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ABSTRACT  1 

Conservation managers are often expected to achieve both environmental protection and 2 

economic development even when there are fundamental tradeoffs between these goals. 3 

Adaptive management provides a theoretical structure for program administrators to balance 4 

social priorities in the presence of tradeoffs and to improve conservation targeting. We illustrate 5 

the importance of adaptive policy management for improving program targeting using the case 6 

of Mexico’s Federal Payments for Hydrological Services program (“PSAH”). We first document 7 

adaptive elements of PSAH management and changes in program eligibility and selection criteria 8 

that were made in response to feedback loops. To evaluate how these changes influenced 9 

enrollment outcomes, we compare the ecological and social characteristics of the land enrolled in 10 

the program to all forested land in Mexico, all eligible land, and all applicant land. Our analysis 11 

shows that the program successfully enrolled areas of both high ecological and social priority, 12 

and that, over time, adaptive changes in program eligibility and selection criteria led to increased 13 

enrollment of land scoring high on both dimensions. Qualitative analysis of the policy process 14 

suggests three factors that facilitated adaptive management in Mexico and are likely to be 15 

generally important for conservation managers: a supportive political environment including 16 

financial backing and encouragement to experiment, the availability of relatively good social and 17 

environmental data, and active participation in the review process by stakeholders and outside 18 

evaluators.  19 

 20 

 21 

  22 
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INTRODUCTION  23 

Managers of payments for ecosystem services (PES) programs are increasingly expected 24 

to achieve both environmental protection and economic development, although in many cases 25 

there are fundamental tradeoffs between these two goals. Efforts to preserve valuable ecosystems 26 

will be most effective if they target areas with the highest risk of loss (Shogren et al. 1999), but 27 

these lands are often also the most productive and are owned by middle- or high-income 28 

landowners. Targeting of conservation payments based on environmental goals alone may 29 

therefore exacerbate the unequal distribution of wealth (e.g., Pagiola et al. 2005, Jack et al. 2008, 30 

Wunder 2008). Conservation practitioners concerned about social objectives thus need 31 

management tools that can help to balance multiple priorities. Further, given the complex and 32 

dynamic nature of both threats to ecosystems and social objectives, these management tools must 33 

be able to respond to new evidence and improve targeting over time. 34 

Adaptive policy management potentially provides such a structure by treating policy 35 

choices as deliberate experiments, requiring a continuous loop of program design, 36 

implementation, monitoring and evaluation, and redesign in response to evidence and 37 

stakeholder feedback (see “Adaptive Management” section). Yet despite a rich theoretical 38 

literature, there is little empirical evidence that adaptive policy management works in practice to 39 

improve conservation management. We illustrate the importance of adaptive policy management 40 

for achieving enrollment of lands of high social and ecological priority using the case of 41 

Mexico’s Federal Payments for Hydrological Services program (“PSAH”, Figure 1). The 42 

program is implemented by the Mexican National Forestry Commission (CONAFOR) and 43 

compensates landowners for maintaining forest cover on their land under five year contracts. 44 

Mexico’s program is an important case as it is common in developing countries for payments for 45 
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ecosystem services programs to have dual responsibility for conservation and rural poverty 46 

alleviation (Pagiola et al. 2005, Muradian et al. 2010). 47 

MEXICO’S PSAH AND ADAPTIVE MANAGEMENT 48 

Program goals and structure  49 

Mexico’s PSAH program is one of the first and largest efforts to implement a national-50 

scale payments for ecosystem services program (Figure 1, SI Table S1). The program began in 51 

2003 with the primary goal of conserving forests in order to improve water quality and quantity 52 

for downstream communities and secondary social goals of maintaining rural incomes and 53 

reducing poverty. Between 2003 and 2010, more than 3,300 properties were enrolled in the 54 

program, with a total area of over 2.3 million hectares.  55 

The program provides enrolled landowners with annual payments contingent on 56 

maintaining forest cover. Landowners apply voluntarily and parcels selected from those eligible 57 

for the program are enrolled for five years under a single contract. Until 2010, payments were 58 

offered on a two-tier scale of approximately US $36 / ha for cloud forest and US $27 / ha for 59 

other forest types. Cloud forest payments were higher due to this forest type’s perceived greater 60 

ability to provide hydrological services (Muñoz-Piña et al. 2008). In addition to per-hectare 61 

payments, the program encourages sustainable forest management by requiring and providing 62 

funds to hire technical advisors to deliver training and create forest management plans. Both 63 

individually-held lands and communal properties are eligible for the program and recipients 64 

choose freely how to spend the funds they receive.  65 

Adaptive management 66 
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Adaptive management provides a framework that treats policy as a deliberate experiment 67 

and responds to changing conditions using the best available evidence (Halbert 1993, Folke et al. 68 

2005). Originally developed to manage uncertain and complex ecological systems (Holling 1978, 69 

Walters 1986, Walters and Holling 1990), adaptive management theory has since been extended 70 

to policy processes governing combined social and ecological systems and co-managed or 71 

community-based conservation (Berkes et al. 2000, Folke et al. 2005, Rist et al. 2012, Westgate 72 

et al. 2013).  73 

Little consensus exists on the exact definition of adaptive management. Early literature 74 

emphasizes flexibility, defining adaptive management as “learning by doing” or “management 75 

by experiment” (Walters 1986, Walters and Holling 1990), while some more recent writings 76 

stress the importance of “systematic acquisition and application of reliable information” 77 

(Wilhere 2002 p. 20, Williams 2009). Still, three defining features are consistent: experimental 78 

program design, systematic monitoring and evaluation of impacts, and continuous redesign of 79 

policy in response to evidence and feedback from stakeholders (Halbert 1993, Gunderson 1999, 80 

Wilhere 2002, Folke et al. 2005, Nie and Shultz 2012, Rist et al. 2012, Westgate et al. 2013). 81 

Although there has been extensive theoretical research on adaptive management, there 82 

are few empirical assessments of its implementation, particularly in middle-income and 83 

developing countries. Early adaptive management literature focused on fisheries in Australia 84 

