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DEFORESTATION AND SOCIOECONOMIC IMPACTS OF 
NATURAL PROTECTED AREAS IN MEXICO:  
SUMMARY OF KEY RESEARCH FINDINGS 

 
EXECUTIVE SUMMARY 

 
Historically, rural areas in Mexico have been plagued by rapid deforestation and 
entrenched poverty. Although Mexico has relied heavily on establishing Natural 
protected Areas (NPAs) to stem deforestation, little is known about their effects on either 
deforestation or local communities. To help fill this gap, we use a variety of spatial 
data—including high resolution land cover data derived from satellite images—along 
with statistical techniques that address methodological problems in previous studies. To 
shed light on NPA’s deforestation impacts, we examine the effect of NPAs created prior 
to 1993 on deforestation between 1993 and 2000. We find that, on average, these NPAs: 
 

• had no observable effect on deforestation within their boundaries at the national 
level; 

• succeed in stemming deforestation in three of nine NPA administrative regions 
(CONANP regions 4, 6, and 9);  

• were more effective in stemming deforestation when they were sited in low 
altitude areas, comprised of private and state (versus common) property, located 
far from cities, and had plentiful indigenous inhabitants; and  

• did not spur leakage deforestation in adjacent areas.  
 
These results have implications for the targeting of scarce financial and human 
conservation resources to existing NPAs and for the siting of new NPAs.  
 
To shed light on NPAs’ impacts on local communities, we examine the impact of NPAs 
created between 1995 and 2005 on changes in marginality, income inequality, and 
population in local municipios between 2000 and 2005. We examine the effect of the 
creation of a park in the short run, which we define as the effect within five years of the 
creation of the park, and the long run, which we define as the effect in the subsequent 
five years. We find that at the national level establishing an NPA: 
 

• increased marginality both in the short run and in the long run: 
• increased income inequality in the short run, but reduced it in the long run 

(probably because all residents become poorer in the long run); and 
• had no effect on population in the short run, but reduces it in the long run.  

 
These results suggest that policy makers might consider proactive policies to reduce 
NPAs’ negative socioeconomic impacts on local communities.  
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1. INTRODUCTION 
  
Rural Mexico is plagued by both rampant deforestation and entrenched poverty. Between 
1990 and 2000, the country lost 540,000 hectares of forest, about 8% of its 1990 total. 
(FAO 2011). To date, Mexico has lost 95% of its humid tropical forests and half of its 
temperate forests, mostly to farming and ranching. This deforestation has bred a host of 
environmental problems, including soil erosion, aquifer depletion, and diminished 
biodiversity (Cervigni and Brizzi 2001). The economic situation in Mexico’s remaining 
forests is no less serious. The 10 million people (11% of the country’s population) living 
in these forests are among the country’s poorest citizens (Segura 2000). Hence, forest 
conservation policy in Mexico must strike a balance between environmental protection 
and economic development. It must attempt to stem deforestation without exacerbating 
poverty.  
 
One of the principal strategies Mexican policymakers have used to stem deforestation is 
prohibiting or restricting land use and land cover change in protected areas—the most 
common approach to forest conservation worldwide. Today, Mexico has 174 natural 
protected areas (NPAs) covering over 25 million hectares. The NPA system is growing 
quickly and is likely to continue to expand during the next decade: in 2000, CONABIO 
proposed establishing 151 new NPAs covering an additional 51 million hectares. 
   
Despite the critical role NPAs play in Mexican forest conservation policy, little is known 
about whether they actually stem deforestation or have significant impacts on local 
communities. As for NPA’s deforestation impacts, to our knowledge, a rigorous national 
evaluation of has yet to appear. Past studies have focused on either on a single NPA, or a 
small number of NPAs, an approach that rules out learning from comparing a large 
number of NPAs with different characteristics. In addition, as discussed below, past 
studies of have often been compromised by methodological problems that have biased 
their results, generally casting NPAs in a more favorable light than may be warranted and 
spurring misleading policy prescriptions. 
 
