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ABSTRACT
This paper uses a panel dataset of rural households and the roll-
out of a nationwide land titling program in Mexico to explore the 
impact of tenure security on household labor supply. The results of 
this paper suggest that land titling decreased the number of hours 
in wage employment, but did not affect labor supply in own-farm 
agriculture. Moreover, cultivated land increased with the certification 
program. Suggestive evidence shows that the certification program 
reduced the number of children working on their own farms. The 
results are robust to several specifications and support the parallel 
trends hypothesis.
Keywords: Land titling, household labor, Mexico. 
jel Classification: O12, O13, O15.
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TITULACIÓN DE TIERRA Y OFERTA LABORAL DE LOS HOGARES: EVIDENCIA PARA MÉXICO
RESUMEN

Este artículo utiliza un conjunto de datos de panel de hogares ru-
rales y la implementación de un programa nacional de titulación 
de tierras en México para explorar el impacto de la seguridad de la 
tenencia de la tierra en la oferta laboral de los hogares. Los resultados 
de este artículo sugieren que la titulación de tierras disminuyó el 
número de horas de empleo asalariado, pero no afectó la oferta de 
mano de obra en la agricultura propia. Además, la tierra cultivada 
aumentó con el programa de certificación. La evidencia sugiere 
que el programa de certificación redujo la cantidad de niños que 
trabajan en sus propias granjas. Los resultados son robustos a varias 
especificaciones y apoyan la hipótesis de tendencias paralelas.
Palabras clave: titulación de la tierra, oferta laboral del hogar, 
México.
Clasificación jel: O12, O13, O15.

1. INTRODUCTION

In the context of weak property rights, farmers use labor to strengthen 
their ownership of agricultural land. This results in an inefficient 
allocation of labor because households tend to “waste” labor inputs 

to protect their property (Galiani and Schargrodsky, 2010; Field, 2007; 
Chari et al., 2021). Improvements in tenure security can potentially 
increase efficiency and agricultural productivity by addressing this 
restriction, incentivizing long-term investments and improving the 
overall functioning of land and labor markets. Those who are better  
fit to farm the land can increase their operational scale through land 
consolidation and investments, while other households with comparative 
advantage in non-farming activities can gradually leave agriculture for 
other sectors of the economy (Kai-Sing Kung, 2002; Do and Iyer, 2008; 
Jin and Deininger, 2009; Adamopoulos et al., 2022; Chen et al., 2017)1.

1	 See Deininger and Feder (2009) for a review of the literature on land titling and economic 
development.
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The empirical evidence suggests that increasing tenure security can 
affect rural labor supply in two ways. First, the certification of land reduces 
the need for households to devote resources for “guarding” purposes; 
hence, agents reduce labor in agriculture to pursue other activities (De 
Janvry et al., 2015; De Moura et al., 2014; Valsecchi, 2014; Field, 2007;  
Do and Iyer, 2008). For example, Li (2020) finds that a land tenure 
reform in China increases land in circulation and shifts labor supply 
towards non-farming activities. Second, improvements in property rights 
increase the returns of farming activities because households can invest  
in agricultural endeavors with the certainty that they will reap the fruits 
of their work (Goldstein et al., 2018; Goldstein and Udry, 2008; Banerjee  
et al., 2002; Kassie and Holden, 2007; Udry 1996; Besley 1995; Bellemare et 
al., 2020). Moreover, property rights allow farmers to increase cultivated 
land and achieve their optimal farm size (Kimura et al., 2011; Ito et al., 
2016; Jin and Jayne, 2013; Kai-Sing Kung, 2002). 

However, land titling programs, while aiming to enhance tenure 
security and stimulate agricultural investment, can inadvertently lead 
to adverse social and economic outcomes. If markets for insurance and 
credit function imperfectly, the liberalization of land markets may ex-
acerbate inequalities. Smallholders, lacking financial buffers or access 
to affordable credit, could be compelled to sell their land in times of 
distress, leading to wealth concentration among the rural elite (Borras 
and Franco, 2012; Goldstein and Udry, 2008, Zoomers, 2010)2. Moreover, 
the productivity gains of improved tenure security may not materialized 
in the absence of critical factors such as infrastructure, input markets, 
and access to credit (Feder and Onchan, 1987; Holden et al., 2007). De 
Janvry and Sadoulet (2001) argue that land titles alone do not address 
structural barriers like inadequate roads, irrigation systems, and limited 
access to agricultural training3.

2	 Evidence from Nicaragua shows that land sales markets facilitated land concentration 
due to institutional gaps and market failures (Boucher et al., 2005; Deininger et al., 
2003).

3	 Land titling programs, while enhancing tenure security, often lead to labor flexibilization, 
characterized by increased informal, temporary, or precarious employment (Deininger 
and Feder, 2009). For example, in Vietnam, transitions to non-agricultural jobs following 
land titling were frequently in positions lacking formal contracts or benefits (Do and Iyer, 
2008). Women, particularly, face challenges in informal labor markets, as evidenced in  
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This paper explores the effects of property rights in household’s 
allocation of labor using data from a nation-wide rural land titling pro-
gram in Mexico. The Programa de Certificación de Derechos Ejidales 
y Titulación de Solares (procede) was carried out between 1993 and 
2006 and its mission was to provide land certificates for all members of 
agrarian communities in the country. This program sought to increase 
tenure security for small-scale farmers, allowed members of the com-
munity to engage in land transactions (e.g. sales, rentals or sharecrops), 
and provide a legal base for ejido land to become full private property. 
Making use of the staggered implementation of procede, we find that 
households that participated in the land certification program decreased 
their hours in wage-employment activities and increased their cultivated 
land. However, the number of household members devoted to own-farm 
agriculture did not seem to be affected by certification, with the exception 
of children. Our results suggest that procede reduced the number of 
children working in the family farm. Our estimates are robust to several 
specifications and support the parallel trends assumption.