(Peterman and Peters 1998, Lee 1999) and the United States (Lee 1999). More recently, adaptive 85 

management has been applied to management programs in the Florida Everglades, forests in the 86 

Pacific Northwest, and riparian habitat in the Grand Canyon (Halbert 1993, Lee 1999, NRC 87 

2004, Nie and Schultz 2012). Studies of implemented adaptive management programs are still 88 

relatively rare. Recent reviews find that only 5-13% of the literature has focused on actual 89 
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adaptive management programs, rather than theoretical discussions (McFadden et al. 2011, Rist 90 

et al. 2012, Westgate et al. 2013). There is, then, a need for further study to examine the 91 

conditions under which implementation can be successful.  92 

Elements of adaptive management in PSAH 93 

To our knowledge, program managers in Mexico did not use the term “adaptive 94 

management” to describe their management approach. Nevertheless, the program did have the 95 

three key elements of adaptive management identified above. To categorize changes in the 96 

eligibility and selection criteria for the PSAH program, we reviewed annually published rules of 97 

operation from CONAFOR. We also interviewed key actors at multiple levels who had been 98 

involved in the policy process and reviewed previous literature (see SI).  99 

First, PSAH incorporated elements of experimental program design. Although PSAH was 100 

initially proposed as a pilot program in order to allow for experimentation, it was scaled-up 101 

immediately to a nationwide level due to enthusiasm within the government. However, the 102 

earliest cohorts of the program were fairly small and expansion of the program over time 103 

depended on results from earlier cohorts. In this sense, the first years of the program were used 104 

as experiments, though without formal randomization. In addition, program design was highly 105 

participatory from the start. A multi-stakeholder advisory committee included representatives of 106 

ecosystem services user and provider groups, different government agencies, and civil society 107 

organizations involved in environmental issues and rural development. As one civil society 108 

member of the original oversight committee explained, the purpose was to generate “a dialogue 109 

that combined the experience of government agencies and civil society organizations to create a 110 

program with real impact” (Shapiro-Garza 2013, p 142).   111 
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Adaptive management also requires systematic monitoring and evaluation of impacts and 112 

use of the results to inform changes to policy design in a continuous feedback loop. In the case of 113 

PSAH, program rules were revised each year by the implementing team at CONAFOR and 114 

reviewed and approved by the CONAFOR central administration. During the rule revision 115 

process, input was sought from outside groups, including state program administrators and the 116 

multi-stakeholder committee. In addition, CONAFOR was mandated by law to conduct annual 117 

external evaluations of their programs, which have been carried out by outside universities and 118 

consultants since the program began.  119 

Finally, adaptive management needs progressive redesign of policy according to 120 

feedback from stakeholders and evaluations of program functionality and impacts. Over time, 121 

CONAFOR made multiple changes in response to critiques from stakeholders. In the first years 122 

of the program (2003-2005), eligible land was required to be upstream from urban centers or 123 

inside priority mountain areas, to be above overexploited aquifers, and to have > 80% forest 124 

cover (Table 1). The eligible zones were small (Figure S1), and within the universe of eligible 125 

applicants, priority was given to those with more forest cover.  126 

This system was criticized for not enrolling enough areas at high risk of deforestation and 127 

not reaching enough economically and socially marginalized communities. In response, PSAH 128 

program managers expanded the eligible zones (Figure S1, Table S3), allowed applications from 129 

smaller landholders, and changed the selection system. In order to increase the accuracy and 130 

transparency of the selection process, they created a new system in which they assigned points to 131 

applicants based on multiple criteria including risk of deforestation, surface water scarcity, and 132 

location in a majority indigenous or high poverty municipality. The points system has allowed 133 

flexibility in setting priorities and introducing new criteria over time (Table 1). 134 
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In addition, civil society organizations argued that the initial rules on forest use were too 135 

prohibitive and that the 80% forest cover rule excluded some lower density forest types of high 136 

conservation value. Starting in 2006, CONAFOR lowered the requirement to 50% forest cover 137 

and put more emphasis on active and sustainable forest management activities. The new rules 138 

required participants to develop forest management plans and conduct forest management 139 

activities and provided funding for technical assistance contractors and local coordinators. 140 

Finally, one of the initial goals of the program was to induce independent markets for 141 

hydrological services. This goal was based on the idea that payments would be more sustainable 142 

in the long run if they came directly from local, downstream hydrological services users (Pagiola 143 

et al. 2002, Muñoz-Piña et al. 2008). However, after the initial 5-year contract period, few 144 

independent markets had formed. In response to pressure to continue contracts while still 145 

encouraging the development of local markets, CONAFOR allowed renewal and implemented a 146 

series of rules to encourage clustering of applicants within watersheds. In 2006, they assigned 147 

higher points to applicants with a pending contract with buyers; in 2007 they gave extra points 148 

for adjacent applicants who applied jointly, and in 2010 they gave extra points for landowners 149 

within watersheds where there are local PES schemes supported by a CONAFOR matching 150 

funds program (see Table 1).  151 

CONAFOR faces a constant balancing act in trying to meet program goals, and not all 152 

changes have been retained over time. For instance, in 2009, parcel eligibility sizes were again 153 

increased, encouraging group applications in order to reduce transaction costs. At the same time, 154 

the maximum amount of land that could be enrolled by private property landowners, who tend to 155 

be wealthier, was reduced. In 2010, CONAFOR stopped expanding the eligible zones and began 156 

to downsize and re-prioritize them. In addition, the payment system transitioned from a flat-rate 157 
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payment system to one with flexible dynamic levels based on local context, including forest 158 

types and the opportunity cost of foregone land conversion.  159 

METHODS 160 

The goal of our quantitative analysis was to determine whether the program enrolled 161 

lands of ecological and social significance and to understand how the changes in the PSAH 162 

eligibility and selection rules described above affected the types of land enrolled. We analyzed 163 

program enrollment using two data configurations (see SI for details). To evaluate targeting 164 

