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Abstract

Deforestation is a relevant topic in socioeconomic and environmental
studies. It is estimated that three-quarters of terrestrial biodiversity is covered by
forest and 15% of all greenhouse emissions are produced by deforestation
globally. Colombia contains 4.1% of the rainforest at the global scale and has a
long-armed contflict. The vacuum of power left by FARC’s retreat has promoted
that pre-existing illegal armed groups and the emergence of new actors began to
occupy the municipalities where FARC used to have a presence. This dynamic
has increased the rapacious behavior of illegal armed groups, exerting pressure
over natural resources and thereby increasing alarmingly deforestation. The
present paper demonstrates through an impact evaluation that uses fixed effect as
an empirical strategy, that FARC discouraged deforestation before the unilateral
ceasefire in the municipalities where they used to have presence, even though
the heterogeneity of its force armed structure also generate negative impacts on
forest land. Likewise, the paper also shows that the socioeconomic dynamics
both legal and illegal that are promoting deforestation in Colombia should be
examined jointly since these dynamics are interlinked.

Relevance to Development Studies

Deforestation has become now a days a buzzword that is usually
intended to be explained from a large range of multidisciplinary approaches
among the social sciences. However, in the context of armed conflicts, studies
tented to focus on the political and socio - economic components rather than
the environmental factors, which implies that deforestation in the context of
armed conflict has not been extensively addressed in scholarly literature. The
Colombian case offers a unique opportunity to analyze the factors of
deforestation from a multidimensional perspective that contributes to close the
gap in academia that states that Colombia conflict usually is analyzed in relation
to their economic and political effects, rather than for their environmental
implications.
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Chapter 1: Introduction

Forest land and trees are vital elements of the life cycle. They make substantial
contributions that maintain the balance of the planet and provide food, medicine, clean air,
and water to all living beings. According to FAO (2018), forests represent three-quarters of
the world’s terrestrial biodiversity and are therefore of tremendous socioeconomic
importance for hundreds of millions of people across the world. Most of these people are
located in developing countries, where there is significant pressure exerted on forest land,
which is converted for agricultural use, cattle ranching, and to facilitate urban sprawl
(Robalino, Pfaff, 2012, Prem, Saavedra & Vargas, 2018). By 2050, it is estimated that the
world population will reach around 10 billion and that this will create a greater demand for
ecosystem services from forests that are mainly located in poor countries(Food and
Agriculture Organization of the United Nation (FAO), 2018). This situation represents a
challenge for the conservation of forests because it increases the likelihood that valuable
ecosystems will be lost, land degraded, soil eroded, clean water reserves depleted, and that
more carbon is released into the atmosphere. As a result, all life is threatened because
deforestation and the degradation of forest lands reduce the natural absorption of carbon.
World Wildlife reports that these events produce around 15% of all greenhouse gas
emissions and are a key factor of global climate change (World Wildlife Fund (WWTF), 2019).

In the case of Colombia, which contains 4.1% of the global rainforest, the country’s
long armed conflict has made the deforestation phenomenon particularly worrisome. A 2014
study by the National Planning Department (DNP) and Inter-American Development Bank
(IDB) warns of the great threat that climate change poses to the country’s economy. For
instance, the loss of hydric resources and native species that represent 4.3% of the current
GDP is projected to generate losses equivalent to 3.7 times the current GDP from 2010 to

2100 (Departamento Nacional de Planeacion (DNP), 2014).

Before the signing of the November 2016 peace accord between the Colombian
Government and the Revolutionary Armed Forces of Colombia (FARC), the level at which
tree cover was being lost was already increasing at an alarming pace. According to the Global
Forest Watch Database (Hansen, 2013), the average annual tree cover loss between 2005 and

2015 was about 201,000 hectares. However, from 2016 onwards, the above-average increased



by around 356,000 hectares more per annum, registering a peak in 2017 of 425,780 hectares'
(see figure 1). Even though the concept of tree cover loss defined by GFW does not establish
a distinction between “permanent land cover change (deforestation) or temporary loss (in which forest will
recover), or between natural or human causes of loss”* (Goldman 1., 2019), these huge increases may
not solely be the result of non-anthropogenic causes, meaning it is plausible to, therefore,

consider the role of deforestation.

FIGURE 1 NUMBER OF HECTARES DEFORESTED IN COLOMBIA (2005-2018)
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Source: Global Forest Watch (GFW), 2019. Own elaboration; data accessed on July 23, 2019.

Such a problematic situation would seem to indicate that the retreat and
demobilization of FARC forces may be what is driving the sharp increase in Colombia’s
recent deforestation. Consequently, this research paper will explore the extent to which there
is a relationship between the process of FARC retreat and demobilization and the increase
in the deforestation. It is estimated that the retreat occurred following December 20, 2014,

when FARC announced the unilateral ceasefire, and June 22, 2016, when a bilateral ceasefire

! The Colombian official organization Forest and Carbon Monitoring System (SMBC) offers different
outcomes about number of hectares deforested, although, the tendencies are similar. Additionally, SMBC does
not provide information at the municipal level and its information is just available since 2013, owing to a change
of methodology in 2012. Before of this year, the data was collected five-year term (Galindo et al., 2014).

2 In line with SMBC deforestation in Colombia is any anthropogenic activity that changes permanently forest
which defined by the following thresholds: one hectare, five meters height (in situ) and a canopy of 30% (see
appendices I A) (Galindo et al., 2014).



was announced by the national government’. Although the former date should not be
assumed to be the exact moment when FARC laid down their weapons, it can be assumed
that some fronts reduced their presence after this, which started a gradual rearrangement of
the dynamics of the armed conflict. The date marks the emergence of new actors and the
mobilization of pre-existing illegal armed groups, who would try and capitalize on the
absence of FARC in certain municipalities to generate revenues from various shadow
economic activities (Escobedo, 2018). As both dates have differing impacts on Colombia’s
forest cover, this paper will look at them both. The aim of this paper is to develop an impact
evaluation that uses fixed effects as an empirical strategy to determine the factors behind the
increase in Colombian deforestation before and after the unilateral ceasefire as part of the
peace negotiation. This research aims to contribute to a better understanding of deforestation
in the context of armed contflicts, a topic that has not been extensively addressed in scholarly

literature.

In that sense, this paper demonstrates the impact of several illegal armed groups and
socio-economic dynamics on deforestation following the unilateral ceasefire. The topic is
evaluated in 1,062 municipalities between 2005 and 2018. Consequently, this paper focusses
on understanding the presence of FARC in municipalities with a vast extension of forest land
and how the vacuum of power left by them promoted a rearrangement of Colombian
contlict. The presence is estimated through a proxy variable of violent actions undertaken by
illegal armed groups, giving the same weigh to these municipalities that registered one or
several violent actions. This methodology, besides of reducing the bias that states at higher
territorial sovereignty have less violence, helps to evaluate the presence of conflict actors
from a heterogeneous and complex perspective, underpinning the assumption that illegal
armed groups should not be analyzed as homogenous and hierarchical structures. The
findings suggest that FARC discourages deforestation in municipalities where they used to
have presence, mainly in the municipalities where they have a historical relationship. This
does not mean that FARC did not negatively impact forest land, but rather that they regulated
environmental issues and discouraged other stakeholders from entering these municipalities
and promoting deforestation an increasing pace. Certainly, following the unilateral ceasefire

there emerged new political and socio-economic dynamics that were both legal and illegal.

3 After bilateral ceasefire between the national government and FARC, government enacted the temporary pre-
grouping points on in order to concentrate FARC troops, expecting the total demobilization and disarming in
the first semester of 2017 (Presidencia de la Republica de Colombia, 2016).
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Even though the legal and illegal issue is usually analyzed irrespective, the findings suggest
that these dynamics are interlinked and are interplaying jointly in the increasing of
deforestation. This is because high-value natural resources and certain agricultural
commodities, such as coca crops, have a positive effect on rapacious behaviour in territories

previously affected by conflict and characterized by low state capacity.

Historically, studies of the Colombian armed conflict have tended to focus on its
political and economic components, despite the impact of the conflict on the country’s rich
ecosystems (Negret et al., 2017). Maria Alvarez (2003) outlines how environmental issues
have not been a central topic of investigation, outside of cases where petroleum pipelines
have been exploded. The present paper contributes to close such gap, evaluating the impact
of several illegal armed groups and socio-economic dynamics on deforestation using fixed-
effect estimation at the municipal level. In fact, this paper builds on the literature that has
found that insurgents are more successful when their operations are developed on rough
terrain that is far from the centre of state power. This indicates that there is a pattern of
forest land conservation by illegal armed groups using forest cover to hide from air
surveillance  (Fearon, Laitin, 2003, Alvarez, M. D., 2003, Andrade, 2004, Camacho,
Rodriguez, 2013, Sanchez-Cuervo, Aide, 2013, Fergusson, Romero & Vargas, 2014, Castro-
Nunez et al., 2017). This paper develops a methodology that empirically evaluates the
presence of illegal armed groups from a heterogeneous perspective in order to highlight the
complexity of these apparent hierarchical and homogenous structures. Even though illegal
armed groups share central identities, this perspective evidences how these identities that are
operationalized in the field may change. For example, the forest land of municipalities that
registered a presence of FARC up to six years were more affected than the municipalities

that registered a presence for more than seven years.

The above is linked with the assumption that the municipalities that registered a
presence of several illegal armed groups may be understood as a territory of dispute. This is
a characteristic that may lead to a rise in conflict intensity and promote rapacious behaviour
over natural resources. These findings are in line with the theoretical approximation from
(Kalyvas, 2008, Kalyvas, 2001, Collier, 2008, Dal B6, Dal B¢6, 2011, Janus, 2012, Dube,
Vargas, 2013, Delgado, 2013). Likewise, this paper is built on the literature from Prem et al,
(2018) and Rodriguez et al, (Rodriguez et al., 2019) who have studied the recent increase of

deforestation in Colombia with diverse approaches. Meanwhile Prem et al, (2018) used an

11



empirical strategy that found a certain increase in deforestation following the unilateral
ceasefire, Rodriguez et al, (2019) used a qualitative approach in the Amazon region of San
Jose del Guaviare to analyse several socio-economic dynamics that are triggering
deforestation. Although both studies contribute to understanding this complex and
multidimensional phenomenon, the present paper goes beyond and identifies the actors that
are promoting deforestation and their relationship with several socio-economic dynamics at

the municipal level.

In that sense, socio-economic dynamics, such as coca crops, cattle ranching, mining
both legal and illegal, forced human displacement, state capacity and poverty have an impact
on deforestation. Many scholars have studied these socio-economic dynamics in relation to
deforestation, see (Geist, Lambin, 2002, Alvarez, 2003, Bradley, Millington, 2008, Carr,
David, 2009, Carr, David L., Suter & Barbieri, 2005, Davalos et al., 2011, Sanchez-Cuervo,
Aide, 2013, Armenteras et al., 2013, Rodriguez Eraso, Armenteras & Alumbreros, 2013,
Armenteras et al., 2011, Fergusson, Romero & Vargas, 2014, Chadid et al., 2015, Castro-
Nunez et al., 2017, Castro-Nunez, Mertz & Quintero, 2016, Baptiste et al., 2017, Negret et
al., 2017, Hoffmann, Marquez & Krueger, 2018, Prem, Saavedra & Vargas, 2018, Rodriguez
etal., 2019). However, this paper contributes to understanding the impact of these dynamics
on deforestation in territories that have been affected by conflict. Furthermore, the results
suggest that these dynamics should be analysed and assumed to be interlinked. For example,
the paper demonstrates that there is a positive relationship between coca crops and cattle
ranching based on the work of Chadid (2015). Likewise, this paper, through a robustness
check estimation at the department level, builds on the literature that indicates the impact of
poverty on deforestation and households involved in economic activities, legal and illegal, in

order to cover their basic needs.

1.1 Research question
The mains research question for the present paper is: To what extent is there a relationship

between the vacuum of power left by the FARC s retreat and the sharp increase in deforestation that followed
the unilateral ceasefire at the end of 20142 In order to unpack the above question, the paper
addresses secondary guiding questions:

Was the FARC an actor that discouraged deforestation in municipalities where they
registered a presence?

12



Is the recent sharp increase of deforestation a consequence of a conflict rearrangement
where other illegal armed groups are trying to occupy the spaces that the FARC have
vacated?

Which other economic activities, both legal and illegal, are driving deforestation in
Colombia?

1.2 Chapter outline

The paper is organized as follows: Chapter 2 provides the theoretical framework
which is divided in two moments. First, it offers some contextual background regarding
illegal armed groups in Colombia and their relationship with forest land and their changes in
economic and political terms over time. Second, it postulates the hypotheses that will guide
this paper. Chapter 3 describes the data and present the empirical strategy. Chapter 4 present
the estimations concerning the hypotheses posited in chapter 2 and finally chapter 5

concludes.
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Chapter 2: Theoretical framework

2.1. Colombian conflict and deforestation: a contextual
background.

From its foundation in 1964 until 1982, the core areas of FARC expansion were
located in the departments of Meta, Caqueta, Guaviare, Huila, and subsequently in the zones
of Magdalena Medio®* and Urab4 in North-west Colombia (Echandia, 2015, Estrada et al.,
2017) (see figure 2). Although several of these zones were declared as National Forest
Reserve Zones (ZRF) following law 2 that was signed in 1959, many colonizers® - colonos -
ignored the law and changed the use of forest land these protected areas. Likewise, the FARC
conceived of these territories as geographical and political spaces that had been historically
denied of peasant struggles and suffering from persistent inequality in land distribution, as
well as food insecurity’ (Andrade, 2004, Pizarro et al., 2015, Rodriguez et al., 2019). As a
result, the tropical forest became, on the one hand, a provider of natural resources for the
first stages of peasant-run economies and, on the other, a strategic refuge for military figthers
(Fearon, Laitin, 2003, Alvarez, 2003, Andrade, 2004, Camacho, Rodriguez, 2013, Sanchez-
Cuervo, Aide, 2013, Fergusson, Romero & Vargas, 2014, Castro-Nunez et al., 2017). Later,
between 1982 and 2002 and following the VII Conference in 1982, FARC started to deploy
a military strategy that allowed them to have at least one guerrilla front in every department
in Colombia (Andrade, 2004, Pizarro et al., 2015) . Thus, while in 1982 FARC had around
1,000 combatants by 2002, they had between 16,000 and 20,000 fighters (Saab, Taylor, 2009,
Dube, Vargas, 2013, Pizarro et al., 2015). This situation was boosted by FARC’s adoption of
new sources of funding like the collection of a protection tax (gramaje) on drug trafficking

and production’, kidnapping, extorsion; cattle theft, and the assault and robbery of

41t is an inter-Andean valley of Magdalena river that involved municipalities from 8 departments: Antioquia,
Bolivar, Caldas, Cesar, Cundinamarca, Santander and Tolima (see appendices map II A)

5 They may be understood as farmer migrants from the Andean region without land that colonized vacant lands
in the north-western Amazon region, between 40s and 70s (Rodriguez et al., 2019).

¢ Many scholars argue that this agrarian problem is a pivotal factor to explain Colombian conflict. Nonetheless,
other scholars question such approach since Colombia conflict per se has amalgam of factors, such as political
game or the complexity of the violence and its ambivalences (Pizarro et al., 2015).

