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The Double Fence: Overlapping

Institutions and Deforestation in the

Colombian Amazon∗

Camilo De Los Rios Rueda†

Abstract

There is evidence that suggests that both the creation of Protected Areas

(PAs) and indigenous Reserves (IRs) has helped to reduce deforestation. Nev-

ertheless, there are some overlapping zones between these institutions in the

Colombian Amazon that have not been studied. Are these overlaps affecting

the deforestation in the IRs? How are the indigenous communities responding

to these overlaps? In this paper I estimate the impacts of these overlaps on the

deforestation inside the IRs using a Propensity Score Matching (PSM) method-

ology. I use important determinants of the location of PAs and deforestation

to create a valid counterfactual within the IRs. My results suggest that the

overlap significantly reduces the deforestation, but that there is a differential

effect depending on the IR’s size. These results suggest that the extra legal re-

striction imposed by the central government, favor the territorial control inside

the IRs. This paper provides a starting point to analyze the current relationship

between the central government, the indigenous communities and how it affects

deforestation.
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La Doble Barrera: Instituciones

Superpuestas y Deforestación en la

Amazonía Colombiana∗

Camilo De Los Rios Rueda†

Abstract

Existe evidencia que sugiere que la creación de Áreas Protegidas (APs) y

de Resguardos Indígenas (RIs) ha contribuido a disminuir la deforestación. Sin

embargo, existen algunas zonas de superposición entre estas instituciones en

la Amazonía Colombiana que no han sido estudiadas. ¿Afecta el traslape la

deforestación de los RIs? ¿Cómo responden las comunidades indígenas ante la

superposición del territorio? En este trabajo estimo el impacto de la super-

posición sobre la deforestación en los RIs usando la metodología de Propensity

Score Matching (PSM). Uso determinantes importantes de la ubicación de las

APs y deforestación para crear un contrafactual válido al interior de los RIs.

Mis resultados sugieren que la superposición reduce significativamente la defor-

estación, pero que existe un efecto heterogéneo en el tamaño de los RIs. Estos

resultados indican que las restricciones legales extras impuestas por el gobierno

central, favorecen el control territorial al interior de los RIs. Este trabajo da un

punto de partida para analizar las relaciones actuales entre el gobierno central,

las comunidades indígenas y como éstas afectan la deforestación.

Clasificación JEL: Q2, Q5, R5.

Palabras Clave: deforestación, Resguardos Indígenas, Áreas Protegidas.
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1 Introduction

Deforestation has been an increasing problem during the last decades and there has

been much public debate about it in recent years. The tropical zone is one of the

biggest deforestation hotspots; between 2000 and 2013 the deforestation in that region

increased by 2,101 km2 and nearly half of it occurred in South America (Hansen et al.,

2013). Collective land titles, like Indigeneous Reserves (IRs), have helped to reduce

deforestation in the Amazon (Blackman et al., 2017; Blackman & Veit, 2018), but

they might face some threats since restrictions to the economic activities that can

be performed within their territory are usually not as strong as restrictions within

Protected Areas (PAs). For instance, mining concessions can be given to territories

inside IRs but not inside PAs.

This was specially important for the indigenous communities of the IR Yaigojé

Apaporis in the Colombian Amazon. These communities asked the central government

to declare their territory as a PA in 2009 after concessions were given to a gold mining

company over some parts of the IR. The objective of declaring the IR as a PA was to

strengthen the conservation mechanisms available in the territory and also to protect

the intangible heritage of the indigenous communities1. The additional legal restric-

tions imposed by a PA were the only thing that could have protected the forests and

religious sites of the IR. Although this is an exceptional case, there are 28 IRs in the

Colombian Amazon that have an overlapping area with a PA. There is no qualitative

evidence that indicates that these overlapping areas followed a similar pattern as the

one described for the Yaigojé Apaporis; as a matter of fact, for some overlapping zones

the PA was created before the IR got titled (see Table A5). Nevertheless, the extra

legal restrictions to the territory imposed by the PA might still play a role in forest

conservation in every overlapping zone.

1 The 2079 resolution of the 27th of October of 2009 of the Ministry of Environment and territorial

development creates the PA and seeks to protect both the indigenous community and the natural

resources of the IR.
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Hence, in this paper I estimate the effect of the overlapping zones on the defor-

estation inside the IRs in the Colombian Amazon. By using geographical and geo-

referenced characteristics of the terrain I am able to account for the most important

determinants of deforestation and PA location. With the aim of identifying causal

effects I use the Propensity Score Matching (PSM) methodology to create treatment

and control groups that are comparable. This methodology compares units based on

the probability of treatment assignment and creates a control group that is as sim-

ilar as possible to the treatment group in all of the observable characteristics. The

identification strategy assumes that the treatment status depends only on the set of

covariates used in the matching procedure, which I select from a literature review. This

assumption, although strong, is credible in the setting of this study since economic

activity and political factors are the main determinants of the location of PAs (Pfaff et

al., 2016) and these data are available. The results suggest that in the absence of the

overlap, an area equivalent to 64% of the area deforested in the control group (areas

of IRs without overlap) would have been deforested in the treated (areas of IRs with

overlap).

There are many studies that try to determine the impact of creating a PA or

an IR on deforestation separately (e.g. Arriagada et al. (2016); Blackman & Veit

(2018), among others), but the overlapping figures have been barely considered. Thus,

the importance of this paper relies on the fact that an unexplored conflict over the

domain of the territory might arise in the overlapping zones, since the indigenous

people have autonomy inside their reserves but the territory of a PA is controlled

by the National Parks System. If the central government starts exerting too much

power inside the overlapping zones, it might crowd out the indigenous community’s

governance. As a result of that, the indigenous communities could lose credibility in

their property rights, since the control of their territory would be no longer only held

by them. This is likely to happen given that the Yaigojé Apaporis was an exceptional

case and no agreements2 between the central governments and the IRs were made

2Appendix B makes a discussion about some co-managment agreements signed after 2007.
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before the overlapping zones were created in any other cases. The theoretical model of

Mendelsohn (1994) predicts that low credibility in property rights could lead to more

deforestation. The indigenous communities might convert the forests to agricultural

and pastoral land uses in an attempt to signal tenure to the authorities and outsiders

(Buntaine et al., 2015); this can be the case in the overlapping zones in the Colombian

Amazon. Thus, the State intervention could trigger deforestation in the IRs.

Nevertheless, the State intervention could also work as an extra mechanism of

control over the territory that might help the communities to reduce the deforesta-

tion. The legal restrictions imposed by the PA could be enough to deter both the

communities and foreigners from deforesting the overlapping areas. Given the extra

legal restrictions to both entrance and use of land imposed on the overlapping areas,

the deforestation might decrease. While the indigenous communities can exert con-

trol directly on the territory, the PA gives them the extra legal restrictions needed

to further prevent deforestation. Thus, complementarities between central and local

governments might arise and help reduce deforestation.

The question of the impact of the overlapping zones over the deforestation in

the IRs is vital in the current context where environmental policy is moving towards a

more global understanding. A clear example of this is the “Triple A” corridor, which

is a policy proposal that seeks to protect all the northern Amazon from the Andes in

Colombia, Ecuador and Peru to the Atlantic coast in Brazil3. These kind of policies

imply an interplay between the central State and local governments like IRs, hence the

importance of this study. This paper also widens the discussion on deforestation in

the Colombian Amazon, an understudied case in comparison to the Brazilian Amazon.