outcomes overall from 2004-2010 and changes in the types of land eligible for the program, we 165 

selected a random sample of areas from within the boundaries of all applicants to the program 166 

and within all forested areas of Mexico (Figure 2, Table S3, S4). To evaluate how changes in 167 

program management led to changes in selection within the available applicants, we analyzed 168 

environmental and social land characteristics for all enrolled and applicant parcels from each 169 

program cohort (Figure 3, Table S5).  170 

RESULTS 171 

PSAH enrolled land with high environmental and social priority 172 

Figure 2 shows a comparison of characteristics of ecological and social concern for the 173 

lands enrolled in the program, lands within applicant parcels, and lands within all forested areas 174 

in Mexico. Overall, from 2004-2010, CONAFOR has successfully recruited and enrolled areas 175 

of environmental concern and with high importance for hydrologic services. Relative to all 176 

forested lands, enrolled PSAH lands are more frequently located within overexploited aquifers, 177 

priority mountain areas, and protected natural areas. The mean surface water availability for 178 

PSAH lands is lower than that for all forested lands and PSAH lands are on average closer to 179 
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localities with a population over 5,000, where demand for hydrologic services is high. With 180 

respect to forest type, we find patterns consistent with the program’s goal of enrolling more 181 

cloud forest, which was based on the perceived hydrologic importance of this forest type. 182 

Enrolled parcels on average have more cloud forest than all forested areas (0.16 standard 183 

deviations) or applicant areas (0.06 standard deviations).  184 

With respect to the risk of deforestation (measured by INECC’s version 1 index), our 185 

analysis indicates some success in selecting high risk areas among those who apply, but that the 186 

program could do more to attract high risk areas to the applicant pool. As shown in Figure 2, the 187 

mean risk of deforestation index for all enrolled PSAH lands is 2.49 (out of 5), which is slightly 188 

greater than the mean for applicant lands (a difference of 0.03 standard deviations) but less than 189 

the mean for all forested lands (2.85). However, the classifications of deforestation risk have 190 

only been used as a priority criterion for selection since 2006, so overall means for 2004-2010 191 

obscure the improvements in targeting to high-risk areas in more recent years (discussed below). 192 

We also evaluate deforestation risk by assessing associated characteristics. Steeper slopes, high-193 

elevation areas, and areas further from major localities are generally at a lower risk of 194 

deforestation due to the difficulty of converting land to agriculture, grazing, or forestry (Alix-195 

Garcia et al. 2008, Muñoz-Piña et al. 2008). PSAH lands have a mix of these characteristics: they 196 

are at higher elevation and slope than all forested areas, but tend to be closer to major localities. 197 

Our analysis also indicates successful targeting on the basis of social priorities (Figure 2). 198 

The mean municipal poverty index (from CONAPO) for PSAH lands is slightly higher than the 199 

national average for all forested lands and all applicant lands, and enrolled lands are almost 0.2 200 

standard deviations more likely to be located in municipalities with a majority indigenous 201 

population than all forested lands. In addition, PSAH enrolled areas are substantially more likely 202 
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to be in communally held properties than forests at large or applicant lands. Since on average 203 

households in common properties are less well-off than private landowners, this indicates 204 

reasonable success overall in targeting more marginalized areas. 205 

Adaptive management improved both environmental and ecological targeting 206 

To analyze enrollment outcomes over time, we examined the same environmental and 207 

social characteristics for the eligible zones in each year and for each program cohort from 2004 208 

to 2010 (Figure 3, Table S3, S5). The results indicate that over time, changes in program 209 

targeting criteria generally increased the enrollment of lands scoring high in terms of both 210 

ecological and social priority. 211 

With respect to the risk of deforestation among enrolled parcels, the distribution shifts 212 

right (Figure 3) and the index values increase by 0.08 points per year on average (Table S5). The 213 

largest increases follow the substantial rule changes introduced in 2006. The average slope and 214 

elevation of enrolled properties also decrease significantly across time, indicating enrollment of 215 

higher-risk properties (Table S5). Similarly, we find significant increases in the enrollment of 216 

higher poverty areas over time (Figure 3, Table S5), with an average increase of 0.078 in the 217 

municipal poverty index per year. As with deforestation risk, there are significant shifts in the 218 

distribution of municipal poverty which are concentrated in the post-2006 period (Figure 3). 219 

Examining the characteristics of the eligible zones across time (Table S3) and of 220 

differences between program applicants and enrolled parcels (Table S5) indicates that these 221 

improvements are due to changes in both eligibility and selection criteria. With respect to the 222 

eligible zones, mean values for the risk of deforestation within these zones increased over time 223 

(by 0.105 points per year), indicating efforts to recruit applications from areas of higher risk 224 

(Table S3). The mean values of the poverty index within each year’s eligible zones also 225 
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significantly increased over time (0.088 points on average), with the largest jump from 2006 to 226 

2007, high levels in 2008 and 2009, and a decrease in 2010. The likelihood of an eligible area 227 

being within a majority indigenous municipality or a common property also significantly 228 

increased over time (Table S3). 229 

With respect to selection from within the applicant pool, the differences in deforestation 230 

risk between accepted and applicant properties were generally negative in the early years of the 231 

program but positive after 2006 (Table S5), indicating increasing efforts to select higher risk 232 

properties over time. The difference in poverty indices between accepted and all applied 233 

applicants also increased in the later years of the program (Table S5), indicating that CONAFOR 234 

increased selection of poorer applicants from within the available pool. Similarly, there is an 235 

increase in the proportion of enrolled properties within majority indigenous municipalities and in 236 

the difference between accepted and all applicant parcels.  237 

At the same time as these improvements were made, there was little change in measures 238 

indicating areas of particular environmental and hydrological concern. The mean surface water 239 

availability of enrolled parcels increased over time and the likelihood of being located above an 240 

overexploited aquifer declined slightly but with small magnitude (Table S5). This indicates that 241 

