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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 promote gender equality in land management is a crucial policy and research agenda.

However, it has been hindered by scarcity of data. 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 2017. The data reveal that the share of land

owned, managed, or rented by women increased by 50 percent over this twenty year period, from

15.7 percent to 23.4 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 partially negated this positive effect. The programs account for five percent of the

variation over time in women’s control of land. Our analysis suggests that the government programs

could have been better coordinated to more effectively empower women. We also find that male

out-migration had a substantial role in reallocating land from men to women, accounting for about

10 percent of the variation in women’s control of land. (JEL J16, Q15)
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1 Introduction

Despite global attempts to promote women’s empowerment, 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, 2018), and 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 that large scale program

evaluations are not possible because of a lack of individual-level data. Program design is hindered

by a lack of broad, evidence-based research on what types of interventions can increase women’s

landholdings. In general, available data are on household level-land ownership and management.

Surveys typically 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). Measurement of key individual-level variables like the percent of plots owned or managed

by women in a community is crucial to assess progress on women’s access to land and evaluate its

causes.

We contribute to the limited body of knowledge on this important topic by constructing an

exceptionally comprehensive longitudinal dataset on women’s control of land in Mexico. We trans-

form 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 2017 in 23,000 agricultural communities called

ejidos. In some years of the administrative data, gender and names were disclosed. In the remaining

years, only names were disclosed. We generate probabilities of identifying as male or as female from

this subset, and then use these probabilities to assign a gender to all 34 million observations in our

data. This transformation allows us to study changes in gender equality in management, rental,

and ownership over time.

This data reveals that the share of land managers in Mexican ejidos who are women increased

from 15.71 to 23.35 percent from 1995 to 2017, an increase of 48.6 percent. Similarly, we find that

the proportion of land cultivated by women increased by 56 percent, rising from 14.2 percent to

21.3 percent in this period. The sharp rise in these key metrics of women’s empowerment calls for

investigation into its cause.

We suggest that three possible mechanisms might explain this shift in land management from

men to women. First, Mexico rolled out a land titling program, Procede, following a 1992 consti-

tutional amendment that liberalized the land market. The government granted titles to 3.6 million

farmers from 1993 to 2006, typically to men (Deere and Leone, 2000; De Janvry et al, 2015). We
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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. Sec-

ond, Mexico enacted a massive conditional cash transfer program starting in 1997 called Progresa,

which explicitly aimed to empower women. This program gave mothers large cash transfers every

month if their children attended school, improving their outside options relative to their partners,

and thus their bargaining position in the family. This conditional cash transfer program continued

under the name Prospera until 2019, and reached roughly one fourth of Mexican families. The

increases in women’s landholdings from 1995 to 2017 could be partially explained by women’s em-

powerment caused by this government initiative. Third, migration could be causing the observed

trend if more men migrate away from rural areas than women. Migration is an important part of

Mexico’s economy, and was particularly important in the 1990s and 2000s. For instance, roughly

15 percent of Mexican workers migrated in 2000 (Mishra, 2007). Such a large scale phenomenon

could plausibly explain the increase in plots owned, rented, or managed by women over the last

twenty years.

To structure our thinking on the impact of these two government initiatives on gender and land

management, we construct a model of household decision making in the face of multiple gendered

transfers over time. Specifically, we model household responses to this series of government transfers

as a three period game with two players. The Mexican government is the first player, and chooses

transfer sizes, holding fixed the gender of the recipient to reflect the history of transfers in Mexico.

The second player is a representative household, who takes payments as given in each period and

solves a limited-commitment intertemporal collective optimization problem. Bargaining power is

endogenous in this model, and transfers of cash and rights (via titles) can empower women, or men,

by improving their outside options. With multiple transfers, there are multiple opportunities for

the government to influence power dynamics in the household. By understanding how government

transfers influence power in a representative household, we can understand the relationship between

national policies and national trends in women’s empowerment and control of land.

This model generates three main predictions given the observed bundle of transfers. First, when

ejidos receive Progresa but have yet to receive Procede, women should weakly gain control of land.

Second, when Procede and Progresa are both distributing benefits in an area, the effects on power

and control of land should offset each other to some degree. Finally, the positive effect of Progresa

(in the absence of Procede) should become stronger over time. These three hypotheses form the

core of our empirical analysis. We also use the model to predict what transfers would most empower

women, and what transfers would maximize aggregate utility. We discuss this model in the body of

the paper and present it more fully in Appendix B. This exercise highlights the scope for improving

government efficiency via policy bundling.
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We exploit the panel dimension of our data to generate causal evidence on whether these

programs and migration patterns impacted gender equality in land management. Our identifying

assumption is that treatment communities and communities waiting for treatment have parallel

trends in the gender make up of control over land, conditional on community and state-by-year

fixed effects. Under this conditional parallel trends assumption, in a potential outcomes framework,

the panel regressions estimate causal program effects on the gender makeup of landholders over

time. We test that the pre-trends are parallel and present the results of this analysis in Appendix

C. We find evidence that the pre-trends are parallel, and conduct a robustness check on the

one treatment year where they are not. We find that our results are robust to dropping the one

year where the pre-trends are not parallel. These diagnostic analyses give us confidence that our

identifying assumptions hold in our data. We test the null hypothesis that the transfers effects do

not increase over time (linear treatment effects) against the null hypothesis that the programs have

dynamic effects by estimating lagged effects. We use a proxy variable, the ratio of women to men

in a community, to study the impact of migration on women’s control of land. Since most migrants

leaving rural communities in our study period were male, this proxy mechanically increases with

migration. This allows us to understand how migration is correlated with the feminization of land

management.

We find that the female-targeted cash transfer program partially explains the increase in

women’s land holdings. Over time, the impact of Progresa on women’s control of land increases,

with significant positive program impacts detectable starting three years after Progresa began op-

erating in a community. This cash transfer caused a rise in the share of landholders who were

women by 0.44 percentage points. We find that, in accordance with our model’s predictions, when

Procede enters a community the average female-targeted cash transfer program effects are partially

canceled out. The combined impacts of Progresa and Procede on gender equality in control of land

is positive and statistically significant at the 95 percent level for the percent of managers who are

female, and positive and significant at the 90 percent level for the percent of land managed by

women. Together, the programs account for roughly 5 percent of the variation over time in our

dependent variables.

We also find that migration is positively correlated with female land management from 1995 to

2017. With most migrants being male, the gender ratio in sending communities shifted. This gener-

ated significant general equilibrium effects in the 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 statistic had increased to 51.41. Every percentage point increase in the female population

percentage is correlated with 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
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these results, migration explains roughly 10 percent of the change over time in land management

trends. We provide the some of the first evidence on this important, but understudied, general

equilibrium effect in origin-communities.

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 may not have occurred. The government could have given land titles to women,

or to household heads jointly. For the international aid community, too, these results are important.

The effects of cash transfers designed to empower women will depend on the policy environments

in which they are implemented.

Our study differs from the existing literature in two ways. First, data with gender-specific land

holdings are rare, and few panels exist.1 Doss, Meinzen-Dick, Quisumbing, and Theis (2018) review

available evidence on women’s land ownership to debunk the myth that women own 1-2% of the

world’s land. They present the amount of land that women manage or own in ten countries in

South Asia and Africa from 2004-2012. They show that values range from 4% (in Nigeria, 2010)

to 88% (in Timor-Leste, 2007). They end their discussion of women’s land holdings world wide by

describing the need for panel data and monitoring on this topic.

