + xivbδ + αb + εivb, (2.6)

where yivb is an outcome observed for farmer i in village v and block b, xivb is a vector of
covariates, and αb is a fixed effect for the block, which was a stratification variable for village-
level randomization. The error term is clustered at the village level since this corresponds
to the first tier of randomization. We continue to use the farmer-level treatment indicator
when outcomes are observed at the plot level. The estimate of β1 in the plot-level regressions
therefore represents an average effect across all plots, not just the plots cultivated with
Swarna-Sub1.

12Boucher, Carter, and Guirkinger (2008) show theoretically that uninsured risk can induce lenders to
offer loan terms that effectively crowd out a large share of the credit market. Carter, Galarza, and Boucher
(2007) use simulations to suggest that weather insurance can indeed crowd in credit supply in rural Peru.
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This intention to treat (ITT) estimate of β1 is obviously attenuated if there is either
significant disadoption by minikit recipients or adoption by non-recipients. Neither of these
patterns are present in the data.

First, continued adoption by treatment farmers was large: 76% of minikit recipients
cultivated the technology during year two.13 The average number of plots sown with Swarna-
Sub1 amongst minikit recipients was 1.5. Average land area cultivated with Swarna-Sub1
was 0.33 hectares, or approximately a third of average landholdings.

Second, there was fairly limited sharing of the seeds with non-recipients. 10.1% of non-
recipients cultivated Swarna-Sub1 during year two. This was a direct results of transfers
from treatment farmers, as 13.3% of non-recipients cultivated Swarna-Sub1 in treatment
villages and only 3.3% did so in control villages.

These statistics suggest that our focus on ITT estimates is conservative. Instrumental
variables estimates of treatment on the treated (TOT) effects would be larger by a factor
of approximately 1.5. However, the ITT estimates carry the most policy relevance when
dissemination of the new technology naturally leads to some dis-adoption due to imperfect
targeting. Our design also allows us to drop non-recipient farmers in treatment villages to
reduce the impacts of adoption spillovers. The pattern of results is similar in this smaller
sample, suggesting that spillovers due to adoption by non-recipients are minimal.

Input usage

Reducing production risk with new seed varieties leads to significant extensification. Col-
umn 1 of Table 2.3 shows that access to Swarna-Sub1 led to an additional 0.68 plots being
cultivated. This represents a 19% increase in the number of plots. Columns 2 and 3 show
that the corresponding increase in cultivated area due to the technology is 0.1 hectares, or
a 9-10% increase. Overall, the results suggest that some land gets left uncultivated due to
uninsured risk and that reducing this risk brings the land into production.

Some minimal background on fertilizer use in rice is necessary in order to understand
our estimates of the effect of the technology on fertilizer demand. Nitrogen, phosphorous,
and potassium are the three nutrients commonly supplied to the rice plant by fertilizers.
Most importantly for our analysis, these nutrients accomplish different things and are thus
generally applied at different times of the growing season. In particular, phosphorous (DAP)
and potassium (MOP) contribute mostly to soil conditioning and root development. In
contrast, nitrogen – in the form of urea – contributes to healthy plant and leaf development
and therefore is mostly applied later in the season.

Fertilizer application during year one by farmers in our sample generally followed these
patterns. Figure 2.2 shows the cumulative share of the total fertilizer applied as a function

13The most common reason for disadoption was crop loss during year 1. Swarna-Sub1 is not suitable for
low areas where water remains stagnant after floodwaters recede. Swarna-Sub1 was equally productive to
Swarna in these areas.
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Table 2.3: Effects on land cultivation

(1) (2) (3)
Number plots Rice area Log rice area

Original minikit recipient 0.675∗∗∗ 0.102∗ 0.090∗∗

(0.125) (0.055) (0.044)

ST or SC -0.252 -0.032 -0.048
(0.156) (0.052) (0.055)

HH has BPL card -0.001 -0.147∗∗∗ -0.105∗∗

(0.115) (0.051) (0.045)

HH has thatched roof -0.391∗∗∗ -0.208∗∗∗ -0.207∗∗∗

(0.119) (0.052) (0.047)

Block Fixed Effects Yes Yes Yes
Mean of Dep Variable 3.57 1.00 -0.20
Number of Observations 1235 1235 1173
R squared 0.112 0.136 0.186

Dependent variable is number of plots cultivated with rice (column 1), total rice area in ha (column 2) and
log of rice area (column 3). Standard errors that are clustered at the village level are reported in
parentheses. Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.

of the time in days between planting and application.14 Only 18% of urea was applied at
planting (i.e. as a “basal application”), while nearly 47% of DAP and 41% of MOP were
applied at the time of planting. More broadly, DAP and MOP are used earlier in the growing
season.

The implication of fertilizer timing for our analysis is that fertilizers applied later should
be less affected by the technology because they are not subject to losses from early floods.
Floods in Odisha generally occur from the time of planting to up to 60 days before harvest.
We test this idea explicitly by estimating effects separately by fertilizer type.

Table 2.4 shows that the risk-reducing technology led to an increase in overall fertilizer
use. In column 2, receiving the Swarna-Sub1 minikit led to an increase in total fertilizer use
of 24.6 kg, representing 11% more fertilizer. This effect is conditional on total area cultivated,
which is important given the above results on extensification.15 The results in columns 2-5
are striking. The effect is entirely concentrated on potassium and phosphorous fertilizers.
This result is consistent with the technology providing flood-tolerance, but inconsistent with
other explanations such as wealth effects.16

At the plot level, accessing to Swarna-Sub1 led to significant shifting away from other

14These data were collected for a single plot for each respondent. The chosen plot was the Swarna-Sub1
plot for treatment farmers and the largest Swarna plot for control farmers.

15Some farmers did not cultivate land during year 2. Values of 0 are inserted for fertilizer use and planted
area for these farmers. The results are similar when using only the sample of farmers that cultivated land.

16Note that we include the compound fertilizer Gromor in column 5 for completeness. While we see no
effect for this fertilizer, it accounts for a small share of overall use and is used by only 20% of the sample.
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Figure 2.2: Timing of fertilizer applications during first year of study
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Notes: Figure displays cumulative share of each fertilizer applied by each day in the growing season, where
timing is measured in days after planting. Data are for farmers surveyed during the follow-up after year
one. Urea is source of nitrogen (N), DAP is primary source of phosphorous (P) and MOP is the source of
potassium (K).

types of seeds. Not surprisingly, column 1 of Table 2.6 shows that plots cultivated by
treatment farmers were less likely to be sown with Swarna by 10.2 percentage points, an
approximate 28% effect. More interestingly, treatment farmers were 4.1 percentage points
(or 14.6%) less likely to choose traditional seed varieties. These traditional varieties are local
varieties that were never formally released as part of the modern Green Revolution.

The crowding out of traditional seed varieties is consistent with risk motivations because
traditional varieties are often chosen as an insurance strategy in areas prone to flooding
and stagnant water. These varieties have an increased ability to survive due to their ability
to rapidly elongate when submerged (Voesenek and Bailey-Serres, 2009).17 The downside

17We have yet to distinguish between flash flooding, where Swarna-Sub1 performs well, and stagnant
water accumulation. Flash flood areas are those where flooding occurs and water recedes after a period of
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Table 2.4: Effects on aggregate fertilizer use

(1) (2) (3) (4) (5)
All Urea DAP MOP Gromor

Original minikit recipient 24.622∗∗ 3.329 18.347∗∗∗ 5.940∗ -2.993
(10.002) (4.235) (5.282) (3.213) (2.637)

Rice area (hectares) 217.515∗∗∗ 86.801∗∗∗ 89.468∗∗∗ 32.445∗∗∗ 8.802∗∗∗

(19.379) (13.401) (9.272) (7.027) (2.567)

ST or SC -17.964∗ -3.952 -5.363 -5.040∗ -3.609
(9.574) (3.748) (4.579) (2.947) (2.602)

HH has BPL card -1.348 -0.933 -4.993 1.480 3.098
(9.021) (4.041) (4.306) (2.440) (2.456)

HH has thatched roof -18.801∗∗ -7.489∗∗ 0.247 -6.292∗∗ -5.267∗∗

(8.400) (3.572) (4.502) (2.653) (2.481)

Block Fixed Effects Yes Yes Yes Yes Yes
Mean of Dep Variable 215.49 83.33 79.99 37.15 15.01
Number of Observations 1235 1235 1235 1235 1235
R squared 0.615 0.508 0.518 0.288 0.074

Dependent variable is total fertilizer use (across all rice plots), measured in kg. Column labels indicate
type of fertilizer. Standard errors that are clustered at the village level are reported in parentheses.
Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.

of this strategy is that the yield of traditional varieties is significantly lower under normal
conditions. This is shown in Figure 2.3. During year one, traditional varieties were lower
yield, but significantly more likely to survive when submerged for more than one week.18

Consistent with this, Figure 2.4 shows that ability to survive in flooding and stagnant water
are two of the frequently stated reasons why farmers choose traditional varieties. A plausible
explanation of the result is therefore that Swarna-Sub1 substitutes for traditional varieties
in providing insurance against losses during flooding.

Returning to column 3 of Table 2.6, farmers relied significantly less on the broadcasting
planting method after receiving Swarna-Sub1. Fields cultivated by treatment farmers were
6.3 percentage points (33.1%) less likely to use broadcasting. Consequently, 4% fewer seeds
were used because broadcasting has a larger seed requirement (column 4). Broadcasting
involves manually throwing dry seeds on puddled soil. This contrasts with transplanting
– the other popular method. The transplanting method involves raising seedlings on a
small portion of land, pulling and bundling the seedlings after approximately three weeks,

one day to around two weeks. Stagnant water areas are those where water remains partially submerging
the crop even after floodwaters recede. Our findings in Dar et al. (2013) and other research (i.e. Singh,
Mackill, and Ismail (2011)) show that Swarna-Sub1 does not tolerate stress due to stagnant water of more
than approximately 15 days.

18We show in Table 2.5 that the declining yield gap with flood duration is statistically significant. Also,
the increase in survival probability is significantly larger as flooding worsens.
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Table 2.5: Relationship between variety type and crop performance, Kharif 2011

Yield (kg/ha) Survival(0/1)

(1) (2) (3) (4)
Days flood -92.095∗∗∗ -83.440∗∗∗ -0.019∗∗∗ -0.017∗∗∗

(18.198) (17.138) (0.005) (0.005)

Traditional variety -973.533∗∗∗ -751.871∗∗∗ -0.031 0.015
(202.782) (166.845) (0.044) (0.030)

Traditional variety*Days flood 55.267∗∗∗ 51.555∗∗∗ 0.018∗∗ 0.017∗∗

(18.358) (17.022) (0.007) (0.007)

Swarna-Sub1 -118.004 -185.347 -0.022 -0.025
(161.621) (160.159) (0.016) (0.018)

Swarna-Sub1*Days flood 63.887∗∗∗ 71.113∗∗∗ 0.004 0.004
(21.945) (22.339) (0.004) (0.004)

Other modern variety -348.682∗∗∗ -288.421∗∗ -0.021∗ -0.015
(119.816) (111.699) (0.012) (0.012)

Other modern variety*Days flood 21.332∗ 18.919∗ -0.000 -0.001
(10.951) (10.622) (0.003) (0.003)

Broadcasted -294.999∗ -0.083
(159.815) (0.068)

Irrigated 517.381∗∗∗ 0.029∗

(148.531) (0.015)

Low land 108.668 -0.023
(126.913) (0.028)

Medium land 351.455∗∗∗ 0.013
(123.564) (0.025)

Constant 3500.883∗∗∗ 2988.497∗∗∗ 1.032∗∗∗ 1.011∗∗∗

(294.703) (282.359) (0.025) (0.028)

Block Fixed Effects Yes Yes Yes Yes
Mean of Dep Variable 2214.26 2221.76 0.88 0.89
Number of Observations 4182 4138 4182 4138
R squared 0.451 0.471 0.332 0.333

Dependent variable in Columns 1 and 2 is rice yield in kg/ha. Dependent variable in Columns 3 and 4 is an
indicator for nonzero yield. Data are for the first year of the experiment (Kharif 2011). Standard errors are
clustered at the village level. Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗

levels.
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Figure 2.3: Nonparametric regressions of yield and crop survival on duration of flooding
during year one
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Notes: Figure displays fan regressions of yield and crop survival (0/1) on duration of submergence.
Estimates are for year one when flooding occurred in part of the sample area.

and planting the seedlings manually in the main field. While broadcasting is a popular
planting technique in flood prone areas due to the decreased labor investment, the increased
competition from weeds reduces yields (Khush, 1997; Rao et al., 2007).

Decreased reliance on broadcasting is also consistent with a risk explanation. Since trans-
planting requires a significant labor investment at the time of planting, it carries substantial
risk that the investment will not pay off in the event of flooding. The new technology reduces
this risk and induces farmers to opt for the costlier, but more productive method.

Column 5 shows that while minikit recipients were slightly more likely to irrigate their
fields, the effect is not statistically significant. It is also noteworthy that 74% of plots were
irrigated during year two while only approximately 20% of plots were reported to have
irrigation during year one. This is attributable to use of supplemental sources when rainfall
is not sufficient (i.e. electric or diesel pumps from rivers/canals).

Providing access to the risk-reducing technology also led to a decrease in the likelihood
of taking land out of production – a result that likely drives part of the result on overall
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Figure 2.4: Stated reasons for choosing rice varieties during year 2
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Figure displays percentage of farmers (Swarna and Swarna-Sub1) and percentage of farmer-variety pairs
(TV) for which the characteristic on the horizontal axis is a reason the variety was chosen during year 2.
For example, over 90% of farmers cultivating Swarna stated that high yield was one of the reasons for this
choice (first grey bar above yield).

area cultivated. Columns 6 shows that access to Swarna-Sub1 caused farmers to be around
2.3 percentage points – or 28% – less likely to take land out of production. While the
heterogeneity in column 7 suggests that the effect is larger on plots considered to be low
land, the interaction term is not statistically significant (p=0.15). Column 8 shows that the
effect is significantly larger on plots that farmers consider to be below average in terms of
land quality.19

Savings and credit

Farmers in the sample save excessively large amounts of rice after each harvest. The average
total rice harvest amongst cultivators in our sample was 2,945 kg. An average of 1,711 of

19This result suggests that any differences in output per hectare we observe are unlikely attributable to
composition effects. If anything, the additional land cultivated by treatment farmers is lower quality.
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the harvest was consumed or set aside for future consumption.20 This amount is enough
to feed roughly 11 adults.21 Average household size in our sample is 7 persons. While we
acknowledge that stored rice is a liquid asset that can be sold upon family need, it does
appear that a precautionary motive can be behind the excessive amounts of rice being set
aside for consumption.

Farmers receiving Swarna-Sub1 save a smaller share of their harvest for future consump-
tion. Column 1 in Table 2.7 shows that treatment farmers save 5 percentage points less
output for consumption. The magnitude of the decrease is not trivial. It amounts to approx-
imately 150 kilograms, or enough to meet the consumption needs of one household member
for the entire year. Column 2 shows that this effect is concentrated amongst households that
do not hold Below the Poverty Line (BPL) cards. BPL cards serve as consumption insur-
ance because they entitle households to purchase 30 kilograms of rice per month at highly
subsidized rates, an amount that is enough to feed approximately two adults.22 Therefore,
the savings result is consistent with reduced incentives for precautionary savings. In Column
3 we show that the decrease in savings corresponded with an increase in selling the harvest
as output.

In addition to decreasing precautionary savings, reducing risk by adding flood tolerance
leads to increased uptake of agricultural credit. Columns 4-8 of Table 2.7 focus on binary
indicators of household access to credit. Column 4 shows that Swarna-Sub1 led to a 6.8
percentage point increase in the probability of having any credit during the growing season,
which represents a 36% increase. We disaggregate loans by timing in columns 5 and 6. Most
of the effect is driven by early loans during the first four months of the growing season.
Columns 7 and 8 show that a large portion of the effect is driven by loans originating from
agricultural cooperatives.

