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Abstract 

 

In many cities of the developing world, informal settlements are a key place for people with low 

incomes to access housing. Informal urbanization drives land-use change at the urban periphery: 

settlements may develop on farmland, forests, and wetlands that provide important 

environmental services for the cities. To protect these peri-urban lands and the environmental 

services they provide from urban land cover changes, some cities have implemented programs 

for Payments for Environmental Services (PES) to compensate landholders for land stewardship 

and conservation. However, little is known about whether and how PES programs mitigate land-

use change in contexts with multiple competing land uses and informal land markets, such as in 

peri-urban zones of the developing world. This research asks: do PES programs mitigate 

informal urban land-use change in peri-urban contexts, and if so, how? 

 

To answer this question, we conducted a comparative longitudinal study of agrarian communities 

in Mexico City’s Conservation Zone, comparing land-use change in communities that participate 

in PES programs with those that do not. Specifically, we used remote sensing, causal inference 

methods, and semi-structured interviews to examine the impact of PES programs on (1) land-use 

change over the period of 2000-2015, (2) the rules and norms of land change, and (3) the 

information, control, and payoffs of the various actors and agencies involved in land-use 

decisions. We integrated the findings in Ostrom’s Institutional Analysis and Development 

Framework. 

 

The results suggest that PES programs have had little to no effect on land-use change, nor on 

rules and norms for land use in both PES-participating communities and non-participating 

communities in Mexico City’s Conservation Zone. Land-use change has persisted due to the 

cultural and economic trends of generational change and agricultural abandonment, high 

opportunity costs, ambiguous authority, and lack of rule enforcement. The most significant effect 

of these programs on land use was their role (or perceived potential role) in legitimizing land 

tenure for participating agrarian communities. We draw from Ostrom’s design principles to make 

recommendations for policies that promote conservation objectives in peri-urban areas, and for 

future research. 
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The Effects of Payments for Environmental Services on Peri-Urban Land Change in 

Mexico City's Conservation Zone 

 

 

Introduction 

 

Informal urbanization is a key driver of land-use change in rapidly urbanizing cities of the 

developing world. Informal settlements are often developed on agricultural and forested lands 

that provide environmental services critical for urban sustainability, such as water infiltration, 

flood retention, and carbon sequestration (Seto et al. 2012). To protect environmental services, 

programs for Payments for Environmental Services (PES, also commonly called payments for 

ecosystem services) have been used to compensate landholders for ecological benefits seen as 

externalities to other land management or economic activities, and to ensure the continued 

provision of benefits such as carbon sequestration and improved air quality (e.g., Jack et al. 

2008). PES programs have also been posited as a means for more social objectives, such as 

poverty alleviation for economically marginal landholders (Bulte et al. 2008). While the impacts 

of PES programs have been thoroughly assessed in rural areas (e.g. Alix-Garcia et al. 2012; 

Garcia Amado et al. 2011), very little is known about how PES programs function in peri-urban 

areas. 

 

The peri-urban context tends to be more complex than the rural contexts for which most PES 

programs are designed. Peri-urban areas have multiple actors and interests, livelihood 

opportunities, and land uses (Lerner and Eakin 2011; Marshall et al. 2009; Simon 2008). Laws 

and programs from national and local government agencies may apply, and authority is often 

unclear (Allen 2003; Marshall et al. 2009). There may be a high degree of informal transactions, 

exchanges, and behaviors that occur outside of formal institutions and markets to facilitate access 

to urban land and services (e.g., water, electricity, drainage, roads) for residents who cannot 

access the formal housing market. Political actors, from urban authorities to leaders of political 

parties and groups, may exploit these needs, fulfilling demands in exchange for political support, 

often referred to as clientelism1 (Eakin et al. 2016; Hicken 2011; Lerner et al. 2018; Post et al. 

2018; Tellman 2019). Land values in a peri-urban context are often higher than in rural areas, 

which put non-urban lands (farmland, forests, wetlands, etc.) at risk for urban development. With 

the world’s population increasingly living in cities (Lee 2007; United Nations Habitat 2016), the 

degradation of environmental services in peri-urban areas is a growing concern. Conservation 

programs like PES in peri-urban contexts may create tradeoffs between social needs (such as 

affordable housing) and environmental needs, such as clean air, or protecting water resources. 

 

In this research, we use the case of Mexico City—where both national and local PES programs 

are available to peri-urban landholders—to examine whether and how PES programs counter the 

institutions driving informal urbanization. As in many developing-world cities, informal land 

markets and informal transactions have arisen at the city’s periphery to meet demands for low-

income housing, driving informal urbanization, including in the city’s Conservation Zone (Suelo 

de Conservación). This area represents roughly half of Mexico City’s formal territory and 

provides critical environmental services to the city (Gobierno del Distrito Federal (GDF) 2012), 

 
1
 Clientelism is the contingent exchange of votes for public goods or services (Hicken 2011; Stokes et al. 2013). 
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such as recharging the aquifer that today supplies 42-45% of the city’s water (SACMEX 2012). 

Policy documents and government officials in this context describe PES programs as a 

mechanism for reducing land change, protecting environmental services, and creating jobs (e.g., 

GDF 2013). In other words, PES programs are framed as an alternative to informal land-use 

change related to urban pressure and the decline of rural livelihoods in the Conservation Zone. 

 

To understand whether and how PES programs have affected land use in the Conservation Zone, 

we drew from New Institutional Economics (North 1986; Ostrom 2005) to conduct a 

comparative longitudinal study of land-use change, institutional change, and the action arena 

(Ostrom 2011) of land-use decisions. We used a mixed-methods approach, combining 

longitudinal spatial analysis with semi-structured interviews, participant observation, and 

institutional analysis. We compared agrarian communities (núcleos agrarios, both ejidos and 

comunidades2) that participate in PES programs with those that do not. We conclude with 

recommendations for land management policy and future research. 

 

 

Literature Review 

 

Understanding Land Decisions in a Peri-Urban Context 

 

Peri-urban spaces are characterized by environmental, economic, social, and political complexity 

(Marshall et al. 2009, Simon 2008). Thus, to assess the impact of policies on land use in a peri-

urban context, it is important to understand the drivers behind land-use change. This includes the 

people and government agencies involved, their control, access to information, perceived 

benefits, and the formal and informal rules and norms around land-use decisions.  

 

The lens of New Institutional Economics (NIE) is illuminating for this research because 

traditional economic theory (regarding price and property rights) does not fully explain human 

decisions and behavior (Liscow 2013; North 1986; Ribot and Peluso 2009). Other factors, such 

as rules, norms, information, control, and assets shape decisions and behavior as well. An NIE 

lens brings key actors and their motivations to the forefront of analysis, which helps pinpoint 

where and how an intervention, such as a PES program, affects the system.  

 

In NIE, institutions are defined as the rules and norms that structure repeated human interactions 

in order to reduce uncertainty (North 1990). Rules can be formal (codified by law or written 

down and formally adopted) or informal. Informal rules include extensions, elaborations, and 

modifications to formal rules, socially sanctioned norms, and internally enforced standards of 

conduct. Rules and norms are primarily enforced through trust, sanctions, and shared values 

which can be legal and/or social (Knight 1992). However, sanctions are not always enforced, and 

even if they are, they may not effectively discourage informal or illicit behaviors. The rules in 

use, or “working rules,” tend to be a mix of formal and informal institutions (Ostrom 2005). 

 
2
 Ejidos and comunidades are types of communal property in Mexico. They are composed of members who are 

smallholder and/or indigenous farmers. Members have rights to use their community’s lands for individual 

cultivation, residential settlement, and communal use. Ejidos were created following the 1910 Mexican Revolution. 

Comunidades were created in the 1970s to recognize land rights of indigenous communities. Both ejidos and 

comunidades are registered with and regulated by the National Agrarian Registry (Registro Agrario Nacional).  
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Informal and illicit activities tend to occur when formal institutions (e.g., laws, government 

ministries) are inefficient, nontransparent, and/or fail to meet the needs of actors who depend on 

them (e.g. citizens). Informal activities happen outside of formal markets, processes, and 

institutions; they are not formally regulated and thus are not always expressly illegal. They 

include exchanges between people with resources (political, economic, and/or information 

capital) and people with needs (e.g., services such as water, rights such as land titles, and/or 

security such as protection from violence and harm), and are shaped by formal rules (e.g., 

government laws and regulations). When people’s needs are not met efficiently through formal 

means, they may pursue informal means instead. For example, when selling land in a formal 

market involves multiple steps that take several years to complete, but the seller needs cash 

immediately, their needs can be met more efficiently by selling land in an informal market. Illicit 

activities—a type of informal activity—are not allowed or permitted by formal or informal rules 

of governance (i.e., institutions). As such, they are conducted in secret, so as to avoid suffering 

the consequences of violating the rules (Tellman et al. 2020). If these types of informal activities 

are repeated over time and become institutionalized, they can have important consequences for 

land systems. 

 

Researchers have explained urban informality as a product of governments not having the 

resources to absorb the overwhelming rural-urban migration of impoverished populations who 

cannot afford formal housing in a neoliberal era (Márquez López and Pradilla Cobos 2016; 

Pradilla 1995; Schteingart 1989; Van Gelder 2013). De Soto (2000) argued that informality 

flourishes because the process to obtain permits to legally urbanize is too slow and bureaucratic 

(also known as high transaction costs, see Coase 1937). As a result, residents are able to access 

land more rapidly and at a lower cost on the informal market as compared with the formal land 

market in Latin America. The persistence of urban informality is undergirded by the fact that 

powerful actors often benefit politically and economically from these processes, such as through 

clientelism (Cornelius 1977; Scott 1969). For example, politicians gain political support from 

informality by providing services, such as electricity and water to informal settlements (De Alba 

and Hernandez 2014), ensuring they are not evicted (Holland 2016), promising to provide land 

titles (Connolly and Wigle 2017; Varley 1998), and other such strategies.  

 

Illicit transactions are less likely occur if institutions are designed well. Elinor Ostrom (2005) 

identified eight design principles for institutions to successfully manage natural resources: 

 

1. Define clear group boundaries. 

2. Match rules governing the use of common goods to local needs and conditions. 

3. Ensure that those affected by the rules can participate in modifying the rules. 

4. Make sure the rule-making rights of community members are respected by 

outside authorities. 

5. Develop a system, carried out by community members, for monitoring members’ 

behavior. 

6. Use graduated sanctions for rule violators. 

7. Provide accessible, low-cost means for dispute resolution. 

8. Build responsibility for governing the common resource in nested tiers from the 

lowest level up to the entire interconnected system. 
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PES programs are implemented in and interact with existing rules and norms for land use and 

land markets. When a PES program is designed under the assumption that formal rules shape the 

nature of exchange, but where informal transactions actually dominate exchange (and some of 

which are illicit and/or corrupt), it is unlikely to mitigate land-use change. 

 

Here, we use the Institutional Analysis and Development (IAD) framework to focus on the 

actors, biophysical context, and rules in use in informal peri-urban land markets to assess how an 

intervention, such as a PES program, affects the social-ecological system. The IAD framework is 

commonly used to analyze how institutions shape natural resource systems. In this framework, 

the biophysical context, the attributes of the community, and the rules in use shape the action 

situation (inset of Figure 1), in which actors make decisions about a given resource. Action 

situations are “the social spaces where individuals interact, exchange goods and services, solve 

problems, dominate one another, or fight” (Ostrom 2011, 11). To understand how action 

situations are repeated and eventually become institutions, it is important to understand the 

information and control each actor has in the situation (their agency or power), the set of choices 

available to them, and the payoffs (costs and benefits) for potential outcomes. If the outcome of a 

transaction or intervention, such as PES, changes the payoffs (including opportunity costs) 

and/or the structure of the action situation, institutions may change; if the outcome does not 

change the payoffs and the structure of the action situation, institutions may persist. This reality 

has important implications for land dynamics. In this research, we use the action situation to 

understand whether/how the intervention of PES programs has affected rules and decisions in 

Mexico City’s Conservation Zone. 
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Figure 1: Institutional Analysis and Development Framework with a Focus on the Action 

Situation 

 

 
Source: Ostrom 2011 

 

 

Payments for Environmental Services (PES) Programs 

 

PES programs emerged to address deforestation in a neoliberal market context (McAfee and 

Shapiro 2010). They were originally conceptualized as a market mechanism and were meant to 

maintain a straightforward transaction of measurable environmental services between a 

“provider” and a “buyer”, with payments being conditional upon the previously agreed provision 

(Wunder 2005). PES programs were conceived to incentivize rural landholders to conserve forest 

and wetland ecosystems and participate in environmental management, particularly in the 

developing world, and to guarantee the continued supply of environmental services (Nicolaus 

and Jetzkowitz 2014).  

 

Because the relationship between natural resources and environmental services is not easily 

measured through direct mechanisms, indicators and proxies are commonly used (i.e., forest 

cover) to target lands for enrollment, which often results in additional natural resources being 

conserved, referred to as additionality (Sierra and Russman 2006). Different authors have 

recognized other “additional” benefits of PES implementation, such as poverty alleviation, 

increased community organization, and capacity building (Bulte et al. 2008; Nieratka et al. 2015; 

Pagiola 2008). However, PES programs have also been reported to disrupt community 

relationships by generating tensions related to resource allocation and distribution, and limiting 
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the participation of vulnerable groups, such as the elderly and women (Perevochtchikova and 

Negrete 2015; Wegner 2016).  

 

PES programs have been critiqued for commodifying natural resources (Kosoy and Corbera 

2010) and having the potential to erode traditional values and activities, leading to a loss of 

autonomy and independence in agrarian communities (Ibarra et al. 2011; Madrid-Ramírez 2011). 