De Janvry et al. (2015) thoroughly explore the impact of procede 
on labor and land allocation in Mexico. They find that the certifica-
tion increased migration out of rural areas, yet cultivated land was not 
severely affected by this reduction in labor supply. This paper adds to 
their contribution and the literature on property rights and labor sup-
ply in two ways. First, it explores the effect of land titling on local labor 
markets and the implications for the household members remaining in 
the community. Second, it sheds light on the possible impact of land 
titling that is normally overlooked: its effect on intra-household labor  
allocation.

The paper is structured as follows. Section 2 describes the land re-
forms undertaken in Mexico. In section 3, we present the identification 
strategy. Section 4 describes the data used in the analysis and presents 
some descriptive statistics. Section 5 discusses the empirical findings and 
Section 6 presents a series of robustness checks. We conclude in section 7.

Ethiopia, where land certification improved tenure security but pushed many women 
into less secure and lower-paid work (Muchomba, 2017).
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2. BACKGROUND: LAND REFORMS IN MEXICO

This section describes the land tenure system in Mexico and discusses 
the two main land reforms the country has undertaken. The first reform 
was the product of the Mexican civil war (1910-1917), where extensive 
landholdings were gradually disintegrated to form an agricultural social 
sector composed of agrarian communities. The second reform changed 
the structure of property rights in these communities, removing re-
strictions on land use, increasing tenure security and legalizing land  
transfers.

2.1. The first Land Reform (1917-1992)

From the end of the revolution (1917) until 1992 the Mexican govern-
ment carried out one of the most extensive land reforms in the world. 
The purpose of this policy was the reallocation of land from large private 
landholders to groups of landless peasants organized in agrarian com-
munes called ejidos. The members of the ejido (ejidatarios) were given 
usufruct rights over an individual plot, access to communal land (e.g. 
for animal grazing, forestry, etc.), and a plot for housing. Restrictions on 
land use were harsh. Ejidatarios had to work the land directly with their 
families (hired labor was forbidden), if the usufruct rights’ holder was 
absent for more than two years, their land was subject to reallocation to 
other members of the community (Cornelius and Myhre, 1998). Land 
sales, rentals and sharecropping were illegal. Moreover, restrictions on 
usage rights’ inheritance led to a situation where old ejidatarios could 
not farm the land efficiently and households in the same community 
lacked access to land and faced tenure insecurity (Deininger and Bres-
ciani, 2001).

Members of the ejido were also tightly politically controlled. All internal 
affairs decided in the ejido’s collective decision-making body (the ejido 
assembly) had to be countersigned by State authorities. Larreguy (2012) 
finds that ejido political leaders were expected to deliver the community’s 
vote in block for the autocratic ruling party, pri (Partido Revolucionario 
Institucional), in exchange for economic support from public institu-
tions. The constraints in farmers’ decisions, along with this clientelistic 
relationship sunk the ejido into a spiral of low agricultural productivity, 
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state dependence and poverty (De Janvry et al., 1997)4. A series of fiscal 
reforms after the 1980s debt crisis disturbed the political balance between 
State and ejidos. Guaranteed prices for major crops were eliminated in 
the early 1990s; input subsidies for seeds, fertilizer, pesticide, machinery 
and diesel fuel were also gradually dismantled (Yunez-Naude, 2003). 

In the midst of the negotiation of the North American Free Trade 
Agreement (nafta) —where it was suggested tariffs for all crops should 
disappear within 15 years— Mexican authorities deemed it necessary to 
promote agricultural efficiency and prepare the rural sector for interna-
tional competition. To serve such purpose, it was imperative to reform 
the property rights system in the ejido sector to one that promoted 
efficiency and investment (even if it meant losing political control over 
ejidos)5. Hence, in 1992 congress amended the Constitution to put  
an end to the land redistribution mandate that had been active for most 
of the 20th century. The constitutional change was accompanied by a 
series of legal reforms that made fundamental changes in the property 
rights system of ejidos. 

2.2. The second Land Reform (1992)

The amendment to Article 27 of the Constitution put an end to the pres-
idential mandate (or obligation) to assign agricultural land to groups of 
landless petitioners. The legislative change paved the way to transform 
the land tenure system in the ejido sector. The main aspects of the sec-
ond land reform are: 

4	 The political science literature suggests high restrictions in land usage and incomplete 
property rights are purposely impose by autocratic regimes to hold discretionary control 
over assets and use such power to suppress political support of the regime’s opponents 
(Magaloni 2006; Castañeda-Dower and Pfutze 2015; Albertus et al., 2016).