This credit result contrasts with the literature on insurance. Giné and Yang (2009)
show that access to rainfall insurance led to decreased take-up of credit for the purchase of
hybrid maize in Malawi. While not focused on agricultural insurance, Banerjee, Duflo, and
Hornbeck (2014) have a similar finding that adding mandatory health insurance decreased
the demand for microfinance in India. Finally, Karlan et al. (2013) find no effect of insurance
on borrowing behavior amongst their sample of farmers in Ghana. The technology we study
is therefore a unique case where reducing risk crowds in credit.

In contrast to inputs, the results on savings and credit are unlikely to be explained by
shifts in the marginal productivity of inputs. Rather, savings of grain offers insurance against
low or zero production during flooding. By increasing the overall level of production during
flooding, the technology substitutes for precautionary savings. Utilization of agricultural
credit increases either due to a demand effect where the increase in expected production in

20Since our survey was conducted shortly after the harvest and post-harvest production practices, most
of the amount indicated for consumption had yet to be consumed at the time of the survey.

21This calculation is based on an average annual consumption in rural Odisha of 158 kgs per year, as
reported in the 64th round of the National Sample Survey.

22The price of BPL rice is 1-2 Rupees per kilogram while the market price of similar rice is 20 Rupees or
higher.
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the future makes borrowing more desirable, or a supply effect where credit constraints are a
function of the borrower’s expected production.

Indirect effects on productivity

The results indicate strongly that reducing risk causes several changes in management. A
natural next question is to ask how these changes translate to changes in productivity.

There is a noticeable increase in yield for plots cultivated by farmers with access to
Swarna-Sub1. Figure 2.5 displays the estimated density of yield by treatment status. There
is a clear rightwards shift in the distribution for treatment farmers. In addition, the effect
occurs throughout the distribution of yield, suggesting that it is not concentrated on the
largest or smallest farmers. The effect is quantified in the first column of Table 2.8. The
average yield effect is 283 kilograms per hectare. This represents a 10% increase and also is
about 45% the magnitude of the maximum yield advantage we observed in heavily flooded
areas during year one of the study. Importantly, the effect is not driven by agronomic
properties of the seed because these properties are identical to those of Swarna when there
is no flooding.

As a method of investigating whether the management changes we observe are channels
through which reducing risk affects productivity, we sequentially add these outcome measures
to the yield equation. Adding these endogenous outcomes as controls should attenuate the
reduced form productivity effect if the effect is partly operating through these channels. This
approach has been used to investigate the channels through which education affects voting
(Milligan, Moretti, and Oreopoulos, 2004) and the channels through which early-life rainfall
shocks affect outcomes later in life (Maccini and Yang, 2009). Of course, the coefficients on
the controls represent merely correlations and can not be interpreted causally.

The conditional productivity effect is substantially lower than the unconditional effect.
Columns 2-5 of Table 2.8 show that accounting for the main sources of behavioral change
reduce the productivity effect. Specifically, the overall conditional effect in column 5 de-
creases by 40% relative to the unconditional effect in column 1. In addition, the goodness of
fit of the regression approximately doubles. Therefore, the changes in management that we
observe appear to explain part of the overall productivity effect.

Effects on fields not cultivated with Swarna-Sub1

Returning to the theoretical model, we now investigate whether the production effect can
possibly be the only explanation for the results. We estimate effects on yield, planting tech-
nique, and fertilizer use at the plot level for the plots that were not cultivated with Swarna-
Sub1. If the results are explained by how the technology changes the marginal productivity
of these inputs, then there is no reason to observe effects for these plots. Conversely, if the
risk channel is important then some effect should persist on these plots because this channel
is driven by how the technology increases the overall level of production during flooding.
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Figure 2.5: Kernel density of plot-level yield by treatment status
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Notes: Figure displays estimated kernel densities of yield (kg/ha) for plots cultivated during year two of
the study. Density for minikit recipients is across all plots, regardless of choice of variety.

While the effects are smaller, the effects on productivity, broadcasting, and fertilizer use
all persist on plots where Swarna-Sub1 was not used. Column 1 of Table 2.9 shows a yield
effect of 170 kilograms per hectare, or approximately 6%. Also, as shown in column 2, there
is a 3.6 percentage point decrease in the probability of using broadcasting. Finally, the
fertilizer effect also persists on non-Sub1 plots (column 3).23 These results are inconsistent
with the new technology being more responsive to fertilizer or the transplanting method.
Instead, the results provide some suggestive evidence that is more consistent with the risk
explanation.

23The results are complicated by plot selection issues if farmers place Swarna-Sub1 on land that is sys-
tematically different. We find that controlling for stated land quality and whether the plot is low land – two
factors that are likely important in this decision – does not influence the results in Table 2.9.
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Table 2.8: Effects on productivity

(1) (2) (3) (4) (5)
Original minikit recipient 283.449∗∗∗ 230.301∗∗∗ 196.545∗∗∗ 180.561∗∗∗ 167.732∗∗

(77.484) (73.730) (68.059) (66.174) (64.672)

Broadcast planting -801.222∗∗∗ -679.361∗∗∗ -414.951∗∗∗ -416.833∗∗∗

(129.450) (117.529) (116.348) (116.084)

Tons fertilizer per hectare 4350.392∗∗∗ 3305.200∗∗∗ 3263.775∗∗∗

(997.705) (824.647) (829.248)

Tons fertilizer per hectare2 -4025.260∗∗ -2984.097∗∗ -2967.389∗∗

(1628.518) (1259.866) (1275.298)

Traditional variety -434.933∗∗∗ -436.087∗∗∗

(70.351) (70.411)

Irrigated 713.510∗∗∗ 708.489∗∗∗

(91.662) (91.979)

Log seed rate 1.878 -12.881
(114.168) (114.812)

Has credit 150.020∗∗

(70.133)

Block Fixed Effects Yes Yes Yes Yes Yes
Mean of Dep Variable 2817.97 2819.53 2819.53 2821.17 2821.17
Number of Observations 4573 4568 4568 4507 4507
R squared 0.159 0.200 0.236 0.300 0.302

Estimation data are at the plot level. Dependent variable in all regressions is yield in kg/hectare. All
independent variables are measured at the plot level, except for fertilizer per hectare, which is measured at
the farmer level. The regression in column 6 is limited to data from all plots except those cultivated with
Swarna-Sub1. Standard errors that are clustered at the village level are reported in parentheses. Asterisks
indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.

Heterogeneity according to stated risk preferences

As an additional test of whether the risk-reducing property of the technology is important
for our results, we investigate heterogeneity with respect to risk preferences. We elicited
risk preferences during the first follow-up by providing respondents with a sequence of hypo-
thetical choices between two lotteries. Each choice involved a fixed relatively “safe” option
and a riskier option with higher expected return. We define the highly risk averse as those
selecting the safe option over the risky option with the lowest expected return.24

24The safe option was a 50-20 lottery. The lowest return riskier option was 60-15. The expected value
of the safe lottery (35 Rs) represents about 1/20th of monthly consumption per capita in rural Odisha.
Assuming CRRA preferences, the implied range for the coefficient of relative risk aversion is (2.04,∞). For
this calculation, baseline consumption was set to half of the minimum daily wage. We must also be careful to
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Table 2.9: Effects estimated for sample of fields not cultivated with Swarna-Sub1

(1) (2) (3)
Yield Broadcast Fertilizers

Original minikit recipient 169.853∗∗ -0.036∗ 4.926∗∗

(77.557) (0.019) (2.437)

ST or SC -154.534 -0.033 -1.375
(111.273) (0.030) (2.208)

HH has thatched roof -134.968 0.010 -0.290
(86.014) (0.024) (1.924)

HH has BPL card -23.595 0.026 -2.671
(77.930) (0.024) (1.890)

Area of field 43.797∗∗∗

(4.708)

Block Fixed Effects Yes Yes Yes
Mean of Dep Variable 2757.71 0.20 33.96
Number of Observations 4091 4086 4091
R squared 0.17 0.26 0.41

Data consist of entire sample of plots not cultivated with Swarna-Sub1 during the second year of the study.
The dependent variables are rice yield in kg/hectare (column 1), an indicator for planting using the
broadcasting technique (column 2), and total kilograms of DAP and MOP fertilizers used (column 3).
Standard errors that are clustered at the village level are reported in parentheses. Asterisks indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.

Some of the effects are larger for the population that is highly risk averse. Table 2.10
shows our main estimates where the treatment indicator is interacted with an indicator for
high risk aversion. While power is limited, the effects are larger for the highly risk averse for
all outcomes except for fertilizer use and credit utilization. However, the interaction term
between minikit receipt and high risk aversion is only statistically significant for planting
method. It is however noteworthy that the effects on number of plots cultivated, planting
method, and grain savings are much larger for the highly risk averse and it is these three
outcomes where there is a statistically significant correlation between high risk aversion and
the outcome.

Alternative Explanations

A plausible alternative explanation of our results is that the provision of the new seed variety
during year one led to a boost in agricultural income which then affected decision-making
during the following year. One aspect of our design that minimizes the likelihood of this

only interpret the results suggestively since risk preferences were collected after treatment was administered
and the lotteries were not incentivized.
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Table 2.10: Heterogeneity of main effects according to risk preferences

(1) (2) (3) (4) (5) (6)
Number plots Fertilizer Use TV Broadcast Share saved Credit

Original minikit 0.442∗∗ 29.340∗∗ -0.033 -0.005 -0.030 0.106∗∗

recipient (0.188) (14.031) (0.028) (0.031) (0.024) (0.041)

Original minikit 0.393 -9.403 -0.013 -0.102∗∗ -0.031 -0.070
recipient*High risk aversion (0.268) (20.746) (0.034) (0.046) (0.034) (0.054)

ST or SC -0.255 -17.654∗ -0.008 -0.027 -0.014 -0.046∗∗

(0.156) (9.443) (0.022) (0.028) (0.019) (0.023)

HH has BPL card -0.004 -1.635 0.013 0.020 -0.000 -0.033
(0.114) (8.948) (0.020) (0.021) (0.018) (0.024)

HH has thatched roof -0.402∗∗∗ -18.498∗∗ 0.024 0.012 0.032∗ -0.011
(0.121) (8.596) (0.019) (0.023) (0.019) (0.024)

High risk aversion -0.233∗ -2.847 0.005 0.048∗∗ 0.036∗∗ 0.010
(0.135) (10.418) (0.020) (0.021) (0.017) (0.024)

Rice area (hectares) 217.522∗∗∗

(19.430)

Block Fixed Effects Yes Yes Yes Yes Yes Yes
Mean of Dep Variable 3.57 215.49 0.28 0.19 0.70 0.19
Number of Observations 1235 1235 4577 4571 1165 1235
R squared 0.115 0.615 0.270 0.247 0.077 0.065

Dependent variable is number of rice plots (column 1), total fertilizer use in KG (column 2), indicator for
use of traditional variety on plot (column 3), indicator for plot being planted using the broadcasting
technique (column 4), share of total rice harvest consumed or saved for future consumption (column 5),
and access to credit (column 6). Standard errors that are clustered at the village level are reported in
parentheses. Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.

channel is the small amount of seed that was provided in the minikits. Treatment farmers
cultivated an average of 10-15% of their land with Swarna-Sub1 during year one of the study.
The average yield gain across all areas during year one was 10%. Combining these two facts,
the overall effect on aggregate income after the first year was clearly small.

To more directly rule out wealth effects, we use data on the total amount of rice harvested
during the first year as a measure of the wealth that would have been influenced by being
treated. If increases in wealth due to the new technology led to the behavioral changes
we observe during year two, then controlling for the year one harvest should attenuate our
main estimates. We show in Table 2.11 that none of our main estimates are affected when
conditioning on the year one total harvest. This is consistent with the minikits providing
only a small amount of seed for testing and not a substantial increase in income.

Are differences in output prices responsible for our results? We collected information
on prices received by variety from each farmer that sold any output after the second year
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of the study. The average price received for Swarna was 10.29 Rupees per kilogram and
the average price received for Swarna-Sub1 was 10.76.25 This 4.6% difference in prices is
statistically significant at the 5% level. Since the eating quality of the two varieties is similar
(see Figure 2.4), this difference in prices could possibly be due to increased value of output
as seed rather than grain for consumption.

There is no evidence that output prices drive the results. Descriptively, only 40% of
farmers sold any rice following the second year and on average only 17% of the harvest was
sold as grain for consumption, suggesting that effects of output price differences are likely to
be small. We consider this possibility further by separate estimation of the main results for
the subsample of farmers that did not sell any rice following the second year.26 If prices are
explaining the results, then the effects of the technology should be smaller in this sub-sample.
We show in Table 2.12 that this is not the case. This evidence is not consistent with output
prices being the relevant channel for our results.

2.5 Conclusion

This chapter has shown the importance of risk as a barrier that impedes investment by
small farmers in the developing world. In short, uninsured risk induces farmers to make
safe decisions that result in reduced income variability at the cost of lower productivity.
Therefore, our work shows that despite the efforts of governments to help farmers deal with
risk, there is substantial room for new instruments that protect farmers from weather-induced
variability in production.

In addition to identifying risk as a key barrier, we have presented the first evidence on
how technological progress can serve as one of these instruments. Specifically, adding flood
tolerance to a commonly used seed variety induced farmers to cultivate more land, increase
fertilizer use, rely more on a costly but more productive planting method, and increase the
uptake of agricultural credit. Importantly, these changes increased productivity by 10%,
indicating the importance of risk as a barrier to agricultural development.

Our results suggest that efforts to reduce the susceptibility of commonly used seeds to
weather extremes can go a long way in increasing agricultural productivity. While the first
major Green Revolution was successful at increasing agricultural productivity throughout the
world, production risk increased with the spread of modern Green Revolution seed varieties
(Feder, Just, and Zilberman, 1985; Foster and Rosenzweig, 2010). Using flood tolerance as

25The government’s paddy procurement program set the minimum support price (MSP) for the 2012
harvest at 12.5 Rupees per kilogram. Many farmers in our sample sell instead to private traders at prices
below this level.

26A problem with this approach is that the sample is being split according to an endogenous outcome.
The most plausible effect of sample selection in this case is that the group of farmers selling rice are the
largest and wealthiest farmers that have the most capacity to respond after having access to Swarna-Sub1.
For instance, average landholdings of farmers that do not sell output are 50% less than those selling output.
This would then work against us finding any effects in the subsample of farmers not selling output.
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an example, we have shown that technological advances that improve these varieties can
further enhance agricultural productivity by inducing farmers to take more risk.

At the same time, the technology we have studied here addresses flooding – only one
type of risk faced by farmers. The new technology is equally susceptible to drought and it
obviously does not account for other non-weather shocks. Nonetheless, simply reducing this
one type of production risk causes farmers to make decisions that lead to productivity gains.
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Chapter 3

The efficiency of informal seed
exchange

3.1 Introduction

The identities of agents are usually considered to be irrelevant in the classic marketplace
because buyers and sellers come together at “arm’s length” to make efficient transactions.
While this abstract definition of the marketplace constitutes the ideal textbook scenario, a
broad set of goods are exchanged bilaterally between agents that are connected in networks
(Jackson, 2009). This broad set includes informal insurance in numerous contexts (Fafchamps
and Lund, 2003; De Weerdt and Dercon, 2006; Mazzocco, 2012; Attanasio et al., 2012),
electronics in Japan (Nishiguchi, 1994), and fish in southern France (Vignes and Etienne,
2011).

This chapter asks whether trading in networks – a common nonmarket institution – can
allocate a new technology efficiently. In the absence of capacity constraints, the specific
notion of efficiency is adoption by all potential buyers that have positive expected benefits
from using the technology. Despite the importance of networks as a mode of exchange,
the growing theoretical literature on network-based exchange (Kranton and Minehart, 2001;
Elliott, 2013), and several laboratory experiments (Gale and Kariv, 2009; Cassar, Friedman,
and Schneider, 2010), there is little evidence from the field on how effectively networks
allocate goods (Jackson and Zenou, 2013). I present the first field experiment to measure
whether network-based exchange allocates a product to everyone with demand. Ex-ante,
the answer to the question is uncertain. On the one hand, the costs of adopting from
suppliers coming from different social groups may create a friction and limit exchange to
closely linked individuals (Elliott, 2013). Conversely, if demand is competitive, then buyers
with high valuations of the technology may be induced to bear the costs of making links
with sellers (Kranton and Minehart, 2001).

