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ABSTRACT Almost a third of the world’s forest area is communally managed. In principle, this arrangement 
could lead to a ‘tragedy of the commons’ and therefore more deforestation. But it may be easier to monitor 
outsiders’ deforestation of land owned by a community rather than an individual. We present a theoretical 
framework to examine these trade-offs and empirically study the effect of communal titling on deforestation in 
Colombia. Our empirical approach uses a differences-in-discontinuities strategy that compares areas just 
outside and inside a title, before and after titling. We find that deforestation decreased in communal areas 
after titling, especially in small communities, which is consistent with the model’s predictions. We also find 
evidence of positive spillovers: titling reduced deforestation in nearby areas outside the title (and thus our 
estimates are a lower bound of the total effects of communal titling on deforestation).

1. Introduction

Under standard economic assumptions, common-pool resources like fisheries, forests, and water 
basins are subject to the ‘tragedy of the commons’, in which a shared-resource is over exploited by 
individuals pursuing their own interest. Yet, communal property rights may also induce conservation 
when the owners can overcome their short-term self-interests and exclude outsiders (Ostrom, 1990, 
1998). It may also be easier for communities than individuals to prevent outsiders from exploiting the 
resource due to economies of scale (De Janvry, Sadoulet, & Wolford, 2001). While almost a third of 
the world’s forest area is communally managed (Gilmour, 2016), there are few well identified impact 
evaluations of the effects of communal titling on deforestation. In this paper, we study the effect of 
communal titling on forest resources in Colombia using a differences-in-discontinuities strategy.

First, we introduce a simple theoretical framework to understand how communal titling affects the 
use of forest resources. Similar to the case of territorial use rights in fisheries (Chávez, Murphy, & 
Stranlund, 2019), communal forest members must allocate time to manage the resource and coordi-
nate monitoring of outsiders’ exploitation. The model highlights a relationship between the size of the 
communal title and deforestation. Intuitively, each individual owner free-rides on his co-owners’ 
monitoring. Thus, the larger the community, the more free-riding that takes place. As a result, titling 
reduces deforestation more for smaller communities. Our theoretical model is similar to the one 
developed by Dasgupta and Heal (1979) to study the tragedy of the commons, but we add two 
features. First, our model allows for the possibility of deforestation by non-owners. Second, it takes 
into account each owner’s decision about whether to allocate time to exploit the forest or monitor 
deforestation undertaken by non-owners. The results of the model align with previous empirical and 
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theoretical findings which show that group size affects common resource management (Agrawal & 
Goyal, 2001; Barcelo & Capraro, 2015; Yang et al., 2013).

We exploit a natural experiment in Colombia: In 1993, certain regions of the country became 
eligible for communal land titling by Afro-Colombian communities. The first titles were allocated 
in 1996. By 2017, 5.3 million hectares of communal land were distributed across 168 titles. We 
use a differences-in-discontinuities strategy that compares the forest cover just inside and outside 
the communal titles (the discontinuities) before and after the titles were granted (the differences). 
Estimates of the effect of titling on deforestation might be affected by site selection bias and 
spatial spillovers (Andam, Ferraro, Pfaff, Sanchez-Azofeifa, & Robalino, 2008; Robalino & Pfaff, 
2012). To address the first concern, we use location fixed effects to control for time-invariant 
observable and unobservable sources of bias (Jones & Lewis, 2015). To address the possibility 
that spatial spillovers are influencing the effect of titling on deforestation, we study the sensi-
tivity of our estimates to excluding pixels close to the border (which are more likely to receive 
spillovers).

We find that the probability that a pixel has no forest coverage is lower after titling, 
especially in small communities (less than the median number of inhabitants).1 The probability 
that a pixel lacks forest coverage falls by 0.33 percentage points compared to a mean of 
4.95 per cent (a 6.7% decrease) after titling. In small communities, this probability drops by 
0.53 percentage points (a 10.7% decrease). In large communities (above median population), 
this probability decreases by 0.28 percentage points (a 5.7% decrease).2 This is consistent with 
evidence that smaller groups induce higher levels of trust and cooperation (Poteete & Ostrom, 
2004). We also find evidence of positive spillovers: titling reduced deforestation in nearby 
areas outside the title. Thus, our estimates are a lower bound of the total effects of communal 
titling on deforestation.