CONAFOR has been able to maintain the selection of high priority areas for these environmental 242 

characteristics while generally also increasing the average risk of deforestation and the poverty 243 

index of the population of enrolled parcels.  244 

  245 
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DISCUSSION 246 

Key factors contributing to adaptive management 247 

Our results demonstrate that PSAH increasingly enrolled areas of high ecological and 248 

social priority over time in response to changes resulting from adaptive feedback loops. 249 

Qualitative analysis suggests three factors that facilitated this adaptive management in Mexico 250 

and that are likely to be generally important for conservation managers. 251 

First, adaptive management requires a political environment which encourages 252 

experimentation and critical thinking (Holling and Meffe 1996, Gunderson 1999) and ensures 253 

long term financial support in order to plan and enact time-consuming feedback and redesign 254 

cycles (Holling 1993). Because CONAFOR was a relatively new government agency, formed in 255 

2001, it had little entrenched bureaucracy and so has attracted innovators to program staff from 256 

academia and the rural forestry sector. This has encouraged an infusion of new ideas into the 257 

design of the PSAH policy and created an environment that encouraged experimentation. The 258 

PSAH program has also benefitted from political support and relative funding security. From 259 

2006-2012, the program continued to receive financial and political support from the 260 

government. The majority of funds have been generated from a federal tax on water use and 261 

CONAFOR established an innovative government-managed trust fund that allows them to set 262 

aside the full five years of funding when contracts are signed, ensuring that funds will be 263 

available regardless of changes in political will or budgets. 264 

A second key factor facilitating adaptive management in Mexico was the availability of 265 

relatively high quality data and technical capacity. Compared to other low- and middle-income 266 

countries, Mexico has strong information systems and significant expertise in evaluation. For 267 

example, censuses have been conducted on average every ten years since 1900, and this 268 
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information is publicly available. This enables long term tracking of social targeting data, such as 269 

the degree of poverty or majority indigenous areas. In addition, the government has created and 270 

substantially funded a ministry to support evaluation of government programs (CONEVAL), and 271 

also has a government-funded environmental think tank (National Institute of Ecology and 272 

Climate Change – INECC). Both have worked with CONAFOR in providing information for 273 

targeting and in analyzing the PSAH program. 274 

Finally, stakeholder participation in the design and implementation process is important 275 

for meaningful adaptive management (Armitage et al. 2008, Stringer et al. 2011) and has been 276 

substantial in the design and redesign of the PSAH program. A primary factor that allowed 277 

strong participation was the opening of the Mexican political process in 2001, including new 278 

transparency laws requiring all government agencies to share program policy design and 279 

implementation data (Heyer 2006). This has allowed participants and other stakeholders to 280 

provide informed feedback and critique to CONAFOR, including through the stakeholder 281 

advisory group that reviews and comments on all program redesigns. The federal-level PES team 282 

has also solicited feedback on proposed new rule changes from state-level CONAFOR teams 283 

who are on the frontlines of program implementation. In addition to officially mandated 284 

evaluations, CONAFOR has also encouraged external research on the program and program 285 

managers have also participated in exchanges with other governments operating PES programs 286 

(e.g. Brazil, Costa Rica, Ecuador) in order to discuss best practices (FONAFIFO et al. 2012).  287 

Despite these positive factors facilitating adaptive management, a major remaining 288 

barrier to adaptive management in Mexico and elsewhere is the lack of reliable, high-quality 289 

annual data on deforestation. Satellite remote sensing is the only feasible way to derive such data 290 

at a national scale. However, mapping land cover change poses several challenges, including 291 
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data availability issues and difficulties with interpretation that are common in tropical countries. 292 

These include cloud cover that limits the utility of Landsat images and complex forest 293 

phenology. Many of Mexico’s forests exhibit open canopies and low tree height, making them 294 

difficult to distinguish remotely, while others grow rapidly, making it difficult to detect 295 

deforestation events (Meneses Tovar 2009). These problems are exacerbated by the fact that 296 

many land cover disturbance or degradation events are spatially small or may not affect the 297 

forest canopy. MODIS satellite data has full temporal and spatial coverage and has been used for 298 

preliminary analysis of the avoided deforestation impacts of PSAH (Alix-Garcia et al. 2012), but 299 

is of low-resolution. On the other hand, high-resolution satellite sensors, such as SPOT and high-300 

resolution Quickbird and IKONOS are expensive and do not have an image acquisition plan that 301 

would cover the entire country annually. Future adaptive management of PSAH or other land 302 

conservation programs would benefit substantially from investment in new information 303 

technologies such as radar-based sensing and analysis of new data from the Landsat 8 OLI 304 

sensor.  305 

CONCLUSION 306 

Policymakers are under increasing pressure to simultaneously conserve the environment 307 

and promote poverty alleviation. Our analysis of the patterns of enrollment in Mexico’s 308 

Payments for Hydrological Service program indicates substantial success in enrolling lands with 309 

both high ecological and social priority. We also find that enrollment of lands with higher risk of 310 

deforestation and greater social importance has increased over time. Improvements in targeting 311 

in the PSAH program illustrate how the learning and reevaluation components of adaptive 312 

management, facilitated by significant stakeholder participation, can help to reduce tradeoffs 313 

between multiple conservation objectives. However, rigorous impact analysis of whether PES 314 
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goals have been achieved is still limited and ongoing (Ferraro 2011). Even in the presence of 315 

perfect monitoring, voluntary land conservation programs will naturally be plagued by the fact 316 

that those most likely to enroll are those who were unlikely to deforest their land in the first 317 

place. While better targeting based upon assessed deforestation or auctions to elicit the value of 318 

alternative uses (Ferraro 2008, Ajayi et al. 2012) may help address this issue, more precise 319 

targeting is costly and rarely perfect. Adaptive management is thus likely to continue to play an 320 

important role in conservation efforts. In the case of Mexico’s PSAH, we suggest that adaptive 321 

management of the program was facilitated by secure and long term funding and support, access 322 

to reliable and timely geographic and demographic data, and a political and bureaucratic 323 

environment that included stakeholder participation in policy design and outside evaluation. 324 