The remainder of this paper is organized as follows. Section 2 provides a litera-

ture review and the contributions of this study. Section 3 describes the data available

and used. Section 4 explains the methodological approach, while Section 5 presents

3 This policy is proposed by several environmental NGOs in South America.
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the empirical results and some robustness checks. Finally, Section 6 concludes and

makes a discussion of the results of this study.

2 Related Literature and Contributions

In the related literature there has been a long debate over the efficiency of collective

titles and the management of common pool resources. On the one hand, Hardin (1969)

warns about the risks of the absence of private property rights, since that situation

could lead to over exploitation of the natural resources; this is known as the “Tragedy

of the Commons”. Nevertheless, the Tragedy of the Commons is framed in a context of

open access to the natural resources, something that does not necessarily apply to the

communities of IRs. In a similar way, De Soto (2000) advocates for the strengthening

of the private property rights, as they would allow individuals to create business. Yet,

his work has a focus on urban settings, which is certainly not the case when dealing

with IRs. On the other hand, there is a vast literature that finds some conditions under

which collective management of resources can lead to efficient results (Ostrom, 1990;

Sethi & Somanathan, 1996). Moreover, Larson & Bromley (1990) determine that it

is possible that collective properties give a better use to the natural resources than

private properties, since the probability of deforestation depends on characteristics

such as monetary wealth or intertemporal discount rates.

Hence, an empirical approach is necessary to determine the efficiency of collective

tiling on the use of natural resources. A growing body of literature has studied the

effects that collective titles can have on the use of natural resources. The papers that

try to estimate the effect of collective titling over deforestation face a clear problem

of selection bias, since the creation of IRs is not a random process as the communities

must make a request to obtain the property rights. Thus, to eliminate this source of

bias many different methodologies have been used. In order to determine the impact

of collective titling on deforestation in various South American countries, some papers

have tried to deal with the selection bias by using fixed effects on the community and
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year level (Blackman et al., 2017), while others have tried to make the treatment and

control groups comparable using PSM (Blackman & Veit, 2018; Buntaine et al., 2015)

and some others have used instrumental variables (Liscow, 2013). For the Colombian

case, the temporal variation of collective titling has been exploited to use differences

in difference (Vélez et al., 2019) and exogenous cutoffs have been used for spatial

regression discontinuity designs (Bonilla & Higuera, 2019; Romero & Saavedra, 2019).

The results of these papers generally suggest that the creation of collective property

territories are successful in reducing deforestation. Yet, the selection bias to deal with

in this paper arises from the fact that it is possible that the zones that get the treatment

(to have an overlap with a PA) are systematically different. Thus, the ethnicity to

which the IR belongs will be taken into account in the estimations in order to control

for unique characteristics of every community. This is novel since no other study (so

far known) has distinguished IRs by their ethnicity.

Just as in the case of collective titling, the creation of PAs aims to protect forests

and other ecosystems, but this process is not random. The location of the PAs can

be influenced by some characteristics of the zone (Andam et al., 2008; Blackman et

al., 2015; Pfaff et al., 2014), ignoring this would lead to biased estimates. The selec-

tion bias on the location of the PAs has been considered in most of the papers that

try to estimate their impact on deforestation. One of the first attempts to solve this

problem is done by Cropper et al. (2001), in which the authors use a bivariate probit

model to explain deforestation and the location of PAs in Thailand. Another series of

papers use matching methods to try to estimate the impact of PAs on deforestation

(Andam et al., 2008; Cuenca et al., 2016; Pfaff et al., 2016). These papers use ob-

servable characteristics to compare similar zones and try to determine the amount of

deforestation avoided by the PAs. To further increase the balance between the control

and treatment groups, some papers have made post–matching regressions (Arriagada

et al., 2016; Pfaff et al., 2014). In every case, the results indicate that the PAs are

effective in reducing the deforestation. Similarly, Pfaff et al. (2009) try to determine

whether the impacts of the PAs over deforestation in Costa Rica are influenced by

their location and find evidence that the most effective PAs are the ones close to the
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capital city, roads or with lower slopes. Finally, using difference in differences, Rico

et al. (2017) estimate that the PAs reduce deforestation in Peru; Bonilla & Higuera

(2019) find similar results for the case of Colombia.

Nonetheless, there is only one study, to the best of my knowledge, that considers

the overlap between PAs and IRs. The work of Pérez-Valbuena et al. (2017) focuses on

a small area of northern Colombia and studies the overlap between three protection

figures (including PAs and IRs). Thus, while the vast majority of previous studies

have focused on each of the interventions separately, in this paper I take into account

the overlap between PAs and IRs in a large area and try to determine its impact over

the deforestation inside the IRs. The Colombian Amazon is a perfect scenario for

this study since there are a lot of overlapping areas that allow me to make broader

conclusions about its effect on deforestation. By taking into account the interplay of

PAs and IRs, this paper represents an starting point in understanding the relationship

between central and local governments and how their relationships affect the use of

natural resources. There is sufficient evidence that suggest that each institution is

successful in decreasing deforestation, but there is not so much literature about the

situation evaluated in this paper.

The control for the territory that the central government exerts inside the PAs

could either give an extra protection to the territory or crowd out the indigenous

governance. If the later takes place, indigenous people might lose credibility on their

property rights and as a result of that, the literature suggests, deforestation might

increase. On the other hand, the extra legal restrictions could generate complemen-

tarities with the local governance and further decrease deforestation inside the IRs.

Hence, the necessity of the empirical approach taken in this study. The objective

of this research is to try to understand whether State interventions in the territory,

as the ones discussed here, favor the control of the territory or if they induce more

deforestation.
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3 Data

The area of analysis involves all the IRs within the Colombian Amazon. The bound-

aries of the Amazon region used in this paper are the ones defined by the Instituto

Amazónico de Investigaciones Científicas (SINCHI). In total there are 211 IRs and

28 of them have an overlap with one of the 15 PAs in the region (see Table A5 of

Appendix C for an exhaustive list of the overlapping areas and their basic character-

istics). In order to identify the overlapping areas I used the maps of the IRs from

the Agencia Nacional de Tierras (ANT) and the maps of the PAs of the National

Parks System. Figure 1 shows all the IRs and PAs in the Colombian Amazon as of

2015. The sample universe of this study is composed only by the territories of IRs in

the Colombian Amazon (dots); notice that within the sample universe there are also

some territories of PAs (green) which are the overlapping zones. Figure 2 shows an

example of how some IRs overlap with a PA in different regions of the same PA; in

this case, the National Park Amacayacú overlaps with three different IRs and one of

them (IR-2) overlaps in two different places. Notice that the zones with dots, lines or

in color are part of the sample, whilst the other zones are not taken into account in

this study (zones only from PAs or zones outside PAs and IRs).

Figure 1: Sample Universe
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Figure 2: Example of some overlapping zones.
For the sake of clarity only a portion of the sample universe is taken.

3.1 Deforestation

There are official data on forest cover for 1990, 2000, 2005, 2010 and on annual basis

from 2012 until 2016 that are provided by the Instituto de Hidrología, Meteorología

y Estudios Ambientales (IDEAM)4. Nevertheless, I only use the data for 2000, 2005

and 2010, since after 2010 the methodology of forest cover measurement changed

(Galindo et al., 2014). Thus, the effects estimated in this study are mostly valid

for the period between 2000 - 2010 given the data limitations. After 2010, although

some new threats to deforestation might have appeared, no conservation policies were

implemented differentiating IRs with and without overlapping areas. Furthermore,

my model controls, as it is explained in Section 4, for market based incentives to clear

land. This makes my result, to an extent, valid for the decade between 2010 - 2020.