Previous research has found mixed evidence on the effect of communal land titling on 
deforestation in Mexico (Barsimantov & Kendall, 2012; Rueda, 2010), the Amazon region 
(BenYishay, Heuser, Runfola, & Trichler, 2017; Blackman, Corral, Lima, & Asner, 2017; 
Blackman & Veit, 2018; Pfaff, Robalino, Lima, Sandoval, & Herrera, 2014), Ethiopia (Rustagi, 
Engel, & Kosfeld, 2010), India (Agrawal & Goyal, 2001), and China (Yang et al., 2013). Yet, 
a recent meta-analysis of deforestation recommended rigorous impact evaluation methods to 
study the effects of community forest management on deforestation (Busch & Ferretti-Gallon, 
2017). Likewise, Agrawal (2001) argues that causal research designs (as opposed to case studies) 
are needed to construct ‘a coherent and empirically relevant theory of the commons’. Our paper 
adds to this literature by providing well-identified causal evidence (using panel data and quasi- 
experimental methods) of the effects of communal land titling on deforestation in another 
region.3 Our results are aligned with previous findings which have shown that groups are more 
likely to be successful at avoiding the tragedy of the commons when shared resources are 
stationary (e.g. forests) than when they are not (e.g. fisheries) (Shin et al., 2020). In addition, 
we contribute to the literature showing how group size affects common resource management 
(e.g. Agrawal and Goyal (2001); Yang et al. (2013)).

Closely related papers by Bonilla-Mejia and Higuera-Mendieta (2019) and Velez, Robalino, 
Cardenas, Paz, and Pacay (2020) also find a reduction in deforestation in Colombia’s communal 
lands. Yet our paper differs in three main respects. First, we study whether there are spillovers to 
nearby areas. Second, we provide a theoretical framework to formalise the trade-offs between the 
tragedy of the commons and the benefits of communal titling. Third, we use a differences-in- 
discontinuities identification strategy that exploits spatial and temporal variation. Bonilla-Mejia and 
Higuera-Mendieta (2019) use only spatial variation (neighbour pixels in a regression-discontinuity 
design). Velez et al. (2020) use a difference-in-differences design with the titling time, but only use 
areas that were eventually titled communally. In short, we corroborate their findings using a sharper 
identification strategy, provide evidence of spillovers, and show heterogeneity in treatment effects by 
group size.
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2. Theoretical framework

We present a simple framework of how communal land titling affects the use of forest resources. The 
main goal of the model is to understand the effect of communal titling on deforestation, and how this 
effect is mediated by the number of title owners and the size of the titled area. The model is similar to 
the one developed by Dasgupta and Heal (1979), with identical agents and individual utility that 
depends on a person’s own actions and those of others using the resource. However, our model has 
two extra features. First, it allows for the possibility that outsiders (i.e. those who do not own the title) 
are responsible for part of the deforestation. Second, it takes into account each owner’s decision about 
whether to allocate time to either deforest or monitor deforestation from non-owners. In the 
supplementary material (Online Supplementary Materials C) we provide a formal mathematical 
setup.

Each agent derives utility from consuming forest goods and from the amount of remaining standing 
forest. In the case of a pure communal resource, this framework yields the standard tragedy of the 
commons result: there is more deforestation in the Nash Equilibrium than in the social optimum.

We expand the model to study the effects of introducing communal titling. Besides exploiting the 
forest for their own consumption, title owners can exert some effort monitoring to prevent non- 
owners from deforesting inside the title. Monitoring reduces the forest goods obtained by outsiders 
per unit of deforestation effort. As the number of title owners grows, each owner monitors for less 
time, as he benefits from his co-owners’ monitoring efforts. This behaviour causes total monitoring 
effort to display an inverted U-shape pattern: it increases with more owners for small communities, 
but eventually declines when the free-riding effect on monitoring dominates. Figure C.2 in the Online 
Supplementary Materials illustrates this pattern. Since the deforestation caused by an outsider (i.e. 
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Figure 1. The effect of titling on deforestation. 

Notes: Heatmap of the reduction in deforestation associated with titling. Each grid point represents the percentage 
reduction in deforestation after titling associated with a given number of title owners and forest area. The y-axis plots the 
number of owners and the y-axis the total titled forest area. The darker the green, the larger the percentage reduction in 

deforestation. White indicates no difference from the non-title case. Red represents an increase in deforestation. 
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non-title holder) is inversely related to the total monitoring effort, it displays a U-shape pattern. 
Finally, owners’ individual deforestation increases when there are more owners, as in the classic 
tragedy of the commons.

Although theoretically there is an U-shape relationship between the number of owners and 
deforestation, for the parameter space in our empirical application an increase in population is 
generally associated with more deforestation. Specifically, the smallest communal title has more 
than 65 individuals, which is beyond the population that minimises deforestation in our simulations.

