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¶ Geographical Scale: (ha) Hectares, (La) Landscape, (Lo) Local, (m) Meters, (m.a.s.l) Meters 

Above Sea Level, (Na) National, (NP) National Park, (PA) Protected Areas, (Re) Regional, 

(m2) Square Meters. 

¶ Multivariate:  (MSa) Multi-satellite, (MSc) Multi-scale, (MSp) Multispectral, (MSt) Multi -

spatial, (MT) Multi-temporal, (MV) Multivariate. 

¶ Period: (AC) Armed Conflict, (ACP) Armed Conflict Processes, (Con) Conflict Period, (Neg) 

Negotiation Period or Truce, (Pre) Pre-conflict Period, (Post) Post-conflict Period. 

¶ Regions: (Am) Amazonas, (An) Andes, (Ca) Caribbean, (Or) Orinoquia, (Pa) Pacific. 

¶ Remote Sensing: (ATCOR) Atmospheric & Topographic Correction, (EVI) Enhanced 

Vegetation Index, (IDOS) Improved Dark Object Subtraction, (LULC) Land-Cover Land-Use 
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Difference Vegetation Index, (TOA) Top of Atmosphere, (TOC) Top of Canopy. 

¶ Satellite Imagery Sensor: (ALOS) Advanced Land Observation Satellite, (ALS) Lidar - 

Airborne Laser Scanning, (AP) Aerial Photo, (ASTER) Advanced Spaceborne Thermal 
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Radiometer, (CBERS) ChinaïBrazil Earth Resources Satellite, (GE) GeoEye, (GE-VHR) 

Google Earth Very High Resolution, (IKONOS), (IRS) IRS-1C LISS-III Indian Remote-

Sensing Satellite, (KVR-1000) Kometa, (LS1-3) Landsat 1-3 MSS, (LS4-5) Landsat 4-5 TM, 

(LS7) Landsat 7 ETM+, (LS8) Landsat 8 OLI, (MODIS) Moderate Resolution Imaging 

Spectroradiometer, (Pl) Pleiades-1A, (QB) Quick Bird II, (RE) Rapid Eye, (Se) Sentinel 2, 



 

 

(SPOT-5) Satellite Pour lôObservation de la Terre, (VIIRS) Visible Infrared Imaging 

Radiometer Suite, (WV2) WorldView-2. 

¶ Variables: (AA) Airport Activity, (Ac) Accessibility / Ruggedness, (AeS) Aerial Spraying, 

(AF) Armed Forces Presence, (Ag) Agriculture Crops, (AS) Asylum Seekers, (Bi) Biome, 

(CC) Cloud Cover, (CE) Manual Coca Eradication, (Cl) Climate, (Co) Conflict Intensity / 

Fatalities, (CR) Cattle Ranching, (DEM) Digital Elevation Model, (Df) Deforestation / 

Fragmentation, (Dr) Drought, (EC) Energy Consumption, (EcR) Ecoregion, (Ed) Education, 

(Ex) Exportations, (Fa) Fauna, (FD) Field Data, (Fi) Fires, (Fl) Flickr Photos, (Go) 

Governance, (IC) Illegal Crops, (IDP), Internally Displaced Person Rate, (Mn) Mining / Oil, 

(NL) Night Lights, (PA) Protected Area Boundaries, (PC) Population Change, (PD) Population 

Density, (Po) Population Size, (Pr) Precipitation, (Ps) Pastures, (Pv) Poverty, (RiD) River 
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(Tou) Tourist Arrivals, (Ve) Vegetation, (WS) Water Surfaces. 
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PREFACE: THE LANDSCAPE AS A WITNESS AND MEMORY OF THE WARFARE  

Mountains, forests, valleys, plains, lakes, rivers, and nature speak to us. They are not silent 

witnesses of what we do. In contrast, they are evidence and traces of our passage through the 

planet. How does landscape tell us about war? The Landscape resembles a canvas, constantly 

changing, as if repeatedly painted in an eternal artistic session. Landscape as a concept differs 

based on the definition of human perception; it absorbs, reflects, and mutates not only with the 

dynamics of nature, but is constantly altered by human activities. What does Landscape Show us 

about Armed Conflicts? How is the concept of landscape related to human activities such as war? 

What role does landscape play in the war? Is it only a scenario in which conflicts occur? Is it an 

active victim of war? Is it a war spoil? Is it even an indirect beneficiary of war activities? These 

questions motivated this study. 

Landscapes are guardians of the memory of armed conflict and tell us the story of what we did, 

what we do, and even what we can do. This research seeks to put the landscape at the center of the 

discussion and define its relationship with one of the longest-lived, recurring, and dramatic human 

activities: warfare. Based on the literature review, analysis, and evaluation, I seek to understand 

what has happened in Colombian landscapes and, from there, build a memory of the relationship 

between nature and society. 

 
Jorge Bela, Sumapaz: El Paraíso Empieza en Bogotá, El chivo Benedito, con Sumapaz al 

fondo 2012. (Source: http://www.quepenaconusted.com/2012/11/sumapaz-el-paraiso-empieza-

en-bogota.html) 

Unlike other related research, where the focus has been placed on human beings, this dissertation 

has a scientific approach to the environment, precisely to the consequences on the landscape. I 



 

 

approached it from fields of knowledge such as landscape ecology and landscape architecture. I 

address a theoretical debate around landscape, armed conflict, causes, consequences, and triggers. 

I seek to find traces of war in the environment, showing reflections that allow us to improve our 

understanding of the landscape as a holistic concept that is constantly changing and sensitive to 

our actions and perceptions. 

I approached the Landscape of Sumapaz Páramo in Colombia as a study area from two 

perspectives to conduct a comprehensive and integral investigation. First, I carried out an objective 

remote sensing analysis based on satellite imagery. Second, I developed a subjective approach 

based on fieldwork in local communities. The sum of the two approaches allowed me to generate 

a comprehensive and conclusive diagnosis of the relationship between the landscape and armed 

conflict. It is relevant to clarify that landscapes are based on human perceptions. Landscapes 

therefore constitute a sensitive experience. Therefore, I sought to provide living testimony from 

surveys, cartographies, and stories of the local population. 

I hope the research helps to understand the role of the landscape and the environment as victims 

of armed conflict. This research seeks to show the landscape more than just the stage where armed 

conflicts occur. The Landscape includes interaction, dynamism, conflict, and relationships. 

Through the explicit narration, it helps us understand the causes and events of the armed conflict 

and, through its restoration, helps to repair the victims, where the environment undoubtedly has a 

differential and transcendental role in post-conflict processes. 
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1. INTRODUCTION  

1.1. Research background 

1.1.1. Armed conflict and environment 

The complex relationship between warfare and the environment has been studied relatively little; 

one exception is the Report on Protection of the Natural Environment in Armed Conflict made by 

the International Law and Policy Institute ILPI (2014). This report shows that war may 

significantly damage the environment and populations dependent on natural resources. Attacks 

directly and indirectly harm animals, vegetation, soil, and water systems, consequently affecting 

local, regional, and even national ecosystems. Combatants also utilize vast defoliation campaigns 

to achieve strategic dominance. Meanwhile, severe contamination may incidentally result from 

attacks on industrial sites, oil wells, or other infrastructure (Le Billon, 2001; Hanson et al., 2009; 

Gorsevski et al., 2012; Potapov et al., 2012; ILPI, 2014; Jha, 2014; Butsic et al., 2015; Murad and 

Pearse, 2018). Secondary consequences, such as forced displacement, may, in turn, take a higher 

toll on the natural environment (Sanchez-Cuervo and Aide, 2013; Leiterer et al., 2018). In some 

cases, the environmental impacts of warfare extend over large regions and continue for years or 

perhaps decades after the conflict finishes (Figure 1.1). 

 
Figure 1.1: Harry Dix, War Landscape, ca. 1940-1949, gouache and pencil on paper. 

(Source: Smithsonian American Art Museum, Bequest of Olin Dows, 1983.90.33) 

Empirical investigations, such as the ILPI (2014), suggest a complex and sometimes even 

paradoxical link between warfare and forest conservation (Draulans and Van Krunkelsven, 2002; 

Armenteras et al., 2006; Rustad et al., 2008; Gorsevski et al., 2012). Armed conflict has 

historically been a minorly studied driver of deforestation (Machlis and Hanson, 2011; Butsic et 

al., 2015). However, this trend has changed over the last two decades, and this type of study has 

increased significantly, mostly in tropical forests worldwide (Geist and Lambin, 2002; Hecht and 

Saatchi, 2007; Gorsevski et al., 2012).  

The appraisal of the implications of warfare on the environment is incredibly challenging because 

of the endogenous nature of vegetation cover loss and land-use changes. Warfare is also the 

outcome and/or the reason behind deforestation, implying a close, unique, and particular relation. 

Neglecting this particularity in deforestation models can produce biased coefficients and standard 
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errors, thus constraining our ability to determine the causal structure between warfare and 

deforestation within a statistical framework (Blackman, 2013; Butsic et al., 2015). 

According to Ordway (2015), during periods of war and post-conflict, the landscape can be altered, 

and deforestation increases. In addition, conflicts can directly influence land-use and land-cover 

activities. Land-use changes have promoted the devastating deterioration in biodiversity through 

habitat dissolution, modification and destruction, resulting in the decline of ecosystems and 

environmental services (Kwarteng, 1998; Qamer et al., 2012; Jha, 2014; Nackoney et al., 2014; 

Ordway, 2015). Some assessments have shown that conflict and warfare not only can stimulate 

deforestation but on the contrary as well promote vegetation cover recovery (Biswas and H. Cecilia 

Tortajada-Quiroz, 1996; Lodhi, Echavarria and Keithley, 1998; Dávalos, 2001; McNeely, 2003; 

Álvarez, 2003; Hecht and Saatchi, 2007). 

1.1.2. Colombian armed conflict and environment 

The internal armed conflict between the guerrilla, paramilitary groups, and government has 

determined Colombian recent history and has been extending for over 60 years. Since the 80s, the 

conflict has been reinforced and funded by the emergence of illicit activities such as drug 

trafficking, illegal mining, and extensive logging, making the conflict even more harmful to 

socioeconomic and political stability and environmental conservation. 

The armed conflict has generated profound changes in society, economic production systems and 

land use, which in addition have modified rural and urban landscapes in a significant way 

(Rettberg, Leiteritz and Nasi, 2014; Arias, Ibáñez and Zambrano, 2019; Garcia Corrales, Avila 

and Gutierrez, 2019; Negret et al., 2019). (Figure 1.2). 

 
Figure 1.2: Influence of the conflict and deforestation spots. 