I exploit the flood tolerance property of Swarna-Sub1 to characterize ex-ante the potential
adopters with the highest expected returns. Given that flood severity depends heavily on
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local topography, this flood tolerance property creates variation in expected benefits that
can be used to compare the efficiency of different allocations.

While I rely on this particular agricultural technology, its most important feature is that
flood exposure – the key determinant of returns – is observable. This property creates a
rare opportunity to characterize the relative efficiency of different modes of exchange. Most
technologies simply do not have such a property.

Overall, I find that trading in social networks does not efficiently allocate the technology.
I first compare adoption in networks with two benchmarks for demand: the allocation where
every farmer with positive expected returns adopts and a revealed preference measure from
door-to-door sales. With respect to either benchmark, the adoption rate in networks is
inferior. In contrast to this reduced adoption, trading in networks does result in a small
improvement in targeting of buyers with larger expected gains. However, this improvement in
targeting is not large enough to offset the reduction in adoption. The limiting of transactions
to close peers is one factor that limits the ability of networks to allocate the technology. To
establish this, I show that existing social relationships between buyers and suppliers – defined
by caste and surname association – have significant influence on adoption in networks.

Three sources of experimental variation are used in the analysis. First, five farmers were
randomly chosen in each of 82 villages to receive a small amount of the new seed variety.
After a single year of production, this small amount produces a large amount of output
that can potentially be used as seeds by other farmers in the village. The selection of
the initial recipients of the technology is therefore akin to selection of “suppliers” because
these initial recipients were effectively endowed with more than enough seeds for their own
cultivation. The random selection of suppliers allows for causal identification of whether
social relationships with suppliers affect adoption in networks.

Following the first year of production, the second source of variation was village-level
randomization of the mode of exchange. In half of the villages nothing further was done,
effectively forcing adopters to rely on suppliers for taking up the technology. I refer to this
system of exchange as the “network” because trading is decentralized, non-anonymous, and
thus requires at least some link between buyers and sellers.1

The seed was additionally made available via door-to-door sales in the remaining half of
villages. The purpose of this intervention was to generate a revealed preference measure of
demand in an environment with minimal transaction costs and no frictions due to identities
of buyers and sellers. Importantly, the door-to-door intervention is not meant to simulate a
potential policy, but rather to generate a benchmark of demand. Therefore, the allocation
produced in these villages is a benchmark measure that can be compared to both the allo-
cation in networks and the perfect allocation where the technology reaches all farmers with
positive expected gains. Since exchange via networks could still occur in villages where sales
were offered, the design allows me to address whether networked trade alone meets demand.
If so, then the additional adoption resulting from access to door-to-door sales should be

1The term “link” is used to refer to links used for the purpose of making one-shot transactions, not
necessarily links for more repeated interactions such as mutual insurance.
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small.
The third source of variation was randomization of prices at which sales offers were made.

Since transaction prices in networks were beyond the control of the experiment, I rely on
price randomization to ensure that a comparison between the two modes of exchange can be
made while holding prices constant. Thus, the design ensures that price differences can not
explain the results.

The experiment produced four main results. First, the overall rate of adoption is 83%
lower with networks alone. Only 7% of farmers adopted in network villages, while 40% did
in door-to-door villages. Considering that 84% of farmers are expected to benefit from the
technology, only about half of the optimal adoption rate is achieved in door-to-door sales.
Nonetheless, the magnitude of the difference between adoption in networks and revealed
demand suggests that a significant share of farmers that otherwise have positive demand for
a product do not adopt when exchange occurs in social networks. An alternative explanation
of this effect is that door-to-door sales met demand by simply eliminating scarcity. I show
that this explanation is unlikely because the amount of seeds available to suppliers was
sufficient to meet the potential demand of more than an entire village.

The second result speaks to how social relationships restrict trading in networks. Specifi-
cally, farmers relying on networks are more likely to adopt when the suppliers in their village
belong to the same sub-caste or share the same surname. In my preferred specification, hav-
ing the same surname as an additional supplier results in a 106% increase in the probability
of adoption. Similarly, being part of the same sub-caste as an additional supplier leads to
a 53% increase in adoption probability. Relationships with suppliers are less important for
demand in door-to-door sales. An equivalent interpretation of the finding is that introducing
an outside buying opportunity increases adoption, but particularly for those that are not
connected to suppliers and thus would have otherwise faced barriers to adopting in networks.
The result provides micro-level evidence that is consistent with the cross-country result that
the diffusion of technology is slower in countries where networks are organized into distinct
sub-networks or collectives (Fogli and Veldkamp, 2012). Additionally, the result empirically
demonstrates the importance of network structure for trading outcomes – something that
is consistent with results from laboratory experiments (Charness, Corominas-Bosch, and
Frechette, 2007; Gale and Kariv, 2009).

Third, I show that while there is a moderate improvement in targeting by social net-
works, it is insufficient to offset the large gap between adoption and demand. I exploit the
flood-tolerance property of Swarna-Sub1 to generate estimated gains in revenue using im-
pact estimates from a randomized experiment (Dar et al., 2013). In particular, I calculate
a farmer-specific measure of expected gains from the new technology. I find that trading
in social networks is moderately effective at concentrating adoption amongst farmers that
have above-median gains in expected revenue. In addition, the average return of adopters
decreases by approximately 23% when door-to-door sales are offered. Nonetheless, this mod-
erate improvement in targeting by networks only offsets a small amount of the inefficiency
due to reduced adoption.

As an extension to this result, I exploit the random variation in sales prices to show
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that increasing prices does little to improve targeting. Most simply, the average return of
adopters is no larger at higher prices. If anything, the results suggest that higher prices are
less effective at targeting buyers with high returns. This finding adds to the literature on the
allocative efficiency of prices for distributing technologies in developing countries (Ashraf,
Berry, and Shapiro, 2010; Cohen and Dupas, 2010; Cohen, Dupas, and Schaner, 2013).

Building on these first three results, my final result quantifies the magnitude of the losses
resulting from trading in networks. I define these losses as the percentage of the total gains
in expected revenue in the door-to-door villages that are not achieved in network-based
exchange. This measure is not a measure of overall social welfare, but is a measure of the
losses to buyers of having to rely on networks for adoption. The total expected gain in
one-year revenue due to the new technology is almost three times larger in villages where
farmers were offered door-to-door sales. More precisely, the loss due to missed trading
opportunities in networks represents 63% of the total gains achieved with door-to-door sales.
The magnitude of the revenue effect implies substantial losses to farmers due to trading in
networks.

These results are based on the short-run allocation of the technology after a single growing
season. One caveat of the results is therefore that the allocation observed over a longer time
period may differ from that in the short run. In short, the proper interpretation of the
findings is that in the short-run, exchange in social networks is unable to meet demand.

This finding that trade in networks does not meet demand adds new empirical evidence
helping to distinguish between different models of decentralized trade in networks. If demand
is competitive and the costs of making links with suppliers are sufficiently low, then the model
in Kranton and Minehart (2001) shows that efficient allocations are a unique equilibrium to
a noncooperative game of network formation. In contrast, there may be frictions that limit
exchange. As one example, not all efficient transactions will be made if sellers have some
bargaining power and links between buyers and sellers are considered as relationship-specific
investments (Elliott, 2013). My results suggest that there are indeed frictions that restrict
the flow of goods across social groups in networks.

The results also contribute to the literature on the barriers to the adoption of agricul-
tural technologies in developing countries. Important barriers that limit adoption of prof-
itable agricultural technologies include limitations to demand such as self control (Duflo,
Kremer, and Robinson, 2011) and risk (Dercon and Christiaensen, 2011). In line with Suri
(2011), this paper suggests that constraints on the supply side are also important for limiting
technological progress in agriculture.

An important policy implication of the results is that although seemingly desirable as a
low-cost method of diffusing a new technology, social networks alone may not efficiently allo-
cate the technology. Given the push to make development interventions sustainable (Kremer
and Miguel, 2007), relying on decentralized exchange through social networks seems ideal
because of its low cost. Indeed, farmer-to-farmer seed exchange is common throughout the
developing world (Sperling and Loevinsohn, 1993; Almekinders, Louwaars, and De Bruijn,
1994). My results suggest that this approach significantly limits the diffusion of new tech-
nologies.
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The rest of this chapter is organized as follows. In section 3.2, I provide a description
of how the experiment was specifically designed to measure the efficiency of exchange in
networks. Section 3.3 provides a model of technology adoption that lays the groundwork
for the empirical analysis in section 3.4. After establishing the inefficiency of exchange in
networks, section 3.5 provides further analysis that points to network structure and the
tendency to transact with only close peers as one important explanation of this result.
Section 3.5 also presents evidence that is inconsistent with some alternative explanations of
the findings. Section 3.6 concludes.

3.2 Experimental Design

In this section I describe the approach to create random variation in the identities of suppli-
ers, the mode of exchange, and transaction prices in door-to-door sales. Motivated by the
questions of whether exchange in networks allocates to everybody with demand and whether
social relationships with suppliers influence adoption in networks, I discuss how the three
sources of variation can be used to answer these questions. Finally, I also discuss the timing
of data collection.

The experiment was carried out in 82 villages in three blocks of Bhadrak district of
Odisha (see Figure 3.1 for a map of the villages).2 The villages were selected using satellite
imagery of flooding during 2008 and 2011. The villages are located in a low-lying coastal
area adjacent to the Bay of Bengal. The median elevation of the district is approximately
10 meters, and rivers flowing from adjacent higher-elevation districts make flooding frequent
during the June-October rainy season. Most recently, heavy flooding occurred in 2008, 2009,
and 2011.

Suppliers were randomly selected at a village meeting carried out in May 2012. Each vil-
lage was visited and farmers were informed that there would be a meeting to discuss a new
flood-tolerant rice variety. The meeting was open to any farmers cultivating rice. Partici-
pants were informed that five farmers would be chosen via lottery to receive a five kilogram
minikit of Swarna-Sub1.3 The meetings were attended by anywhere from 15 to 41 farmers,
with average attendance being 22 – or approximately 22% of cultivating households in the
village.4 During each meeting, enumerators provided a brief overview of the characteristics of
Swarna-Sub1, described its similarity to the known variety Swarna, and pointed to flood tol-
erance as its only known benefit. After the information was provided, each farmer provided
responses to a short baseline social network survey before placing their name in a bucket for

2The total number of villages is 84. Two villages were used for piloting of surveys and interventions and
are therefore not used in the analysis.

3Minikits are a common approach to introducing a new seed variety in India (Bardhan and Mookherjee,
2011). Each minikit contained only five kg of Swarna-Sub1 seeds, which is enough to cultivate approximately
0.1-0.2 hectares. The minikits were identical to those provided in Dar et al. (2013).

4The households in the sample are fairly representative of the villages. The average share of the popu-
lation that is Scheduled Caste is 20% in both the sample and the matched 2001 census of villages. Average
household size and male literacy are also similar between the sample and the census.
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Figure 3.1: Location of villages in Bhadrak district

#

#
#

#

#

#

#

#

#

#

#

#

#

#

#

#
#

#

#

#

#

#

#

#

#

#

#

#

#

#
#

#

#

#

#
#

#

##

#

! !

!
!

!!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

Rivers
! Network
# Door-to-Door Bay of Bengal

0 10 205 km

India

the lottery. After all data were collected, the names of the five recipients were drawn and
minikits were provided. Planting occurred upon the onset of the southwest monsoon, which
occurred around the second week of June.

The selection of five original recipients is akin to random selection of the “suppliers” since
their role in the experiment is to multiply the seed and sell/exchange with other farmers after
the harvest but prior to the following growing season. Importantly, the identities of suppliers
were known to all farmers attending, thus eliminating the possibility that lack of information
on identities of suppliers affected the experiment. By randomly selecting suppliers, I can
compare adoption outcomes between non-recipients (henceforth “buyers”) that are more or
less connected to suppliers.

Most suppliers complied with the experiment by planting the seeds contained in the
minikit. To verify this, enumerators returned to all villages during harvesting in Novem-
ber/December to collect information about production. 396 of the 410 farmers were sur-
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veyed.5 Of the farmers surveyed, 87% indicated that the minikit had been planted.6

The amount of seed provided to suppliers produced enough output to eliminate any
concern that demand could not be met with the harvest. The average harvest of Swarna-
Sub1 at the village level was approximately 1.8 tons. This amount was sufficient to meet
potential demand because most farmers use approximately 5-10 kg of seed during their
first year of cultivation and there is an average of 103 farmers per village. As I discuss in
further detail in Section 3.5, alternative uses of output were no more profitable to suppliers,
indicating that suppliers had no incentives to use the output in other ways.

Prior to randomization of the mode of exchange, a survey was administered to 1,151
randomly selected potential buyers during February-April 2013.7 There were four purposes
of this survey. First, a plot-level record of the duration of past flooding events during
the previous five years was collected in order to estimate the expected returns of the new
technology. I return to the estimation of expected returns using these data below. Second,
farmers were also reminded about the new variety and the potential to obtain it from other
farmers in the village. These reminders limit the possibility that farmers chose not to adopt
simply because they had forgotten or did not know about the technology. Third, all potential
buyers were again informed about the flood tolerance property of Swarna-Sub1 and that it
is most effective during flooding of 5-15 days. Fourth, another social network survey was
administered, thus allowing for analysis of whether stated network relationships responded
to selection of suppliers.

The mode of exchange was randomized at the village level prior to planting for the 2013
season. In half of the villages, no intervention was carried out and thus decentralized trade
between farmers was the only channel for adoption. The transactions between farmers in
these villages could be sales, exchanges, or outright gifts – the latter likely occurring with
some expectation of future reciprocity.8 The randomization of the mode of exchange was
stratified by block – an administrative unit two levels above villages – and the relative
importance of suppliers to buyers.9

In the remaining half of villages, farmers were additionally given the opportunity to

514 of the 410 suppliers could not be reached because either the household had moved from the village
or household members were away for work during survey visits.

6The most common reason reported for not cultivating the minikit was that the seedbed was damaged by
drought or cows. The common method of planting rice in the area is transplanting, which involves preparing
a small seedbed and uprooting the small seedlings approximately 3-4 weeks after emergence. The uprooted
seedlings are then bundled and planted in the main field. Lack of water is particularly problematic for the
seedbed.

7In villages with more than 15 potential buyers, a random sample of 15 names was drawn from the list
of remaining farmers from the original village meeting. All buyers were selected if there was less than 15
names remaining.

8The ability to exchange seeds is an advantage of the networked market if farmers face liquidity con-
straints at the time right before planting.

9Suppliers were defined as being relatively more important when the ratio of average degree of suppliers
to the average degree of buyers was larger than the sample median. The degree is simply the number of
links of a farmer, where two farmers are defined to be linked if either farmer stated that they would go to
the other farmer for seeds, fertilizers, or other inputs.
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purchase the technology from NGO staff. The NGO staff went directly to the homes of
farmers to make sales offers at pre-determined village-level prices. Except for telling the
farmers about availability of the technology, the staff gave farmers no additional details
about its benefits. Since farmers knew about the technology from the village meeting and
previous surveys, there is little chance that increased awareness could drive the results.
Nonetheless, I return to this possible explanation in Section 3.5.

Since five suppliers were selected in all villages, network-based exchange was equally
possible in all villages. Therefore, taking door-to-door sales as a method for eliciting demand,
the question being addressed by random provision of door-to-door buying opportunities is
whether exchange through networks alone leaves significant demand unmet. If so, then a
large number of farmers will be “crowded in” when door-to-door sales are available.

Returning to prices, the prices were randomized in order to approximate the prices paid
in transactions between farmers. Farmers often exchange seeds directly or sell at prices that
are approximately equal to prices of harvested rice. Since the opportunity cost to the seller
of such a transaction is the value of output, a sensible benchmark is the output price of rice
for consumption. The minimum support price set by the Indian government for the 2012-
2013 season was 12.5 Rs per kg (1 USD ≈ 58 Rs). Many farmers also sell to private traders
at prices ranging from 10-12 Rs. Using these values as a benchmark, prices were randomly
set at 3 levels: 10, 12, and 14 Rs per kg. Since most network transactions are one-to-one
exchanges of Swarna-Sub1 for a different variety of seeds, these prices are reasonable proxies
for prices paid in network transactions. Therefore, I can effectively hold prices constant by
estimating the main treatment effects at the average price in farmer-to-farmer transactions.