These policy conditions are likely to be generally important for successful implementation of 325 

PES and other land conservation programs seeking to use adaptive management to balance 326 

ecological and social priorities. 327 
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FIGURES AND TABLES 

 

Figure 1: Parcels enrolled in Mexico’s PSAH program from 2004-2010. Data on parcel 
boundaries is from the Mexican National Forestry Commission; data on forest types is from 
INEGI Series III. The PSAH abbreviation is from the original name of the program (Pagos por 
Servicios Ambientales Hidrológicos). The program subsequently became part of a larger forestry 
support program (ProÁrbol); we retain the original name for clarity.  
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Figure 3: Distribution of risk of deforestation and municipal poverty for PSAH enrolled 
areas, 2004-2010. Graphs show smoothed distributions of INECC’s risk of deforestation index 
(a) and CONAPO’s municipal poverty index (b) for each program cohort. Stars on the years 
indicate the p-values from a Kolmogorov-Smirnov test for equality of distribution between that 
year and the prior year; ** p < 0.05 *** p < 0.01.   

a) Risk of deforestation for PSAH program areas, 2004-2010. 
 

 
 

b) Municipal poverty index for PSAH program areas, 2004-2010 
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Table 1: Eligibility and selection criteria for PSAH program participants, 2004-2010. 

 *  indicates a requirement for eligibility;  indicates an enrollment priority.  

Geographic Selection Criteria 2004 2005 2006 2007 2008 2009 2010 

Located in an overexploited aquifer * *     
Within zones related to water provision for urban centers with 
population >5,000 or within boundaries of CONAFOR Priority 
Mountains 

* *     

Within an area of high surface water scarcity       

Within a Protected Natural Area       

Within area of high risk of deforestation as classified by INE       

Area contains high biomass density determined by ECOSUR       

Area has low rate of anthropogenic soil degradation       

Participant  Selection Criteria 2004 2005 2006 2007 2008 2009 2010 

No active legal battle over enrolled land * * * * * * * 

Highest % of forest cover        

Not enrolled in any other CONAFOR PES programs    * * * * * 

Applicant has a forest management plan        

Applicant in municipality with majority indigenous population       

Applicant from areas with high municipal poverty        

Applicant is a woman       

Applicant has pending contract with an ecosystem service buyer       

Applicant submits with other owners whose lands are adjacent       
Applicant is in a watershed where there are others with local 
payments for environmental services 

      

Land Requirements       

Land area 50-4000 ha 20-3000 ha 

100-200 ha per 
individual; 200-

3000 ha per 
community 

Forest cover 80% 50% 
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SUPPLEMENTAL INFORMATION 

Description of quantitative data: 
 

The goal of our quantitative analysis is to determine whether the program did enroll lands 

of ecological and social significance and to understand how the changes in the PSAH eligibility 

and selection rules described above affected the types of land enrolled in the program. We first 

constructed a comprehensive national database of program applicants from 2004-2010. We then 

analyzed program enrollment using two data configurations.  

1) To evaluate targeting outcomes overall from 2004-2010, we selected a random sample 

of fixed points from within the boundaries of all applicants to the program and within all forested 

areas of Mexico. This avoids double-counting given the fact that there is often spatial overlap 

between parcels submitted to the program in different years. (Landowners who are rejected may 

apply in a future year, and landowners from the early cohorts may renew all or part of their land 

after their five-year contract is expired.) We also use the points sample to evaluate how changes 

in program management over time led to changes in the types of land which is eligible for the 

program (“eligible zones”). To create the points sample for applicants, we generated randomly 

spaced points at a density of approximately one point per square kilometer within the boundaries 

of all parcels applying to the PSAH program between 2004-2010. To create the points sample for 

all forested areas, we generated 50,000 points within all forested areas in Mexico. Both samples 

were then screened for missing data and forest cover at baseline. This yielded a final sample of 

points within all applicant boundaries of 46,265 points (20037 within parcels that were accepted 

to the program). The final sample of points taken from all forested areas in Mexico was 44,104 

points.  

2) To evaluate how changes in program management led to changes in selection within 

the available applicants, we calculate land characteristics for the full population of enrolled and 

applicant parcels from each program cohort. We then analyzed differences between parcels 

selected for the program and those that applied. 

Spatial data giving the boundaries of the program’s eligible zones and the boundaries of 

PSAH program applicants for 2004-2010 were from CONAFOR. Forest type classifications were 

created from the INEGI Series III land use data from 2002. Environmental and social variables 

were coded based on data layers from multiple government agencies, as detailed in Table S2. 
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Environmental characteristics analyzed include water scarcity, deforestation risk index, slope, 

elevation, location inside a protected natural area or priority mountain, and forest type. Social 

characteristics include the municipal poverty index and location in a majority indigenous 

municipality or communal property.  

Forested areas were defined using INEGI’s Series III vegetation layer and by 2003 mean 

dry season NDVI values. Forested areas from the land use layer were identified as one of six 

forest types based on the following classifications: Oak and pine forest (bosque de encino/pino): 

bosque de encino, bosque de encino/pino. Coniferous forest (bosque de coniferas): bosque de 

ayarin, bosque de cedro, bosque de oyamel, bosque de pino, bosque de pino/encino, bosque de 

tascate. Cloud forest (bosque mesofilo): bosque mesofilo. Evergreen tropical forest (selva alta y 

mediana): selva alta perennifolia, selva alta subperennifolia, selva mediana perennifolia, selva 

mediana subperenifolia. Deciduous and sub-deciduous tropical forest (selva baja y mediana 

caducifolia): selva mediana subcaducifolia, selva baja caducifolia, selva baja espinosa 

caducifolia, selva baja espinosa subperenifolia, selva baja perenifolia, selva baja subcaducifolia. 

Mangroves (manglar): manglar.  
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Figure S1: PSAH eligible zones, 2004-2010. Data from the Mexican National Forestry 
Commission.  
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Table S1: Total number of properties and land area enrolled in and rejected from the 
PSAH program. Indicated by yearly databases from CONAFOR. 
 