Red dots; Areas under high influence of the Conflict. Blue dots; Deforestation spots. 

Source: (Calderón Díaz et al., 2016) 
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These consequences have sometimes been paradoxical. During periods of high military activity, 

the conflict has inadvertently encouraged preserved areas due to land mines or intense disputes 

over strategic territories, mainly in Orinoquia and the Amazon foothills (Clerici et al., 2020; 

Murillo -Sandoval et al., 2020, 2023) (Figure 1.2). Contrarily, in several regions, post-agreement 

activities have increased the pressure on ecosystems, driving deforestation and land cover changes, 

mostly in fragile ecosystems such as the Amazon Rainforest, where the presence of the government 

has been scarce or non-existent and where the guerrilla had a strong influence (Dávalos, 2001; 

Armenteras, Gast and Villareal, 2003; Armenteras et al., 2006, 2011; Rincón Ruiz et al., 2013; 

Landholm, Pradhan and Kropp, 2019). 

Armed conflict has had varied consequences for Colombian ecosystems. The effects on tropical 

forests of the Amazon have not been the same in intensity or type as in the paramos, desert, or 

Andes Mountains. Throughout the development of armed conflict, few ecosystems have not been 

directly or indirectly affected (Calderón Díaz et al., 2016).  

1.2. Research relevance 

Currently, the world is experiencing strong geopolitical changes. Therefore, warfare and conflicts 

have been at their highest levels in number and intensity since World War II. Warfare has played 

an increasingly relevant part in altering the main social and environmental systems at multiple 

spatial and temporal scales. Increasing resource flow and environmental changes have led to 

intercrossing with increasingly violent conflicts in considerably yet poorly understood ways.  

Warfare has long occurred in conservation priority areas with significant environmental 

repercussions. Within the last few decades, 80% of armed conflicts have occurred in biodiversity 

hotspots, many of which are rainforest areas (Hanson et al., 2009). 

In the Colombian case, several types of research have been dedicated to understanding the ethical, 

socio-economic, and political consequences of armed conflict; however, environmental impacts 

have received less attention. The end of the conflict has brought several opportunities to analyze 

the environment from a scientific approach, place the landscape at the center of the discussion, and 

define it as a live memory and silent victim of the conflict. Given the importance of paramo as an 

ecosystem service provider, it is necessary to understand the correlation between armed conflict 

and the landscape in the Sumapaz region. There are no specific studies on the repercussions of 

armed conflict in the landscape within the Sumapaz Páramo limits, which generates a gap in the 

knowledge field and an opportunity for the academy to approach the topic (Armenteras et al., 

2013; Moreno-Rodríguez and Díaz-Melo, 2018; Prem, Saavedra and Vargas, 2020). Additionally, 

the discussion of the challenges in the post-agreement era from the landscaping point of view has 

gained high relevance in contributing to the peace and environmental restoration processes led by 

local communities and local authorities (Moreno-Rodríguez and Díaz-Melo, 2018; Jurisdicción 

Especial Para la Paz, 2022). 
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1.3. Research aims and objectives 

First Stage. Worldwide case studies. 

Aim 1. Review and assess how the relationship between armed conflicts/warfare and the 

landscape has been analyzed and studied worldwide. 

Ob1.1. To review how, where, and when the link between armed conflict/warfare and landscape 

has been approached scientifically.  

Ob1.2. To identify and link the assessment approaches and methods used to analyze the 

relationship between armed conflict and the landscape. 

Ob1.3. To identify and link armed conflict causes with consequences in the landscape. 

Second Stage. Colombian case studies. 

Aim 2. Review and assess historically how has been analyzed and studied the consequences 

of the Colombian armed conflict in the landscape to understand, describe, and relate the 

links between the methods and results. 

Ob2.1. To identify when, where, and how (department and ecoregion) the environmental and 

landscape changes caused by Colombian armed conflict have occurred.  

Ob2.2. To identify and link Colombian armed conflict-derived causes with landscape changes 

(consequences) and the methods used. 

Third Stage. Sumapaz Páramo Region case study; Vegetation disturbance and landscape changes. 

Aim 3. Identify and relate forest disturbances with armed conflict causes in the Sumapaz 

Páramo Region during armed conflict periods.  

Ob3.1. To identify, analyze, compare, and assess forest disturbances during armed conflict periods 

in the Sumapaz Páramo Region (study area) and the Forest-Páramo Transition Zone (buffer area).  

Ob3.2. To Identify, analyze, compare, and assess the impact levels among various spatial units 

within the protected and non-protected areas of the Sumapaz Páramo Region and Sumapaz 

National Park based on vegetation disturbances during armed conflict periods. 

Ob3.3. To determine the landscape impact levels among armed conflict intensity units (causes) 

and their relationship with vegetation disturbances (consequences) during armed conflict periods 

in the Sumapaz Páramo Region.  

Ob3.4. To identify landscape impact levels in terms of vegetation disturbances (consequences) 

concerning the proximity to the military road network and military infrastructure (causes) during 

armed conflict periods in the Sumapaz Páramo Region. 

Fourth Stage. Sumapaz P§ramo Region case study; Local communitiesô armed conflict-landscape 

perception. 

Aim 4. Collect, identify, and assess the perception of local communities about the landscape 

in the Sumapaz Páramo Region and the influence of armed conflict processes on it. 
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Ob4.1. To identify and analyze the local community's perceptions of the paramoôs landscape 

values, conservation status, and their relationship to the armed conflict processes in the Sumapaz 

Páramo. 

Ob4.2. To identify and analyze the local communities' perceptions of the relationship between 

landscape changes and belligerent forces and the causes derived from the armed conflict processes 

in the Sumapaz Páramo Region. 

1.4. Research questions and hypotheses 

First Stage. Worldwide case studies. 

General Research Question 1. How has the relationship between armed conflict processes and 

landscape changes been approached and assessed worldwide? 

RQ1.1. What is the relationship between armed conflict/warfare features and the consequences on 

the landscape with geographical location and type of biome worldwide? 

Hp1.1. Armed conflicts occur more frequently in tropical areas that are rich in biodiversity, 

especially in equatorial-near zones than in torrid zones. Over time, warfare can cause damage to 

and degradation of the environment, including forest cover, land cover, water surfaces, and 

biodiversity. However, it is also possible that armed conflict may inadvertently lead to 

conservation efforts, at least in the short-term. 

RQ1.2. What are the primary landscape changes generated by warfare and how have they been 

assessed worldwide in terms of direct and indirect? 

Hp1.2. The main causes of armed conflict in the landscape are direct drivers, such as bombing and 

landmines, and indirect drivers, such as forced migration and agriculture. The principal 

consequences of these conflicts are land use changes and deforestation. Satellite imagery analysis 

is the most effective method for addressing armed conflict landscapes, utilizing color bands, such 

as NDVI and NDWI, which provide accurate and suitable results. However, other remote sensing 

approaches such as SAR, LiDAR, nighttime light satellite imagery, and aerial photos (drones) are 

less commonly employed. 

Second Stage. Colombian case studies. 

General Research Question 2. How has the relationship between Colombian armed conflict 

processes and landscape changes been approached and assessed? 

RQ2.1. What are the primary landscape changes generated by the Colombian armed conflict and 

how have they been assessed concerning direct and indirect causes? 

Hp2.1. The primary drivers of landscape changes caused by armed conflict in Colombia are 

indirect causes, such as the cultivation of coca crops, illegal mining, and forced migration. Direct 

drivers, such as bombings and military confrontations, have been less studied. Remote sensing 

methods have been used to assess the impact of armed conflict on the landscape in Colombia, with 

satellite imagery analysis being the most common approach. Landsat 7 ETM+ and Sentinel 2 

datasets are the most frequently used satellite imagery in Colombia. However, in situ assessments, 

radar detection, and drone plot imagery have not been frequently employed. 



 

6 
 

Third Stage. Sumapaz Páramo Region case study; Vegetation disturbance and landscape changes. 

General Research Question 3. What has been the relationship between forest disturbances 

(consequences) and armed conflict processes (causes) during the high-intensity conflict period, 

negotiation, and post-agreement periods in the Sumapaz Páramo Region? 

RQ3.1 What has been the forest disturbance that occurred from 2001 to 2020 during armed conflict 

periods in the Sumapaz Páramo Region and the Forest-Páramo Transition Zone, and how has its 

geospatial distribution? 

Hp3.1 The rates of deforestation and forest disturbance have decreased since the 2016 peace 

agreement, in part because of reduced conflict intensity and a larger state presence in the area. The 

region experiences a higher proportion of vegetation disturbance in lower altitude ecosystems 

(FPTZ >2900 m.a.s.l 5 km buffer) compared to the paramo ecosystem (SPR) due to denser 

vegetation cover and higher population density at its borders. 

RQ3.2. What are the differences in impact levels among various spatial units of the Sumapaz 

Páramo Region and Sumapaz National Park based on vegetation disturbances during armed 

conflict periods? 

Hp3.2. The effectiveness of Sumapaz National Park in preserving the landscape was found to be 

moderate compared with the area adjacent to Paramo, which did not cover the protected area. The 

latter area experienced more significant alterations due to ongoing warlike actions, which persisted 

during periods of war, negotiation, and after the agreement, irrespective of the park's boundaries. 

Although the total disturbed areas showed slight to moderate changes, the quality of the landscape 

was significantly impacted and varied over time owing to the fragility and vulnerability of the 

Paramo ecosystem. 

RQ3.3. What are the differences in landscape impact levels among armed conflict intensity units 

(causes) and their relationship with vegetation disturbances (consequences) during armed conflict 

periods in the Sumapaz Páramo Region? 

Hp3.3. The area is particularly susceptible to fluctuations in conflict levels and there is a clear 

correlation between the number of cases, victims, and disrupted land. During the periods of 

heightened conflict from 2001-2003 and 2006-2010, there was a marked increase in forest 

disturbance. However, since the 2016 Peace Agreement, the deforestation and forest disruption 

rates have declined. This can be partly attributed to more stringent environmental controls and the 

cessation of new military infrastructure development. Furthermore, a reduction in conflict triggers 

such as bombing and landmines has also contributed to this decrease. 

RQ3.4. What are the landscape impact levels in terms of vegetation disturbances (consequences) 

concerning the proximity to the military road network and military infrastructure (causes) during 

armed conflict periods in the Sumapaz Páramo Region? 

Hp3.4. During the development of the high-intensity conflict period (2000-2012), landscape 

changes (vegetation disturbance) were significant in the study area in proximity to the roads and 

military infrastructure built by the belligerent forces (Army or FARC). For instance, vegetation 

cover (Espeletia sp.) has been transformed into built areas and military infrastructure. After the 

peace agreement (2016-2020), consequences caused by direct drivers, such as military 
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infrastructure and military road networks, have decreased disturbances and modifications in land 

use and land cover. 