As for NPAs’ impact on local communities, very little is known. Clearly, NPAs have 
been established in relatively poor areas. Intuitively, there are compelling reasons to 
expect that NPAs make local communities worse off, and equally compelling reasons to 
expect the opposite. On one hand, poor rural communities rely on local forests for 
hunting, collecting biomass for fuel and fodder, logging, and engaging in agroforestry 
and shifting agriculture. By their nature, NPAs restrict such activities. But on the other 
hand, NPAs can generate significant local economic benefits by boosting ecotourism, 
attracting outside investment in roads and other infrastructure. For example, according to 
the Mexican Ministry of the Environment, NPAs are visited by six million people every 
year, generating $300 million in economic benefits, 90% of which accrue to local 
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communities (Elvira-Quesada 2007). NPAs may also benefit local communities by 
protecting economically important natural resources that otherwise might be degraded.    
  
To shed new light on these issues, we used a variety of detailed spatial data—including 
high resolution land cover data derived from satellite images—along with a statistical 
technique that addresses methodological issues with previous studies to address four 
related questions about Mexican NPAs:  
 

• What effect do they have on deforestation within their boundaries? 
• Why are some more effective than others? 
• To what extent do they spur leakage, that is, deforestation in adjacent areas? 
• What impacts do they have on socioeconomic characteristics of local 

communities? 
 

Technical details of our methods and results are provided in two longer papers 
(Blackman et al. 2011 and Robalino et al. 2011). The present paper provides a short non-
technical summary.  
 
2. METHODS 
 
As noted above, past studies of NPAs’ deforestation impacts have often been undermined 
by methodological problems. They often measure these impacts by simply comparing 
rates of deforestation inside NPAs and outside of them (SEMARNAT 2003). But this 
approach ignores the fact that for a variety of reasons, most Mexican NPAs—like most 
protected areas worldwide—have been sited in remote sparsely populated areas where 
deforestation pressures are limited. As a result, this method conflates the effect on 
deforestation of NPAs’ siting in certain types of areas with that of legal protection (which 
is what needs to be measured), thereby generating overly optimistic estimates of NPAs 
impacts on deforestation.  
 
To address this problem, other studies have estimated NPAs’ impacts on deforestation by 
comparing rates of deforestation inside NPAs and in adjacent areas (Mas 2005; Figueroa 
and Sanchez-Cordero 2008). However, this method ignores the possibility that NPAs 
spur deforestation in adjacent areas. If such “leakage” is significant, this approach also 
will generate estimates of the impact of NPAs that are biased upwards.   
 
Quantitative studies of Mexican NPAs’ socioeconomic impacts on local communities are 
even more rare than studies of deforestation impacts. However, any such study confronts 
the same methodological challenge: the need to control for the fact that NPAs are 
typically sited in remote areas. Given this tendency, communities in and around NPAs 
will disproportionately have socioeconomic characteristics associated with remote 
areas—namely poverty and marginalization. Studies that fail to control for this fact will 
conflate the effect of NPAs’ siting with their effect on local communities generating 
overly pessimistic estimates of NPAs’ socioeconomic impacts. 
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To generate unbiased estimates of NPAs’ effects on deforestation and rural livelihoods, 
we use a statistical technique called propensity score matching (Rosenbaum and Rubin 
1983). The intuition is straightforward. To control for the tendency of NPAs to be sited in 
areas with certain characteristics, and for the possibility that they may cause leakage in 
adjacent areas, we estimate NPAs’ impacts by comparing the average “outcome” of 
interest—either a change over time in land cover or in a socioeconomic indicator—for 
 

• “treatment” areas inside or near NPAs; and  
• “control” areas that far away from NPAs but that have very similar characteristics 

that might affect this outcome, e.g., distance from cities, land tenure, etc.  
 