Year Number 

Enrolled 
Area 
Enrolled 
(ha) 

5-Year Total 
Payments 
($ MXN) 

5-Year Total 
Payments 
($USD) 

Number 
Rejected 

Area 
Rejected 
(ha) 

2003 271 126818 191999999.98 18,406,655.99 n/a n/a 

2004 352 178676 288000000.00 25,067,808.00 209 256154 

2005 257 338045 515235160.43 48,559,368.16 226 212402 

2006 241 127016 204002584.94 18,583,617.47 380 492151 

2007 816 545577 925890661.30 86,043,019.15 889 878132 

2008 727 324155 662811103.64 64,225,733.13 2032 985468 

2009 410 320196 675478056.55 50,432,542.66 925 634333 

2010 688 508979 1116221417.27 87,455,948.04 1410 1196187 

 
Table shows the number of enrolled properties and the total payments for each year from 2003 to 2010. Mexican 
pesos were converted to USD using exchange rates on July 15 of each year.  
 
Additional details on payments in PSAH: 
 
Until 2010, payments were determined on a fixed-rate, two-tiered scale, and amounted to 
approximately US $36/ha for cloud forest and US $27/ha for all other forest types (Alix-Garcia 
et al. 2012a,b). Cloud forest payments were higher due to this forest type’s perceived greater 
ability to provide hydrological services (Muñoz-Piña et al. 2008). The initial rates were based on 
estimates of the average per hectare opportunity cost of growing maize (Muñoz-Piña et al. 2008). 
Starting in 2006, they were adjusted each year at the rate of inflation, as determined by pegging 
them to a multiple of 6.5-8.5 times the federal minimum daily wage in Mexico. In communal 
properties, members typically distribute funds to individual households, community projects, or a 
combination of both (Alix-Garcia et al. 2012b). 
 
Spot-checks to monitor compliance with the program are done by comparing high-resolution 
satellite images taken at application and during the check as well as by on-site visits from 
CONAFOR staff (Alix-Garcia et al. 2012). If deforestation occurs due to natural causes, such as 
fires, pests or hurricanes, then payments are reduced proportional to hectares of forest lost. If 
landowners have intentionally deforested an enrolled parcel, they do not receive payment and 
they are removed from the program (Muñoz-Piña et al. 2008). 
 
  



28 
 

Table S2: Variable descriptions and data sources. Acronyms as follows: National Institute of 
Statistics and Geography (INEGI), National Water Commission (CONAGUA), National Institute 
of Ecology (INE), National Population Council (CONAPO), National Commission for 
Awareness and Use of Biodiversity (CONABIO) 
 

    Variable 
 

Description Data Source 

Surface Water Availability  Measured on a 0-9 scale; higher numbers indicate 
greater surface water availability. 

CONAGUA 

Overexploited Aquifer 1 if a point is located within an overexploited aquifer 
where usage exceeds the recharge rate; 0 otherwise. 

Distance to a Locality w/ Pop. 
Over  5000 (km) 

Distance, in kilometers, to the nearest locality with a 
population over 5000. 

Created using data from INEGI 

Risk of Deforestation (INE) Risk calculated from a model created by INE; 1-5 
ranking, with 5 indicating the highest risk of 
deforestation. 

INE version I (INE is now called 
INECC) 

Geographic Only Risk of 
Deforestation 

Risk calculated from a probit model using suspected 
deforestation from 2005-2011 (Monitoreo Forestal) as 
a function of slope, elevation, distance to locality and 
vegetation category for all untreated points 

Created using data from Monitoreo 
Forestal and geographic covariates 

Priority Mountain 1 if located in a Priority Mountain area as defined by 
CONAFOR; 0 otherwise. 

CONAFOR 

Protected Natural Area 1 if located within a Protected Natural Area (National 
Park, Biosphere Reserve, etc.); 0 otherwise 

Slope (grade) Slope measured as a percentage/grade INEGI 
Elevation (m) Elevation in meters above sea level 
Municipal Poverty Index 2000 Municipality-level index of marginalization as 

calculated from survey and other data by CONAPO. 
Higher numbers indicate greater poverty. 

Municipality boundaries from 
CONABIO/INEGI; poverty data 
from CONAPO 

Majority Indigenous 1 if located within a municipality with an over 50% 
indigenous population; 0 otherwise. 

CONABIO, originally from INEGI 

 

Variables were extracted for each parcel or point using spatial overlays in ArcGIS. For 0/1 variables such as 
majority indigenous municipality, simple intersections were used (variables were classified as 1 if any portion of a 
program area intersected with the parcel). Numerical variables such as slope and elevation were calculated using 
area weighted means within the applicant parcels.  
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Table S3: Summary statistics by year, all forested points in the eligible zones, 2004-2010.  
 
Variable (mean values) 
 

2004-
2005 

2006 2007 2008 2009 2010 Change in 
time 

Environmental 
Characteristics 

       

Surface Water Availability  7.044 6.712 6.935 6.965 6.934 7.114 0.030*** 
Overexploited Aquifer 0.124 0.169 0.114 0.103 0.105 0.086 -0.011*** 
Km to a Locality w/ Pop. 
>  5000 

34.079 32.232 35.797 35.430 35.508 41.327 1.31*** 

Risk of Deforestation 
(INE) 

2.079 2.437 2.744 2.706 2.695 2.644 0.105*** 

Geographic Only Risk of 
Deforestation 

0.505 0.535 0.526 0.519 0.483 0.490 -0.0067*** 

Priority Mountain 0.415 0.250 0.162 0.146 0.151 0.102 -0.0537*** 
Protected Natural Area 0.291 0.141 0.072 0.075 0.063 0.123 -0.0307*** 
Slope (grade) 11.46 11.25 11.67 11.39 11.95 10.88 -0.031 
Elevation (m) 1568.7 1432.9 1438.7 1390.2 1457.2 1278.0 -40.84*** 
Social Characteristics        
Municipal Poverty Index 
2000 