PES programs may also have consequences, such as “leakage”, which occurs when 

environmental pressures targeted by PES programs (e.g., deforestation) are displaced to 

adjoining areas or resources where there are no conservation incentives (Pattanayak et al. 2010). 

Positive effects of PES can thus be nullified if the problem that the program is intended to relieve 

is simply displaced to adjacent areas, where the policy is not implemented (LeVelly and Dutilly 

2016).  

 

Such diverse outcomes of PES programs have highlighted the importance of their design and 

implementation, and the need for consideration of the specific context in which they are applied 

(Engle 2008; Pagiola et al. 2005; Wegner 2016). As PES are increasingly adopted in diverse 

contexts, some scholars have questioned what the transaction is actually meant to achieve and 

how functional a strict market context is, particularly in relation to social benefits and outcomes 

(Muradian et al. 2010; Van Noordwijk et al. 2006). 

 

When applied in a dynamic peri-urban context, PES programs become part of the tensions 

among the city’s needs for environmental services, the economic and cultural needs of rural 

communities undergoing agrarian change and urban transition, and residents’ needs for low-

income housing. This research seeks to understand how PES programs affect peri-urban 

dynamics in terms of land-use change and associated institutional dynamics. 

 

 

Background 

 

Peri-Urban Mexico City and Land-Use Policy 

 

Mexico City underwent marked urban development over the twentieth century (Tellman et al. 

2018). Most of this urban expansion is informal: an estimated 59% of the total city population 

acquired housing through informal mechanisms (Connolly, Castro, and Aguilar 2016), such as 

informal land purchases and construction. In response to rapid land change and declining 

environmental quality, the federal and local governments have introduced many rules and 

regulations limiting land use in the area that is now the Conservation Zone, dating from the 

1920s (Schteingart and Salazar 2010).  

 

A key regulation on natural resource use is the forestry ban (veda forestal), implemented in 1947 

as part of a regional strategy for environmental service provision for the growing metropolitan 

area in Mexico City proper and the neighboring state of Mexico. The ban prohibits development 

on forested land and limits landholders’ rights to use natural resources from forested lands. The 

state of Mexico lifted the forestry ban in 1969, but it remains in place in Mexico City.  
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In 1987, 57.4% of Mexico City’s territory was formally set aside for ecological conservation 

(Programa General del Programa Director para el Desarrollo Urbano del Distrito Federal, 

Figure 2a & b). Activities and land uses in the Conservation Zone are regulated by the 

Ecological Ordinance of the Federal District (2000) to protect the function and structure of 

ecosystems in the Conservation Zone. This ordinance zoned lands for forest, wetlands, 

agriculture, and existing urban land uses. These policies recognized existing human settlements 

within the Conservation Zone but capped their size at 26 km² (2600 ha), with no evident 

consideration for their growth or development. 

 

Since the 1980s, the government has provided supports and incentives for rural activities in the 

Conservation Zone. It provides subsidies for agriculture and livestock (Bausch 2017; 

Sheinbaum-Pardo 2008), and more recently it introduced support for ecotourism and 

conservation.  

 

Multiple government agencies are involved in implementing these land management policies and 

programs through zoning and monitoring; providing supports, subsidies, and urban services; and 

receiving and addressing reports of environmental violations. The primary local government 

authorities over land use in the Conservation Zone are (1) the city’s Secretariat for the 

Environment (Secretaría del Medio Ambiente, SEDEMA), which focuses on environmental 

protection and sustainable development, and establishes zoning designations of urban, 

agricultural, wetland, and forest uses; and (2) the local city boroughs (delegaciones, now 

alcaldías), which also monitor land use and zoning violations, and are responsible for providing 

urban services. Several other government agencies formally operate in the Conservation Zone. 

DGVA (Dirección General de Vigilancia Ambiental, or the General Office for Environmental 

Surveillance) is a branch of SEDEMA responsible for monitoring land use, enforcing land-use 

rules, and coordinating actions to recuperate lands that have been illegally changed. The PAOT 

(Procuraduría Ambiental y del Ordenamiento Territorial, or Mexico City’s Legal Office for the 

Environment and Territorial Ordinance) receives reports of environmental violations in the city 

and forwards them to the correct authority. The federal agency PROFEPA (Procuraduría 

Federal de Protección al Ambiente, or the Federal Attorney's Office for Environmental 

Protection) serves a similar function. Support providers include CONAFOR (Comisión Nacional 

Forestal, National Forestry Commission), and the SEDEMA subsidiary CORENA (Comisión de 

Recursos Naturales, Commission for Natural Resources), which administer PES programs and 

other conservation programs. 
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Figure 2a & 2b: Informal Urban Settlements and PES-Enrolled Land in Mexico City’s 

Conservation Zone 

 

 
 
Notes: 2a (left side): all agrarian communities that have conservation lands (green shaded area), with informal urban 

settlements shown in red. 2b (right side): communities that participate in CONAFOR PES programs (yellow), and/or 

SEDEMA PES programs (pink stripes).  

Source: Authors, with data from PAOT, RAN, and SEDEMA.  

 

There are 43 agrarian communities in the Conservation Zone officially recognized by the 

National Agrarian Registry (Registro Agrario Nacional, RAN). They collectively manage 71% 

of the land, making them central actors for environmental management and land decisions (see 

Appendix A). There are potentially dozens of other agrarian communities who occupy land in 

the Conservation Zone, but whose claims are not formally recognized (hereafter, “unrecognized 

communities”). Agrarian communities are composed of individual members (ranging from a few 

dozen to over 1,000), who collectively make decisions about the community’s lands and 

activities, following federal agrarian law (1992). Many of the agrarian communities in Mexico 

City have existed since pre-Hispanic times. Today, most of the communities have communally 

managed lands and small individual parcels (~2 hectares or less) for members to farm. 

Possession of an individual parcel is based on productive use of the land, typically farming. 

When a community member ages out or passes away, they pass it down to an heir, typically a 

family member. Failing to productively use the parcel can result in the community giving the 

parcel to another member. 

 

Most agrarian communities have a residential area where the community members live with their 

families. In fact, most informal settlements in the Conservation Zone are located in agrarian 

communities. There are 859 informal settlements in the Conservation Zone (data from 

SEDEMA, available at Tellman 2021, see Figure 2a). The city’s southern boroughs, which 

contain the Conservation Zone, have the highest poverty rates in the city, about 30% on average 

(CONEVAL 2018). Many of these settlements are in areas prone to flooding, water scarcity, and 

landslides, and they struggle with access to potable water, trash removal, functioning sewage 

systems, and other urban services (see Eakin et al. 2016). The city boroughs cannot legally 
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provide formal urban services to informal settlements.3 Residents of informal settlements often 

struggle for years to access urban services, which by law require they be regularized; a complex, 

slow endeavor. Many informal settlements enter clientelist arrangements to meet their needs for 

urban services (Tellman 2019). Despite these difficulties, residents of informal settlements often 

assume these costs, in hope that they will eventually acquire formal property rights, through 

resolutions overseen by the Commission for the Regularization of Land Tenure (CORETT, 

Comisión para la Regularización de la Tenencia de la Tierra). 

 

In 2003, PES programs were introduced to this complex institutional and social context as the 

first formal conservation incentives in the Conservation Zone (Figure 2b, see next section). 

Despite the multiple laws and programs promoting land conservation, between 2000 and 2015, 

an estimated 30 km² (3,000 ha) have been urbanized informally in the Conservation Zone, more 

than was originally set aside for rural settlements (information from the SEDEMA database for 

Irregular Human Settlements, available at Tellman 2021). Most irregular settlements are located 

in the boroughs of Xochimilco, Tlalpan, and Tláhuac (PAOT 2016). Informal settlements in the 

Conservation Zone have become a major concern for Mexico City (Aguilar and Santos 2011). 

That said, it is important to note that the greatest urban growth in the Mexico City Metropolitan 

Area today occurs in the neighboring states of Mexico and Hidalgo, at the northern edge of the 

city (Tellman et al. 2018). Still, urbanization and informal settlements are frequently cited as 

leading problems in the Conservation Zone and a threat to environmental services (e.g., GDF 

2012, 2013, see Lerner et al., 2018). 

 

Mexico’s National PES Program: CONAFOR 

 

Mexico’s national PES program began in 2003 and was originally modelled after the Costa 

Rican PES program. In 2006, the program was consolidated with CONAFOR’s ProArbol 

program and revised to address social concerns, such as poverty-alleviation (Ezzine de Blas et al. 

2016; McAfee and Shapiro 2010; Merino Perez et al. 2004; Shapiro 2013). Because of frequent 

changes to the program’s design and operation (Perevochtchikova and Vazquez 2012), analyzing 

the impacts of the program is challenging.  

 

The CONAFOR PES program targets landholders—mostly agrarian communities, but also 

individuals—with a minimum of 20 hectares of contiguous forest important for water resources 

or biological diversity. The program has a menu of funded components, such as equipment, 

biodiversity monitoring, training, and labor (brigadas, or work groups, to implement projects), 

which communities may select according to their needs, and an incentive for enrolling land in the 

program. The total annual payment per hectare enrolled in the program varies significantly 

depending on which components that community selected. The amount of the incentive can vary 

as well, from $260 to $1,100 Mexican pesos/hectare/year, equivalent to about US$14 to US$57 

in 2019, depending on the hectares enrolled.4 This amount is intended to be roughly equivalent to 

the alternative economic land use to conservation in a rural context, which is maize farming. 

 
3
 For example, Mexico City’s 2017 Sustainable Water Law established that informal settlements cannot receive 

water services from the city. For more information, see Connolly and Wigle (2017). 
4
 Calculated for 2017 payments (based on hectares enrolled and inflation costs) at an exchange rate of US$1.00 to 

$19.20 Mexican pesos. 
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Enrollment requires that the participant develop a management plan, participate in forest 

management workshops, and conserve lands enrolled in the program (avoid land-use change). 

 

Studies in other parts of Mexico have found several positive effects of the CONAFOR PES 

program. Alix-Garcia et al. (2012) found that the program had a significant effect in reducing 

deforestation in Mexico. Others have found that it promoted environmental education and 

awareness, reinforced community organization, and facilitated capacity building within 

communities (Caro-Borrero et al. 2015, Figueroa et al. 2016). In addition, the program has been 

praised for increasing interest in deforestation control schemes and incorporating social and 

economic aspects to forest conservation projects (Perevochtchikova et al. 2012). 

 

The program’s design and implementation have been subject to criticism, following evidence 

that the program has undermined social and environmental objectives. For example, one study 

found that it widened the economic gap between people who have land assets and people who do 

not (Garcia-Amado et al. 2011). Others have found that under the program guidelines, areas that 

provided high levels of environmental services were not considered for enrollment (Asbjornsen 

et al. 2017; Madrid-Ramírez 2011). Several scholars have argued that for the CONAFOR PES 

program to more effectively achieve the established conservation and environmental service 

provision goals, monitoring schemes need to be incorporated that provide information regarding 

(i) physical functioning and benefits of environmental services, and (ii) social and economic 

outcomes, including the relationship between intrinsic values and monetary incentives (e.g., 

Garcia Amado et al. 2011, Perevochtchikova et al. 2012).  

 

In Mexico City, 14 agrarian communities have participated in the CONAFOR PES program 

(Figure 2b). Each community’s participation, and the number of hectares enrolled, has varied 

over time (Appendix A and B). No individual landholders have participated in this program 

within Mexico City.  

 

Studies of the CONAFOR PES program in Mexico City’s Conservation Zone have examined 

perceptions of the program, and its impacts on deforestation, community capacity, and social 

equity. Several studies across the Conservation Zone have found that the program is generally 

perceived as beneficial and considered an important mechanism for protecting natural resources 

among agrarian community members (Caro-Borrero et al. 2015; Perevochtchikova 2016; Perez-

Campuzano et al. 2016; Rodriguez-Robayo et al. 2016). Additionally, the program was found to 

promote environmental education and awareness, reinforce community organization, and build 

capacity in Comunidad Magdalena Atlitic, Ejido San Nicolás Totolapan (Caro-Borrero et al. 

2015) and Comunidad San Miguel y Santo Tomas Ajusco (Perevochtchikova and Negrete 2015).  

 

However, studies have also found negative or ambiguous effects of the CONAFOR PES program 

in Mexico City’s Conservation Zone. In environmental terms, in Comunidad San Miguel and 

Santo Tomas Ajusco, a study found that deforestation rates decreased after PES enrollment 

(consistent with the 2012 findings of Alix-Garcia et al. at the national scale) but were 

surprisingly higher in areas enrolled in the PES program than in areas that had not been enrolled 

(Saavedra and Perevochtchikova 2017). In social terms, Neitzel et al. (2014) found that in some 

communities, nearly 40% of community members were unaware of their community’s 

participation in the program. Another study found that the program reinforced social structures 
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that have limited broader social participation, particularly of women, in community activities 

(Perez -Campuzano et al. 2016). In economic terms, Perevochtchikova (2016) found the 

CONAFOR PES incentive to be significantly lower than the amount community members in 

Ajusco thought appropriate. Similarly, Caro-Borrero et al. (2015) speculated that the program 

had not adequately taken into account opportunity costs unique to the peri-urban context, 

including informal urbanization pressure. Perez-Campuzano et al. (2016) concluded that the 

program had failed to ascribe the importance of environmental service conservation in peri-urban 

areas and suggested that larger payments could mitigate land-change pressures in the peri-urban 

context.  

