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Abstract: Control over land can provide women with an income source, insurance

against shocks, and greater bargaining power within the household. Investigation

into which policies and economic phenomena may promote greater land ownership

among women has been hindered by scarcity of data, however. To shed light on this

topic, we transform an administrative dataset of an agricultural subsidy program

to build a panel of landholdings for millions of Mexican farmers covering the period

1995 to 2016. The data reveals that the share of land owned and managed by women

increased by 50 percent over this twenty year period, from 15 percent to 23 percent.

We identify the causal impact of Mexico’s conditional cash transfer program and its

land titling program on women’s control of land by exploiting the staggered rollout

of these programs across the Mexican countryside. The conditional cash transfer

program raised the share of a community’s land that was controlled by women, but

implementation of the land titling program wiped out this positive effect. Male out-

migration, on the other hand, had a substantial role in reallocating land from men

to women. Our analysis suggests that the government programs could have been

better coordinated to more effectively empower women. (JEL J16, Q15)
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1 Introduction

Despite global attempts to promote the empowerment of women, gender gaps still

exist in asset holdings and access to certain markets (Sachs, 2012). Land ownership,

in particular, is an area where progress towards equality can be valuable but has

been slow. Boosting women’s access to land can increase female decision makers’

welfare (Panda and Agarwal, 2005; Doss, 2013 and 1996), their household bargaining

power (Allendorf, 2007; Walther, 2016), and increase their access to markets that

suffer from information asymmetries, like credit markets (Stiglitz and Weiss, 1981).

Part of the challenge in promoting gender equality in land holdings is a lack of

individual-level data. Typically, surveys ask about asset holdings for the household

as a whole rather than recording the identity of each asset’s owner, masking men’s

greater control of resources (Doss et al. 2015; FAO, 2010). Without measurement of

key individual-level variables like the percent of plots owned or managed by women

in a community, it is not possible to assess progress on women’s access to land or

evaluate its causes.

We contribute to the limited body of knowledge on this important topic by con-

structing an exceptionally comprehensive longitudinal dataset on women’s control

of land in Mexico. We transform 34 million records of administrative data from

Mexico’s main agricultural subsidy program — the "Program of Direct Payments

to the Countryside," or Procampo — to measure the amount of agricultural land

managed by women from 1995 to 2016 in 23,000 agricultural communities called

ejidos. We use a string matching technique to match individual’s observations over

time and then assign genders to individuals by matching their first names to the

most likely associated gender. By transforming this administrative data, we address

the classic problem of a lack of data on gender and land management.

This data reveals that the share of farmers in Mexican ejidos who are women

increased by 53 percent from 1995 to 2016, from 15 percent to 23 percent. We find

that the proportion of land cultivated by women nearly doubled, rising from 11

percent to 21 percent in this period. The sharp rise in this key metric of women’s
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empowerment calls for investigation into its cause.

We suggest that three possible mechanisms might explain this shift in land man-

agement from men to women. First, Mexico rolled out a land titling program,

Procede, following a 1992 constitutional amendment that liberalized the land mar-

ket. The government granted titles to 3.4 million farmers from 1993 to 2006. We

suggest that this land titling program may have affected men and women differently,

perhaps by prompting changes in bequeathing patterns, leading to a change in who

owns land over time. Second, Mexico enacted a massive conditional cash transfer

program starting in 1997, which explicitly aimed to empower women. The govern-

ment launched an innovative program that gave mothers large cash transfers every

month if their children attended school. Today, this conditional cash transfer pro-

gram continues under the name Prospera and reaches roughly one fourth of Mexican

families. The 50 percent increase from 1995 to 2016 could be partially explained by

women’s empowerment as decision makers in the family. Third, migration could be

causing the observed trend if more men migrate away from rural areas than women,

and if men leave their land to be managed by women when they migrate. Migration

is an important part of Mexico’s economy; roughly 15 percent of Mexican workers

migrated in 2000 (Mishra, 2007). Such a large scale phenomenon could plausibly

explain the increase in plots owned and managed by women over the last twenty

years.