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 management 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. Section 4 discusses the key features and

predictions from our model. Section 5 outlines our empirical strategy. Section 6 provides results

and Section 7 concludes. We present the technical details on the panel construction, the formal

model, and robustness checks in appendices.
1See the LSMS-ISA for additional panel data on women’s landholdings.
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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.2

The average effects of Procede at a national level are well studied, but how the program im-

pacted 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.3 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. Hauser-

mann (2014) studies how women’s participation in local governance increased in an ejido in Ve-

racruz because of Procede. Stephen (1996) and Vázquez-García (2015) argue that PROCEDE

increased women’s vulnerability to dispossession of land. Almeida (2012) argues that the individ-

ualization 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. 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 management

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 increases in origin-

communities, both across households and between genders.4 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 re-

mittances, with inequality increasing 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 de-

creases when households receive remittances, particularly for women. McKenzie and Rapoport
2For 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) and Gonzalez, Plakias, and Partridge (2017).
For a more complete summary of Progresa, Oportunidades, and Prospera, see Parker and Todd (2017).

3Prior 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 community 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 entered a community and granted individuals full land rights, opportunities increased for
land holders and their families.

4See Hansen (2006) for a literature review on Mexican migration to the United States.
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(2012) also consider heterogeneity in origin-communities, showing that migration reduces the ed-

ucational 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.5 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 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 a twenty year period. Understanding the long term effects of cash transfers,

especially on how they impact women’s asset holdings, 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 gender6 and land management

variables, and trends in women’s control of land from 1995 to 2017 in Mexican ejidos. We also

present summary statistics for gender ratios in ejidos, land titling, and the cash transfer program.

We construct our data from the Mexican administrative records of their most important agri-

cultural subsidy program, Procampo. Initiated in 1994, Procampo distributes a transfer to farmers

based on the amount of land they cultivate.7 Farmers of roughly 90 percent of Mexico’s arable

land receive this transfer and are recorded in this administrative data (Cord and Wodon, 2001).

The database is maintained to document the value of the subsidy that each farmer qualifies for,

and includes the beneficiaries’ name, the name of the ejido where their land is located, and the

amount of land they cultivate. Anyone in a household can apply for this subsidy, provided they

have the required documents and manage land.8 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. If the land is titled under someone’s partner’s name, that beneficiary
5See, 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.

6While 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.

7The program continues today under the name "Proagro Productivo." We refer to it as Procampo throughout
the paper, regardless of what year we are referencing.

8A description of the subsidy application, which indicates how the data is collected from beneficiaries, is avail-
able to download at https://www.gob.mx/cms/uploads/attachment/file/295393/ANEXO_VI._Documentos_y-
o_informaci_n_requerida_para_ser_beneficiario_del_Componente_PROAGRO_Productivo.pdf. General infor-
mation is available via the government’s website: www.sagarpa.mx/agricultura/Programas/proagro/Paginas/default.aspx.
Producers who do not own the land may receive the transfer, as long as they have a lease agreement or some
written document from the owner agreeing that the beneficiary cultivates the land.
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requires written consent from the land manager to receive the subsidy.

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 identified at the municipality level, a less

granular geographic unit. Farmers outside of ejidos were not eligible for the land titling program,

and so we drop them from our 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.

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. 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.9 See Appendix A for more details about this

data and Mexican naming conventions, and Appendix D for a sensitivity analysis where we very

the cutoff rules.

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 con-

sistency. Some uncommon names remain ungendered 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 independent variables in our analysis. The Procampo

data collects information on individuals that cultivate land, 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. As such our analysis

is about women with these usufruct land rights, whether granted via title, lease, or some other

mechanism.

Figure 1 depicts the percent of agricultural land managers who are female in Mexican ejidos
9We 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: Trends in Women’s Land Management in Mexico

from 1995 to 2017 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 and a half percentage points from 2005 to 2017. The total increase is of 7.64

percentage points, from 15.71 percent to 23.35 percent. The increase in the proportion of land

managed by women is larger. Roughly 14.22 percent of land was managed by women in 1995,

which increased to about 19.15 percent in 2005 and to 22.30 percent in 2017 — an increase of

56%. Given the social and market benefits associated with managing land, such as access to credit

markets that require collateral, this increase is quite economically meaningful. In addition to these

increases, we seek to explain the concavity exhibited in Figure 1.10

Just as the gender profile of land management changed drastically from 1995 to 2017, so did

land tenure systems and welfare programs. Figure 2 displays the rollout schedules for the two

national programs we analyze. For Procede, the government granted titles to all the individuals in

an ejido at one time. Ejidos 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).
10Regressing the percentages in Figure 1 on time and time squared shows that the coefficient on the squared term,

which specifies concavity, is negative and significant at the 99% level. The concavity coefficients on the percent of
land managed by women and on the percent of managers who are female are -0.008 and -0.011, respectively.
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Figure 2: Rollout of Mexico’s Land Titling (red, above) and Cash Transfer (middle, blue) Programs.
The purple, solid line that lays below the other two is the cumulative distribution function for when
both programs went into effect.
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Controlling for these characteristics with ejido fixed effects, and so comparing only ejidos that

are similar along those characteristics, we assume that ejidos have equal probabilities for receiving

Procede in any given month. Similarly, 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 schedule.

It is 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 continuous variable equal to the percent of localities in an ejido that

receive the Progresa transfer, weighted by the locations’ populations. For the median ejido, this

variable only ever takes on values 0 and 1, because all of the localities in the ejido receive the

Progresa benefits in the same year. This may occur because all families in an ejido belong to the

same locality. The average time between the first locality in an ejido getting Progresa, and all

localities in an ejido receiving Progresa, is 2.9 years. The max is 14 years. When the value of this

continuous variable is neither 0 nor 1, it’s average value is 0.87 and the standard deviation is 0.21.

It is monotonically increasing in the number of families in an ejido that are receiving the Progresa

cash transfer.

The gender ratio data that we use in our migration analysis is derived from the population

censuses carried out in 1995, 2000, 2005, and 2010 by INEGI, the national statistics agency of

Mexico. This data is available at level roughly equivalent to a county in the United States. This

information captures the gender ratio in an area for everyone, not just those who manage land.

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.

4 The Economics of Gendered Transfers

We study a context where government transfers were implicitly (Procampo and Procede) or ex-

plicitly (Progresa/Oportunidades/Prospera) gendered. The benefits accruing to the mother and

father separately could, in theory, shift the balance of power in the family (Chiappori, 1988 and

1992; Lundberg and Pollak, 1997; Mazzocco, 2007). This change in power could then affect the

distribution of control over assets within the household. If the transfers result in a net increase in
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women’s bargaining power, then the amount of land women control may increase as a result of

these transfers.

We construct a simple model to provide intuition about how these gendered transfers might

have affected intra-household land holdings, with the goal of explaining national trends in the

gender-asset gap. We present an overview of the model and predictions here, and the formal

statement in Appendix B. By outlining the microeconomics of the gendered division of assets in a

representative household, we hope to provide some intuition for when national transfer programs

can change land management patterns. This model allows us to predict how the observed transfers,

and counterfactual gender-targeting policies, affect the gender profile of land management.

In addition to gender targeting, we pay careful attention to program timing and transfer mag-

nitudes. Procampo, a subsidy program overwhelmingly targeted to men, rolled out before the

transfers targeted to women. In 2000, roughly 1.6 million ejiditarios benefited from Procampo,

held an average of four hectares of land, and gained the equivalent of 70-100 U.S. dollars per

hectare. Procede, the land titling program that gave titles almost exclusively to men, rolled out

roughly at the same time as Progresa. These titles increased the value of primarily-male-controlled

assets. We model the consequences of this timing.