5	 The administration of President Carlos Salinas de Gortari (1988-1994) carried out numerous 
market-friendly economic reforms. In the agricultural sector, subsidies and guaranteed 
prices were eliminated with the closing of conasupo (the Mexican government agricultural 
trader). To fill the institutional vacuum left by these structural changes, and compensate 
farmers for the drop of crop prices caused by nafta, the government launched procampo. This 
was a de-coupled program that gave direct income transfers to farmers growing certain 
basic crops. The payment was per hectare and independent of the level of production 
(Yunez-Naude and Bercenias Paredes, 2004).
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1. 	Certification of land for all rights holders in the ejido; 
2. 	 legalization of land transfers (sales can only be made among community 

members and rentals with any party); 
3. 	 elimination of restrictions on hired labor; 
4. 	 a mechanism in which ejido members can vote to turn their land into 

full private property (dominio pleno)6; 
5. 	 the creation of an institutional framework to provide a decentralized and 

accessible system of agrarian justice, an independent land registry, and a 
de-concentrated entity to provide ejidatarios with legal support7.

All legal changes and institutional arrangements of the second land 
reform were delivered in a program of collective voluntary land titling 
(procede) for ejidos and indigenous communities8. This program was 
a multiagency effort using resources from several government insti-
tutions: The Instituto Nacional de Estadística y Geografía (inegi), the 
Registro Nacional Agrario (ran), the Procuraduría Agraria (pa), and 
the Secretaría de la Reforma Agraria (sra), a subsidiary of the Ministry 
of Agriculture. Each state opened an office to implement the program 
using resources from the aforementioned institutions. In the first step 
of the certification program, officials from the PA approached members 
of the ejido’s ruling body (the commissariat) with information regard-
ing procede. An assembly was called in the ejido to decide whether to 
participate in the program; a simple majority was required to continue 
with the implementation. If the ejido decided to participate, officials 

6	 Thereby allowing sales to non-members of the ejido and the possibility to use their land 
as collateral.

7	 The government created a system of 42 Agrarian Tribunals and 1 Appeals Superior Agrarian 
Tribunal. From 1992 to 1999 these courts addressed over 300 thousand cases. The Registro 
Nacional Agrario (ran) is in charge of issuing and managing the legal documents for the 
ownership of individual parcels, communal land access and residential plots. Finally,  
the Procuraduría Agraria (pa) was created to provide legal assistance to ejidatarios, per-
forming the role of ombudsman (Deininger and Bresciani, 2001).

8	 There is also another type of agrarian commune referred to as “indigenous community”. 
These are groups of native Mexicans that were granted usufruct rights during the first land 
reform on the basis of restitution from colonial land expropriation (however legislation 
regarding land use and transfers is the same as in ejidos). They account for approximately 
10% of all agrarian communities in Mexico. In this paper, when we refer to ejidos we will 
also be referring to these indigenous communities.
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from inegi elaborated the documents demarcating the boundaries of 
the ejido, and identifying each individual plot, the share of communal 
land and the residential plots of all members in the community. The 
documents were posted in public areas of the ejido for a month; if no 
disagreements occurred, the blueprints were registered by the ran office. 
The final stage of the process resulted in the simultaneous issuance of 
land certificates for individual parcels, shares of communal land and 
residential plots to all rights holders in the ejido9. 

The increase in tenure security, the removal of restrictions on hired 
labor and the legalization of land transfers are likely to affect the al-
location of labor in these rural communities. Better property rights 
may encourage farmers to work harder and devote more labor into 
own-farming activities (Nakasone, 2011). However, removing the risk 
of expropriation for landowners who work outside the ejido allows them 
to migrate without the fear of losing their property (De Janvry et al., 
2015; Valsechi 2014; Do and Iyer, 2008). Ultimately, what the overall 
effect will be is an empirical question which will depend on which of 
these channels is most at play.

Unlike other titling programs where demand for titles is essential, 
procede was implemented with a top-to-bottom approach, leaving 
virtually no space for ejidatarios’ discretion10. Moreover, the fact that 
land titles were granted simultaneously to all the members of the ejido 
helps to address endogeneity concerns at the household level11. In most 
of the Mexican territory the program was carried out quite smoothly; it 
ran from 1993 to 2006, issuing land certificates for more than 3.6 mil-
lion rural households and covering more than 90 percent (of the almost 
30 thousand) agrarian communes in the country. This paper uses the 

9	 There are three types of ejido members: 1) ejidatarios are people who possess rights over 
individual plots and shares of communal land (they are normally the direct descendants of 
founding members of the ejido); 2) posesionarios are members of the community that have 
rights over individual parcels, but no access to communal property; and 3) avecinados are 
people who live in the ejido but that do not own any plots nor have access to communal 
land (landless peasants normally working in farm and non-farm wage employment). 

10	 See Appendini (2002) for a description of the land certification program.
11	 Although is still possible that some unobserved ejido-level features affect the timing 

of procede. More discussion about how I deal with this potential problem is described in 
section 4.
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staggered implementation of procede across time and space to analyze 
the effects of land titling on household’s allocation of labor. 

The procede program, while groundbreaking in formalizing property 
rights and enabling land market operations, has been subject to significant 
controversy due to its unintended consequences. By legalizing the sale of 
ejido land, the program created opportunities for wealthier individuals to 
acquire land from economically vulnerable smallholders (De Ita, 2006). 
This dynamic has raised concerns about the erosion of the original social 
goals of the ejido system, which aimed to protect communal land and 
provide a safety net for rural communities (Assies, 2008). Additionally, 
procede’s benefits were not evenly distributed across regions. Areas 
with better infrastructure and access to markets were more likely to 
capitalize on the program’s opportunities, while marginalized regions 
—often lacking basic services and public investment— saw limited gains 
(De Janvry et al., 1997). 