A final endline survey was carried out in all villages in July 2013 to track adoption and
area planted. The survey was administered to all farmers in order to verify transactions from
both buyers and suppliers. A total of 1,150 of the previously surveyed buyers and 394 of
the previously surveyed suppliers were reached. I use adoption from this survey as the main
outcome variable throughout the remainder of the paper.

Summary statistics indicate that the experimental groups are comparable on observable
characteristics. Panel A of Table 3.1 shows mean values of baseline observable characteristics
for the suppliers and randomly selected buyers. Observable characteristics of suppliers appear
similar to those of buyers, suggesting that the randomization in the field was successful at
generating a random group of suppliers. Focusing on the social network measures, two
farmers are defined to have an information link if either farmer indicated they would go to
the other farmer to talk about rice farming. Similarly, two farmers have a sharing link if
either farmer indicated that the other farmer is somebody they would hypothetically go to
for seeds, fertilizers, or other inputs. Each farmer has on average 5 information links and
4.25 sharing links.

Village-level statistics from the 2001 census are presented in Panel B of Table 3.1. The
villages are fairly small, with an average of 165 households, 103 of which are engaged in
cultivation. The average elevation of five meters shows that the villages are located in a
coastal low-lying area. Importantly for the design, the share of suppliers not cultivating
the seeds provided and the aggregate Swarna-Sub1 harvest are balanced across network and



CHAPTER 3. THE EFFICIENCY OF INFORMAL SEED EXCHANGE 81

Table 3.1: Summary Statistics

(1) (2) (3)
Buyer Supplier p-value: (1)-(2)

Panel A: Farmer Level Statistics (N=1584)

Rice acres in Kharif 2011 3.88 3.80 0.53

Acres flooded 4 days or less in Kharif 2011 1.25 1.25 0.94

Acres flooded 5 days or more in Kharif 2011 2.63 2.56 0.52

Acres grown with Swarna in Kharif 2011 1.95 1.88 0.34

Farmer is Scheduled Caste (SC) 0.20 0.18 0.46

Age of farmer 48.96 49.07 0.86

Farmer is lead farmer 0.09 0.11 0.29

Information degree 4.89 5.02 0.40

Sharing degree 4.19 4.37 0.21

Information in-degree 2.31 2.44 0.36

Sharing in-degree 1.94 2.16 0.08∗

Panel B: Village Level Statistics (N=82) Network Door-to-door

Total households 149.68 180.60 0.26

Total cultivators 89.41 117.33 0.13

Total Ag. laborers 46.80 55.42 0.46

Persons per household 5.84 5.90 0.64

Share Scheduled Caste (SC) 0.21 0.17 0.29

Literacy Rate 0.63 0.65 0.26

Approximate elevation (m) 5.29 4.28 0.19

Share of farmers not cultivating minikit 0.11 0.14 0.54

Estimated village harvest of Swarna-Sub1 1647.71 2066.22 0.20
Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels. Column 1 in Panel A is for buyers. Column
2 in Panel A is for suppliers. Column 1 in Panel B is for network villages, while column 2 in Panel B is for villages where
door-to-door sales were made. All farmer level statistics are from the baseline survey in May-June 2012. Information degree is
the number of links (undirected) where a link occurs if either farmer lists the other farmer as somebody with which they talk
about rice farming. Sharing degree is the number of links (undirected) where a link occurs if either farmer lists the other
farmer as somebody with which they would go to if they needed seeds, fertilizers, or other inputs. Information in-degree is the
number of other farmers in the village naming this farmer as an information contact.
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door-to-door villages, suggesting that any differences in adoption can not be attributed to
differences in production of suppliers.10

3.3 Model of Technology Adoption in Networks

In this section I formulate a model of adoption of a new technology in networks. In contrast to
a model where networks function to spread information, I focus on how network relationships
create variation in costs of adopting across the population. I then use the model to help
show how targeting of buyers with high expected benefits may vary between networks and
a setup where these costs are eliminated in door-to-door sales.

Simple Example

Before formulating the adoption choice of buyers, I present a simple example that is meant
to convey the ways in which trading in networks may vary from the outcome when door-
to-door sales are offered. Figure 3.2 displays the network structure for one of the sample
villages, where two farmers are assumed to have a link if they share a common surname,
an assumption I provide support for in Section 3.5. The dark nodes (S1-S5) represent the
five farmers that were selected as suppliers and the remaining nodes (B1-B15) are potential
buyers. Since the harvest of suppliers is enough to meet demand, and there are no alternate
uses of the output that are more profitable, the first-best allocation would require each buyer
with positive demand to adopt. As an example, if B5 has a high valuation for the technology,
then she faces a tradeoff of going to a supplier outside of her network, or not adopting. As
the theoretical literature suggests, it is not obvious as to whether these transactions will take
place (Kranton and Minehart, 2001; Elliott, 2013).

The link pattern is inconsequential when demand is revealed via door-to-door sales be-
cause all potential costs of transacting are eliminated. As a result, network structure imposes
no barriers to B5 adopting the technology. If network relationships present barriers to adop-
tion, then the amount demanded from door-to-door sales will be significantly larger for
those farmers that are unconnected to suppliers. In contrast, if networks work efficiently for
exchange, then B5 should adopt regardless of the mode of exchange.

Model Setup

The main benefit to the farmer of adopting the new technology is improved flood tolerance.
To formalize this, denote αi as the probability that farmer i is affected by flooding. The

10Another useful test is the test of whether any differences between suppliers and buyers are greater in
door-to-door villages as compared to network villages. In results not reported, I regress each characteristic
in Panel A of Table 3.1 on village-level treatment, a supplier indicator, and the interaction of these two
variables. The F-statistics of these 11 regressions range from 0.29 to 1.19 and thus the three variables do
not jointly explain variation in any of the farmer characteristics.
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Figure 3.2: A Sample Network

Notes: Figure displays a network diagram for one of the 82 sample villages. Dots (nodes) represent
individual farmers and edges (lines) represent connections, where connections are assumed if the farmers
share a common surname. The shaded nodes, marked S1-S5 are farmers that were randomly selected as
suppliers. The unshaded nodes, marked B1-B15, were randomly selected as buyers.
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agronomic return of the technology when flooding occurs is ri > 0. Conversely, the return
under non-flood conditions is zero – an assumption consistent with the experimental results
in Dar et al. (2013). Therefore, the expected return of the technology is Ri = αiri.

In addition to the returns due to flood exposure, there is an idiosyncratic term, ui,
which measures benefits that are observed to the farmer, but not to the econometrician. For
instance, some farmers may have stronger preferences for trying new technologies. I assume
that ui is mean zero and independent of both R and c. Since Ri can be approximated with
data on past exposure to flooding and ui is unobservable, the door-to-door sales treatment
serves the purpose of generating a measure of overall demand that is based on both terms.

The difference in prices between the old and new technologies is v. I consider prices to be
fixed. While there is a large literature on bargaining between buyers and sellers in networks
(Corominas-Bosch, 2004; Manea, 2011; Abreu and Manea, 2011), I focus on network structure
and costs of exchange as potential barriers to adoption. The lack of significant variation in
prices and the prevalence of exchanging seeds at a rate of one-for-one suggests that bargaining
is not an important consideration in this context.

The costs of exchange in networks can be decomposed into two terms. The first term, c,
is the inconvenience of having to leave the house to obtain seeds. While likely important in
many contexts, c is likely to be less important in this sample due to the close proximity of
houses. Half of the households in the sample have a supplier that lives within 42 meters of
their household. Also, over 90% of buyers are located within 300 meters of a supplier.

The second term, ci, denotes the costs to the buyer of making a trading link with a
supplier. The value of ci varies across the population because of varying degrees of connect-
edness to suppliers. As an example, a low caste farmer may find it very costly to adopt
from a higher caste supplier. However, it need not be the case that ci > 0. For instance, a
farmer may benefit from trading in networks if peers extend credit or allow for other types
of flexible payments.11

In contrast to a conventional market, door-to-door sales eliminate both c and ci by
making transactions anonymous and bringing seeds directly to farmers. A standard market
with some transportation costs would eliminate ci, but not c. I use various measures of
connectedness to suppliers to show empirically that ci is quantitatively important.

I assume that c, R, and u are distributed multivariate normally where the means of c
and R are µc and µR. The parameter ρ denotes the correlation between R and c. The
idiosyncratic term u has a mean of zero and is uncorrelated with both R and c.

Combining all benefits and costs, the probability of adopting the new technology in
networks is P{R + u > v + c + c}. Introducing door-to-door sales causes the adoption
probability to be P{R + u > v}. In addition to differences in adoption, there may be a
targeting effect where the quality of adopters varies between the two modes of exchange.

11See Kranton (1996) and Aoki and Hayami (2001) for discussion of some of the benefits of reciprocal
exchange through networks.
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Targeting

The expected return of adopters is a natural measure of targeting effectiveness. Conditional
on the overall rate of adoption, the average return of adopters is a direct measure of how
efficiently the technology is allocated. As shown in the appendix, the expected return of
adopters when trading occurs in networks is

E(R|R+u− c > v+c) = µR+
σR(σR − ρσc)√

σ2
R + σ2

u + σ2
c − 2ρσRσc

∗M

(
v + c− µR + µc√

σ2
R + σ2

u + σ2
c − 2ρσRσc

)
,

(3.1)

where M(z) = φ(z)
1−Φ(z)

is the inverse Mill’s ratio. The expected return of adopters is above

the average in the population if −1 ≤ ρ < σR
σc

. Intuitively, if returns and costs of adopting
are negatively correlated, then the farmers facing the fewest barriers to adopting in networks
are those with the highest returns. Therefore, on average, the adopters have higher returns
than the overall population. On the other hand, if the correlation between costs and returns
is sufficiently large, then targeting in networks is less effective because the farmers with high
costs are those with high returns.

The expected return of adopters in door-to-door sales is

E(R|R + u > v) = µR +
σ2
R√

σ2
R + σ2

u

∗M

(
v − µR√
σ2
R + σ2

u

)
. (3.2)

Comparing equations (3.1) and (3.2), the average return of adopters will be larger in door-
to-door sales if ρ > σR

σc
. In this case, door-to-door sales crowd in farmers with high returns

that did not adopt in networks. Conversely, if ρ is held constant, and µc is large relative
to σc, then adoption in networks sends a stronger signal that returns are large because the
farmer is willing to make the costly investment of adopting from other farmers.12 Expected
returns of adopters in networks will be larger in this case.

Overall, the model predicts that the difference in the average return of adopters between
the two modes of exchange will depend upon the magnitudes of µc, σ

2
c , and ρ. However, the

experimental design causes c and R to be uncorrelated when conditioning on network size.
This results because random selection of suppliers generates random variation in connect-
edness to suppliers. Applying this to the model, the targeting effectiveness of exchange in
networks will depend only on the distribution of costs. If barriers to exchange in networks
are irrelevant, then costs will be small and the average returns of adopters in networks will be
similar to that in door-to-door sales. This prediction is considered in detail in the empirical
analysis.

12To see this, note that M(z) increases monotonically with z. Therefore, as µc increases and σc decreases,
both M and σR(σR−ρσc)√

σ2
R+σ2

u+σ2
c−2ρσRσc

increase.
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3.4 Results

I first report results showing that exchange in social networks results in lower adoption,
crowding out of farmers with fewer connections to suppliers, and a small improvement in
targeting. These results build up to an overall measure of efficiency losses. I then consider
whether adoption effects vary across the population. Finally, I take advantage of the random
variation in prices to show that increasing prices is not effective at screening the pool of
adopters.

Adoption, Peer Effects, and Targeting

I first show that exchange via social networks alone results in significantly lower adoption
when compared to villages where door-to-door sales were used to reveal demand. In order
to estimate the magnitude of this effect while holding prices constant, I rely on random
price variation to estimate the effect at the average price observed in network transactions
between farmers. Formally, the regression specification is

adoptionij = β0 + β1door to doorj + β2door to doorj ∗ (pricej − 12.4) + εij, (3.3)

where adoptionij is an indicator for adoption by farmer i in village j, door to doorj is
an indicator for door-to-door villages, and pricej is the random offer price in door-to-door
villages.13 Since the average price of transactions between farmers is 12.4 Rs per kg14, the
coefficient β1 measures the gap between network adoption and revealed demand at a price
equivalent to an average network transaction.

The estimates in column 1 of Table 3.2 show that when holding price constant, the de-
mand revealed by door-to-door sales is higher by 33 percentage points. The rate of adoption
of 40% in door-to-door sales is larger than the adoption in networks by over five times.
Focusing on the ratio of the two estimated coefficients in column 1, the price charged in
door-to-door sales would need to approximately double to result in the same adoption rate
observed in networks alone. The coefficient changes little when including control variables
(column 2). Further, as shown in column 3, adoption in networks fell far below demand at
all three price levels, even at the highest price, which is larger than the prices of almost all
farmer-to-farmer transactions.

One potential explanation for the low adoption in networks is that exchange tends to
be limited to farmers from the same social groups, effectively crowding out farmers without
links to suppliers. I rely on the random selection of suppliers to test whether relationships

13I focus on a binary adoption rate throughout the paper because the amount used is only relevant for a
single year. After one year, the harvest produced from only 1-2 kg of seed is enough to cultivate the average
farmer’s entire landholdings. In door-to-door villages, the adoption indicator is set to 1 if either the farmer
purchased from an NGO representative, or adopted from a peer.

14The dominant transaction type is direct exchanges of Swarna-Sub1 for a different variety of rice. The
price for these exchanges is valued at the output price of rice. I use the most conservative estimate, which
is the government-supported price of 12.5 Rs per kg.
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Table 3.2: Estimated difference between adoption in networks and demand revealed in door-
to-door sales

(1) (2) (3)
Door-to-door 0.327∗∗∗ 0.328∗∗∗

treatment (0.042) (0.041)

Door-to-door -0.026 -0.026
treatment*(Price-12.4) (0.024) (0.024)

Door-to-door and 0.385∗∗∗

Price=10 (0.078)

Door-to-door and 0.351∗∗∗

Price=12 (0.067)

Door-to-door and 0.280∗∗∗

Price=14 (0.059)

Farmer is SC -0.058 -0.057
(0.041) (0.040)

Farmer has BPL card -0.056∗ -0.056∗

(0.031) (0.030)

Land cultivated in 0.005 0.005
2012 (0.007) (0.007)

Ag. cooperative -0.019 -0.019
member (0.023) (0.023)

Swarna user in 2012 0.087∗∗∗ 0.086∗∗∗

(0.033) (0.032)

Strata Fixed Effects Yes Yes Yes
Mean of Dep Variable: Network 0.07 0.07 0.07
Number of Observations 1150 1134 1134
R squared 0.190 0.208 0.209

Dependent variable is 1 if farmer adopted Swarna-Sub1 for 2013 wet season. Door-to-door treatment is 1
for villages where farmers had the opportunity to obtain the technology from a door-to-door salesperson.
Land cultivated in 2012 is measured in acres. Standard errors are clustered at the village level. Asterisks
indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.
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between buyers and suppliers are more important in networks. The estimating equation is

adoptionij =β0 + β1door to doorj + β2suppliersij + β3degreeij + β4suppliersij ∗ door to doorj
+ β5degreeij ∗ door to doorj + εij, (3.4)

where suppliersij is the number of peers of farmer i that were selected as suppliers and
degreeij is the total number of peers of farmer i. Peers are defined using either the baseline
social network survey, common surnames, or belonging to the same sub-caste.15 Importantly
for identification of β2 and β4, the random introduction of the technology guarantees that
the number of suppliers that are connected to a given farmer is as good as randomly assigned
when conditioning on the total number of connections, thus avoiding the classic reflection
problem discussed in Manski (1993).

The results in Table 3.3 show that stated relationships with suppliers from the baseline
social network survey have little impact on adoption in both types of villages. The effect
of being linked to an additional supplier in social networks is small and not statistically
significant across all specifications in columns 1-3. As seen by the estimate of β4, adding
door-to-door sales does little to change this effect.