We exploit the panel dimension of our data to generate causal evidence on

whether these three possible mechanisms explain the increase in women’s land own-

ership. We explore the dynamics of the program impacts by measuring lagged effects.

To study the impact of migration on women’s land ownership, we estimate the effect

of the proportion of women to men in a community on the percent of landholders

who are female and on the percent of land controlled by women.

We find that migration partially explains the increase in female landownership

from 1995 to 2016. With most migrants being male, the gender ratio in sending

communities shifted. This generated significant general equilibrium effects in the
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land market, leading to reallocation from men to women. In 1995, women made up

50.34 percent of the population of the average municipality. By 2005, this figure

had increased to 51.41. Every percentage point increase in the female population

percentage caused a 0.74 percentage point increase in the share of land managers

that are women, and a 0.64 percentage point increase in the share of land managed

by women. Given these results, migration explains roughly 10 percent of the change

over time in land management trends. We provide the some of the first causal

evidence on this important, but understudied, general equilibrium effect in origin-

communities.

We also find that the cash transfer program partially explains this increase. Over

time, the impact of Progresa on women’s land ownership increases, with significant

positive program impacts detectable starting three years after Progresa began oper-

ating in a community. Overall, the cash transfer program caused a rise in the share

of farmers who were women by 0.44 percentage points. However, when Procede en-

ters a community, the cash transfer program effects are negated. These titles were

typically distributed to men (Deere and Leon, 2000). We suggest that men’s outside

options improved upon receiving land titles, bettering their bargaining position as

much as if the government had targeted the Progresa cash transfer to them. Thus,

while the gender asset gap began closing because of Progresa’s empowerment effect,

titles allocated to men canceled the empowerment effect out for the median house-

hold. However, the migration effect persists regardless of what programs are active

in a community. This suggests that migration has important general equilibrium

effects in sending communities that the package of government programs failed to

generate.

Our results suggest that measuring program effects in tandem is important. If

the land titling program had been more carefully designed to consider women’s

position in the household, the canceling out effect would likely not have occurred.

For the international aid community, too, these results are important. Different

policy environments will lead to different outcomes for women when cash transfer
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programs are implemented.

Our study differs from the existing literature in two ways. First, to the best of

our knowledge, panels with gender-specific land holdings are rare, and are typically

much shorter and less comprehensive than the data we have constructed. Meinzen-

Dick et al. (2017) review the existing literature and identify only two longitudinal

surveys, both of which analyze the effects of changing land tenure rights. Asfaw

and Maggio (2017) use panel data from Malawi to analyze how land tenure rights

influence responses to risk for men and women. Menon et al. (2014) and Newman et

al (2015) analyze a Vietnamese panel to analyze the relationship between land tenure

rights and household productivity and allocations. These authors do not analyze

individual level land holdings, but the impact of changes in rights on outcomes. They

don’t provide an understanding of trends in women’s land ownership, or of what

market forces or government programs might influence women’s land ownership.

Second, our data cover a large portion of the Mexican population. More than

half of Mexico’s land is contained within ejidos. Based on a comparison with the

2007 agricultural census, we estimate that the Procampo dataset has landholding

data for 88 percent of all farmers in ejidos. Further, this data covers 90 percent

of arable land in Mexico (Cord and Wodon, 2001). As such, our data provides

insight into a significant portion of the Mexican population over the past twenty

years. In contrast, many of the studies on women’s land ownership in Mexico are

limited by much smaller sample sizes. For instance Códova Plaza (2000), Nuijten

(2003), Almeida (2012), Hausermann (2014), and Vázquez-García (2015) study the

effects of Mexico’s land titling reform on women’s land holdings using cross-sectional

data from one ejido each. This literature in general suffers from external validity

problems, making estimates of general program impacts impossible. We contribute

to this discussion by estimating average treatment effects at a national level.