Identification strategy

The main purpose of this paper is to explore the impact of land titling 
in the allocation of household labor supply. We use an OLS model with 
household fixed-effects to empirically test the impact of land certification 
in household labor decisions. The specification estimated is as follows:

*ijt jt i j t ijt ijtY Cert T X e= ∂ + θ + π +β +
	
Where Yijt refers to our dependent variable of interest of household i, 
in ejido j at time t; Certjt is a dummy variable that indicates if the ejido j 
was certified by time t; θi are unobserved household fixed-effects; πj are 
ejido level characteristics; Tt is a time trend; Xijt is a vector of household 
level covariates and εijt is the error term. We are mainly concern with 
the magnitude and significance of δbecause it represents the effect of an 
improvement in land property rights for the household. 

As discussed in section 3, procede granted land certificates to all 
members of the ejido simultaneously. This feature of the program reduces 
endogeneity concerns regarding unobserved time-varying household 
characteristics that can be correlated with the timing of procede. How-
ever, a threat to our identification is that features of the ejido itself that 

[1]
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can be related to the timing of certification. Although the program started 
simultaneously in all states, the implementation within the boundaries 
of the state vary according to several supply and demand aspects. 

De Janvry et al. (2014) show that the date of procede (this is the 
date in which government officials initially approach ejido authorities 
with information about the program) is correlated to three main factors. 
First, certification difficulty. Authorities initially target smaller ejidos 
with a higher proportion of land under private usage (parceled versus 
communal), fewer posesionarios (landed non-members farmers), and 
less conflicts over boundaries (both with other ejidos and within ejido 
members). Second, higher demand. Ejidos with more private usage par-
cels, that were closer to cities and whose members engaged more often 
in non-farming activities and more educated stand to gain more from 
procede. This resulted in a clear bias against poorer ejidos in terms of the 
timing of the program. Third, political forces. Party alignment between 
the municipality and state government made the land titling program 
smoother. To address these concerns, we include interaction terms be-
tween ejido characteristics and time dummies that allow us to control 
for ejido features that may be correlated with the timing of procede12. 

3. DATA AND DESCRIPTIVE STATISTICS

We have constructed the database for this paper using two sources 
of information. First, we gather information regarding the timing of 
land certification for each ejido (approximately 30 thousand) from the 
Padrón e Historial de Núcleos Agrarios (phina) on the ran website, 
along with several descriptive characteristics of these ejidos13. Second, 
we use the 1997-2000 Encuesta de Evaluación de los Hogares (encel) 
surveys from Mexico’s anti-poverty program Programa de Educación, 

12	 Nonetheless, results can still be biased if household labor supply trends (i.e. wage employ-
ment and own-farm labor) are correlated with the timing of procede, or if rural households 
anticipated the certification program and altered their labor supply decisions before 
procede was carried out in their community. Hence, to address these issues we estimate 
several robustness tests in Section 6 and show that changes in labor supply prior to the 
program are uncorrelated with the timing of procede.

13	 I also include some controls from the data used by De Janvry et al. (2015).
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Salud y Alimentación (progresa)14. The encel surveys are a panel of 
approximately 25,000 rural households from 506 poor localities that were 
eligible for the program in seven states of Mexico. The surveys contain 
vast information on household demographics, labor supply, time use 
and cultivated land. 

Figure 1 shows the roll-out of procede across time and space. The 
shaded polygons are ejidos that have completed the program by that 
year, and states with bold borders are the ones where encel surveys 
were carried out. Between 1993 and 2006 procede was implemented 
in more than 28 thousand ejidos, covering more than 90% of them. The 
implementation of the program was quite rapid, by 2000 almost half of 
the ejidos had been certified15. The final dataset was constructed merging 
the roll-out of procede with the encel (1997-2000) surveys from pro-
gresa, and consists of a four-round unbalanced panel of approximately 
7,500 rural households located inside ejidos16.

14	 The program is now referred to as oportunidades or prospera and is a conditional cash 
transfer (cct) program for households in extreme poverty that transfers a monthly 
subsidy directly to women’s debit accounts in condition of children’s school enrolment 
and periodic medical check-ups. The program was later extended to achieve national 
coverage but to conduct the impact evaluation they focus only on some localities of those 
seven states that provide a representative sample of the rural population in Mexico. The 
evaluation randomly selected 506 eligible localities (from 6,396) to collect household 
information; in 320 of them the program was implemented in 1997 (treatment) while 
in the remaining 186 localities the program starts after the survey’s final round in 2000 
(control). Only households classified as extremely poor in treatment localities received 
the cash transfer. 

15	 For the purpose of this analysis, we exclude ejidos that were certified between 1993 and 
1996 due to the lack of pre-treatment data. Households residing inside the boundaries of 
an ejido are considered to be certified when procede was carried out in the ejido between 
1997 and 1999 (treatment) and untitled if procede was carried out in 2000 or afterwards 
(control). 

16	 In this analysis I will use the 1997 baseline survey, and the 1998 October, 1999 November 
and 2000. November encel rounds. We restrict the sample of ejidos to those that were 
certified by procede. In 2006 this program closed and the remaining 2,500 ejidos and in-
digenous communities were left to be taken care of by other programs. More details on 
the matching of procede rollout and household data can be found (below) in the online 
appendix.
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Figure 1. Rollout of procede across time and space

1993 1996

2001 2006

Note: Shaded ejidos are those that completed procede during or before the listed year. 
States with bold lines are the seven progresa states for which we have household data 
(Guerrero, Hidalgo, Michoacán, Puebla, Queretaro, San Luis Potosí and Veracruz). 
Source: phina (2017).