In contrast, sharing surnames with suppliers is significantly more important for obtaining
the technology when trading occurs in networks. In column 4, sharing the same surname with
an additional supplier results in a 3.5 percentage point, or 50%, increase in the probability of
adoption in networks. Adding door-to-door sales causes this effect to decrease significantly
by 7.5 percentage points. The negative effect of 4 percentage points in door-to-door sales
represents an approximate 10% decrease in adoption, but the effect is not statistically sig-
nificant (p=0.24). The results do not change substantially when adding household controls
(column 5). Turning to column 6, the effects are somewhat larger when village fixed effects
are added.16 Having the same surname as a single additional supplier results in a 106%
increase in the likelihood of adoption in networks. Again, the effect in door-to-door sales is
slightly negative, but not statistically significant. Holding network size constant, a farmer
would need to share the same surname as an additional 4.5 suppliers in order to have the
same likelihood of adopting as when door-to-door sales are available. A natural explanation
for the difference between surname association and stated network links is that farmers have
some flexibility to adopt from others that are not their closest peers, but that establishing a
trading link with another farmer from a different social group is too costly.

Belonging to the same subcaste as suppliers is also a significant determinant of adoption
in networks. In column 7, having one additional supplier from the same subcaste leads to

15There is substantial variation in surnames within villages. The average number of unique surnames per
village is 5.6. Therefore, each farmer in the sample shares a surname with approximately 3.3 other farmers
in the sample.

16This likely occurs because the villages with little variation in adoption and where most farmers share
the same surname receive less weight in the identification. In Table B.1 I show that the estimated peer
effects are much larger in the sample of villages where there was at least one adopter (columns 1 and 2).
This is mostly due to very low adoption in one of the three blocks (columns 3 and 4). The results are also
more similar to fixed effects results when discarding the 5% of observations where over 15 of the farmers in
the village have the same surname (not shown).
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a 4 percentage point increase in the probability of adoption, representing a 57% effect. The
estimated coefficient on the interaction between the door-to-door indicator and the number
of suppliers belonging to the same sub-caste is negative and of similar order of magnitude
as the effect in networks. Thus, the effect of belonging to the same subcaste as suppliers
becomes effectively zero when door-to-door sales are made. As shown in columns 8 and 9,
the results are similar when adding control variables and village fixed effects.

The estimated effects of relationships with suppliers are robust to two natural alterna-
tive estimation approaches. First, accounting for the dichotomous nature of the dependent
variable by using a probit specification has little impact on the estimates (columns 5 and 6
in Table B.1). Second, an alternative way of measuring relationships with suppliers is to use
the share of connected farmers that were selected as suppliers. As shown in Table B.2, using
this approach actually improves precision of the estimates.

Compared to the existing literature on peer effects, this result highlights a different
mechanism through which peers influence behavior. Namely, when products can be directly
traded through networks, one may gain access to a new product via their peers. The literature
on peer effects consistently points to peers as a source of learning about new technologies or
products (Foster and Rosenzweig, 1995; Munshi, 2004; Bandiera and Rasul, 2006; Kremer
and Miguel, 2007; Conley and Udry, 2010; Oster and Thornton, 2012; Cai, de Janvry, and
Sadoulet, 2012; Bursztyn et al., 2012). In contrast to this learning channel where peers help
to overcome information barriers, the presence of peer effects in trading networks creates
inefficiencies by limiting trading opportunities.

The results up to this point suggest that adoption in social networks falls short of revealed
demand and that this adoption gap is larger for farmers with fewer connections to suppliers.
The immediate next question to ask is whether targeting is any more or less effective in
networks.

As a first step in answering this, I use data on flooding during the past five years to
generate a measure of expected returns for each farmer in the sample,

returnij =

1
5
∗
Pij∑
p=1

2012∑
t=2008

R(dijpt) ∗ areaijp

Pij∑
p=1

areaijp

. (3.5)

The term dijpt represents the duration of flooding for farmer i in village j on plot p during year
t, Pij is the total number of plots cultivated, and the function R(·) is the expected agronomic
return of Swarna-Sub1, relative to Swarna. The units of measurement of R are kilograms per
hectare cultivated. I use estimates of R that were generated using data from a randomized
experiment carried out in nearby villages during 2011. Specifically, I use nonparametric
estimates of the treatment effect of Swarna-Sub1 as a function of flood duration.17 The
density of estimated returns for the sample of buyers is shown in the left panel of Figure

17See the middle panel of Figure 1 in Dar et al. (2013) for the estimates.
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3.3. The right panel shows the density of deviations between estimated returns and village
means. Variation in topography, and hence flood exposure, generates substantial variation
in estimated returns both across and within villages.18

Figure 3.3: Distribution of expected returns of Swarna-Sub1
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Notes: Figure shows densities of raw estimated returns (Panel A) and deviations between estimated
returns and village averages (Panel B). Plot-level recall on flood duration and impact estimates in Dar
et al. (2013) were used to calculate expected returns for each farmer in the sample. The only source of
variation in expected returns using this methodology is exposure of the farmers’ land to flooding.

Following Galasso and Ravallion (2005), I first measure overall targeting performance
using a measure that is equivalent to the correlation in a 2 x 2 contingency table. In
particular, the measure φ is

φ = (ab − anb) ∗

√
s(1− s)
a(1− a)

, (3.6)

where ab − anb is the difference in adoption rates between farmers with positive net benefits
and those with negative or zero benefits, a is the overall adoption rate in the sample, and s is

18One caveat is that this approach measures agronomic returns rather than economic returns. Chapter 2
shows that access to Swarna-Sub1 causes farmers to change several production practices, leading to increases
in yield even during years when flooding does not occur. Increases in investment are generally larger for
farmers that have more farmers in their peer group also cultivating the variety. Since networks favor adoption
by peers, one advantage of farmer-to-farmer exchange is that it could facilitate these behavioral changes.
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the share of farmers with positive net benefits. This measure offers two advantages. First, it is
neutral to scale, thus allowing an easier comparison between targeting effectiveness in the two
treatments where overall adoption varies widely. Second, it is related directly to the objective
of a planner that can only observe returns due to flooding. That is, φ approaches one if the
technology is perfectly allocated to all farmers with positive net benefits. Conversely, φ
approaches -1 as adoption becomes more concentrated amongst farmers that do not benefit
from the technology.

The results in Table 3.4 suggest some slight differences in targeting between the two
experimental groups. Neither networks or door-to-door sales are particularly successful at
concentrating adoption on farmers with positive expected returns. While the rates of adop-
tion of farmers with positive expected gains are higher by 2.9 and 7.2 percentage points in
networks and door-to-door sales, respectively, neither φ coefficient is statistically significant.
However, social networks are somewhat effective at concentrating adoption amongst farmers
with above-median returns. Focusing on the third row of the table, the adoption rate in net-
works is higher by 5 percentage points – i.e. an increase from 4% to 9% – for farmers with
above-median expected returns. This targeting difference is also statistically significant. In
contrast, the φ coefficient for above-median returns in door-to-door villages is less than half
of the size and is not statistically significant.

Table 3.4: Targeting effectiveness of social networks and door-to-door sales

Networks Door-to-door sales

Targeting φ p-value Targeting φ p-value
Differential Differential

Returns greater than:
0 0.029 0.043 0.302 0.072 0.052 0.212
25th percentile 0.043 0.077 0.067 0.035 0.030 0.476
50th percentile 0.050 0.100 0.017 0.042 0.042 0.312

Flooding 7-14 days during:
2011 0.011 0.022 0.601 0.114 0.105 0.012
2009 0.015 0.030 0.485 0.009 0.009 0.834
2008 0.050 0.087 0.040 0.044 0.033 0.427

Notes: Targeting differential is the difference in adoption rates between farmers with estimated returns
above and below the given threshold. For example, farmers with positive estimated returns are 2.9
percentage points more likely to adopt in social networks when compared to farmers with zero or negative
returns. φ represents the phi coefficient from the relevant contingency table. Farmers that were flooded for
7-14 days were identified using area-weighted average flood duration collected during survey visits.
P-values are calculated using the χ2 statistic from the relevant 2x2 contingency table.

While door-to-door sales tended to induce adoption by farmers experiencing severe flood-
ing more recently, exchange in social networks induced adoption more by those experiencing
flooding in the more distant past. I focus on areas flooded for 7-14 days because this is
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the range where Swarna-Sub1 has a statistically significant advantage in yield over Swarna
(Dar et al., 2013). As shown in the fourth row of Table 3.4, farmers with land flooded for
7-14 days during the 2011 floods were 11.4 percentage points more likely to adopt from the
door-to-door salespersons. This targeting difference is statistically significant. In contrast,
farmers experiencing flooding from 7-14 days during 2008 were over twice as likely to adopt
in networks. Taken together, these results suggest that if anything, targeting is slightly more
effective in networks.

As an additional measure of targeting effectiveness across the entire support of expected
returns, Figure 3.4 shows nonparametric fan regressions of adoption on expected returns.
Adoption in both treatment arms is positively correlated with expected returns. However,
other than for the lowest values of estimated returns, the difference in adoption between
networks and door-to-door sales is fairly constant. Following the binary targeting results
from Table 3.4, Panel B uses the area weighted average flood duration on the farmer’s land
during the most recent flood in 2011. Adoption in the door-to-door villages shows a quadratic
relationship with flood duration, where the maximum adoption occurs around 12 days. This
contrasts with networks where adoption is not strongly correlated with 2011 flood intensity.
The pattern is quite remarkable given that impact estimates show that agronomic returns
during flooding are maximized at approximately 13 days.

The positive correlation between adoption and estimated returns and the quadratic re-
lationship between adoption and flood intensity in 2011 rule out a story where misunder-
standing the benefits of the technology drives the results. If farmers did not understand the
benefits of the technology, then there would be no reason to expect adoption to be highest
in areas exposed to heavy flooding. Farmers appear to have used a combination of avail-
able information and their past experiences with flooding, particularly during 2011, to base
adoption decisions.

Regression results in Table 3.5 are consistent with the graphical results. The correlation
between adoption and expected returns in networks alone is positive, but not quite statisti-
cally significant (column 1).19 An increase from the 25th to 75th percentile in the expected
returns distribution leads to an increase in the probability of adoption by 3 percentage
points, or 43%. Adding door-to-door sales results in an increase in the correlation between
returns and adoption, but the interaction term is not statistically significant. However, the

19Two sets of standard errors are used to make statistical inference. First, OLS standard errors are
reported in parentheses. Second, bootstrapped standard errors that correct for expected returns being a
regressor generated from a separate sample are reported in brackets. The issue is similar to two sample
instrumental variables, where authors have calculated standard errors using either the covariance matrix
in Murphy and Topel (1985), the delta method, or by bootstrapping (Inoue and Solon, 2010). Following
Björklund and Jäntti (1997), I use the bootstrapping method. I draw 200 samples (clustered at the village
level) from both the main estimation sample and the sample in Dar et al. (2013). For each sample the
nonparametric fan regression relating returns of Swarna-Sub1 to the duration of flooding is re-estimated
and expected returns in the sample drawn from the estimation sample are re-calculated using this new
mapping between flood duration and estimated returns. I then estimate the regression with these new
values of estimated returns. Bootstrapped standard errors for each parameter are calculated as the standard
deviations of the 200 estimates.
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Figure 3.4: Relationship between estimated returns and adoption, by treatment
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Notes: (a) Nonparametric fan regression of adoption on estimated returns. (b) Nonparametric fan
regression of adoption on area weighted duration of flooding during 2011 floods. (c) Density of estimated
returns. (d) Density of area weighted flood duration in 2011.
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overall effect in door-to-door sales is statistically significant. Moving from the 25th to 75th
percentiles of the expected returns distribution in door-to-door sales leads to a 7.5 percent-
age point (19%) increase in adoption. The results in column 2 verify that the quadratic
relationship between adoption and 2011 flood severity is highly statistically significant in
door-to-door sales, but not in networks alone.

Table 3.5: Estimated correlation between expected returns and adoption

(1) (2)
Door-to-door 0.300∗∗∗ 0.130
treatment (0.049) (0.126)

[0.065]

Door-to-door 0.031
treatment*Expected (0.025)
Returns [0.024]

Expected Returns 0.019
(0.013)
[0.014]

2011 Area weighted 0.007
days flood (0.011)

2011 Area weighted -0.000
days flood2 (0.000)

Door-to-door 0.044∗∗

treatment*2011 Area (0.018)
weighted days flood

Door-to-door -0.002∗∗∗

treatment*2011 Area (0.001)
weighted days flood2

Strata Fixed Effects Yes Yes

Household controls Yes Yes
Mean of Dep Variable: Network 0.07 0.07
Number of Observations 1134 1126
R squared 0.212 0.213

Dependent variable is 1 if farmer adopted Swarna-Sub1 for 2013 wet season. Door-to-door treatment is 1
for villages where farmers had the opportunity to obtain the technology from a door-to-door salesperson.
Conventional standard errors that are clustered at the village level are reported in parentheses.
Bootstrapped standard errors that correct for Expected Returns being a generated regressor are in brackets.
Asterisks (pertaining to conventional standard errors) indicate statistical significance at the 1% ∗∗∗, 5% ∗∗,
and 10% ∗ levels.

I consider the average return of adopters as the most direct measure of targeting effec-
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tiveness that maps directly to the calculation of efficiency losses. Figure 3.5 displays the
densities of estimated returns for adopters across the different treatment groups. Visually,
the distribution of estimated returns in network villages shifts to the right when compared
to villages where door-to-door sales were made.

Figure 3.5: Densities of estimated returns of adopters, by treatment
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Notes: Figure displays kernel densities of estimated returns, by treatment group. Densities are estimated
only for adopters.

OLS regression estimates also suggest a moderate improvement in targeting by exchange
in networks. The regression results in column 1 of Table 3.6 show that the average return of
adopters in door-to-door sales is smaller by 40 kg per hectare, an approximate 23% decrease.20

The effect is reasonably large, but not quite statistically significant (p=0.11). The average
return across the entire sample of 124 kg per hectare can be taken as the return of adopters
if the technology had been provided free of cost. Therefore, the average return of adopters
in networks (the constant term) represents a 40% improvement over free distribution. This
difference is statistically significant (p=0.029).

Focusing on column 2, very similar results are obtained when using a self-reported mea-
sure of flood risk for the plot where the new variety would be planted. Farmers were asked
to assess on a scale from 1-10 how prone their Swarna-Sub1 plot is to flooding. The average
value amongst adopters in networks was 5.25. The predicted decrease with door-to-door sales

20Strata fixed effects are dropped in this regression in order to avoid absorbing selection effects.
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Table 3.6: Effect of exchange environment on the average return and self-reported flood risk
of adopters

All adopters Adopters from peers or door-to-door

(1) (2) (3) (4)
Return Flood severity (1-10) Return Flood severity (1-10)

Door-to-door -0.402 -0.846 -0.542∗∗∗ -0.979∗

treatment (0.248) (0.527) (0.165) (0.507)

Door-to-door -0.037 -0.069 -0.037 -0.069
treatment*(Price-12.4) (0.061) (0.109) (0.061) (0.109)

Constant 1.742∗∗∗ 5.250∗∗∗ 1.882∗∗∗ 5.382∗∗∗

(0.219) (0.464) (0.117) (0.442)
Mean of Dep Variable: Network 1.742 5.250 1.882 5.382
Number of Observations 266 267 264 265
R squared 0.018 0.029 0.031 0.037

Dependent variable in columns 1 and 3 is the expected return of Swarna-Sub1, measured in quintiles (1
quintile = 100kg) per hectare. Dependent variable in columns 2 and 4 is a subjective measure of the flood
severity of the plot where Swarna-Sub1 was being planted. This variable ranges from 1-10 and was
collected during the final follow-up survey with all potential buyers. Door-to-door treatment is 1 for
villages where farmers had the opportunity to obtain the technology from a door-to-door salesperson.
Standard errors are clustered at the village level. Asterisks indicate statistical significance at the 1% ∗∗∗,
5% ∗∗, and 10% ∗ levels.

is 0.85, or 16.2%. The estimated effect with this separate measure is qualitatively similar,
but also not statistically significant (p=0.11).