The rest of our study is laid out as follows. Section 2 reviews the three bodies

of literature to which we contribute. Section 3 outlines the panel construction and

provides a description of the changes gender equality in land holdings over time.
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Section 4 outlines our empirical strategy. Section 5 provides results and Section 6

concludes.

2 Literature Review

We contribute to three bodies of literature: those on migration, land titling reforms,

and conditional cash transfers. In this section we briefly summarize each and situate

our work within them.1

The average effects of Procede at a national level are well studied, but how

the program impacted men and women differently is not. Valsecchi (2014) and de

Janvry et al. (2015) show how Procede, by increasing the rights individuals had

over their land, caused an increase in migration out of rural areas.2 Johnson (2001)

show no average impact of the program on credit access. These studies, while they

use rigorous identification strategies to assess the effects of Procede at the average,

do not take into account the fact that men and women might be affected differently.

Procede’s heterogeneous effects for men and women have been studied in small

samples. Hausermann (2014) studies how women’s participation in local governance

increased in an ejido in Veracruz because of Procede. Stephen (1996) and Vázquez-

García (2015) argue that PROCEDE increased women’s vulnerability to disposses-

sion of land. Almeida (2012) argues that the individualization of property rights

increased women’s landholdings absolutely and in relation to men’s. Nuijten (2003)

studies this heterogeneity, but finds no evidence that the land reforms impacted men

and women differently. These studies seem to contradict each other, but they all use

small samples from different areas of Mexico. It is possible that each is accurately

identifying the effect of Procede on women’s landholdings in each respective area.
1For a more complete summary of trends in migration, see Passel, D’Vera Cohn, and Gonzalez-

Barrera (2012). For a more complete discussion on Procede, see World Bank (2001). For a more
complete summary of Progresa, Oportunidades, and Prospera, see Parker and Todd (2017).

2Prior to 1992, land was held collectively and individuals had informal, use-based rights
(Gordillo, de Janvry, Sadoulet, 1998). If individuals left the ground fallow, or left the commu-
nity for more than two years, they risked losing the land. These stringent usage requirements
incentivized families to allocate a large amount of labor to farming this land. When Procede en-
tered a community and granted individuals full land rights, opportunities increased for land holders
and their families.
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While these studies show that men and women were impacted differently by land

titling in some settings, they fail to shed light on the average phenomenon. There

is no estimate of the effect of Procede on women’s land ownership at a national

level in this literature, simply because of the scope of the studies. In this paper, we

identify the average effect of Procede on women’s land holdings relative to men’s

across Mexico.

In studying migration, many economists have found evidence that inequality in-

creases in origin-communities, both across households and between genders.3 Barham

and Boucher (1998) show that remittances increase income inequality in the sending

community. However, McKenzie and Rapoport (2007) show that there is an inverse

U-shaped relationship between inequality and remittances, with inequality increas-

ing early in a village’s migration-sending history and decreasing later. Mishra (2007)

shows that wages increase in origin-communities because of migration while Lokshin

and Glinskaya (2009) review a large literature showing that labor force participation

decreases when households receive remittances, particularly for women. McKenzie

and Rapoport (2012) also consider heterogeneity in origin-communities, showing

that migration reduces the educational attainment for children in origin-households,

especially for boys. We contribute to this literature by analyzing how equality in

holdings of an important productive asset changes over time because of migration.

While migration and the feminization of agriculture is well studied, the impact of

migration on women’s land holdings in origin-communities is not.4 In contrast with

much of the literature on migration and inequality in origin communities, we show

that equality in land holdings increases along with (male) migration.