Table 1 presents descriptive statistics divided by households in ear-
ly-certified ejidos (1997-1999) and late-certified ejidos (2000-2006). 
In terms of socio-demographic characteristics, we can see that titled 
households have fewer members, and the household head tends to be 
older. There are no differences in terms of the gender of the household 
head or the number of household members between 8 and 15 years 
old. More than two thirds of both types of households report having 
cultivated some crops. Titled households have slightly more cultivated 
land, however the difference is not statistically significant. 

In terms of the variables related to household labor supply, the hours 
of wage employment per month are lower for households in certified 
ejidos (more than 60 percent of wage workers work in agriculture). Non-
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farm self-employment (e.g. trading services, elaboration of crafts, etc.) is 
not a very common activity in our sample, approximately 10 percent of 
households report having members working in these enterprises. How-
ever, untitled farmers report spending more time in this activity. Child 
labor hours in non-farming self-employed activities are also higher in 
untitled households. Unfortunately, our data does not provide detailed 
labor inputs in own-farm agricultural activities; hence, we shed light 
on this aspect of labor supply by examining the number of household 
members devoted to this activity. Titled households have fewer mem-
bers in own-farming agriculture, both adults and children. Additionally, 
households in certified ejidos are more likely to have a migrant member.

Table 1. Household characteristics in early-certified and late-certified ejidos

Untitled Titled Difference

 Age HH head 46.84 47.85 1.01***

 HH head is female (1/0) 0.13 0.13 –0.00

 HH members 5.38 5.11 –0.28***

 HH members between 8 and 15 years old 1.28 1.30 0.02

 HH cultivated land (1/0) 0.68 0.68 –0.01

 Cultivated land (Has) 2.07 2.10 0.03

 Hours in wage employment 197.74 191.38 –6.35**

 Hours in wage employment (children) 7.77 6.78 –1.00

 Hours in non-farm self-employment 3.57 0.87 –2.70***

 Hours in non-farm self-employment (children) 0.04 0.02 –0.01

 HH members in own-farm activities 0.42 0.25 –0.16***

 HH members in own-farm activities (children) 0.04 0.02 –0.02***

 HH has migrant members (1/0) 0.05 0.08 0.04***

 No. of observations 21,314 5,376

Notes: Households located in ejidos that were certified between 1997 and 1999 are consid-
ered titled, households in ejidos certified after 1999 are considered untitled. Hours in wage 
employment and non-farm self-employment represent the total number of house in this 
activity in the last month. * p < 0.1, ** p < 0.05, *** p < 0.01.
Source: encel 1997-2000.
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These differences in household characteristics bring concerns regarding 
our identification strategy. For example, if the differences in household 
size or age of household head are correlated with the timing of procede 
our results may be biased if we do not control for these features. Our 
specification controls for unobserved fixed household characteristics and 
a set of household features that vary across time. Moreover, since the 
implementation of procede is conducted through a democratic local 
ejido process, the timing of certification is likely to be correlated with 
ejido-level characteristics (and not necessarily household unobserva-
ble features). We address this endogeneity concern by interacting time 
dummies with a set of ejido-level characteristics17. 

4. RESULTS

4.1. The effect of procede on household labor supply

In Table 2 we present the results related to hours of wage employment 
per month. In the first column, the specification only controls for time 
and ejido fixed-effects. The second column includes household charac-
teristics. The third column controls for household fixed effects, and the 
fourth column included household covariates to the household fixed-effect 
specification. In column 5, we control for household fixed-effects and 
add interaction terms between time dummies and ejido characteristics. 
Finally, column 6 adds household controls to the previous specification. 
All six specifications suggest that procede reduced the hours of wage 
employment per household member. The magnitude of the title coefficient 
is between 1.629 and 3.384; this represents a reduction of approximately 
5 percent in the hours of per capita wage employment. 

The theory predicts that increases in tenure security can reduce the 
need for guard labor, allowing households to increase their activities 

17	 Our identification strategy requires that the trend in household labor supply of both titled 
and untitled households would have followed a similar pattern if it were not for the im-
plementation of procede. In section 7, we provide evidence to support the parallel trends 
assumption. Ejido characteristics include the size of the ejido, the number of ejidatarios, 
the number of avecinados, the number of posesionarios, total land in individual parcels 
and distant to city.
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in other areas if they wish to do so (Besley, 1995; Besley and Ghatak, 
2010). However, the effect of land certification in investment incentives 
and land market functioning can also make own-farm agriculture more 
appealing, especially if non-farming opportunities are still scarce (only 
around 15 percent of wage workers report having a job outside agricul-
ture). For example, Nakasone (2011) shows that land certification in 
rural Peru increases labor in own-farm activities and reduces non-farm 
labor supply. Hence, it is possible that the liberalization of land markets 
and the increase in tenure security incentivizes households to devote 
more time to agriculture. 