Forest cover data from IDEAM are public and have a resolution of 30 m approx-

imately. In favor of computational ease, I aggregated the pixels to have a resolution

4Forest cover data from Hansen et al. (2013) are used as a robustness check in Appendix A.
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of 230 m approximately, equivalent to pixels of about 5.29 hectares, using the mean of

the pixel units; in this way all the information available is used, something that would

not happen if it is aggregated using the mode. In this case, deforestation was simply

calculated as the amount of forest lost between two moments. Additionally, it was

necessary to reproject the maps to be able to match the data with some other observ-

able characteristics of the pixel; since the aggregated forest cover data is continuous I

used bilinear interpolation to reproject the maps. IDEAM data indicates that a pixel

has forest whenever 30% or more of the pixel has any kind of vegetation taller than 5

m in height, excluding commercial forestry plantations, commercial palm plantations

and sown trees for agribusiness (Galindo et al., 2014). This is an important feature

of the data, since primary forests have an irreplaceable biodiversity value (Barlow

et al., 2007) and their conversion to forestry plantations implies huge reductions in

biodiversity terms (Brockerhoff et al., 2008).

3.2 Confounders

There are several characteristics that affect both the deforestation and the decisions

on the location of PAs. In order to obtain unbiased estimates it is necessary to control

for these kind of variables. Thus, I gathered spatial data on some characteristics that

have a strong correlation with both the deforestation and the creation of PAs and IRs

in the related literature.

In a simple model, Pfaff et al. (2016) show that pressure to clear land falls as

the forest is located further away from market centers. In this line of thought, many

studies have included the closeness to roads as a control (Andam et al., 2008; Arriagada

et al., 2016; Buntaine et al., 2015; Cuenca et al., 2016; Pfaff et al., 2014, 2016; Tesfaw

et al., 2018). Notwithstanding, since there are no roads in the Colombian Amazon the

main transportation system are rivers (Armenteras et al., 2006). Additionally, if the

location of airports in 2000 is also taken into account, the model would be controlling

for a true transportation network in the Colombian Amazon that could have impacts

both on deforestation and the creation of the PAs. Thus, the distances to the nearest
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navigable river and to the closest airport were generated using maps of the IDEAM

and of the Instituto Agustín Codazzi (IGAC).

In a similar way, many studies of this type also use the distance to cities (Andam

et al., 2008; Arriagada et al., 2016; Cuenca et al., 2016; Pfaff et al., 2014, 2016; Tesfaw

et al., 2018). Distance to important cities is used to control for relative closeness to

markets and communication networks, since urban centers can generate big pressures

on the use of natural resources and might influence the decision making concerning

the location of the PAs. Thus, I computed the distance to the nearest city using

public maps. Nonetheless, given that the most updated map on urban centers5 of

the Amazon is of 2005, only the large urban centers were taken into account. The

main assumption here is that the large urban centers would have been already there

by 2000. Thus, the capital cities of the departments in the Amazon, the large urban

centers and Iquitos, an important city of Peru near the border with Colombia, were

taken into account to calculate the distance to the nearest city.

Biophysical characteristics of the pixel may also affect the deforestation rate and

the probability of being treated. The slope of the pixel directly affects the relative ease

to clear land and it has been used as a control in several related studies (Arriagada

et al., 2016; Blackman & Veit, 2018; Bonilla & Higuera, 2019; Buntaine et al., 2015;

Carmona & Nahuelhual, 2012; Cuenca et al., 2016; Pfaff et al., 2014, 2016; Tesfaw

et al., 2018). I computed the slope of every pixel in the sample using the Global

Multi-resolution Terrain Elevation Data (GMTEM) of Danielson & Gesch (2011).

To control for characteristics of the indigenous communities, the ethnicity to

which the IR belongs was also considered. Hence, factors that affect the location of

PAs and the deforestation such as the propensity of every ethnicity to take care of the

environment or the human capital in each community can be taken into account. The

study of Bolaños (2010) found that two different ethnicities in the Brazilian Amazon

5 An urban center is defined as the concentration of no less than 20 contiguous houses that satisfy

some urban characteristics (DANE, 2018). An urban center is taken as large if its area is bigger than

the mean of the areas of all the urban center in the Amazon excluding the departmental capital cities.
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gave different values to their land in the process of creating their identities. The

same could happen in the Colombian Amazon and ethnicities might have different

deforestation patterns. In fact, Table A6 indicates that, controlling on the mean of

the distance to rivers, cities, airports and slope by IR, deforestation in every ethnicity

has been different for every period; this might be due to differences in human capital,

farming practices, territorial control, etc. Thus, the inclusion of the ethnicity is novel

since no other study considers this as a source of variation.

Given that members of more than one ethnicity could live in the same IR, I

defined “ethnicity groups” according to the ability of each ethnicity to cohabit in an

IR. Thus, if ethnicity A and B cohabit in an IR and, at the same time, ethnicity B

and C cohabit in another IR, then ethnicity A, B and C belong to the same “ethnicity

group”. The implicit assumption here is that if A and B can cohabit and if B and C

can cohabit, then it must be the case that A and C can cohabit in an IR.

4 Methodology

The objective of the paper is to estimate the impact of an overlap between a PA and

an IR on the deforestation within the IRs. The empirical approach must take into

account that the location of the PAs is not random and that the communities of the

IR that overlaps with a PA might be systematically different from communities in

another IR. As in most of the impact evaluation studies, the main difficulty here is

that the counterfactual does not exist. Thus, finding and comparing the treatment

zones with a control group that is as similar as possible to the treatment group is one

way to tackle this problem. This is just what the Propensity Score Matching (PSM)

methodology tries to achieve (Ferraro & Hanauer, 2014).

The selection of the control group determines both the question that can be

answered and the validity of the main assumptions required for the estimation. Com-

paring the overlapping zones with areas that do not belong to PAs or IRs is the first

thing that comes to mind when thinking of the control group, but this implies that

11



the question answered would be different. Also, as having those areas as control group

means that is would be necessary to estimate the impact on deforestation of IRs, PAs

and overlapping zones, there would be two sources of selection bias to deal with; the es-

timation would have two treatments (PAs and IRs) and the interaction between them

(overlapping zones). As explained in Section 3 there are several studies that show the

effects of each of these institutions separately; the research question of this study is

quite different , since it tries to understand how the IRs respond to an intervention of

the PAs in their territory.

To give a direct answer to the research question, pixels that belong both to IRs

and PAs must be compared with pixels that only belong to an IR. Thus, in this study

every pixel that does not belong to an overlap zone but belongs to an IR created

before 2000 (2005) is part of the control group, whilst all the pixels that belong to

an overlap where both the PA and the IR where created before 2000 (2005) are part

of the treatment group for the estimations period 2000 - 2005 & 2000 - 2010 (2005 -

2010). Table 1 indicates that nearly 9% of the sample is part of the treatment group

for the period 2000 - 20056.