We preform two tasks to capture how this bundle of government policies might have affected

women’s landholdings. First, we construct a three period, static, collective household model in

order to understand how families respond to any policy bundle. These periods correspond to a

time when no program is in effect, when only Procampo is in effect, and when Procampo, Procede,

and Progresa are all in effect. These periods roughly map to 1917-1993, 1994-1997, and 1998-2018.

However, for each locality the exact dates will differ, since the rollout of each program differed across

ejidos. The decision to make the model static, as opposed to dynamic, reflects the unanticipated

nature of these government programs’ start dates from period to period at the ejido level.11

We adapt the well known limited-commitment intertemporal collective (LIC) household model.

Incorporating limited-commitment is crucial, as power dynamics are a function of relative outside

options (Mazzocco, 2007; Chiappori and Mazzocco, 2017). This model provides an explanation of

why bargaining power takes a given value in each period, where the static collective model does

not explain why power changes from period to period. We model the outside option as a temporary

inefficient allocation within the household that does not dissolve it (Lundberg and Pollak, 1993).

While divorce rates increased in this time period, and may possibly be considered a credible threat

in the third period, divorce rates in agrarian households before 2000 were very low (Haber et
11A static model allows us to capture household dynamics induced by unantiticipated programs, but does not let

us comment on the complex dynamics induced via investments in land. The static model reasonably approximates
behavior since the program effects are first order and any changes in investment, while interesting, are second order.
Incorporating investment into this dynamic model is an avenue for future research. Further, a static model of the
outside option is more realistic in our data setting given that households before 1990 rarely dissolve (Haber et al,
2008; Bobonis, 2009).
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al, 2008; Bobonis, 2009). As such, it is not useful to consider divorce as the outside option in

this context. A more natural interpretation of the threat point is an inefficient allocation that

"punishes" family members differently. This one-period punishment play may be characterized by

a reduction in the supply of public goods (which generate positive externalities). It may become

a credible threat in any given period, as opposed to divorce, which is almost never credible in

the first two periods. Households may realize the outside option allocation in one period, and the

collective allocation in the next, and vice versa.

Second, we analyze the planner’s problem of how to construct transfer bundles to generate

different outcomes. We model this problem as an extensive form game with two players, the gov-

ernment and a representative household that solves the limited commitment static collective model

we develop. Figure 4 in Appendix B displays this game tree, with families’ optimization behavior

represented by the pairs of demand functions that result from the government’s chosen transfer

bundle. We fix policy timing and ask how different transfer sizes induce different outcomes.

The main prediction from this modeling exercise is that transfers given to men and women

separately increase each of their outside options, producing countervailing effects on household

power dynamics. Women’s bargaining power can only increase in this policy setting if the value

of the transfer to women is significantly larger than the transfer to men. Given the magnitudes

of Procampo and Progresa, and the value of the titles, it is not clear whether the observed policy

bundle would increase women’s bargaining power on net - the effects of these transfers on women’s

control of land is an empirical question. This model also formalizes some authors’ claims that

Procede reduced women’s access to land relative to men’s (Stephen, 1996; Vázquez-García, 2015).

Since the male-targeted weakly improved men’s outside options — and thus bargaining positions

relative to women — they should increase men’s relative control over land.

There are two more important model predictions. First, the model has separate predictions for

areas that received only transfers to men, or only transfers to women. There were locations where

this occurred, at least for some period of time between 1995 and 2006, when program roll-outs were

still incomplete. When Progresa distributed benefits in an ejido before Procede reached it, women’s

decision making power and control of land should weakly increase. Second, the model predicts that

the effects of these isolated programs grows over time. We should expect to see significant lagged

program effects, as long as the symmetric transfer is not in place yet. In areas (and periods) that

only receive Progresa, we should expect a positive and significant effect that grows in strength over

time.
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5 Empirical Strategy

We study two causal relationships and one correlation. Our primary analysis produces causal

evidence on the effects of Procede and Progresa on women’s control of land. Since most ejidos

receive both programs, the most salient statistic that we generate is how the programs jointly

influence women’s control of land. In addition, we analyze whether program effects increased over

time. We also seek to understand how migration may have influenced our dependent variables.

We study how changes in the sex ratio in each municipality in Mexico, a proxy variable for male

out-migration, is correlated with women’s control of land.

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 estimate the following model via OLS:

yv,t = β1Progresav,t + β2Procedev,t + β3(Progresav,t × Procedev,t) + µt×s + ψv + εv,t (1)

where yv,t is the percent of plots owned, rented, or managed by women in ejido v in time t;

Progresav,t is locality-population weighted percent of localities in an ejido that benefit from Pro-

gresa in year t; Procedev,t is a dummy variable equal to one when the program distributed titles to

an ejido and all times afterwards; µt×s is a state-by-year fixed effect; ψv is an ejido fixed effect; and

εv,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 an ejido over time, after controlling for state time

trends. So, β̂1 is an estimate of the effect of Progresa on the percent of plots managed by women in

an ejido, and β̂2 is an estimate of the effect of Procede on the percent of plots managed by women

in an ejido, and β̂3 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. The sum of

these variables is the combined effect of the programs on women’s control of land. To adjust for

the small number of clusters (32 states in Mexico), we generate percentile-t confidence intervals as

a robustness check for our inference, following Cameron and Miller (2015).

Under the assumptions that communities with similar time-invariant characteristics are equally

likely to receive treatment in period t, the parallel trends assumptions required for causal iden-

tification in (1) are met — the ejido fixed effects control for these time invariant characteristics.

We present evidence that the pre-trends are parallel in Appendix C. The condition that would

bias our estimates is the existence of a factor that varies over both time and place within states,

and is correlated with the program rollout schedules and our dependent variables. Our identifying

assumption is that there is no such factor.

14



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

increase over time. To do so, we use a discrete version of our Progresa variable equal to one in

the first year that more than half of the localities in an ejido (weighted by population) receive the

transfer. Given that the median ejido witnesses an immediate jump from 0 to 1 in this variable (all

localities receive Progresa in the same year), this dummy variable approach captures the nonlinear

nature of the treatment.12 The lagged variables we use are equal to one in the relevant year after

this threshold is surpassed. We estimate:

yv,t = θ1Progresa_Y earv,t + θ2Procedev,t + θ3(Progresa_Y earv,t × Procedev,t)+
6∑
k=1

θ3+kProgresa_Y earv,t−k+

6∑
k=1

θ9+k(Progresa_Y earv,t−k×Procedev,t) +µs×t +ψv + εv,t

(2)

where Progresa_Y earv,t−k denotes the lag terms. The interacted terms allow us to estimate the

dynamic effects of Progresa, conditional on whether Procede had already distributed land titles in

a community. We cluster standard errors at the state level, and also produce percentile-t confidence

intervals for inference.

In addition to this causal inference, we study whether the correlation between male-out mi-

gration and women’s control of land is positive and significant. Our proxy variable for male out-

migration is the ratio of women to men in the population, which mechanically increases when men

leave a community. Since the periods of 1995-2005 were characterized by net out-migration, and a

majority of migrants were male, our proxy variable increases in this time period. We regress the

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

female, femalepop:

ym,t = β1femalepopm,t + µs×t + ψm + εm,t (3)

where ψm is a municipality level fixed effect. We cluster standard errors at the state level. As such,

the variable β̂1 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 control of land. This explanatory variable is

driven by the large flows of male migrants out of rural areas in the first ten years of our study

period.