We contribute to the literature on conditional cash transfers (CCTs) by analyzing

one of their long-term impacts. While there are many evaluations of the short-term

impacts of cash transfers, and of Mexico’s CCTs in particular, there are relatively
3See Hansen (2006) for a literature review on Mexican migration to the United States.
4See, among others, Pedraza (1991); Lastarria-Cornhiel (2008); Deere (2009); Gartaula, Niehof,

and Visser (2010); and Radel et al (2012). See Deere and León (2003) for a discussion on how
migration can lead to different bequeathing choices that may explain changes in the land asset gap
over time in Mexico.
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few studies of their longterm impacts (Parker and Todd, 2017). We study whether

CCTs can explain an increase in gender equality in land holdings over an 18 year

period. Understanding the long term effects of cash transfers, especially on how

they impact women’s asset ownership, is an important outstanding research area.

3 Data and Trends in Land Management

In this section we discuss the data we use, how we construct the gender5 and land

ownership variables, and trends in women’s land ownership from 1995 to 2015 in

Mexican ejidos. We also present summary statistics for gender ratios in ejidos, land

titling, and the cash transfer program.

Our panel is constructed from the Mexican administrative dataset of the bene-

ficiaries of their most important agricultural subsidy program, Procampo. Initiated

in 1994, Procampo distributed a transfer to farmers based on the amount of land

they cultivated.6 Farmers of roughly 90 percent of Mexico’s arable land receive this

transfer and are recorded in the administrative data (Cord and Wodon, 2001). The

data collected to determine the value of these subsidies includes the beneficiaries’

name, the name of the ejido where their land is located, and the amount of land they

cultivate. According to law, in cases where land is rented, the person who actually

cultivates the land receives the payment and is therefore the individual recorded in

the database of beneficiaries.7 In 1998 and in 2013-2016, the individual’s gender is

recorded for all observations. In 2012, the individual’s gender is recorded in some

states. This data has roughly 50 million observations, of which we study 34 million.

The millions of observations we drop are non-ejido farms, and are only geograph-

ically identified at the municipality level, of which there are 2,448. Since farmers

outside of ejidos were not eligible for the land titling program, their data is not
5While many gender identities exist, and many individuals do not identify as either male or

female, we restrict our study to these binary gender identities in accordance with the survey data.
6The program continues today under the name "Proagro Productivo." We refer to it as Pro-

campo throughout the paper, regardless of what year we are referencing.
7An example of the subsidy application, which indicates how the data is collected from benefi-

ciaries, is available at http://goo.gl/8SFVf1
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included in the statistical analysis. As released by the Mexican government in its

raw form, the data does not link individual farmers over time; the data is organized

as a series of cross sections.

We use a fuzzy string matching technique, the Jaro-Winkler algorithm, to match

farmers’ observations over time, using their full names (Yancey, 2005; Christen,

2006). This method is commonly used to match names in data linkage exercises like

this one (Winkler, 2006). We are aided by naming conventions in Mexico. People

have two surnames, one that corresponds to their father’s family, and one to their

mother’s. This gives us additional information to match with, and also allows us

to track individuals even if they get married or divorced since it is not customary

for wives to take their husband’s surname at marriage in Mexico.8 This algorithm

accounts for misspellings and alternative spellings by calculating the number of

common characteristics and transpositions between two names. We calculate a

distance between names based on these characteristics, and accounting for the fact

that misspellings occur less frequently within the first four letters of a name (Pollack

and Zamora, 1984). There may be misspellings generated by the data entry process

(the entrant types "n" when they intended to type "m" or some other such mistake).9

Therefore, it is important that the name matching technique be flexible enough to

correctly match observations over time even when the name might not be exactly

the same in all years.

We pool all names in each ejido over time, then calculate a Winkler similarity

value for each pair of names in an ejido. To avoid Type II errors, we specify that

two names correspond to the same person in different waves if the similarity score is

above 0.96, where a score of 1 indicates that the two names are identical. Approxi-

mately 93% of the observations had identical names listed in the database over time,

allowing for clear matches. The remaining 7% of the observations had names that

met the 0.96 similarity score threshold with another observation and were matched

with names in other years that exhibited slight spelling variations. The result is a
8See Angelucci et al. (2009) for an example of a similar matching process.
9See Friedman and Sideli (1992) for further discussion.
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panel at the individual level, which can be aggregated up to a locality level. For

more information on this textual analysis, see Appendix A.