Fourth Stage. Sumapaz P§ramo Region case study; Local communitiesô armed conflict-landscape 

perception. 

General Research Question 4.  What has been the perception of local communities about the 

relationship between armed conflict and the landscape of the Sumapaz Páramo Region? 

RQ4.1. What are the local community's perceptions of the paramoôs landscape values, 

conservation status, and their relationship to the armed conflict processes in the Sumapaz Páramo? 

Hp4.1. Local communities held a positive view of the current conservation status of the landscape 

after the war. However, they also experienced negative impacts during the conflict. They believe 

that external factors, such as large landowners and uncontrolled tourism, can potentially harm the 

ecosystem services provided by the paramo to local communities. Nevertheless, there has been an 

improvement in their perception of the landscape and the services it provides since the peace 

agreement and the FARC guerrilla retirement. Local communities have a strong aversion to 

military presence, as they perceive it to influence directly landscape preservation. The lingering 

effects of past conflict continue to influence conservation strategies. 

1.5. Research approaches and stages 

This study examined the relationship between landscape and armed conflict using three scales. (I) 

Worldwide (global case studies): The impact of armed conflicts on the environment from 1994 to 

the present. (II) National (Colombian case studies): Analysis of Colombian armed conflict and its 

environmental consequences. (III) Local-regional (Sumapaz Páramo Region case study): 

examination of forest disturbances in the Sumapaz Páramo Region and their connection to 

Colombian armed conflict over the past 20 years. (Figure 1.3). 

 

 
Figure 1.3: Dissertationôs approaches. (Source: Own figure) 
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1.6. Dissertation structure 

The dissertation is compounded into six chapters (Figure 1.4). 

 

Figure 1.4: Dissertation structure. (Source: Own figure) 
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2. LITERATURE REVIEW  

2.1. Armed conflicts in the last 50 years 

Armed conflicts have been constant throughout the history of humanity; however, since the Second 

World War, the international community has made great efforts to prevent large-scale armed 

conflicts. Despite these efforts, armed conflicts persist, and nowadays, they are still present on 

four of the five continents. The proof of this is the armed conflict after the Russian invasion of 

Ukraine, which has emerged as the biggest threat to continental and even global stability since the 

end of the Cold War. 

According to the Stockholm International Peace Research Institute and Uppsala Conflict Data 

Program, contemporary armed conflicts often involve regular armies, mercenaries, militias, and 

civilians. Large-scale state conflicts occasionally occur on defined battlefields, but most fighting 

is sporadic with varying intensities and intermittent truces. Conflict durations differ widely, from 

weeks (e.g., the Azerbaijan-Armenia Conflict of 2022) to decades (e.g., the Colombian armed 

conflict). The Stockholm International Peace Research Institute (2019) reported 68.5 million 

forcibly displaced people globally at the start of 2018, including over 25 million refugees. This 

number has significantly increased owing to ongoing or newly started conflicts in Ukraine, 

Afghanistan, Gaza, Yemen, and Syria (Figure 2.1). The characteristics of the studied armed 

conflicts are presented in detailed in Appendix 9. 

 
Figure 2.1: Location of studied Armed Conflicts. (Source: Own figure) 

Americas 

Some of the countries with the highest rates of violence in the world are found in the Americas, 

such as Honduras, El Salvador, and Mexico, mainly due to clashes between gangs and disputes 

between drug cartels; however, the Colombian armed conflict is the only one active in the region. 

Despite the peace process signed with the main guerrilla group, the FARC, in 2016, insecurity and 

instability persisted on a lesser scale in the country due to the presence of other guerrilla groups 

such as the ELN, FARC dissidents, and other organized criminals. In Nicaragua, political unrest 
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and violence left over from the Sandinista Revolution of the 1970s and the 1980s are notorious. 

Other countries, such as Ecuador, Peru, and Brazil, present political violence with riots and 

confrontations that could destabilize democracy in the region. Finally, although the indices show 

a reduction in violence in Venezuela, the humanitarian crisis persists, including a large outflow of 

refugees. 

Asia (Far East and Middle East) 

In the latter half of the 20th century and the early 21st century, Asia experienced numerous armed 

conflicts, especially in Afghanistan, India, Indonesia, Myanmar, Pakistan, Sri Lanka, Vietnam, 

Cambodia, the Philippines, Thailand, and the Middle East. The Indochinese Peninsula was 

particularly violent in the 1960s and the 1970s due to Cambodia, Laos, and Vietnam's 

independence wars, prompting direct intervention by France and the United States. Afghanistan 

remains the most violent area, with persistent conflicts and brief periods of peace. The war in 

Afghanistan was the deadliest conflict globally in 2018, intensifying with the Taliban's rise in 2021 

and the withdrawal of US forces. 

The Middle East has been significantly affected by conflicts such as the Iran-Iraq War, the Persian 

Gulf War, and the recent Iraq War. Additionally, the region has seen conflicts between Israel and 

its neighbors, the Syrian civil war, the Turkish-Kurdish conflict, and confrontations with ISIS, 

making it one of the most troubled areas in terms of conflict diversity, intensity, and frequency 

over the past 50 years. Medium-intensity conflicts, such as those in Syria and Yemen, have 

persisted for years, contributing to regional instability, high refugee rates, and displacement. 

Although the intensity of the Syrian Civil War has decreased, it remains one of the world's most 

devastating conflicts. The armed conflict between Israel, Hamas, and other Palestinian groups has 

fluctuated in intensity, with no resolution in sight, and escalated hugely since October 2023. Its 

unprecedented intensity and potential for the involvement of other countries, such as Lebanon and 

Iran, pose the greatest threat to the region's stability. 

A significant trend in the region is the rise of violence linked to identity politics, based on ethnic 

or religious polarization, as seen in Myanmar and Xinjiang, China. The truce over Kashmir 

between nuclear powers, India and Pakistan, is notable. Meanwhile, recent years have seen 

growing threats and provocations from North Korea toward South Korea and Japan and between 

China and Taiwan. 

Europe 

Although Europe has not frequently been the site of armed conflicts in recent decades, it has 

witnessed some of the most violent, high profile, and intense wars globally. Notable conflicts 

include those in the Balkans during the 1990s following Yugoslavia's dissolution and the Russian 

invasion of Ukraine. At the turn of the century, the Serbian-Kosovar War resulted in significant 

violence and displacement. Other unresolved tensions in the post-Soviet regions persist, including 

the Moldova-Transnistria War, Chechnya-Russia, Russia-Georgia, and the Nagorno-Karabakh 

conflict between Armenia and Azerbaijan. The ongoing war in Ukraine, which began with the 



 

11 
 

Euromaidan protests in 2013 and escalated with the Russian invasion, is currently the only active 

conflict in Europe. Its unprecedented intensity and potential for prolongation pose the greatest 

threat to continental peace and stability. 

sub-Saharan Africa  

Africa has had the highest number of conflicts and displaced persons worldwide over the last five 

decades. More than 30 countries have suffered armed conflicts, and 11 countries currently have 

active conflicts in sub-Saharan Africa: Burkina Faso, Central African Republic, Cameroon, 

Democratic Republic of the Congo, Ethiopia, Mali, Niger, Nigeria, Somalia, South Sudan, and 

Sudan. The Sahel region, Darfur, and the Horn of Africa are the areas most affected by conflict. 

Many of these conflicts overlap between the states and regions. These conflicts are associated with 

poor governance, extreme poverty, irregular exploitation of natural resources, and weak 

economies. Also noteworthy are the numerous civil wars in Sierra Leone, Rwanda, Congo, Liberia, 

the Ivory Coast, Senegal, and Angola, among other conflicts that devastated the continent in the 

last three decades of the 20th century. 

2.2. Understanding the impacts of armed conflicts 

Our understanding of how warfare increases deforestation or harms the efficacy of conservation 

efforts remains to be determined. This scarcity of understanding is partly because of the competing 

consequences of armed conflict, which can increase or decrease deforestation. Furthermore, 

interactions between armed conflict and other direct drivers of deforestation, such as mining and 

illicit crops, are complex and challenging to untie despite their occurrence throughout the planet. 

Deforestation has a deep link with warfare; hence, there is a need for practical and assertive 

research techniques to recognize causal and binding relationships specifically adapted to each 

particular case study. 

Armed conflicts significantly affect landscape configuration through land use and land cover 

changes, leading to habitat fragmentation and ecosystem degradation, thereby complicating the 

availability of ecosystem services (DeFries, Foley and Asner, 2004; Foley, 2005; Castro-Nunez et 

al., 2017). Studies indicate that conflicts can drive both deforestation (Armenteras et al., 2006; 

Chadid et al., 2015; Prem, Saavedra and Vargas, 2020) and reforestation (Clerici et al., 2020; 

Kranz, Sachs and Lang, 2015; Murillo-Sandoval et al., 2020), often occurring simultaneously in 

the same region (Gorsevski et al., 2012; Nackoney et al., 2014; Butsic et al., 2015). This paradox 

reveals that conflict intensity is context-specific and is influenced by geographical conditions and 

the capabilities of the involved groups. Intense military activities may indirectly promote 

conservation or reforestation by restricting forest access to non-combatants. Some areas might also 

remain isolated due to landmines and unexploded ordnances, temporarily protecting forests (Baird 

and Le Billon, 2012; Mendoza, 2020; Suthakar and Bui, 2008; Witmer, 2008; Zúñiga-Upegui et 

al., 2019). Conflicts also lead to the abandonment of agricultural lands, as seen in DR Congo, 

South Sudan, Colombia, and Bosnia. Conversely, conflicts cause deforestation through large 

refugees and internally displaced migrations, either towards urban centers or borderlands, 
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necessitating agricultural expansion (Hagenlocher, 2011; Sosnowski et al., 2016; Pech and Lakes, 

2017; Leiterer et al., 2018) (Figure 2.2). 

 
Figure 2.2: Deforestation in the Colombian Amazon. 

(Source: MinAmbiente ï Colombia, 2018) 

Owing to the relevance of current global armed conflicts, studies assessing the complex 

relationship between warfare and the environment have increased over the past decade. The 

International Law and Policy Institute's Report on the Protection of the Natural Environment in 

Armed Conflict (ILPI, 2014) reveals that war damages the environment and populations reliant on 

natural resources. Attacks harm animals, vegetation, soil, and water systems, impacting 

ecosystems at the local, regional, and national levels. Combatants have used extensive defoliation 

campaigns for strategic gain. The consequences of armed conflict require comprehensive analysis, 

including remote sensing technologies and in situ analysis, to provide context during and after 

wars while acknowledging the limitations of tracking specific changes and the necessity for ground 

verification. 