This estimate can only be interpreted as being causal if there is no reverse causation. It is

possible that people who own land face different migration incentives than people who do not own
12We also run a robustness check, letting the dummy variable take value one when all the localities in an ejido

receive Progresa, but the results are not qualitatively different. We do not report those here.
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land. In this case, the percent of women in a population might be a function of the likelihood that

women own land in that population. Similarly, the percent of men who migrate might be a function

of male landownership patterns. For this reason, this regression simply estimates a correlation that

is conditional on state time trends and time invariant municipality means, not a causal effect.

6 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 positive effect is canceled out. This is because titles typically went to men,

improving their outside options, and counteracting the Progresa transfer’s empowerment effect.

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

Table 1: Women’s Control of Land Increased Because of Progresa

Dependent variable:

Percent of Managers who are Female Percent of Land Managed by Women

(1) (2)

Procede Dummy 0.184 0.052
(0.132) (0.121)

[-0.07, 0.32] [-0.17, 0.18]

Progresa Percent 0.624∗∗∗ 0.417∗∗
(0.167) (0.175)

[0.37, 0.82] [0.15, 0.61]

Interaction −0.427∗∗∗ −0.258∗
(0.131) (0.135)

[-0.68, -0.29] [-0.48, -0.12]

Observations 501,741 501,741
R2 0.768 0.739
Adjusted R2 0.757 0.727

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Ejido and state-by-year fixed effects.

Standard errors, in parentheses, clustered at state level.
Percentile-t Confidence Intervals at the 95% confidence level in square brackets.

The effect of Progresa alone on women’s land management is positive and significant. 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 reject both the null hypothesis that programs have no combined effect on the percent of owners

who are female, and the null hypothesis that the programs had no effect on the percent of land

managed by women. To conduct inference, we generate percentile-t confidence intervals using
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10,000 bootstrap iterations. These 95% confidence intervals are also presented in Table 1, in square

brackets below the clustered standard errors. The 95% interval for the joint marginal effect of the

two programs on the percent of managers who are female is [0.14, 0.61]. We confidently reject the

null hypothesis the programs combined effect on the percent of managers who are female equals

zero. Likewise, we reject the null hypothesis that the programs had no combined effect on the

percent of land managed by women, though only at the 90% confidence level. The confidence

interval for that joint marginal effect is [0.004, 0.47]. With point estimates of 0.381 and 0.211, the

joint marginal effects of Progresa and Procede on the percent of managers who are female, and on

the percent of land managed by women, account for roughly 5% and 2% of the change over time

we see in these variables.

The results of estimating equation (2) are presented in Table 2. These results show the dynamic

effects of the cash transfer program on women’s control of land. Progresa did not have a large

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 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. None of the lagged joint marginal effects of Procede and Progresa are significant at the

90% level, regardless of whether we asses the clustered standard errors or the percentile-t intervals.

The results from estimating (1) and (2) 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 negated Progresa’s empowerment effect.

We find that migration is positively correlated with women’s land management. 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 managers who are female and a 0.635 increase in the

percent of land managed by women. The results for this estimation are presented in Table 3.

The general equilibrium effects of migration in origin-communities explain about 10 percent of the

variation over time in women’s control of land. These results also shed new light on the feminization

of agriculture in response to male outmigration by explicitly analyzing land ownership, rental, and

management.
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Table 2: Women’s Control of Land Relative to Men with Lagged Effects

Dependent variable:

% Managers who are Female % Land Managed by Women

(1) (2)

Progresa Year Dummy 0.220∗ (0.121) 0.197 (0.147)
[0.03, 0.42] [-0.04, 0.43]

Procede Dummy 0.086 (0.114) −0.008 (0.112)
[-0.10, 0.25] [-0.18, 0.17]

Progresa Lag 1 0.100 (0.215) 0.014 (0.233)
[-0.21, 0.46] [-0.27, 0.49]

Progresa Lag 2 0.269 (0.192) 0.142 (0.183)
[,] [-0.13, 0.40]

Progresa Lag 3 0.244 (0.207) 0.120 (0.189)
[-0.14, 0.55] [-0.23, 0.40]

Progresa Lag 4 0.384∗∗∗ (0.142) 0.240 (0.149)
[0.13, 0.59] [-0.00, 0.46]

Progresa Lag 5 0.388∗∗∗ (0.139) 0.246∗∗ (0.120)
[0.27, 0.56] [0.07, 0.41]

Progresa Lag 6 0.586∗∗∗ (0.165) 0.369∗∗∗ (0.143)
[0.34, 0.80] [0.18, 0.58]

Interaction −0.219∗ (0.124) −0.204 (0.135)
[-0.42, -0.05] [-0.42, -0.01]

Interaction Lag 1 0.020 (0.203) 0.105 (0.235)
[-0.43, 0.33] [-0.36, 0.48]

Interaction Lag 2 −0.189 (0.194) −0.114 (0.189)
[-0.49, 0.11] [-0.40, 0.18]

Interaction Lag 3 −0.145 (0.202) −0.089 (0.189)
[-0.43, 0.27] [-0.36, 0.27]

Interaction Lag 4 −0.297∗∗ (0.142) −0.149 (0.130)
[-0.51, -0.06] [-0.42, -0.01]

Interaction Lag 5 −0.334∗∗ (0.137) −0.211∗ (0.116)
[-0.54, -0.12] [-0.38, -0.05]

Interaction Lag 6 −0.517∗∗∗ (0.180) −0.321∗∗ (0.164)
[-0.76, -0.24] [-0.57, -0.09]

Observations 501,741 501,741
R2 0.768 0.739
Adjusted R2 0.757 0.727

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.
Percentile-t Confidence Intervals at the 95% confidence level in square brackets.
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Table 3: Relationship between women as percent of population and women share of land manage-
ment, municipal-level

Dependent variable:

Percent Female Managers Percent Land Managed 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

7 Conclusion

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

and management. We construct a panel that documents women’s land ownership, rental, and

management at the ejido level from 1995-2017. We find that the percent of land managed by

women, either as a result of ownership or rental, increased by roughly 50% over this period. The

percent of land managers who are female increased by 56% over this 22 year period. The puzzle is

what prompted this large change in women’s asset holdings. We show that migration and a bundle

of national government programs partially explains this trend. However, we are unable to attribute

roughly 85 percent of this change to any mechanism we study.

The Mexican government had a strong commitment to promoting gender equality in our study

period. The federal budget earmarked for programs aimed at reducing gender-based discrimination

more than tripled from 2008 to 2016 (OECD, 2017). Reforms and court rulings made Mexico a much

more egalitarian society over the last twenty years, with such advancements as making marital rape

illegal in 2005, increasing mother’s access to childcare in 2007, introducing no fault divorce in 2008,

and banning maternity tests during hiring processes in 2012. In this time frame, the government

has continually renewed it’s commitment to promoting gender equality, with legislation like the

General Law on the Equality Between Men and Women in 2006, and with national development

plans, such as the 2013-2018 plan that expressly incorporated a gender focus. Any of these gender-

equality promoting advancements might also partially explain the increase in women’s control of

land from 1995 to 2017. Considered together, these steps towards gender equality likely explain a

great deal of the increase in women’s control of land.