Table 1: Number of pixels assigned to

treatment and control 2000 - 2005

Frequency Percentage

Controls 3,898,493 90.68

Treated 400,515 9.32

Total 4,299,008 100

Yet, making a direct comparison of the deforestation between these groups would

lead to biased estimates, since there might be significant differences in the confounders

between them. Therefore, the observations are matched using observable character-

6 The total number of observation changes in other periods, but the proportion between the groups

remains almost unaltered.
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istics of the pixel that affect both the deforested area and the probability that the

pixel is treated (that belongs to an overlapping zone). Hence, the ethnicity group to

which the pixel belongs, the slope of the pixel and the linear distance to the nearest

river, airport and city are used to match the observations. The validity of the results

largely depends on the quality of the matching, which can be assessed by looking at the

balance of the covariates between treatment and control group (Ferraro & Hanauer,

2014). I use the nearest neighbor method to match the pixels from the treatment

and control groups since it is the most commonly used in this literature7 and, to help

control for spatial correlation of errors, standard errors were clustered at the IR level.

Equation 1 shows the effect to be estimated using PSM. D is equal to 1 if the pixel

is treated and 0 otherwise, X is the set of confounders used to perform the matching,

Y1 and Y0 is the deforested area in the treated and control pixels respectively; thus,

YD is a continuous variable that takes a value between 0 and 5.29 and represents the

number of hectares deforested in a period for treated and controls respectively. Thus,

the estimator is simply the difference of means between treated and controls after

matching. Hence, the effect found will be the ATT. The methodology allows me to

estimate the avoided deforestation in the overlapping zones; this means that with the

results of the estimation it can be stated that T hectares of the treated pixels would

have been deforested in the absence of the treatment. This gives a direct answer to

my research question.

T = EP (X)|D=1{E[Y1|D = 1, P (X)]− E[Y0|D = 0, P (X)]} (1)

For the PSM estimator to be unbiased two assumptions must hold. The first of

them is that the probability that the pixel belongs to the control group must not cor-

relate with unobservable variables that might affect deforestation (unconfoundedness

for controls), but it is also needed that pixels with the same observable characteristics

have a probability lower than one of belonging both to treatment and control (weak

7 With four nearest neighbors the results remain unchanged when using; trimming was not needed.
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overlap) (Caliendo & Kopeinig, 2008). Thus, variables affecting the treatment and the

outcome must be used in the matching. For the matching in this case, I use physical

and geographical characteristics that affect both the treatment assignment and the de-

forestation. Therefore, the use of ethnicity as a variable that can capture some of the

non-observable characteristics of the pixels, such as human capital of the community,

is of great importance in this study.

Given that, for the matching, the main determinants of deforestation and the

creation of PAs according to the literature are taken into account, it is very likely that

the estimators found will be unbiased. Nonetheless, both of the assumptions needed

for the estimation are untestable and I recognize that they might not hold since there

can be some characteristics that generate biased estimators such as tree species in

every pixel or soil quality. Yet, the limitation on the availability of the data makes it

impossible to use more characteristics for the matching procedure. Thus, I take into

account the most important and available confounders of both deforestation and the

probability of treatment assignment and the estimators found are very likely to be

unbiased.

Spatial regression discontinuity Designs (RDs) have been also used in the related

literature (Bonilla & Higuera, 2019; Pérez-Valbuena et al., 2017; Romero & Saavedra,

2019); this method exploits a discontinuity in the treatment assignment. Nevertheless,

there might be important spillovers on the border of the PAs (see for example Robalino

et al. (2015)). Thus, in taking all the observations into account, the PSM is a better

strategy in this study.

5 Avoided Deforestation

Table 2 shows some descriptive statistics of deforestation in the Colombian Amazon.

Between 2000 and 2010 the overlap zones had a deforestation rate of 0.33%, while

in the IR zones that do not overlap the deforestation rate was 0.74% in the same

period. A naive approximation would suggest that the treatment decreased deforesta-
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tion. Nevertheless, there might be some differences between treated and control units

that must be taken into account in the analysis.

Table 2: Descriptive statistics of deforestation

Forest hectares (thousands) Deforestation rate (% of total area)

2000 2005 2010 2000 - 2005 2005 - 2010 2000 - 2010

Treated 386.94 386.03 385.68 0.24% 0.09% 0.33%

Controls 3,704.31 3,686.29 3,676.76 0.49% 0.26% 0.74%

Total 4,628.91 4,605.93 4,593.70 0.50% 0.27% 0.76%

The pixels in treatment and control groups have important differences in the

confounders that affect both the deforestation and the treatment assignment. Table 3

shows descriptive statistics of the treatment and control groups for the estimation

of the effect of the overlap on deforestation in the IRs for the period 2000 - 20058.

It is clear that the treated are, on average, further away from airports, cities and

navigable rivers and that they are in zones with a higher slope (balance on the ethnicity

groups can be seen in Table A9 of the Appendix C). The methodology used seeks to

reduce these differences, thus making groups more comparable in terms of the observed

characteristics. The standardized difference of means indicates that the matching

substantially reduced the differences between the two groups, since the measure moves

towards zero. This measure is not affected by the size of the sample (Imbens, 2015)

and is preferable to the t statistic when there are big differences in the sample size

(Abadie & Imbens , 2011), therefore it is more common in the literature than other

measures (Arriagada et al., 2016; Cuenca et al., 2016).

8 For the sake of simplicity and clarity, this is the only covariate balance that is shown in the main

text. The rest of them can be found in Appendix C.
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Table 3: Balance of covariates. Period 2000 - 2005.

Variables
Mean in the Standardized

treated controls differences

Distance to Airports (km)

Unmatched 97.01 66.56 0.708

Matched 97.01 100.15 -0.074

Distance to Cities (Km)

Unmatched 159.14 139.52 0.255

Matched 159.14 159.78 -0.005

Distance to rivers (Km)

Unmatched 29.75 18.16 0.55

Matched 29.75 27.94 0.086

Slope (%)

Unmatched 2.21 1.66 0.18

Matched 2.21 2.61 -0.13

An important characteristic of the methodology is that the pixels are not matched

with the nearest pixel in geographical terms, but rather with the pixel which estimated

probability of belonging to the treatment group was the closest. Figure 3 shows the

location of the matched observations of the control and treatment groups for the

estimation between 2000 and 2005 in the same regions as Figure 2. It is clear that,

the matched observations are distributed in all the region of the sample universe; this

pattern holds for all the estimations and for the whole sample. From this it is also

intuitive that the algorithm is not matching the observations with the control units

close to the border of the overlapping zone.
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Matched Treatments
Matched Controls
Leticia

Figure 3: Location of matched observations

Note that the accumulation inside the overlap zones is trivial since all the treat-

ment units were matched. This is a direct consequence of the wide common support

of the estimations. Figure 4 shows the common support for the same estimation and

it is evident that it is wide enough to find a match for every treated observation. The

right tail of the distribution of the treated has a higher density than the one of the

controls, something trivial given the characteristic of this group.

Given that the the matching greatly reduces the differences in the distributions

of the covariates and that the common support is wide enough to find a match for

every treated unit, the quality of the matching is ensured. Thus, the estimator will

simply be the difference in means of the deforested area between treated and controls

in the matched sample.
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Figure 4: Common support

The results shown in Table 4 indicate that 0.0114 hectares of every pixel would

have been deforested in the treated in the absence of the treatment between 2000

and 2010. The magnitude of this effect might seem small, but this is only because

the deforestation in the areas of study is also small (see Table 2). Hence, to fully

appreciate the magnitude of the effect it is necessary to analyze it in relative terms to

the deforestation in the control group. Thus, the treatment avoided the deforestation

of an area equivalent to the 46% of the area deforested in the control group between

2000 and 2010. In a similar way, from 2000 to 2005 and from 2005 to 2010 an area

equivalent to 34% and 59% respectively of the area deforested in the controls would

have been deforested in the treated in the absence of the treatment.