Figure 1 shows the reduction in deforestation (in percentage terms) associated with titling. Each 
grid point represents a reduction in deforestation after titling, depending on the number of title 
owners and the size of the titled area. The vertical axis increases the number of owners from bottom 
to top. The horizontal axis increases the area of forest that is titled from left to right. As the number of 
owners grows, free-riding on monitoring and the tragedy of the commons effect become more 
prevalent; total deforestation thus increases. Likewise, for a fixed number of owners, deforestation 
increases as the forest titled area increases.

3. Context and data

3.1. Background

Although Afro-Colombian communities have inhabited the west coast of Colombia since the nine-
teenth century, they did not hold the title of the land they occupied until Law 70 of 1993 established 
their right to communal land titles.4 The first six titles were granted in December 1996 in the 
department of Chocó. By the beginning of 2017, there were 168 titles encompassing a total of 
55,000 km2 (see Figure 2(a)). According to the law, only vacant lots west of a specified line – which 

(a) Total area under communal titles by year (b) Communal titles in 2016
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Figure 2 Communal titles under Law 70 of 1993. 

Notes: Authors’ calculations based on (Sistema de Información Geográfica para la planeación y el Ordenamiento 
Territorial [SIGOT], 2019) data. Figure 2(a) shows the cumulative area under communal titles (in km2 from 
1993 to 2016). Figure 2(b) shows the allocation of communal titles as of 2016. Only land to the left of the red 

line is eligible for communal titling. 
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does not correspond to any political–administrative boundary (shown in red in Figure 2(b)) – are 
eligible for titling.

The area that can be titled is located along the Pacific Coast of four departments (Chocó, Valle del 
Cauca, Cauca and Nariño). The area is geographically isolated from the rest of the country – with 
only two paved roads leading to the coast from the interior (El Tiempo, 2016) – and has the highest 
poverty rate in the country (Peláez Thompson & Vásquez Duque, 2018).

To request a communal title, community members must form a local council (‘Consejo 
Comunitario’) to be in charge of ‘delimiting and assigning areas within the adjudicated lands; ensure 
the conservation and protection of the rights of collective property; ensure the preservation of cultural 
identity; ensure the conservation of natural resources; choose the legal representative of the respec-
tive community as a legal entity; and act as friendly constituents in the internal conflicts that may be 
reconciled’ (Congreso de Colombia, 1993). Once the local council is formed, it must request the title 
from the central government by providing: (i) a detailed description of the land to be titled; (ii) an 
ethno-historic background of the community; (iii) a demographic description of the families within 
the title; and (iv) a description of the traditional means of production. After the request is received, 
the law requires the government to send a delegate to verify the information within 60 days. The 
government then has another 60 days to either grant or deny the title. Yet in practice the process has 
historically taken an average of two and a half years (see Table 1 and Figure A.1 in the Online 
Supplementary Materials).

3.2. Data

We rely on two main data sources in our study. First, for forest coverage we use data from Hansen 
et al. (2013), which is a yearly data set from 2001 to 2016 that classifies each 30m� 30m pixel as 
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Figure 3. Forest cover in area eligible for communal titling. 

Notes: The black dotted line represents the proportion of land in the area eligible for communal titling that is 
covered by forest according to Hansen et al. (2013). The red dashed line represents the land area within the 

communal titling eligible zone covered by forest according to IDEAM (2019). 
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either covered by forest or not. We aggregate the data to 90m� 90m pixels for computational 
purposes. We also use forest coverage information from the Institute of Hydrology, Meteorology 
and Environmental Studies (IDEAM, its Spanish acronym) for 1990, 2000, 2005, and 2010 as 
a robustness check (Instituto de Hidrología, Meteorología y Estudios Ambientales [IDEAM], 
2019). The main difference between IDEAM (2019)’s and Hansen et al. (2013)’s data is that the 
former requires a minimum of 10 acres of continuous forest to label an area as forest land; thus, 
small patches of forest are excluded (see Online Supplementary Materials Section B for more 
details).

According to Hansen et al. (2013)’s data, over 96 per cent of the area eligible for communal titling was 
covered by forest in 2000; by 2016, the forest area had declined to just over 90 per cent (see Figure 3).

Our second data source is the Sistema de Información Geográfica para la planeación y el 
Ordenamiento Territorial, which we use for information on the location and characteristics of 
communal titles. The data includes the year in which the collective title was granted, as well as its 
boundaries and number of inhabitants. We collect the date on which the request was first filed by 
coding it from the resolutions that granted each title. Table 1 presents the summary statistics of the 
communal titles in our statistical analysis. The average communal title in our data was granted in 
2002 and encompasses 335 km2.