 

Mexico City’s PES Program: SEDEMA 

 

The Government of Mexico City established its own PES program in 2005, administered by the 

city’s Secretariat for the Environment (SEDEMA). This program was modeled after the 

CONAFOR program. According to its founding law,5 the objective of the program is to “reward 

agrarian communities and small producers in the Conservation Zone for the protection, 

conservation, or augmentation of environmental services they supply to all residents of the 

Federal District, and to carry out productive activities related to equitable and sustainable rural 

development” (p. 1). 

 

The program primarily targets agrarian communities with formally recognized land tenure, and a 

minimum of 100 hectares of forested land in good condition. It does not target agricultural lands. 

Participation must be officially approved by a majority of community members in a community 

assembly and documented for inclusion in the formal request for participation presented to 

SEDEMA for consideration and approval. The program has four funded components: 

infrastructure projects, labor, and equipment (to complete the projects), technical assistance, and 

the incentive for enrolling land in the program. The total annual payment per hectare per year 

varies, depending on the total number of hectares enrolled. Thus, the total annual payment per 

hectare ranged from US$73 to US$284 in 2017.6  Like the CONAFOR program, the incentive 

portion is roughly 400 pesos per hectare per year, and the enrollment conditions are that the 

community develop a management plan and conserve enrolled lands. The program also requires 

that the land enrolled in PES be designated as a natural protected area (area natural protegida). 

In sum: enrollment in the SEDEMA PES program in peri-urban Mexico City consists of agrarian 

communities establishing a natural protected area, completing funded environmental 

management activities, and receiving an incentive for conservation, which is roughly equivalent 

to the value of maize farming in a rural context. 

 

 
5
 Legislation establishing Mexico City’s PES program was first passed on October 19, 2005, with operating rules 

published concurrently. The program was amended on August 23, 2006, and published in the Gaceta Oficial on 

December 8, 2006, to include a new figure of natural protected area. In 2010, the operating rules for both natural 

protected area figures, essentially indistinct, were unified and published as the Environmental Services Conservation 

Reward Program in Community Ecological Reserves and Community Ecological Conservation Areas (Programa de 

Retribución por la Conservación de Servicios Ambientales en Reservas Ecológicas Comunitarias y Áreas 

Comunitarias de Conservación Ecológica). The operating rules have not been modified since. 
6
 Calculated for 2017 payments (based on hectares enrolled and inflation costs) at an exchange rate of US$1.00 to 

$19.20 Mexican pesos. 
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Six communities enrolled at the start of the program in 2007, all of which have remained 

enrolled since (Appendix A, B). There have been external evaluations of this program (e.g., 

SEDEMA-UNAM 2018), but to our knowledge, ours is the first academic study thereof. 

 

Our research contributes to the study of PES in Mexico City’s Conservation Zone in several 

ways. First, we examine the effect of PES programs on informal urbanization, which had not 

previously been studied, across all agrarian communities in the Conservation Zone, and land-use 

changes (expanded to include deforestation and agricultural land-use change) across four case 

studies. Second, we use methods (causal inference and spatial analysis) for quantitative impact 

evaluation, which have not been used to measure PES impacts over time in this peri-urban 

context. Third, using an institutional approach (Ostrom 2011), we highlight the processes behind 

the land change seen in the spatial analysis. This is the first time, to our knowledge, that 

institutional analysis has been used to examine PES programs in the Conservation Zone. Finally, 

we analyze the SEDEMA program, which, to our knowledge, has not yet been the subject of 

academic inquiry. 

 

 

Materials and Methods 

 

We conducted a comparative longitudinal study of the impact of two PES programs (local and 

national) on both land-use and institutional change in agrarian communities located in Mexico 

City’s Conservation Zone. We used a mixed-methods approach including causal inference 

methods, spatial analysis of land change within four case studies, qualitative analysis of semi-

structured interviews, and comparison of peri-urban land prices in the urban area and 

Conservation Zone. 

 

Causal Inference Methods for Impacts of PES on Informal Urban Change Across the 

Conservation Zone 

 

We analyzed informal urban change from 2000 to 2015 in all 43 agrarian communities located in 

the Conservation Zone, based on informal urban change time series data from SEDEMA and 

existing legal boundaries from RAN (both available at Tellman 2021), as well as participation in 

the CONAFOR and SEDEMA PES programs (CONAFOR 2017, SEDEMA 2007, 2015; see 

Appendix D). Informal urban change includes all areas constructed as urban, in violation of 

either borough or ecological zoning ordinances.  

 

PES programs are typically assessed via several causal inference methods or a combination of 

methods: matching, difference in the differences (DID), or fixed effects panel econometrics 

(Arriagada et al. 2012; Ferraro and Hanauer 2014). Matching was unfeasible for this analysis. 

Instead, we measured the impact of PES programs on informal urban change using difference-in-

the-differences modeling (without matching) and fixed effects panel econometrics, using the plm 

package (Croissant and Millo 2008) for computation in R (see Appendix D). This approach 

allowed us to control for variability in factors shaping informal urban land-use change at the 

community level. The fixed effects method in particular allowed us to examine lag effects: the 

effect of the PES program on informal urban land change in the years after a community enrolls 

in the PES program. 
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Spatial Analysis of Land Change in Four Case Studies  

 

We selected four case studies of agrarian communities in the Conservation Zone facing 

urbanization pressure (Figure 3, Table 1). These communities contain urban, forested, and 

agricultural land. Two of the communities participate in PES programs, and two do not. 

Comparing these communities and analyzing an expanded set of land uses (beyond only informal 

urban growth) allowed us to examine whether and how PES programs affect land-use change, 

including deforestation and expansion of agricultural land, under conditions of urbanization 

pressure. 

  

Figure 3: The Four Case Studies 

 

 
 

Notes: Boundary of each agrarian community (purple), with informal settlement in red, and conservation area in 

green. All three polygons on the right are part of Ejido San Antonio Tecomitl. Source: Authors, using data on 

informal settlements from SEDEMA and agrarian communities from RAN. Source data can be accessed at Tellman 

2021. 

  

Ejido San Nicolás Totolapan and Comunidad Santiago Tepalcatlalpan participate in both the 

SEDEMA and CONAFOR PES programs. Ejido San Antonio Tecomitl does not participate in 

either PES program. Comunidad San Andres Totoltepec is not formally recognized by the 

National Agrarian Registry and therefore is not eligible to participate in PES programs, nor most 

other conservation programs. We hypothesized that the agrarian communities that participate in 

PES programs would have lower rates of informal urbanization than communities that do not 

participate in them.  

 

To examine potential differences in land-use change across the four cases, we classified five land 

uses (via manual photo interpretation and tracing), including forest, agriculture, water, secondary 

vegetation, and urban for the years 2000, 2005, 2008, 2012, and 2015 using high resolution 
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satellite imagery (World View 2) within the boundaries of each community. We calculated the 

total change over time for each class, each year, within each case and compared them.  

 

Table 1: The Four Case Studies  

 

Community San Nicolás 

Totolapan 

Santiago 

Tepalcatlalpan 

San Antonio 

Tecomitl 

San Andres 

Totoltepec 

Type Ejido Comunidad Ejido Unrecognized 

comunidad 

Borough Tlalpan & 

Magdalena 

Contreras 

Tlalpan & 

Xochimilco 

Milpa Alta Tlalpan 

Size (ha) 1984.6 359.3 1116.3 399.33 

Participation 

in PES 

Yes 

 

Yes No  No 

 

Data sources: CONAFOR 2017, RAN 2017, SEDEMA 2007, 2015. Estimates of total land area based on the 

shapefile from RAN on current holdings of Agrarian community land, available at Tellman 2021.  

 

Semi-Structured Interviews and Qualitative Analysis of Four Case Studies  

 

To identify the rules-in-use for land change in the Conservation Zone, we conducted 66 face-to-

face interviews with people involved in land decisions: government officials; agrarian 

community members and leaders; and residents of informal settlements from the four case 

studies. The interviews were completed between November 2017 and November 2018. They 

were conducted in Spanish and lasted between one and two hours. We asked participants about 

the drivers of land decisions: their information, control, payoffs (costs and benefits) for different 

land-use outcomes, and how PES programs have (or have not) affected those factors. With 

participants’ permission, we audio-recorded interviews. The audio files were transcribed and 

qualitatively coded in MAXQDA 12 software (VERBI GmbH 2016) by one team member 

(Bausch), using inductive and deductive codes (Bernard 2011; see Appendix E). To protect the 

participants’ confidentiality, we do not name them or their affiliation. We have translated the 

quotes included in this report from Spanish to English. 

 

We integrated the qualitative results in Ostrom’s Institutional Analysis and Development (IAD) 

Framework (Ostrom 2005; 2009), where we identified how PES has affected land use in the 

Conservation Zone. 

 

Land Price Analysis 

 

We used land prices as an indicator of opportunity costs for participating in PES programs. 

Information about land prices in and near the four case studies was collected by contacting land 
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sellers who advertised on social media, websites specializing in person-to-person sales, 

newspapers, magazines, community activity boards, and road-side signs between March and 

December 2018. We responded to 63 advertisements via phone and asked the seller open-ended 

questions about the parcel location, size, cost per square meter, access to services (water, 

electricity, transportation), and current and previous land uses to correlate the land prices with 

parcel characteristics, as well as how likely it was to become urbanized. 

 

 

Results 

 

Collectively, the results of the spatial, qualitative, and land-price components of our analysis 

paint a fuller picture of land dynamics in peri-urban Mexico City, and how PES relates to this 

dynamic, which we articulate in the institutional matrix (Appendix F, Table 6). They show that 

the CONAFOR and SEDEMA PES programs—the primary formal incentives for land 

conservation—have had little to no effect on informal urban growth and land-use change in 

Mexico City’s Conservation Zone. 

 

The spatial analysis using DID and fixed effects models revealed that the CONAFOR PES 

program has had no significant effect on informal urbanization rates of urbanizable land in 

communities that participate in that program. The informal urbanization rates of PES-

participating communities do not differ from those of communities that do not participate. On 

average, the communities participating in the SEDEMA PES program had higher informal urban 

growth rates on urbanizable land than non-participating communities over the study period. 

Informal urban growth decreased in the years immediately after enrolling in the SEDEMA 

program but rebounded soon after. Thus, the temporary effect of informal urban growth 

mitigation was canceled out in a short period of time. However, it is possible that we found no 

effect because of the small sample size of agrarian communities in Mexico City and short 

number of years over which informal urban land change was measured, or because the total 

effect is very small; not because no effect exists. 

 

Interviews revealed that land sales, which almost always lead to urban land change, are primarily 

driven by financial need and generational change. Formal land-use rules are ambiguous for land 

sales and are seldom enforced. Thus, there are rarely significant consequences for selling or 

changing land uses in the Conservation Zone. Those who suffer the consequences of land change 

are, for the most part, residents of informal settlements who may struggle for decades to receive 

urban services (e.g., electricity, water, sewage), are charged fines, pay more for infrastructure, 

and can be forcibly removed from their homes.  

 

PES programs do not appear to have significantly changed the action arena of land decisions in 

the Conservation Zone for communities that participate in the programs versus those that do not. 

In interviews, agrarian community members and leaders saw PES programs as positively 

supporting conservation and environmental management in their communities and providing a 

small number of jobs for community members. However, most interviewees characterized the 

payments as too low, and insufficient for preventing urban land-use change. The appeal of these 

programs for agrarian communities is that they can help legitimize land tenure and facilitate 

access to other government programs. PES programs also appear to have increased the level of 
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information of authorities, through increased reporting on land use and environmental violations. 

However, the increase in information does not appear to have improved or increased 

enforcement of land-use rules. Weak and ambiguous authority (control) around land use in the 

Conservation Zone had allowed the status quo of informal urban land change to continue.  

 

The analysis of land prices showed there are significant financial opportunity costs of conserving 

conservation land versus selling it on the informal market. We found the financial value of land 

in the Conservation Zone to be two to five times lower as compared with land presenting similar 

characteristics in the urban zone, and it was inversely proportional to the parcel’s access to urban 

services and transportation.  

 

We expand on these findings below. 

 

Causal Inference  

 

The results of the DID model—analyzing all 43 agrarian communities in the Conservation Zone 

using the ratio of informal urban growth as a proportion of urbanizable land—showed 

communities participating in the SEDEMA program (and the five communities participating in 

both programs) had significantly higher informal urban growth over 2005-2015 (see Appendix 

C, Table 3, EVERSEDEM and BOTH variables, which code for communities that have 

participated at any one time). 

 

While agrarian communities participating in both programs experienced a decrease in informal 

urbanization rates when they started the programs, compared with non-participating 

communities, this result is not significant with robust standard errors. Thus, the effect of PES 

programs on informal urbanization is small, and potentially insignificant. Coefficient plots show 

that urbanization in Mexico City’s Conservation Zone is decreasing over time. Communities that 

participate in both programs have decreased informal urbanization over time, but this is not a 

statistically significant trend (Figure 4). This situation reflects the trend of declining urbanization 

in Mexico City proper since the 1980s and increasing urban growth in the metropolitan area 

north of the city limits (Tellman et al. 2018). 

 

The fixed effects models showed that the SEDEMA program significantly reduced informal 

urban growth the year the program was implemented, using robust standard errors (Appendix D, 

Table 3). This model, using participation in PES programs as a predictor variable, explains 

around 5% of the total variance in urban growth from 2005-2015.  
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 Figure 4: Coefficient Plot for the DID Model 

 

 
 
Notes: Any variable that crosses the 0 line is insignificant. Right of 0 means positive influence, left is negative 

influence. Points represent coefficient estimates and lines represent the 95% confidence interval. Source: Authors. 