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
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understanding can policies be generated to successfully close the gender-asset gap. 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 that the programs could have

synergistically increased women’s control of land.
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Appendix A: Details on Gender-Name Matching

Spanish is a gendered language. Nouns, pronouns, and adjectives end with particular letters to

indicate whether the referenced person, place, or other linguistic object is masculine or feminine.

Masculine nouns and pronouns are unmarked, while feminine nouns and pronouns are marked,

often ending in the letter "a." For instance, the Spanish-English cognate "profesor" is masculine

while "profesora" is feminine. Spanish speakers typically address professors that identify as male

with the former, and professors that identify as female with the later. In this fashion, names often

exhibit a gender. For instance, "Juana" is a feminine proper noun, while "Juan" is a masculine

pronoun. We would expect these names to be given to girls and boys respectively.

Table 4 documents the forty most common names by gender in 1988 and 2013-2016. We present

three distributions in Figure (3): the distribution of names we’ve labeled as female, the distribution

of names we’ve labeled as male, and the distribution names we do not label. This data has 37,607

unique names recorded, with 19,386 male names and 17,556 female names (using our 60/50 cutoff).

This asymmetry is owning to the gender question design in the Government of Mexico survey. We

drop 665 names because they are ambiguous.

The choice to indicate that a person is male was the single letter "M" which may be an

abbreviation for "woman" or for "masculine" in Spanish. Thus, many names that are feminine,

like Juana, are marked "M" for "Mujer," but are recorded as "Male" by the survey instrument.

Luckily, this asymmetry is one sided. We have high confidence in the genders recorded for common

male names. Women might have accidentally indicated that they were "M" instead of "F", but

men did not face the same linguistic ambiguity. For example, Jose, the most common male name,

was recorded as belonging to women for less than 0.5% of individuals named Jose.

We use the percent of "Male" and "Female" records per observed name as cutoffs to assign

genders to names. For names that we labeled as "Male," the median name was labeled as male in

in the original data for 99.31% of the observations. For names we labeled "Female," the median

name was labeled female in the original data for 97.69% of the the observations. There are 14,128

names that were only ever marked as female, and 17,777 names that were only ever marked as

male. The most common male-only is Ruperto with 1,383 men with this name. The most common

female-only name was Maria Clara with 132 women with this name.

There are a number of names that can be given to men or to women. The 7th most common

female name in this data set, Gaudalupe, is an example. This name is associated with the first

Mexican president as well as a religious figure, the Lady of Guadalupe. We treat these names on a

case by case basis, following our cutoff rule. Guadalupe in this dataset is a "male" name because

it is marked as male for 65% of observations.
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Figure 3: The Distribution of Names we Label as Female is in Red, The Distribution of Names
we Label as Male is in Blue, and the Distribution of Names we Do Not Label is in Grey.
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Table 4: Common Names

Common Male Names Common Female Names
Name Female Male Name Female Male

1 Jose 889 169, 925 Juana 16, 302 1, 090
2 Juan 331 78, 535 Margarita 10, 106 660
3 J 881 55, 495 Maria De 9, 611 579
4 Francisco 186 47, 998 Rosa 8, 468 548
5 Pedro 150 42, 955 Maria Del 8, 268 523
6 Antonio 172 38, 556 Francisca 8, 080 550
7 Manuel 125 36, 580 Guadalupe 7, 804 8, 571
8 Miguel 122 30, 528 Teresa 6, 824 401
9 Jesus 517 26, 644 Josefina 6, 344 383
10 Luis 87 23, 087 Maria Guadalupe 5, 852 382
11 Felipe 77 17, 551 Antonia 5, 721 363
12 Roberto 55 16, 081 Ma De 5, 598 280
13 Martin 71 15, 281 Ma Guadalupe 5, 582 313
14 Pablo 60 15, 195 Carmen 4, 875 2, 015
15 Rafael 49 14, 878 Petra 4, 785 350
16 Carlos 47 14, 152 Martha 4, 738 232
17 Jorge 51 13, 869 Ma Del 4, 724 235
18 Ramon 56 13, 609 Catalina 4, 657 331
19 Agustin 62 13, 509 Esperanza 4, 186 285
20 Alberto 55 13, 005 Paula 4, 135 301
21 Andres 64 12, 999 Alicia 4, 128 250
22 Salvador 67 12, 673 Isabel 4, 088 1, 999
23 Mario 69 12, 542 Julia 4, 015 297
24 Jose Ma 48 12, 314 Gloria 3, 795 209
25 Tomas 73 12, 148 Lucia 3, 725 236
26 Angel 53 11, 985 Manuela 3, 580 270
27 Vicente 45 11, 528 Victoria 3, 399 238
28 Enrique 56 11, 355 Angela 3, 362 240
29 Nicolas 64 11, 324 Maria Luisa 3, 310 212
30 Gregorio 44 11, 242 Maria Elena 3, 052 144
31 Alejandro 46 11, 198 Virginia 3, 050 162
32 Ignacio 43 10, 742 Ofelia 2, 968 193
33 Alfredo 50 10, 517 Agustina 2, 911 184
34 Alfonso 37 10, 506 Elena 2, 841 158
35 Santiago 41 10, 357 M 2, 737 148
36 Fernando 46 10, 292 Celia 2, 714 172
37 Lorenzo 43 10, 267 Yolanda 2, 697 117
38 Raul 37 9, 814 Elvira 2, 647 167
39 Javier 43 9, 808 Tomasa 2, 642 213
40 Daniel 47 9, 691 Ana 2, 637 124
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Appendix B: A Model of Gendered Transfers, Power, and

Women’s Land Management

Consider a household that maximizes a weighted sum of two parents’ utilities in each period.

Parents’ utilities are allowed to differ and are increasing, concave functions over consumption.

Denote consumption for partner f in period t ∈ {1, 2, 3} as cft . Define consumption for partner m

similarly. Then utilities are Uf (cft ) and Um(cmt ) for the two partners respectively.

For now, consider land to be a consumption good. In practice, of course, land is a productive

asset. We abstract away from household production and investments. The household is constrained

by a budget, equal to the sum of incomes for each partner, yft and ymt . We also abstract away from

labor market decisions. Let µt ∈ [0, 1] be a Pareto weight, which can be considered a measure of

household bargaining power, and let prices in period t be pft for the bundle of goods consumed by

partner f and pmt for the bundle of goods consumed by partner m.13 These bundles may contain

private goods, the same public goods, each others’ utilities, and children’s utilities. Then, ignoring

limited commitment for the moment, the households problem in each period is simply:

max
{cft ,cmt }

Ut(c
f
t , c

m
t ) = µtU

f (cft ) + (1− µt)Um(cmt ) subject to (4)

ymt + yft = cft p
f
t + cmt p

m
t

This budget constraint defines total household income to be equal to total household consumption.

We let this relation be an equality as opposed to an inequality because utilities are strictly increasing

in income. This is the typical Pareto optimality condition assumed by the collective household

model.