-0.055 -0.016 0.500 0.394 0.430 0.316 0.0882*** 

Majority Indigenous 0.254 0.284 0.445 0.398 0.403 0.297 0.0150*** 
Communally Held 
Property 

0.538 0.530 0.641 0.618 0.623 0.604 0.0167*** 

        
N eligible 2405 4246 10909 13594 13235 24862  
Fraction of total forested 
land eligible 

.055 .096 .247 .308 .300 .564  

 
Table gives the means of environmental and social characteristics for randomly selected points within the eligible 
zones. Columns correspond to each cohort year. To assess whether there is a significant change in the characteristics 
of enrolled parcels over time, we calculate the slope of each characteristic with respect to time for points in the 
eligible zones from a weighted regression. The slope coefficient is given in the last column. Stars indicate the 
significance level of a t-test that the slope is different from zero: * < .10 ** < .05 *** < .01  
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Table S4: Characteristics of PSAH enrolled areas versus all forested lands and all PSAH 
applicant lands (2004-2010).  

     
Variable 
 

Mean for 
enrolled 
PSAH 
points 

SD for 
PSAH 
points 

Mean for 
all forested 
points  

SD for all 
forested 
points 

Mean for 
all 
applied 
points  

SD for all 
applied 
points 

Normalized 
difference 
(enrolled vs. 
all forested) 

Normalized 
difference 
(enrolled vs. 
applied) 

 (1)  (2)  (3)  (1 vs. 2) (1 vs. 3) 
Environmental characteristics 
Surface Water 
Availability  

6.84 1.68 7.18 1.31 
6.86 1.57 

-0.159 
-0.010 

Overexploited 
Aquifer 

0.156 0.363 0.074 0.262 
0.132 0.339 

0.183 
0.049 

Dist. to Loc w Pop 
> 5000 (km) 

33.0 22.8 38.1 27.4 
36.2 25.26 

-0.144 
-0.094 

INE Risk of 
Deforestation 

2.49 1.35 2.85 1.39 
2.44 1.312 

-0.183 
0.029 

Geographic only 
risk of deforestation 

0.521 0.534 0.469 0.547 
0.479 0.509 

0.068 
0.056 

Priority Mountain 0.255 0.436 0.068 0.252 
0.174 0.379 

0.371 
0.141 

Protected Natural 
Area 

0.142 0.349 0.071 0.256 
0.107 0.309 

0.164 
0.075 

Slope (grade) 12.1 9.94 10.3 9.52 11.99 9.782 0.136 0.011 

Elevation (m) 1505 991 1160 887 1494 940.6 0.260 0.008 

Social characteristics 

Muni Poverty Index 
2000 

0.264 1.11 0.239 1.02 
0.257 1.095 

0.017 
0.005 

Majority Indigenous 0.375 0.484 0.248 0.432 
0.301 0.459 

0.196 
0.111 

Communally Held 
Property 

0.878 0.327 0.604 0.489 
0.840 0.366 

0.465 
0.077 

Forest Type 

Oak and pine 0.213 0.409 0.225 0.418 
0.245 0.430 

-0.021 
-0.056 

Coniferous  0.392 0.488 0.269 0.443 
0.385 0.487 

0.186 
0.010 

Cloud forest 0.084 0.278 0.031 0.174 
0.063 0.243 

0.161 
0.058 

Evergreen tropical 
forest 

0.160 0.367 0.154 0.361 
0.146 0.353 

0.012 
0.027 

Deciduous tropical 
forest 

0.145 0.352 0.311 0.463 
0.149 0.356 

-0.286 
-0.008 

Mangroves 0.006 0.077 0.009 0.095 
0.011 0.103 

-0.025 
-0.037 

N 20037  44104  46265    
 

Figure shows means and standard deviations for random samples of points within enrolled PSAH areas, all forests, 
and applicant PSAH areas, including the normalized differences between them (Program data from 2004-2010). 

The degree of difference between distributions is assessed using the normalized differences, as given in the last two 
columns of the table. The normalized difference is the difference in means between two groups divided by the 
standard deviation of the treated group. Normalized differences (sometimes called “standardized differences”) are a 
commonly accepted diagnostic used to assess the magnitude of the difference in covariate distributions, similar to 
the idea of an effect size (Rosenbaum and Rubin 1985, Stuart 2010). A normalized difference of .25 is used as a rule 
of thumb for a “substantial” difference in distributions (Rubin 2001). To indicate degrees of difference above, we 
give three levels of shading corresponding to normalized differences < 0.05-0.15 (small); 0.15-0.25 (medium); and > 
0.25(substantial). Darker shading indicates a larger normalized difference.     
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Table S5: Differences in characteristics of enrolled and applicant PSAH parcels over time.  

    Program Cohort: 
 

2004 2005 2006 2007 2008 2009 2010 
Change in 
time 

Environmental Characteristics  

Surface Water 
Availability  

Enrolled 6.610 6.637 6.548 6.607 7.012 6.855 6.942 0.734*** 
Applied 6.566 6.643 6.381 6.723 6.956 6.755 6.871  
Norm diff 0.018 -0.003 0.062 -0.048 0.025 0.042 0.031  

Overexploited Aquifer 

Enrolled 0.128 0.276 0.271 0.177 0.140 0.212 0.116 -0.0094*** 

Applied 0.169 0.234 0.247 0.162 0.124 0.170 0.116  

Norm diff -0.083 0.069 0.038 0.03 0.035 0.076 0.002  

Distance to a Locality 
w/ Pop. Over 5000 

Enrolled 23.947 26.734 30.760 28.471 25.203 29.391 31.156 0.740*** 

Applied 24.27 24.99 27.84 29.25 26.67 28.66 32.01  
Norm diff  -0.012 0.061 0.1 -0.029 -0.057 0.025 -0.025  

Risk of Deforestation 
(INE) 

Enrolled 2.241 2.321 2.246 2.994 2.914 2.469 2.747 0.0797*** 
Applied 2.319 2.406 2.457 2.837 2.807 2.546 2.562  
Norm diff -0.055 -0.057 -0.141 0.094 0.059 -0.049 0.111  