We match treatment and control areas using a weighted index of observable 
characteristics of these areas such as distance from cities, soil quality and land tenure 
(called a propensity score, this weighted index collapses the difficult problem of finding a 
close match for each treatment area across a large number of observable characteristics to 
the much simpler problem of finding a close match for a single weighted index). If we do 
good job of matching treatment areas with control areas, then the only relevant difference 
between these two types of areas will be that the former were inside or near an NPA and 
the latter were not, and we can reliably attribute any difference in the average outcome 
for the two groups to being inside or near an NPA. The next sections provide concrete 
examples of the application of this approach.    
 
3. DEFORESTATION IMPACTS 
 
In addressing our first three research questions on NPAs’ deforestation impacts we use 
detailed geographic information system (GIS) data on land cover change (our dependent 
variable) and on land characteristics (precipitation, slope, elevation, travel times to urban 
areas, soil types, tenure, indigenous population and NPA administrative region). The land 
cover change data are derived from LANDSAT satellite images for 1993 and 2000 and 
therefore indicate change between these two years.  
 
Our unit of analysis is a 30-meter square plot, which corresponds to the resolution of the 
land cover map. The national territory of Mexico includes millions of these plots and 
using all of them in our statistical analysis would be  impractical. Therefore, we select a 
random sample of 137,632 plots that were forested in 1993. The sample comprises plots 
two kilometers apart vertically and horizontally. Sixteen percent of these plots were 
cleared by 2000. 
 
Because our land cover data only span the years 1993-2000, we are only able to include 
in our analysis 57 NPAs created prior to 1993 (for a list see Blackman et al. 2011). 
 
A variety of different methods are available to conduct propensity score matching, none 
of which is a priori preferable. To ensure robustness, we use five different methods and 
report the average effect estimated for all five.  
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For two our study questions (what are NPAs effects on deforestation in their boundaries, 
and Do NPAs spur leakage?), we estimate the effect of NPAs both at the national level 
and at the level of the nine administrative regions for  the Comisión Nacional de Áreas 
Naturales Protegidas (CONANP), the semiautonomous branch of Mexico’s environment 
Ministry that administers NPAs.  
 
3.1. What is the effect of NPAs on deforestation within their boundaries?  
 
To assess NPAs’ effect on deforestation within their boundaries, we compare the average 
rate of deforestation on sample plots inside NPAs and on a matched sample of plots 
outside NPAs—that is a sample of plots that are very similar in terms of the 
characteristics listed above (precipitation, slope, elevation, etc.). In addition, for the sake 
of comparison we calculate a “naïve” estimate of NPAs’ impacts based on a simple 
comparison of the average rate of deforestation on sample plots inside NPAs and all plots 
outside NPAs. Table 1 presents our results. Estimates in bold text are statistically 
significantly different from zero.  
 

[Insert Table 1 here] 
 
At the national level, NPAs did not have a significant effect on deforestation within their 
boundaries between 1993 and 2000. Notice that the naïve estimate of NPAs’ effect (that 
does not correct for the fact that NPAs are sited in remote areas) generates a very 
different result: it suggests that NPAs reduce the rate of deforestation by four percentage 
points. This discrepancy illustrates the importance of correcting the methodological flaw 
in previous studies. 
 
At the level of CONANP’s nine regions, our results are varied. In five of the regions—
regions 1, 2, 5, 7, and 8—our results mirror those at the national level: NPAs have no 
measurable effect on deforestation. In regions 4, 6, and 8, however, we find that NPAs 
reduce deforestation—by 17 percentage points in region 4, six percentage points in 
region 6, and 11 percentage points in region 8. Curiously, in region 3, NPAs appear to 
increase deforestation rates by 14 percentage points. However, this result is driven by an 
outlier. In region 3, our sample includes just three NPAs, only two of which are sizable. 
One of these NPAs (Papagochic) exhibited a 50% deforestation rate during our study 
period.  
 
Hence, overall, we find limited evidence that NPAs were effective in stemming 
deforestation between 1993 and 2000. There is no observable average effect at the 
national level and in five of nine CONANP regions.  
 