3.3. Other data

We associate each pixel in our data with the closest communal title and calculate the distance 
between the pixel and the title border. We then combine spatial data from two other sources to create 
a data set at the pixel level: We use slope data from the ALOS Global Digital Surface Model by 
JAXA (see http://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm for more details), and roads and 
rivers data from DIVA-GIS (2019).

4. Empirical strategy

To identify the effect of communal titling on deforestation, we use a differences-in-discontinuities 
strategy that compares areas just inside and just outside the communal titles (the discontinuities) 
before and after the titles are granted (the differences). We estimate the following model at the pixel- 
by-year level:

Yict ¼ β0 þ β1Afterct � Inneri þ f ðDistancei; InneriÞ þ αXi þ γInneri;c þ γct þ εict; (1) 

where Yict is an indicator for whether pixel i, in the vicinity of communal title c, lacks forest coverage 
in year t. By vicinity we mean that the pixel is close to the boundary of c, regardless of whether it is 
outside or inside the titled area. Afterct equals 1 if the communal title for c has been granted by year t, 

Table 1. Characteristics of communal titles  

Mean Median Std. Dev. Min Max N

Year titled 2,002 2,002 3.7 1,996 2,016 156
Year requested 1,999 2,000 2.2 1,996 2,006 142
Request to tilting (years) 2.6 2 1.8 0 12 142
Area (km2) 340 145 810 0 6,952 156
Population 2,173 935 4,088 67 39,360 154
Density (Population per km2) 23 8 85 .53 879 154

Notes: An observation is a communal title. Our statistical analysis does not include all 168 titled communities, as 
not all titles have a suitable control area to test the effect of titling. We also exclude two titles that had missing 
information on population. 

Communal property rights and deforestation 1043

http://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.htm


and Inneri is an indicator equal to 1 if pixel i is inside the communal title. Distancei is the distance 
from pixel i to the boundary of c. Inside the communal title we set the distance as negative and 
outside as positive. f is a flexible polynomial that we allow to be different on each side of the border 
(and thus, also has Inneri as an argument). Xi are pixel-level controls: distance to the nearest road, 
distance to the nearest river and slope. We also include communal-title-inner and communal-title-year 
fixed effects: γInneri;c and γct. Finally, εict is the error term (which we cluster at the community-year 
level). We employ the standard practice of choosing the bandwidth near the discontinuity following 
Calonico, Cattaneo, Farrell, and Titiunik (2017) for each community, and show that the results are 
robust to using either half or twice the optimal bandwidth. The coefficient of interest is β1, which 
measures the effect of collective land titling on the probability that a pixel will lack forest coverage.

The strategy focuses on the land surrounding the borders of all communal titles, which usually 
follow natural boundaries, such as rivers. We use borders that are not next to other communal titles or 
to the ocean.5 γInneric absorbs any difference between land just inside and just outside the title. For 
example, if the border of the title is determined by a river, γInneric absorbs any difference between the 
two shores of the river. γct absorbs any time variation (for each title). For example, if a new road is 
constructed that allows easier access to a title, these fixed effects capture any change in deforestation 
(either inside or outside the title). Thus, the identification relies on three assumptions. First, 
deforestation does not determine the decision to title or the specific borders. For example, if 
a community decides to title because deforestation is increasing, this would not violate the identifica-
tion assumption (γct would capture this). However, if the community decides to impose a border 
because deforestation is rising inside (or outside) the border, this would violate the identification 
assumption. As mentioned above, since borders usually follow natural boundaries, this seems 
unlikely. The second assumption is that no other change besides the titling process takes place at 
the same time within the titled area. This is unlikely to be a threat to identification, as it would require 

A0

A1
A2
A3
A4

Figure 4. Visual representation of differences-in-discontinuities identification strategy. 

Notes: Example of areas used in the regressions. The area deep inside the title is depicted in solid dark green 
(A0), and the part near the title border in light green (A1). The black-and-white crosshatch pattern denotes land 
located just outside the title area (A2). The border of the title is between A1 and A2. The yellow area with 
vertical lines represents area further outside the title (A3). The area in brown represents land that is even further 
away (A4). The main regression compares A1 and A2. Areas A0, A3 and A4 are not included in the main 

regression, but A3 and A4 are used to study spillovers. 
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a policy change that has both the same timing and the same geospatial attributes as titling.6 The third 
assumption is that there are no spillovers from treated to untreated areas. The parallel-trends 
assumption would be violated if deforestation increased right outside the titled area due to displace-
ment from inside the title. We discuss whether this assumption is plausible in more detail in Section 
5.2. We do find some evidence of positive spillovers of reduced deforestation also outside the tile. 
Thus our main specification may be under-estimating the treatment effect of communal titling.