What these results suggest is that not only the treatment is effective but that the

effect increases in the period of study. The extra legal restrictions that a PA imposes

over a territory help the indigenous communities to decrease the deforestation in the

overlapping zones. Given that the PAs are usually understaffed, it is likely to think

that the legal restrictions that set limits on the entrance and use of the territory

are successful in avoiding an important volume of deforestation. Hence, the results

point to a new understanding of the actual relationship between the central and the
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local governments. The intervention of the State, in this particular case, helps the

communities control their territories. In order to explore some mechanisms by which

this might have happened, I present results of some heterogeneous effects.

Table 4: Main Results

2000 - 2005 2005 - 2010 2000 - 2010

Avoided deforestation (hectares) -0.007* -0.0053** -0.0129***

Avoided deforestation relative to controls -35%* -53%** -42%***

Number of treated on support 400,515 400,570 400,509

This table presents the results of the estimation of the avoided deforestation (ATT) in the over-

lapping zones. The dependent variable is the deforestation during a given period. The standard

errors (not shown) were clustered by IR. ***p < 0.01, **p < 0.05, *p < 0.1.

5.1 Heterogeneous Effects

The effects found could be dominated by differences in the size of the IRs. To determine

if there is a differential effect, the sample was divided into large and small IRs in the

control and treatment groups using the median of the size of the IRs.

Just as in the whole sample, there are important differences between treatment

and control groups before matching in each of the size groups. Nonetheless, the match-

ing method reduces the differences between treatment and control units in both cases

(see Table A8 in the Appendix C), which is a necessary condition to reach unbiased

estimators. Panel A of Table 5 shows that the treatment did not have any effect on

small IRs for any of the periods in the study, whilst panel B shows that the effect of

the treatment is statistically significant for every period using only large IRs. More-

over, the magnitude of the effect is a little bit larger to the one found using the whole

sample, which is consistent with having no effect for the small IRs.
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Table 5: Heterogeneous effect by IR’s size

2000 - 2005 2005 - 2010 2000 - 2010

Panel A: Small

Avoided deforestation (hectares) -0.008 -0.022 -0.025

Avoided deforestation relative to controls -6% -21% -11%

Number of treated on support 4,615 4,617 4,617

Panel B: Large

Avoided deforestation (hectares) -0.0073* -0.006** -0.0119**

Avoided deforestation relative to controls -38%* -78%** -46%**

Number of treated on support 395,147 395,141 395,141

This table presents the results of the estimation of the avoided deforestation (ATT) in the over-

lapping zones differentiating the sample between small (panel A) and large (panel B) IRs. The

dependent variable is the deforestation during a given period. The standard errors (not shown)

were clustered by IR. ***p < 0.01, **p < 0.05, *p < 0.1.

This result can be understood with the theoretical model of Romero & Saavedra

(2019), where they predict a decrease in deforestation when forests services valuation

is high and there are more forest owners. The intuition behind that is very simple:

if the forest is valuable, the gains of having better ecosystem services is higher than

the private benefits of land clearing and given that the costs of protecting forests are

shared with all of the owners of the forest, preventing land clearing would be cheaper

if there are more owners.

Nevertheless, the framework of Romero & Saavedra (2019) differentiates collec-

tive land titles by population and not by the tile’s size itself. For the IRs of Colombia

there are population data only for 2005 of the Departamento Nacional de Planeación

(DNP). Thus, I divided the sample between large and small IRs according to the pop-

ulation of the IRs. Once again, Table 6 shows that the treatment was only effective

in the large IRs, while there was no effect on the small IRs. A descriptive statistic of
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deforestation inside small and large IRs, might shed some light on whether this result

goes in line with the theoretical predictions of Romero & Saavedra (2019). Table 7

indicates that deforestation was higher for all the periods in small IRs regardless of

the definition used to split the sample. Needless to say, the larger the IR, the larger

the population inside the IR. Thus, these results suggest that the incentives to defor-

estation are so high inside the small IRs in the Colombian Amazon that not even the

extra legal restrictions imposed by the PA can deter deforestation in those IRs. These

results are consistent with the findings of Armenteras et al. (2009), where they found

that small IRs of the Colombian Guyana Shield are less able to stop deforestation

inside their territories.

Table 6: Heterogeneous effect by IR’s size (population)

Period: 2005 - 2010

Small Large

Avoided deforestation (hectares) -0.028 -0.005**

Avoided deforestation relative to controls -59% -56%**

Number of treated on support 3,267 397,303

This table presents the results of the estimation of the avoided deforestation (ATT) in

the overlapping zones differentiating the sample between small and large IRs according

to the population in 2005. The dependent variable is the deforestation during a given

period. The standard errors (not shown) were clustered by IR. **p < 0.05.

Table 7: Mean of deforested hectares in the IRs

Group Definition 2000 - 2005 2005 - 2010 2000 - 2010

By Size
Small 0.093 0.041 0.135

Large 0.014 0.005 0.019

By Population
Small 0.066 0.032 0.098

Large 0.023 0.01 0.033
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5.2 Robustness Checks

5.2.1 Logarithm of distances

As a first robustness exercise, the effect of treatment was estimated using the loga-

rithm of the distances and not the linear form. In the related literature it is common

to use only the linear form of the distances, but that implies that from a point the

distance induces reforestation. Hence, the main estimation was made using the log-

arithmic transformation of the distances instead of their linear form. In doing this

transformation it is assumed that the distance has a decreasing effect on deforestation

and that it never induces reforestation, but that it does not generate deforestation in

the best scenario. Table 8 shows the results of this estimation and it is clear that both

the qualitative and quantitative characteristics of the estimators hold.

Table 8: Results with logarithmic transformation of the distances

2000 - 2005 2005 - 2010 2000 - 2010

Avoided deforestation (hectares) -0.005* -0.0045** -0.099**

Avoided deforestation relative to controls -28%* -49%** -35%**

Number of treated on support 400,515 400,570 400,509

This table presents the results of the estimation of the avoided deforestation (ATT) in the overlap-

ping zones as in the main specification but with the logarithmic transformation of the distances.

The standard errors (not shown) were clustered by IR. ***p < 0.01, **p < 0.05, *p < 0.1.

5.2.2 Distance to capital cities

The distance to cities that are within the territory under study is much more common

in the literature than the approximation of this study. Thus, Table 9 presents the

results of the main estimation but using the distance to the nearest capital city9

instead of the distance to the nearest city as a covariate. The results do not vary

9 Not taken Iquitos nor the urban centers into account, only Colombian departmental capitals.
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greatly and both the magnitude and significance of the estimators are very similar to

the main specification. In spite of the size of the Amazon region it only has 6 capital

cities, the main specification has the advantage of taking into account all the big urban

centers in the region that can exert pressure on the use of the natural resources.

Table 9: Results with distance to capital cities

2000 - 2005 2005 - 2010 2000 - 2010

Avoided deforestation (hectares) -0.008** -0.005*** -0.014***

Avoided deforestation relative to controls -42%** -56%*** -47%***

Number of treated on support 400,515 400,570 400,509

This table presents the results of the estimation of the avoided deforestation (ATT) in the over-

lapping zones as in the main specification but with the distance to departmental capitals instead

of urban centers as confounder in the matching. The standard errors (not shown) were clustered

by IR. ***p < 0.01, **p < 0.05, *p < 0.1.