If households are reducing their time in wage employment, we would 
expect them to engage in other activities. In Table 3 we present the results 
related to own-farm labor supply. Unfortunately, the encel surveys do 
not report days or hours spent in agricultural activities. Instead, we focus 
on the number of household members that declared their main activity 
to be farming in their own land. Table 3 shows the effect of procede 

Table 2. The effect of procede on hours of wage employment per capita

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

Title
–1.629** –1.907** –1.791** –1.769** –3.384*** –3.160***

(0.799) (0.797) (0.791) (0.797) (1.105) (1.111)

Time FE Yes Yes Yes Yes Yes Yes

Ejido FE Yes Yes No No No No

Household FE No No Yes Yes Yes Yes

Ejido characteris-
tics*Time FE No No No No Yes Yes

No. of observations 26,690 26,564 26,690 26,564 26,690 26,564

No. of households 7,576 7,576 7,576 7,576 7,576 7,576

Notes: The household controls are: Age of the HH head, HH head is female, HH size, culti-
vated land and whether the HH has a migrant. Ejido characteristics include the size of the 
ejido, the number of ejidatarios, the number of avecinados, the number of posesionarios, 
total land in individual parcels and distant to city. Standard errors in parentheses clustered 
at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01.
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015). 
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on the number of household members devoted to own-farm cropping 
activities. Our results suggest that land titling did not have a significant 
effect on the extensive margin of labor in own-farm agriculture. 

How does the certification of an asset owned by one of the household 
heads could affect intra-household allocation of labor? In China, Wang 
(2014) examines the impact of a house titling reform where individual 
rights were granted to one of the household heads. She finds that prop-
erty rights transferred to men increased the share of female chores and 
some male-favored goods. Evidence from Ethiopia and Vietnam suggest 
that joint-titling of agricultural land (where husband and wife are legal 
co-owners) can improve expenditure on children’s health and clothing, 
women’s self-employment, vulnerability to poverty and empowerment 
(Muchomba, 2017; Menon et al., 2017; Newman et al., 2015).

In the case of Mexico, land certificates were given under the name of 
the rights holder, according to the 2007 Ejido Census more than 75 percent 
of ejido rights’ holders are men. If this program distorted the balance of 

Table 3. The effect of procede on HH members in own-farm agriculture

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

Title
0.0227 0.0261 0.0247 0.0297 –0.0308 –0.0365

(0.0178) (0.0177) (0.0182) (0.0181) (0.0255) (0.0255)

Time FE Yes Yes Yes Yes Yes Yes

Ejido FE Yes Yes No No No No

Household FE No No Yes Yes Yes Yes

Ejido characteris-
tics*Time FE No No No No Yes Yes

No. of observations 26,690 26,564 26,690 26,564 26,690 26,564

No. of households 7,576 7,576 7,576 7,576 7,576 7,576

Notes: The household controls are: Age of the HH head, HH head is female, HH size, culti-
vated land and whether the HH has a migrant. Ejido characteristics include the size of the 
ejido, the number of ejidatarios, the number of avecinados, the number of posesionarios, 
total land in individual parcels and distant to city. Standard errors in parentheses clustered 
at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).
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intra-household bargaining power, and men have different preferences 
regarding children’s allocation of time, it is possible that procede leads 
to an increase in own-farm agricultural child labor. To shed some light 
on this issue, we estimate equation [1] with the number of household 
members between the age of 8 and 15 involved in own-farm agriculture. 
We restrict the sample to those households with children of those ages. 
Moreover, progresa is a conditional cash transfer (cct) transfer pro-
gram that gives direct debit transfers to women in exchange of ensuring 
school attendance and medical check-ups of their children. Because this 
transfer is clearly related to child labor outcomes, we also restrict the 
sample to include only households that were not part of progresa18. 
The outcomes for child labor in own-farm agriculture are presented in 
Table 4. In columns 5 and 6 we can see that there is a negative effect of 
procede on the number of children working in agriculture.

18	 Results are also consistent if we do not exclude progresa beneficiaries.

Table 4. The effect of procede on children in own-farm agriculture

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

Title
0.0051 0.0051 0.00186 0.00219 –0.0396* –0.0393*

(0.0136) (0.0136) (0.0145) (0.0145) (0.0208) (0.0209)

Time FE Yes Yes Yes Yes Yes Yes

Ejido FE Yes Yes No No No No

Household FE No No Yes Yes Yes Yes

Ejido characteris-
tics*Time FE No No No No Yes Yes

No. of observations 9,575 9,549 9,575 9,549 9,575 9,549

No. of households 2,955 2,955 2,955 2,955 2,955 2,955

Notes: The household controls are: Age of the HH head, HH head is female, HH size, culti-
vated land and whether the HH has a migrant. Ejido characteristics include the size of the 
ejido, the number of ejidatarios, the number of avecinados, the number of posesionarios, 
total land in individual parcels and distant to city. Standard errors in parentheses clustered 
at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).
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4.2. The effect of procede on land access

The land reform of 1992 also liberated land markets. This means house-
holds now are able to adjust their operational size given their endowment 
of other factors of production (e.g. labor). My results are based on the 
self-reported cultivated area in the encel surveys and show that the 
certification program allowed households to expand their operational 
scale, interestingly having a migrant member in the household is also 
positively related to cultivated land. 