We use the following algorithm to assign a gender to individuals in the waves

that do not have gender information (1995-1997 and 1999-2012). First, the algorithm

determines which names are associated with what gender from the 1998 and 2013-

2016 data. We drop names that appear with less than 0.01 percent frequency. The

sample size for these names is too small to reliably assign genders in other years to

individuals with these names. Then, we analyze the percent of times that a name

is associated with a gender. We characterize a name as "female" if it is listed as

female at least 50 percent of the time. We characterize a name as "male" if it

is listed as male at least 60 percent of the time.10 Then, we match names from

each remaining wave to the constructed database of gendered names. We assign

genders to names in this way for all waves, even 1998 and 2013-2016, for consistency.

Some uncommon names remain un-gendered because there was ambiguity in the

match. This typically resulted from the names being dropped in the first step of

the algorithm due to infrequency. To the extent that any mislabeling of the gender

of Procampo beneficiaries generates classical measurement error, only the precision

of estimated program effects would suffer since the measurement error would affect

the dependent variable rather than the independent variables. The standard errors

may be larger, but the coefficients would remain unbiased.

It is important to clarify the nature of the main variable in our analysis. The

Procampo data collects information on individuals with usufruct land rights, but

does not distinguish between those who own and rent the land. If someone rents

the land, and makes managerial decisions about how the land is used, they are

indistinguishable from individuals who own the title and rent the land. As such our

analysis is about women with these usufruct land rights, whether granted via title
10We use asymmetric cutoff rules to account for potential misreporting. The genders may have

been listed as "M" for "Masculino," which is Spanish for "male," or as "M" for "Mujer," which
is Spanish for "woman." This higher cutoff for men’s names minimizes the impact of this possible
misreporting error. This is not an issue for male names since the corresponding character for
women is "F", which is not easily confused as an abbreviation for "male."
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Figure 1: Trend in Women’s Land Management in Mexico

or lease.

Figure 1 depicts the percent of agricultural land managers who are female in

Mexican ejidos from 1995 to 2016 as well as proportion of land managed by women.

The percent of agricultural land managers who are female increased by over five

percentage points from 1995 to 2005, and then by another two percentage points

from 2005 to 2016. In addition to this increase, we seek to explain the concavity

exhibited in Figure 1.

The increase in the proportion of land managed by women is larger and exhibits

slightly less concavity. Roughly 11 percent of land was managed by women in 1995,

which increased to about 18 percent in 2005 and to 21 percent in 2016. That is a
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Figure 2: Rollout of Mexico’s Cash Transfer (Left) and Land Titling (Right)
Programs.

rise of nearly 100 percent, with most of that increase coming in the first ten years we

examine. Given the social and market benefits associated with managing land, such

as access to credit markets that require collateral, this doubling is quite economically

meaningful.

It’s also important to clarify our dependent variable with respect to Progresa.

We’re interested in land use patterns at the ejido level, but Progresa was allocated

to slightly different geographic administrative units, called localities. One ejido may

contain households that live in many localities. We construct an ejido level dummy

variable equal to one when more than fifty percent of the population of the localities

in an ejido are eligible for Progresa. This variable takes on the value of one in all

years after this threshold is met.

Figure 2 displays the rollout schedules for the two national programs. The cor-

relation between the year of implementation of the two programs in the ejidos was
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-0.03, indicating that the rollout schedules were unrelated. The government granted

titles to all the individuals in a village at one time. The rollout across villages for

this government program was random, conditional on observables that were largely

time-invariant. That is, villages that were smaller, wealthier, easier to reach, more

politically coherent internally, and which had political leanings that matched the

federal party’s were more likely to be reached first by the land titling program (de

Janvry, Gonzalez-Navarro, and Sadoulet, 2014). Controlling for these characteris-

tics, and so comparing only ejidos that are similar along those characteristics, the

program was randomly rolled out. We exploit this conditionally random rollout in

our empirical analysis to identify causal effects.