Figure 4 provides a visual representation of the identification strategy using a sample communal 
title. It compares land just outside the title (A2, black-and-white crosshatch pattern) to that just inside 
the title (A1, solid light green), before and after the title is issued to the community.

To check the parallel-trend assumption and the dynamic effects of titling, we estimate a model that 
allows the effect of titling (β1) to vary over time. Specifically, we estimate the following model:

Yict ¼ β0 þ
Xτ¼5

τ¼� 5
β1τTitleτct � Inneri þ f ðDistanceiÞ þ αXi þ γInneri;c þ γct þ εict; (2) 

where Titleτct equals 1 if there are τ years to/from titling in c (and 0 otherwise).
As a robustness check, we include pixel fixed effects (γi) to control for observable and unobser-

vable characteristics of each individual pixel that are constant over time. This specification is almost 
identical to Equation (1), but allows us to control for fixed properties of each pixel such as: soil 
quality, potential agricultural productivity and suitability for cattle ranching. We also add pixel 
characteristics interacted with time trends as additional controls. Specifically, we estimate:

Yict ¼ β0 þ β1Afterct � Inneri þ
X

t
αtYeartXi þ γi þ γct þ εict: (3) 

Thus, β1 above captures the difference (inside and outside each title) in changes in deforestation in 
pixels over time (before and after titling).7
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Figure 5. Lack of forest coverage inside and outside communal lands, before and after titling. 

Notes: This figure illustrates the event study of the effect of titling on the probability a pixel lacks forest 
coverage. Years to titling are on the x-axis (0 = the year of titling). The effect of titling on the probability a pixel 
lacks forest coverage is on the y-axis. Each point represents the coefficient from years to titling interacted with 

the treatment indicator (i.e. whether the pixel is inside the title). See Equation (2). 
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4.1. Data balance

Table 2 presents the mean characteristics of the pixels just outside (Column 1) and just inside 
(Column 2) a communal title. Our data points are far from roads and close to rivers.

Table 2 also presents the difference between these pixels inside and outside communal titles 
(Column 3) as well as the discontinuity, if any, at the threshold (Column 4). Column 4 presents the 
estimate of β from the following regression:

Yic ¼ αþ βInneri þ λInneri � Distancei þ δDistancei þ γc þ εic; (4) 

where Yic is the outcome of pixel i in the vicinity of communal title c, and everything else is as in 
Equation (1). The results are robust to either using half or twice the optimal bandwidth (see Table A.1 
in the Online Supplementary Materials).

As expected, pixels just inside and just outside the communal title are similar along several time- 
invariant characteristics, such as distance to the nearest road, distance to the nearest river, and slope 
(see Table 2, Column 4).

Finally, Table 2 also presents forest coverage in the land just outside and just inside the title. Before titling, 
the probability that a pixel was not covered by forest was (2.8% inside and 2.1% outside). At the border, the 
difference was 0.86 percentage points (which is statistically significant at the 1% level). This suggests that 
a regression discontinuity design (such as the one used by Bonilla-Mejia and Higuera-Mendieta (2019)) 
might yield biased estimates. After titling, the probability that a pixel was not covered by forest grew more 
outside the title than inside (to 6% outside and 5.3% inside).

5. Empirical results

5.1. Main results

In this section, we explore how communal land titling affects forest coverage. We find that communal 
titling reduces the likelihood that a pixel lacks forest coverage (i.e. it reduces deforestation). The 
reduction is larger for smaller communities. This result is robust to different bandwidths, polynomial 
specifications, and measures of forest coverage. Replication data and code are available at Romero 
and Saavedra (2020).

Table 2. Summary statistics around the boundary of forest coverage and time-invariant covariates  

(1) (2) (3) (4)
Outside Inside Difference Discontinuity

Not covered by forest before titling (%) 2.80 2.10 −0.70 ��� −0.82 ���
(15.47) (13.25) (0.21) (0.29)

Not covered by forest after titling (%) 6.03 5.27 −0.76 ��� −0.62 ��
(21.72) (20.15) (0.23) (0.28)

Distance to nearest road (km) 24.09 24.78 0.69 ��� 0.12
(21.01) (21.35) (0.21) (0.12)

Distance to nearest river (m) 5.49 0.99 −4.50 ��� −0.81
(48.55) (20.12) (1.35) (1.22)

Slope (%) 0.92 0.91 −0.01 −0.01
(1.66) (1.64) (0.01) (0.02)