5.2.3 Population growth

Population growth can exert a lot of pressure on the use of natural resources. The

higher the population growth, the more likely it is that the land gets cleared faster,

since farming land would be needed to meet the food requirements of the population.

Hence, I calculated the population growth between 2005 - 2009 in every IR with data

of the Departamento Nacional de Planeación (DNP). This is the earliest population

data for every IR in the Colombian Amazon, but population growth can be think of as

exogenous to the treatment conditional on the other covariates used in the matching.

Population growth can exert a big pressure on the use of natural resources and is an

indicator of increased economic activity; therefore it is used as an extra confounder in

this robustness check. Table 10 shows the results of the main specification with the

population growth from 2005 to 2009 as an extra confounder used in the matching. The

results are robust to this specification since neither the magnitude nor the significance

of the coefficients vary greatly for every period .
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Table 10: Results with population growth

2000 - 2005 2005 - 2010 2000 - 2010

Avoided deforestation (hectares) -0.005* -0.005** -0.0108***

Avoided deforestation relative to controls -33% * -53%** -40%***

Number of treated on support 400,515 400,570 400,509

This table presents the results of the estimation of the avoided deforestation (ATT) in the over-

lapping zones as in the main specification but with the population growth as an extra confounder

in the matching. The standard errors (not shown) were clustered by IR. ***p < 0.01, **p < 0.05,
*p < 0.1.

6 Discussion

The objective of this study was to estimate the effects of an overlap between a PA

and an IR on the deforestation within the IRs. There are 28 IRs that overlap with a

PA in the Colombian Amazon. Collective property rights of indigenous communities

give the promise of autonomy within their territories, but this could be threatened

by the presence of a new order in the territory managed by the central government

in the form of a PA. Nevertheless, my results suggest that there are synergies in the

control over the territory between the central government, in the form of PAs, and

local governments, in the form of IRs. However, this effect is mainly driven by large

IRs, a result that goes in line with the one of the predictions of the theoretical model

of Romero & Saavedra (2019) and the findings of Armenteras et al. (2009).

The results also indicate that the supervision and imposition of control over the

territory from a central government to local governments can help the communities

to make a better use of their natural resources. Central authorities must recognize

the autonomy that indigenous communities have inside the boundaries of their terri-

tories in the Colombian Amazon, but this should not prevent them from protecting

areas that have a great biodiversity value. At the same time, the central government

must recognize the ownership of collective titles to the communities that demand and
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demonstrate that they are entitled to property rights as determined by law, regardless

of whether they are made by territories considered PAs. The evidence presented in

this paper shows that the overlapping of PAs and IRs does not threaten the use of

natural resources within the IRs, but it has no effect in the worst case. The extra

legal restrictions imposed on the territory by the PA can complement the indigenous

governance exerted on the territory.

This study contributes to the literature on environmental economics by intro-

ducing a discussion about the conflicts that are generated in the cases where two

institutions try to protect the same territory. Studying the impacts of each of the

institutions as separate units of analysis has been the focus of the vast majority of pa-

pers. The evidence found in this study indicates that, in the period 2000 - 2010, there

were synergies in the control over the territory between PAs and IRs. Nevertheless,

it is likely that the findings of this study hold for the last decade, since no major for-

est conservation policies were implemented differentiating IRs with overlapping zones

from IRs with no overlapping zones by the Colombian government. Although the

peace agreement signed in 2016 had effects on the deforestation in Colombia it was

only because it allowed investors to carry out extractive economic activities in zones

previously controlled by the guerrilla group (Prem et al., 2019). Following Pfaff et al.

(2016) I controlled for closeness to market centers by using the distance to transporta-

tion systems and urban centers, thus I controlled for the incentives for land clearing.

In this way, the results of this study are likely to remain unchanged if evaluated for

the last decade. Nonetheless, conservation policies should be periodically evaluated to

have a fully understanding of the deforestation dynamics in the IRs of the Colombian

Amazon.

The case of the IR and PA Yaigojé Apaporis is illustrative of the mechanisms

that might be working in the treatment areas. Considering that there was the threat of

a concession given to a gold mining company, the additional legal restrictions imposed

by a PA were the only thing that could have protected the forests and religious sites of

the IR. Thus, limiting both the access and allowed economic activities in the territory
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might be the most important mechanism by which the treatment is effective in avoiding

deforestation. While the indigenous communities can exert power and control directly

on the territory, the PA gives them the extra legal protection needed to further protect

the forests. Another possible mechanism is a change in the collective action of the

communities, lead by co-managment plans. Nevertheless, the evidence presented in

Appendix B indicates that having co-managment agreements for the overlapping areas

with the central government does not make any difference.

However, other effects and possible mechanisms can not be fully understood only

by using satellite data. Is the treatment also solving some collective action problems?

Is one of the institutions exerting more power than the other in the overlapping zones?

These are questions are still open and solving them would give further evidence to make

more accurate policy recommendations. The related literature has focused on tree

cover as the main outcome, but although deforestation is an evident indicator of loss

of genetic and biodiversity resources (Barlow et al., 2016; Butchart et al., 2010), the loss

of wild fauna could affect the structure of forests and endanger the availability of the

ecosystem’s services (Galleti & Dirzo, 2013). How have the communities managed the

use of other natural resources, like fauna, in the overlapping zones? Interdisciplinary

and on the field research is needed in order to fully understand other mechanisms and

effects that the treatment might be causing in more than just one dimension. Satellite

spatial data, while useful, is insufficient to fully understand how the local governments

are interacting with the central government with regard to their conservation policies.

The availability of data is a limitation of this study; there are other characteristics

that could potentially affect deforestation and treatment status. Nevertheless, I used

the most common and relevant characteristics of the pixel according to the economic

literature. The slope and distance to the nearest navigable rivers, cities and airports

control for physical and geographical characteristics of the pixel, while the ethnicity

group to which the pixel belongs tries to control for the non-observable characteristics

of every community. Thus, it is very likely that the estimators found are unbiased.
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Appendix

A Hansen’s Data

A common data source in this type of studies is the forest cover loss data from Hansen

et al. (2013). For this reason I estimated the impact of the overlapping zones on

deforestation inside the IRs using Hansen’s data and taking the same methodological

approach as in the main estimation. Just as in the main result, the matching greatly

improves the covariate balance between treated and control groups (see Table A1).

Table A2 presents the results of the estimation with Hansen’s data. In this case, the

results suggest that the treatment was not effective in reducing deforestation. The

direction of the effect is the same, but the magnitude is much smaller; this partly

explains the loss of significance of the results.