The rollout schedule for the cash transfer program was based on locality-level

marginality (poverty) indices calculated by the government with 1995 data. Since

the rollout was based on the time-invariant marginality index, estimation with fixed

effects removes endogeneity concerns stemming from a biased implementation sched-

ule. Our strategy that identified the effect of Progresa is similar to that used by

Alix-Garcia et al. (2013).

The gender ratio data is derived the population censuses carried out in 1995,

2000, 2005, and 2010 by INEGI, the national statistics agency of Mexico. This data

is available at the level of the municipality, a geographic concept roughly equivalent

to a county in the United States. Male out-migration was the primary factor causing

shifts in the local gender ratio in Mexico. However, the Mexican drug war also

impacted the gender ratio. With more than 100,000 deaths between 2006 and 2012,

this national-scale conflict was certainly impactful for many communities. Since the

murder victims were largely male, the areas of Mexico where the drug war has been

most intense experienced measurable changes in their gender ratio as a result of the

violence.
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4 Empirical Strategy

We test three sets of hypotheses. The first analyzes whether Progresa and Pro-

cede had an effect on women’s land holdings on average from 1995 to 2015. The

second tests whether the programs had dynamic effects. The third set is aimed at

understanding the effects of male out-migration on women’s land management.

We begin by testing the three null hypotheses of no program effects for Progresa,

Procede, and their interaction against the three alternative hypotheses of some non-

zero effect. To generate effect estimates for inference, we regress:

y

v,t

= �1Progresa

v,t

+�2Procede

v,t

+�3(Progresa

v,t

⇥Procede

v,t

)+µ

t⇥s

+ 
v

+ ✏
v,t

(1)

where y

v,t

is the percent of plots owned by women in a ejido v in time t, Progresa

v,t

is a dummy variable for Progresa implementation, Procede

v,t

is a dummy variable

equal to one when the program distributed titles to an ejido and afterwards, µ
t⇥s

is a state-by-year fixed effect,  
v

is a locality fixed effect and ✏

v,t

is the error term,

clustered at the state level. This fixed effects strategy forces all identifying variation

in equation (1) to come from trends in a location over time. So, �̂1 is an estimate of

the effect of Progresa on the percent of plots owned by women in an ejido, and �̂2

is an estimate of the effect of Procede on the percent of plots owned by women in

an ejido, and �̂3 is an estimate of the effect of both programs being simultaneously

present in a community that is in addition to the individual effects of each program

separately. By controlling for ejido-level time-invariant characteristics, we ensure

that these results can be interpreted as being causal.

Second, we test the hypothesis that the programs had dynamic empowerment

effects that increase over time. We estimate:
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(2)

where Progresa

v,t+k

denotes the lag terms. We use six total. The interacted terms

allow us to estimate the effect of Progresa on the percent of plots controlled by

women, conditional on whether Procede had already distributed land titles in a

community. The interactions times the lags show us whether the dynamic Progresa

effects exist in villages with Procede. We cluster standard errors at the state level.

Third, we test the null hypothesis that we analyze the impacts of male out-

migration on the percent of land controlled by women. We regress the percent of

land controlled by women in a municipality on the percent of the population that is

female, femalepop:

y

m,t

= �1femalepop+ µ

s⇥t

+  

m

+ ✏

m,t

(3)

where  
m

is a municipality level fixed effect. We cluster standard errors at the state

level. We also use the percent of landholders that are female as a left hand side

variable. As such, the variable �̂1 from equation (3) is an estimate of the effect

of a change in the number of women relative to the number of men on women’s

relative land holdings. This explanatory variable is driven by the large flows of male

migrants out of rural areas in this twenty year period.

5 Results

We find that the Progresa transfer causes an increase in the percent of land managed

by women, and in the percent of managers that are women. However, when Procede

distributes titles in that community, the effects cancel out, perhaps because the titles
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typically went to men, improving their outside options, and undoing the transfer’s

empowerment effect. We report the equation (1) estimates in Table 1.