Notes: This table presents the mean and standard error of the mean (in parentheses) for the pixel just outside 
(‘Outside’ Column 1) and just inside the communal titles (‘Inside’, Column 2). The last columns present the 
difference between inside and outside areas (Column 3), and the discontinuity at the threshold allows for 
a different linear fit inside and outside the title (Column 4). � p<0:10, �� p<0:05, ��� p<0:01 
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Figure 5 displays the evolution of forest coverage inside and outside the title before and after titling 
(i.e. an event study from estimating Equation (2)). Before titling, there are no significant differences 
between the probability that a pixel lacks forest coverage inside and outside the titled area. After 
titling, the probability that a pixel lacks forest coverage is lower inside the communal title, especially 
after the first year. There is a slight pre-trend that could be explained by the average lag of 2.5 years 
between filing the request for titling and the title being granted (see Table 1 and Figure A.1 in the 
Online Supplementary Materials).

Next, we present the estimates from the differences-in-discontinuities (i.e. Equation (1); see Table 3). 
Communal titling led to a decrease of −0.33 (p-value<0.01) percentage points in the probability that 
a pixel lacks forest coverage from a mean of 4.95 per cent (a 6.7% decrease). Since the total titled area is 
roughly 55,000 km2, this means communal titling decreased deforestation by around 181 km2. There is 
important heterogeneity in the number of inhabitants of the communal land.8

The probability that a pixel lacks forest coverage decreases in small communities (below the 
median) by 0.53 percentage points, a drop of 10.7 per cent (Column 2). In large communities (above 
the median size) the probability decreases by 0.28 percentage points (a 5.7% decrease). We also 
investigate the effects by terciles of population (Column 3): the largest effect is for communities in 
the smallest tercile of population. Imposing a parametric linear functional form, we confirm that the 
probability that a pixel lacks forest coverage decreases the most in small communities (Column 4). 
Finally, a quadratic functional (see Column 5) confirms that the titling effect is larger for smaller 
communities, although the coefficients are not statistically significant.

5.2. Robustness checks

The results are robust to using pixel fixed effects (i.e. estimating Equation (3)). The results using Hansen 
et al. (2013)’s yearly data (Table 4, Columns 1 and 2) and pixel fixed effects are similar to those reported 
in Table 3. The results are qualitatively similar using IDEAM data (Columns 3 and 4), which indicate 
a 0.87-percentage-point decrease from a base of 15.4 per cent in the probability that a pixel lacks forest 
coverage (p-value<0.01), which represents a 5.6 per cent decrease. The larger coefficient can be partially 
explained by the periodicity of the data (5-year intervals for IDEAM (2019) vs. yearly data for Hansen 
et al. (2013)). The larger standard errors are due to a smaller sample size.

Our results are also robust to at least two specification choices. First, the results do not vary 
qualitatively depending on the choice of optimal bandwidth (see Columns 1–3 of Table A.5 in the 
Online Supplementary Materials). Using a bandwidth that is twice as large or half as large yields 
similar results. Second, the results are unaffected by using linear instead of quadratic polynomials on 
the distance to the border (see Columns 4–6 of Table A.5).

5.3. Spillovers

We perform additional regressions, varying the control group, to study spillovers (see Table 5). 
Column 1 replicates the results in the first column of Table 3, where we compare the land just inside 
versus just outside the communal title (area A1 versus area A2 in Figure 4). The control group in this 
specification is the land that is within the optimal bandwidth from the border of the title and outside 
the title. As we move away from the border, we expect spillovers to fade out. Column 2 thus 
compares A1 with A3 – that is, land just inside the title with land outside the title but farther from the 
border (i.e. an outer ring). The control group here is the land between the bandwidth and twice the 
bandwidth from the border. Column 3 performs a similar exercise but using a control group that is 
between two and three times the bandwidth from the border (i.e. it compares A1 to A4, Figure 4). The 
effect of titling increases as we use control groups that are farther from the border. We interpret this 
as evidence of positive spillovers. Thus, the results in Table 3 may be attenuated and the total 
treatment effect of communal titling on deforestation may be larger.
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Positive spillovers are further supported by Columns 4 and 5, which report the results of placebo 
exercises. In Column 4 we compare land just outside the border with land that is twice the bandwidth 
from the border (at most the optimal bandwidth away, or A2 vs. A3). The probability a pixel lacks 
forest coverage decreases in land close to the title, as in Chomitz and Gray (1996). We take this as 
further evidence of positive spillovers. Finally, in Column 5 we compare land outside the title that is 
twice the bandwidth away from the border with land that is three times the bandwidth away from the 
border (i.e. comparing A3 with A4). In this last specification we find no evidence of differential 
forest coverage, which can be explained by positive spillovers fading out with distance.