3.2. What characterizes particularly effective NPAs? 
 
To identify the characteristics of particularly effective NPAs, we test whether NPAs with 
certain characteristics have different impacts on deforestation within NPA boundaries 
than those without those characteristics. More specifically, in a national sample, we test 
for differential impacts in NPAs with sample plots that—compared to all sample plots in 
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NPAs—have above-average (or median) 
 

• altitude (median = 1,930 meters); 
• travel time to nearest large population center (median = 7 hours); 
• common property tenure (mean = 52%); and 
• indigenous population > 75% (mean = 4%). 

 
We also test whether NPAs that have sample plots with below-average (or median) 
characteristics have differential impacts. For each subsample of NPAs with above- and 
below-average characteristics, we test effectiveness by comparing average rates of 
deforestation on plots in these NPAs and a matched sample of plots outside them.    
 
We find that at the national level, NPAs at relatively low altitudes reduce deforestation by 
six percentage points; those far from big cities reduce deforestation by seven percentage 
points; those with low levels of common property reduce deforestation by about five 
percentage points; those with high levels of indigenous inhabitants reduce deforestation 
by seven percentage points (Table 2). All of these estimates are lower than estimates that 
do not control for non-random siting of NPAs.  
 

[Insert Table 2 here] 
 
3.3. Do NPAs spur leakage? 
 
To determine whether NPAs spur deforestation in adjacent areas, we compare the 
average rate of deforestation on sample plots within 10 kilometers of NPAs and on a 
matched sample of plots farther away from NPAs (Table 3). At the national level, we do 
not find a significant effect. However, results for regional subsamples differ. In four 
regions—regions 3, 4, 5, and 6—being adjacent to an NPA has a significant effect. 
However, in three of these four regions—regions 3, 4, and 6—the direction of the effect 
simply mirrors that of the NPAs’ effect on deforestation within their boundaries. That is,  
in region 3, NPAs increase deforestation both within their boundaries and in adjacent 
areas; in region 4, NPAs reduce deforestation both within their boundaries and in adjacent 
areas; and in region 6, NPAs reduce deforestation both within their boundaries and in 
adjacent areas. In each case, the magnitude of the effect in adjacent areas is smaller than 
the effect inside NPAs. These results do not suggest that NPAs shift deforestation from 
inside their boundaries to adjacent areas. Only in region 5 do our results suggest that this 
may occur. Here, we find a 13 percentage point increase in the deforestation rate in areas 
near NPAs. Curiously, however, in region 5, NPAs do not have an observable effect on 
deforestation within their boundaries.  
 
Hence, overall we do not find much evidence of leakage at the national or regional level. 
This is not surprising since we also find limited evidence that NPAs stem deforestation 
within their boundaries 
 

[Insert Table 3 here] 
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3. SOCIOECONOMIC IMPACTS 
 
To address our fourth research question—what impacts do NPAs have on socioeconomic 
characteristics of local communities—we use an empirical approach that differs from that 
discussed in the previous section in four ways. First, the dependent variables are 
indicators of socioeconomic characteristics of the local community, not deforestation. 
Specifically, we examine effects of NPAs on  
 

• population growth;  
• income inequality as measured by Gini coefficient, and  
• marginality, an index of the overall quality of life generated by the National 

Population Council (Consejo Nacional de Pobación, CONAPO)—specifically, 
we use an indicator of whether a municipio is classified as having a “very high” 
level of marginality.  

 
These three measures are derived from Mexican census data.  
 
Second, the unit of analysis is a municipio, roughly the equivalent of a county in the US, 
not a 30-meter square plot. Hence, we are examining the effect of NPAs on 
socioeconomic characteristics of the municipios in which they are located.  
 
Third, we use data from several years, not just one . The years we examine—1995, 2000, 
and 2005—correspond to the three most recent years in which Mexican census data were 
collected and are available at the municipio level. 
 
And finally, we use a more complicated statistical test than the simple difference-in-
means tests described above (for details, see Robalino et al 2011). Essentially, this test 
amounts to comparing changes in average socioeconomic indicators between 2000 and 
2005   
 

• in municipios where NPAs were established sometime between 1995 and 2005; 
and   

• in a matched sample of very similar municipios without any NPAs.  
 