Table 1: Women’s control of land, relative to men

Dependent variable:

Percent Female Owners Percent Land Owned by Women

Procede 0.175 0.042
(0.134) (0.129)

Progresa 0.438⇤⇤⇤ 0.316⇤⇤

(0.146) (0.148)
Interaction �0.398⇤⇤⇤ �0.261⇤⇤

(0.124) (0.124)

Dependent variable mean 18.27 16.89
Observations 472,839 472,839
R2 0.771 0.740
Adjusted R2 0.759 0.726

Note:

⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Ejido and state-by-year fixed effects

Standard errors, in parentheses, clustered at state level

The effect of Progresa alone on women’s land management is positive and sig-

nificant. However, we cannot reject the null hypothesis that Procede alone had no

effect on women’s land management. More importantly, since a vast majority of

ejidos in Mexico have beneficiaries from both programs, we cannot reject the null

hypothesis that the combined effect of the programs was zero. It is possible that the

positive Progresa effect increased women’s land management in the programs early

years, before Procede was active almost everywhere. Then when Procede had been

implemented everywhere, the upward trend in women’s access to land was blunted.

This could explain the concavity in Figure 1.

The results of estimating equation (2) are presented in Table 2 and Figure 3.

These results show the dynamic effects of the cash transfer program on women’s land

ownership. Progresa did not have an immediate effect, but starting in the fourth

year of continual monthly transfers, there is a sustained, positive, and significant

treatment effect on women’s land management. This lag is likely explained by the

small magnitude of the transfer relative to the price of land. The annual Progresa
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Figure 3: Progresa and Procede Effects Grow Over Time, But Always Cancel Each
Other Out
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Table 2: Women’s Control of Land Relative to Men with Lagged Effects

Dependent variable:

Percent Female Owners Percent Land Owned by Women

Procede 0.068 �0.030
(0.111) (0.113)

Progresa 0.202⇤ 0.180
(0.122) (0.133)

Progresa Lag 1 0.088 0.034
(0.218) (0.233)

Progresa Lag 2 0.219 0.151
(0.193) (0.176)

Progresa Lag 3 0.173 0.105
(0.221) (0.201)

Progresa Lag 4 0.406⇤⇤ 0.324⇤

(0.163) (0.169)
Progresa Lag 5 0.343⇤⇤ 0.259⇤

(0.158) (0.147)
Progresa Lag 6 0.530⇤⇤⇤ 0.380⇤⇤

(0.179) (0.157)
Interaction �0.180 �0.141

(0.138) (0.148)
Interaction Lag 1 0.048 0.115

(0.216) (0.254)
Interaction Lag 2 �0.151 �0.109

(0.190) (0.189)
Interaction Lag 3 �0.087 �0.071

(0.216) (0.198)
Interaction Lag 4 �0.301⇤ �0.183

(0.160) (0.156)
Interaction Lag 5 �0.291⇤ �0.196

(0.164) (0.155)
Interaction Lag 6 �0.473⇤⇤ �0.327⇤

(0.189) (0.170)

Dependent variable mean 18.27 16.89
Observations 472,839 472,839
R2 0.771 0.740
Adjusted R2 0.759 0.726

Note:

⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Ejido and state-by-year fixed effects

Standard errors, in parentheses, clustered at state level
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transfer for an average family amounted to 10 percent of the price of a hectare of

land (Concheiro Bórquez, Diego Quintana, and Juan Pablos 2001; Skoufias 2001).

In addition, the degree of empowerment might be an increasing function of how

long Progresa provided cash for women. However, as before, these lagged effects are

canceled out when Procede is implemented in a village.