7'This is that “every Jarge coca plantation, every kilo of base or cocaine HCL, every 55 gallons of processing chemicals. .. and
every truck or aircraft operating in guerrilla-held zones is subject of protection fee” defined by FARC (Saab, Taylor, 2009:
464-465). For instance, based on Saab et al. (2009), in 1999 the prices were standardize by FARC as follows:
$15.70 per kilo of coca paste and $52.60 per kilo of cocaine produced inside its territory; $10.50 per kilo of
cocaine and $45.00 per kilo of opium gum transported inside its territory. Additionally, they charged a fee for
every aircraft that used their air strip: $2,631 for national flights and 5,263 for international flights. Even though
this explanation, it is important to mention that some FARC fronts were involved in other stages of the chain
production, for example transnational trading (Saab, Taylor, 2009).

14



businesses (Palacios, 2003, Saab, Taylor, 2009, Otis, 2014). According to Saab and Taylor
(2009), in 2005 the FARC was estimated to have an income of between $100 to $300 million
per year, with between one and two thirds of their income coming from the drug economy.
Nevertheless, there is no consensus in this respect and other studies suggest that their income

from the drug economy represented between 60 and 90 percent of their total budget (Saab
et al. 2009).

After several unsuccessful peace process attempts over the last 30 years, in October
2012 FARC initiated a peace negotiation process which prolonged until the successful
November 2016 peace accord with the national government, which led to disarmament and
demobilization during the first semester of 2017. The process, according to Mounu Prem et
al. (2018), was characterized by advances and setbacks. For instance, after the unilateral
ceasefire on December 20, 2014 and the suspension of air raids ordered by the Colombian
president in March 2015, FARC killed 11 soldiers in April 2015. The air raids were resumed
and left 26 guerrilla combatants dead. Afterwards, FARC announced the end of unilateral
ceasefire which lasted until July 20, 2015 (Semana, 2015). Even though the unilateral ceasefire
in 2014 was non-permanent, it is understood as a milestone because FARC started to
withdraw their troops from remote areas that other actors could not access (Prem, Saavedra
& Vargas, 2018). In fact, Prem et al. (2018) quote the Conflict Analysis Resource Center
(CERAQC) to indicate that it is over this period that FARC’s violent actions dropped by 98%.
Nevertheless, it is important to highlight that those fronts that decided not to be a part of
the peace accord before its signing worked to capitalize on the vacuum of power that came
out of the retreat’. As a result, these fronts should be understood as dissidents due to the
fact they started their actions before the demobilization and disarmament in 2017.
Reunification after the first semester of 2017 should be considered as recidivism (Alvarez,

E., Pardo & Vélez, 2018).

8 On June 2016, the Front 1 Armando Rios announced their exit from peace accord to continue their armed
hostilities. Later, the national government and the public forces also confirmed other guerrilla dissidents, fronts:
7,14, 15, 16, 27, 40, 48, 62, 63 and mobil column Acacio Medina which have presence in the South and the
East of Colombia (see map 1). Today, it is estimated that their ranks have between 1,200 and 1,400 combatants
who have undertaken war actions, selective killing, kidnapping, population attacks, property damage and even
deforestation (Alvarez, Pardo & Vélez, 2018) .
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MAP 1 PRESENCE (ACTIONS) OF ILLEGAL ARMED GROUPS ON AVERAGE BY MUNICIPALITY (2005-2018)*

FARC Narco-

Number of Actions
Jo-21
21-73

73 - 160

[ 160 - 296

B 296 - 485

[ No information

Number of Actions
Jo-9
Jo9-a1

[ 41 - 105

[ 105 - 205

[ 205 - 304
[ No information

Source: CNMH and FIP | 2019. Own elaboration; data accessed on July 28 and September 13, 2019.
Note: *time trend of FARC is 2005-2016.

16

Number of Actions
CJo-10
[CJ10-39
[[39-85

85 -177

[ 177 - 283

1 No information

Number of Actions
1 0,0-2,0

[ 20-80

[ 8,0 - 17,0
. 17,0 - 38,0
. 38,0 - 92,0
[] No information



Another important left-wing guerrilla group is the National Liberation Army (ELN)
whose beginnings also date back to the 60s. They emerged in departments such as, Norte de
Santander, Santander and in various municipalities in the Magdalena Medio region (see map
1). In the 90s, when the conflict reached its highest peak of intensity, the ELN could had
around 5,000 fighters in their ranks (Pizarro et al., 2015). However, in 2001 the illegal armed
group’s presence started to decrease and today they are estimated to have around 1,500
combatants (Otis, 2014). This is because, among other political and military reasons, they
were reluctant to profit from the drug economy (Echandia, 2015). According to Otis (2014),
this changed between 2005 and 2007 and allowed them to expand their actions on the Pacific
Coast and by the Venezuelan border (see map 1). Despite this, Velez (2001) found empirical
evidence that ELN are more likely to settle down in zones where there are deposits of oil
and gold, rather than areas with illicit crops’ (Vélez, 2001). For example, Alvarez (2003)
indicates that certain zones with vast deposits of gold, such as the tropical forest in Serrania
de San Lucas in the North of Colombia, have been protected by the ELN through the use
of land mines, warnings aimed at discouraging investors, and hiding from air surveillance
(Alvarez, 2003). Either way, this situation has generated that the unregulated artisanal mining
of gold which has had many negative impacts on the environment and attracted many

immigrants, changing the use of land in the region (Alvarez, 2003).

On the other hand, the United Self-Defense of Colombia (AUC) were formed in
1997. This group evolved out of a coalition of local right-wing paramilitary groups. These
local groups were organized and promoted by rural landowners and drug cartels in order to
counter the expansion of left-wing guerrilla forces, and worked alongside certain public force
factions (Sanchez et al., 2013, Dube, Vargas, 2013, Fergusson, Romero & Vargas, 2014). The
AUC were more concentrated in the Uraba and Magdalena Medio regions and had around
15,000 fighters between 2001 and 2003 (Sanchez et al., 2013, Dube, Vargas, 2013). Most of
the group’s violent actions involved selective massacres and forced human displacement,
which enabled them to grow coca crops and expropriate lands to conduct legal mining and
agribusiness operations, specifically in palm oil (Fergusson, Romero & Vargas, 2014).
Fergusson et al. (2014) used a quasi-natural experiment to show the impact of AUC’s actions
and activities on forest cover. Notably, the authors clarify that the impact should be analysed

in two ways. First, they demonstrate that AUC presence has a positive correlation with the

? Other studies claim that ELN incomes are derived largely by collecting taxes from drug production, in the
same way as FARC did it (Angrist, Kugler, 2008).
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proportion of forest. Jungles and rough terrain zones are characterized by vast crown cover
and allowed the AUC to hide from public forces. Second, they confirm that an increase in
AUC actions led to an increase in deforestation, which is confirmed by the reduction in the
deforestation rate that followed the demobilization of AUC between 2005 and 2006

(Fergusson, Romero & Vargas, 2014).

Despite the peace agreement, many AUC units did not disarm and have continued
to remain active in many places across Colombia (see map 1). In this paper they are clustered
under the umbrella of ‘narco-paramilitaries groups’ based on the theoretical approximation
suggested by Espitia et al. (2018). Thus, they may be understood as a modality of paramilitary
group that have concentrated their business activities on drug trafficking and asset
laundering. In addition, they offer public security functions and, occasionally,
counterinsurgency services with the complicity (or omission) of state agents. Likewise, the
AUC exert pressure over territories to capture state institutions, grab rents, and promote
corruption. Their operations are confined to the national, regional and municipal level

(Espitia et al., 2018: 10).

2.2. Hypothesis
2.21.  FARC presence and deforestation.

The aforementioned paragraphs support the assumption that, across different
contexts, illegal armed groups can take advantage of forest cover to both hide from public
forces and to obtain profits from both high-value natural resources, and legal and illegal
economic activities, such as oil palm and/or coca cultivation (Sinchez-Cuetvo, Aide, 2013,
Fergusson, Romero & Vargas, 2014, Castro-Nunez et al., 2017). Furthermore, the fact that
these zones are characterized by rough terrain, dirty roads, jungle, weak local institutions,
and low population density suggests an increase in the likelihood of illegal armed groups
being present (Alvarez, 2003, Fearon, Laitin, 2003, Andrade, 2004, Fergusson, Romero &
Vargas, 2014, Castro-Nunez et al., 2017, Escobedo, 2018). In that sense, the presence of
FARC is related in these areas with what may be described as “gunpoint conservation”.
According to Alvarez (2003), this “Znvolves the exclusion of most productive activities from certain
areas” through “land mines and ciwvilian curfews” (Alvarez, 2003). Camacho et al. (2012)
empirically found that an increase of guerrilla and paramilitary attacks increases the likelihood

of firms exiting a region by 5.5 percentage points or 0.28 standard deviations (Camacho,
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Rodriguez, 2013) . Similarly, Prem et al. (2018) found that deforestation increased by an
average of 0.12 percentage points or 0.23 standard deviations after the unilateral ceasefire of
December 2014 in municipalities where FARC used to have presence (Prem, Saavedra &
Vargas, 2018). In addition, during the 90s’ they started to adopt an environmental
sustainability discourse in order to highlight the protection of biodiversity hotpots "

(Andrade, 2004). Accordingly, the following hypothesis is put forward:

H;: FARC presence in municipalities that may be assumed as “gunpoint conservation”
zones, owing to FARC’s coercive actions, decreases the likelihood of deforestation.

Nevertheless, as with the other illegal armed groups, the FARC should be not be
understood as a monolithic body acting in a homogeneous and hierarchical manner. Instead
they are able to mutate, transform and make alliances with other antagonistic actors (Alvarez,
Pardo & Vélez, 2018). Equally, Delgado (2013), uses San Vicente del Caguin (Caquetd) "' as
an example to suggest that the relationship with the territory that was heterogeneous because
the state was neither completely absent nor did FARC have complete control over the
territory. Therefore, FARC looked to incessantly regulate the social and economic lives of
people, which were constantly changing because the regulation depended on the levels of
conflict intensification and the peace negotiations (Delgado, 2013). Thus, FARC’s presence
in several municipalities should be understood from by the military, political and economic
dimensions which generated diverse relationships and disputes regarding the territory, legal
and illegal economies, and the population (Delgado, 2013). In this respect, Kalyvas (2008)
has produced research analysing the macro-dynamic of the civil war in order to understand
the logic of the conflict at the subnational level, which may be permeated by alliances,
adaptations, pragmatisms, or resistances over time (Kalyvas, 2008). For that reason, Delgado
(2013) proposes studying the spatial and temporal dynamics of the conflict in the following
three ways: a) territories of rear-guard or parastatal or counter-state order; b) intermediate

territories and disputed order; and c) integrated territories and state order (Delgado, 2013).

10 Despite of it, Andrade (2004) sustains that FARC , at their beginnings, related the environmental
sustainability discourse with the bourgeoisie which was changing over time (Andrade, 2004).

1T FARC had historical presence in this territory (Alvarez, Pardo & Vélez, 2018). In fact, San Vicente del
Caguan, together with four municipalities in Meta, set the Demilitarized Zone — 42,139 km? - at the end of the
90s’ (Sanchez et al., 2013).
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The first type indicates territories where illegal armed groups have successfully
embedded themselves in the territory and the conflict dimension is part of the population’s
identity and regional society. The second type may be understood as those territories that are
contiguous of previous territories and thereby experiencing territorial fragmented
sovereignty'”. As a result, the social, economic and political setting is ex ante of the armed
contflict, leading to illegal armed groups being unable to effectively embed themselves in the
zone. Finally, the third type refers to those territories that have occasional illegal armed group
presence and sporadic violent actions that may have a great impact at the national and

regional levels as they may be conducted in the centre of state power (Delgado, 2013).

Under this framework, municipalities that registered a continuous FARC presence
for more than seven years are classified as the first category proposed by Delgado (2013).
Those municipalities that registered a FARC presence of between four and six years can be
labelled under the second category, because of suggestions of territorial fragmentation.
Finally, those municipalities that registered a FARC presence between one and three years

are patt of the third category”. The second hypothesis therefore posits:

H,: The heterogeneity of FARC presence may lead to different deforestation
outcomes, highlighting the complexity of the Colombian conflict

2.2.2.  Illegal armed groups presence and deforestation.
Paul Collier (2008) argues that economies characterized by natural resource

dependency are more likely to have a civil war. In fact, it is through natural resources that
guerrillas and paramilitary groups finance their violent actions on the field (Collier, 2008). In
this respect, Janus (2012) demonstrates through the Coob-Douglas production function that
there is a link between agricultural activities, resource extraction, and armed conflict. The
parties involved react in relation to their credit-constraints, which are given by exogenous

factors. These include bans on buying conflict resources, weapons embargoes, or increases

12 Tt refers to those territories where there are more than one illegal armed group, driving an increase of violent
actions since none has sovereignty in the territory. Thus, conforming to Kalyvas (2001), when there is total
sovereignty over a territory the violence would be limited and the population decrease their likelihood of
desertion because the coercion is higher (Kalyvas, 2001). In that respect, Alvarez et al. (2018) empbhasizes that
some interviewees in Caqueta recognized that FARC regulated by means of code of conduct and punishments
(Alvarez, Pardo & Vélez, 2018).

13 Tt is clarified that this type of FARC presence may be also related to territorial fragmentation since those
territories could have suffered a process of conflict rearrangement.
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in agricultural productivity. This is due to a constant substitution elasticity of capital-labour,
which affects where there is an intensification of the conflict or not. Consequently, an
intensification is occurring, there might be a reduction of natural resource extraction or
agricultural activities because the capital-labour allocation is mainly focused on the conflict.
To the contrary, when the capital-labour is allocated to natural resource extraction or

agricultural activities there is a reduction in conflict (Janus, 2012).

Dube and Vargas (2013) empirically found that credit-constraints should be analysed
in relation to the labour intensity that is demanded by a specific commodity. For instance,
they demonstrate that a negative price shock on a commodity that uses relatively more
labour, decreases the wages within that sector and leads conflict intensifications when the
illegal armed groups can offer higher wages (e.g. coffee or coca crops). Meanwhile, a positive
price shock on a commodity that uses less labour intensity may lead to a conflict
intensification by triggering rapacious behaviour towards high-value natural resources (e.g.
oil or gold) (Dube, Vargas, 2013). This complex relationship is underpinned mathematically
by Dal B6 and Dal Bé (2011) who go on to suggest that policymakers should subsidize
productive labour through taxes on capital in order to reduce the likelihood of conflict
intensification. Similarly, they suggest that trade policy and peace-keeping initiatives should
be pursued simultaneously. In that sense, trade agreements should promote the reduction of
barriers to trade on exports to ensure that labour intensive economic activities do not suffer
dramatically because of volatile commodity prices (Dal B6, Dal B6, 2011). Nevertheless, the
retreat and demobilization of the FARC may have resulted in several illegal armed groups
conflicting over the vacuum of power left behind. These areas can subsequently be used
either to mine high value of resoutces and/or to expand the agricultural frontier by through

deforestation. The third hypothesis states:

H3: Deforestation is increasing by the higher demand for capital inputs that is
3 g by 8 P p

triggered by the rise of conflict intensification in areas where several illegal armed
groups have caused a higher territorial fragmentation of sovereign land.