The (propensity score) matching controls for the fact that NPAs tend to be sited in 
municipios with certain characteristics. To match our municipios with NPAs to 
municipios without NPAs, we use a broader set of characteristics than in the deforestation 
analysis including both geophysical characteristics—distance to city, coast, roads and 
rivers, elevation, slope, precipitation, temperature, land tenure, land use, soil quality—
and socioeconomic characteristics—population density, immigration, unemployment, 
indigenous population, education, and literacy.  
 
We estimate two types of effects of NPAs on socioeconomic indicators. The first, which 
we call a “short run effect”, measures the impact on changes in socioeconomic indicators 
between 2000 and 2005 of the establishment of a new NPA in a municipio during that 
same five-year period. The second effect, which we call a “long run effect”, measures the 
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impact on changes in socioeconomic indicators between 2000 and 2005 of the 
establishment of an NPA in a municipio between 1995 and 2000. So essentially, our short 
run effect measures the contemporaneous effect of establishing an NPA in a municipio, 
and our long run effect measures the effect over a subsequent five-year period.  
 
At the national level, we find that establishing an NPA exacerbates marginality both in 
the short run (by 8%) and in the long run (by 4%) (Table 4). It exacerbates income 
inequality in the short run, but reduces it in the long run. And finally, it has no effect on 
population in the short run, but reduces it (by 7%) in the long run.  
 

[Insert Table 4 here] 
 
In addition to analyzing the effect of NPAs on socioeconomic indicators at the national 
level, we also analyzed effects at a regional level. Because boundaries of CONANP 
administrative regions do not correspond to those of states and municipios, we use five 
mesoregions defined in Mexico’s 2001 National Development Plan (see Robalino et al. 
2011 for details). We find that NPAs only have a significant effect on marginality in the 
Southeast region, on inequality in the Southeast and Northeast regions and on population 
in the Southeast, Center, and Northeast regions (Table 4).  
 
6. CONCLUSION 
  
We have used a variety of spatial data—including high resolution land cover data derived 
from satellite images—along with statistical techniques that address methodological 
problems in previous studies to examine the impacts of Mexican NPAs on deforestation 
and on local communities. To shed light on NPA’s deforestation impacts, we examined 
the effect of NPAs created prior to 1993 on deforestation between 1993 and 2000. We 
found that, on average, these NPAs: 
 

• had no observable effect on deforestation within their boundaries at the national 
level; 

• succeed in stemming deforestation in just three of CONANP’s nine regions 
(regions 4, 6, and 9);  

• were more effective in stemming deforestation when they were sited in low 
altitude areas, comprised of private and state (versus common) property, located 
far from cities, and had plentiful indigenous inhabitants; and  

• did not spur leakage deforestation in adjacent areas.  
 
These results have at least two policy implications. First, they provide information policy 
makers can use to target scarce financial and human resources to existing NPAs. For 
example, if a goal is to improve NPAs’ impact on deforestation, our analysis indicates the 
NPAs that are relatively ineffective in achieving this goal after controlling for the non-
random siting of NPAs—those in CONANP regions 2, 3, 7, and 8. Second, our results 
provide information policy makers need to site new NPAs to stem deforestation. They 
suggest that NPAs will be most effective if sited in areas characterized by low altitude, 
relatively limited communal tenure, etc.  
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To shed light on NPAs’ impacts on local communities, we examined the effect of NPAs 
created between 1995 and 2005 on levels of marginality, income inequality, and 
population in local municipios between 2000 and 2005. We found that at the national 
level establishing an NPA generally has a negative effect on local economies. 
Specifically, it 
 

• increased marginality both in the short run (the same five year period in which the 
NPA was established) and in the long run (the subsequent five years); 

• increased income inequality in the short run, but reduced it in the long run 
(possibly because all residents become poorer in the long run); and 

• had no effect on population in the short run, but reduces it in the long run.  
 
These results suggest that policy makers need to consider proactive policies to reduce 
NPAs’ negative socioeconomic impacts on local communities. 
 