5. ROBUSTNESS CHECKS

The main threat to our identification strategy is the correlation between 
timing of procede and our main outcome variables. If households 
anticipated the timing of procede and increased their labor supply in 
wage employment and child labor, the land titling program may be a 

Table 5. The effect of procede on land cultivated (log)

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

Title
0.0604*** 0.0651*** 0.0665*** 0.0674*** 0.0703** 0.0713**

(0.0218) (0.0217) (0.0222) (0.0221) (0.0297) (0.0297)

Time FE Yes Yes Yes Yes Yes Yes

Ejido FE Yes Yes No No No No

Household FE No No Yes Yes Yes Yes

Ejido Characteris-
tics*Time FE No No No No Yes Yes

No. of observations 26,690 26,564 26,564 26,690 26,690 26,564

No. of households 7,576 7,576 7,576 7,576 7,576 7,576

Notes: The household controls are: Age of the HH head, HH head is female, HH size, culti-
vated land and whether the HH has a migrant. Ejido characteristics include the size of the 
ejido, the number of ejidatarios, the number of avecinados, the number of posesionarios, 
total land in individual parcels and distant to city. Standard errors in parentheses clustered 
at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).
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reflection of households going back to average levels of labor supply 
and child labor when procede happened. We estimate the following 
specification to confirm that the timing of procede is not related to 
our outcome variables:

( )ijt t k t t ijtY I PROCEDEYEARj k e= ≥∆ θ + Σ µ = +

Where ∆Yijt is the household-level percentage change in hours of wage 
employment per capita and number of children in agriculture across 
time. PROCEDEYEARj are the main explanatory variables and they are 
dummy variables taking a value one in the year procede took place. 
θt are time FE and εijt is the error term. Tables 4.6 and 4.7 present the 
results of pre-treatment changes on household wage hours per capita 
and the number of children working in own-farming, respectively. In 
the first column the sample is restricted to the years 1997 and 1998. The 
second column restricts the years 1997-1999, and the last column does 
not restrict the sample. None of the coefficients in Tables 4.6 and 4.7 
are statistically significant, this suggests that the effects we observe on 
these variables are being caused by procede and no other unobserved 
time-varying factors.

[2]

Table 6. Pre-treatment changes in HH wage hours per capita

∆HH wage hours, 
1997-1998

∆HH wage hours, 
1998-1999

∆HH wage hours, 
1999-2000

procede completed in 
1999

–0.0247
(0.0336)

procede completed in 
2000

0.0222
(0.0301)

0.457
(0.316)

procede completed 
after 2000

–0.0125
(0.0248)

–0.343
(0.357)

–0.132
(0.408)

Time FE Yes Yes Yes

Ejido FE No Yes Yes

No. of observations 7,016 12,019 17,689

Notes: Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).
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Table 7. Pre-treatment changes in the number of children working in 
own-farming

∆Child labor, 
1997-1998

∆Child labor, 
1998-1999

∆Child labor, 
1999-2000

procede completed in 
1999

0.000595
(0.00163)

procede completed in 
2000

0.000595
(0.00161)

–0.00000989 
(0.0107)

procede completed 
after 2000

0.00181
(0.00134)

0.00000256 
(0.0106)

0.0000125
(0.00851)

Time FE Yes Yes Yes

Ejido FE No Yes Yes

No. of observations 7,016 12,019 17,689

Notes: Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).

6. CONCLUSIONS

Weak enforcement of property rights distorts household allocation of 
labor. Land titling can reduce the need for labor to be employed for 
guarding purposes, allowing households to increase their off-farm 
activities. However, increases in tenure security enhance investment 
incentives, which can increase the returns to labor in agriculture. Also, 
property rights give the opportunity to increase the operational size of 
the farm, incentivizing more labor input in agriculture. 

This paper examined the effect of a nation-wide land titling pro-
gram in Mexico, that along with the official land documents it granted 
the authorization for land markets to operate legally. Our results show 
that the certification reduced wage labor and increased cultivated land. 
However, we did not find any significant effects of the certification on 
own-farm labor supply. Moreover, we shed light on an issue that is seldom 
discussed in the property rights literature; the effect of property rights 
in intra-household labor supply. Our results suggest that households 
participating in the program decreased the number of children working 
in their farms. 
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These findings open several avenues for future research. First, while 
we explored the impact of land titling on intra-household labor sup-
ply, further studies could investigate how such programs affect other 
dimensions of child well-being, such as education or health outcomes. 
Second, given the reduction in wage labor observed, it would be valuable 
to explore whether these households shifted to off-farm employment 
or diversified income sources in other ways. Third, the relationship 
between land titling and labor market outcomes deserves closer atten-
tion, particularly in terms of whether enhanced tenure security results 
in transitions to more informal or precarious jobs, as highlighted in 
broader labor flexibilization debates. 
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ONLINE APPENDIX

Appendix A. Merging the rollout of procede with the encel surveys

The encel surveys do not provide a way to identify if the household is located 
inside an ejido or community; however, it does show the locality in which 
the household is located. Using a spatial join in QGIS, we matched localities 
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and ejidos using the coordinates of the centroid of the locality. We considered 
the locality to match the ejido when the centroid of the locality was inside 
the boundaries of the ejido. The spatial merge resulted in 249 localities (out 
of 506) falling into 245 different ejidos19. The number of households that fell 
inside the ejidos as a result of this process is 14,531. In the final dataset, only 
households matched in ejidos certified between 1997 and 2006 are included 
(approximately 7,500 housesholds). Figure A1 illustrates an example of the 
ejido-locality matching.

Figure A1. Spatial join of ejidos and localities

Note: The shaded polygons represent different ejidos, a locality was considered to be inside an 
ejido if the coordinates of its centroid were inside the boundaries of the ejido. As can be seen, 
it is possible that more than one locality is matched to an ejido.

Appendix B. Coefficients of household characteristics

Table B1 presents the estimated coefficients of our specification when the de-
pendent variable is the monthly hours of wage employment per capita. The results 
suggest that increases in the number of household members reduce labor allocation 
into wage employment. Similarly, households with more cultivated land tend to 
spend fewer hours on wage activities. This is not surprising as households with 
higher endowments of land and labor are more likely to engage in own-farm 
agriculture, reducing their time in other income-generating activities. Moreover, 
households that have a migrant member spend fewer hours in wage employment.