2.2.3. FARC presence, socio-economic dynamics and deforestation.
As mentioned previously, economies characterized by an abundance of natural

resources may experience conflict. Illegal armed groups involved in the conflict can use these

resources or agricultural commodities both to fuel conflict intensity and to increase personal
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wealth (Collier, 2008). Angrist et al, (2008) found that the presence of coca crops suggests a
higher probability of conflict intensification and also generates economic benefits for farmers
that are already involved with coca. This is because the regions where coca is cultivated are
characterized by poor institutional and socio-economic conditions (Lopez et al., 2019). Illegal
armed groups used these regions as strategic strongholds for their economic and political
goals; while the national government and military wholly focus their efforts on the
eradication of coca crops through both manual means and/or aerial spraying. This context
creates a permanent dilemma for coca growers. On the one hand, illegal armed groups force
them to keep producing coca despite difficulties' through coercion. Furthermore, the
Government does not impose any measures to tackle their poor socio-economic conditions
(Escobedo, 2018) "°. As a result, coca growers move to other areas and expand the agricultural

frontier at the expense of forest land (Alvarez, 2003, Lopez et al., 2019).

In the case of FARC, many scholars suggest that their involvement in the drug trade
was limited to the early stages of the production chain (see section 2.1). Alvarez, 2003, Saab,
Taylor, 2009, Delgado, 2013, Otis, 2014, Escobedo, 2018 show that most of FARC’s income
came from limited domestic drug activities and that they depended on other illegal armed
groups (e.g. narco-paramilitary groups) to distribute, traffic and refine the coca cultivated in
their territories. Lopez et al (2019) found empirical evidence that the steady increase of coca
crops during the peace negotiations between FARC and the national government (2012-
2016), only occurred 31% of the time in municipalities where FARC had a presence.
Therefore, it is possible to assume that there are other factors, such as the rearrangement of
the Colombian conflict following the unilateral ceasefire, that are promoting the increase in
coca crops and environmental degradation (Escobedo, 2018). For example, Estrada et al.,
(2017) states that the recent expansion of pre-existing illegal armed groups, such as ELN
and narco-paramilitary groups, is because these groups are funding from shadow economies
like coca and illegal mining. In effect, in some territories there are alliances between illegal
armed groups in order to traffic drug (Estrada et al., 2017). Furthermore, it is well known

that cattle ranching has an impact on deforestation and involves the large-scale clearing of

14 For example, Alvarez (2003) indicates that in territories where FARC had presence, the farmers required to
“grow three hectares of food for every hectare of coca” (Alvarez, 2003: 59).

15By 2018 the Foundation Ideas for Peace (FIP) together with United Nation Office on Drug and Crime
(UNDC) found that the revenue of a coca grower, for one hectare of coca, represented only a 56% of
Colombian minimal wage (approximately $139). Even though these revenues are tiny in proportion to the total
revenues of drug industry ($559 million in 2016), coca growers state that coca at least give them an income in
territories where there are not facilities to transport, store and merchandize licit crops (Garzon, Gelves, 2018).
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forestland (Alvarez, 2003, Andrade, 2004, Bradley, Millington, 2008, Armenteras et al., 2013,
Chadid et al., 2015, Castro-Nunez et al., 2017). Many actors in marginal areas that were
previously affected by the conflict have been promoting land grabbing for speculation in
order to gain significant profits (Rodriguez et al., 2019). In the end, this land is used to
increase coca crops, cattle ranching and/or illegal mining (Chadid et al., 2015). Chadid, et al.,
(2015) found that the revenues from coca crops are invested in cattle ranching to give the
owners access to credit and revenues from trading. Moreover, it is relevant to consider that
out of the 43 million hectares used for agricultural purposes in Colombia, 34.4 million are
used for livestock (80%), with the remaining 20% used for crop production. The land used
for livestock proposes mainly belongs to rich landlords with high capacity of political

incidence at the national and regional level (Rodriguez et al., 2019)

Another economic activity that exerts pressure on forest land is mining. The quick
profits gained through this economic activity trigger the arrival of several stakeholders into
areas that have high-value natural resources. In Colombia, most of these areas are beyond
the scope of oversight bodies and miners do not use ‘clean’ mining technology because of
the high opportunity costs generated by the conflict (Alvarez, 2003). It is estimated that 85%
of gold production is illegal and that 36% of this occurs in conflict areas (Davila, Azcarate &
Kornev, 2019). As Giisa (2018) suggests, this economic dynamic has three main causes.
First, the increase of gold prices saw the state promote the arrival of mining companies 2002,
which encouraged rapacious behavior from illegal armed groups and artisanal miners. The
second cause is the high opportunity cost that governmental constraints placed coca growing,
which crowded illegal armed groups out the drug industry and pushed them into gold
production. Lastly, the weak capacity of state to provide better socio-economic conditions
and to regulate mining allowed illegal armed groups to co-opt these spaces. It is estimated
that 20% of FARC incomes came from such activities. It is notable that information about
this is underreported because the channels used by illegal armed groups are diverse and
heterogeneous. An example of such an activity is the extortion of mining companies and the

instrumentalization of social protest against them (Gtiisa, 2018).

Evidently, these activities generate a humanitarian crisis in several ways. For example,
Fergusson et al, (2014) argue that AUC used forced human displacement as a mechanism to
grab valuable land from local leaders and peasants for profitable activities (e.g. coca crops,

cattle ranching and/or oil palm). Similarly, Guisa (2018) states that the rapacious extraction
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of high-value natural resources involves serious human rights violations including, threats,
intimidation, selective killing, kidnapping, and forced displacement. The last of these is
frequently used against indigenous and afro Colombian communities because their collective
territories are located in key hotspots of natural forest (Gtiisa, 2018). However, while some
scholars suggest this mobilization may lead to a process of ecosystem recovery by moving
populations to urban areas (Aide, Grau, 2004), other scholars suggest that the relationship
between population and deforestation is not linear and depends on spatial and temporal

contingencies (Carr, Suter & Barbieri, 2005).

The theoretical framework has hitherto made implicit and explicit postulations about
the capacity of the state. To operationalize this in a conflict context, Hendrix (2010) proposes
three categories: military capacity, butreaucratic/administrative capacity and political
coherence and quality. Although Hendrix (2010) suggest that research should use the
aforementioned multivariate approach, this research paper only uses the second category.
The bureaucratic/administrative capacity category allows is to go beyond the typical
conception of the state understood through the monopoly on violence, as well as institutional
perspectives that are based on path dependencies that are constructed in alien historical
contexts. As a result, the bureaucratic/administrative capacity category reflects the state’s
ability to collect and manage information in areas where illegal armed groups are present
(Fearon, Laitin, 2003, Hendrix, 2010). This approach makes it possible to postulate whether
better public servants (professionalization process) would result in a reduction of
information asymmetries in the field, the collection of more taxes, the enhancement of socio-
economic conditions, and the defeat of shadow economic activities and illegal armed groups
(Hendrix, 2010, Besley, Persson, 2010, Mildner, Lauster & Wodni, 2011, Acemoglu, Garcia-
Jimeno & Robinson, 2015).

The previous paragraphs therefore make it plausible to suggest that:

H,: The abundance of natural resources conflict contexts triggers deforestation
through vatious interlinked and ill/legal socio-economic factors.
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Chapter 3: Data and methodology
3.1. Data

Deforestation is a multidimensional phenomenon. Accordingly, this paper builds a
dataset from several secondary sources at the municipality level between 2005 and 2018".
The deforestation dataset has a sample that covers 1,062 out of 1,122 municipalities
recognized by the National Administrative Department of Statistics (DANE). The missing
municipalities were not included since the deforestation data has been collected from the
Global Forest Watch (GFW) and this dataset only covers 1,062 municipalities. This data has
been collected since 2001 by the University of Maryland’s GLAD laboratory in partnership
with Google. The imagery is captured through Landsat and remote sensing-techniques with
a resolution of 30 X 30m per pixel in order to identify primary forest'” canopy structures at
low albedo and with high texture (Hansen et al., 2013). Even though GFW does not
differentiate between the concepts of deforestation and tree cover loss, the sharp increase of
these phenomena in Colombia in recent times (see figure 1) indicates that this is not just a
consequence of forest degradation (see appendices I-A.). In this paper, deforestation is
estimated by looking at the share of deforested area per municipality in relation to forest
land. This measurement allows us to see the municipalities that have the highest rate of
deforestation considering the total number of hectares of the municipality that is covered by

forest (see map 2 and 3).

This paper’s second dataset looks at the presence of illegal armed groups. The paper
took into account the methodologies already defined by (Restrepo, Spagat & Vargas, 2003,
Arjona, 2011, Delgado, 2013, Fergusson, Romero & Vargas, 2014, Echandfa, 2015, Espitia
et al., 2018, Prem, Saavedra & Vargas, 2018), all of whom have researched the presence of
illegal armed groups using proxy variables of violent actions. As a result, the objective
location of every illegal armed group become very challenging and thereby is used the actions
conducted by them in a municipality between 2005 and 2018. The secondary sources used

are from the National Center of Historical Memory (CNMH) and the Foundation Ideas for

16 The time trend was defined considering that in 2006 and onwatds, after demobilization and dismantling of
AUC between 2003 and 2000, started a recidivism process of new paramilitary groups in places where AUC
used to have presence (North-Eastern of Colombia). These new groups have not just consolidated their
presence in these regions through shadow economic activities, but also have extended their influence in regions
where, for example FARC, use to have presence (see map 1).

I7'That is natural areas where mature forest which has not been removed and regrown in recent times (less than
30 to 50 years).
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Peace (FIP) which is a prestigious think-tank in Colombia and Latin America. The latter
organization provides updated information about the actions and locations of illegal armed
groups between 2015 and 2018. According to CNMH, the information is collected from 580
sources that are both official and social. Sources include the military forces, public entities,
testimonies, social and religious organizations, NGOs, Academia, etc. Meanwhile, most of

FIP’s sources are press reviews.

MAP 3 NUMBER OF HECTARES DEFORESTED MAP 2 RATE OF DEFORESTATION ON
ON AVERAGE BY MUNICIPALITY (2005-2018)  AVERAGE BY MUNICIPALITY (2005-2018)

Hectares deforested Deforestation rate
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[ 28.212 - 66.026 o08-1,2
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B 160.610 - 229.487 B i6-20
[ No information [ Ne information

Source: GFW, 2019. Own elaboration; data accessed on July 23, 2019.

Because there are several types of actions, the categories used to cover the actions
are the same categories delimitated by CNMH. The categories are war actions, selective
killing, population attacks, terrorist attacks, property damage, enforced disappearance, land
mines and unexploded ammunition, massacres, kidnapping, sexual violence, and the use of
child soldiers . Each category has its own subcategories and variables, including the
perpetrators of each action, thereby making each one an independent dataset. The dataset
built for this paper selected the subcategories and variables that help with understanding the
intensity of the conflict and the presence of illegal armed groups across municipalities. The

subcategory type of action or channel'” were selected for conflict intensity before number of

18 T'o explore in detail all the categories and subcategories, what includes and what excludes, the information is

available here: http://centrodememoriahistorica.gov.co/observatorio /metodologia/ categorias/.

19 The variables include assaults, ambush, capture, torture, illegal checkpoints, threats, thefts, persecution, false
positive, etc.
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times that each action was committed in a municipality was counted for every year. This
method enables us to have one observation per municipality and year. In the same way, the
subcategory of perpetrator was selected for the presence of illegal armed groups. This
explored the multiple illegal armed groups spread across Colombia. Even though the CNMH
datasets provide information on more than twenty illegal armed groups, the variables were
clustered in four illegal armed groups: FARC, ELN, narco-paramilitary groups and guerrilla
dissidents. Whereas FARC and ELN guerillas are unequivocally denominated from their
early stage, narco-paramilitary groups have had several denominations, particularly after their
recidivism in 2006 and 2007. For this reason, narco-paramilitary groups were clustered from

fourteen different denominations based on the work of Espitia et al. (2018).

Guerrilla dissidents are understood as an undetermined number of illegal armed groups that
were formerly patt of a bigger body™. They reflect a fragmentation where there is a loss of
command and the disintegration of an authority structure (Kenny, 2010 quoted by Alvarez,
Pardo & Vélez, 2018). The most recent guerrilla dissidents used to be members of FARC
and started their actions before the peace accord was signed in 2016. As with any illegal
armed group in Colombia, they should be analyzed as components of a complex and dynamic
process where shared central identities do not detract from the formation of malleable
alliances and of divergent interests (Bakke et al., 2012; Pearlman & Cunningham, 2012
quoted by Alvarez, Pardo & Vélez, 2018: 45; Delgado, 2013). Consequently, economic
activities from guerilla dissidents embrace drug trafficking and rent grabbing from natural

resources (Espitia et al., 2018, Alvarez, Pardo & Vélez, 2018).

The method used to build the presence dataset was the same as that used to build
the intensity dataset. For each category, there was a count of the number of times that each
illegal armed group perpetrated an action in a municipality per year. It should be noted that
presence (actions) may be biased because of the underreporting of violent actions in
situations where illegal armed groups successfully embed themselves in the territory and with
the local population (Kalyvas, 2001, Kalyvas, 2008, Delgado, 2013). Therefore, Arjona,

(2011) suggest that it is necessary to develop a more accurate proxy variable that creates more

20'This paper clustered three different guerrilla dissidents. The guerrilla dissidents from Ejército de Liberacién
Popular (EPL) — Los Pelusos — who emerged in 1991 when was signed the peace accord between government
and EPL (Villarraga Sarmiento, Democratica, 2016). The guerrilla dissident from ELN known as Ejército
Revolucionario Guevarista (EGR) which rose in 1992 and handed their weapons in 2008 (Semana, 2008) and,
recently, guerrilla dissidents from FARC in 2016.
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efficient future estimations. Despite this, the method used in this paper has been widely used
by scholars to determine presence of illegal armed groups (Restrepo, Spagat & Vargas, 2003).
As a result, dummy and categorical variables were generated as indicators (imperfect) of
presence (actions). The former equates to one in situations where an illegal armed group
undertook at least one action in a municipality between 2005 and 2018, and zero if they did
not. This helps to reduce any possible bias on the estimators since the dummy variable gives
the same weight to the municipalities that registered one or more actions undertaken by
illegal armed groups. The categorical variable captures the information about the number of
municipalities that were affected by the same illegal armed group per year in relation to the
conflict intensity. This refers to the number of years that a municipality registered a presence
(actions) of the same illegal armed group between 2005 and 2018. Accordingly, the presence
of illegal armed groups is split into permanent presence (higher than seven years),
interrupted/consolidated presence (between four and six years) and finalized/rearranged

presence (between one and three years).

In terms of other control variables, this paper includes several datasets from a variety
of sources in order to identify the socio-economic factors have either been increasing or
decreasing deforestation after the unilateral ceasefire in 2014. A dataset estimating the
number of hectares of coca crops over municipality area between 2005 and 2018 is provided.
This data was obtained from the Drug Observatory of Colombia (ODC), which uses remote
sensing-techniques to capture the number hectares cultivated with coca at the municipal
level. The number of municipalities identified with coca crops was an average of 183, while
the remaining were treated as non-coca growers. This means that an average of 879
municipalities did not register coca crops out of a sample of 1,062 municipalities. Similarly,
this paper includes data of cattle ranching from the Colombian Agricultural Institute (ICA),
which is relevant because cattle ranching is one of the main factors driving deforestation in
the country and is what most of Colombia’s agricultural land is used for. The data was
obtained through a right of petition and was available at the municipal level between 2008
and 2018. The variable is transformed into a logarithmic form to evaluate its elasticity in

relation to the rate of deforestation.