Columns 3 and 4 show that the results become more precisely estimated when dropping
the two farmers that were provided Swarna-Sub1 free of cost from a local disaster manage-
ment office. These results are largely consistent with the targeting differentials in Table 3.4.
Namely, the estimated returns are slightly larger for adopters in networks because there is a
larger mass of adopters with expected returns that exceed the median.

Taken together, the results on targeting suggest that improved targeting from exchange
in networks will offset a small portion of the inefficiency due to the adoption gap. I next turn
to a measure that combines these effects to estimate the overall losses in expected revenue.

Efficiency Loss

As a first step in quantifying the magnitude of the losses to farmers due to trading in
networks, I define the gain in expected gross revenue for farmer i as gaini = adoptioni ∗
returni ∗ hectaresi, where returni is converted to monetary units by multiplying by the
government supported output price of 12.5 Rs per kg. The total gain in expected revenue
is then calculated by summing gaini across farmers. Following the results on peer effects,
farmers in network villages are further split into two groups: farmers with one or zero
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suppliers sharing their surname, and farmers having the same surname as two or more
suppliers.21 I also present potential gains for a scenario where every farmer with positive
expected gains adopts.22 The aggregate gains are then re-weighted to ensure that the total
number of observations is held constant across the groups.

Panel A of Figure 3.6 shows that the smallest gains from the technology were amongst
the relatively less connected farmers that relied on trading in networks. The total gain in
revenue in this group was 16,800 Rs. The gains were 32,800 Rs – or nearly twice as large
– amongst the better connected farmers. The aggregate gain in revenue with door-to-door
sales is 61,700 Rs. Therefore, approximately 35.6% of the revenue gap between less connected
farmers in networks and farmers receiving door-to-door visits can be explained by limited
connectivity. Averaging across all network villages, the total gain across all farmers was
23,000 Rs. Thus, the aggregate losses in short-term revenue due to trading in networks
represent approximately 63% of the aggregate expected returns generated by door-to-door
sales.

While making transactions costless by adding door-to-door sales increases expected rev-
enue, there is still a large gap between door-to-door sales and the allocation where every
farmer with positive returns adopts. This is driven by the fact that only 40% of farmers
adopt in door-to-door villages even though around 84% of farmers are expected to gain
from Swarna-Sub1. Not surprisingly, regardless of the exchange environment, some farmers
are likely to wait until additional information about the technology comes available before
making adoption decisions.

While there are clear losses from trading in networks, the absolute magnitude of the
losses during the first year is small. In particular, the overall loss of 38,700 Rs represents
approximately 1.14 USD per farmer. This results for two reasons. First, farmers only
cultivate a small amount of the new variety during the first year. Second, the agronomic
gains do not account for the changes in farm investment that are induced by the reduction
in risk.

Focusing on investments, Chapter 2 shows that farmers with Swarna-Sub1 increase in-
vestment in inputs and cultivate more land during the second year of using the technology.
I use the estimated parameters in Chapter 2 to estimate gains from the technology over a
two year period. The expected gains in revenue during the first year are set equal to the
agronomic gains, i.e. those in Panel A of the figure. During the second year, the yield and
area cultivated are assumed to increase according to the parameters estimated in Tables 2.8
and 2.3, respectively.23 The important assumption underlying this calculation is that any ad-
ditional adoption prior to the second year will be balanced across network and door-to-door
villages.

The results in Panel B of Figure 3.6 show much larger gains in expected revenue over a

21This threshold is used because the increased adoption in networks is strongest for farmers that have
two or more suppliers with the same surname.

22Since cultivated area is not observed for non-adopters, it is imputed with average cultivated area of
adopters when calculating the aggregate gain in expected revenue for the efficient scenario.

23Expected gains during the second year are discounted using a discount factor of 0.9.
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Figure 3.6: Losses in expected revenue due to trading in social networks
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Notes: Height of bars is the total gain in expected revenue due to adoption of Swarna-Sub1. Bar labels are
as follows. Network, 0-1 and Network, 2+ refer to farmers in network villages with 0-1 suppliers having the
same surname and 2 or more suppliers having the same surname, respectively. Door-to-door is for
door-to-door villages and Efficient refers to a scenario where every farmer with positive expected returns
adopts. (a) Bars represent total gain in expected revenue due to Swarna-Sub1 during the first year of
cultivation. Cultivated area for non-adopters is imputed with average cultivated area of adopters for
computation of total gains from the efficient network. (b) Plot displays total gain in expected revenue over
two years. The only gains in revenue during the first year are the agronomic gains due to improved flood
tolerance, i..e those in Panel A. Following the results in Chapter 2, farmers are assumed to make changes in
investment patterns during the second year of cultivation. First, farmers are assumed to cultivate 0.33
hectares with Swarna-Sub1. Second, average yield of Swarna-Sub1 is expected to increase by 283 kg per ha
due to investments in fertilizer and modern planting techniques. Third, farmers increase total cutivated
area by 0.1 ha. The expected gains in revenue during the second year are discounted using a discount
factor of 0.9.
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two-year period. Specifically, the net gain with trading in networks is 220,300 Rs. When
adding door-to-door sales, the total gains increase by 1.01 million Rs. The per-farmer increase
in expected revenue represents approximately 30.73 USD. Thus, when considering all of the
measurable benefits of the new technology, there are substantial economic losses to buyers
from trading in social networks.

Heterogeneity

Are there some groups that are better off when trading occurs in networks, or is the gap
between revealed demand and adoption in networks similar across the population of farmers?
As shown in Table B.4, the gain in adoption from adding door-to-door sales is smaller for
lower caste (SC) farmers, smaller for the better educated, but larger for those cultivating
Swarna – the variety that is otherwise identical to Swarna-Sub1. Put differently, networks
are relatively more effective for the lowest caste farmers, the better educated, and farmers
not cultivating Swarna.

One implication of this result is that introducing door-to-door sales increases efficiency,
but has a smaller effect on equity because lower caste farmers are less likely to be induced
to adopt with door-to-door sales. An affirmative action policy that introduces more formal
buying opportunities at the same time as favoring lower castes in seed distribution could
limit the negative effects on equity because the lower caste farmers would benefit more from
peer-to-peer exchange if more of the initial adopters came from their caste group.

Prices as an allocation mechanism

I next use the random variation in prices across door-to-door villages to investigate whether
higher prices are more effective at allocating the technology to farmers with the highest
returns. I start by estimating the degree to which the demand elasticity is dependent upon
estimated returns. I then show how the average return of the pool of adopters varies with
prices. Understanding whether prices can be used to more effectively allocate the technology
has implications for choosing the most efficient allocation mechanism.

Table 3.7 displays demand estimates. In this analysis, the 4.5% of farmers that adopted
from peers in door-to-door villages are considered as non-adopters. The purpose of this is to
ensure that the demand analysis reflects only responses to the random price offers. While
the linear demand estimates in column 1 imply a demand elasticity of 0.84 when price is 12
Rs per kg, a perfectly inelastic demand curve can’t be rejected. This results because power
is limited to detect price effects because there is significant clustering in adoption and the
number of villages is small.24 The estimated differences in demand at the lower prices are
large, as shown in column 2, but the estimates remain statistically imprecise.

24Village-level prices were chosen to avoid perceptions of unfairness and to create a uniform price situation
that more closely mimics real-world pricing. The loss in power was acceptable since estimates of demand
were of secondary interest.
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Table 3.7: Estimated demand functions in door-to-door sales

(1) (2) (3)
Expected Returns 0.048∗∗ 0.049∗∗ -0.003

(0.022) (0.022) (0.034)
[0.024] [0.023] [0.027]

Price -0.025
(0.024)
[0.031]

Price = 12 0.101 -0.001
(0.081) (0.104)
[0.096] [0.154]

Price = 10 0.100 0.001
(0.095) (0.121)
[0.126] [0.211]

Price=12*Expected 0.086∗

Returns (0.049)
[0.051]

Price=10*Expected 0.079∗

Returns (0.047)
[0.062]

Strata Fixed Effects Yes Yes Yes
Household controls Yes Yes Yes
Mean of Dep Variable 0.362 0.362 0.362
Number of Observations 569 569 569
R squared 0.116 0.118 0.125

Data are limited to 41 villages where door-to-door sales were made. Dependent variable is 1 if farmer
adopted Swarna-Sub1 for 2013 wet season. Conventional standard errors that are clustered at the village
level are reported in parentheses. Bootstrapped standard errors that correct for Expected Returns being a
generated regressor are in brackets. Asterisks (pertaining to conventional standard errors) indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.

Demand is significantly more responsive to price for farmers with larger expected returns.
Turning to column 3, the specification includes interaction terms between the two price
indicators and estimated returns. Door-to-door sales crowd in farmers with the highest
expected returns only when prices are low. The increase in adoption induced by a decrease
in price from 14 to 10 is expected to be higher by 16.8 percentage points when estimated
returns are at the 75th percentile as compared to when returns are zero. The order of
magnitude is similar for a decrease in price from 14 to 12, suggesting that demand at low
prices is fairly inelastic across the entire population.25

Not surprisingly given these demand estimates, increasing price does not increase the
average return of adopters. The regression estimates in columns 1 of Table 3.8 show that
if anything, increasing price from 10 to 14 Rs leads to a decline in the average return of
adopters. The results again become more precise when focusing on the sample of adopters

25The quadratic relationship between adoption and 2011 flood intensity is also much more prevalent at
low prices (see Figure B.1).
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from either peers or door-to-door sales. Focusing on column 3, the average return of adopters
at all three price levels is not statistically distinguishable from 1.24 quintiles per ha, which
is the overall average across all farmers in the sample. Thus, charging positive prices or
increasing those prices does not clearly improve targeting outcomes above the outcome that
would be achieved by free distribution. However, decentralized exchange through networks
does produce a better targeted pool of adopters.

Table 3.8: Effects of random price variation on the screening of adopters

All adopters Adopters from peers or door-to-door

(1) (2) (3) (4)
Return Flood severity (1-10) Return Flood severity (1-10)

Price=10 -0.323 -0.850 -0.464∗∗∗ -0.982∗

(0.250) (0.528) (0.167) (0.508)

Price=12 -0.367 -0.485 -0.507∗∗ -0.617
(0.284) (0.693) (0.215) (0.679)

Price=14 -0.472 -1.150∗ -0.612∗∗ -1.282∗∗

(0.311) (0.589) (0.249) (0.572)

Constant 1.742∗∗∗ 5.250∗∗∗ 1.882∗∗∗ 5.382∗∗∗

(0.220) (0.464) (0.118) (0.442)
Mean of Dep Variable: Network 1.742 5.250 1.882 5.382
Number of Observations 266 267 264 265
R squared 0.018 0.047 0.032 0.054

Dependent variable in columns 1 and 3 is the expected return of Swarna-Sub1, measured in quintiles (1
quintile = 100kg) per hectare. Dependent variable in columns 2 and 4 is a subjective measure of the flood
severity of the plot where Swarna-Sub1 was being planted. This variable ranges from 1-10 and was
collected during the final follow-up survey with all potential buyers. Door-to-door treatment is 1 for
villages where farmers had the opportunity to obtain the technology from a door-to-door salesperson.
Standard errors are clustered at the village level. Asterisks indicate statistical significance at the 1% ∗∗∗,
5% ∗∗, and 10% ∗ levels.

The policy implication of this finding is that in this context, higher prices are not an
effective tool for targeting adoption to farmers with the highest expected benefits. While
prices are theoretically desirable as a screening tool, this argument relies heavily on the
equality of willingness to pay and ability to pay. There is indeed some evidence in the
literature that higher prices are an effective tool for targeting the adoption of health products
(Ashraf, Berry, and Shapiro, 2010; Cohen, Dupas, and Schaner, 2013). In contrast, Cohen
and Dupas (2010) find that varying price subsidies has little effect on targeting of insecticide-
treated bed nets in Kenya. The results in this paper are most consistent with this finding
and thus add additional evidence suggesting that in some contexts prices may not always be
an effective mechanism for screening.
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3.5 Why is exchange in networks inefficient?

As a final exercise, I investigate potential explanations for the inefficiency of exchange in
social networks. I first present additional evidence suggesting that transactions were lim-
ited to family members and close friends and that farmers failed to establish trading links
with other farmers. I then consider four alternative explanations: supply effects, quality
differences, ineffective choice of suppliers, and increased salience of the technology. I find no
evidence consistent with any of these alternative explanations.

Relationships limit trading

Evidence from the final survey with suppliers suggests that only close family and friends
approached suppliers to obtain the technology. As displayed in Figure B.2, the most popular
reason given by suppliers for not selling or exchanging seeds is that nobody asked. There
are two candidate explanations: networks failed to disseminate information on identities of
suppliers and farmers knew the identities of suppliers, but failed to establish trading links.
The first explanation is unlikely because suppliers were publicly identified at the beginning
of the experiment when seeds were disseminated via lottery.

When asked, suppliers openly recognize that existing relationships were important for
choosing trading partners. Specifically, 63% and 39% report that trading partners were
close friends and close family, respectively. These responses are consistent with the results
in Table 3.3 showing that relationships with suppliers are more important for adoption in
networks. Interestingly, suppliers clearly expected buyers to initiate trades: only 8% of
suppliers reported actively seeking buyers.

In addition to the survey evidence from suppliers, followup social network data indicate
that buyers did not make greater contact with suppliers. While suppliers did become more
central in the network, this is almost entirely due to additional stated links with other
suppliers. To establish increased importance of suppliers, I estimate

degreeij = β0 + β1supplierij + β2baselinedegreeij + xijδ + αj + εij, (3.7)

where degreeij is the number of links of farmer i in village j during the follow-up survey,
supplierij is an indicator for suppliers, and xij is a vector of control variables. Regression
results are reported in Table 3.9. In columns 1 and 2 degree is measured as the total number
of links, regardless of which farmer reported the link. Being randomly selected as a supplier
of the technology leads to one additional link, which represents an approximate 14% increase.
Columns 3 and 4 show that increases in in-degree – the number of links reported by other
farmers – account for approximately half of this effect.

I use a dyadic regression model of network formation to investigate whether links at
followup were concentrated between buyers and suppliers. The baseline specification is

linkikj = β0 + β1onesupplierikj + β2twosupplierikj + αj + εikj, (3.8)
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Table 3.9: Estimated effect of being selected as a supplier on follow-up social network status

Sharing degree Sharing in-degree

(1) (2) (3) (4)
Supplier 0.998∗∗∗ 1.003∗∗∗ 0.497∗∗ 0.473∗

(0.227) (0.221) (0.246) (0.242)
Baseline sharing degree 0.147∗∗∗ 0.148∗∗∗

(0.052) (0.050)
Baseline sharing in-degree 0.181∗∗∗ 0.180∗∗∗

(0.067) (0.068)
Farmer is SC -0.627 -0.872∗∗∗

(0.379) (0.325)
Land cultivated in 2012 0.108∗∗ 0.046

(0.044) (0.039)
Farmer has BPL card 0.015 -0.004

(0.156) (0.162)
Village Fixed Effects Yes Yes Yes Yes
Mean of Dep Variable 7.28 7.29 3.92 3.92
Number of Observations 1544 1542 1547 1545
R squared 0.341 0.347 0.198 0.204

Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels. Standard errors are
clustered at the village level. Degree is the total number of links reported by either the surveyed farmer or
other farmers in her village. The in-degree is the total number of other farmers in the village that reported
a contact with the farmer. Land cultivated in 2012 is measured in acres

where linkikj is an indicator variable equal to one if farmer i stated that he would go to
farmer k for sharing seeds, or if farmer k made the equivalent statement for farmer i. The
variables onesupplierikj and twosupplierikj are indicators for buyer-supplier and supplier-
supplier dyads, respectively.26 Randomization generates exogenous variation in the likelihood
that a dyad consists of one or two suppliers. Therefore, both β1 and β2 can be interpreted
causally. If buyers make new contacts with suppliers, then β1 should be positive and large.