19	 This result is consistent with the fact that half of Mexico’s land is ejido, thus the large number of 
localities that were not matched is not a concern.
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Table B1. Hours of wage employment

(1) (2) (3)

HH head age 0.157*** –0.132* –0.111

(0.0193) (0.0724) (0.0699)

HH head is female –3.451*** 0.843 –0.348

(0.933) (1.398) (1.376)

HH members –3.034*** –0.683*** –0.783***

(0.123) (0.256) (0.254)

Cultivated land 0.0598 –0.191** –0.230***

(0.0713) (0.0744) (0.0797)

Migrant –1.302 –5.929*** –6.259***

(1.051) (1.786) (1.797)

Time FE Yes Yes Yes

Ejido FE Yes No No

Household FE No Yes Yes

Ejido characteristics*Time FE No No Yes

No. of observations 26,564 26,564 26,564

No. of households 7,576 7,576 7,576

Notes: Ejido characteristics include the size of the ejido, the number of ejidatarios, the number of 
avecinados, the number of posesionarios, and total land in individual parcels and distant to city. 
Standard errors in parentheses clustered at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).

In Table B2 we show the coefficients in the case of household members in 
own-farm agriculture. Although procede did not show any significant effects 
on the number of household members in agriculture, it is still worth discuss-
ing the implications of some household characteristics. We can see that as the 
household head grows older, the number of members in agriculture increases. 
Also, households with more members and more cultivated land tend to par-
ticipate in own-farm agriculture more intensely.
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Table B2. HH members in own-farm agriculture

(1) (2) (3)

HH head age 0.0064*** 0.0034** 0.0027*

(0.000356) (0.00152) (0.00151)

HH head is female –0.0821*** –0.0059 –0.0013

(0.0139) (0.0254) (0.0254)

HH members 0.0434*** 0.0447*** 0.0480***

(0.00263) (0.00661) (0.00648)

Cultivated land 0.0362*** 0.0250*** 0.0226***

(0.00531) (0.00510) (0.00485)

Migrant 0.0423* –0.0213 –0.0442

(0.0226) (0.0437) (0.0421)

Time FE Yes Yes Yes

Ejido FE Yes No No

Household FE No Yes Yes

Ejido characteristics*Time FE No No Yes

No. of observations 26,564 26,564 26,564

No. of households 7,576 7,576 7,576

Notes: Ejido characteristics include the size of the ejido, the number of ejidatarios, the number of 
avecinados, the number of posesionarios, and total land in individual parcels and distant to city. 
Standard errors in parentheses clustered at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).

For children working on the family farm, most of the controls are not signif-
icant. When the household head changes from a man to a woman (columns 2 
and 3) there is a decrease in the number of children (suggested by the negative 
sign). However, given the small variability in these variables the coefficients 
are not significant. When the specification does not control for household 
fixed-effects (column 2) we see that household size and cultivated land are 
positively related to the number of children in agriculture.
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Finally, Table B4 presents the results of the control variables’ coefficients 
when the dependent variable is cultivated land. Increases in the number of 
household members are positively related to the size of cultivated land. Inter-
estingly, households with a migrant member tend to cultivate more land. This 
may happen because remittances alleviate financial restrictions to undertake 
agricultural ventures.

Table B3. Children in own-farm agriculture

(1) (2) (3)

–0.000170 0.000480 0.000296

HH head age (0.000237) (0.00106) (0.00101)

0.00293 –0.0276 –0.0158

HH head is female (0.0108) (0.0456) (0.0430)

0.00538*** 0.000315 0.00104

HH members (0.00142) (0.00344) (0.00344)

0.00275** 0.00205 –0.000157

Cultivated land (0.00118) (0.00152) (0.00154)

0.0257 0.00814 –0.0184

Migrant (0.0191) (0.0247) (0.0238)

Time FE Yes Yes Yes

Ejido FE Yes No No

Household FE No Yes Yes

Ejido characteristics*Time FE No No Yes

No. of observations 9,549 9,549 9,549

No. of households 2,955 2,955 2,955

Notes: Ejido characteristics include the size of the ejido, the number of ejidatarios, the number of 
avecinados, the number of posesionarios, and total land in individual parcels and distant to city. 
Standard errors in parentheses clustered at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).
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Table B4. Cultivated land (log)

(1) (2) (3)

HH head age 0.0094*** 0.0022 0.0023

(0.000493) (0.00213) (0.00215)

HH head is female –0.0819*** 0.0786* 0.0365

(0.0204) (0.0453) (0.0457)

HH members 0.0349*** 0.0209*** 0.0252***

(0.00275) (0.00805) (0.00786)

0.0322 0.103** 0.102**

Migrant (0.0283) (0.0445) (0.0434)

Time FE Yes Yes Yes

Ejido FE Yes No No

Household FE No Yes Yes

Ejido characteristics*Time FE No No Yes

No. of observations 26,564 26,690 26,564

No. of households 7,576 7,576 7,576

Notes: Ejido characteristics include the size of the ejido, the number of ejidatarios, the number of 
avecinados, the number of posesionarios, and total land in individual parcels and distant to city. 
Standard errors in parentheses clustered at the household level. * p < 0.1, ** p < 0.05, *** p < 0.01. 
Source: phina (2017), encel 1997-2000, and De Janvry et al. (2015).