This paper uses two sources for mining data. Legal mining data was collected from
the official Energy Mining Planning Unit (UPME), which is an organization that provides

information about the legal exploitation of various minerals in municipalities between 2012
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and 2018.1n this research paper, only data about gold production was used because of this
precious mineral’s apparent effect on the rapacious behaviour of miners. This variable was
also transformed into its logarithmic form to estimate the percentage changes over
deforestation. Secondly, data on illegal mining was collected through the use of a proxy
variable of environmental pollution, the illicit exploitation of minerals, and hydrocarbons
complaints reported to the Attorney General’s office between 2005 and 2018*. As expected,
this data was underreported because the majority of illegal mining exceeds the scope of
governmental entities. However, it remains the best method to estimate illegal mining at the
municipal level. The control variable of illegal mining was also analysed in percentage

changes instead of level form.

To measure the bureaucratic/administrative capacity of the state (in accordance with
the work of Hendrix, 2010, Besley, Persson, 2010, Mildner, Lauster & Wodni, 2011,
Acemoglu, Garcia-Jimeno & Robinson, 2015 data about municipal tax incomes and
operation expenditure between 2005 and 2017 was used from the National Planning
Department (DNP). Tax incomes contain information about property taxation, industry and
business tax, fuel surcharge, and other taxes clustered an ‘other’ category. Operation
expenditure collects information about individual services, overhead costs, salary payments,
and payment providers, amongst other entities. Both variables were analysed in the logarithm

form.

Additional information is included to evaluate the impact of alternative factors that
may be related to deforestation. Among them are coffee and plantain crops, monetary
poverty, the Gini coefficient, and a supplementary method to measure
bureaucratic/administrative capacity suggested by Hendrix, 2010: tax incomes/GDP. All
variables are estimated at the department level (33 departments including the capital city,
Bogota) from the years 2005 to 2018, conforming to data availability. Coffee and plantain
crop data was collected from the Agricultural Ministry and is estimated in rates. This is the
number of hectares cultivated of each commodity over the area of each department.
Information about monetary poverty and Gini coefficient variables was available in just 24
departments, and the years 2006 and 2007 missing because DANE did collect sufficiently
accurate information to provide suitable estimates for these years (DANE, 2009). Finally, tax

incomes/GDP at the department level is calculated with the variables tax incomes depicted

21 See criminal Colombian code sections 333 and 338.
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above over GDP data provided by DANE. Table 1 displays the summary statistics of the

variables presented in this subsection.

3.2. Methodology

This paper uses a fixed effect estimation as an empirical strategy to evaluate the rate of
deforestation in Colombian municipalities both before and after the unilateral ceasefire that
was announced by FARC at the end of 2014%. Therefore, the treatment group is the
municipalities that were affected by the vacuum of power left by FARC, and the control
group is the remaining municipalities that were not affected by its decisions in the framework
of the peace negotiations with the national government. However, because the unilateral
ceasefire is exogenous and makes the design or selection of the treatment and control groups
a consequence of the peace negotiations, this research is a quasi- rather than a natural

experiment.

In accordance with this approach, the empirical strategy employs time variation
across municipalities over a period of 14 years. The dependent variable (the rate of
deforestation) is the share of deforested area per municipality in relation to number of
hectares covered by forest land in each municipality. The main independent variable is the
presence (actions) of FARC across municipalities conforming to Hy. The basic model is

denotated as follows:

Vine = Biprefarco + Botypepresm + Bscefirem + am + A +tme (1)

where Y4, the rate of deforestation (dependent variable in percentage change) at the
municipal level m and a time t. The estimator f8; recollects the information about the
presence of the FARC, which is a dummy variable that indicates one whether the left-wing
guerrillas undertook at least one action in a municipality between 2005 and 2016* and zero

otherwise. 3, is a categorical variable that captures the heterogeneity of FARC — presence

22 It is important to remain that unilateral ceasefire it is the breakdown point since FARC started the process
of retreat in municipalities where they used to have presence. However, as mentioned on section 2.1, this
process was characterized by advances and setbacks until the bilateral ceasefire announced on June 22, 2016.
23 It is not considered the whole period of the analysis since the peace accord was signed at the end of 2016.
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TABLE 1 SUMMARY STATISTICS

Variable Scale Mean SD Min Max
overall 220.72 1,015.01 0 31,465
Deforestation Hectares between 880.33 0 16,391.93
within 505.91 -9,216.21 18,276.86
overall 76,883.7 271,452 110 4,844,410
Tree cover extension Hectares between 271,571 110 4,844,410
within 0 76,883.7 76,883.70
overall 0.37 0.56 0 16.5
Deforestation rate Percentage change between 0.35 0 2.36
within 0.43 -1.69 14.13
overall 106,950.10 310,911 1,586 4,967,616
Municipality area Hectares between 311,047 1,586 4,967,616
within 0 106,950.1 106,950.1
overall 0.19 0.40 0 1
FARC presence Actions between 0.26 0 0.86
within 0.30 -0.66 1.12
overall 0.28 0.45 0.00 1
FARC and unilateral ceasefire Actions following unilateral ceasefire between 0.00 0.28 0.28
within 0.45 0.00 1
. ) Actions following sign of peace overall 0.21 0.41 0.00 !
FARC and unilateral ceasefire accord between 0.00 0.21 0.21
within 0.41 0.00 1
. . L overall 0.12 0.33 0 1
FARC permanent Actions in the same municipality > 7 between 026 0 0.85
years within 0.19 -0.73 0.62
. . L overall 0.04 0.18 0 1
FARC interrupted/consolidation Actions in thisgn;e municipality b/w between 0.10 0 0.42
years within 0.15 -0.39 0.74
. Actions in the same municipality b/w overall 0.04 0.18 0 !
FARC finalized/rearrangement 18 3 years between 0.06 0 0.21
within 0.17 -0.17 0.96
overall 0.80 0.39 0 1
FARC non-presence Municipalities without presence between 0.26 0.14 1
within 0.29 -0.12 1.66
overall 0.05 0.31 0 8.65
Coca rate Percentage change between 0.23 0 3.59
within 0.2 -2.04 5.56
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overall 8.94 1.76 0 13.63

Log cattle ranching Percentage points (heads) between 1.71 0 13.32
within 0.44 -0.28 16.24
overall -0.49 1.66 -12.14 2.05
Log gold production Percentage points (tons) between 1.16 -7.14 1.75
within 1.18 -10.90 6.64
overall 0.12 0.42 0 3.76
Log illegal mining complaints Percentage points (cases) between 0.27 0 2.32
within 0.32 -1.87 2.95
overall 6.9 1.87 -0.26 15.92
Log tax incomes Percentage points (Colombian pesos) between 1.73 0 15.36
within 0.71 -2.92 9.97
overall 8.39 1.55 0 9.56
Log operation expenditure Percentage points (Colombian pesos) between 1.15 0 9.30
within 1.03 -0.17 11.64
Colombian pesos (thousands of overall 19,455.55 33,904.5 79.62 250,575.60
GDP million) Between 32,328.8 170.17 163,873.90
within 11,568.6 -54,905.8 106,167.70
overall 2.14 4.36 0 25.42
Coffee rate Percentage change between 4.33 0 19.45
within 0.88 -5.03 8.11
overall 1.02 3.20 0 30.16
Plantain rate Percentage change between 2.83 0 15.75
within 1.56 -14.72 26.97
overall -0.67 0.07 -0.86 -0.47
Log Gini coefficient Coefficient between 0.05 -0.79 -0.53
within 0.04 -0.83 -0.57
overall 3.62 0.42 231 4.31
Log monetary poverty index Index between 0.38 2.61 4.17
within 0.19 3.16 4.34
overall -4.23 0.47 -5.95 3.03
Log state capacity Ratio between 0.42 -5.22 -3.29
within 0.23 -5.03 3.03
N=14868
n=1062
T=14

Note: Log cattle ranching is between 2008 and 2018; log gold production is between 2012 and 2018, log tax incomes and log operation expenditure are 2005 and 2017. GDP, coffee and plantain
rate, log Gini coefficient, log monetary poverty index, log state capacity are at department level, clarifying that log Gini coefficient and log monetary poverty are just available for 24 departments
and excluded the years 2006 and 2007.
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through  three different categories: permanent, interrupted/consolidated and
finalized/rearrangement. All categories were transformed into dummy variables and
evaluated individually (see figure 2). As a result, each category is one if the category fulfils
the conditions defined in section 2.1.1 and zero otherwise. B3 (interaction variable) is also a
dummy variable that is one if a municipality did not register a FARC presence following the
unilateral ceasefire and zero otherwise. The vectors a,, and A; are the municipality and time
fixed effect, which controls any macroeconomic shocks or legal and/or political shifts in

order to evaluate the net impact over deforestation during the period of the analysis.

The vacuum of power left by FARC in several municipalities resulted in other illegal
armed groups beginning to fill these areas in order to extract the natural resources and/or
expand their agricultural frontiers. This dynamic increases the conflict intensity by turning
certain municipalities into territories of dispute, demanding more capital inputs for the
conflict and, subsequently, increasing deforestation. A second equation is present that

considers this complex relationship between territory and illegal armed groups:

Yie = Biprefarcy: + fapresgrm: + Bscefirems + am + A¢ + Uyt (2)

where the rate of deforestation Y,,; (dependent variable in percentage change) is again
evaluated against the dummy variable of FARC presence (), adding the presence of other
illegal armed groups as control variables. f, captures information about the presence of
narco-paramilitary groups, the ELN;, and dissident guerrillas. Each illegal armed group is an
independent dummy variable that is one if one of these groups (narco-paramilitary groups,
ELN or guerrilla dissidents) undertook at least one action in a municipality over the period

of the analysis. 3 is again the interaction variable explained previously.

Another specification has been added to this paper to evaluate several socio-
economic dynamics and their relationship with deforestation in a conflict context. The

specification is as follows:

Yine = Biprefarcy: + Bzcefire,s + PaScme + A¢ + ap + Uyt 3)
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where, once again, Y, is the dependent variable in percentage change, f; is the presence
of FARC and f3 is the interaction variable that evaluates the impact of the unilateral
ceasefire on deforestation. Meanwhile, B, is the socio-economic dynamics depicted in
section 3.1.: coca rate, /g cattle ranching, /og gold production, /g illegal mining, /g forced
human displacement, /g tax incomes, and log operation expenditure. The logarithmic form
is used to estimate the outcomes as a percentage change. Subsequently, included in the same
equation is f, (narco-paramilitary groups, ELN and guetrilla dissidents), which evaluates if
the estimations and patterns obtained in equations 1 to 3 remain similar or if there are

changes. The specification is:

Yie = Biprefarcm, + Bopresgrme + Bzcefireme + BaScme + Qi + Ap + Umy (32)

Now, the same regression specified in equation 3 is run as a robustness check, but on this
occasion removing any possible endogeneity concerning the presence of illegal armed

groups. To do so, it is estimated:

Yine = Bacefireme + BaSCme + am + Ap + Uy (3b

Finally, another specification is presented to evaluate other socio-economic dynamics in
relation to deforestation at the departmental level. The variables are coffee and plantain rates,
log monetary poverty index, /g Gini coefficient, and log state capacity. The logarithmic form
is, once again, used to estimate the outcomes as a percentage change. Coffee and plantain
rates are the number of hectares cultivated with these commodities over the department
area. Monetary poverty index is the proportion of household families that are below the
poverty line, and Gini coefficient measures income inequality on a scale which goes from 0
to 1, where 0 is perfect equality and 1 is perfect inequality. Finally, state capacity is the ratio
between tax incomes over GDP at the departmental level based on Hendrix, 2010. The

specification is given by

Yar = mycefireg + myScqr + pg + Ve + €qar 4
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FIGURE 2 NUMBER OF MUNICIPALITIES WITH TYPE OF PRESENCE (ACTIONS) BY ILLEGAL ARMED GROUPS (2005-2018)
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Source: CNMH and FIP , 2019. Own elaboration; data accessed on July 28 and September 13, 2019.
Notes: The presence (actions) of illegal armed groups was defined conforming to the categories postulated in the theoretical framework (see section 2.1.1).

35



where Y4, the rate of deforestation (dependent variable as a percentage change) at the
departmental level d and a time t. 7y is 2 dummy vatiable that captures the information
about the department that did not register a FARC presence following the unilateral ceasefire
at the end of 2014. Even though this estimation substantially reduces the sample (1,062
municipalities to 33 departments including the capital city, Bogotad), it still allows us to
evaluate the presence of FARC in certain departments where they used to have presence.
This, for instance, refers to departments located in the Amazon and Orinoquia region in the
southeast of Colombia. 1, captures the information related to other socio-economic

dynamics which were explained above. pg and y; are the municipality/time fixed effect.

All error terms are clustered at municipal level Uy, and at the department level €4 ,

which is robust in relation to autocorrelation and heteroskedasticity.

Defined the empirical strategy is presented some descriptive generalities. As
mentioned in section 2.1., the number of actions undertaken by FARC dropped by 98%
following the unilateral ceasefire at the end of 2014. Figure 2 shows that the presence of
FARC started to lower gradually after this year, while the other illegal armed groups increased
their presence in certain municipalities. In that sense, figure 2 provides a visual illustration of
the rearrangement process in the Colombian conflict following the unilateral ceasefire.
However, the group that expanded their presence the most was the guerrilla dissidents that
primarily separated from the FARC structure before the signing of the peace accord. It can
be suggested that they are the illegal armed groups that are gaining the most from the vacuum

of power left by the FARC.

Accordingly, figure 3 reveals the mobilization of illegal armed groups across
municipalities between 2005 and 2018 in relation to the number of hectares of land covered
by forest. FARC used to have a presence in municipalities with high amount of forest land;
163,000 hectares on average, which could underpin the assumption that most of these areas
were characterized by “gunpoint conservation” to allows FARC to hide from air surveillance. In
fact, it is apparent that they concentrated in zones with a higher amount of forest cover after
the unilateral ceasefire, which can be understood as the municipalities where they had a
registered a permanent presence (of over seven years: see figure 2). Figure 3 also shows how
the mobilization of guerrilla dissidents across municipalities began to change after 2014,

supporting the assumption that these illegal armed groups filled the vacuum of power left by
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FARC. Meanwhile, the remaining illegal armed groups, such as the narco-paramilitary groups

and ELN, kept their presence in regions with 110,000 hectares of forest land.

FIGURE 3 FOREST COVER EXTENSION OF THE MUNICIPALITIES THAT REGISTERED
ILLEGAL ARMED GROUPS PRESENCE (2005-2018)
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Source: GEW, CNMH and F1P, 2019. Own elaboration; data accessed on July 23, 28 and September
13, 2019.

Nevertheless, the presence of illegal armed groups should be evaluated in relation to
the impacts made by these groups on forest land. In that respect, figure 4 depicts that narco-
paramilitary groups and guerrilla dissidents had a higher impact on deforestation than the
national rate*. Although, it is important to note that the environmental harm of narco-
paramilitary groups is more alarming because the municipalities where they have a presence
have less forest land. Figure 4 also shows an upward pattern of the deforestation rate
following the unilateral ceasefire. This pattern could be related to two issues. First, there
could be a conflict intensification resulting from the rearrangement of the Colombian
conflict. Secondly, there could be an increase of illegal armed wealth, triggering the extraction
of high-value natural resources and/or the expansion of agricultural frontiers at the expense

of forestry.