Results in Table 3.10 show that most of the increase in the degree of suppliers is due to
links between suppliers, not links between buyers and suppliers. Specifically, two farmers
that were both selected as suppliers are 18.2 percentage points – or 48% – more likely to
report being linked. An intuitive explanation for the result is that farmers cultivating the
same variety are more likely to go to each other for sharing information, inputs, or even
seeds. Conversely, the effect of one farmer in the dyad being a supplier is small.

26The symmetry requirement of dyadic regressions with undirected networks is met by definition since
wikj = wkij for all i 6= k (Fafchamps and Gubert, 2007). Also, standard errors in dyadic regressions
must be adjusted for correlation of error terms across observations. Observations in the same dyad are
obviously correlated, leading to artificially low OLS standard errors. Fafchamps and Gubert (2007) propose
a covariance matrix that corrects for correlated observations within dyads. I instead cluster the standard
errors at the village level, an approach that is taken in Attanasio et al. (2012). The advantage gained from
this approach is that standard errors are robust to arbitrary correlation of error terms between dyads in the
same village.
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Table 3.10: Dyadic regressions of network formation at follow-up

(1) (2)
One farmer is seller 0.013 0.022

(0.014) (0.015)

Both farmers are 0.182∗∗∗ 0.207∗∗∗

sellers (0.030) (0.035)

Same sub-caste 0.035∗

(0.018)

Same surname 0.124∗∗∗

(0.018)

Houses within 25 m 0.006
(0.017)

Plots within 100 m 0.009
(0.015)

Village Fixed Effects Yes Yes
Mean of Dep Variable 0.380 0.385
Number of Observations 27633 24837
R squared 0.073 0.088

Data are from follow-up social network survey of all farmers. Dependent variable is 1 if either farmer in the
dyad indicated a sharing link (i.e. an undirected network). Standard errors are clustered at the village
level. Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.

Homophily – the tendency of farmers to interact with other farmers having similar char-
acteristics – is present in the data. Turning to the coefficient estimates in column 2, farmers
belonging to the same sub-caste are 3.5 percentage points – or 9% – more likely to be linked.
Similarly, farmers sharing the same surname are 12.4 percentage points – or 32% – more
likely to be linked.27 As shown in Table B.5, there is significant correlation between common
surnames, sub-caste association, and geographic proximity. While networks are formed ac-
cording to all of these characteristics, sharing a common surname is the most robust predictor
of link formation.

Taken together, the results suggest that farmers did not invest effort in establishing
trading relationships. Instead, trading was more likely to be limited to existing well-defined
social groups. This tendency to transact only with close family and friends therefore explains
some of the inability of trading in networks to meet demand.

27Similar results were found in network data from southern India (Maertens and Barrett, 2012)
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Alternative Explanations

Supply effects and prices

One explanation of the ineffectiveness of trading in networks is that the quantity of seeds
available to suppliers was insufficient to meet demand. If scarcity caused low adoption
in networks, then having access to door-to-door sales would naturally lead to increased
adoption.

The experiment was designed specifically to avoid any effects of scarcity. While only
25 kg of seed were initially provided to suppliers, the average quantity produced with this
amount was approximately 1.8 tons – an amount sufficient to meet demand of approximately
180 farmers. As verification, Figure 3.7 shows the distribution of the differences between the
Swarna-Sub1 harvest of suppliers during the first year and the total amount of Swarna-Sub1
planted in the village after door-to-door sales were made. The total amount planted by all
farmers – including suppliers and other farmers outside the sample – was smaller than the
total harvest in 40 of the 41 door-to-door villages. In other words, the door-to-door sales
did not fill in a gap in supply that could not have been met by suppliers. The average
amount harvested exceeded the amount planted by 14 times. Further, the amount harvested
by suppliers was more than double the amount planted in all but two villages. Therefore,
scarcity can not explain the results.

The limited number of seed transactions can not be explained by output being more
valuable under alternative uses. In addition to being used as seeds, the harvest could be
consumed or sold as grain for consumption. Since the eating quality of Swarna-Sub1 is
identical to Swarna, and the average output price amongst farmers selling for consumption
was 10.4 Rs per kg, output could have been sold or exchanged with other farmers without
decreasing welfare of suppliers. These transfers were simply not made.

Price differences can not explain the results. In short, the technology was not under-
priced in door-to-door sales. The price interval from 10 to 14 Rs covers the range of prices
for transactions between farmers. Using the government’s minimum support price of 12.5 Rs
per kg as a conservative estimate of the price for direct exchanges, the average price of the
technology across all farmer-to-farmer transactions was 12.4 Rs. The range of prices in door-
to-door sales covers this value and therefore allows for the main effects to be estimated at
a price that is equivalent to an average farmer-to-farmer transaction. Further, there is still
significant demand at prices above the prices in farmer-to-farmer transactions, suggesting
that welfare could have been improved if these transactions had been made.

Quality differences

Seed quality is the only potential product attribute that could have varied between networks
and door-to-door sales. The seeds that were exchanged between farmers were second gen-
eration, i.e. output from the 2012 harvest, while the seeds sold in door-to-door sales were
produced by a private seed company in a neighboring state. If farmers fail to produce qual-
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Figure 3.7: Distribution of difference between total harvest of Swarna-Sub1 in year 1 and
amount planted in year 2 in door-to-door villages
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Notes: Data are for door-to-door villages. Figure shows the kernel density of difference between total year
1 harvest of Swarna-Sub1 by suppliers and aggregate amount of Swarna-Sub1 planted in village during year
2 (in kg). The amount planted during year 2 includes amount purchased from door-to-door sales, amount
obtained directly from suppliers (by all farmers, not only farmers in the sample), and amount planted by
suppliers.

ity seeds, this could potentially explain low adoption in networks.28 Descriptively, 16% of
suppliers reported that seed quality was the reason they chose not to exchange with others
(Figure B.2).29

I use two proxy measures for quality preferences to investigate whether networks only
crowd out farmers with stronger preferences for quality seeds. First, approximately 42% of
farmers purchased certified seeds from local government offices for the 2012 season.30 Given

28As an example, if seed is stored without proper drying, then germination ability and vigor of seedlings
are negatively affected. Other practices that farmers can do to improve seed quality and purity are hand
sorting to remove weeds and seeds of other varieties, winnowing to remove empty grains and chaff, and
careful storage to avoid moisture absorption and damage by pests.

29Common reasons for poor seed quality were that drought affected production, seeds became wet during
harvesting, and that Swarna-Sub1 was mixed with other rice varieties after harvesting.

30Seeds that are certified are produced following certain guidelines that ensure purity and higher quality.
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the higher quality standards for certified seeds, this serves as a revealed preference measure
of demand for seed quality. As a second measure, I use responses to a question asking
whether more Swarna-Sub1 seeds would hypothetically be purchased when certified seeds
are available at local government offices as compared to when seeds are only available from
other villagers. I define those who indicated that a larger quantity of certified seeds would
be procured as having a preference for seed quality. This group represents approximately
half of the sample. If quality explains the results, then networks should crowd out farmers
that either revealed or stated preferences for higher quality seeds.

There is no evidence that exchange in networks differentially crowded out farmers that
preferred quality seeds. Table B.6 shows that the correlation between the two measures of
quality preference and adoption in networks is small and statistically insignificant. Further,
adding door-to-door sales did not lead to significantly larger increases in adoption for these
farmers. Overall, the results provide suggestive evidence that differential seed quality does
not explain the results.

Selection of suppliers

Another possible explanation is that adoption is low in network villages because suppliers
were not selected strategically. A different method commonly used by NGO’s would involve
a more targeted approach of selecting the most “progressive” or “lead” farmers as initial
users of the new technology. In theory, this could result in greater adoption if the more
central farmers are either better at demonstrating the technology or if other farmers look to
them for the best varieties to cultivate.

I exploit the random selection of suppliers to investigate whether trading in networks is
more effective when suppliers are relatively more important, where importance is defined by
average degree. I partition villages into two groups according to the ratio of the average
degree of suppliers to that of buyers. Villages where suppliers are more central are defined
as those where this ratio is greater than the sample median.31 The regression specification
is

adoptionij = β0 +β1door to doorj +β2importantj +β3door to doorj ∗ importantj +xijδ+ εij,
(3.9)

where importantj is an indicator for villages where suppliers were relatively more important
than buyers.32

The data rule out that networks were more effective at diffusing the technology when
suppliers were more central. Focusing on column 1 of Table 3.11, the adoption rate in net-

31Randomization of village-level treatment was stratified by the degree ratio for purposes of investigating
heterogeneity with respect to importance of suppliers. Using the ratio of average degrees carries one addi-
tional advantage since the social network in each village was only partially sampled. Chandrasekhar and
Lewis (2011) show that the bias in average degree due to partial sampling of network data is proportional to
the sampling rate. Using the ratio of average degrees should therefore minimize concerns regarding biases.

32The specification uses block fixed effects rather than strata fixed effects because randomization was
stratified by block and the relative importance of suppliers.
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works was 4.7 percentage points lower when suppliers were relatively more important. While
the estimated coefficient is not statistically significant, large positive effects of importance
of suppliers can effectively be ruled out, suggesting that the low adoption in networks is not
due to the nonstrategic way in which suppliers were selected.33 The results in column 2 show
that there is no evidence that trading in networks was more effective at increasing adoption
when suppliers were relatively larger farmers.

The aggregate demand revealed in door-to-door sales is however larger when suppliers
are relatively more important. Returning to column 1, the predicted increase in adoption
from adding door-to-door sales is 26 percentage points when suppliers are less important and
41 percentage points when suppliers are relatively more important. This approximate 60%
increase in the effect is statistically significant at the 10% level. Two plausible explanations
are that farmers learn more effectively from important farmers in the village or that farmers
prefer to cultivate the same variety as these farmers. While recent work suggests that both
channels are important (Cai et al., 2012; Bursztyn et al., 2012), separation of these channels
is outside the scope of this paper.

Salience of the technology

Simply going door-to-door to sell Swarna-Sub1 could have increased awareness about the
technology or sent a signal to farmers about its potential value. Increasing salience of the
technology is therefore an additional possible explanation for the larger take up in door-to-
door sales. Reminding farmers about the technology and its flood tolerance property during
the midline survey served the purpose of reducing potential effects of increased salience.

To test salience effects, I take advantage of the fact that while door-to-door visits were
only made to a randomly selected group of 15 farmers per village, it was well known that
NGO staff were moving between houses to offer seeds. Houses in the sample villages are
small and located in close proximity. For instance, there is an average of over two other
houses in the sample within a 25 meter radius of each sample household. If door-to-door
visits increased salience, then farmers that were outside of the sample would have become
aware of the technology and increased purchases from suppliers.

There is no evidence of salience effects in the data. I use data from the final survey
with suppliers to test whether suppliers in door-to-door villages transacted with a larger
number of farmers from outside the sample. Table B.7 shows that the effect of door-to-door
sales on the number of trading partners from outside the sample is negative and statistically
insignificant. Moreover, increases in the number of trading partners of over approximately
30% can be rejected. These results provide some evidence that salience effects are not an
important driver of the large gap between revealed demand and adoption in networks.

33The 95% confidence interval for β2 is (-0.122,0.028).
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Table 3.11: Heterogeneous effects according to baseline importance of suppliers

(1) (2)
Door-to-door 0.256∗∗∗ 0.309∗∗∗

treatment (0.063) (0.065)

1 if supplier degree -0.047
/ buyer degree > median (0.038)

Door-to-door 0.157∗

treatment*1 if seller degree / buyer degree > median (0.088)

1 if supplier size / -0.057
buyer size > median (0.036)

Door-to-door 0.063
treatment*1 if seller size / buyer size > median (0.089)

Farmer is SC -0.071∗ -0.058
(0.041) (0.038)

Farmer has BPL card -0.061∗ -0.067∗∗

(0.032) (0.033)

Land cultivated in 0.004 0.005
2012 (0.007) (0.007)

Ag. cooperative -0.025 -0.019
member (0.024) (0.024)

Swarna user in 2012 0.074∗∗ 0.078∗∗

(0.032) (0.033)

Block Fixed Effects Yes Yes
Mean of Dep Variable: Network 0.07 0.07
Number of Observations 1134 1119
R squared 0.199 0.195

Dependent variable is 1 if farmer adopted Swarna-Sub1 for 2013 wet season. 1 if supplier / buyer degree >
median is a village-level indicator for ratio of average sharing degree of suppliers to average sharing degree
of buyers being larger than the median. 1 if supplier size / buyer size > median is a similar indicator, but
using average land cultivated during 2012 rather than sharing degree. Door-to-door treatment is 1 for
villages where farmers had the opportunity to obtain the technology from a door-to-door salesperson. Land
cultivated in 2012 is measured in acres. Standard errors are clustered at the village level. Asterisks indicate
statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.
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Summary

Combining the analyses on other possible explanations, the lack of strong evidence for any of
these explanations, along with the stronger peer effects in networks, suggest that barriers to
exchanging with socially distant farmers represent one important explanation of the inability
of decentralized trade in networks to meet demand. The pattern of existing relationships
appears to prevent some transactions that otherwise would have been made if buyers and
sellers had been anonymous.

3.6 Conclusions

Many products are exchanged directly between individuals that are connected in networks.
Put differently, not all goods and services change hands in the textbook marketplace where
the identities of buyers and sellers are irrelevant. This paper used a randomized experiment
with a new agricultural technology in India to shed light on whether a system of exchanging
the technology via networks is able to meet demand. The question is motivated by the idea
that network structure may impede the ability of decentralized trade to allocate goods. If
transacting with people from other social groups is costly or difficult, then this may present
an important friction that limits the ability of buyers and sellers to come together to make
transactions.

The results indicate strongly that trading in networks is inefficient. The rate of adop-
tion of the technology was lower by 83% in networks. Trading patterns showed stronger
peer effects when exchange occurred in networks. A farmer with a single additional sup-
plier belonging to his sub-caste was approximately 50% more likely to adopt the technology
when trading occurred in networks. Similarly, a farmer with one additional supplier having
his surname was over twice as likely to adopt from peers. In contrast, being connected to
suppliers did not have a positive effect on adoption in villages where farmers had the op-
portunity to purchase from door-to-door salespersons. However, targeting of farmers with
higher expected returns to cultivating the technology was moderately more effective in social
networks. In combination, the large decrease in adoption, combined with the only moderate
improvement in targeting, cause the aggregate loss due to trading in networks to represent
over 60% of the gains from exchange that were achieved with door-to-door sales.

The strong peer effects in networks are consistent with two types of trading frictions.
First, there are likely non-trivial costs of interacting with farmers from other social groups.
Second, if the flow of information between social groups is limited, then this could limit
exchange between farmers from different groups. While information about the technology
was provided to all farmers to limit the latter explanation, and five farmers demonstrated
the variety in all villages, the experimental design does not fully rule out information as a
barrier to exchange. Estimating the extent to which information campaigns can facilitate
exchange in networks is an important area for future investigation.

The main contribution of this paper is the quantitative measure of the inefficiency of
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decentralized trade through networks. Such an exchange environment is common across
a variety of situations, including contracting for inputs and trading of informal insurance
between family and friends in developing countries. In contrast to a classic marketplace,
social relationships are important for decentralized allocation of goods through social net-
works. Put simply, relationships matter in this exchange environment and this has negative
consequences for those with limited connections to suppliers.

An important policy implication of the findings is that dissemination of new technolo-
gies using decentralized exchange through networks may be practically desirable, but it is
inefficient. Introducing new seed varieties and relying on social networks for diffusion seems
desirable in practice because it is an extremely low cost approach to diffusing a product. If
the allocation achieved by exchange in networks is efficient, then networks could be relied
upon as a sustainable method of ensuring efficient spread of technologies, particularly in the
absence of anonymous markets. In terms of agricultural seed varieties, informal exchange
between peers is the status quo in many remote areas where formal markets are absent. In-
troducing more formal channels for adoption can increase access and thus increase efficiency.

One caveat of this result is that the experiment was carried out over a single year, and
thus it has little to say about the effectiveness of social networks in allocating the technology
over a longer time horizon. Nonetheless, in an environment where farmers commonly learn
about the benefits of new technologies from each other, there are clear benefits of having the
technology demonstrated in a wide variety of conditions during the initial years. Further,
there are short-run benefits to farmers from using a superior technology. My results suggest
that taking a hands off approach by relying on trading in networks will leave significant
demand unmet and therefore limit these short-run benefits from using the technology.
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Cole, Shawn, Xavier Giné, and James Vickery. 2013. “How Does Risk Management Influence
Production Decisions? Evidence from a Field Experiment.” .