 

 

This analysis of lag effects (Figures 5, 6; see Appendix D, Table 4) shows that informal 

urbanization rates increased significantly in participating communities two years after they 

started the SEDEMA PES program. We see this effect in communities that participate in the 

SEDEMA PES program only, and in both PES programs. The effect is nearly the same 

magnitude as the decrease in informal urbanization found in the DID analysis (Appendix D, 

Table 3). This finding suggests informal urbanization rebounded shortly after the program was 

implemented. As Figure 6 shows, all communities participating in the SEDEMA PES program 

started that program in 2007; the decrease in informal urban growth starts in 2008, and rebounds 

in 2010. This rebound effect may suggest that the SEDEMA program had the temporary effect of 

decreasing land sales and informal urban change in participating communities, but when 

community members realized how small the PES program payment was, and/or that there were 

still few consequences for selling and/or informally urbanizing land, informal urbanization 

resumed in following years. We explore this line of thought in the interview results. 
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Figure 5: Informal Urbanization in CONAFOR PES-Participating Communities vs. Non-

Participating Communities 

 

 
Note: Time series of the average percent of urbanizable area that was informally urbanized in communities 

participating in the CONAFOR PES program (blue line) compared to non-participating communities (pink line). 

Source: Authors. 

 

 

Figure 6: Informal Urbanization in SEDEMA PES-participating Communities vs. Non-

Participating Communities 

 

 
Note: Time series of the average percent of urbanizable area that was informally urbanized in communities 

participating in the SEDEMA PES program (blue line) compared to non-participating communities (pink line). 

Source: Authors. 
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Land Change in the Four Case Studies 

 

We found significant variance in land-use change across the four case studies, making it difficult 

to draw conclusions about the effect of PES programs on informal urbanization in communities 

that do or do not participate in PES programs in Mexico City’s Conservation Zone (Figures 7, 8). 

The informal urbanization rate in Ejido San Nicolás Totolapan—which participates in the 

CONAFOR and SEDEMA PES programs—decreased over the study period. In Comunidad 

Santiago Tepalcatlalpan—which has participated in the SEDEMA PES program since 2007 and 

participated in the CONAFOR PES program from 2008-2012—the rate of informal urban growth 

decreased immediately after starting both programs (from 2008-2010) but rebounded thereafter. 

Comunidad San Andrés, which does not participate in PES programs, did not experience much 

informal urban growth over this period, as measured in hectares of urbanization or ratio of 

urbanizable land. In Ejido San Antonio Tecomitl, which also does not participate in any PES 

programs, the rates of informal urban growth decreased from 2005-2008, and then plateaued.  

 

Figure 7: Total Area Urbanized (ha) of Total Urbanizable Area in the Four Case Studies 

 

 
Source: Authors. 

 

Figure 8: Ratio of Urbanizable Land that was Urbanized in the Four Case Studies 

 

 
Source: Authors. 

 

Land-use changes in these communities are displayed in Figures 9a and 9b, as well as in Table 2. 

Figures 9a and 9b show that in general, the ratio of land uses is relatively stable over 2000-2015, 

with the exception of Ejido San Antonio Tecomitl (which does not participate in PES programs); 
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it lost 82 ha of forested land to agriculture, and 60 ha of agricultural land to urban area. Only 

Ejido San Nicolas had a net forest gain over this period. 

 

Land use in the case studies is dynamic and varies by case. Though the ratio of total land uses 

remained somewhat constant over time, the location of land uses changed within the study area. 

For example, while Ejido San Nicolas had only 8 hectares of net forest gain, over 32 ha of 

forested area were gained and an additional 24 ha were lost over the same time period, but in 

different locations. Nearly 75% of forest loss was replaced by agriculture land, and another 20% 

was replaced by informal urbanization. In contrast, Ejido San Antonio experienced only 2 ha of 

forest gain but an overwhelming 95 ha of forest loss, 86% of which was converted to agricultural 

lands. 

 

Figure 9a (left) and 9b (right): Ratio of Land-Use Changes and Rates of Change 

 

 
 
Source: Authors. 

 

There was urban pressure on both forest and agricultural lands in the Conservation Zone. In three 

of the case studies, the majority of informal urbanization occurred on agricultural lands, but in 

Comunidad Santiago Tepalcatlalpan, only 17% of informal urbanization occurred on agricultural 

lands. Forest lands were directly converted to urban land uses in all cases studies, but only 

represented 6-20% of forest loss. 
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Table 2: Land Change in Four Case Studies from 2000-2015 

 

Case  Total 

Forest 

Gain 

Total 

Forest 

Loss 

Forest- 

Ag 

Forest- 

Urban 

Total Urban 

Change 

Ag-

Urba

n 

San Antonio 

Tecomitl 

HA 2.16 95.73 82.69 4.88 68.73 59.07 

 Percent of Land 

Change 

  86.38 5.90  85.94 

Santiago 

Tepacatlalpan 

HA 5.73 12.06 7.93 0.12 0.25 0.04 

 Percent of Land 

Change 

  65.80 0.97  17.10 

San Nicolas 

Totolapan 

HA 57.28 32.22 24.10 6.59 16.90 9.93 

 Percent of Land 

Change 

  74.81 20.46  58.75 

San Andres 

Totoltepec 

HA 10.70 15.54 8.48 2.42 5.50 3.05 

 Percent of Land 

Change 

  54.55 15.54  55.49 

Source: Authors. 

 

The Action Arena for Land Decisions in the Four Case Studies 

  

Interviewees associated land change in the Conservation Zone with land sales and urban 

pressure. Though most land in the Conservation Zone can be sold legally, the formal (legal) 

means of processing land sales are complex and slow (see Tellman et al. 2021, Tellman et al. 

2022). Land sold in agrarian communities is typically zoned for agriculture but purchased for 

urban use. For these cases, the formal process of land change involves dis-incorporating the land 

from the agrarian community either through a procedure initiated by CORETT, in which land is 

alienated and purchased from the community (Rule 04/08, GDF 2008), or by a process referred 

to as dominio pleno, or full domain, overseen by the National Agrarian Registry (RAN 2008). 

Changes in zoning designation carry their own procedures, ranging from approval by the 

Legislature to processes through borough regulation committees. Thus, most land sales in the 

Conservation Zone occur through informal markets, and a formal property title is rarely 

obtained. If the land seller is a member of an agrarian community, and the parcel is within 

community boundaries, he or she may cede their community membership (their right to use their 

land parcel and to vote in community decisions) to the land buyer, but this situation is rare; more 
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often, rentals or loans are arranged. These informal processes have created a gradient of formal-

to-informal land ownership in the Conservation Zone, greatly complicating land tenure and the 

enforcement of formal land-use rules.  

 

Land conservation and forest stewardship were explicit priorities of all four community case 

studies. Interviews across these studies suggest that selling land and changing its use are frowned 

upon and not openly discussed (at least with researchers). For example, one community member 

described selling land as giving in to temptation: “they will always prohibit you from selling 

community land… these members, some do it [sell land] secretly, those who are close to urban 

encroachment. They are already tempted, [they think] ‘oh it’s better to just sell it now!’” Despite 

describing land sales as common, most participants said they personally had not sold land. Some 

said they would never sell land, while others alluded to having sold land with comments such as, 

“None of us is perfect.” These findings speak to the illicit nature of land transactions resulting in 

urban land change in the Conservation Zone. 

 

Motivations for selling land were described as primarily economic, but also cultural and 

generational. Participants identified three broad types of land sellers. The first is community 

members with financial need. One community leader stated, “There are many ways, people go 

many years without money, and then they sell a piece [of land] to pay for a quince años.7 That is 

the way we Mexicans are, it is a need, [the land] is there, the person needs it.”  

 

Many participants also noted that the current generation of community members is aging, and 

their health is declining. What often precipitates a land sale is that the member falls ill, they can 

no longer farm the parcel, and they accumulate medical debt. As one participant explained,  

 

There are many factors, for example, there is a family where the actual owner is too old 

[to farm], she says she spent her whole life [farming], but she has this property and she 

can obtain money [by selling]. There are people that are too old and sell, [they think] in 

fact I am never going to receive any gain from that piece of forest, I´ll sell it now, that 

[is another] factor. Another [factor], when a person has an illness, they have to think 

about if they don't have insurance, public health service (ISSSTE) or anything... or need 

an operation, where do we get it [money] from? They sell [land].  

 

The second type of seller is related to the first: the younger generation of community members. 

The generation that is now inheriting community land and membership—typically a family 

member (oldest child or son) of an ejidatario or comunero—was described as less rooted in rural 

and agrarian life: as never having learned how to farm, as having urban employment, and as 

more inclined to sell the family’s communal land, and/or encourage their family to sell. A 

community leader put it this way:  

 

The majority of older people die and leave them [their descendants] their lands and the first 

thing that they do—because they have an [urban] profession or whatever, they are not 

interested [in farming]—is they sell. Most of the area that was farmed... has disappeared 

 
7
 Quince años, or quinceañera, is a tradition in Mexico to celebrate a young woman turning fifteen, similar to a 

sweet sixteen party. Families, keen to establish status, tend to spend on these celebrations as they would for 

weddings.  
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because the majority was sold, so this is another factor. The lack of people’s attachment, 

in particular the new generations, “why would I want to farm [the land]? I am not going to 

have time,” and they sell and land-use change follows... 

 

Some community members said they would like to leave their family’s land to their children but 

acknowledge their lack of interest as a motivation to sell. One landholder told us, “If there were 

someone who would buy my parcel I would sell it. My kids are [urban] professionals.”   

 

A third type of seller is a land broker: community members (but sometimes outsiders) with high 

levels of information, financial capital, professional skills, and/or social connections who sell 

communal land for financial gain. They are typically infamous within the community because of 

their land-selling activities. 

 

Land buyers (residents of informal settlements) are typically relatives of community members—

their children or grandchildren—or migrants from other parts of Mexico. One community leader 

associated migration to Mexico City with the decline of agriculture across Mexico; like Mexico 

City, it is hard to make a living farming today, and youth are not interested in maintaining it, and 

thus migrate to pursue urban employment. Buyers’ motivation for purchasing land in the 

Conservation Zone was affordable housing in the city. A resident of an informal settlement, who 

migrated to Mexico City from another state, described how she arrived there: “Necessity made 

us come to the city, and in the city you start to settle in, where are we going to live? With a 

family member, you rent or something, and well, necessity made us ask around and we came 

here, we bought [land].” A community leader explained, “The main factor [in land change] is 

demand for housing...and they [residents] obviously look for the cheapest places or with the 

lowest cost and that are easiest to urbanize.”   

 

There were formal and informal responses to informal land-use change, but we found little 

evidence that there are serious consequences for land sellers. Informal sanctions included public 

shaming and gossip, which were largely targeted at land brokers. However, we did not find 

evidence that these informal sanctions resulted in real consequences or behavior changes of land 

sellers. For example, a land broker (who is a community member) recounted a community 

meeting during which another member publicly announced that the seller should not participate 

in the meeting because he had sold land. The interviewee responded thus: “I went forward and 

said ‘Sirs, I remind you that communal land cannot be sold. I have not sold [my land], I have 

ceded [my rights]. It is very different to sell than to cede. If this gentleman [accusing me] can 

demonstrate to me that I have sold [my land], I will renounce.’ He couldn’t show anything [any 

evidence].” 

 

The most common formal response to land change or environmental violations (delitos 

ambientales) was to report it (denunciar) to an authority (e.g., the community president, the 

borough, CORENA, PAOT; see Appendix G). However, this is not always done, because it often 

means reporting on friends and family. One community member explained: 

 

The [community] members have made an effort to try to avoid urban growth. 

Unfortunately, we sometimes fight against our fellow members. It’s a problem. Sometimes 

you say, I am not going to report because he’s my friend. Sometimes this has limited us. 
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The problem is that we aren’t impartial… unfortunately this has existed with these 

compadrazgos,8 they have tolerated that they sell [land] and that the [community] 

disappears. 

 

Even when reports are filed, interview participants said it leads to nothing; they were unaware of 

authorities having followed up, or of any significant consequences for someone changing land 

use. A community leader reported:  

 

Since each [community] president has a three-year term, they take the necessary measures, 

but unfortunately, we have not found support from the authorities. We go, we report this, 

and they may pay attention to us in the moment, but afterward, for example during electoral 

periods, the authorities change, they talk and they convince them, with the purpose of 

obtaining votes and they allow [urban] sprawl, they don't address it like they should, even 

though we go [try to] stop [urban] sprawl, we aren’t successful because it falls on 

[authorities’] deaf ears.  
 

One explanation for this, which a government official articulated, is that many of the actions 

leading to land sales and land change are not explicitly illegal, making it difficult to enforce 

formal rules. 

 

Under the current rules in use, control over land in the Conservation Zone largely lies with 

landholders, particularly those selling land. This situation exists because formal rules mostly 

focus on land use and land tenure, while being ambiguous about land sales. In other words, 

landholders are not punished in the current dynamic, but this does not mean they could not face 

consequences if formal rules were enforced. Though, as noted above, ambiguity in the law 

makes this punishment challenging. Brokers appear to have the most control, because they use 

financial capital, social connections, and/or information to make land transactions happen, to 

avoid consequences, and to generate profits. 