2.2.1. The landscape during armed conflict stages 

Armed conflicts often disrupt local economies, fostering parallel and illegal economies such as 

illicit crop cultivation and uncontrolled exploitation of natural resources, including illegal mining, 

logging, land grabbing, and large-scale cattle ranching (Figure 2.3). Conflict dynamics can either 

increase or decrease environmental pressure, resulting in varied impacts (Aung, 2021; Bromley, 

2010; Ingalls and Mansfield, 2017; Spröhnle et al., 2016; Suthakar and Bui, 2008; Tian et al., 

2011). There is limited empirical evidence on whether conflict accelerates or mitigates 

environmental damage. Given the strong spatial and physical correlation between conflict and the 

environment, and the need for environmental protection, more thorough reviews and evaluations 

are essential to understand the conflict-environment interaction (Ordway, 2015). 
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Figure 2.3: Deforestation in the northwestern Colombian Amazon. 
(Source: Foundation for Conservation and Sustainable Development, 2019) 

Landscape changes may be more visible in truce or post-conflict scenarios with minimal 

confrontation (Cabrera et al., 2020; Clerici et al., 2020; Murillo-Sandoval et al., 2020, 2021; 

González-González et al., 2021). Open forest access enables displaced populations, landowners, 

miners, loggers, and other stakeholders to exploit previously inaccessible resources, leading to 

increased deforestation, land-use changes, and water contamination (Hagenlocher, 2011; Grima 

and Singh, 2019; Cabrera et al., 2020; Prem, Saavedra and Vargas, 2020; Murillo-Sandoval et al., 

2023). The environmental impacts of warfare may span large regions and persist for years or 

decades post conflict. Severe contamination may arise from attacks on industrial sites, oil wells, 

or infrastructure (Le Billon, 2001; Potapov et al., 2012; ILPI, 2014; Jha, 2014; Butsic et al., 2015; 

Murad and Pearse, 2018).. Indirect causes such as forced displacement may be even more harmful 

to the natural environment (Sánchez-Cuervo et al., 2012; Sánchez-Cuervo and Aide, 2013; 

Leiterer et al., 2018). 

2.2.2. Causes derived from the armed conflict and its consequences on the environment 

Direct causes are all actions that are physically related to the direct activity of warfare, which 

usually occurs within the instant or short term (bombings, armed confrontations, and military 

infrastructure). On the other hand, indirect causes are those that are generally associated with 

several activities triggered by war but are not military and only appear in the medium- or long-

term (Partow, 2008; Jha, 2014; Solomon et al., 2018; Mendez and Valánszki, 2019b, 2019a). 

Indirect causes may include non-military events, such as forced migration, and illegal economic 

activities, such as mining, logging, illegal agriculture, and illegal crops, which could reduce 

vegetation cover and increase land use changes (Stevens et al., 2011; Jha, 2014). It has been proven 

that these impacts persist in post-conflict periods (Nackoney et al., 2014) (Figure 2.4). 

The intentional loss of natural resources, environmental contamination from military activities, 

ground slides, and craters are some of the direct consequences of war such as bombing, military 

debris and landmines. Indirect impacts encompass the ecological footprint of refugees 

(Hagenlocher, Lang and Tiede, 2012; Solomon et al., 2018), deforestation due to agricultural 
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expansion and displaced population needs, increased illicit crops and irregular mining, challenges 

in implementing environmental conservation policies, data discontinuity, and a lack of financial 

support for environmental conservation (Jha, 2014; Solomon et al., 2018; Mendez and Valánszki, 

2019b). 

 
Figure 2.4: Causes derived from the armed conflict and its consequences on the 

environment. (Source: Own figure) 

The indirect consequences of armed conflict from ammunition use on land, air, and water can have 

adverse long-term pervasive effects on people and the environment (Gorsevski et al., 2012). 

Conflict successively affects biodiversity (Dudley et al., 2002), 90% of the main armed conflicts 

between 1950 and 2000 occurred in countries with high biodiversity (Hanson et al., 2009). Studies 

have confirmed that warfare is detrimental to flora and fauna owing to territorial destruction and 

fragmentation, direct wildlife decline from illegal hunting or land mines, over-extraction and 

deterioration of natural resources, and increased land and water contamination (Kanyamibwa, 

1998; Loucks et al., 2009; Nackoney et al., 2014; Gleditsch, 2015) (Figure 2.4). 

Experimental studies have suggested that warfare can affect wild forest conservation both 

negatively and positively (Rustad et al., 2008; Rincón Ruiz et al., 2013), even in localized areas 

(Gorsevski, Geores and Kasischke, 2013; Butsic et al., 2015). The effectiveness of protected areas 

during conflict also varies across space and time (De Merode et al., 2007). Gorsevski (2012) notes 

that conflicts can sometimes benefit biodiversity by creating "no-go areas" due to belligerent 

actions, reducing human pressure on the environment and fauna (Nietschmann, 1990; Kaimowitz 

and Fauné, 2003; McNeely, 2003; Witmer, 2008) (Figure 2.4). 
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Witmer (2015) affirms that impacts can be classified into four categories, arranged by the time 

required for each consequence to be visible. For instance, the physical harm generated by military 

events such as bombs or fire detonations is commonly an immediate effect (I), which appears in 

minutes or hours. Alternative impacts such as environmental damage (hours to days) (II ), forced 

and unforced population displacement (days to months) (III ), and changes in land cover/use 

(months to years) (IV) take longer to emerge. Even though there is some overlap between various 

impacts of warfare, direct and indirect (Tables 2.1 & 2.2). 

Table 2.1: Types of conflict -derived causes. (Source: Own table, based on Witmer, 2015) 

Belligerent and deliberate fires  Immediate  

Bombing  Immediate  

Military  confrontation  Immediate  

Landmines Short term to long term  

Milit ary debris and waste Short term  to half term  

Construction of m ilitary infrastructure  Half term to long term  

Agriculture  Long term  

Cattle ranching  Long term  

Fires Short term to long term  

Forced migration (Refugees camps) Long term  

Illegal crops Long term  

Illegal mining  Long term  

Logging  Half term to long term  

Non-forced migration (Colonization)  Long term  

Table 2.2: Types of conflict-derived consequences. (Source: Own table) 

Negative  

Air pollution  Immediate to long term  

Deforestation / Fragmentation  Immediate to long term  

Desertification / Land degradation  Immediate to long term  

Water pollution  Immediate to long term  

Land-use and land-cover changes Long term 

Loss of biodiversity; Wildlife and flora  Immediate to long term  

Craters / Land slides Immediate  

Soil pollution  Immediate to long term  

Positive Forestation  Long term  

Negative  

Abandonment of agricultural lands  Half term to long term  

Collapse of environmental governance  Long Term 

Data vacuum Half term to long term  

Increase of climate change Long term  

Increase of environmental footprint  Long term  

Lack of funding for environmental purposes  Long term  

Positive Decrease in human pressure on the environment  Short term to long term  

2.3. Colombian armed conflict and landscape 

Colombia, located in northwestern South America, acts as a transitional zone between the Andes, 

Amazon, Pacific, Orinoquía, and Caribbean ecoregions. This unique geographical position fosters 

diverse biological landscapes and a rich cultural heritage. However, the ongoing armed conflict 

has differentially affected Colombian ecosystems. Consequences in tropical forests of the Amazon 
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have not been the same in intensity or type as effects in regions such as the paramos, deserts, and 

Andes Mountains. The prolonged internal armed conflict involving guerrillas, paramilitary groups, 

and the government has significantly shaped Colombian history for over six decades. Since the 

1980s, this conflict has intensified and been funded by illicit activities, including drug trafficking, 

illegal mining, and extensive logging, contributing to increased socioeconomic and political 

instability and environmental degradation. 

The conflict has modified rural and urban landscapes through changes in society, economic 

production modes, and land use (Rettberg, Leiteritz and Nasi, 2014; Arias, Ibáñez and Zambrano, 

2019; Garcia Corrales, Avila and Gutierrez, 2019; Negret et al., 2019). Most of the Colombian 

ecosystems have been directly or indirectly war-affected. The consequences have sometimes been 

paradoxical. During periods of military activity, warfare has promoted conservation areas because 

of landmines or the intense dispute over strategic territories, mainly in the Orinoquia and the 

Amazon foothills (Clerici et al., 2020; Murillo-Sandoval et al., 2020, 2021). Contrarily, post-

agreement activities have increased the pressure on ecosystems, driving deforestation and land 

cover changes, mostly in fragile ecosystems such as the Amazon Rainforest, where the presence 

of the government has been scarce or non-existent and where the guerrilla had a strong influence 

(Dávalos, 2001; Armenteras, Gast and Villareal, 2003; Armenteras et al., 2011; Rincón-Ruiz and 

Kallis, 2013; Rincón-Ruiz, Pascual and Flantua, 2013; Landholm, Pradhan and Kropp, 2019). 

 
Figure 2.5: Colombian armed conflict direct and indirect conflict-derived causes. 

(Source: Adapted from (Hoffmann, García Márquez and Krueger, 2018) 

The armed conflict has altered rural landscapes through changes in community lifestyles, 

economic production methods, and land use (Rettberg, Leiteritz and Nasi, 2014; Arias, Ibáñez and 

Zambrano, 2019; Garcia Corrales, Avila and Gutierrez, 2019; Negret et al., 2019). In Colombia, 
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the armed conflict has directly or indirectly affected most ecosystems. The consequences have 

been paradoxical. During periods of armed conflict, military activity has unintentionally promoted 

conservation areas due to strict territorial control, land mines presence, or intense disputes over 

strategic territories foothills (Clerici et al., 2020; Murillo-Sandoval et al., 2020, 2021). Conversely, 

during the post-peace agreement period between the Fuerzas Armadas Revolucionarias de 

Colombia (FARC) and the Government of Colombia, new environmental regulations on how land 

is used and accessed generated rapid changes in land cover associated with the FARCôs withdrawal 

(Landholm, Pradhan and Kropp, 2019; Zúñiga-Upegui et al., 2019; Cabrera et al., 2020; Murillo-

Sandoval et al., 2021; Rodríguez-de-Francisco et al., 2021; Cantillo and Garza, 2022; Christiansen 

et al., 2022). The conflict is linked to weak governance, which generates the proliferation of 

criminal organizations that take advantage of this governmental void to illegally tap natural 

resources through coca crops, mining, logging, and illegal cattle ranching expansion (Figure 2.5). 