Geographic Only Risk 
of Deforestation 

Enrolled 1.013 0.826 0.732 0.672 0.735 0.719 0.664 -.0435*** 

Applied 0.989 0.846 0.824 0.686 0.654 0.662 0.625  
Norm diff 0.027 -0.026 -0.113 -0.019 0.107 0.075 0.053  

Priority Mountain 
Enrolled 0.634 0.385 0.442 0.284 0.340 0.429 0.267 -0.0395*** 
Applied 0.595 0.433 0.399 0.266 0.222 0.249 0.174  
Norm diff 0.055 -0.068 0.061 0.028 0.187 0.274 0.159  

Protected Natural Area 
Enrolled 0.287 0.257 0.211 0.182 0.168 0.220 0.297 -.00217 

Applied 0.262 0.29 0.231 0.158 0.113 0.11 0.159  
Norm diff 0.039 -0.052 -0.034 0.045 0.111 0.21 0.235  

Slope 
Enrolled 12.350 11.859 12.241 10.964 10.697 12.745 10.755 -0.165** 
Applied 12.079 11.917 10.497 10.57 11.071 12.199 12.008  
Norm diff 0.03 -0.006 0.175 0.036 -0.035 0.056 -0.119  

Elevation 
Enrolled 2093.44 1895.64 1737.73 1418.72 1435.74 1625.07 1381.34 -102.5*** 
Applied 2071.8 1860.5 1732.6 1516.2 1403.7 1575.5 1522.2  
Norm diff 0.018 0.027 0.004 -0.072 0.024 0.038 -0.1  

Social Characteristics  

Municipal Poverty  
Index 2000 

Enrolled -0.121 -0.329 -0.301 0.322 0.268 0.236 0.140 0.0775*** 
Applied -0.151 -0.223 -0.248 0.168 0.11 0.03 0.107  
Norm diff 0.022 -0.085 -0.039 0.098 0.118 0.137 0.026  

Majority Indigenous 
Enrolled 0.185 0.125 0.139 0.427 0.338 0.332 0.342 0.0334*** 
Applied 0.159 0.145 0.151 0.334 0.271 0.311 0.255  
Norm diff 0.049 -0.042 -0.022 0.135 0.104 0.031 0.135  

Communally Held 
Property 

Enrolled 0.670 0.630 0.562 0.562 0.447 0.654 - -.0788*** 
Applied 0.633 0.648 0.512 0.511 0.434 0.619 -  
Norm diff 0.056 -0.026 0.071 0.072 0.019 0.051 -  

 
Table gives the means of environmental and social characteristics for the full population of accepted and applicant 
parcels in each program cohort. The first row in each set indicates the mean for enrolled parcels and the second for 
applied parcels. The third row gives the normalized difference in means. To assess whether there is a significant 
change in the characteristics of enrolled parcels over time, we calculate the slope of each characteristic with respect 
to time among the set of enrolled parcels. The slope coefficient is given in the last column. Stars indicate the 
significance level of a t-test that the slope is different from zero: * < .10 ** < .05 *** < .01  

 
 
 
 
 
 
 
 



32 
 

Description of qualitative sources and methods: 

The analysis of the policy-making process for PSAH and factors influencing the success 

of adaptive management was based on a synthesis of prior published research conducted 

throughout the course of the program by individual authors as well as more recent unpublished 

analysis (Castillo 2012, Alix-Garcia et al. 2012b). Alix-Garcia conducted relevant research at the 

start of the program (Alix-Garcia et al. 2005, Alix-Garcia et al. 2008). Shapiro-Garza conducted 

research on the process of policy formation from 2005-2007, which included semi-structured 

interviews with actors directly involved or influential to policy design at the national and 

international levels (e.g. CONAFOR employees, World Bank advisors, civil society actors, etc.) 

and content analysis of project documents, websites, newspaper articles, meeting minutes and 

public speeches related to the PES policy-making process (Shapiro 2010, McAfee & Shapiro 

2010, Shapiro-Garza 2013a, Shapiro-Garza 2013b). In 2011-2012, Castillo (2012) conducted 

semi-structured interviews with federal and state level CONAFOR administrators with a focus 

on their perceptions of the effectiveness of the policy process and structure and the rationale for 

changes. Interviews were conducted with 17 individuals involved in the design, implementation, 

operation or evaluation of the Mexican national PES programs including: 1) CONAFOR 

employees at the central office responsible for designing and overseeing the PSAH program; 2) 

CONAFOR employees at the state offices responsible for program implementation; 3) 

individuals who had taken part in the initial design of the Mexican PES program but who no 

longer worked for CONAFOR (Table S6). The sample was selected from the relatively small 

universe of key actors involved in the administration of the program for long periods and at 

multiple levels in order to provide an array of perspectives and triangulate factual information 

concerning changes in program design. We developed semi-structured interview guides for each 

of the three categories of interviewees that focused on the evolution and perceived strengths and 

weaknesses of previous and current targeting criteria and payment schemes. All interviews were 

audio-recorded and transcribed. Finally, informal communications have also occurred between 

our research team and CONAFOR in the course of on-site workshops and meetings between 

2007-2012 with the purpose of evaluating the program (Alix-Garcia et al. 2012b) and we 

reviewed other published literature on the program (Merino-Pérez et al. 2004, Muñoz-Piña et al. 

2008, McAfee and Shapiro 2010, Madrid-Ramírez 2011, CONAFOR 2012) 
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Table S6. Characteristics of the National Forestry Commission PSAH program administrators 
selected for interviews concerning the policy-making process and perceptions of program design 

Role in PSAH Program Level Number of 
Interviewees 

Average Length of 
Involvement (Years) 

Design Federal 1 10 

Design & Implementation Federal 5 8.4 

Implementation Federal 3 5.7 

Evaluation Federal 1 3 

Oversight & Execution State 3 6.7 

Execution State 4 3.9 
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