 

Further illustrating that formal rules are poorly enforced, most of the actors with formal authority 

over land change reported low to medium levels of control over land-change processes. Agrarian 

community leaders, for example, mostly reported having low to medium control over land 

change processes, despite the fact that under agrarian law, they have formal authority to approve 

or deny land change in their community. While they may report violations to government 

authorities, agrarian leaders rarely sanction members for land sales and/or land change (e.g., by 

barring a seller’s vote in the community assembly, charging a fine), and we did not learn of this 

happening in the four case studies. However, community leaders may have higher levels of 

control over, and information about, land use than they reported to us. Some participants said 

that leaders in their community facilitated land-change activities or turn a blind eye in exchange 

for personal benefit. True or not, these perceptions illustrate some degree of distrust in agrarian 

community leaders to protect collective community interests over self-interest, and/or families’ 

and friends’ interests. 

 
8
 Compadrazgo: The term originates from the compadre relationship created between a parent and their child's god-

parent, translating literally as “co-parent”; Compadres are thus thought of as family members. The expression has 

been adopted to commonly refer to an agreement or relationship between two or more people which favors them 

mutually, generally to the detriment of or harming others.  
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Government officials explained that, in theory, their agencies have high control, but in practice, 

they have low or medium control, because they are understaffed, under-budgeted, and/or 

undermined by other agencies (see also Tellman et al. 2021). In particular, city boroughs and 

SEDEMA have conflicting mandates around land change. The boroughs are mandated to provide 

urban services (e.g., water, electricity) and are generally inclined to provide them, but cannot 

legally do so on land that is not zoned for urban use. Changing the zoning designation of 

conservation land is difficult because changes must be approved by that borough’s Special 

Commission for Regularization, with representatives from several government agencies. 

CORENA (part of SEDEMA) often blocks proposals to regularize settlements, following its 

mandate to protect, develop, restore, and conserve ecosystems and natural resources in the 

Conservation Zone. 

 

While formal authorities (SEDEMA, boroughs, agrarian leaders) reported having low-to-medium 

control, they mostly reported having high levels of information, for example, about where 

informal urbanization is occurring. In contrast, individual community members and landholders 

reported having generally low levels of information about land sales in their community. 

Participants described learning of land sales only after the sale is finalized, when the land buyer 

moves in.  

 

There are few, if any, consequences for land sellers. It can be hard to prove that someone sold 

land, making it difficult to enforce rules and apply sanctions. One participant explained that in 

his community, if a member is found to have sold communal property, he or she is not asked to 

give the money from the sale to the community; they get to keep it. We learned of only one 

recent case of a person experiencing a significant consequence for allegations of selling 

conservation land: a community president who was voted out of office by the community over 

the allegations. 

 

Our results show, as other researchers have found (e.g., Aguilar and Santos 2011; Eakin et al. 

2016; Jiménez et al. 2011; Tellman et al. 2021), that those who face the consequences of 

informal land change in the Conservation Zone are often land buyers, particularly residents of 

informal settlements. They may struggle for decades to get urban services (e.g., electricity, 

water, sewage), pay more for infrastructure, and be charged fines for violating land-use and 

environmental laws. They live with the constant insecurity that the home and community they 

have built could be bulldozed in a forced removal (desalojamiento), which does occasionally 

happen. Forced removals must be approved by multiple agencies. As such, they are rare, and 

usually associated with a change in political party after an election (Tellman 2019). Land buyers 

may leverage the resources they have (e.g., connections, wealth) to avoid these consequences. If 

land buyers learn of plans for a forced removal, they can use legal actions to slow the process. 

   

How PES Programs Affect the Action Arena for Land Decisions 

 

Agrarian community members and leaders in PES-participating communities saw the programs 

as positively supporting conservation and environmental management in their communities and 

providing a small number of jobs for community members. For example, a community member 

described the program in positive terms and associated it with stopping informal urban growth, 
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saying, “I see this program as viable, it is good. [The program] is when the community or some 

entity provides benefits for reforestation or benefits for stopping [urban] growth. It is more of an 

incentive to protect, to benefit the city, capture carbon dioxide, create more trees, care for the 

vegetation…”  

 

However, most participants characterized the payments as too low and insufficient for preventing 

land-use change. As one community leader explained, 

 

I would be better off planting oats, that would give me more than what you are going to 

give me [through PES] in a year. This factor [the PES program] will supposedly aid in 

conservation. The other thing, through CONAFOR there is a payment for services but the 

majority of that goes to conservation infrastructure and a minimal portion is left to be 

distributed [to the community], we are talking about [a few] thousand pesos at most to 

distribute among everyone, they are factors [for conservation], but not sufficient.  

  

The appeal of PES programs for agrarian communities, however, goes beyond financial 

incentives: they can play a role in the communities’ leverage and legitimacy with the 

government. Communities know that the environmental services they provide are valuable, and 

some have used them for leverage with the government in disputes about this program’s 

payments. For example, we learned of a case where a community blocked government offices 

because a PES payment was late; and in another case, community members barred fire fighters 

from fighting a forest fire in their community because of a payment dispute.  

 

PES programs can also play a role (or perceived role) in legitimizing communities’ land tenure 

and access to other government programs. For example, a government official explained that 

PES enrollment can function as proof that the community is actively using their lands within the 

legal restrictions on land use in the Conservation Zone, and therefore the land cannot be claimed 

by another person or community. For unrecognized communities, participating in a program like 

PES is tacit acknowledgement of their land rights and boundaries. There is precedent for this: the 

unrecognized communities of Milpa Alta are collectively enrolled in both CONAFOR and 

SEDEMA PES programs. A leader from an unrecognized community that does not participate in 

PES programs saw the program as a potential gateway to other government supports, stating: “If 

they [government agencies] are already giving us one of the most important [programs], for 

environmental services, other programs would soon come to us....” 

 

PES programs appear to have increased authorities’ level of information through increased 

reporting on land use and environmental violations.9 Community leaders and government 

officials explained that enrolled communities are required to submit these reports with their 

quarterly updates to SEDEMA. However, the increase in information does not appear to have 

improved or increased enforcement of land-use rules. As described above, every participant we 

spoke with about this matter said that nothing had happened as a result of filing environmental or 

land-use reports. 

 
9
 The number of environmental reports related to natural protected areas and areas of high environmental value filed 

with PAOT (Procuraduría Ambiental y del Ordenamiento Territorial), Mexico City’s Legal Office for the 

Environment and Territorial Ordinance, has increased, particularly since 2010. This fact may be related to PES 

programs, but it could be related to other factors. See Appendix G. 
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Opportunity Costs of Conservation 

 

We found stark differences between the price of land located in, or near, the urban zone of 

Mexico City, compared with areas further from the urban frontier. For land parcels closer to the 

urban area, with better access to urban services and transportation, prices were four to five times 

higher than those with limited access to urban services (Figure 10). Property prices were also 

found to increase two to four times when legal ownership documents were available. In Mexico 

City, land prices can range from US$140 to US$500/m² (US$1,400,000 to US$5,000,000/ha), 

where urban services and roads are available, depending on whether there is previous 

infrastructure on them. Compared to properties located in the Conservation Zone, farther from 

urban services and roads, where documents pertaining to legal ownership may or may not be 

available, price ranges vary from US$36 to US$95/m² (US$360,000 to US$950,000/ha) (prices 

quoted at an exchange rate of 19.12 Mexican pesos per U.S. dollar). We also found a decreasing 

cost gradient from the borough of Tlalpan toward the borough of Milpa Alta, which is farther 

away from consolidated urban areas, urban services, primary and secondary roads, and public 

transportation. In the four case studies, most of the land that was informally urbanized over the 

study period was previously in agricultural use; however, forested lands were informally 

urbanized as well (see Table 2), which illustrates that there is market demand for forested lands, 

and a financial opportunity cost of conserving rather than developing those lands. 

 

 

Figure 10: Market Values of Land (USD per square meter) in the Urban Zone and 

Conservation Zone 

 

 
Source: Authors. 
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Limitations of the Study 

 

We had very few case-study communities for statistical analyses of the spatial data. Using a 

power analysis that takes into account the total degrees of freedom (n=203), with a p-value of 

0.1, if PES decreased informal urbanization by 15%, we would have a roughly 60% chance of 

finding it; however, that would be a pretty large effect. It is more common in this literature to 

find an effect of a 1% reduction in annual deforestation rates (Samii et al. 2014). If PES were to 

indirectly reduce informal urbanization rates by the same magnitude (1%), we would only have a 

12% chance of finding that effect, should it exist within our sample size. This means that not 

finding an effect does not equate to that effect not existing, but rather, it could mean that we do 

not have enough data to reject the null hypothesis that PES does not influence informal urban 

growth. Also, due to limitations in data availability and quality, the time series starts in 2005. 

This limitation means we could not measure the effect of the CONAFOR program, which started 

in 2003, because we did not have a baseline. We only had one year of baseline data for the 

SEDEMA program. 

 

This analysis also only measured the indirect effects of PES programs by looking at informal 

urbanization rates in the whole community, which the programs are not designed to influence. A 

land-change analysis that assessed all forest changes in PES program areas and conversion to 

agricultural and urban lands could more specifically evaluate the direct effects of the PES 

program. Agricultural land changes in forested land over time in all agrarian communities in the 

Conservation Zone was beyond the feasible scope of this analysis.  

 

Our research on land prices was exploratory and based on a relatively small sample (N=63). The 

sellers we spoke with were reluctant to provide in-depth information about current or previous 

land use of the parcels, particularly in agrarian communities. It was not possible to obtain 

standardized information from all sellers interviewed, limiting statistical analysis for this data. 

More research is needed to document land prices as they relate to land characteristics and 

location.  

 

For the qualitative analysis, we did not get the level of participation from all the relevant actor 

groups that would be ideal for our research objectives. Specifically, land sellers are a critical 

group for understanding land change, but we found only one person who was willing to talk 

openly with us about having personally sold land. In some cases, participants were unwilling to 

even name others who had sold land, likely reflecting the illicit nature of land sales and land 

change. For the same reason, we do not know how truthful participants were about their 

motivations, activities, or levels of knowledge and control. However, results were consistent 

across case study communities, which suggests some degree of validity. 

 

 

Discussion  

 

Our findings suggest that PES programs have had little to no effect spatially and institutionally 

on informal urbanization in Mexico City’s Conservation Zone. The results show that PES 

programs have had little to no effect on land-use change, nor on rules and norms for land use in 

both PES-participating communities and non-participating communities in Mexico City’s 
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Conservation Zone. Land-use change persists in the Conservation Zone due to the cultural and 

economic trends of generational change and agricultural abandonment in peri-urban Mexico 

City, high opportunity costs of conservation, ambiguous authority, and lack of rule enforcement. 

The most significant effect of these programs on land use was their role (or perceived potential 

role) in legitimizing land tenure for participating agrarian communities.  

 

Drawing from Elinor Ostrom’s design principles, we argue that the challenges of managing land 

change in the Conservation Zone are related to i) the lack of sanctions for violating land-use 

rules, ii) the mismatch of formal institutions governing land use (including PES programs) with 

peri-urban conditions and local needs, iii) the lack of accessible means for dispute resolution, iv) 

inadequate group boundaries, and v) high opportunity costs of conservation. We use these 

principles to make recommendations for policies that promote conservation objectives in peri-

urban areas, and for future research. 

 

Environmental Services and Peri-Urban Land-Use Change 

 

The results illustrate the dynamic nature of land-use in peri-urban space and the challenges of 

governing it when it falls between the cracks of rural and urban policy and planning (Allen 

2003). Additionally, the informal nature of urban expansion falls into a governance gap since 

there is no clear formal mechanism to control it (Lerner et al. 2018). The dynamism and 

complexity of partially rural, partially informal urban growth make peri-urban areas especially 

difficult to manage, particularly for the sake of environmental services. To be effective, land-use 

policies for peri-urban spaces should take their dynamic nature into account. PES programs were 

designed to be effective in forested areas with low or nonexistent urban pressure, which means 

they need to be reframed in the urban and peri-urban context.  

 

Although our evidence is not conclusive, we find a tendency for informal urban growth to occur 

on agricultural lands more so than forested lands. This means that for conservation programs 

(including PES programs) to impact urban expansion at the city fringe, they would need to 

consider the services provided by agricultural land, an emerging discussion in the PES policy 

world (e.g., silvopastoral landscapes, see McGroddy et al. 2015; Power 2010). Peri-urban 

agricultural land has the potential not only to provide environmental services, but also to satisfy 

urban demand for local food (Lerner and Eakin 2011).  

 

Regardless of which land uses and ecosystem services are targeted for protection, urban pressure 

will be a threat in a peri-urban context, because of the need for low-cost housing, linkages to the 

urban market, unclear authority, and the opportunities that informal transactions afford. While 

informal urbanization may satisfy the need for low-income housing, it can also have a social 

cost: informal settlements in Mexico City struggle to access urban services and live with chronic 

insecurity. Informality fosters illicit activities and clientelism to satisfy social needs, which 

reinforce the political and land market values of the peri-urban land dynamic and undermine 

social and environmental values. We expand on this argument in the following section. 

 



 

Page 30 

 

PES Programs and Informal Urban Growth 

 

Both the quantitative and qualitative results of this study suggest there are not significant 

differences in informal urban land change in agrarian communities that participate in PES 

programs as compared with those that do not. Other factors (e.g., political dynamics, topography, 

access to urban services) appear to explain land change much better than PES participation. 

 

For example, the rebound in informal urban growth in 2010, following implementation of the 

SEDEMA PES program (2007), could be explained by political drivers, unrelated to PES 

programs (see Appendix H). In the years following the start of PES programs in Mexico City, the 

rise of the left party PRD (National Democratic Party, Partido de la Revolución Democrática) in 

Mexico City increased electoral competition. Its rise is correlated with informal urban growth in 

regions of the city where a high percentage of constituents live in informal settlements, 

especially Xochimilco (Tellman 2019). So, it is possible that the SEDEMA PES program 

temporarily decreased informal urban growth, but only until a stronger (perhaps political) driver 

of informal urban growth emerged. This effect may have influenced the variance in our case 

study results. Note that one case study (Comunidad Santiago Tepalcatlalpan) that participates in 

both CONAFOR and SEDEMA programs had a higher informal urbanization rate than the other 

four case studies. This community is located in Xochimilco, where there has been more activity 

related to informal settlements and politicians than in other southern boroughs of Mexico City 

(Tellman 2019). 