A household’s problem over three periods is to maximize the discounted lifetime utility subject

to a budget constraint and participation constraints in each period (we abstract away from savings

and from credit markets). We model the government programs as an increase in income for partner

m in periods 2 and 3 by some total amount Tm ≥ 0 that shifts their outside option and the

household budget constraint. We model the government transfer to women as some transfer T f ≥ 0

that increases the household budget constraint and partner f ’s outside option. The stream of

government transfers over these three periods, then, is Tmt = {0, Tm, Tm} and T ft = {0, 0, T f}

max
{cft ,cmt }t=3

t=1

t=3∑
t=1

βt−1Ut(c
f
t , c

m
t ) subject to (5)

13The Pareto weight has been interpreted as bargaining power because this parameter determines how a unit
of surplus is split between the partners. If there is a one unit increase in match surplus, partner f gets µ of that
unit increase, and partner m gets the rest. We assume that partner’s utilities are scaled equivalently, a technical
assumption that increases the ease of interpreting the Pareto weight as bargaining power.
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ymt + yft + T ft + Tmt = cmt p
m
t + cft p

f
t ∀t ∈ {1, 2, 3} and (6)

U j(cjt ) ≥ U j(c̄
j
t (T

j)) ∀j ∈ {f,m}, and ∀t ∈ {1, 2, 3} (7)

In this constrained optimization problem, β is some discount factor common to both partners,

(6) is the budget constraint in each period, and (7) is the set of six participation constraints. These

constraints state that both partners have two options in each period, and they choose the one that

maximizes their utility. The options are either to accept the bargained household allocation, or

to act on the outside option. For simplicity, we model consumption in the outside option, c̄ as an

increasing function of the government transfer. This is because we abstract away from household

production, which is how we’d see the transfer impact consumption in a more complicated model.

This simplification does not qualitatively change the model predictions but reduces the complexity

of the problem considerably.

This problem is solved using the Kuhn-Tucker method, since (7) is a set of inequalities. Let the

period- and person-specific Kuhn-Tucker multiplier be denoted λjt . If the constraints in (7) bind,

then λjt > 0 and there are two possible outcomes for the family. The first outcome is "autarky," both

partners consume the outside option bundles and attain utilities Uf (c̄ft ) and Um(c̄mt ) respectively.

The second possible outcome is that bargaining power, µt, updates in favor of the person whose

participation constraint binds. An increase in µt benefits partner f since they gain more weight in

the collective optimization problem. A decrease in µt benefits partner m. This increases the utility

that person attains within the collective allocation to the point that the person considering the

outside option becomes indifferent between the autarky and the collective allocations (Mazzocco,

2007).

The amount that the Pareto weight updates by is an increasing function of the Kuhn-Tucker

multiplier, which itself is an increasing function of the value of the outside option. Define this

function as F jt = F (λjt (U
f (c̄jt (T

j)))), where F (0) = 0 and F ∈ [0, 1]. The new Pareto weight for

partner f in period t given renegotiation in their favor is µt = µt−1 + F ft , where men lose the

reciprocal amount of power and their new Pareto weight is (1 − µt−1) − F ft .14 To be explicit,

feasibility in the case of a binding participation constraint is the condition that the Pareto weight

renegotiation does not cause the other partner’s participation constraint to bind. Splitting the

match surplus in this new way must be mutually beneficial.

This model hinges on the relationship between the transfer amount, its gender-specificity, and

the incentive for the recipient to act on the outside option. Formally, the model predicts that a
14Symmetrically, the Pareto weight for partner m in period t given a renegotiation in their favor is (1 − µt) =

(1− µt−1) + Fm
t where women lose the reciprocal amount and have new Pareto weight equal to µt = µt−1 − Fm

t .
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positive transfer to women T f weakly increases their bargaining power:

∂µt

∂T ft
=


∂F f

t

∂λf
t

∂λf
t

∂Uf (c̄ft )

∂Uf (c̄ft )

∂c̄ft

∂c̄ft
∂T f > 0 if Uf (cft ) < Uf (c̄jt (T

f )) and renegotiation is feasible, and

0 otherwise
(8)

The model predicts the symmetric outcome will occur for transfers to men. So, when government

programs improve one partner’s outside option enough to cause their participation constraint to

bind, then that person’s bargaining power will increase if it is feasible, and they will realize the

outside option utility if not. The partner receiving the transfer benefits, but the other does not

necessarily suffer. The household budget set is also shifting outward. The inefficient equilibrium

(from the perspective of the new, outward shifted budget set) might still be an improvement

for both partners (compared to the original allocation realized on the original budget set). See

Mozzocco (2007) and Chiappori and Mazzocco (2017) for a more detailed discussion.

This increased bargaining power leads to greater control of household assets, like land, modeled

here simply as c. This model has few unambiguous predictions, most of the results are context

specific. They depend on prices, incomes, the initial Pareto weight, and the functional forms of

utility and F . The straight forward predictions are that a transfer to women (men) makes women

(men) better off:

∂cft

∂T ft
> 0, and

∂cmt
∂Tmt

> 0.

Let us explicitly analyze how the timing of bundle of government transfers {T f , Tm} affects

household allocations in each period in this simple static model. In period 1, when the government

is not yet distributing the two transfers, there is one unique solution to the model and the demand

functions are the pair {cm∗1 , cf∗1 } = {cm∗1 (pm1 , p
f
1 , y

f
1 , y

m
1 , µ1), cf∗1 (pm1 , p

f
1 , y

f
1 , y

m
1 , µ1)}.

In period two, there are three possible outcomes: (2.1) The transfer to men does not cause the

participation constraint to bind; (2.2) the transfer causes the participation constraint to bind and

renegotiating µ is not feasible; or (2.3) the transfer causes the participation constraint to bind

for partner m and renegotiation occurs. Letting {cf∗2 , cm∗2 } denote the set of household demand

functions in period 2, then:

{cm∗2 , cf∗2 } =


{cm∗2 (pm2 , p

f
2 , y

f
2 , y

m
2 + Tm, µ1), cf∗2 (pm2 , p

f
2 , y

f
2 , y

m
2 + Tm, µ1)} if (2.1)

{c̄m∗2 (pm2 , y
m
2 + Tm), c̄f∗2 (pf2 , y

f
2 )} if (2.2)

{cm∗2 (pm2 , p
f
2 , y

f
2 , y

m
2 + Tm, µ2), cf∗2 (pm2 , p

f
2 , y

f
2 , y

m
2 + Tm, µ2)} if (2.3)

(9)
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With two periods, then, there are three possible consumption paths. Which occurs depends on the

size of the transfer to partner m. If it is "small" then option (2.1) will occur. If it is "very large"

then option (2.2) will occur. If it is "large enough, but not too large" option (2.3) will occur. Note

that in each of these outcomes, the transfer makes partner m better off. Partner f is also better

off in option (2.1). However, partner f will be worse off in option (2.2) and might be worse off in

(2.3). This is because the autarky consumption bundle is inefficient in (2.2), and the renegotiated

bargaining power will favor m in (2.3).

The same transfer amount to different households will have different effects, depending on that

households initial bargaining power levels, incomes, and utility functional forms. The responses

will be distributed over these three possibilities, depending on each households context. However,

varying the transfer size makes some outcomes more likely. If the transfer is very large, then it will

induce responses (2.2) and (2.3) in a greater number of households.

Now consider the possible outcomes in period 3, when both transfers are in effect. Since Tm3 > 0

and T f3 > 0, there are five possible outcomes - one possibility when no participation constraint

binds, two possibilities when partner f ’s bind, and two possibilities when partner m’s bind. How-

ever, instead of writing down these demand functions in period 3 by themselves, let us write them

down with explicit reference to what occurs in period 2. If event (2.1) or (2.2) occur, then bargain-

ing power before the transfers in period 3 are µ1. That is, power does not update in period 2 and

the household faces the same problem regardless of whether the household consumed the autarky

or collective allocations. If event (2.3) occurred, however, then bargaining power updates in period

2. In this case, partner f ’s bargaining power is given by µ2 = µ1−Fm2 and partner m’s bargaining

power is (1− µ2). Thus, with two possibilities in period 2 and five in period 3, we get ten possible

outcomes over three periods. Figure 3 illustrates the timing of this game from the government’s

perspective.