6. Conclusions

In this paper, we study the effect of the allocation of communal land titles on forest coverage. 
Communal titling led to a decrease of −0.33 (p-value<0.01) percentage points in the probability that 
a pixel lacks forest coverage from a base of 4.95 per cent (a 6.7% decrease). Since the total titled area 
is roughly 55,000 km2, this means communal titling decreased deforestation by around 181 km2. 
These results suggest that the tragedy of the commons effect does not drive an increase in deforesta-
tion, and that communal titling can be an effective tool to protect forests.

Table 3. Effect of communal titling on forest coverage  

No forest coverage

Dependent Variable: (1) (2) (3) (4) (5)

After X Inner −0.33*** −0.52*** −0.41**
(0.10) (0.14) (0.18)

After X Inner X Small Pop −0.53***
(0.19)

After X Inner X Large Pop −0.28**
(0.12)

After X Inner X Tercile 1 −1.11***
(0.38)

After X Inner X Tercile 2 −0.27***
(0.091)

After X Inner X Tercile 3 −0.25
(0.15)

After X Inner X Pop 0.33*** −0.31
(0.12) (1.04)

After X Inner X Pop2 0.43
(0.66)

N. of obs. 15,142,393 14,563,662 14,563,662 14,563,662 14,563,662
Communities 156 154 154 154 154
Mean of Dep. Var. 4.95 4.73 4.73 4.73 4.73
R2 0.12 0.12 0.12 0.12 0.12

Notes: The outcome variable is equal to 0 if the pixel is covered by forest, and 100 if it is not. Thus, the 
coefficients can be interpreted as the effect, in percentage points, on the probability a pixel is not covered by 
forest. Hansen et al. (2013) yearly data (2001–2016). Population (Pop) measured in 10,000 inhabitants. All 
regressions include communal-title-inner and communal-title-year fixed effects. Controls include distance to the 
nearest road, distance to the nearest river, and slope. Standard errors, clustered by community-year, are in 
parentheses. Optimal bandwidth is calculated for each community following Calonico et al. (2017). � p<0:10, ��
p<0:05, ��� p<0:01 
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We also find evidence of positive spillovers. Thus, the results in Table 3 may be attenuated, and the 
true treatment effect may be larger. That is, titling reduced deforestation in nearby areas outside the 
titles. Thus, the estimates in the previous paragraph are a lower bound of the true effects of 
communal titling on deforestation.

Table 4. Effect of communal titling on forest coverage  

No forest coverage

Hansen IDEAM

Dependent Variable: (1) (2) (3) (4)

After X Inner −0.38* −0.87***
(0.19) (0.30)

After X Inner X Small Pop −0.62*** −1.12
(0.19) (0.77)

After X Inner X Large Pop −0.30** −0.80
(0.13) (0.41)

N. of obs. 15,046,819 14,468,496 2,432,789 2,334,602
Communities 156 154 156 154
Mean of Dep. Var. 4.96 4.74 15.4 15.1
R2 0.77 0.77 0.25 0.25

Notes: The outcome variable is equal to 0 if the pixel is covered by forest, and 100 if it is not. Thus, the 
coefficients can be interpreted as the effect, in percentage points, on the probability a pixel is not covered by 
forest. The table reports the results of estimating Equation (3). Columns 1 and 2 include pixel fixed effects and 
time dummies interacted with distance to the nearest road, nearest river and slope. Columns 3 and 4 estimate 
Equation (1) using IDEAMuse Hansen et al. (2013) yearly data (2001–2016). Columns 3 and 4 use IDEAM 
(2019) data for 1990, 2000, 2005, and 2010. Standard errors, clustered by community-year, are in parentheses. 
Optimal bandwidth calculated for each community following Calonico et al. (2017). � p<0:10, �� p<0:05, ���
p<0:01 

Table 5. Possible spillovers of titling  

No forest coverage

(1) (2) (3) (4) (5)
Dependent Variable A1 vs A2 A1 vs A3 A1 vs A4 A2 vs A3 A3 vs A4

After X Inner −0.33*** −0.90*** −1.10***
(0.10) (0.20) (0.28)

After X Placebo −0.54*** −0.14
(0.12) (0.12)

Comparison Main Out Control Out Control Placebo Placebo

N. of obs. 15,142,393 13,768,419 12,665,153 13,054,266 10,577,026
Communities 156 156 156 155 147
Mean of Dep. Var. 4.95 5.01 5.18 5.42 5.80
R2 0.12 0.13 0.13 0.14 0.15