 

There is also a potential for selection bias for the communities that participate in the SEDEMA 

program because they are located in the regions of the city that had very strong support for a 

specific faction of the PRD. Informal urbanization generally decreased throughout the study 

period; but it decreased even more in the communities that participated in the SEDEMA PES 

program. It is possible that this decrease resulted from a political effect, such as other types of 

support from the PRD government, or regulations being enforced, rather than the PES program 

itself. Further analysis is required to disentangle the PES effect from the political effect, though 

there may not be enough data to make this distinction. 

 

PES programs have not mitigated informal urban growth in Mexico City in part because they 

have not affected the institutional incentives (political and economic) that undergird informal 

urban growth on conservation lands. The land change analysis of the four communities revealed 

that even in PES-participating communities, informal urban expansion persists on both 

agricultural and forest land uses. The interview analysis revealed that land-use rules are hard to 

enforce, because they are ambiguous about the steps leading up to land change, but also because 

of strong social ties. Other research (Tellman 2019) has illustrated the political dimensions of 

rule enforcement: the authorities charged with regulating land use in the Conservation Zone are 

less likely to enforce regulations during electoral periods or when their party needs votes. 

Furthermore, the population of informal residents represents a large percentage of voters in the 

southern boroughs of Mexico City (~15% and ~30% in Tlalpan and Xochimilco, respectively). 

Evicting—or even failing to provide urban services to—informal settlements in the Conservation 

Zone presents a political opportunity cost that most politicians cannot afford. PES is not 

designed to counteract these political incentives. 
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Conserving forested lands enrolled in a PES program presents an economic opportunity cost for 

agrarian communities. Our land-price analysis revealed that land in the Conservation Zone with 

no property title could be sold for informal urban use at US$360,000 to US$950,000/ha, which is 

2,700-4,000 times more than the PES program incentive (US$87-US$341, when combining the 

lowest CONAFOR and SEDEMA PES incentive). This reality underscores the mismatch 

between the value of land for urbanization in peri-urban space, and the PES economic incentives 

that are based on rural opportunity costs (the price of maize). 

 

The opportunity costs of conservation are not only associated with PES program enrollment, but 

with the numerous environmental and land-use restrictions in the Conservation Zone that have 

significantly limited agrarian communities’ opportunities for economic development and use of 

natural resources. PES and ecotourism are among the few legal options available to agrarian 

communities to simultaneously conserve forested land, generate some (limited) land-based 

income, and “use” land so that it cannot be “used” and claimed by another entity under Mexican 

civil law. For unrecognized communities, participation in the program is an implicit recognition 

of their land claims, and a potential step toward official registration in the National Agrarian 

Registry. This tenure security, and the real or perceived legitimacy and leverage that comes with 

the government’s recognition of environmental service provision, make the program attractive to 

communities, despite the limited financial benefits it affords. This analysis suggests that PES 

programs in Mexico City have not reduced informal urban land change or mitigated the 

opportunity costs of conserving peri-urban land. The benefit of PES participation lies in its 

implications for land tenure and leverage with the government. Participation in these programs, 

despite little economic benefit, illustrates that conservation is a political decision for these 

communities, as much as an economic or cultural one. Willingness to participate based on 

legitimacy, leverage, and land rights also speaks to the injustice of uneven development, rooted 

in the historically extractive relationship between agrarian communities in the Conservation 

Zone and the city (Pezzoli 2000; Tellman et al. 2018). PES programs are arguably a continuation 

of this extractive relationship: the primary beneficiaries of this program, and of these 

communities’ land stewardship, are the urban residents of Mexico City who get water, 

greenspace, cleaner air, and other environmental services from these lands, while enjoying 

benefits of urban economic development that have been denied to agrarian communities in the 

Conservation Zone. 

  

If, as our results suggest, the next generation of agrarian community members is not interested in 

farming, land stewardship, or communal participation, an important question arises: what is the 

future of these communities, their lands, and the environmental services they provide?  The 

economic, cultural, and generational shift that is happening now in agrarian communities may 

signal a major livelihood and cultural transformation for agrarian communities. This 

transformation suggests that the persistence of the institution of agrarian communities relies on 

adapting existing objectives, governance structures, and land uses. Institutional adaptation of 

agrarian communities is highly unlikely, however, considering that they are regulated by 

constitutional law. Mexico City’s current conservation policies have largely made these 

communities responsible for stewardship in the Conservation Zone and for providing 

environmental services; however, in the future the city may not be able to rely on them in the 

same way. If the government and city residents want to conserve these lands and the 

environmental services they provide, authorities might consider revising their policies. 
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Design Principles: What is Going Wrong? 

 

We identified at least four major areas where PES programs, as incentives for conserving 

agrarian community land in the Conservation Zone, violate design principles that have been 

found to be essential for protecting common pool natural resources (Ostrom 2005). The four 

main issues are: i) lack of sanctions; ii) lack of accessible dispute resolution, iii) inadequate 

group boundaries, and iv) lack of institutional fit. 

 

Sanctions—formal or informal—have rarely been enacted against people involved in selling 

land. Current policies largely punish those who directly change land use: the residents of 

informal settlements, but not the politicians, bureaucrats, community leaders, or community 

members who are also part of the land-change process. The lack of rule enforcement is related to 

ambiguous authority in the Conservation Zone, and unclear boundaries. 

 

There is no low-cost means for dispute resolution: establishing land tenure or fighting land 

violations through the formal, legal system is a long, complex, costly endeavor. Costly dispute 

resolution is part of why there is a lack of clear boundaries for land tenure. Yet, it is in these 

legal zones of uncertain ownership that informality flourishes, and certain actors can dominate 

the action arena and drive land decisions for personal gain. Interestingly, we found that PES 

programs can help clarify boundaries by legitimizing land tenure and land use, but this 

possibility has not impacted informal land-use change. 

 

As currently designed, Mexico’s PES programs are a poor “institutional fit” (Anderies and 

Janssen 2013) for achieving the objective of environmental services provisioning in peri-urban 

Mexico City. Current PES programs do not mitigate the opportunity costs of conservation in this 

context or match how, where, or why people sell land (economic need, generational change, and 

the livelihood transition away from agriculture). They ignore the role of brokers, politicians, and 

government authorities in informal land change and how they exploit the need for affordable 

housing for political and/or economic gain (Tellman et al. 2021). PES programs do nothing to 

change these actors’ incentives to change land use in the Conservation Zone. They do nothing to 

satisfy the need for affordable housing in Mexico City. 

 

 

Policy Recommendations and Future Research 

 

General Policy Recommendations for Peri-Urban Land-Use Management 

 

Based on this research, we propose the following general policy recommendations for addressing 

informal land change and protecting environmental services in Mexico City’s Conservation 

Zone. 

 

Reducing transaction costs to resolve tenure on both communal and private land will facilitate 

regularization and reduce informality. Until tenure is achievable in an affordable, timely manner, 

it is unlikely that the land market will be formalized; and it is unlikely that individual 

landholders, community members, and community organizations will follow or enforce rules 

around land use under the conditions of insecurity and uncertainty they face today.  
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Enforcing existing rules of land use, land change, and land sales on communal property is an 

important part of reducing informality. It may also be necessary to change the rules so that they 

are more appropriate to local needs and conditions. This change would include making rules 

explicit about what constitutes a violation and who should face the consequences. It may also 

include increased transparency. Residents of informal settlements now suffer the consequences 

of informality, but they have the least agency over land use in the Conservation Zone. Sanctions 

should instead be directed toward land sellers and government agencies with authority over land 

change.  
 

Urban authorities in local boroughs could be incentivized to protect conservation land with 

budgetary increases that support those goals. For example, the city could promote solar power 

and rainwater capture in informal settlements, distributed by local elected officials who could use 

these ecologically friendly forms of urban service provision as their political capital, instead of 

formal service provision (e.g. cement roads or water pipes). Funding support for citizen 

observation centers could help improve reporting and monitoring of public actors who may be 

engaging in clientelist practices or activities that damage conservation land. This support would 

contrast with existing political incentives that reinforce urban growth on conservation land and 

consolidation of existing settlements through titling and service provision.  

 

Urban policies and conservation policies could be more integrated to balance the need for both 

urban and conservation land for different populations in Mexico City. Currently, urban zoning 

set at the local (borough) level conflicts with the ecological zoning ordinances enforced by 

SEDEMA (PAOT 2010). Urban policies do not recognize or integrate the value of conservation 

land into local zoning policies. This overlapping and contradictory jurisdiction is one reason for 

ambiguous authority and limited regulation, which local brokers may exploit to sell land for 

urban growth (Aguilar and Santos 2011). On the other hand, conservation policies do not 

recognize urban policy needs, such as inadequate affordable housing, which puts pressure on 

conservation land. For example, some conservation land may need to be set aside to develop 

affordable housing to reduce the pressure of informal urban land markets on ecologically 

valuable land. 

 

Agrarian communities could have more autonomy to use their natural resources and to develop 

economically, both of which are severely limited under current restrictions. The limits on natural 

resource use have not only limited their economic opportunities but have likely contributed to the 

erosion of traditional culture and ecological knowledge. It may be a contributing factor in our 

finding about the lack of interest in land management and communal participation among the 

next generation of community members. Similar to the concept of the right to the city (United 

Nations 2017, p. 26), agrarian communities are among those who should have the “right to 

occupy, use, and produce just, inclusive, and sustainable” peri-urban spaces. This may include 

sustainable urban development and/or sustainable natural resource use. Allowing for sustainable 

use of these resources could reduce opportunity costs, create employment opportunities, build 

stronger ties to the land, and help maintain cultural traditions. Allowing sustainable urban 

development in these communities would facilitate economic development, help satisfy housing 

demand, and coupled with strategic planning and design, could lead to innovative urban forms 

with minimal environmental impacts.  
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Rule changes need to consider the cultural and economic changes that peri-urban agrarian 

communities are experiencing, and plan for the future. The next generation of ejidatarios and 

comuneros is more tied to urban livelihoods than the current generation; any new policies should 

consider these future landholders to be a key target population. 

 

Recommendations for PES Programs in Peri-Urban Contexts 

 

Our findings suggest that PES programs alone will not shift incentives to protect environmental 

services in a peri-urban context. However, in conjunction with the policy suggestions above, PES 

programs could be a potentially effective tool. The following recommendations may be useful in 

revising the PES programs to be more effective in peri-urban Mexico City. 

 

Reconsider program objectives. PES in the peri-urban context requires a program design that is 

adapted to the pressures of the informal land market. Rather than defining program objectives in 

terms of forest conservation, it could focus on ecosystem quality and enroll other types of 

ecosystems in addition to forests, such as agricultural lands, mountain grasslands, and even 

alternative urban forms (e.g., pervious surfaces). It could also target a more diverse set of 

participants, including residents. Program assessment should be changed to match objectives. 

 

Measure environmental service provision. Understanding which environmental services are 

provided where, and how much they provide, could be useful for developing place-appropriate 

policies.  

 

Address opportunity costs (see Perez-Campuzano et al. 2016). PES payments should mitigate the 

opportunity costs of conservation, reflect the true value of environmental services for the public, 

and the value of landholders’ land management and labor. This shift might be fairer to 

environmental service providers but would undoubtedly require a significant increase in program 

budget and may exacerbate concerns about crowding out. 

 

Future Research 

 

Future studies could expand on our spatial and institutional analysis to further illuminate how 

PES programs affect land-use dynamics in peri-urban Mexico City, in Mexico more broadly, and 

how environmental service provision could be effectively incentivized in this and other peri-

urban contexts.  

 

In Mexico City, specifically, more research is needed to assess the production and supply of 

hydrologic environmental services across the watersheds that supply the city with water and 

flood-mitigation services, which incorporate a larger land area than the Mexico City district 

itself. Policy attention and discourse have focused on informal urban growth in conservation land 

in the southern boroughs of the city (Lerner et al. 2018). However, at least four times as much 

formal urban growth has occurred in the state of Mexico in social housing programs (Salazar 

2014; Tellman et al. 2021). Measuring which environmental services are produced on which 

peri-urban lands across the watershed in the larger metropolitan area is essential for developing 

policies that conserve land and mitigate urban growth where it matters most.  
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Additional research in Mexico City is required to evaluate the impacts of PES programs, 

especially with a denser and longer time series of land changes, including deforestation, 

agriculture, and informal urban growth to increase the sample size in causal inference analyses. 

Additional modeling approaches that incorporate spatial lag effects of indirect land-use change 

could better address the concerns of spillover and leakage (e.g. Richards et al. 2014), as well as 

efforts to use non-linear distributions in fixed effects models (e.g. Allison and Waterman 2002).  

 

Finally, an expanded study of land prices in and near the Conservation Zone could improve the 

understanding of peri-urban land dynamics and Mexico City’s informal urban growth trajectory. 

 

More research is needed across Mexico to understand peri-urban PES programs and the future of 

agrarian communities in the current economy. Future research could expand on causal inference 

analysis to measure the effect of PES by incorporating a larger number of peri-urban agrarian 

communities. It could also be done by looking at other peri-urban contexts where the 

CONAFOR PES program has been applied, such as the northern Mexico City metropolitan area 

in the state of Mexico, and/or Monterrey, Nuevo Leon. More work is needed to explore the 

future of agrarian communities, in terms of both land management and as institutions in 

contemporary economic conditions.  