24 By 2013 there is also a downturn of deforestation in all cases which might be related with a higher allocation
of national resources in the Forest and Carbon Monitoring System (SMBC). This might have promoted that
the oversight bodies could have better channels to follow up and then tackle mildly deforestation across
Colombian regions.
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FIGURE 4 RATE OF DEFORESTATION BY ARMED GROUPS VERSUS NATIONAL RATE OF DEFORESTATION (2005-2018)
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To summarize, the figure presented in this subsection illustrates that several changes
followed the unilateral ceasefire that are negatively impacting the amount of land covered by
forest. This helps to acknowledge that this paper is important, not just to understand the
complexity of the conflict itself, but also its environmental implications for people in a
country that is highly dependent on natural resources. However, because the figures
presented in this subsection only present a general picture about the topic being studied, the
next section will discuss the empirical strategy that is being used to provide more accurate

estimations of the impact of illegal armed groups on deforestation.

Chapter 4: Results

4.1 FARC presence and deforestation.
This subsection is an evaluation of the relationship between FARC and the rate of

deforestation in Colombia. Table 2 and columns 1 and 2 indicate the main empirical
specification determined previously in equation (1). The coefficients display that FARC
presence (actions) has a negative relationship with deforestation rate. At first glance, this
suggests that those municipalities that registered at least one action by FARC between 2005
and 2018 discouraged the economic conversion of forest land by 0.05 percentage change
(column 1) and 0.06 percentage change (column 2) after the unilateral ceasefire was
announced on December 20, 2014. The latter coefficient’s increase of 0.01 percentage points
over the former coefficient following the retreat of FARC may indicate the emergence of
different socio-political and economic dynamics in the regions. A way to corroborate this
estimation is look at the interaction variable (FARC and unilateral ceasefire) which has a
positive relationship with the deforestation rate of 0.08 percentage change (column 2). To
gauge the magnitude of this, it is first necessary to consider some descriptive generalities.
The average amount of land covered by forest in the 601 municipalities where FARC
registered a presence between 2005 and 2016 was 163,000 hectares (see figure 3). This is
approximately twice the area of New York City. The mean deforestation rate in the same
municipalities over the same period was 0.40 percentage change (see figure 4), representing
an average of 652 hectares (163,000 X 0.40). Consequently, the increase of the
deforestation rate by 0.08 percentage change in municipalities where FARC had retreated in
the four years following the unilateral ceasefire represents an average of 130 hectares. This

increase is significant in relation to the national average of hectares deforested (221 hectares)
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because represent almost 60%, but smaller in relation to the average deforested in

municipalities where FARC had presence (652 hectares); almost 20%.

The above paragraph assumes a homogenous FARC presence across the 601
municipalities. However, in order to account for variations in the forms and rates of
deforestation, it is important to acknowledge the diversity and heterogeneity present under
the ‘FARC’ label as was posited in the theoretical framework. This is because conflicts are
incredibly complex and there is a great deal of variable diversity across actors, places and
times. Accordingly, columns 3 to 5 illustrate the variable FARC presence controlled by a
categorical variable. The categorical variable has three different categories of FARC presence:
permanent, interrupted/consolidated, and finalized/rearrangement. The FARC permanent
variable concerns those municipalities that registered a continuous FARC presence of more
than seven years (an average 138 municipalities™) and has an inverse relationship of 0.08
percentage change (column 3) with the rate of deforestation. By contrast, the interaction
variable has a positive relationship with a coefficient of 0.09 percentage change (column 3).
The rationality used in the previous paragraph is also useful for understanding the effect of
these results. The amount of forest cover present in the municipalities with a permanent
FARC presence was 219,650 hectares. Therefore, a discouraging of the conversion of forest
land of 0.08 percentage change in those municipalities indicates a discouraging of an average
of 176 hectares in areas where FARC used to have a permanent presence. Nevertheless, in
the municipalities where FARC began to retreat after the unilateral ceasefire there was an
average increase in the number of hectares deforested to 198 (219.650 X 0.08). This

represents 90% of the national average (221 hectares).

Meanwhile, in municipalities that registered a FARC presence of less than seven
years, only one of the categories (FARC finalized/rearrangement) is statistically significant
with a coefficient of 0.05 percentage change (column 5). According to this data, an increase
of FARC presence by 10% in municipalities where they did not have a permanent presence
would have generated an increase in the deforestation rate of 0.5 percentage change. This
would be 0.13 percentage points higher than the national deforestation rate of 0.37
percentage change, and appears substantial when it we consider that the national mean of

land area covered by forest is 76,883 hectares per municipality.

2> This is the factor between FARC permanent presence mean (0.13) and the sample (1,062).
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TABLE 2 DEFORESTATION RATE AND FARC PRESENCE (ROBUST STD ERROR)

@ 2 ©) ) ©)
FARC presence -0,05%** -0,06%+* -0,02 -0,07#* -0,07#*
0,01) 0,01) (0,02) (0,02) (0,02)
- -0,08%**
FARC permanent 0,03)
FARC interrupted/ consolidation 0,04
0,04)
FARC finalized/rearrangement 0,05
0,03)
FARC: and el cesei L el L o
Constant 0,35 0,36 0,36 0,36 0,36
Municipalities 1062 1062 1062 1062 1062
Observations 14868 14868 14868 14868 14868
R2-within 0,07 0,07 0,07 0,07 0,07
R2-between 0,01 0,01 0,01 0,01 0,01
R2-overall 0,04 0,04 0,04 0,04 0,04
Municipality FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes

Notes: This table presents the estimations based on equation (1). Deforestation rate (dependent variable in percentage
change) is the number of hectares deforested over forest cover extension in hectares by 2010. FARC presence (actions)
is a dummy variable that takes value of one when a municipality suffered at least one action by FARC between 2005 and
2016. FARC permanent, interrupted/consolidation and finalized/reatrangement is a categorical vatiable that measures
the heterogeneity of the FARC presence based on theoretical approximations of Kalyvas, (2001; 2008) and Delgado,
(2013). FARC and unilateral ceasefite is a dummy variable that is one when a municipality did not register FARC presence
(actions) after the announcement of unilateral ceasefire on December 20, 2014 and zero otherwise. All regressions
include municipality and year fixed effect. Robust standard errors clustered at the municipality level are shown in

parenthesis.
FR* p<0.01, ** p<0.05, * p<0.1

A sensitive specification to evaluate whether the previous empirical strategy is
consistent would generate a different interaction variable. In this case, the breakdown point
would be the signing of the peace accord at the end of 2016; two years after unilateral
ceasefire. Table III A (see appendices) shows the same tendency of FARC presence over the
deforestation rate, although, the interaction variable (FARC and peace accord) has a higher
coefficient that is almost the double the coefficients displayed in table 2 (columns 2 to 5).
This suggests that the complete retreat and demobilization of FARC generated a significant
impact on forest cover in those municipalities where such left-wing guerrilla had a presence.
Similarly, another supplementary specification may be an evaluation of whether there is
reverse causality between the deforestation rate and FARC presence. It is plausible to think
that deforestation would suggest an increased likelthood of FARC presence. Table III B (see
appendices) points out that the guerrilla group lagged one-year decreased the deforestation
rate by 0.05 percentage change which is consistent with previous results. However, when the
reverse causality is evaluated, the deforestation rate lagged one-year decreases the presence

of FARC by 0.02 percentage change. Once again, such coefficients confirm the existence of
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an inverse relationship between FARC presence and the deforestation rate, irrespective of

analyses of causality.

In sum, these coefficients are consistent with the assumption that the permanent
presence of the FARC discourages the conversion of forest land because said territories are
occupied and used as strategic shelter from air raids (Fearon, Laitin, 2003, Alvarez, 2003,
Andrade, 2004, Camacho, Rodriguez, 2013, Sanchez-Cuervo, Aide, 2013, Fergusson,
Romero & Vargas, 2014, Castro-Nunez et al., 2017). Elsewhere, those municipalities that
registered less than seven years of FARC presence, could have been looted and used as an
economic resource” to help fuel armed conflict and therefore increase the deforestation rate.
This ambivalence suggests it is important not to view the FARC as homogenous body that
behaves singularly as a part of hierarchical structure (Kalyvas, 2001, Kalyvas, 2008, Delgado,
2013). Furthermore, it is important to state that the results do not suggest that municipalities
with permanent FARC presence did not suffer the loss of forest, but rather that the FARC
presence prevented other stakeholders from entering the municipalities, most of which are
considered as biodiversity hotspots (Negret et al., 2017), and increasing the likelihood of
deforestation (Alvarez, 2003, Andrade, 2004, Castro-Nunez et al., 2017). In fact, the time-
trend after the unilateral ceasefire indicates that the exit of FARC alongside the arrival of
new stakeholders and a weakening of local state capacity has a significant impact on

deforestation. The complexity of this will be analysed in the following sub-sections.

4.2 Illegal armed groups presence and deforestation.
The theoretical framework postulates the idea that territorially fragmented

sovereignties that contain several illegal armed groups experience greater conflict
intensification”’, which increases capital inputs to the conflict (soldiers, weapons, etc.) and
triggers deforestation. This sub-section evaluates the impact of this on the deforestation rate
and its linkage with illegal armed groups who have a presence in several municipalities,
according to the equation (2). In addition, all regressions are analysed controlling for the
effect that has (FARC and unilateral ceasefire) as the interaction variable over deforestation

in order to test whether the analysis in section 6.1 is consistent.

26 Such as drug industry, illegal mining, extorsion, kidnappings and cattle theft (Saab, Taylor, 2009).
27 This may include war actions, selective killing, population attack, terrorist attacks, property damage, forced
disappearance, land mines, massacres, kidnappings, sexual violence, forced human displacement, etc.
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With the aim of understanding how conflict intensity exert pressure over natural
resources, such as forests the first part step is to examine whether a higher fragmentation of
territorial sovereignty leads to an increase in conflict intensity (Kalyvas, 2001, Kalyvas,

2008). The specification model is: ®)

Nme = 01 (mun x armed gruop) ;e + Q¢ + Vi + @yt

where 7 1s is the conflict intensity (/og) measured through the total number of actions
committed by one group or several illegal armed groups in a municipality m and year t. 64
is a categorical variable that captures the information of sixteen possible combinations
regarding the presence of one or more illegal armed groups in a municipality between 2005
and 2018%; @;, U, and @y, are time and municipality fixed effects and error term,
respectively. The results are displayed in Table 3 which illustrates that those municipalities
that had a presence of one-illegal armed group between 2005 and 2018 experienced a lower
contflict intensity (columns 1 to 3) than those municipalities that hosted more than one illegal
armed group (column 4 to 6). For example, column 1 indicates that an increase of 1% in
actions undertaken by FARC intensified conflict by 37 percentage change. By contrast,
column 4 suggests that an increase of 1% of actions perpetrated by FARC and/or a natrco-
paramilitary group in the same municipality creates a conflict intensification of 96 percentage
change. Running all the categories jointly makes it possible to evaluate the impact on conflict
intensity with more comprehensiveness. Column 7 shows that a 1% of actions in
municipalities that hosted more than one illegal armed group led to a 138-percentage change
average intensification of conflict. Meanwhile, in those municipalities that registered a
presence of one-illegal armed group, an upsurge of 1% in actions would have promoted the
conflict intensity by an average of 37 percentage change, unless the group were FARC, which
would mean an increase of 71 percentage change. This greater likelihood could be the result
of their high number of combatants, which have been estimated as numbering between

16,000 and 20,000 (Saab, Taylor, 2009, Dube, Vargas, 2013, Pizarro et al., 2015).

28 After generating the categorical variable, each category was separated and transformed in a dummy variable
in order to evaluated them individually.
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TABLE 3 CONFLICT INTENSITY (LOG) AND TERRITORIAL FRAGMENTATION (ROBUST STD

ERROR)
@ @ €) () ©) © @
0,37#%* 0,71%%*
mun x FARC 0,03) 0,03)
mun x narco-paramilitary -0,04 0,23+
un x narco-para ary 0,34) 0,03)
0,17 0,16%**
mun x ELN (0,04) 0,03)
mun x FARC, narco-paramilitary and 0,96%** 1,62%%%
ELN 0,07) 0,07)
- 0,85%F* 1,33k
mun x FARC and narco-paramilitary 0,04) 0,04)
0,72%4% 1 21H%%
mun x FARC and ELN 0,06) 0,06)
Constant 0,97 1,01 1,02 0,96 0,87 1,00 0,55
Municipalities 1062 1062 1062 1062 1062 1062 1062
Observations 14868 14868 14868 14868 14868 14868 14868
R2-within 0,23 0,21 0,21 0,23 0,26 0,23 0,42
R2-between 0,29 0,01 0,00 0,25 0,41 0,20 0,81
R2-overall 0,17 0,09 0,10 0,15 0,20 0,15 0,54
Municipality FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes

Notes: This table presents the estimations based on equation (5). Conflict intensity (fog) (dependent variable) is calculated
by the total number of violent actions undertaken by all armed groups per year. The independent variables (mun x FARC,
mun x narco-paramilitary, mun ELN, mun x FARC, narco-paramilitary and ELN, mun x FARC and narco-paramilitary,
mun x FARC and ELN) are dummy variables that come from a categorical variable that captures information of sixteen
possible combinations regarding presence of illegal armed groups. This is in order to calculate the territorial
fragmentation. All the combinations are not estimated and presented in this table since was chosen those that have the
highest percentage, excluding the municipalities that did not register illegal armed groups presence between 2005 and
2018 (see appendices table IIT C). All regressions include municipality and year fixed effect. Robust standard errors
clustered at the municipality level are shown in parenthesis.

Rk p<0.01, ¥ p<0.05, * p<0.1

After testing that territorial fragmented sovereignty does indeed increase conflict
intensity, the second step is to evaluate the impact of several illegal armed groups on
deforestation. Table 4 shows (column 1 to 4) that the presence of FARC regularly decreases
the deforestation rate by an average of 0.05 percentage change. Conversely, guerrilla
dissidents increase the conversion of forest land by 0.10 percentage change (column 3 and
4). This is 0.15 percentage points more than FARC. However, it is also important to clarify
that most of this increased conversion is attributed to the guerrilla dissidents that left FARC
prior to the signing of the peace accord in November 2016. This would therefore suggest

that the impact of guerrilla dissidents on the deforestation rate would have been lower before

the FARC breakung.