2.3.1. Brief history of Colombian armed conflict 

Colombia's internal armed conflict, the longest in the Western Hemisphere since the late 1950s, 

has caused prolonged sociopolitical instability in the country (Kalmanovitz, 2003). Land 

inequality and restricted political participation fueled violence as a means of demanding social 

justice, agrarian reforms, and land ownership. This led to the formation of guerrilla groups such 

as the Fuerzas Armadas Revolucionarias de Colombia (FARC) and the National Liberation Army 

(ELN). Since the 1980s, as guerrillas gained power, new actors, such as paramilitary groups and 

private armies funded by large landholders, emerged, complicating and intensifying the conflict. 

Drug trafficking, terrorism, extortion, and kidnapping have become common in financing military 

campaigns and weapon supplies (Kalmanovitz, 2003) (Figure 2.6 and 2.7). 

 
Figure 2.6: Scheme of the Colombian Armed Conflict. (Source: Own figure) 
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The economic, political, and social impacts of armed conflict have been widely discussed (Rincón 

Ruiz et al., 2013, 2013; Sanchez-Cuervo and Aide, 2013; Reyes, 2014; Rodríguez-Garavito, 2017; 

Arias, Ibáñez and Zambrano, 2019). From 1958 to 2018, the casualties were 261,619, around 6 

million refugees, and 8 million victims, including those killed, injured, displaced, and kidnapped 

(CNMH, 2021). Colombia has the largest internally displaced population after Syria (UNHCR, 

2021). 

2.3.2. The transition towards peace and abrupt landscape transformation 

In 2002, a peace process was initiated with the paramilitary group Auto Defensas Unidas de 

Colombia (AUC) during President Álvaro Uribe Vélez's first term, concluding in 2006 

(INDEPAZ, 2013). Concurrently, the Colombian government enacted the Justice and Peace Law 

to facilitate peace processes and the reintegration of members of illegal armed groups into civilian 

life (INDEPAZ, 2013, 2021). In 2012, after five decades of conflict, negotiations began between 

the Colombian government and FARC, leading to a peace agreement in November 2016. Over the 

past six years, Colombia has seen significant changes in internal conflict due to the weak 

implementation of the 2016 Peace Agreement (KROC, 2020). At least 1,270 social leaders and 

ex-combatants have been killed (INDEPAZ, 2021) (Figure 2.7). 

 

Figure 2.7: Time line of Colombian Armed Conflict in the Sumapaz Region. 

(Source: Own figure) 

The emergence of new illegal armed groups, including guerrilla dissidents, is notable and is 

financed by drug trafficking. These groups aim to occupy the void left by the FARC, undermining 

the hopeful post-peace agreement landscape and causing significant socioeconomic and 

environmental disruptions. Nonetheless, six years after the agreement, the post-conflict period 

facilitated numerous opportunities for scientific research. There has been a marked and consistent 

increase in studies evaluating the environmental impact of cessation of armed conflict. 
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2.3.3. Sumapaz Region during the armed conflict periods 

The Sumapaz region's deep-rooted support for left-wing policies is tied to historical processes such 

as agrarian struggles and peasant unions, explaining its vulnerability as both a site and victim of 

conflict and the stigmatization of its inhabitants by some governmental institutions 

(Vicepresidencia de la República, 2002; Unidad de Victimas, 2024). This area has a long tradition 

of agrarian struggles, dating back to the 1920s. The armed conflict in Sumapaz was developed 

uniquely, as the FARC guerrilla did not conduct many sustained massive military actions, unlike 

other regions. The Army initiated the most significant military confrontations. Nonetheless, the 

area experienced the conflict violently and served as a crucial strategic corridor for FARCôs 

movements, maneuvers, and camps (Morales Acosta, 2017) (Figure 2.8). 

 
Figure 2.8: Sumapaz Páramo as strategic corridor. (Source: Own figure) 

Between 1998 and 2002, unsuccessful peace negotiations occurred in El Caguán between FARC 

and President Andr®s Pastranaôs administration. To facilitate talks, the government established the 

El Caguán Demilitarized Zone (DMZ), a 42,000 square kilometer area under complete FARC 

control, free from state military presence. This zone includes some municipalities of the 

Department of Meta, and Department of Caquetá. The Sumapaz region gained significant strategic 

importance during these negotiations, enabling the FARC to link the country's center, including 

Bogotá, with the DMZ. Militarily, the páramo served as the FARC's main security corridor, 

featuring rudimentary roads that connected the DMZ to Bogotá's outskirts. The corridor allowed 

the circulation of combatants, hostages, weapons, and money to southeastern Colombia. The most 

significant evidence is the road called Troncal Bolivariana, built by the guerrillas to connect the 

Sumapaz Páramo with the Amazonian foothills through the Duda River canyon (Castaño Uribe, 
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2004; Galvis Hernández, 2014; Peñaranda-Currie, Otero-Bahamon and Uribe, 2021; Uribe, Otero-

Bahamón and Peñaranda, 2021). Since 2001, the National Army has established three high-

mountain military bases to restrict guerrilla movements (Figure 2.8). 

2.3.4. Approaching the armed conflict studying in the Sumapaz Region 

The socioeconomic and political impacts of armed conflict in the Sumapaz Region have been 

extensively studied (Hofstede et al., 2003; Morales Acosta, 2017), focusing on the origins of 

peasant movements and disputes over agrarian policies related to land use and distribution 

(Londoño Botero, 2011). Research has also included testimonies to reconstruct and analyze violent 

events (Vicepresidencia de la República, 2002; Moreno-Rodríguez and Díaz-Melo, 2018), with 

few studies evaluating human impacts on hydrological regimes at broad scales (Buytaert et al., 

2006). However, small-scale forest disturbances in Sumapaz have been less examined because of 

environmental conditions, limited secondary information such as satellite images, and lack of field 

validation of landscape changes. Sumapaz Region, like other conflict-affected regions, saw heavy 

use of forest resources during wartime, leading to long-term degradation (Rotherham, 2024; Vadas 

and Baráth, 2024). Short-term disturbances in the paramo during conflict may have future impacts 

on hydrological regimes, CO2 storage, landscape fragmentation, and forest recovery, which have 

been understudied in post-conflict periods (Martin, 2023). 

2.4. The remote sensing of worldwide armed conflicts 

Over the past 15 years, remote sensing analysis for studying violent conflicts has significantly 

increased and is expected to continue to grow (Witmer, 2015). This rise is partly due to ongoing 

conflicts in sub-Saharan Africa, the Middle East, and Latin America, as well as the recent Russian 

invasion of Ukraine, coupled with technological advancements and the greater availability of ultra-

high-resolution satellite imagery (Potapov et al., 2012; Rincón-Ruiz, Pascual and Flantua, 2013; 

Sanchez-Cuervo and Aide, 2013; Butsic et al., 2015; Leiterer et al., 2018; Murad and Pearse, 

2018). Initially, remote sensing methods, including aerial photo analysis in conflict zones, were 

primarily used for military purposes because of the military's historical role in technological 

innovation and substantial financial resources (Corson and Palka, 2004). Advances in remote 

sensing technology and satellite imagery have enhanced the effectiveness and precision of military 

operations, as demonstrated in the Ukraine-Russia War, where these technologies have been 

crucial in shaping military strategies and troop movements (Witmer, 2015; Pereira et al., 2022). 

The impacts of armed conflicts on ecosystems vary and are difficult to assess because of the 

restricted access to war-affected areas, making satellite imagery useful for remotely studying these 

effects on landscapes (Hanson et al., 2009; Hoffmann, García Márquez and Krueger, 2018; Murad 

and Pearse, 2018). Wartime access limitations and unclear conflict boundaries complicate timely 

and accurate impact assessment (Butsic et al., 2015). Therefore, satellite remote sensing data offer 

insights into how conflicts directly affect physical environments and indirectly alter human 

populations and land use patterns. 
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2.4.1. Satellite imagery sensors 

Most conflict-related research employs passive technology based on the solar radiation reflected 

or emitted from a satellite platform (Witmer, 2015). Free online imagery, such as Google Earth, is 

limited to the visible range and lacks multispectral data in the infrared range. While these images 

can validate conflict-related land abandonment and the effects of war, deeper analysis requires 

multispectral imagery such as Landsat and Sentinel, or commercial imagery such as Quickbird, 

GeoEye, and Rapid Eye. Resolution is crucial for remote sensing, with spatial, spectral, and 

temporal resolutions being the most pertinent, although radiometric resolution also influences the 

detection capabilities. Appendix 1 lists the sensors commonly used to study violent conflict effects 

categorized by spatial resolution according to the SAGE Remote Sensing Manual (Warner, Nellis 

and Foody, 2009): very fine (Ò1 m), fine (1-10 m), moderate (10-250 m), and coarse (>250 m) 

(Appendix 2). 

The latest satellite sensors, combined with advanced computer capabilities, enable precise analysis 

of contemporary armed conflicts. Multivariate remote sensing analysis has become a crucial tool 

for managing vast and complex datasets. "Multivariate imaging" encompasses varied data media, 

including multisource observations, multiscale, color imaging, multimodal data, multitemporal, 

and multispectral images. The significance and application of compound data from multivariate 

imaging systems have garnered growing interest in remote sensing, particularly in the analysis of 

armed conflicts and their environmental impacts (Collet, Chanussot and Chehdi, 2010). 

2.5. The remote sensing of Colombian armed conflict  

The environmental impacts of armed conflict, although historically understudied, are now gaining 

attention, partly owing to the relevance of the ongoing conflicts and the vast availability of satellite 

imagery and data processing platforms, such as Google Earth Engine (Gorelick et al., 2017). 

Studies in Colombia have rarely utilized remote sensing technologies to analyze direct impacts, 

such as military confrontations and bombings. Conversely, indirect impacts have been studied 

more frequently, including activities such as illicit crops, illegal mining, cattle ranching, logging, 

forced and non-forced migration, and small-scale agriculture. Over the past 15 years, research has 

focused on deforestation, reforestation, land use, and land cover changes. For instance, 

deforestation from illegal mining in the conflict-affected Bajo Cauca region has been identified 

using NDVI time series (Gómez-Rodríguez et al., 2017). 