The five possibilities are as follows: (3.1.1) no participation constraint binds and the family

consumes the optimal collective allocation from the outward-shifted budget set; (3.1.2) partner

f ’s participation constraint binds and the partners consume the autarky bundle; (3.1.3) partner

f ’s participation constraint binds and renegotiation occurs; (3.1.4) partner m’s participation con-

straint binds and the partners consume the autarky bundle; and (3.1.5) partner m’s participation

constraint binds and renegotiation occurs. The optimal demand functions in period three, given

that outcome (2.1) or (2.2) occurred in period 2, are given by the pairs {cm∗3 , cf∗3 }:
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Figure 4: The Government’s Extensive Form Game with Household Play suppressed. The possible
outcomes correspond to the pairs of indirect utilities given in equations (12) and (13).
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{cm∗3 , cf∗3 } =



{cm∗3 (pm3 , p
f
3 , y

f
3 + T f , ym3 + Tm, µ1), cf∗3 (pm3 , p

f
3 , y

f
3 + T f , ym3 + Tm, µ1)} if (3.N.1)

{c̄m∗3 (pm3 , y
m
3 + Tm), c̄f∗3 (pf3 , y

f
t + T f )} if (3.N.2)

{cm∗3 (pm3 , p
f
3 , y

f
3 + T f , ym3 + Tm, µ1 + F f3 ), cf∗3 (pm3 , p

f
3 , y

f
3 + T f , ym3 + Tm, µ1 + F f3 )} if (3.N.3)

{c̄m∗3 (pm3 , y
m
3 + Tm), c̄f∗3 (pf3 , y

f
t + T f )} if (3.N.4)

{cm∗3 (pm3 , p
f
3 , y

f
3 + T f , ym3 + Tm, µ1 − Fm3 ), cf∗3 (pm3 , p

f
3 , y

f
3 + T f , ym3 + Tm, µ1 − Fm3 )} if (3.N.5)

(10)

Notice that the autarky allocations are the same regardless of which participation constraint binds

(though the indirect utilities differ). The main take away is that, given no bargaining power change

in period 2, women may be empowered by the transfer bundle in period 3. In this case, the period

1 bargaining power value updates. If power updated in period 2 (to favor men more heavily in

the static collective problem), either women or men may still be (net) empowered by the period 3

transfers, but the starting point is µ2, not µ1. So if (2.3) occurred in period 2 for some household,

then their demand functions in period 3 are given by:

{cm∗3 , cf∗3 } =



{cm∗3 (pm3 , p
f
3 , y

f
3 + T f , ym3 + Tm, µ2), cf∗3 (pm3 , p

f
3 , y

f
3 + T f , ym3 + Tm, µ2)} if (3.P.1)

{c̄m∗3 (pm3 , y
m
3 + Tm), c̄f∗3 (pf3 , y

f
t + T f )} if (3.P.2)

{cm∗3 (pm3 , p
f
3 , y

f
3 + T f , ym3 + Tm, µ2 + F f3 ), cf∗3 (pm3 , p

f
3 , y

f
3 + T f , ym3 + Tm, µ2 + F f3 )} if (3.P.3)

{c̄m∗3 (pm3 , y
m
3 + Tm), c̄f∗3 (pf3 , y

f
t + T f )} if (3.P.4)

{cm∗3 (pm3 , p
f
3 , y

f
3 + T f , ym3 + Tm, µ2 − Fm3 ), cf∗3 (pm3 , p

f
3 , y

f
3 + T f , ym3 + Tm, µ2 − Fm3 )} if (3.P.5)

(11)

Now we can see that period 3 demand functions in autarky are of the same form regardless of

whether event (3.1.2), (3.2.2), (3.1.4), or (3.2.4) occurs. However, the indirect utilities are different

in these contexts since different transfers induced them. So, in total, there are ten distinct possible

consumption paths that a household can realize given this sequence of government transfers. Which

occurs depends on the relative sizes of T f and Tm.

Only one of these possible outcomes, (3.N.3) leads to an unambiguous net increase in women’s

bargaining power. The outcome (3.P.3) also results in an increase in women’s bargaining power

in period 3, but it may only be enough of an increase to return to the original power dynamics

(F f3 ≤ Fm2 ), not result in a net increase. If (3.P.3) occurs and F f3 > Fm2 , then this outcome also

leads to a net increase in women’s bargaining power. Only these two outcomes should lead to an

increase in the percent of land owned by women.

On the other hand, half of the outcomes result in a net increase in bargaining power for men.
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Additionally, (3.P.3) leads to a net increase in men’s power if F f3 < Fm2 . If one of these six outcomes

occurs, the percent of land controlled by women should decrease. The remaining three outcomes

lead to no change in bargaining power. Under these outcomes, no change should occur in the

percent of land controlled by women.

The Planner’s Problem

The government can induce a particular outcome by choosing the transfer values (T f∗, Tm∗). If we

treat the order of transfers as fixed, then we can discuss how the government can choose different

transfer magnitudes to achieve different goals. Consider two possible goals: maximizing women’s

empowerment (the Sustainable Development Goal) and maximizing aggregate utility. Let N denote

the number of families in Mexico and let n denote a particular family. Let T̄ be the governments

total budget to spend on transfers. In the first case the government’s problem is given by (12)

and in the second case the government’s problem is given by (13). In both cases, the solution is

attained by backwards induction, using the extensive form game in Figure 3.

max
{T f ,Tm}

N∑
n=1

µf3,n s.t. T f3 + (Tm2 + Tm3 ) ≤ T̄ (12)

max
{T f ,Tm}

N∑
n=1

t=3∑
t=1

βt−1Ut,n(cft , c
m
t ) s.t. T f3 + (Tm2 + Tm3 ) ≤ T̄ (13)

The optimization problem in (12) can also be written as a maximization over the sum of in-

creases in bargaining power in periods 2 and 3, across households: µf3 = µ1−Fm2 +F f3 . Maximization

will set the transfers to men to zero, giving all transfers to women. If the government can target

individual households with different funding levels, and if F f3 is a concave function of the transfer,

then larger transfers to women with lower initial power levels will solve (12). If the government can

predict whether a transfer will cause the participation constraint to bind and generate a renegoti-

ation (as opposed to autarky or simply a shift outwards for the budget constraint) then targeting

those households in particular will maximize the objective function in (12). Understanding how to

target along these two dimensions is an important area of future research.

The solution to (13) is a more complex function of the initial bargaining power, prices, in-

comes, and functional forms. For each household and each possible consumption path, there is a

total indirect utility associated with consumption, equal to the discounted sum of indirect utilities.

The extensive form game can be written in terms of these indirect utilities (as opposed to demand

functions). Then the government’s problem is simply to choose the transfers that induce the con-

sumption bundles that maximize the discounted sum of these indirect utilities across time and

families. The transfers will be larger to households with lower initial income levels since utilities
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are concave. That is, the optimal transfers will be progressive. Within a household, the optimal

transfers will be bigger for the members of the household that receive lower resource shares, a re-

lated concept to bargain power. The transfers should be progressive across people as well as across

households. Transfers to men and women may both be positive in some households. The impact

of these optimal transfers on the percent of land that women manage is decreasing in the initial

bargaining power level, µ1.