Notes: The outcome variable equals 0 if the pixel is covered by forest, and 100 if it is not, using Hansen et al. 
(2013) yearly data (2001–2016). Thus, the coefficients can be interpreted as the effect, in percentage points, on 
the probability a pixel is not covered by forest. Each column compares different regions as defined in Figure 4. 
Controls include distance to the nearest road, distance to the nearest river, and slope. Standard errors, clustered 
by community-year, are in parentheses. Optimal bandwidth calculated for each community following Calonico 
et al. (2017). � p<0:10, �� p<0:05, ��� p<0:01 
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Two other papers have studied the effect of communal titling on deforestation in Colombia. 
Bonilla-Mejia and Higuera-Mendieta (2019) finds that communal titling leads to a 26.7 per cent 
reduction in the deforestation rate (0.0240 ha/km2/year), while Velez et al. (2020) find a reduction in 
the deforestation rate of 1.41 percentage points per year – a 35 per cent reduction. We find a 0.33- 
percentage-point reduction in the likelihood a pixel lacks forest coverage (a 6.7% reduction from the 
mean rate) where a pixel is 90 m � 90 m. While Bonilla-Mejia and Higuera-Mendieta (2019); 
Velez et al. (2020) examine the effect of communal titling on the deforestation rate (a flow), we 
study the impact on forest coverage (a stock). Thus, the results are not directly comparable without 
strong assumptions (e.g. a linear-dose relationship over time). Overall, our results align with the 
prediction that communal titling reduces deforestation. Besides using different outcomes, the 
differences in identification strategies across studies are also likely to yield different results. Bonilla- 
Mejia and Higuera-Mendieta (2019) use spatial variation (leveraging a regression discontinuity 
design). As mentioned above, our data suggest that these results could be biased due to pre- 
treatment differences in the deforestation rates (see Table 2). In addition, their strategy does not 
take into account the year of titling (or possible dynamic effects), which may lead to overestimating 
the impact of communal titling. Velez et al. (2020) use a difference-in-differences design that 
restricts the sample to areas that were eventually communally titled. Goodman-Bacon (2018) 
shows that the difference-in-differences estimates in Velez et al. (2020) and our paper can be 
decomposed into a weighted average of three components: (1) comparisons between communities 
that are titled early and those that are titled later during the periods when the ‘later-to-title’ 
communities are not yet titled, (2) comparisons between communities titled before and after they 
are titled and (3) comparisons between locations that are eventually titled and those that are never. 
Velez et al. (2020)’s treatment effect is only composed of the first two components, while ours 
includes all three. We also focus on areas that are near the title borders, while Velez et al. (2020) 
focus on the whole title.

Finally, our results speak to the broad discussion of how best to protect forests in developing 
countries. Some argue that establishing national parks is an effective approach to reducing deforesta-
tion. This approach often fails to take into account existing communities as well as a weak state 
presence in areas that might be suitable for parks. Communities might be more effective than the 
government at monitoring outsiders’ deforestation.
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Notes
1. A pixel is 90 m � 90 m square.
2. A similar result holds if we split the sample by population terciles, with the largest reduction in the probability that a pixel 

has no forest coverage for the first tercile (the smallest communities). Likewise, a parametric linear specification suggests 
that the largest reduction in the probability takes places in the smallest communities.

3. Another strand of the literature has shown the impact of communal land titling on individual and community welfare. For 
example, Peña, Vélez, Cárdenas, Perdomo, and Matajira (2017) demonstrates that collective titling increases per capita 
income, housing investment, and school attendance.
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4. Unlike Mexican ejidos, there is no private property within communal titles in Colombia (Alix-Garcia, 2007).
5. An alternative identification strategy would focus on the area surrounding the arbitrary line set by Law 70 of 1993. Since 

the boundary of the title along the line is plausibly exogenous, the only difference between land inside and outside the title 
is the title itself. While the underlying identification assumption is easier to meet in practice, very few titles have 
a boundary that coincides with the line (see Figure 2(b)), and hence any estimates from this identification strategy are 
too imprecise to be informative.

6. In 1991 Colombia changed its constitution, which resulted in a series of major reforms over the next few years including 
Law 70 of 1993, described above. Many other national reforms also took place. For instance, Law 100 of 1993 introduced 
a universal health insurance scheme that increased the percentage of the insured population from 24 per cent to over 
90 per cent within a few years. But most of these changes took place across the country and did not affect differentially 
titled areas.

7. By contrast, β1 in Equation (1) captures changes in deforestation in the whole area inside and outside each title, before and 
after titling.

8. Titles above and below the median in population have similar titling dates. See Tables A.2 and A.3 in the Online 
Supplementary Materials for details. The results are similar if area, instead of population, is used to estimate heterogeneity. 
Table A.4 provides more details.
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