Future research on NPAs’ deforestation impacts will focus on three areas. First, we would 
like to better understand the drivers of our results. For example, why are NPAs in some 
regions more effective at stemming deforestation than others, and why are NPAs with 
certain characteristics more effective at stemming deforestation than others? Second, we 
would like to analyze NPAs created after 1993. To do that, however, we will need post-
2000 land cover data that is comparable with our 2000 data. Third, we would like to test 
the effect of additional NPA characteristics on effectiveness in stemming deforestation. 
These characteristics include size, vintage, and the adoption of a management plan.  
 
Future research on the impacts of Mexican NPAs on local communities also will focus on 
three areas. First, here too, we would like to better understand the drivers of our results. 
For example, why do NPAs exacerbate marginality and how is this effect related to 
NPAs’ effect on income inequality? Second, we would like to obtain an additional year of 
census data to improve the power of our hypothesis tests. Finally, we would like to use 
more disaggregated  (localidad-level) data to reduce aggregation bias.  
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Table 1. NPAs effect on deforestation rate within their boundaries by CONANP region (percentage points) 
Estimator     Sample      

 National Reg. 1 Reg. 2 Reg. 3 Reg. 4 Reg. 5 Reg. 6 Reg. 7 Reg. 8 Reg. 9 
Matching 0.13 0.56 -1.39 13.26 -16.80 -4.76 -6.23 2.33 1.84 -11.23 
Naïve -4.01 0.19 -4.52 14.46 -12.76 -19.70 -20.14 -2.04 -3.36 -5.77 

           
No. observations 137,632 1,001 13,939 30,444 5,652 6,600 21,606 20,441 15,103 22,846 

No. observations inside NPA 5,574 105 81 1,515 41 104 1,983 418 349 978 
Bold = statistically significantly different from zero at 5% of 1% level. 
 

 
Table 2. NPAs effect on deforestation rate within their  

boundaries by NPA by type (percentage points)  
Estimator Sample 

 Altitude Travel Time Common 
Property 

Indigenous 

 Low High Low High 
Matching -6.17 -6.72 -5.24 -6.73 
Naïve  -10.31 -11.71 -12.02 -12.73 

     
No. observations 135,450 134,485 134,712 134,696 

No. observations treatment 3,392 2,427 2,654 2,638 
Bold =statistically  significant at the 5% or 1% level; 

 
Table 3. NPAs effect on deforestation rate within 10 km of their boundaries by CONANP region (percentage points) 

Estimator     Sample      
 National Reg. 1 Reg. 2 Reg. 3 Reg. 4 Reg. 5 Reg. 6 Reg. 7 Reg. 8 Reg. 9 

Matching 0.35 4.45 0.89 3.91 -6.83 12.52 -6.05 1.42 0.69 1.02 
Naïve 1.23 0.63 0.71 4.66 -6.53 8.88 -11.99 1.52 1.11 6.80 

           
No. observations 132,058 896 13,858 28,929 5,611 6,496 19,623 20,023 14,754 21,868 

No. observations inside NPA 15,963 201 1,048 2,112 696 771 2,920 4,117 1,667 2,431 
Bold =statistically  significant at the 5% or 1% level. 
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Table 4. NPAs effect on socioeconomic indicators  

for local communities (percent) 
Region 

Effect 
Socioeconomic Indicator 

 Marginality Inequality Population 

National    

Short run 7.75 5.19 -0.92 

Long run 3.82 -2.58* -6.65 

1. Southeast    

Short run 18.01 0.85 6.90

Long run 3.76 -4.11 -0.0711 

2. Center-east    

Short run 11.58 0.0582* -0.0127 
Long run 2.13 -0.014 0.0086 

3. Center    

Short run -- 2.99 -9.93

Long run 20.3 -0.95 -7.11 

4. Northeast    

Short run 0 6.71 -0.68 
Long run 0.0384 3.49 -12.22

5. Northwest    

Short run 0 1.0343 -33.08 
Long run -23.72 16.23 8.16 

Bold =statistically  significant at the 10%, 5%, or 1% level 