Deforestation and reforestation have been monitored using MODIS time series and various 

vegetation indices (Sánchez-Cuervo and Aide, 2013). Forest disturbances and Land Use and Land 

Cover Changes (LULCC) in the Andes-Amazon region have been tracked during conflict and post-

conflict periods using change detection algorithms, such as BFAST Spatial and Land Trendr (LT) 

(Murillo -Sandoval, Van Den Hoek and Hilker, 2017; Murillo-Sandoval, 2020; Murillo-Sandoval 

et al., 2020, 2021; Murillo-Sandoval, Clerici and Correa-Ayram, 2022). Changes driven by coca 

crops, cattle ranching, and agriculture have been analyzed using the LULC classification system, 

Forest Cover Classification (FCC), and Maximum Likelihood Classifier (MLC) ) (Sánchez-
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Cuervo and Aide, 2013; Chadid et al., 2015; Murad and Pearse, 2018; Mendoza, 2020; González-

González et al., 2021). The Hansen dataset (Hansen et al., 2013) has been widely used to detect 

forest disturbances (Armenteras et al., 2006; Murad and Pearse, 2018; Clerici et al., 2020; Prem, 

Saavedra and Vargas, 2020). Few studies have utilized high-resolution imagery, such as QuickBird 

and Google Earth VHR (Sánchez-Cuervo et al., 2012; Sánchez-Cuervo and Aide, 2013). Forest 

disturbances within Protected Areas (PA) have been examined by Armenteras et al. (2006), Murad 

and Pearse (2018), Prem et al. (2020), and Clerici et al. (2020). Murillo-Sandoval et al. (2020) 

detected and characterized landscape changes with BFAST in the post-agreement period in the 

Andes-Amazon transition region, covering five national parks. Moderate spatial resolution 

sensors, such as Landsat and MODIS, have primarily been used to detect landscape changes in 

Colombia. Other studies have also employed global datasets from Hansen et al. (2013) and 

MODIS. 
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3. MATERIALS AND METHODS  

3.1. Methodology overview 

The methodology chapter describes the steps carried out during the main stages of the dissertation in detail: review of literature, data collection and 

classification, preprocessing, processing and results generation. A flowchart of the study methodology is presented in Figure 3.1. 

 

Figure 3.1: Flowchart of methodology overview. (Source: Own figure)
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3.2. Study area: Sumapaz Páramo Region characterization 

3.2.1. Geographical location and delimitation 

The study area is in the central region of Colombia, situated in the eastern cordillera of the Andes. 

The study area encompasses the intersection between the protected area of Sumapaz National Park 

and the boundaries of the Cruz Verde-Sumapaz Páramo, as determined by the Alexander von 

Humboldt Institute (Morales-Rivas et al., 2007; HUMBOLDT and CEERCCO, 2015). Its 

geographical coordinates are between LAT_GMS LONG_GMS: North: N 4° 23' 8.268'' W 74° 15' 

33.659'' / East: N 4° 8' 56.364'' W 73° 57' 28.799'' / South: N 3° 32' 56.04'' W 74° 31' 4.763'' / 

West: N 3° 34' 38.64'' W 74° 33' 9.323'' (Figure 3.2). 

 

 
        Study Area Sumapaz SPR              Cruz Verde-Sumapaz               Sumapaz National Park SNP 

Paramo Ecosystem limits 

Figure 3.2: Geographical location. (Source: Own figure) 
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The study area calculated by ellipsoidal measurement has an extent of 240 700 ha. It includes rural 

areas of the following municipalities; Arbeláez, Cabrera, Gutiérrez, Pasca, San Bernardo, Une 

and Venecia in the department of Cundinamarca; Guamal and San Luis de Cubarral in the 

Department of Meta and a large part of the 20th Sumapaz District, belonging to the capital city; 

Bogotá D.C. We created a 1 km buffer around the study area, which spans 70 584 hectares. The 

buffer allows us to document whether forest disturbances are at altitudes around 2500 meters 

(Figure 3.2). 

Delimitation of the Sumapaz Páramo Region and the Forest-Páramo Transition Zone 

The connectivity between the paramo and high Andean forests is crucial for ecosystem integrity, 

functionality, and provision of ecosystem services. Paramos are highly variable across mountain 

ranges and slopes, necessitating specific identification for delimitation, as in Sumapaz Páramo. 

Studies have recognized that paramos and high Andean forests are interconnected through 

hydrology, biodiversity, and various ecological, cultural, and economic processes that rely on both 

ecosystems and their interactions (Morales-Rivas et al., 2007; Sarmiento Pinzón et al., 2013; 

HUMBOLDT and CEERCCO, 2015; HUMBOLDT and UDFJC, 2015). According to 

HUMBOLDT and CEERCCO (2015), the lower limit of paramo is identified at the juncture 

between the high Andean forest and the subparamo, marked by semi-open plant formations, 

interdigitating shrub and tree elements, and significant variability in floristic composition, cover, 

and physiognomy, resulting in high heterogeneity, richness, and species diversity (Morales-Rivas 

et al., 2007). 

To delimitate the areas of the Sumapaz Páramo Region (SPR) and the Forest-Páramo Transition 

Zone (FPTZ), I used the distribution models of HUMBOLDT and UDFJC (2015). The model 

defines the FPTZ and paramo zones based on 

the potential distributions of forests, 

shrublands, and grasslands. The sampling 

involved satellite images, yielding 2,311 

presence points (1,075 herbaceous, 570 

shrubby, and 666 arboreal) from image 

sampling, satellite, and field data. Elevation 

and slope were significant variables in the 

model development. The FPTZ ranges from 

2500 m in some areas to 3380 m at its highest, 

whereas the SPR spans from approximately 

3200 to 4300 m in altitude (Figure 3.3). 

3.2.2. Geophysical factors and landscapes configurations 

The Sumapaz Páramo is a high mountain ecosystem that includes natural habitats between the 

montane tree line ((approximately 2800-3200m) and the permanent snowline ((approximately 

4200m). It is considered the most phyto-diverse tropical-alpine ecosystem on Earth, with about 

Figure 3.4: Sumapaz Páramo ecosystem. 

(Source: Photo by National Natural Parks 

Board, 2016) 
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5000 plant species, 60% of which are endemic (Sklen§Ś, Duġkov§ and Balslev, 2011; Peyre, 2015; 

Anthelme and Peyre, 2020) (Figure 3.4). 

 

Figure 3.3: Hypsometry and topographic cross-sectional profile. 

(Source: Modified and Based on Instituto Alexander von Humboldt, 2017) 

The Andean paramos feature varied glacier-formed valleys and plains with numerous lakes, peat 

bogs, and wet grasslands interspersed with shrublands and small forest patches. These ecosystems 

span the northern Andes, between approximately 11°N and 8°S latitude. The paramo terrain 

includes diverse topographical forms such as valleys, plains, plateaus, mountains, and foothills. 

Ecosystem boundaries are not strictly defined and vary by region. Altitudinal differences influence 

the soil and vegetation (Zorro et al., 2005) (Figure 3.4 and 3.5).  

Å High Andean Montane Forest (2500m-3200m): dense forests with high species diversity, 

transitioning from foggy forests to subparamo. 

Å Subparamo (2800m-3400m): dominated by shrubby vegetation and low trees. 
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Å Paramo (3200m-4000m): Grass cover including frailejones (Espeletia sp.), pajonales 

(Calamagrostis sp.), and chuscales (Chusquea sp.). 

Å Super-paramo (>4000m): Extends to the lower limit of perpetual snow; plant cover and diversity 

significantly decrease, with isolated plants and a predominance of rocky substrates. 

 
Figure 3.5: Paramoôs ecosystem variations by altitude. 

(Source: Adapted from (Díaz Merlano, Silva Alvarez and Montes Arango, 2018) 

3.2.3. Flora 

The Paramo is an isolated tropical highland ecosystem, recognized as a biodiversity hotspot with 

over 3,400 vascular plant species and high endemism, making it one of the world's hyper-diverse 

mini-hotspots (Myers et al., 2000). 

Paramos are separated into zones based on elevation and vegetation, and these zones contain 

various types of vegetation (Valencia et al., 2021). The highest zone, known as the Superparamo, 

is characterized by intense solar radiation and night frost, which requires vegetation to be highly 

resilient to extreme weather conditions. The temperatures in this zone fluctuate significantly, and 

it is located in high mountains. This area is minimally disturbed by humans and is home to many 

endemic species. The flora in the Superparamo includes Azorella pedunculata (Apiaceae) and 

species from Asteraceae, Fabaceae, and Ericaceae (Renvoize et al., 2000; HUMBOLDT and 

UDFJC, 2015; Peyre, 2015). 

In the Paramo ecosystem, vegetation is continuous, displaying a "yellowish to olive-brown" color 

from a mix of dead and living grasses, primarily tussock grass. The dominant species are 

Calamagrostis intermedia sp and Festuca sp. This region supports various plants including shrubs, 

stunted trees, cushion plants, herbs, rosette plants and mostly Espeletia sp (Figure 3.6). Despite 

grass dominance, the zone features diverse communities of tall and short grasses as well as 

herbaceous and woody vegetation. Human activities, such as burning and grazing, significantly 

impact this zone owing to its accessibility and abundant grasses (Renvoize et al., 2000; Morales-

Rivas et al., 2007; Sklen§Ś, Duġkov§ and Balslev, 2011; HUMBOLDT and UDFJC, 2015). 
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Subparamo, the most diverse and lowest paramo-ecosystem, is characterized by shrubs and 

features of both paramo and high-andean and foggy forests. This area also contains scattered small 

trees that transition into grass and herbs in the paramo grass. Dominated by thickets of shrubby or 

woody vegetation, including genera like Ilex, Ageratina, and Baccharis, this zone may also have 

fragmented forests due to microclimatic or soil conditions. However, abrupt changes typically 

result from human activities such as cutting, burning, and grazing.  Lichens are common across all 

types of paramos, with specific environmental conditions favoring different forms of growth 

(Renvoize et al., 2000; Morales-Rivas et al., 2007; HUMBOLDT and UDFJC, 2015; Peyre, 2015). 

 

Figure 3.6: Frailejones vegetation (Espeletia sp). 

(Source: Maria Luisa Moreno-Cesar Romero CNMH, 2018) 

3.2.4. Ecosystem services 

The paramo provides essential ecosystem services to millions of people, including major cities 

such as Quito and Bogotá, smaller towns, and numerous Andean indigenous communities 

(Buytaert et al., 2006; Célleri and Feyen, 2009). The primary provisioning and regulating service 

of paramo is water supply because of its exceptional water retention and regulation capacity 

(Buytaert et al., 2006; Vuille et al., 2008). Many Andean cities rely heavily on paramo water, 

especially because other potential sources such as Andean forests have dwindled. For example, 

Bogotá, with a population of approximately 8 million and a freshwater demand of 27 m³/s, almost 

exclusively uses water from paramo. The city sources its water from the Chingaza and La Regadera 

reservoirs, which are fed by the Chingaza and Sumapaz Páramo (UAESPNN, 2000) (Figure 3.7). 