In practice the Government of Mexico did not coordinate these gendered transfers to achieve

a unified goal. The transfers were designed separately, and the observed cash transfers are slightly

larger for women in period 3. The male-transfers are via Procampo (which went to agricultural land

holders, who are predominantly male throughout our study) and Procede (which gave land titles

predominantly to men throughout our study). The female transfers are distributed via Progresa

from 1997-2003, Oportunidades from 2003-2014, and by Prospera from 2014-2017. This model pre-

dicts that consumption (and land holdings) should weakly shift towards men when they receive

Tm in period 2. Events (2.2) and (2.3) should occur in households for which the transfer causes the

man’s participation constraint to bind. Then, in period 3, when the two programs have countervail-

ing effects on power (via outside options), but women get a slightly larger transfer, we expect that

power should weakly shift in favor of women. That is, we expect to observe a mixture of (3.N.3)

and (3.P.3) across the population.

There is another context to consider that this model can help us understand. Progresa rolled

out to ejidos at different times and some ejidos (randomly) received this transfer to women before

Procede. This also generated heterogeneity in the length of time that an ejido received Progresa

before Procede was initiated there. In these towns, the sequence of the transfers is flipped. Women

receive the period two transfer instead of men. The symmetric prediction applies here: women

should be weakly better off in this context relative to men, and the percent of land owned by women

should weakly increase in these towns. The longer an ejido receives the female-specific transfer

without receiving the countervailing male-specific transfer, the more pronounced the expected

effect on women’s land holdings.

In addition, some communities had to wait longer to receive Progresa. The longer an ejido

received the male-specific transfer without receiving the countervailing female-specific transfer, the

more pronounced the expected effect on women’s land holdings. This is because there are additional

periods where the participation constraint for men might bind, and thus additional periods where

power should weakly increase for men. Thus, we’d expect the impacts on the percent of land

holdings to increase over time as long as an ejido receives the male-specific transfer but not the

female-specific transfer.
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Appendix C: Parallel Trends Assumptions Tests

Our identification strategy rests on parallel trends assumptions. We call ejidos that get treatment in

a given year "treatment ejidos", and compare them to "control" ejidos, who will receive treatment

in the future. If the slope of the dependent variable (either the percent of land managers who are

female, or the percent of land managed by women) is the same in the years leading up to treatment,

then we can be more confident that we identify causal program effects.

Since there are many years in which an ejido may have received treatment (see Figure 2),

we need to test many parallel trends assumptions. To do so, we analyze many subsets of data

consisting of the three years prior to each treatment year, and consider the treatment and control

ejidos within those years. For these groups, we estimate the slope of the dependent variable over

time by regressing it on years, including a municipality (higher level geographic unit than ejido)

fixed effect. Then we test whether those slopes are significantly different by bootstrapping the

difference between the slope estimates.

For example, to assess whether the parallel trends holds for ejidos that received Procede in

1998, we subset our data to include information from 1995-1998, and drop ejidos that already

have received treatment. The treatment group is those who will receive treatment in 1998 and

the control group is those who will recieve treatment later. We estimate a slope coefficient for

each group, difference them, and compare the difference to zero by block bootstrapping the entire

procedure, clustering at the ejido level and using 1000 replications. We can conclude that the

trends are parallel if the confidence interval covers zero.15

In Figures 5 and 6 we present the results for both dependent variables and Procede. These

figures give the slope coefficients for the treatment and control groups leading up to treatment, the

difference between them, and the 95% confidence interval for the difference between the slopes. The

primary takeaway is that the confidence intervals cover zero for 21 of 22 test. Since we are testing

at the 95% confidence level, we would expect one false rejection. We observe one rejection, and so

conclude that the parallel trends assumptions required for identifying causal effects of Procede on

women’s land management hold in this data.

To test that the pre-trends are parallel with respect to Progresa, we define the treatment year

as the first year in which 50% or more of the localities in an ejido, weighted by location population,

receive treatment. This definition captures the significant treatment non-linearity: in most ejidos,

all localities were treated simultaneously. We report the results of these tests in Figures 7 and 8.

We find that the parallel trends assessments for Progresa reveal that the identifying assumption is

likely to hold in all waves but the first. The slopes for treatment and control groups in the waves

after 1998 are not statistically different. However, in 1998 the slopes of the dependent variables
15That is, we cannot reject the null hypothesis that the trends are parallel.
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Figure 5: Parallel Trends Tests for First Dependent Variable

Figure 6: Parallel Trends Test for Second Dependent Variable
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Figure 7: Parallel Trends Test for Progresa and First Dependent Variable

over time leading up to treatment are significantly different for both dependent variables. This is

especially worrying since more ejidos received Progresa in this year than in any other. It is likely

that in 1998, the parallel trend assumption required for identification fails.

To address this threat to identification, we rerun regressions (1) and (2) but exclude 1998 from

the analysis. That is, we only include years for which the pre-trends in the treatment and control

groups are not significantly different from each other. In this way, we can assess whether our results

are being driven by the inclusion of 1998; a year that witnessed a large degree of variance in the

Progresa independent variables, but in which the parallel trends assumption may not hold. We

present those results in Tables 5 and 6. We find that our results are robust to dropping 1998. The

regression (1) results are virtually unchanged and the regression (2) results exhibit minor changes

only.

The pre-trend analysis and the robustness checks allow us to be more confident that the iden-

tifying assumptions are holding in our main analyses. We conclude from these analyses that the

effects we identify in our main analyses are the causal program effects.
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Figure 8: Parallel Trends Test for Progresa and Second Dependent Variable

Table 5: Robustness Checks for the Progresa Parallel Trends Assumption: Dropping 1998

Dependent variable:

Percent Female Managers Percent Land Managed by Women

Procede 0.149 0.012
(0.140) (0.135)

Progresa 0.462∗∗∗ 0.324∗
(0.167) (0.168)

Interaction −0.389∗∗∗ −0.244∗
(0.138) (0.136)

Observations 451,420 451,420
R2 0.774 0.743
Adjusted R2 0.761 0.729

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 6: Progresa Lags Regression is Robust to Dropping 1998

Dependent variable:

Percent Female Managers Percent of Land Managed by Women

Procede 0.034 −0.066
(0.115) (0.116)

Progresa Year 0.193 0.194
(0.160) (0.181)

Progresa Lag 1 0.060 0.009
(0.212) (0.230)

Progresa Lag 2 0.189 0.121
(0.194) (0.180)

Progresa Lag 3 0.144 0.077
(0.224) (0.206)

Progresa Lag 4 0.371∗∗ 0.289∗
(0.164) (0.169)

Progresa Lag 5 0.313∗ 0.226
(0.160) (0.150)

Progresa Lag 6 0.504∗∗∗ 0.353∗∗
(0.177) (0.152)

Interaction −0.164 −0.141
(0.140) (0.161)

Interaction Lag 1 0.084 0.149
(0.216) (0.255)

Interaction Lag 2 −0.114 −0.072
(0.195) (0.195)

Interaction Lag 3 −0.050 −0.035
(0.222) (0.205)

Interaction Lag 4 −0.260 −0.143
(0.163) (0.157)

Interaction Lag 5 −0.255 −0.160
(0.166) (0.158)

Interaction Lag 6 −0.443∗∗ −0.295∗
(0.187) (0.166)

Observations 451,420 451,420
R2 0.774 0.743
Adjusted R2 0.761 0.729
Residual Std. Error (df = 427739) 6.593 7.006

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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