BIBLIOGRAPHY 116

Coman, K. 1911. “Some Unsettled Problems of Irrigation.” American Economic Review
1 (1):1–19.

Conley, T.G. and C.R. Udry. 2010. “Learning about a new technology: Pineapple in Ghana.”
The American Economic Review 100 (1):35–69.

Cornelius, W.A. and D. Myhre. 1998. The Transformation of Rural Mexico: Reforming the
Ejido Sector. Center for U.S.-Mexican Studies, University of California, San Diego.

Corominas-Bosch, Margarida. 2004. “Bargaining in a network of buyers and sellers.” Journal
of Economic Theory 115 (1):35–77.

Dar, Manzoor H, Alain de Janvry, Kyle Emerick, David Raitzer, and Elisabeth Sadoulet.
2013. “Flood-tolerant rice reduces yield variability and raises expected yield, differentially
benefitting socially disadvantaged groups.” Scientific Reports 3.

de Brauw, Alan and Valerie Mueller. 2012. “Do Limitations in Land Rights Transferability
Influence Mobility Rates in Ethiopia?” Journal of African Economies 21 (4):548–579.

de Ita, A. 2006. Land Concentration in Mexico after PROCEDE. Oakland, CA: Institute
for Food and Development Policy.

de Janvry, A., M. Gonzalez-Navarro, and E. Sadoulet. 2013. “Are Land Reforms Granting
Complete Property Rights Politically Risky? Electoral Outcomes of Mexico’s Certification
Program.” forthcoming, Journal of Development Economics .

de Janvry, A., G. Gordillo, and E. Sadoulet. 1997. Mexico’s Second Agrarian Reform: House-
hold and Community Responses, 1990-1994. Center for US-Mexican Studies, University
of California, San Diego.

De Soto, H. 1989. The Other Path: The Informal Revolution. New York: Basic Books.

De Soto, Hernando. 2000. The Mystery of Capital: Why Capitalism Triumphs in the West
and Fails Everywhere Else. New York: Basic books.

De Weerdt, J. and S. Dercon. 2006. “Risk-sharing networks and insurance against illness.”
Journal of Development Economics 81 (2):337–356.
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Appendix A

Appendix to Chapter 1

This appendix provides additional details on construction of some of the data used in the
analysis for Chapter 1.

Progresa Data

Household level migration was taken from the 1998-2000 fall versions of the ENCEL survey.
The survey was conducted each fall from 1998-2000 in the 506 localities that were part of the
experimental evaluation of Progresa. Since no ejido identifiers were included in these data,
we matched the 506 localities to ejidos using a spatial join in ARCGIS. We only observe
the coordinates of the centroid of each locality and therefore match localities to ejidos if
the center of the locality is located inside the boundaries of the ejido. The digital maps of
all ejidos certified from 1993-2006 were obtained from RAN. The spatial merge resulted in
234 of the localities falling into one of 219 different ejidos.1 The number of households from
the 1998 survey that fell inside ejidos as a result of this process is 13,212. Another 4,893
households were removed from the sample as a result of being in ejidos that were certified
before 1997. Since permanent migration is being measured, trends in migration are unlikely
to be the same in ejidos certified prior to 1997 as those certified later. These ejidos are
removed for this reason. It is also important to note that the spatial matching approach
does not result in a perfect match between households and ejidos. It is possible that while
the centroid of a locality falls into a particular ejido, the outskirts of the locality fall into
a different ejido. This is more likely to be an issue in localities that are large. We used
census population data to construct the ratio of the population of the locality to the number
of ejidatarios in the matched ejido. The matching is more likely to be inaccurate when the
locality is large relative to the ejido. We therefore retained only the 200 localities with the
lowest values of this metric. This amounted to removing an additional 742 households from
the sample. The total number of ejidos in the sample is 127.

1This number is roughly consistent with half of Mexico’s land being in ejidos. The large number of
localities that were not matched to ejidos is therefore not a concern. The matching rate of 46% is actually
in line with 50% of land being in ejidos.
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1991 and 2007 Ejido Census

The 1991 and 2007 ejido censuses consist of a set of 28,752 ejidos that were surveyed in
both 1991 and 2007. We were unable to obtain the name of each ejido due to confidentiality
concerns. Further, the 2007 census did not contain information on the time of completion of
Procede. A matching process was therefore necessary to make these data usable. The key
information used were the state, municipality, and name of the locality where the majority
of the ejidatarios live. We used this information along with some common key variables
between the census data and the GIS database from RAN to match ejidos based on a 4-step
process:

1. There were 22,473 ejidos for which the locality where a majority of the ejidatarios live
is located inside the boundaries of the ejido. For these ejidos we were able to use our
spatial merge between localities and ejidos to identify the corresponding ejido in the
GIS database. There are of course numerous instances where the boundaries of an
ejido contain more than one locality centroid. We were unable to include these ejidos
in this matching round. This round matched a total of 14,128 ejidos.

2. The second round of matching is meant to partially correct for the fact that matching
localities to ejidos in the previous step using only the centroid of the locality is imper-
fect. The reason for this is that the centroid of the locality could fall outside of the
boundaries of the ejido even if there is substantial overlap between the locality and
ejido. Further, ejidos with multiple disjoint patches of land pose problems to matching
based on locality centroids and ejido boundaries. The distance between the locality
centroid for each unmatched census ejido and the center of each unmatched ejido from
the GIS database was calculated using a simple distance calculation in ARCGIS. An
ejido from the GIS data was matched to an ejido from the census data if the locality
where the majority of the ejidatarios live was the closest locaelity to the center of the
ejido. Since this match is not perfect, we attempt to minimize errors by only retaining
matches where the percentage difference between the number of ejidatarios in the 1991
census and the GIS database was between -46.8% and 29%.2 This round generated an
additional 1,787 matches.

3. In this round we considered the remaining unmatched ejidos for which the locality
where the majority of the ejidatarios live is located inside the boundaries of the ejido.
We defined a potential candidate match from the GIS database as an unmatched ejido
that was located in the same state and municipality. For each of these potential matches
we considered 4 metrics of comparison. The first was the similarity between the name
of the locality where the ejidatarios live and the name of the ejido in the GIS database.3

We generated a spelling similarity index using a combination of the COMPARE and

2These numbers were chosen as the 10th and 90th percentiles of the percentage difference from the ejidos
matched in the previous round.

3It is common for ejido names to be the same as locality names in Mexico.
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SPEDIS functions in SAS. A match was identified for sufficiently low values of this
index. The second metric was the distance between the centroid of the locality and
ejido. The ejidos were considered to match if the distance was less than 5.1 kilometers.4

The third metric was the number of ejidatarios. A match was determined using the
same cutoffs as in the previous round. The final metric was the difference between the
size of the ejido (in hectares) in the two datasets. The percentage cutoffs were -32.4
and 41.6. We required at least two of these criteria to be satisfied to identify a match
between the ejidos. For each census ejido we selected the ejido from the GIS database
which matched on the most of these criteria (from 2 to 4). In order to break ties we
used the percentage difference in the number of ejidatarios. This round generated a
total of 1,878 matches.

4. The fourth round of matches considers the census ejidos where it was stated that the
locality where the majority of ejidatarios live is not inside the boundaries of the ejido.
We used a similar process as in the previous round with only two modifications. First,
similarities between the name of the locality and the ejido were not used. Second,
the distance requirement was relaxed to 8.6 kilometers (25th percentile). This round
generated 1,920 matches.

4This value was chosen since it was the 10th percentile in the list of candidate matches.
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Appendix B

Appendix to Chapter 3

This appendix provides additional derivations and analysis for Chapter 3.

Derivation of expected returns of adopters

The expected return of adopters in social networks is E(R|R+u−c > v+c). Using properties
of the multivariate normal distribution, this is written as

E(R|R+u−c > v+c) = µR+σRρ̃E

(
R + u− c− µr + µc√
σ2
R + σ2

c + σ2
u − 2ρσcσR

∣∣∣∣∣R + u− c > v + c

)
, (B.1)

where ρ̃ is the correlation between R and R + u− c. This expression can be rewritten as

E(R|R + u− c > v + c) =µR +
σR√

σ2
R + σ2

c + σ2
u − 2ρσcσR

ρ̃E(R + u− c|R + u− c > v + c)

(B.2)

− ρ̃σR(µR − µc)√
σ2
R + σ2

c + σ2
u − 2ρσcσR

.

Given that R+ u− c is distributed normally, E(R+ u− c|R+ u− c > v+ c) can be written
as

µR − µc +
√
σ2
R + σ2

u + σ2
c − 2ρσRσc ∗M

(
v + c− µR + µc√

σ2
R + σ2

u + σ2
c − 2ρσRσc

)
, (B.3)

where M(z) = φ(z)
1−Φ(z)

is the inverse Mill’s ratio. Reinserting this into Equation B.2 gives

E(R|R + u− c > v + c) = µR + ρ̃σRM

(
v + c− µR + µc√

σ2
R + σ2

u + σ2
c − 2ρσRσc

)
. (B.4)

Since ρ̃ is the correlation between R and R + u− c, ρ̃ simplifies to

ρ̃ =
σR − ρσc√

σ2
R + σ2

u + σ2
c − 2ρσRσc

. (B.5)
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Combining Equations B.4 and B.5,

E(R|R + u− c > v) = µR +
σR(σR − ρσc)√

σ2
R + σ2

u + σ2
c − 2ρσRσc

∗M

(
v + c− µR + µc√

σ2
R + σ2

u + σ2
c − 2ρσRσc

)
.

(B.6)
This establishes the result. A similar derivation is used to verify the formula for E(R|R+u >
v) in the main text.

Additional Figures and Tables

Figure B.1: Nonparametric relationship between flooding intensity in 2011 and adoption for
3 different price levels
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Notes: Figure shows estimates from nonparametric fan regressions of adoption on area weighted days flood
in 2011. Data are limited to door-to-door villages.
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Table B.3: Estimated peer effects using stated social networks at followup

(1) (2)
Door-to-door 0.316∗∗∗

Treatment (0.066)

Door-to-door 0.009 -0.019
Treatment * Followup links with suppliers (0.027) (0.021)

Door-to-door 0.001 0.004
Treatment * Followup degree (0.010) (0.008)

Followup links with 0.002 0.014
suppliers (0.015) (0.013)

Followup degree 0.006 0.001
(0.005) (0.003)

Strata Fixed Effects Yes No

Village Fixed Effects No Yes

Household controls Yes Yes
Mean of Dep Variable: Network 0.07 0.07
Number of Observations 1134 1134
R squared 0.207 0.413

Dependent variable is 1 if farmer adopted Swarna-Sub1 for 2013 wet season. Door-to-door Treatment is 1
for villages where farmers could either obtain the technology from door-to-door sales or from peer
suppliers. Control variables are indicator for SC, indicator for holding BPL card, land area cultivated in
2012 wet season, indicator for member of agricultural cooperative, and indicator for Swarna cultivator in
2012 wet season. Standard errors are clustered at the village level. Asterisks indicate statistical significance
at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.
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Table B.4: Heterogeneity in adoption effects by household characteristics

(1)
Door-to-door treatment 0.409∗∗∗

(0.093)

Farmer is SC 0.016
(0.044)

Farmer has BPL card -0.014
(0.033)

Land cultivated in 2012 0.007
(0.006)

Ag. cooperative member -0.020
(0.027)

Swarna user in 2012 0.032
(0.026)

Education above primary -0.006
(0.021)

Door-to-door treatment interacted with:

Farmer is SC -0.197∗∗

(0.076)

Farmer has BPL card -0.103
(0.065)

Land cultivated in 2012 -0.001
(0.014)

Ag. cooperative member 0.009
(0.046)

Swarna user in 2012 0.115∗

(0.068)

Education above primary -0.114∗∗

(0.048)

Strata Fixed Effects Yes
Mean of Dep Variable: Network 0.07
Number of Observations 1131
R squared 0.224

Dependent variable is 1 if farmer adopted Swarna-Sub1 for 2013 wet season. Door-to-door Treatment is 1
for villages where farmers could either obtain the technology from door-to-door sales or from peer
suppliers. Standard errors are clustered at the village level. Asterisks indicate statistical significance at the
1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.
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Figure B.2: Stated motivation for sharing Swarna-Sub1 by suppliers
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B. Reasons for choosing trading partners

Notes: Top panel displays distribution of stated reasons why suppliers chose not to sell, exchange or gift
seeds. For instance, 45.9% of farmers that did not transfer seeds indicated it was because nobody came to
them asking for seeds. Bottom panel displays distribution of how trading partners were chosen by suppliers
that chose to exchange with other farmers. For instance, 86.73% of farmers that exchanged indicated that
they were sought out by other farmers.
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Table B.5: Dyadic regressions of link formation at follow-up

(1) (2) (3) (4) (5)
Same sub-caste 0.079∗∗∗ 0.036∗∗

(0.016) (0.018)
Same surname 0.136∗∗∗ 0.127∗∗∗

(0.015) (0.017)
Houses within 25 m 0.043∗∗∗ -0.002

(0.015) (0.017)
Plots within 100 m 0.021 0.006

(0.014) (0.014)
Village Fixed Effects Yes Yes Yes Yes Yes
Mean of Dep Variable 0.380 0.380 0.380 0.384 0.385
Number of Observations 27633 27633 27427 24979 24837
R squared 0.071 0.080 0.066 0.066 0.080

Data are from follow-up social network survey of all farmers. Dependent variable is 1 if either farmer in the
dyad indicated a sharing link (i.e. an undirected network). Standard errors are clustered at the village
level. Asterisks indicate statistical significance at the 1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.
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Table B.6: Heterogeneity of adoption effect according to preferences for quality seeds

(1) (2)
Door-to-door 0.352∗∗∗ 0.376∗∗∗

treatment (0.051) (0.050)

Door-to-door -0.036
treatment*Seed buyer in 2012 (0.050)

Seed buyer in 2012 -0.021
(0.024)

Door-to-door -0.078
treatment*Quality preference (0.051)

Quality preference -0.012
(0.027)

Farmer is SC -0.063 -0.054
(0.041) (0.039)

Farmer has BPL card -0.055∗ -0.057∗

(0.031) (0.030)

Land cultivated in 0.004 0.005
2012 (0.007) (0.007)

Ag. cooperative -0.016 -0.007
member (0.024) (0.023)

Swarna user in 2012 0.101∗∗∗ 0.091∗∗∗

(0.032) (0.033)

Strata Fixed Effects Yes Yes
Mean of Dep Variable: Network 0.07 0.07
Number of Observations 1134 1134
R squared 0.206 0.209

Dependent variable is 1 if farmer adopted Swarna-Sub1 for 2013 wet season. Door-to-door Treatment is 1
for villages where farmers could either obtain the technology from door-to-door sales or from peer
suppliers. Standard errors are clustered at the village level. Asterisks indicate statistical significance at the
1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.
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Table B.7: Effect of door-to-door sales on sales and exchanges to farmers outside the sample

(1) (2)
Door-to-door -0.057 -0.047
treatment (0.075) (0.073)

Swarna-Sub1 harvest 0.056∗∗∗

(100 kg) (0.018)

Farmer is SC 0.268∗∗

(0.115)

Age of farmer -0.002
(0.002)

Farmer has BPL card 0.034
(0.067)

Education above -0.046
primary (0.075)

Strata Fixed Effects Yes Yes
Mean of Dep Variable: Network 0.29 0.29
Number of Observations 394 393
R squared 0.024 0.101

Data are from the final survey with suppliers. Dependent variable is the number of farmers from outside
the sample that a given supplier sold or exchanged seeds with. Door-to-door treatment is 1 for villages
where farmers (in the sample) could either obtain the technology from door-to-door sales or from peer
suppliers. Standard errors are clustered at the village level. Asterisks indicate statistical significance at the
1% ∗∗∗, 5% ∗∗, and 10% ∗ levels.