Other provisioning services include food, timber, and fiber supplies, which are beneficial to local 

communities. An important regulating service provided by the paramo is carbon storage, facilitated 

by volcanic soil components that enhance the ability of the soil to capture and retain atmospheric 

carbon dioxide (Podwojewski et al., 2006) . The paramo also offers natural supporting services, 

such as soil formation, nutrient cycling, and photosynthesis. Moreover, the spiritual significance 

for Andean communities and the landscape's appeal for tourism are key cultural services provided 

by the paramo (Anderson et al., 2011). The paramo region is ecologically fragile, and its 
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homeostasis is critically threatened by local anthropogenic activities and global climate change 

(Hofstede et al., 2003). 

 

Figure 3.7: La Regadera water reservoir. (Source: Own photo) 

3.2.5. Human activities 

Human activity in the high northern Andes dates back to the pre-Columbian era. Since the arrival 

of the Spanish and particularly post-1960s, traditional land use has increasingly shifted to modern 

agricultural and pastoral practices, such as burning and grazing, significantly affecting natural 

ecosystems (Vásconez and Hofstede 2006). In the paramo, agriculture mainly involves cultivating 

hardy tuber crops like potatoes, oca, and mashua, as well as legumes like quinoa and cereals at 

lower elevations (Mena-Vásconez & Estrella 2000; Mena-Vásconez & Medina 2001) (Figure 3.8). 

These methods have considerable consequences for the ecosystem, as vegetation removal exposes 

soil to erosion and agrochemicals, thereby reducing nutrient content and water retention (Molinillo 

& Monasterio 2002). The upper agricultural limit in paramo is continuously rising to meet local 

community needs, approaching the ecotone between paramo and super- paramo, where harsh 

climates and infertile soils pose significant challenges (Figure 3.10). 

 

Figure 3.8: Small-scale agriculture (Potato crops). (Source: Own photo) 

Burning significantly affects biodiversity loss, soil quality degradation, and vegetation succession, 

shifting from shrublands to grasslands and eventually to meadows (Ramsay & Oxley, 1996; Suárez 
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& Medina, 2001). Although burning can homogenize large landscapes, it also introduces spatial 

and temporal variations. Moreover, grazing by cows or sheep leads to soil pollution and selective 

plant growth (Hofstede et al., 2003) (Figure 3.9). Additionally, human activities such as 

deforestation of Polylepis forests are now reduced to 10% of their original extent (Kessler, 2006), 

and widespread reforestation of paramo grasslands with Pinus, causing soil drying and 

acidification (Farley et al., 2004), exacerbates these effects. 

Human activities such as mining have led to the rapid removal of ecosystems and contamination 

in some paramo areas (Vélasquez, 2012). In contrast, regulated tourism has a lower impact on 

these ecosystems; however, it is highly restricted (Rangel-Churio & Pinto-Zárate, 2012). Human 

pressure on paramo ecosystems has increased over time with the diversification and acceleration 

of activities through technological advances and agrarian reforms, especially in the latter half of 

the 20th century (Hofstede et al., 2003). Each innovation in human practices has intensified and 

expanded geographically, gradually replacing native specialized species with opportunistic ones 

and allowing alien species to invade alpine belts. Consequently, landscapes have become 

homogenized over large areas and fragmented in others. 

Climate change will profoundly affect paramo's ecosystem services, leading to glacier melt and 

increased insolation, potentially causing gradual desertification and diminishing water retention 

and regulation (Vuille et al., 2008). Human activities have already modified these services, likely 

accelerating degradation through practices such as high-altitude farming and artificial water 

regulation methods (Anderson et al., 2011). 

   

        Figure 3.9: Cattle ranching.                Figure 3.10: Agricultural frontier in the paramo. 

         (Source: Own photo)                              (Source: Photo by Jose Armando Plaza, n.d.) 

3.3. Case studies: Data collection and processing 

To ensure a comprehensive analysis, data acquisition, selection, classification, and categorization 

were performed across the three scales of the study. At global and national scales, case studies of 

armed conflicts and their impact on the environment were collected from the available literature. 

Additionally, specific information about the relationship between Colombian armed conflict and 

the environment was gathered at the national scale. Finally, at the regional scale, detailed searches 

were conducted to identify the independent variables of the Sumapaz Páramo Region. 
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3.3.1. Worldwide case studies. Data acquisition, selection and classification 

First, I compiled a database containing information on RS systems and 37 armed conflict events. 

I synthesized the findings regarding the study methods, geographical conditions, land use/cover 

changes, their immediate drivers, and underlying causes. I compiled the independent variables 

used to link these relationships. Based on the available literature, I classified the studies and 

conducted a meta-analysis to identify the trends, divergences, and convergences in the application 

of remote sensing to environmental impacts. 

I conducted an exhaustive search of indexed databases, including Scopus, Science Direct, Taylor 

and Francis Online, Springer Link, and MDPI, focusing on publications from 1998 to 2021 (1406 

studies). The initial search criteria included keywords such as "Deforestation + Armed Conflict," 

"Remote sensing + Armed conflict," "Multivariate + Armed conflict," "Multitemporal + Armed 

conflict," "Multispectral + Armed conflict," and "Biomes + Armed conflict." Additional keywords 

included multivariate analysis, satellite sensor, consequence, deforestation, drivers of 

deforestation, forestation, land-use, causes of deforestation, biome, imagery preprocessing, and 

forest loss. In the Scopus database, searches were conducted on article titles, keywords, and 

abstracts, including articles in Spanish. From this eligibility analysis, 306 studies were chosen by 

title and narrowed down to 207 after reading the abstracts. After eliminating duplicates and 

filtering, 165 case studies that initially complied with the selection criteria were selected. The final 

review yielded 77 case studies worldwide that fully met the evaluation criteria based on the data 

categories sought (Figure 3.11). 

 

Figure 3.11: Worldwide case studies data acquisition, selection and classification. 

(Source: Own figure) 

Global case study results were categorized into four groups. The first group includes metadata, 

such as the time domain and conflict periods: pre-conflict (before violence), conflict (during 
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military actions), and post-conflict (after peace agreements and cessation of military actions). The 

second group is organized by geographical region, encompassing the continent, region, country, 

and biome. Regions are large areas with distinct groups of countries, whereas biomes are 

geographical units that are based on the physical environment and regional climate. Whittaker's 

(1962) classification of natural communities, consisting of 18 biomes ranging from alpine tundra 

and arid desert (lowest forest cover) to tropical rainforests (highest forest cover), was used. The 

third group focuses on remote sensing features such as satellite imagery sensors, resolution, and 

spatial scales. 

I categorized the study findings based on armed conflict data, such as conflict intensity, into three 

levels based on annual fatalities: Minor Armed Conflict (at least 25 but fewer than 1,000 battle-

related deaths annually), intermediate (at least 25 annual deaths with a total of at least 1,000 but 

fewer than 1,000 deaths in any year), and war (at least 1,000 deaths per year). This classification 

accounts for the direct and indirect causes, consequences, and belligerent forces. Conflict types, 

as defined by Gleditsch et al. (2002) and the Uppsala Conflict Data Program (2021), include 

interstate conflicts (between states), extra-state conflicts (between a state and non-state group 

outside its territory), internationalized internal conflict (between a state government and internal 

opposition with foreign states' intervention), and internal conflict (between a state government and 

internal opposition without foreign intervention) (Figure 3.11). Further details regarding the 

classification of the characteristics of worldwide case studies are presented in Appendix 3. 

Quantitative and statistical analyses of the parameters identified in these studies contribute to the 

understanding of key drivers and their impacts. I performed a meta-analysis to identify the output's 

trends, divergences, and convergences. I then performed correspondence analysis to establish the 

relationships between belligerent forcesaffo, causes, and consequences. The documents were read, 

evaluated, synthesized, and tabulated for processing; the results are presented in Appendix 4. 

3.3.2. Colombian case studies. Data acquisition, selection and classification 

I collected scholarly studies and reports from indexed databases, such as Scopus, Science Direct, 

Taylor & Francis Online, Springer Link, Google Scholar, and MDPI, covering 1994 to 2021 (916 

case studies). Studies meeting these criteria appeared only from 2006. Initial keyword searches 

were "Remote Sensing + Colombian Conflict," "Multivariate + Colombian Conflict," 

"Deforestation + Colombian Armed Conflict," "Illicit Crops + Armed Conflict," and "Land Use 

Changes + Armed Conflict." From these, 108 studies were chosen by title and narrowed down to 

87 after reading the abstracts. Further filtering used keywords such as multivariate analysis, 

satellite sensors, sequence deforestation, deforestation drivers, forestation, land-use change, 

proximate causes, deforestation causes, and forest cover change. Spanish articles using English 

keywords or abstracts were included in this study. After removing duplicates, 65 studies linked the 

Colombian Armed Conflict to environmental effects. The final review yielded 19 case studies that 

explicitly used RS methodologies to assess the topic and fulfilled all of the aforementioned 

parameters based on the data categories sought (Figure 3.12). 
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Figure 3.12: Colombian case studies data acquisition, selection and classification. 

(Source: Own figure) 

I classified the Colombian case studies into four categories. First, the studies were divided by time 

domain into three periods of armed conflict: (I) Conflict (2000-2011), characterized by high-

intensity military actions; (II) Negotiations (2012-2016), marked by peace talks and reduced 

military actions due to ceasefires or truces; and (III ) Post-conflict (2016-2021), following a peace 

agreement with the cessation of military actions. Second, the studies were categorized into three 

geographical domains: (I) By Departments, the thirty-two geopolitical administrative divisions, 

and a capital district, which are level-2 subdivisions with autonomy; (II) By Ecoregions, large 

geographical units with distinct natural communities and species, classified by forest cover density 

using the World Wildlife Fund ecoregion classification adapted for Colombia (Olson et al., 2001), 

ranging from the lowest (Guajira Xeric and Northern Páramo) to densest (Mag-Urabá Moist, 

Caquetá Moist, and Chocó-Darién Moist); and (III) by Natural Regions, large non-official 

territorial divisions based on terrain, climate, vegetation, and soil classes, differentiating six 

regions: Amazon, Andes, Caribbean, Insular, Orinoquia, and Pacific. Third, I sorted them based 

on satellite imagery features, such as sensor resolution and scale. Finally, I synthesized the findings 

of these studies according to direct and indirect causes, consequences, and belligerent forces 

(Figure 3.12). Further details regarding the classification of the characteristics of Colombian case 

studies are presented in Appendix 5. 