Nevertheless, there are some other characteristics of the data set that might be

influencing these results. Just as IDEAM data, Hansen’s data is available in 30 m

pixels but on an annual basis since 2000. Nonetheless, while Hansen’s data counts

agroforestry plantations as forest cover IDEAM does not. Thus, pixels that might be

counted as forested by Hansen would be counted as deforested by IDEAM. Moreover,

Hansen’s data requires that at least 50% of the pixel has forest cover to count it as

forested, while that threshold is only 30% for IDEAM. Therefore, both data sets could

be measuring different types of deforestation. It is thus important to take notice of

the sensibility of the results to the use of another data set. More research is needed

in this front to be able to conciliate both results.
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Table A1: Balance of covariates: Main results with Hansen’s data

Period
Distance to nearest

Slope
Ethnicity Group

airport city river 1 2 3 7 12 17

00 - 05
U 0.708 0.2552 0.55 0.189 0.205 -0.117 -0.0062 0.0165 -0.298 0.0619

M -0.101 -0.022 0.101 0.013 -0.041 0.045 -0.017 -0.0039 -0.0002 0.003

05 - 10
U 0.744 0.3233 0.549 0.17 0.142 -0.058 -0.0085 0.0154 -0.2835 0.063

M -0.105 -0.017 0.095 -0.003 -0.033 0.044 -0.043 -0.016 -0.004 0.01

00 - 10
U 0.708 0.2552 0.55 0.189 0.205 -0.117 -0.0062 0.0165 -0.298 0.0619

M -0.101 -0.021 0.101 0.013 -0.04 0.045 -0.017 -0.0039 -0.0002 0.003

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.

Table A2: Main Results with Hansen’s Data

2000 - 2005 2005 - 2010 2000 - 2010

Avoided deforestation (hectares) -0.0015 -0.0008 -0.0022

Avoided deforestation relative to controls -28% -16% -22%

Number of treated on support 400,515 400,577 400,515

This table presents the results of the estimation of the avoided deforestation (ATT) in the overlap-

ping zones with Hansen’s data. The dependent variable is the deforestation during a given period.

The standard errors (not shown) were clustered by IR. ***p < 0.01, **p < 0.05, *p < 0.1.

B SMR

In some of the overlapping zones in the Colombian Amazon, there have been attempts

by the central government to create management agreements with the indigenous com-

munities. The so called “Special Management Regimes” (SMR) are agreements signed

between the central government and the indigenous communities to establish some

rules inside the overlapping zones. Culture and territorial governance are the main

pillars of these agreements, but also a propitious environment for biodiversity con-

servation and sustainable practices. Thus, this agreements might favor the territorial

control and increase the synergies between PAs and IRs.
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To determine if having a SMR helps the indigenous communities to better control

their territory, the sample was divided between overlapping zones with and without

SMRs. Given that the first SMR was signed in 2007, only the period 2005 - 2010 was

taken into account and the same methodological approach as in the main estimation

was followed. Nevertheless, in this case the matching did not performed as well as

in the main estimation (see Table A3). For this reason, and following Arriagada et

al. (2016) and Cuenca et al. (2016), a post-mathcing regression was performed; this

approach simply combines the matching analysis with a cross-sectional regression to

better adjust for differences in the covariates. In doing so, post-matching regressions

can provide additional control if there are still differences in the covariartes after

matching (Jones & Lewis , 2015).

Table A3: Balance of covariates: sample split by SMR

Period
Distance to nearest

Slope
Ethnicity Group

airport city river 1 2 3 7 12 17

SMR
U 1.785 1.388 -0.445 -0.199 -1.601 1.6408 0.113 0.07 -0.297 0.095

M 0.859 1.122 -1.143 -0.291 -1.762 1.703 0.095 0.022 -0.013 0.095

NO SMR
U 0.422 -0.1705 0.858 0.2709 1.002 -0.909 -0.1105 -0.0388 -0.277 0.045

M -0.491 -0.635 0.403 0.071 0.734 -0.735 -0.161 -0.062 -0.0003 -0.044

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.

The results of the estimation are presented in Table A4. It is very clear that both

the overlapping zones with and without SMR were effective in reducing deforestation

inside the IRs and that the magnitude of both estimators is also very similar. Thus, it

can be said that there are no differentiated effects by having SMR. In order to check

if the SRM are making any difference, on the field research would have to be carried

out. SRMs are supposed to change behavior within the overlapping zones, satellite

spatial data is insufficient to fully understand that mechanism. Notwithstanding, the

results here suggest that there are no effects of having a SMR.
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Table A4: Sample splitting SMR vs. NO SMR

Period: 2005 - 2010

SMR NO SMR

Avoided deforestation (hectares) -0.006* -0.007***

Avoided deforestation relative to controls -81%* -72%***

Number of treated on support 117,077 283,818

Results of the estimation of the avoided deforestation (ATT) in the overlapping zones

splitting the sample by IRs with and without SMRs. The standard errors (not shown)

were clustered by IR and a post-matching was made. ***p < 0.01, **p < 0.05, *p < 0.1.
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C Covariate Balance and Others

Table A5: Overlapping Areas

Year of creation Area (Hectares) Area (% in overlap)

Name PA - Name IR IR ethnicity IR PA IR PA Overlap of IR of PA

Alto Fragua Indi - La Esperanza Páes 1995 2002 1,278 68,000 383 30.01% 0.56%

Amacayú-Mocagua y más Ticuna 1983 1975 16,750 293,500 4,984 29.76% 1.70%

Amacayú-Puerto Nariño Ticuna - Cocama 1990 1975 140,623 293,500 6,532 4.65% 2.23%

Amacayú-Ríos Cotuhé y Putumayo Ticuna 1992 1975 245,227 293,500 42,950 17.51% 14.63%

Cahuinarí-Mirití Paraná Yucuna y más 1981 1986 1,603,294 575,500 40,532 2.53% 7.04%

Cahuinarí-Predio Putumayo Witoto 1988 1986 5,819,505 575,500 518,116 8.90% 90.03%

Doña Juana - Inga de Aponte Inga 2003 2007 22,283 66,005 7 0.03% 0.01%

La Paya - Agua Negra Witoto 1994 1984 2,858 422,000 1,392 48.69% 0.33%

La Paya - Bajo Casacunte Siona 2010 1984 1,880 422,000 734 39.04% 0.17%

La Paya - Celia Cocha Inga 1995 1984 5,949 422,000 5,718 96.12% 1.36%

La Paya - Consara Mecaya Coreguaje 1994 1984 2,815 422,000 2,786 98.97% 0.66%

La Paya - El Hacha Siona 1987 1984 6,638 422,000 3,687 55.55% 0.87%

La Paya -El Progreso Muruy 1996 1984 2,404 422,000 2 0.10% 0.001%

La Paya - El Tablero Siona 1987 1984 4,336 422,000 3,212 74.08% 0.76%

La Paya - Jirijiri Witoto 1987 1984 4,960 422,000 1,187 23.93% 0.28%

La Paya - La Paya Inga 1996 1984 5,679 422,000 5,514 97.09% 1.31%

La Paya - La Perecera Inga-Kichwa 2012 1984 6,811 422,000 6,732 98.85% 1.60%

La Paya - Largto Cocha Inga 1992 1984 3,968 422,000 714 18.00% 0.17%

La Paya - Witoto Witoto 1981 1984 67,220 422,000 305 0.45% 0.07%

Nukak - Morichal viejo y otros Puinave 1998 1989 670,000 855,000 416,418 62.15% 48.70%

Nukak - Nukak Maku Nukak 1993 1989 954,480 855,000 2,957 0.31% 0.35%

Orito Ingi Ande - Alto Orito Emberá-Chamí 2005 2008 9,732 10,204 278 2.86% 2.73%

Puinawai - Parte alta del río Guainía Curipaco 1989 1989 477,200 1,092,500 267,068 55.97% 24.45%

Puinawai - Ríos Cuiari e Isana Curipaco 1989 1989 926,500 1,092,500 422,041 45.55% 38.63%