 

Other research has identified the need in Mexico to explicitly engage the tradeoffs of 

conservation and development in a globalized neoliberal economy (Newsham et al. 2018) that 

encourages urban migration and commodity agriculture. What is the future of the ejido in this 

context and will it adapt? Future work could examine the interest of the next generation of 

ejidatarios and comuneros in participating in community organization, in communal land 

management, farming, and conservation (of forests, wetlands, grasslands), and which (if any) of 

those skills the next generation has to maintain these organizations and lands. Given that 30% of 

Mexico’s land is under agrarian communal tenure and may be the primary land reserve for 

informal urbanization, the future of environmental management and environmental service 

provision near cities may depend on the successful adaptation of agrarian community 

institutions. 

 

More broadly, more work is needed to understand the social benefits and institutional enabling 

conditions for PES to mitigate urban land changes in peri-urban contexts. PES programs in rural 

contexts have influenced poverty alleviation, community capacity building, and social capital 

(Segura-Warnholtz 2014, Shapiro-Garza 2013), but do these findings hold in peri-urban spaces? 

While some studies have identified the biophysical conditions for urban PES (Tellman et al. 

2018b), studies on the institutional enabling conditions for PES programs make general 

recommendations that do not distinguish between rural and urban contexts (Huber-Stearns et al. 

2017). Given the distinct social-political infrastructure of cities (Eakin et al. 2017), conservation 

efforts such as PES programs (often now associated with “green infrastructure”) can address or 

exacerbate existing urban inequities depending on how they are implemented (see Meerow and 

Newell 2016).  
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Conclusion 

 

In conclusion, environmental service provision in and near cities will become increasingly 

important as the global population becomes more urban over time. Peri-urban communities and 

ecosystems will likely play an important role in providing those services. Considering the limits 

of our quantitative analysis, we can only speculate as to whether PES programs would 

effectively mitigate land-use change if applied directly to lands facing urbanization pressure. 

However, our qualitative results suggest that, unless peri-urban landholders are compensated at a 

rate competitive with the highest value of the land—urban use—and land-use regulations are 

enforced, PES programs may not be the best policy tool for land conservation in the peri-urban 

context. PES programs will face challenges where informal land change is common, and there 

are few consequences for breaking rules. However, if designed to meet the needs and conditions 

of peri-urban contexts, in conjunction with other congruent policies that address the political 

costs of conservation, PES programs could play an important role in ensuring that environmental 

services are provided now and in the future. 
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Appendix A: Agrarian Communities in Mexico City 

 

Agrarian 

community 

(Núcleo agrario) 

Type 

(Comunidad 

or ejido) 

Regist

ered 

with 

RAN? 

Total 

area (ha) 

# Hectares 

enrolled in 

CONAFOR PES 

most recently 

Years 

participating 

in CONAFOR 

PES 

# Hectares 

enrolled in 

SEDEMA 

PES 

Years 

participating in 

SEDEMA PES 

COLONIA 

HEROES DE 1910 
 

Ejido yes 4.79     

CUAUTEPEC Ejido  1203.70     

EL GUARDA O 

PARRES 

Ejido yes 284.77     

HUIPULCO Ejido       

LA CANDELARIA  Ejido yes      

LA MAGDALENA 
CONTRERAS 

Comunidad  yes 2367.09 2070.39 (2013) 2003-2017   

LA MAGDALENA 
PETLACALCO 

Ejido yes  251.26 (2012)    

LOS REYES Ejido yes 60.52     

MAGDALENA 

PETLACALCO 

Comunidad    2003-2017   

MILPA ALTA  Comunidad no 17,944   5000 2007-2017 

MIXQUIC Ejido yes 666.56     

SAN ANDRES 
TOTOLTEPEC 

Ejido yes 418.57 416 (2007)  146.20 2007-2017 

SAN ANDRES 

TOTOLTEPEC 

Comunidad no 399.33     

SAN BARTOLO 

AMEYALCO 

Ejido yes 445.21 254.69 (2016) 2004-2016   

SAN BERNABE 

OCOTEPEC 

Ejido no  28.21 (2007) 2004-2007   

SAN BERNABE 

OCOTEPEC 

Comunidad yes 454.86 274.67 (2014) 2014-2017 240.38 2007-2017 

SAN FRANCISCO 

TECOXPA 

Ejido yes 85.50     

SAN FRANCISCO 

TLALNEPANTLA 

Comunidad  yes  292.14 (2014) 2009-2014   

SAN FRANCISCO 

TLALTENCO 

Ejido yes      

SAN GREGORIO 

ATLAPULCO 

Ejido  476.19     

SAN JERONIMO 

ACULCO 

Ejido       
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Agrarian 

community 

(Núcleo agrario) 

Type 

(Comunidad 

or ejido) 

Regist

ered 

with 

RAN? 

Total 

area (ha) 

# Hectares 

enrolled in 

CONAFOR PES 

most recently 

Years 

participating 

in CONAFOR 

PES 

# Hectares 

enrolled in 

SEDEMA 

PES 

Years 

participating in 

SEDEMA PES 

SAN JERONIMO 

MIACATLAN 

Ejido  61.25     

SAN JUAN 

IXTAYOPAN 

Ejido  534.52     

SAN JUAN 

TEPENAHUAC 

Ejido yes 28.24     

SAN JUAN 

TLILHUACA 

Ejido       

SAN LORENZO 

TEZONCO 

Ejido  153.73     

SAN LORENZO 

ACOPILCO 

Comunidad yes 1610.37 783.54 (2017) 2006-2017   

SAN MARTIN 

XOCHINAHUAC 

Ejido       

SAN MATEO 

TLALTENANGO 

Ejido yes 2314.36     

SAN MIGUEL 

AJUSCO 

Comunidad yes 9969.10 2614.81 (2011) 2006-2017   

SAN MIGUEL 

TOPILEJO 

Comunidad yes   2452.51 (2016) 2011-2015 6000 2007-2017 

SAN MIGUEL 
XICALCO 

Ejido yes 108.89 20 (2008) 2008-2012   

SAN NICOLAS 
TOTOLAPAN 

Ejido  1984.60 1243.94 (2013) 2003-2017 1984.7 2007-2017 

SAN PEDRO 
MARTIR 

Ejido       

SAN PEDRO 
ZACATENCO 

Ejido  87.51     

SANTA ANA 
TLACOTENCO 

Ejido yes 373.95     

SANTA 
BARBARA 

Ejido yes      

SANTA 
CATARINA  

Ejido yes 345.55     

SANTA MARIA 
HASTAHUACAN 

Ejido  392.57     

SANTA MARIA 
TICOMAN 

Ejido yes 389.77     

SANTA MARTA 
ACATITLAN 

Ejido       
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Agrarian 

community 

(Núcleo agrario) 

Type 

(Comunidad 

or ejido) 

Regist

ered 

with 

RAN? 

Total 

area (ha) 

# Hectares 

enrolled in 

CONAFOR PES 

most recently 

Years 

participating 

in CONAFOR 

PES 

# Hectares 

enrolled in 

SEDEMA 

PES 

Years 

participating in 

SEDEMA PES 

SANTA ROSA 

XOCHIAC 

Ejido  28.13     

SANTA URSULA Ejido yes      

SANTIAGO 

ATZACOALCO 

Ejido yes      

SANTIAGO 

TEPALCATLALP

AN 

Comunidad yes 359.28 27.84 (2008) 2008-2012 150 2007-2017 

SANTIAGO 

ZAPOTITLAN 

Ejido       

SAN ANTONIO 

TECOMITL 

Ejido  1116.27     

TETELCO Ejido  444.10     

SAN PEDRO 

TLAHUAC 

Ejido  996.07  2007-2012   

TOMATLAN Ejido       

TOPILEJO Ejido yes 1368.11 2452.51 (2016)    

TULYEHUALCO Ejido yes 374.82  2008-2012   

 
Data sources: CONAFOR 2017, RAN 2017, SEDEMA 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 

2016, 2017 
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Appendix B: Participation in PES Programs in Mexico City’s Conservation Zone 

 

Figure 11 shows the total number of PES-participating agrarian communities in each year of the 

study period (2000-2015). Over time, 14 distinct communities have participated in the 

CONAFOR program, and six in the SEDEMA program. Five communities have participated in 

both programs at some point; that is, only one community (Ejido San Andres) participating in the 

SEDEMA program had never participated in the CONAFOR program. Participation peaked 

around 2007 for both CONAFOR and SEDEMA programs. 

 

Figure 11: Agrarian Communities’ Participation in PES Programs in Mexico City 

 

 
Note: Time series of agrarian communities that participate in each program by year.  

Source: Authors, with data from CONAFOR 2017, SEDEMA 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 

2015). 

 

Although the area enrolled in the SEDEMA PES program is consistent over the study period, the 

area enrolled in the CONAFOR program varies greatly for each community. Figures 12a and 12b 

show a time series of hectares enrolled in the program per community over time. 
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Figure 12a (top) & 12b (bottom): Time series of hectares enrolled in the CONAFOR PES 

program 

 

 
 

 
 
Source: Authors, with data from CONAFOR 2017 
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Appendix C: Spatial Data for Causal Inference Analysis 

 

Data on Land Change and Program Participation 

 

Data were collected on urban settlement growth and participation in PES programs (CONAFOR 

and SEDEMA programs) from 2000-2015 for agrarian communities in Mexico City. 

 

We analyzed the 43 agrarian communities whose lands overlap with the Conservation Zone in 

Mexico City. These represent the legal boundaries estimated by retracing polygons from official 

documents in the Diario Oficial, or as estimated by community members when the legal borders 

have yet to be defined (Milpa Alta, Comunidad San Andres Totoltepec). Every effort was made 

to adjust polygons to remove areas that have been expropriated in regularization processes (data 

from CORETT, hand digitized from 281 paper maps by Tellman, see Tellman 2021). There were 

five expropriations between 2000-2016. However, these occurred on lands that have long been 

urbanized and thus did not affect our analysis. We assume ejido boundaries to be “stationary” for 

the purpose of this analysis. 

 

We measured informal urban settlements in the conservation zone using a dataset from 

SEDEMA regarding spatial information on urban growth since 2000 (available at Tellman 

2021). This dataset was used because though Landsat 30m resolution data exists from 1992, the 

data from 1992-2000 did a poor job of characterizing informal settlements by underpredicting 

them. We found the SEDEMA dataset to be a much better representation of informal urban 

dynamics. The polygons were hand-drawn by analysts at SEDEMA using very high resolution 

(2m or better) imagery.  

 

The main drawback of the SEDEMA urban change data is that it captures all existing urban 

growth at the year 2000, and measures additional growth in years 2005, 2008, 2010, 2011, 2012, 

and 2015. Thus, we had to assume urban annual “rates” from these data to analyze the time 

series by dividing the measurement by t2-t1 (t2 being the current year, and t1 being the previous 

year of measurement). Thus, urban growth measured in 2005 (which captures new growth from 

2000-2005) was divided by 5, so we could assume an average annual growth in hectares per 

year. Data measured in 2008 was divided by 3, data in 2010 divided by 2, etc. Thus, we had a 

time series of six data points over which to assess change in assumed “annual” urban growth. 

 

To address potential selection bias into these programs, we calculated for each community: 

i.  Total forest cover in the year 2000, using 25% tree cover as a threshold from Hansen et 

al. 2013 

ii.  Existing urban land in the year 2000, by combining an estimate from urban cover in 

2000 in 30m Landsat data using the algorithm in Goldblatt et al. 2018 plus informal 

urban growth from SEDEMA (available at Tellman 2021). 

iii. “Urbanizable” land, calculated by estimating all area in the community that had not been 

urbanized but had < 25-degree slope (from the 5m LiDAR DEM of Mexico City, INEGI 

2011). We assumed that above that degree of slope, it is exceedingly difficult to urbanize 

land. This value has been used in other land change research and was discussed with local 

experts (Jin et al. 2015). 
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Figures 13, 14, and 15 depict the top 10 communities for each indicator, with bars colored for 

those participating in the CONAFOR PES program and outlined for those participating in the 

SEDEMA program. NOTE: Topilejo refers to the Ejido Topilejo and La Magdalena Contreras to 

Comunidad Magdalena Atlitic. 

 

Figure 13: Forested HA (in year 2000) in PES and Conafor programs 

 

 
Source: Authors. 
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Figure 14: Urbanizable area in 2000 for communities participating in PES programs 

 

  
Source: Authors 

 

 

Figure 15: Urbanized area in 2000 for communities participating in PES programs 

 

 
Source: Authors 
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These graphs show that most large communities (in terms of number of hectares) with intact 

forested area were participating in PES programs. These communities also had the largest areas 

of urbanizable land in terms of slope (i.e., the land is not too steep to develop). PES programs 

targeted the communities we expected to participate: those with forested land and large 

urbanizable areas. However, several communities stand out as having large areas prone to 

urbanization in the year 2000 that do not participate in these programs. For example, Ejido San 

Mateo Tlaltenango and Ejido San Antonio Tecomitl have well over 1,000 ha of territory that 

could be feasibly (albeit informally) urbanized but are not enrolled in PES programs. 
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Appendix D: Causal Inference Methods and Results 
 

Methods 
 

The impact of PES programs is typically assessed via several causal inference methods or a 

combination of methods: matching, difference in the differences (DID), or fixed effects panel 

econometrics. Some recent studies suggest combining matching with DID for best results 

(Arriagada et al. 2012; Ferraro and Hanauer 2014). We attempted a matching procedure for the 

communities participating in the CONAFOR and/or SEDEMA PES programs, based on the 

potential bias variables described above (urban area in 2000; Tellman 2021), urbanizable area, 

and forest cover (Hansen et al. 2013) as well as slope (INEGI 2011) and area. This method 

proved untenable in part due to the small sample of agrarian communities in Mexico City’s 

Conservation Zone, and in part because the communities that participate in PES programs tend to 

be large, with large, forested areas; very few communities with large areas of forest are not 

already participating in these programs. Thus, we proceeded with a DID model without 

matching, using all the observations and community-years (# of communities * # of years) 

available. 
 