We find that migration partially explains the increase in women’s land manage-

ment. As men migrate out of ejidos, the gender ratio shifts in favor of women, and

land is reallocated. By estimating equation (3), we find that for every 1 percent

increase in the ratio of women to men in a municipality, there is a 0.742 increase

in the percent of owners who are female and a 0.635 increase in the percent of land

owned by women. The results for this estimation are presented in Table 3.

Table 3: Relationship between women as percent of population and women share of
land management, municipal-level

Dependent variable:

Percent Female Owners Percent Land Owned by Women

Ratio of Women to Men 0.742⇤⇤⇤ 0.635⇤⇤⇤

(0.179) (0.167)

Dependent variable mean 19.84 17.57
Observations 8,907 8,907
R2 0.887 0.863
Adjusted R2 0.849 0.816

Note:

⇤p<0.1; ⇤⇤p<0.05; ⇤⇤⇤p<0.01
Municipality and state-by-year fixed effects

Standard errors, in parentheses, clustered at state level

The general equilibrium effects of migration in origin-communities, but not the

bundle of government transfers, caused an increase in the percent of female managers

and the percent of land controlled by women. These results support the argument

that Procede had a negative effect on women’s welfare (Stephen, 1996; Deer and

Leon, 2000; Vázquez-García, 2015; and others), since it canceled out Progresa’s

empowerment effect. These results also shed new light on the feminization of agri-

culture in response to male outmigration by explicitly analyzing land ownership,

rental, and management.
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6 Conclusion

In this paper, we pose and partially explain a puzzle about gender equality in land

ownership and management. We show that a panel can be constructed to reflect

land management at the individual level from 1995-2016. We show that genders can

be assigned to the individuals in this panel using records of first names. We analyze

this unique data to show that the percent of land managed by women, either as a

result of ownership or rental, increased by 50 percent over this twenty year period.

The puzzle is what prompted this large change in women’s asset ownership.

We show that migration, but not government intervention, partially explains this

trend. However, we are unable to attribute roughly 90 percent of this change to any

mechanism we study. General social trends toward the status of women in society

may have been a contributing factor. For example, divorce rates tripled during the

period we study and no-fault divorce was introduced in 2008.

Fully uncovering the cause of this change over time remains an important research

agenda. To achieve the Sustainable Development Goal of gender equality, it is critical

that researchers understand the causes of increased gender equality in land holdings

over time. Only through this understanding can policies be generated to successfully

engender this reallocation of land. We contribute to this discussion by suggesting

that policy bundling is important. If Progresa and Procede had both allocated

resources (cash and land titles) to women, we suggest the canceling out would not

have occurred, and women would have been more empowered.
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Appendix A: Technical Details on Name Matching

The Jaro-Winkler algorithm is a continuous mapping from two names to the closed

unit interval.11 Two words with nothing in common map to 0; Two identical words

map to 1. Words with some commonalities map to a value between 0 and 1. Consider

two strings, s1 and s2. For instance, these strings could be "Travis" and "Matt".

Denote string length as |s|. Denote the number of commonalities (The number of

agreeing characters within half the length of the longer string) as c and the number

of transposes as t. Then then Jaro similarity is

sim

Jaro

(s1, s2) =
1

3
(
c

|s1|
+

c

|s2|
+

c� t

c

). (4)

The Jaro-Winkler method improves on this by accounting for the stylized fact

that name-entry errors typically occur at the end of names. This improvement

increases the Jaro-similarity of two strings for up to four agreeing initial characters.

Denote the number of agreeing characters at the beginning of two strings as s. The

Winkler similarity is

sim

Wink

(s1, s2) = sim

Jaro

(s1, s2) +
s

10
(1� sim

Jaro

(s1, s2)) (5)

We calculate a Winkler similarity value for all pairs of names in a given ejido.

Then, we choose a cut off for the similarity values that reduces the chance of Type

I and Type II errors: 0.96. If the similarity measure is greater than this cutoff for

two observations in an ejido, we allocate the same personal identification number to

those two, marking them as the same person with information presented in multiple

waves.

11We draw heavily from Christen (2006) to explain this algorithm.
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