2 'To corroborate this statement, it was run a regression to see the impact of guerrilla dissidents on deforestation
rate between 2005 and 2015 (EPL and ERG). The coefficient is positive (0.001) and non-statistically significant
which would indicate that the deforestation rate increases since 2016 and onwards when some fronts - 1, 7, 14,
15, 16, 27, 40, 48, 62, 63, etc.- decided to relinquish the peace accord (Alvarez, Pardo & Vélez, 2018).
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TABLE 4 DEFORESTATION RATE AND ILLEGAL ARMED GROUPS PRESENCE (ROBUST STD

ERROR)
©) 2 €) ()

- -0,06%+* -0,06%+* -0,05%+* -0,05%%*
FARC presence 0,01) (0,01) (0,01) (0,01)
Narco-paramilitary presence 0,00 0,00

p Y pres (0,01 (0,01)
-0,02 -0,02
ELN presence 0,02) 0,01)
o 0,10%* 0,10%*
Guertrilla dissident’s presence 0,05) 0,05)
. 0,08*+* 0,08** 0,08%** 0,08*+*
FARC and unilateral ceasefire 0,03) 0,03) 0,03) 0,03)
Constant 0,36 0,36 0,36 0,36
Municipalities 1062 1062 1062 1062
Observations 14868 14868 14868 14868
R2-within 0,07 0,07 0,07 0,07
R2-between 0,01 0,01 0,00 0,00
R2-overall 0,04 0,04 0,04 0,04
Municipality FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Notes: This table presents the estimations based on equation (2). Deforestation rate (dependent vatiable in percentage
change) is the number of hectares deforested over forest cover extension in hectares by 2010. FARC presence (actions),
narco-paramilitary presence (actions), ELN presence (actions) and guerrilla dissidents (actions) are dummy variables that
take the value of one when a municipality suffered at least one action by these armed groups between 2005 and 2018.
FARC and unilateral ceasefire is a dummy vatiable that is one when a municipality did not register FARC presence
(actions) after the announcement of unilateral ceasefire on December 20, 2014 and zero otherwise. All regressions include
municipality and year fixed effect. Robust standard etrors clustered at the municipality level are shown in parenthesis.
¥ p<0.01, ** p<0.05, * p<0.1

The above argument was rationalized in the following way. The average number of
municipalities that registered a guerrilla dissident presence before the peace accord was
signed in 2016 was 6. However, between 2017 and 2018 the average number increased to
81 with most of the dissidents located in territories where FARC used to have a presence in
the south of Colombia (see figure 2). Assuming that the former 6 municipalities continued
to be occupied by guerrilla dissidents other than FARC, it is reasonable to say that the
number of municipalities occupied by FARC dissidents was around 75. The average number
of hectares contained in these municipalities is around 307,396 which indicates that an
increase of guerrilla dissident presence by 1% may lead to an average increase of
deforestation by 307 hectares per municipality (307.396 x 0.10). If we multiply the number
municipalities, 75, by the number of hectares deforested, 307, we obtain a result of is 23,093
hectares deforested per year. This is four times the area of Loch Ness in Scotland (which has

an area of 5,460 hectares).
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In general, FARC presence is once again shown to discourage deforestation; while
the presence of guerrilla dissidents, especially those that separated from FARC before the
signing of the peace accord, increased the rate of conversion of forest land. This is
undoubtedly linked to the increase of actions, conflict intensity, taken by guerrilla dissidents
previously to the signing of the peace accord (see figure 2). This may suggest a higher demand
of capital inputs to fuel conflict and increase the deforestation rate in municipalities where
they have presence; some of them in dispute with other illegal armed groups. These results
suggest rapacious behaviour concerning natural resources (Collier, 2008, Dal Bo, Dal Bo,
2011, Janus, 2012, Dube, Vargas, 2013). However, this subsection has no way to directly
calculate how guerrilla dissidents are generating such deforestation™ as this would requitre an
analysis of socio-economic dynamics and, certainly, further qualitative approach.

Consequently, though consistent, the evidence presented here is indirect.

4.3 FARC presence, socio-economic dynamics and

deforestation.
This sub-section evaluates the FARC presence against several alternative socio-

economic factors that may have been driving deforestation in Colombia after the unilateral
ceasefire in 2014. Table 5 (column 1 to 4) shows that coca crops, cattle ranching, gold
production and illegal mining have a positive relationship on the rate of deforestation.
Angrist et al. (2008) argue that coca crops have a positive impact on violence because they
increase the capital inputs demanded by illegal armed groups, which hampers, on the one
side, the state owned monopoly over violence and, on the other, illegal armed groups
willingness to enter peace negotiations because of the high economic revenues generated by

the conflict (Angrist, Kugler, 2008, Lopez et al., 2019).

Despite all of this, in 2012 the national government and FARC started peace negotiations
which were finalized with the signing of the November 2016 peace accord. Over this period
the number of hectares cultivated with coca did not decrease. Instead numbers of coca crops
increased gradually, escalating by an annual average of 38% between 2014 and 2017 (see

figure 5). Undoubtedly, this alarming growth of coca crops had an impact on deforestation.

30 It means which mechanism and/ot economic activities are using to inctease deforestation.
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FIGURE 5 NUMBER OF HECTARES AND GROWTH OF COCA CROPS MAP 4 NUMBER OF HECTARES OF COCA CROPS ON AVERAGE BY
MUNICIPALITY (2005-2018)
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TABLE 5 DEFORESTATION RATE AND ALTERNATIVE FACTORS (ROBUST STD ERROR)

(1) (2) (3) (4) (5) (6) (7) (8)

FARC presence -0,05*** -0,06*** -0,07*** -0,05*** -0,05*** -0,04*** -0,04*** -0,03
P (0,01) (0,02) (0,02) (0,01) (0,01) (0,01) (0,01) (0,02)
Coca rate 0,09%* 0,08"*
(0,04) (0,04)

. 0,03%** 0,02

Log cattle ranching (heads) (0,01) (0,02)
. 0,01%* 0,01%*

Log gold production (tons) (0,00) (0,00)
Log illegal mining complaints (cases) 0,03 0,00
g1iee g comp (0,01) (0,02)

-0,02%** -0,02%**
Log f h ispl | ! !

og forced human displacement (people) (0,00) (0,01)
. . 0,02 0,01

Log tax incomes (Colombian pesos) (0,01) (0,02)

0,01 0,02%**
L i | i ) ]

og operation cost (Colombian pesos) (0,00) (0,01)
FARC and unilateral ceasefire 0,06** 0,08*** 0,05** 0,08*** 0,08*** 0,08*** 0,08*** 0,05**
(0,03) (0,02) (0,03) (0,03) (0,03) (0,03) (0,03) (0,02)

Constant 0,36 0,36 0,48 0,36 0,45 0,26 0,31 0,37
Municipalities 1062 1062 1062 1062 1062 1062 1062 1062
Observations 14868 11682 7434 14868 14868 13806 13806 6379
R2-within 0,07 0,09 0,15 0,07 0,07 0,07 0,07 0,17
R2-between 0,00 0,13 0,01 0,00 0,05 0,06 0,00 0,02
R2-overall 0,05 0,09 0,06 0,04 0,02 0,05 0,05 0,09

Municipality FE Yes Yes Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table presents the estimations based on equation (3). Deforestation rate (dependent variable in percentage change) is the number of hectares deforested over
forest cover extension in hectares by 2010. FARC presence (actions) is a dummy variable that take value of one when a municipality suffered at least one action by these armed
groups between 2005 and 2016. Coca rate (percentage change) is the number of hectares cultivated of coca over municipality area in hectares between 2005 and 2018. Log
cattle ranching is calculated by the number of cattle heads per municipality between 2008 and 2018. Log gold productions is measured by the total of gold production in tons
between 2012 and 2018. Log illegal mining is the number of complaints reported to the public persecutor regarding environmental pollution and illicit exploitation of minerals
and hydrocarbons between 2005 and 2018. Log forced human displacement is calculated by the number of people displaced between 2005 and 2018. Log tax incomes and log
operation cost are proxy variables to measure state capacity between 2005 and 2017; both variables are in Colombian pesos. FARC and unilateral ceasefire is a dummy variable
that is one when a municipality did not register FARC presence (actions) after the announcement of unilateral ceasefire on December 20, 2014 and zero otherwise. All
regressions include municipality and year fixed effect. Robust standard errors clustered at the municipality level are shown in parenthesis.

**% p<0.01, ** p<0.05, * p<0.1

48



For instance, if we consider that the growth of coca in 2016 was around 54% (see figure 5),
the increase in deforestation would have been around 4.86 percentage change per
municipality (54 x 0.09) (see table 5: column 1)*'. This is around 11,429 hectares per
municipality, when we consider that the number of municipalities that registered coca crops

in 2016 was 167 and the amount of land covered by forest of these municipalities is around

235,167 hectares.

Historically the zones where coca crops are cultivated are characterized by the
presence of illegal armed groups, non-suitable soils for large-scale licit crops, dirt roads, poor
social conditions, and a weak state capacity (see map 4). These are all circumstances that
enable the expansion of illicit crops (Lopez et al., 2019). In fact, Angrist et al., (2008)
empirically demonstrate that coca crop production is strongly related to those departments
that have experienced guerrilla activity. Even though columns 1 to 7 in table 5 indicate that
FARC presence discourages deforestation by 0.05 percentage change on average, which is
consistent with previous results, it does not mean that they were not involved in the increased
production of coca crops before the peace accord was signed in 2016. This raises the question
about the extent to which FARC promoted the increase of coca crops before 2016 and
thereby the deforestation rate. Answering this question requires caution because there are

many interplaying factors that could have been having an effect.

Firstly, the eradication of coca, both manual and through aerial spraying, began to
decrease at the end of 2000 decade, suggesting a possible late impact on the growth of coca
crops (Lopez et al, 2019). Secondly, the fall of gold prices in 2012 reduced the opportunity
cost of cultivating coca in places where gold was being extracted (see appendices figure 11
A). Thirdly, the depreciation of the Colombian Peso led to the coca industry becoming more
profitable in spite of a decrease in the price of cocaine in the United States and Europe after
2012 (see appendices figure II A). Fourthly, there is an assumption that the fourth point of
the peace accord regarding illicit drugs was distorted and then misunderstood by rural coca
growers (Lopez et al., 2019). The growers believed that the allocation of national resources
was only for rural households and municipalities with coca crops, which generated a perverse
incentive to increase the number of hectares of coca fields. Lastly, Lopez et al,. (2019)

empirically found that only 31% of the increase in coca crops between 2012 and 2016 was

31 'The basic reasoning is an increase of coca crops by 1% promotes an increase of the rate of deforestation by
0.09 percentage change.
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directly related to municipalities where FARC used to have presence. Consequently, it is
conceivable that most of the coca growth, and therefore deforestation was due to the vacuum
of power left by the FARC after the unilateral ceasefire (see table 5, column 1: FARC and
unilateral ceasefire) (Escobedo, 2018).

In many areas where coca crops have been cultivated, it is plausible to suggest that
the revenues gained by coca growers are invested in cattle ranching (Chadid et al., 2015).
Many scholars have found that cattle ranching is an important factor of deforestation, as was
mentioned in the theoretical framework (see section 2.1.3). In this sense, the increase of cattle
ranching may be endogenous to the increase of coca crops and therefore have an impact on
deforestation. To test this possible endogeneity, a regression was run that took cattle
ranching as a dependent variable and the coca rate as an independent variable, and vice versa.
Table III D (see appendices), panel A, illustrates that an increase of coca crops by 1% led to
a growth of cattle ranching by 4 percentage change™. This is much higher than the opposite
relationship whose coefficient is 0.01 percentage change (panel B). To better understand this
relationship, we can look at table 5, column 2, which shows that an increase of 1% in cattle

ranching impacts deforestation by 0.03 percentage change.

Despite all of this, Figure 6 enables us to make an even more accurate evaluation.
According to the data provided by ICA, the total growth of cattle ranching between 2015
and 2018 was around 17% (3.75 million cattle heads), which indicates that this could have
driven an increase in the deforestation rate of an average of 0.51 percentage change at the
national level (17 x 0.03). Nevertheless, in municipalities like San Vicente del Caguan
(Caqueta, southern Colombia: see map 5) where FARC had a permanent presence and the
main economic activity is cattle ranching on forest land that covered around 1,448,773
hectares, the rate of deforestation may well be higher. Indeed, the rate in this municipality
was an average of 1.4 percentage change following the unilateral ceasefire, which equates to
20,993 hectares per year (1,448,773 x 1.4). Over the last four years this would be around

91,972 hectares in San Vicente del Caguan™ alone.

32 Notwithstanding the relationship is positive, this magnitude would require a further qualitative approach in
order to analyse other factors that are interlinked, for instance, land speculation.

3 In line with Oswaldo Zafirecudo Kuyoteca, an indigenous leader interviewed by Semana magazine in 2018,
asserted that deforestation began to increase in Caqueta after the retreat of FARC. This situation enabled that
colonizer — colonos — began to arrive offering 100,000 Colombian pesos ($ 34 around) for each tree cut down in
a community with high rates of poverty. In addition, Zafirecudo claimed that most of this land is changed for
cattle ranching, triggered by mafias (Semana, 2018).
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FIGURE 6 NUMBER OF HEADS AND GROWTH OF CATTLE
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Another activity that has a significant impact on deforestation is mining. This
economic activity triggers rapacious behavior because high-value natural resources like gold
generate substantial revenues not just for the nation, but also for the illegal armed groups in
the Colombian conflict (Collier, 2008, Dal Bo, Dal Bé, 2011, Janus, 2012, Dube, Vargas,
2013). Table 5, columns 3 and 4, shows that there is a positive relationship between mining
and deforestation (see /g gold production and /og illegal mining complaints). However, it is
important to remind that /g gold production recollects information about legal mining while
log illegal mining is a proxy variable calculated through environmental pollution, the illicit
exploitation of minerals, and hydrocarbons complaints registered to the Attorney General’s
office. Even though illegal mining complaints may be underreported as 63% of this mining
production in Colombia does not pay royalties™ (Contraloria General de la Nacion, 2017),
this variable is a good proxy that helps us to capture the dynamics of this shadow economic

activity (see figure 8 and map 7).

As a result, it is conceivable that legal mining has a lower impact on deforestation
than illegal mining because of the oversight bodies that monitor mining production.
Accordingly, Table 5 shows that an increase of gold production by 1% impacts the
deforestation rate by 0.01 percentage change. Meanwhile, an increase of 1% in illegal mining
complaints leads to an increase in the deforestation rate of 0.03 percentage change™. The
difference between both types of mining production seems to quite small at 0.02 percentage
points. However, this difference should be understood to be a result of solely evaluating that
the information that is provided by the Attorney General’s office, which as we have already
stated, is underreported. The number of complaints filed about illegal mining can therefore
be assumed to be much larger. Despite this, Figures 7 and 8 provide us with a general picture
about mining production in Colombia and its negative impact on the amount of land covered
by forest. Certainly, the production of gold, both legal and illegal, may have been encouraged
in biodiversity hotpots where FARC used to have a presence (Giiisa, 2018), jeopardizing the

ecological wealth of these areas (see map 6 and 7).

3 The percentages of the main minerals that do not pay royalties are as follows: precious metals: 85%, building
materials: 60% and coal: 40% (Contralorfa General de la Nacién, 2017).

3 473 municipalities registered illegal mining between 2005 and 2018 (see figure 14). These municipalities are
covered by 93,086 hectares of forest on average which multiplied by 0.03 percentage points would be 28
hectares on average per municipality. Nevertheless, due to the 37% of illegal mining is addressed on conflict
areas and these areas may be covered by vast extension of forest, then the number of hectares deforested could

be higher.