Puinawai - Cuenca media y alta del río inirida Puinave Nuk 1989 1989 2,762,500 1,092,500 369,138 13.36% 33.79%

Puinawai - Tonina Sejal y más Curipaco 1989 1989 853,320 1,092,500 39,960 4.68% 3.66%

Serranía de Churumbelos - Villa María anamú Yanacona 2010 2007 1,497 97,190 981 65.52% 1.01%

Yaigojé Apaporis - Yaigojé Río Apaporis Tanimuca 1988 2009 1,044,235 1,044,235 1,044,235 100.00% 100.00%

Source: prepared by the author with maps of the ANT and PN
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Table A6: Mean of deforestation by ethnicity group

Hectares per Pixel

Ethnicity Group 2000 - 2005 2000 - 2010 2005 - 2010

2 0.345 0.394 0.0432

3 -0.217 -0.0902 0.141

4 0.0240 0.0398 0.0105

5 - - 0.342

6 -0.282 -0.265 0.142

7 -0.00947 0.140 0.134

8 - - 0.292

9 -0.0481 0.137 0.186

10 -0.0938 -0.0784 0.0119

13 -0.106 -0.124 -0.0144

14 -0.105 -0.00428 0.148

15 - - -0.0589

16 -0.222 -0.275 -0.0531

18 -0.130 -0.00706 0.157

19 -0.220 0.194 0.0838

Source: prepared by the author with data of DNP and IDEAM.

Controlling for all the observable characteristics available
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Table A7: Balance of covariates: Main results

Period
Distance to nearest

Slope
Ethnicity Group

airport city river 1 2 3 7 12 17

00 - 05
U 0.708 0.2552 0.55 0.189 0.205 -0.117 -0.0062 0.0165 -0.298 0.0619

M -0.0747 -0.0049 0.0868 -0.1394 -0.0379 0.047 -0.0571 -0.0037 -0.0002 0.0149

05 - 10
U 0.744 0.3233 0.549 0.17 0.142 -0.058 -0.0085 0.0154 -0.2835 0.063

M 0.0802 0.0032 0.0809 -0.1536 -0.032 0.0501 -0.093 -0.013 -0.004 0.0149

00 - 10
U 0.708 0.2552 0.55 0.189 0.205 -0.117 -0.0062 0.0165 -0.298 0.0619

M -0.0733 -0.0046 0.0862 -0.1405 -0.0379 0.047 -0.0571 -0.0037 -0.0002 0.015

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.

Table A8: Balance of covariates: Heterogeneous effects. Size Split

Period
Distance to nearest

Slope
Ethnicity Group

airport city river 1 2 3 7 12 17

00 - 05
U 0.972 0.677 -0.118 -0.498 - -0.168 -0.101 -0.035 - -0.374

M -0.132 -0.249 -0.182 -0.01 - 0.181 -.217 0.102 - -0.015

05 - 10
U 0.972 0.677 -0.119 -0.498 - -0.17 -0.103 -0.036 - -0.379

M -0.115 -0.227 0.149 -0.008 - 0.187 -.215 0.084 - -0.01

00 - 10
U 0.972 0.677 -0.118 -0.498 - -0.17 -0.103 -0.036 - -0.379

M -0.115 -0.227 -0.149 -0.008 - 0.186 -.215 0.083 - -0.01

Panel B: Large

00 - 05
U 0.717 0.268 0.563 0.217 0.215 -0.119 - - -0.299 -

M -0.087 -0.025 0.079 -0.058 -0.039 0.04 - - -0.0005 -

05 - 10
U 0.717 0.269 0.562 0.217 0.215 -0.119 - - -0.3 -

M -0.085 -0.021 0.081 -0.065 -0.041 0.042 - - -0.0004 -

00 - 10
U 0.717 0.269 0.562 0.217 0.215 -0.119 - - -0.301 -

M -0.086 -0.022 0.081 -0.066 -0.041 0.042 - - -0.0004 -

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.
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Table A9: Balance of covariates: Heterogeneous effects. Population split

Group
Distance to nearest

Slope
Ethnicity Group

airport city river 1 2 3 7 12 17

Small
U 0.479 0.06 -0.573 -0.167 -2.348 -0.285 0.835 0.546 -0.009 1.096

M 0.286 -0.094 -0.132 -0.565 -1.317 0.029 0.727 0.121 0.022 0.288

Large
U 0.738 0.307 0.548 0.186 0.161 -0.062 -0.04 -0.033 -0.287 -0.025

M -0.103 -0.022 0.097 0.009 -0.022 0.042 -0.079 -0.068 -0.007 -0.014

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.

Table A10: Balance of covariates: logarithmic transformation of distances

Period
Distance to nearest

Slope
Ethnicity Group

airport city river 1 2 3 7 12 17

00 - 05
U 0.819 0.392 0.267 0.19 0.208 -0.121 -0.005 0.0163 -0.298 0.062

M 0.111 0.075 -0.168 -0.081 -0.024 0.031 -0.037 -0.004 -0.000 0.011

05 - 10
U 0.84 0.449 0.256 0.172 0.145 -0.061 -0.007 0.0152 -0.289 0.063

M 0.129 0.117 -0.173 -0.158 -0.033 0.051 -0.096 -0.013 -0.003 0.018

00 - 10
U 0.819 0.392 0.267 0.19 0.208 -0.121 -0.005 0.0163 -0.298 0.062

M 0.111 0.076 -0.168 -0.082 -0.024 0.031 -0.037 -0.004 -0.000 0.011

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.

Table A11: Balance of covariates: distance to capital cities

Period
Distance to nearest

Slope
Ethnicity Group

airport cap. city river 1 2 3 7 12 17

00 - 05
U 0.707 -0.144 0.55 0.189 0.205 -0.117 -0.006 0.0165 -0.298 0.062

M 0.0001 0.054 -0.066 -0.177 -0.011 0.024 -0.068 -0.009 -0.002 0.0001

05 - 10
U 0.743 -0.065 0.45 0.171 0.142 -0.058 -0.008 0.0154 -0.283 0.063

M -0.023 0.048 -0.061 -0.187 -0.003 0.027 -0.103 -0.02 -0.015 0.003

00 - 10
U 0.707 -0.144 0.55 0.189 0.205 -0.117 -0.006 0.0165 -0.298 0.062

M 0.0011 0.054 -0.065 -0.178 -0.011 0.023 -0.068 -0.009 -0.002 0.0002

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.
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Table A12: Balance of covariates: population growth

Period
Distance to nearest

Slope Pop. Density
Ethnicity Group

airport city river 1 2 3 7 12 17

00 - 05
U 0.707 -0.253 0.548 0.189 -0.015 0.207 -0.119 -0.005 0.0165 -0.298 0.062

M -0.099 -0.028 0.09 -0.081 -0.071 -0.026 0.032 -0.037 -0.004 -0.0001 0.01

05 - 10
U 0.744 0.322 0.548 0.172 -0.047 0.143 -0.059 -0.008 0.015 -0.284 0.063

M -0.077 0.007 0.079 -0.158 -0.072 -0.035 0.053 -0.096 -0.013 -0.003 0.018

00 - 10
U 0.707 0.253 0.548 0.189 -0.015 0.207 -0.119 -0.006 0.0165 -0.298 0.062

M -0.098 -0.027 0.092 -0.083 -0.068 -0.026 0.032 -0.037 0.004 -0.0001 0.011

Standardized differences of means of every confounder used for the matching, before(U) and after (M) matching.
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