Fixed effects panel econometrics were employed to control for any community level factors that 

might influence the impact of PES on urbanization outcomes. We used the plm package 

(Croissant and Millo 2008) for computation in R. 
 

Y was the total number of hectares of urbanized area normalized by the “urbanizable” area for 

that community per year(t), per community(i). Gamma represented the time-fixed effect, and C 

represented the community-fixed effect. This method allowed us to control for all the variation 

explained by factors specific to each community, and to investigate the effect specifically of the 

policy, in this case PES programs. 
 

DID Results 
 

Urban growth data is heavily skewed towards zero and violates the linear assumptions of DID 

and fixed effects models. As a result, model fits were highly heteroskedastic, and fits decreased 

as urban area increased. We used robust standard errors to help correct for this situation, but the 

coefficients may be biased, and standard errors require adjustment with non-linear modeling. 

Future work may need to incorporate zero-inflated non-linear modeling approaches. We report 

results from linear models here. 
 

DID results (Table 3) using the ratio of urban growth as a proportion of urbanizable land shows 

communities that participate in the SEDEMA program (and the subset of five communities that 

participate in both programs) have significantly higher urban growth over 2005-2015 (see 

EVERSEDEM and BOTH variables, which code for communities that have participated in PES 

programs at any one time). 
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Table 3: Results of Difference in the Differences (DID) Analysis  
 

 Dependent variable: 

  

 OLS coefficient OLS coefficient OLS coefficient 

  test  test  test 

 Conafor Conafor robust Sedema Sedema robust both both robust 

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

 

Year -0.0054556** 

(0.0021296) 

-0.0054556** 

(0.0021350) 

-0.0052994** 

(0.0021140) 

-0.0052994*** 

(0.0019633) 

-0.0045112** 

(0.0021329) 

-0.0045112** 

(0.0020401) 

CONAFOR 0.0299619 

(0.0209585) 

0.0299619 

(0.0250393) 

    

EVERCON 0.0010036 

(0.0194366) 

0.0010036 

(0.0234958) 

    

SEDEMA   -0.0042008 

(0.0268132) 

-0.0042008 

(0.0316526) 

  

EVERSEDEM   0.0630649** 

(0.0250960) 

0.0630649** 

(0.0311678) 

  

BOTH     -0.0707429* 

(0.0405690) 

-0.0707429 

(0.0654230) 

Both     0.1141236*** 

(0.0360072) 

0.1141236* 

(0.0614558) 

Constant 11.0244800** 

(4.2808390) 

11.0244800** 

(4.2937870) 

10.7077300** 

(4.2492640) 

10.7077300*** 

(3.9486700) 

9.1249860** 

(4.2875630) 

9.1249860** 

(4.1030500) 

 

Observations 198  198  198  

R2 0.0508309  0.0903877  0.0959254  

Adjusted R2 0.0361530  0.0763216  0.0819448  

Residual Std. 

Error (df = 194) 

0.0937847  0.0918098  0.0915299  

F Statistic (df = 

3; 194) 

3.4630970**  6.4258950***  6.8613530***  

 

Note: *p**p***p<0.01 

Source: Authors. 
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Table 4: Results of the Fixed Effects Model 
  

 

 Dependent variable: 

  

 panel coefficient panel coefficient panel coefficient 

 linear test linear test linear test 

 CONAFOR CONAFOR 

robust 

SEDEMA SEDEMA robust both both robust 

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

 

CONAFOR 0.0091251 

(0.0226375) 

0.0091251 

(0.0271958) 

    

SEDEMA   -0.1087259*** 

(0.0353472) 

-0.1087259** 

(0.0495570) 

  

BOTH     -0.0414795 

(0.0317406) 

-0.0414795 

(0.0309804) 

 

Observations 198  198  198  

R2 0.0010273  0.0564991  0.0106932  

Adjusted R2 -0.2455545  -0.1763903  -0.2335027  

F Statistic (df = 

1; 158) 

0.1624873  9.4614280***  1.7077940  

 

Note: *p**p***p<0.01 

Source: Authors. 
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It is common in policy analysis to test a policy’s effect over time because the effect can be 

ephemeral. This test is done by “lagging” the dependent variable, in this case, urbanization. 

Essentially, this lagging would measure whether, if the PES program is implemented at time 1, it 

continued to reduce urban growth at time 2, or in following periods. Table 5 shows these results. 

 

Table 5: Lag Effects of PES on Urban Growth 

 
 Dependent variable: 

  

 panel coefficient panel coefficient panel coefficient 

 linear test linear test linear test 

 CONAFOR CONAFOR 

robust 

SEDEMA SEDEMA 

robust 

both both robust 

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

 

CONAFOR 0.0261071 

(0.0244892) 

0.0261071 

(0.0275152) 

    

SEDEMA   0.1085944*** 

(0.0377406) 

0.1085944** 

(0.0453684) 

  

BOTH     0.0790863** 

(0.0347104) 

0.0790863** 

(0.0359948) 

 

Observations 197  197  197  

R2 0.0072326  0.0503982  0.0322063  

Adjusted R2 -0.2473232  -0.1930895  -0.2159459  

F Statistic (df = 

1; 156) 

1.1364990  8.2793770***  5.1913850**  

 

Note: *p**p***p<0.01 

  

 

  

Source: Authors. 
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Appendix E: Methods for Qualitative Analysis   

 

To identify the rules-in-use for land change, we conducted 66 semi-structured face-to-face 

interviews with people involved in land decisions in the Conservation Zone: government 

officials; agrarian community members and leaders; and residents of informal settlements from 

the four case studies. The study received ethical approval under IRB#STUDY00007730 at the 

Institutional Review Board Office of Arizona State University. Participants were identified from 

government websites, at community events, and through snowball sampling. The interviews 

were completed between November 2017 and November 2018. They were conducted in Spanish, 

individually (21 interviews), in pairs (4 interviews), and in groups of three to six people (9 

interviews). They typically lasted from one to two hours.  

 

Total number of participants: 66 

 

● Government officials: 28 

● Agrarian community leaders (current or former): 10 

● Agrarian community members/landholders: 26 

● Residents of informal settlements: 6 

● Land sellers: 1 

Number of participants from each case study: 

● San Andres Totoltepec: 11  

● San Antonio Tecomitl: 10 

● San Nicolás Totolapan: 8 

● Santiago Tepalcatlalpan: 5 

We asked participants about the motivations behind land decisions; their role (or the role of the 

agency/community they represented) in the action situation (Ostrom 2011) for land use in the 

Conservation Zone; their information, control, and payoffs (costs and benefits) for different land-

use outcomes; and how PES programs have (or have not) affected those factors. With 

participants’ permission, we audio-recorded interviews. The audio files were transcribed and 

qualitatively coded in MAXQDA 12 software (VERBI GmbH 2016) by one team member 

(Bausch), using inductive and deductive codes (Bernard, 2011). The variables of the institutional 

matrix served as deductive codes (information, control, payoffs); these were then inductively 

coded with theme identification (Ryan and Bernard 2003). Bausch inductively coded motivations 

for land decisions and the effects of PES programs. 
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Appendix F: Institutional Matrix for Action Arena of Community Land in Mexico City’s 

Conservation Zone 

 

 

Table 6. Institutional Matrix 

 

Effects of PES are noted in blue text. 

Italic text: authors’ speculation, or what other participants say about this type of actor 

Actors (# we 

have 

interviewed) 

Level of 

Information 

Level of 

Control 

Payoffs: 

conserving 

Payoffs: 

farming & 

grazing 

Payoffs: 

selling/ 

urbanizing  

Payoffs: 

settlement 

removal 

(desalojo) 

Agrarian 

community 

leaders 

(N= 10) 

Medium- low 
 

+ increased 

information 

from reports 

Medium- 

low 

+Legitimacy of 

community & 

land tenure; 

attract funding 

for legal 

development 

options; preserve 

communal 

landscapes & 

natural resources 
 

+increased 

legitimacy & 

leverage w/ 

govt.; funding for 

projects & jobs in 

community 

-transaction costs 

of enrolling/ 

complying with 

program 

+Maintain 

tradition, 

culture  

+$$ to self from 

rent-seeking 

opportunities 

(e.g., bribes) 
  
- generate 

distrust among 

members 

+ Recuperate 

communal 

territory 
 

- may harm 

community 

members; Lose 

rent-seeking 

opportunities 

Agrarian 

community 

members 

(N=26) 

Low Medium- 

low 

+Tradition, 

culture, preserve 

communal 

landscapes & 

natural resources 
  
Potential income 

from govt. 

conservation 

supports to 

community & 

ecotourism 

businesses 
 

+ seasonal 

employment for 

some members, 

small annual 

financial gain 

+ Tradition, 

culture, food 

security, small 

income 
 

- crop theft; 

high labor, low 

financial return; 

fear of invasion; 

do they have an 

interested heir?  
  
Potential $$ 

from ag 

programs; 

maintain right 

to parcel & 

other benefits of 

community 

membership 

+ $$ from land 

sale (probably 

low because 

need to sell 

quickly) 
 

- May face 

social sanctions; 

potential of 

losing agrarian 

rights; potential 

to face legal 

sanctions if 

proven illegal 

behavior (rarely 

enforced)  

+ Recuperate 

communal 

territory 
 

- May be 

harmed if they 

or family lives 

in informal 

settlement 
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Actors (# we 

have 

interviewed) 

Level of 

Information 

Level of 

Control 

Payoffs: 

conserving 

Payoffs: 

farming & 

grazing 

Payoffs: 

selling/ 

urbanizing  

Payoffs: 

settlement 

removal 

(desalojo) 

Residents of 

informal 

settlements 

(N=6) 

Low Low None None + Affordable 

housing 

- Fines, difficult 

access to 

services 

- Lose home 

Brokers 

(some are 

community 

members) 

(N=1) 

High Medium +Some cultural 

benefit 

  

Potential income 

from ecotourism 

businesses 

+low relative to 

selling land 

+$$ from land 

sale, higher 

financial gain  

- may face 

social sanctions, 

lose 

agrarian rights 

None 

SEDEMA 

(CORENA, 

DGVA) 

(N=3) 

High 
 

+More 

information 

from 

reporting  

Medium- 

low 

 

 

Their mandate by 

law 
 

+incentives for 

communities to 

conserve land; 

increased 

environmental 

awareness among 

landholders 

None, unless 

causing 

deforestation 

(which makes 

them look bad) 

- Failure to 

complete their 

mandate, looks 

bad politically 

Responsible 

for carrying 

out (if 

commission 

approves), but 

can’t 

recuperate 

ecosystems 

City 

Boroughs  

(N =14) 

Medium- 

high 

Medium- 

low 

None +votes for 

political party, 

minor 

mechanism for 

economic 

development 

+votes for 

political party 

 

Potential new 

tax base if 

regularized 

 - lose potential 

tax payers & 

voters; rent-

seeking 

opportunities. 

Can request 

but do so 

rarely 

Govt. 

incentive & 

support 

providers 

(CONAFOR, 

SAGARPA, 

INSUS, 

SEDEREC) 

(N=7) 

Medium- low Low +Administering programs/incentives as mandated, 

related to conservation, agricultural, or housing 

objectives. 

+Cultivate political relationships with communities for 

votes for respective political party 
 

-Some mandates conflict (e.g., federal rural housing 

programs may encourage urbanization on conservation 

land) 

None 

Source: Authors. 
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Appendix G: Environmental Reports Filed with the PAOT  

 

The PAOT (Procuraduría Ambiental y del Ordenamiento Territorial) is Mexico City’s Legal 

Office for the Environment and Territorial Ordinance, created by the city’s Environmental Law 

(Ley Ambiental del Distrito Federal, 2000). It formally came into existence in 2001. This office 

receives reports (denuncias) on environmental violations (delitos ambientales) and forwards 

them to the appropriate authority. Figure 16 shows the number of reports that the PAOT received 

each year from 2000-2015, which pertain spatially to the Conservation Zone, natural protected 

areas, and areas of high environmental value.  

 

Figure 16: Time Series of Environmental Reports filed with the PAOT 

 

 
Source: Authors, with data from PAOT 2018 

 

This figure shows an observable increase in 2010 in reporting pertaining to natural protected 

areas, and areas of high environmental value, which may be related to agrarian communities’ 

participation in PES programs, particularly the SEDEMA program. The spike in reporting in the 

Conservation Zone in 2010-2011, however, is clearly anomalous. It could be related to the 

increase in informal settlements observed in the spatial analysis, which, as noted in the 

discussion, is correlated with an election (see Tellman 2019). 

 

We did not analyze the content of each report to assess the extent to which they pertain to 

environmental services and/or land change. This could be a key next step toward understanding 

the effect of PES programs in the Conservation Zone.  



 

Page 62 

 

Appendix H: Average Urbanized Area per Year for Agrarian Communities in Xochimilco 

and La Magdalena Contreras 

 

 

Figure 17. Average Urbanized Area per Year  

 

 
 
Source: Authors, with data from SEDEMA, available at Tellman 2021. 

 