52



FIGURE 8 TONS AND GROWTH OF GOLD (2012-2018) MAP 6 TONS OF GOLD ON AVERAGE BY MUNICIPALITY (2012-

2018)
70 10
5
60
50 -5
-10 g
£ 40 15 £
(O]
F 30 20 $
25 &
20 -30
10 -35
-40 _
- il Average of gold-tons
0 -45 o [Jo-t
N ™ < n © ™~ 0 '}l‘_\}, — i
i - i - i - i | [15-12
Q Q Q Q Q Q Q -2
[125-42
Growth of gold (%) Gold (tons) [ Ha information
FIGURE 7 NUMBER AND GROWTH OF ILLEGAL MINING MAP 7 NUMBER ILLEGAL MINING COMPLAINTS ON AVERAGE BY
COMPLAINTS (2005-2018) MUNICIPALITY (2005-2018)
1200 200
2 o
© 800 o0
“ 100 ©
= 600 o §
€ 400 k2
=}
Z 200 0
0 -50
L [(o] ~ 0 [e)] o Rl [aV] o < n (o) ™~ (o]
o o o o o — i i — — — — — i
o o o o o o o o o o o o o o
[aV] [aV] o o o o~ [a\] [aV] [aV] o o o o~ [a\]
£ Average of illegal mining reports
[Jo,0-10
Growth of illegal mining complaints (%) ’\}7 CI10-40
4,0-120
= ||legal mining complaints (cases) B 12,0 - 24,0

1 Mo information

Sonrce: Energy Mining Planning Unit (UPME) and Attorney General’s office, 2019.
Own elaboration; data accessed on August 26, 2019 and October 10, 2019.

53



Shadow economic activities require illegal armed groups to be able to act
autonomously in the territories where they are active. This political and economic issue
promotes forced human displacement and land grabbing because local communities in
remote areas may be seen as obstacles preventing the groups from reaching their goals. For
instance, it is estimated that 46% of the natural forest in Colombia is under collective
property and managed by indigenous and Afro Colombian communities who help to
discourage deforestation (Baptiste et al., 2017, Rodriguez-Pifieros et al., 2018). Nevertheless,
Table 5, column 5, shows that forced human displacement reduced deforestation by 0.02
percentage change, underpinning the assumption that the migration of people from rural
areas to urban areas in conflict contexts reduces the pressure over forest land (Aide et al.,
2004). Despite this assumption, forced human displacement should still be analyzed in
relation to other variables. Column 8 shows us that forced human displacement is still a
factor that decreases deforestation by 0.02 percentage change, although, the coca rate and
gold production have a positive impact on deforestation of 0.08 and 0.01 percentage change,
respectively. Moreover, following the unilateral ceasefire, there has been an increase in the
deforestation rate of 0.05 percentage change which may suggest that forced human
displacement is a channel through which both legal and illegal activities are conducted

(Fergusson, Romero & Vargas, 2014).

On the other hand, column 8, also shows that the /g operation cost, which is a proxy
variable to measure state capacity, has a positive relationship with deforestation of 0.02
percentage change. Even though this may seem counterintuitive, it is relevant to consider
that perhaps many of these resources could be allocated to governmental entities that are not
directly related to the conservation of the environment. Indeed, Rudas (2011), who has
extensively studied the funding sources of the National Environmental System (SINA),
argues that environmental oversight bodies, such as the Regional Autonomous Corporations
(CARs), depend on the national transfer of property taxation; power generation, oil, and
mining compensation on the one hand; direct royalties from legal mining on the other.
Therefore, those CARs that are located in more productive zones have a higher capacity to

decrease the likelihood of environmental degradation (Rudas, 2011).

Table III E (see appendices) offers additional information to evaluate the equation
(3a) that adds the other illegal armed groups. In general, the coefficient and patterns shown

in Table III E (see appendices) are similar to those shown in Table 5. Although guerrilla
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dissidents have a significant impact on deforestation when their relationship, we analyze their
relationship with coca crops, legal and illegal mining, cattle ranching, and forced human
displacement it is the last two variables that have the highest impact on forest cover levels
(columns 2 to 5). This indicates that guerrilla dissidents are involved several legal and illegal
economic activities that fuel conflict and/or increase their wealth. Thus, as Hoffmann,
Marquez & Krueger, 2018, Prem, Saavedra & Vargas, 2018, Rodriguez et al., 2019 argue, it
is plausible to state that, in municipalities where FARC had a presence, there is a
phenomenon of large-scale cattle and land speculation that is being triggered by guerrilla
dissidents. Moreover, the different channels that guerrilla dissidents are using to reach their
goals (kidnapping, threats, persecution, extortion, illegal checkpoints etc.) are generating a

humanitarian crisis through the displacement of people.

4.4 Robustness check

Now, it is presented other empirical specifications in order to evaluate robustness of
previous results. To do so, it is running equation (3b), although, removing the variable of
FARC presence. This is addressed in order to eliminate any possible endogeneity. The results
are displayed on table III F (see appendices) which show a consistent pattern regarding the
results presented on sub-section 6.3. Nevertheless, coca rate has higher impact on
deforestation with a coefficient of 0.10 percentage change, confirming that the increase of
coca crops in recent times is due to the vacuum of power left by FARC. Undoubtedly, as it
was argued, there could have other factors that may be leading such growth of coca, they are
beyond of the scope of this research. In consequence, it is necessary to continue exploring,
from different methodologies, the linkage between coca crops and deforestation, taking into

account several socio-economic dynamics involved in a conflict context.

Additionally, this sub-section examines other factors that may increase or decrease
deforestation, pointing out that all the regressions were run at the department level between
2007 and 2017 since the information is not available at the municipal level and the whole
period analyzed in this paper (see appendices table III G). In that way, the selection of the
commodities coffee and plantain are based on two criteria. First, these are the main
permanent agricultural commodities concerning the number of hectares cultivated per year
which contribute largely to the Colombian economy. Second, coffee and plantain crops use

high labor intensity and hence a price shock may lead to lower wages, promoting that farmers
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move to other activities more profitable, for example, coca crops (Angrist, Kugler, 2008, Dal
Bo, Dal Bo, 2011, Dube, Vargas, 2013). Similarly, it was considered the monetary poverty
index, which measure the proportion of households whose incomes are below of poverty
line, and Gini coefficient that measures inequality. Finally, it is measured
bureaucratic/administrative capacity of state based on the empirical findings made by
Hendrix (2010). Thus, state capacity is calculated by the total collection of taxes over total
GDP per department, assuming that if the state has a higher bureaucratic/administrative

capacity would be able to collect more taxes and thereby the ratio tax income/GDP would

be larger (Hendrix, 2010).

Notwithstanding the foregoing, table III G (see appendices) shows that just monetary
poverty index has an effect on deforestation by 0.38 percentage change (column 4) when it
is evaluated together with the interaction variable (FARC and unilateral ceasefire) and 0.40
percentage change (column 6) when it is estimated all the specification model. Examining
the last coefficient jointly with the results already explained in section 0, it is conceivable to
think that those households that are below of line poverty will promote deforestation since
their wages are not sufficient to fulfill their basic needs (Carr, 2009, Rodriguez Eraso,
Armenteras & Alumbreros, 2013, Castro-Nunez et al., 2017). As a consequence, people in
remote areas will look for other economic alternatives, both legal and illegal to fill such gap
(Alvarez, 2003). In this context, Colombian state should address policies that not just focus
in the visible factors that are promoting deforestation (e.g. actors; coca crops, etc.), but also
in the social and political issues that are locally embedded due to historical reasons. Thus,
despite it is a long run task, deforestation can be tackled in Colombia, if it is assumed as a
multidimensional phenomenon that implies measures top-down, such as local institutional
strengthening, articulated with the realities and claims of each region, specifically those that

come from the local communities that have a historical relationship with forest.

Chapter 5: Conclusions

This paper has evaluated the increase of deforestation following the unilateral ceasefire
announced by FARC at the end of 2014. To do so, it used a fixed effect empirical strategy to
evaluate the before and after of unilateral ceasefire from a sample of 1,062 municipalities
between 2005 and 2018. This strategy controls time-invariant municipal characteristics. The
paper demonstrates that each municipality in Colombia that registered a presence of FARC

discouraged the rate of deforestation, which occurred even more in municipalities where they
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had a historical relationship. This refers to municipalities that registered a FARC presence
higher than seven years. In these areas, several stakeholders, including the population settled
down in these municipalities, were prevented from increasing deforestation at a greater pace.
These results are in line with the qualitative and quantitative approaches that state that illegal
armed groups have used forest as a strategic shelter from air raids (Fearon, Laitin, 2003,
Alvarez, 2003, Andrade, 2004, Camacho, Rodriguez, 2013, Sanchez-Cuervo, Aide, 2013,
Fergusson, Romero & Vargas, 2014, Castro-Nunez et al., 2017). Furthermore, this paper
confirms the findings of Prem et al, (2018) who make the assumption that the unilateral
ceasefire resulted in several stakeholders filling the vacuum of power left FARC and
increasing deforestation at an alarming rate. However, it is pivotal to consider that illegal
armed groups are heterogenous, rather than homogenous and hierarchical structures where
all members act under the same guidelines. In that sense, this paper demonstrates that
municipalities that registered a presence of FARC of up to six years had a changed experience
with forest land. This means that FARC promoted deforestation instead of discouraging it.
As result, it is possible to view these municipalities in the context of conflict and understand
them as territories of dispute between several illegal armed groups (Kalyvas, 2001, Kalyvas,
2008, Delgado, 2013). This dynamic increases the intensity of the conlict and generates a
higher demand for weapons, soldiers, etc., which has an impact on natural resources, and,
for instance, depletes, forest land (Collier, 2008; Dube et al, 2010; Dal Bo et al, 2011; Janus,
2011).

The arrangement of the Colombian conflict following the unilateral ceasefire at the of 2014
generated a situation where pre-existing illegal armed groups began to occupy the
municipalities where FARC used to have a presence. This paper demonstrates that guerrilla
dissidents from FARC are the main conflict actor that is promoting deforestation. For many
scholars these municipalities are considered as biodiversity hotpots (Andrade, 2004; Batispte
et al., 2017, Negret et al, 2017) which would suggest that they contain high-value natural
resources and/or may be used to expand the agricultural frontier. This context increases,
together with the low state capacity, the likelihood of rapacious behaviour in a conflict
context, as Dube et al (2010) and Dal Bo et al (2011) argue both empirically and theoretically.
Accordingly, it is showed that increases in economic dynamics such as coca crops, cattle
ranching and both legal and illegal mining have a negative impact on forest land cover.
However, the complexity of these economic activities following the unilateral ceasefire is that

they are interlinked and are playing a joint role in the increase of deforestation. For instance,
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it has been revealed that the increase of coca crops has a positive impact on the increase of
cattle ranching, supporting the assumption of Chadid, et al, (2015) that cattle ranching may
be a channel to access credits and gain revenues from trading. Similarly, due to most of the
mining production being out of the scope of oversight bodies, the governmental measures
to tackle deforestation may be insufficient. In fact, the rapacious behaviour in municipalities
that the FARC have vacated is generating a humanitarian crisis through forced human
displacement. This phenomenon, which may be understood as a proxy variable of population
and how it decreases pressure over forest land (Aide et al, 2004), should be analyzed
cautiously in conflict contexts (Alvarez, 2003). Although this paper found a negative
relationship between forced human displacement and deforestation, it is certain that this
humanitarian crisis is a channel for illegal armed groups to reach their military and economic

goals in strategic municipalities.

Additionally, this paper found that the bureaucratic/administrative state capacity measured
through the proxy variable of operation expenditures has a positive impact on deforestation.
Even though this may be counterintuitive conforming to the findings from Fergusson et al,
2014 and Prem et al, 2018, these results suggest that the government budgets are not mainly
allocated to entities related to the conservation of the environment at the municipal level.
Certainly, the capacity of oversight bodies such as the Regional Autonomous Corporations
(CARs) depends on national transfers and direct royalties, which are linked with the more
productive zones (Rudas, 2011). Therefore, it is plausible to think for those oversight bodies
that are in conflict territories, capacity is very low since the majority of economic activities
are illegal and the national government is focusing more of their efforts on overthrowing
illegal armed groups and eradicating coca crops (Escobedo, 2018; Garzén et al, 2018). The
latter is also linked with the finding that poverty has an impact on deforestation at the
department level. Consequently, households that are below of poverty line will look for
economic activities, both legal and illegal, that allow them to fulfil their basic needs,
increasing the likelihood of clearing forest in remote areas (Alvarez, 2003; Lopez et al., 2019).
Despite the consistency of these findings, it is necessary to continue exploring the multiple

factors that are triggering deforestation in Colombia from a multidisciplinary perspective.

Finally, these results bring forward a further discussion about how deforestation and conflict
have been addressed in public policies in Colombia. First, the economic activities that are

triggering deforestation may be tackled with the understanding that they are operating jointly
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in remote areas. As a consequence, a public policy that focuses its efforts on one economic
activity, legal or illegal, may be insufficient. Second, even though a stronger
bureaucratic/administrative state capacity may lead to a decrease of deforestation in conflict
areas, it remains highly dependent on the resources that are allocated to the oversight bodies
that are dealing with environmental conservation. This implies that the national government
should promote public policies that go beyond security and military perspectives in territories

where there is an upward pattern of environmental degradation because a conflict.
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Appendices
I. Additional concepts.

A. Conceptual boundaries of deforestation in Colombia.

Conforming to the book title Sowurcebook of methods and procedures for monitoring and reporting
anthropogenic greenhouse gas emissions and removals associated with deforestation, gains and losses of carbon
Stocks in_forest remaining forest, and forestation, (Achard et al., 2014) the concept of deforestation
has several interpretations and it is bound to the regulation of every country. For that reason,
it is convenient, based on United Nations Framework Convention on Climate Change
(UNFCCC) and Kyoto Protocol, to define some boundaries (Unfcce, 2009) concerning
forest land and forest degradation. The former concept is understood as all land cover with
woody vegetation defined by its area, tree size and canopy density or crown cover which are
delineated by every country. Thus, such thresholds may vary country to country, however,
in line with Fréderic Achard et al., (2014), Kyoto Protocol reference manual (2009) settles
some minimum ranges which include those young trees that have not reached the
appropriate level:

1. Minimum area: 0.05 to 1 hectare.
ii. Minimum height (potential at maturity in situ): 2 to 5 meters.
iii. Minimum level of canopy: 10 to 30%.

Consequently, any forest land that is below 10% of the canopy is considered as non-forest
land. Nonetheless, the classification depends on threshold defined by every country and
hence the trees that are below of such level are considered as non-forest. On the contrary, if
the cover forest does not imply a change of land uses, for instance, timber harvest where it
is expected a regrowth, this economic activity does not generate a change in the classification
of forest land (Achard et al., 2014).

In the case of Colombia, which signed and ratified the Kyoto Protocol, has its minimums:
area is one hectare, height (in situ) is five meters and level of canopy is 30%. Hence, in
consonance with the official organization Forest and Carbon Monitoring System (SMBC)],
forest land includes trees that contain bushes, palms, guaduas, herbs and lianas and excludes
oil palm plantations and other commercial or agricultural plantations. Likewise, it excludes
urban parks (Galindo et al., 2014).

Regarding the second concept, forest degradation is caused by anthropogenic net emissions
during a given period of time which has an impact on the crown cover, decreasing the
biomass density in forest land. In this respect, even though the forest cover loss is human
induced, the change of canopy cover should be not lower than threshold defined by every
country, in this case 30%. Furthermore, the decreasing of forest cover may be persistent
which is measured by means of tons of carbon stock during a long period of time, for
example, 20 years or spatially, a loss of a large area which used to be covered by forest land.
Consequently, the interaction between tree cover forest loss and gain may be reported as
forest degradation, rather than deforestation. Nevertheless, Fréderic Achard et al. (2014)
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clarifies that determine which forest land has been degraded might be difficult because it
depends on how well is defined in practice those concepts and what is the interpretation of
the sustainable activity. In addition, it is crucial the technical capacity which enables to
monitor the changes in canopy cover through time series analysis and register the activities
that cause forest degradation and not deforestation. In the case of Colombia several
activities, both legal and illegal, might be contributing to forest degradation and
deforestation, such as mining, farming, livestock, logging, forest fires and even the
inappropriate delimitation of environmental protection zones, like the Natural National
Parks (FEDESARROLLO, 2017); specially, when the Colombian state, in the process of the
Peace Accord implementation, has not able to consolidate its local institutional capacity after
the retreat and demobilization of FARC from certain municipalities that contain huge
amounts of carbon stock.

Taking into account the aforementioned conceptual boundaries, deforestation is understood
as the conversion from forest land to another type of land use. As mentioned, Colombia has
some minimums and thereby below of them, cover forest change is treated as deforested. In
that sense, the activities that produce deforestation may be: “conversion of forest to annnal
cropland, conversion to pasturelands, conversion to perennial plants (0il palm, shrubs) and conversion to urban
lands or other buman infrastructure” (Achard et al., 2014: 13).
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II. Additional information

MAP II A POLITICAL-ADMINISTRATIVE DIVISION OF
COLOMBIA, SIGAC (2002).
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Thousands of US dollars - cocaine -

FIGURE II A COCAINE PRICES IN USA AND EUROPE AND GOLD
INTERNATIONAL PRICES (2005-2018)
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ITI. Additional estimations

TABLE III A DEFORESTATION RATE AND FARC PRESENCE- AFTER PEACE ACCORD-
(ROBUST STD ERROR)

) (&) ©) G) ©)
FARC presence -0,05%kk -0,05%kk -0,02 -0,06%kk -0,07%kk
(0,01) (0,01) (0,02) (0,02) (0,02)
-0,08%5*
FARC permanent 0,03)
FARC interrupted/consolidation 0,04
(0,04)
FARC finalized/rearrangement 0,05
(0,03)
0,13%*x 0,15%x* 0,14 0,14
FARC and peace accord 0,05) 0,05) 0,03) 0,02)
Constant 0,35 0,36 0,36 0,36 0,36
Municipalities 1062 1062 1062 1062 1062
Observations 14868 14868 14868 14868 14868
R2-within 0,07 0,07 0,07 0,07 0,07
R2-between 0,01 0,01 0,01 0,01 0,01
R2-overall 0,04 0,04 0,04 0,04 0,04
Municipality FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes

Notes: This table presents estimations based on equation (1). Deforestation rate (dependent variable in percentage
change) is the number of hectares deforested over forest cover extension in 2010. FARC presence (actions) is a dummy
vatiable that takes value of one when a municipality suffered at least one action by FARC between 2005 and 2018.
FARC permanent, interrupted/consolidation, finalized/reatrangement is a categorical vatiable that measures the
heterogeneity of the FARC presence based on theoretical approximations of Kalyvas (2001; 2008) and Delgado (2013).
FARC and peace accord is a dummy variable that is one when a municipality did not register FARC presence (actions)
after the sign of peace accord in 2016 and zero otherwise. All regressions include municipality and year fixed effect.
Robust standard errors clustered at the municipality level are shown in parenthesis.

Rk p<0.01, ¥ p<0.05, * p<0.1
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TABLE III B DEFORESTATION RATE AND FARC PRESENCE (ROBUST STD ERROR)

) )
Panel A: Deforestation rate versus FARC presence
_0,05%**

FARC presence (lag 1) 0,01)
Panel B: FARC presence versus deforestation rate

. -0,02%%*
Deforestation rate (lag 1) 0,00)
Constant 0,35 0,35
Municipalities 1062 1062
Observations 13086 13086
R2-within 0,07 0,13
R2-between 0,01 0,01
R2-overall 0,04 0,07
Municipality FE Yes Yes
Year FE Yes Yes

Notes: Panel A illustrates the relation between deforestation rate and FARC presence (actions) lagged one year. Panel
B shows the inverse relationship, taking as a dependent variable FARC presence (actions) and as independent variable
deforestation rate lagged one year. All regressions include municipality and year fixed effect. Robust standard errors
clustered at the municipality level are shown in parenthesis.

ik p<0.01, ** p<0.05, * p<0.1
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TABLE III C TERRITORIAL FRAGMENTATION BY ILLEGAL ARMED GROUPS (2005-2018)

©) 2
mun x FARC 1762 11,85%
mun X narco-paramilitary 936 6,30%
mun x FARC and narco-paramilitary 568 3,82%
mun x ELN 453 3,05%
mun x FARC and ELN 325 2,19%
mun x FARC, narco-paramilitary and ELN 197 1,32%
mun X narco-paramilitary and ELN 157 1,06%
mun x guerrilla dissidents 94 0,63%
mun x ELN and guerrilla dissidents 49 0,33%
mun x narco-paramilitary and guerrilla dissidents 38 0.26%
mun x narco-paramilitary, ELN and guerrilla dissidents 26 0,17%
mun x ELN, guerrilla dissidents and FARC 18 0,12%
mun x guerrilla dissidents and FARC 13 0,09%
mun x guerrilla dissidents, FARC and narco-paramilitary 13 0,09%
mun x FARC, narco-paramilitary, ELN and guerrilla dissidents 9 0,06%
mun x FARC, narco-paramilitary, ELN and guerrilla dissidents (non-violent 10210 68.67%
actions)
Total 14868 100%

Note: This table shows sixteen possible combinations regarding illegal armed groups in order to estimate territorial
fragmentation. Column 1 presents the total number of actions undertaken by one or several illegal armed groups between
2005 and 2018. Column 2 illustrates the percentages of these combinations.
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TABLE III D CATTLE RANCHING AND COCA RATE FACTORS (ROBUST STD ERROR)

Panel A (1) (2)
Dependent variable Log cattle ranching
Coca rate 0,047

(0,02)
Panel B
Dependent variable Coca rate
Log cattle ranching 0,01

(0,00)

Constant 8,9 -0,03
Municipalities 1062 1062
Observations 11682 11682
R2-within 0,02 0,03
R2-between 0,00 0,00
R2-overall 0,00 0,00
Municipality FE Yes Yes
Year FE Yes Yes

Note: Coca rate (percentage change) is the number of hectares cultivated of coca over municipality area in hectares
between 2005 and 2018. Log cattle ranching is calculated by the number of cattle heads per municipality between
2008 and 2018. All regressions include municipality and year fixed effect. Robust standard errors clustered at the
municipality level are shown in parenthesis.

*%% n<0.01, ** p<0.05, * p<0.1
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TABLE III E DEFORESTATION RATE, ILLEGAL ARMED GROUPS AND ALTERNATIVE FACTORS (ROBUST STD ERROR)

0) @ ) @ 6] © 0 ®
FARC presence -0,04%** -0,04#%* -0,05%** -0,05%** -0,05%** -0,04%% -0,04%* -0,02
p 0,01) 0,01) 0,02 0,01) 0,01) 0,01) 0,01) 0,02)
Narcomasamilicare oresence -0,00 0,01 0,03 -0,00 -0,00 -0,01 -0,01 0,03
arco-paramilitary presenc 0,01) 0,02) (0,02) 0,01) 0,01) (0,01) (0,01) (0,03)
EIN presence -0,02 -0,0 -0,01 -0,02 -0,02 -0,02 -0,02 -0,01
p (0,01) (0,02 (0,02 (0,01) (0,01) (0,01) (0,01) (0,02)
Guerrilla dissidents 0,07% 0,135+ 0,095 0,10%* 0,11%* 0,06 0,05 0,04
uerriia (0,04) (0,04) 0,04) (0,05) (0,05) (0,05) (0,05) (0,05)
Coca rate 0,08+ 0,08+
(0,04) (0,04)
oKk
Log cattle ranching (heads) 06830 1) (8’83)
* *
Log gold production (tons) %%10) ?0’%10)
Fok _
Log illegal mining complaints (cases) (2608 1) (8 ’gg
N ook _ ook
Log forced human displacement (people) 0(,5)30) O(é)?) 0
Log tax incomes (Colombian pesos) (8’8% (8’83)
sokok
Log operation cost (Colombian pesos) (8’88> O(,(())ZO 0
FARC and unilateral ceasci 0,07+ 0,074 0,05%+ 0,08%%% 0,08%%% 0,09k 0,08+ 0,05%*
and unfiateral ceasetre 0,03) (0,02) (0,03) (0,03) (0,03) (0,03) (0,03) (0,02)
Constant 0,36 0,16 0,47 0,36 0,45 0,26 0,26 0,09
Municipalities 1062 1062 1062 1062 1062 1062 1062 1062
Observations 14868 11682 7434 14868 14868 13806 13806 6379
R2-within 0,07 0,09 0,15 0,07 0,07 0,07 0,07 0,17
R2-between 0,00 0,15 0,01 0,00 0,06 0,05 0,00 0,02
R2-overall 0,05 0,10 0,08 0,04 0,02 0,06 0,04 0,09
Municipality FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table presents the estimations based on equation (3a). Deforestation rate (dependent variable in percentage points) is the number of hectares deforested over forest cover extension in hectares
by 2010. FARC presence (actions), narco-paramilitary presence (actions), ELN presence (actions) and guerrilla dissidents (actions) are dummy variables that take value of one when a municipality suffered
at least one action by these armed groups between 2005 and 2018. Coca rate (percentage change) is the number of hectares cultivated of coca over municipality area in hectares between 2005 and 2018.
Log cattle ranching is calculated by the number of cattle heads per municipality between 2008 and 2018. Log gold productions is measured by the total of gold production in tons between 2012 and 2018.
Log illegal mining is the number of complaints reported to the public persecutor regarding environmental pollution and illicit exploitation of minerals and hydrocarbons between 2005 and 2018. Log forced
human displacement is calculated by the number of people displaced between 2005 and 2018. Log tax incomes and log operation cost are proxy variables to measure state capacity between 2005 and 2017;
both variables are in Colombian pesos. FARC and unilateral ceasefire is a dummy variable that is one when a municipality did not register FARC presence (actions) after the announcement of unilateral

ceasefire on December 20, 2014 and zero otherwise. All regressions include municipality and year fixed effect. Robust standard errors clustered at the municipality level are shown in parenthesis.

#i% p<0.01, #* p<0.05, * p<0.1
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TABLE IIT F DEFORESTATION RATE AND ALTERNATIVE FACTORS — WITHOUT FARC PRESENCE - (ROBUST STD ERROR)

@ @ €) ) ®) ) ®) 0)
Coca rate 0,10 0,097
oca ra 0,04) (0,04)
. 0,03+ 0,02
Log cattle ranching (heads) 0,01) 0.02)
. 0,01* 0,01*
Log gold production (tons) (0,00) 0,00
. - . 0,03%* -0,00
Log illegal mining complaints (cases) 0,01) 0,02)
. -0,02%** -0,02%**
Log forced human displacement (people) 0,01) 0,01)
. . 0,02 0,02
Log tax incomes (Colombian pesos) ©0.01) 0.02)
Log operation expenditure (Colombian 0,01 0,02
pesos) (0,00) (0,01)
FARC and unilateral ceasefir 0,04 0,05%* 0,05 0,05%+* 0,06%** 0,07%* 0,06%* 0,03
and unfiateral ceasetire 0,02) (0,02) (0,03) (0,05) (0,02) (0,03) (0,03) (0,02)
Constant 0,33 0,13 0,47 0,34 0,44 0,25 0,29 0,37
Municipalities 1062 1062 1062 1062 1062 1062 1062 1062
Observations 14868 11682 7434 14868 14868 13806 13806 6379
R2-within 0,07 0,09 0,15 0,07 0,07 0,07 0,07 0,17
R2-between 0,01 0,14 0,01 0,00 0,07 0,08 0,01 0,02
R2-overall 0,05 0,10 0,07 0,05 0,02 0,06 0,05 0,09
Municipality FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table presents the estimations based on equation (3b). Deforestation rate (dependent variable in percentage change) is the number of hectares deforested over forest cover
extension in hectares by 2010. Coca rate (percentage change) is the number of hectares cultivated of coca over municipality area in hectares between 2005 and 2018. Log cattle ranching
is calculated by the number of cattle heads per municipality between 2008 and 2018. Log gold productions is measured by the total of gold production in tons between 2012 and 2018.
Log illegal mining is the number of complaints reported to the public persecutor regarding environmental pollution and illicit exploitation of minerals and hydrocarbons between 2005
and 2018. Log forced human displacement is calculated by the number of people displaced between 2005 and 2018. Log tax incomes and log operation expenditure are proxy variables
to measure state capacity between 2005 and 2017; both variables are in Colombian pesos. FARC and unilateral ceasefire is a dummy variable that is one when a municipality did not
register FARC presence (actions) after the announcement of unilateral ceasefire on December 20, 2014 and zero otherwise. All regressions include municipality and year fixed effect.
Robust standard errors clustered at the municipality level are shown in parenthesis.

% 5<0,01, ** p<0.05, * p<0.1
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TABLE III G DEFORESTATION RATE AND ADDITIONAL ALTERNATIVE FACTORS (ROBUST STD ERROR)

@ @ ©) * ©) (©)
0,00 -0,01
Coffee rate 0,01) (0,01)
Plantain rate 0,00 0,00
(0,01) (0,00)
S . 0,49 -0.32
Log Gini coefficient >
8 032) 0,41)
- 0,38*** 0.40%*
Log monetary poverty index s
& Y povery (0,13) (0,16)
Log state capacity 0,05 0,13
s pact (0,04) (0,10)
FARC and unilateral ceasefire 0,11 0,11 0,06 0,05 0,12 0,08
(0,10) (0,10 (0,12) 0,12) (0,10) (0,07)
Constant 0,29 0,29 0,67 -1,16 0,52 -0,84
Departments 33 33 24 24 33 24
Observations 462 462 288 288 429 264
R2-within 0,30 0,30 0,36 0,38 0,32 0,40
R2-between 0,00 0,01 0,14 0,04 0,04 0,11
R2-overall 0,15 0,16 0,17 0,19 0,14 0,27
Department FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Notes: This table presents the estimations based on equation (4). Deforestation rate (dependent variable in percentage change) is the number of hectares deforested over forest cover
extension in hectares by 2010. Coffee and plantain rate (percentage change) is the number of hectares cultivated of these commodities over municipality area in hectares between 2005
and 2018. Log monetary poverty index and Gini coefficient are calculated to measure if a household can fulfill their basic needs and incomes inequality, respectively. The information
is available at the department level between 2005 and 2018. Although, the statistics bureau from Colombia just offer information from 24 departments of out 33, excluding Amazonas,
Arauca, San Andres Islands, Casanare, Guainfa, Guaviare, Putumayo, Valle de Cauca, Vaupés and Vichada. Likewise, the years 2006 and 2007 are excluded due to statistics bureau did
not have the accurate and sufficient information to estimate these years (DANE, 2010). Log state capacity is calculated by total tax collection over department GDP between 2005 and
2017. This ratio helps to measure bureaucratic/administrative state capacity conforming to Hendrix (2010). FARC and unilateral ceasefire is a dummy variable that is one when a
municipality did not register FARC presence (actions) after the announcement of unilateral ceasefire on December 20, 2014 and zero otherwise. All regressions include department and
year fixed effect.

Robust standard errors clustered at the department level are shown in parenthesis.

Rk p<0.01, ¥ p<0.05, * p<0.1
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