Quantitative and statistical analyses of the parameters identified in these studies contribute to the 

understanding of key drivers and their impacts. I performed a meta-analysis to identify the output's 

trends, divergences, and convergences. I then performed correspondence analysis to establish the 

relationships between Colombian armed forces, conflict-derived causes, and conflict-derived 

consequences. The documents were read, evaluated, synthesized, and tabulated for processing; the 

results are presented in Appendix 6. 
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3.3.3. Regional case study - Sumapaz Páramo Region. Data acquisition, selection and 

categorization of independent variables 

The spatiotemporal database included conflict events, changes in forest cover (forest disturbance), 

population, and other variables over the entire period from 2001 to 2020. Given that other drivers 

can also influence land cover change, other important drivers, such as environmental and social 

variables, were associated with each of these buffers. Data were collected for 34 variables in the 

study area. These variables were grouped into seven categories to evaluate their possible effects 

on landscape changes. 

1. Armed conflict:  Acts of War, Conflict Intensity-Fatalities, Terrorist Attacks, Enforced 

Disappearance, Homicides, Landmines, Kidnapping, Abandonment of Land, Slaughter, 

Torture, Threats. 

2. Demographic: Population, Population Projection, Internally Displaced Person, Reinserted 

Guerrilleros, Agricultural Productive Unit, Population Age, Population Gender, Births, and 

Deaths. 

3. Socio-economic: Unsatisfied Basic Needs, Poverty, Population by Socio-economic Level. 

4. Land Use: Protected Area Boundaries.  

5. Infrastructure:  Paved Roads, Unpaved Roads, Dirt Roads. 

6. Physical environment:  Climate, Cloud Cover, Fires, Precipitations. 

7. Biodiversity: Fauna, Flora, Biome. 

The units of the independent variables, spatial resolution, descriptions, and sources are explained 

in detail in Appendix 7. 

Armed conflict data acquisition 

Data on armed conflict were sourced from the Memory and Conflict Observatory  (OMC) database 

of the National Center for Historical Memory (CNMH, 2021), which integrates 592 sources and 

10,236 databases and documents, forming the most extensive archive of Colombian internal armed 

conflict. The search parameters spanned from 2001 to 2020, focusing on rural areas of nine 

municipalities in the study area, including Sumapaz, the 20th District of Bogotá D.C. Conflict 

intensity was measured using two rates: the total number of victims, which includes the number 

of fatalities, missing persons, deaths due to landmines, and kidnapped individuals. The second 

variable is the number of armed conflict events. A conflict event includes attacks on civilian and 

military locations, the number of massacres, the number of infrastructure destruction, the number 

of kidnapping events, and forced disappearances. Additionally, the analysis detailed guerrilla 

attacks and deaths from military confrontations from 2001 to 2021, with most guerrilla activities 

occurring between 2001 and 2011. The focus was on the Fuerzas Armadas Revolucionarias de 

Colombia (FARC) because of their historical presence in Sumapaz. 

Demographic and socio-economic data acquisition 

I compiled demographic and socioeconomic information on the Sumapaz Páramo Region, 

including data on unsatisfied basic needs, poverty rates, population age, population gender, and 
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the number of inhabitants. These data were obtained from the 2005, 2015, and 2020 population 

censuses (Departamento Administrativo Nacional de Estadística, DANE) and the projection rates 

from 2021 to 2035. The RUV, 2016; SIPOD, 2020; UARIV, 2020, and UNHCR 2020 statistics 

reference databases have provided an index of Internally Displaced People (IDP). 

Land use and physical environment data acquisition 

Climatic variables, such as monthly precipitation and temperature, were derived from IDEAM 

2020 and averaged for the study area. These variables were derived from the climatic database of 

meteorological stations. For fires data, I used the fire report dataset from 1998 to 2021, carried out 

by IDIGER, 2020 dataset. Digital maps (1:500,000) of the national protected areas (WDPA-IUCN, 

2020), municipalities, road networks, and human settlements were obtained from the Geographical 

Information System for Planning and National Territorial Ordering in the Geoportal of the Agustin 

Codazzi Geographical Institute (SIGOT-IGAC, 2018). SIGOT-IGAC also provided a digital 

elevation model based on the Shuttle Radar Topography Mission (SRTM-NASA, 90 m resolution), 

from which a slope map (in degrees) was derived and I used to classy the disturbance by elevation 

in three altitude classes: high mountain forest, sub-paramo, and paramo. Sumapaz-Cruz Verde 

Páramo Ecosystem boundaries were obtained from the Geoportal of Alexander von Humboldt 

Biological Resources (HUMBOLDT 2019). 

Infrast ructure (road network) data acquisition 

The SIGOT-IGAC data portal provides a dataset of roads and tracks within the study area. 

However, because of its lack of accuracy and completeness for Remote Sensing road proximity 

analysis, the dataset was manually supplemented and refined using QGIS 2.18 Las Palmas 

software based on visual interpretation of Landsat 4-5 TM and Landsat 7 ETM+ satellite imagery. 

This was further supported by interviews with the local residents. Linear infrastructure was 

categorized into paved roads, unpaved roads, and dirt roads, with sub-classifications for roads built 

by the FARC-Guerrilla or the National Army, and those constructed by the state or community. 

The variables were defined as the total length per road type within the total area of each region. In 

addition to official road network data, interviews with local community leaders who mapped the 

roads they helped build and those constructed by the FARC were conducted. These leaders 

identified where the bulldozer operated and provided the georeferenced data. These georeferenced 

tracks and sketches were overlaid on satellite imagery. The map does not fully represent the rural 

feeder road network in the Sumapaz Páramo Region or the road system constructed between the 

FARC in Cundinamarca and neighboring departments. All interviews took place between October 

2021 and January 2022, and interviewees' anonymity was preserved through pseudonyms. 

3.4. Spatiotemporal analysis methodology 

The methodology of the study area was divided into four segments. The first segment involved 

detecting forest disturbances by creating annual vegetation cover maps from 2001 to 2020 using 

Google Earth Engine (GEE) and Landsat time-series imagery. I then analyzed the forest 

disturbance differences in impact levels among various spatial units of the Sumapaz Páramo 
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Region (SPR; FPTZ, SNP, XSPR, XSPR and SNP). The second segment examined the relationship 

between forest disturbance changes and stages of armed conflict based on conflict intensity rates. 

A statistical model was used to test the impact of armed conflict events on the vegetation cover. 

The third segment correlates disturbances with military road network proximity using a statistical 

model. The fourth segment assessed local communities' perceptions of the relationship between 

armed conflict and the landscape through interviews and structured surveys. 

3.4.1. Satellite imagery acquisition and pre-processing 

I imported the Global Forest Change dataset (Hansen et al., 2013) into Google Earth Engine (GEE) 

to detect forest changes at a 30 m resolution. Dry season imagery (December to February) is 

preferable for land-cover mapping because of the low cloud cover compared to the rainy or winter 

seasons. Therefore, I utilized Landsat 4-5 TM, 7 ETM+, and 8 OLI satellite images from the U.S. 

Geological Service, covering 2001-2020 with less than 30% cloud cover. I employed a collection 

of level-1 terrain-corrected Landsat surface reflectance imagery across 10 WRS-2 tiles for the 

2001ï2020 time series. Preprocessing included the following automated steps: (I) image 

resampling, (II ) conversion of raw digital values (DN) to top-of-atmosphere (TOA) reflectance, 

(III ) cloud/shadow/water screening and quality assessment (QA), and (IV) image normalization. 

(Figure 3.13). 

The unique conditions of the paramo, such as high altitude, cloudiness, high ultraviolet radiation, 

intense daily temperature fluctuations, marked seasonality due to rainfall, extreme photosynthetic 

activity, and insolation followed by significant cloudiness with low radiation, daily soil freezing 

and thawing, underdeveloped acidic oligotrophic soils deficient in plant nutrition, and hypoxia due 

to low atmospheric pressure, resulted in vegetation under 5m in height with low chlorophyll 

(greenish leaves) and high anthocyanin (reddish-brown leaves). This, combined with rocky ground 

cover blending with bare ground, complicates the performance of the standard vegetation cover 

disturbance algorithms. These conditions forced the modification and adaptation of disturbance 

detection parameters in the landscape to levels distinct from those in tropical forests. I conducted 

a visual analysis by combining three information bands from each satellite image to create false 

and true color images using red-green-blue (RGB) channels. A sequence of filters and data 

purification steps was implemented. Pixel correction using proximity and similarity was applied 

to the original imagery to remove misclassified pixels (Figure 3.13). 

I corrected the apparent errors in the dataset, notably those associated with SCL-off from Landsat 

7 ETM+. High-resolution imagery from Google Earth and Bing Maps was used to verify issues in 

the change detection disturbances. I meticulously examined small, isolated disturbed patches to 

identify anomalous pixels, particularly in the upper paramo with minimal tree cover. Spatial filters, 

such as majority filters, were not used to preserve small changes related to subsistence agriculture. 

These measures are crucial to minimize significant false disturbance detections caused by 

topographic effects, cloud shadows, and mixed land-use areas prevalent in our study region. 
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3.4.2. Forest disturbance detection 

The analysis utilized the GEE platform with the aforementioned Landsat imagery dataset. Here, 

"tree cover" refers to all vegetation over 5 m in height, including natural forests or plantations with 

varying canopy densities. Forest disturbances identified by the dataset were associated with 

complete forest conversion to other land uses or degradation, marked by gradual vegetation decline 

or temporary changes. The automated GEE process integrates all Landsat spectral bands for 

consistent disturbance detection. Disturbed forest areas were calculated annually and reported for 

three periods: conflict period (2001-2012), negotiation period (2013-2016), and post-peace 

agreement period (2016-2020). Disturbances were compiled for both the study area and a 1 km 

external buffer zone for each conflict stage. Disturbances were classified by elevation using the 

SRTM-NASA digital elevation model as high mountain forests, sub-paramos, and paramos (Farr 

et al., 2007). Disturbance areas and patch numbers were aggregated at a 10 km grid size to identify 

the most affected locations spatially. The algorithm outputs involve a magnitude of change, date, 

and location (Figure 3.13). The magnitude of the change threshold was calculated to remove 

spurious breakpoints unrelated to forest disturbance. Post-GEE analysis, images were processed 

in ArcGIS10.1 and QGIS 2.18 Las Palmas. 

The analysis covered the following spatial units of the Study Area: Sumapaz Páramo Region (SPR, 

2407 km²), Buffer Area: Forest-Páramo Transition Zone (FPTZ, 705 km²), Extended Study Area 

(SPR+FPTZ, 3112 km²), Protected Area within SPR: Sumapaz National Park (SNP, 1298 km²), 

and SPR excluding SNP (1108 km²). Additionally, road proximity disturbance was detected at 

distances of 500 m, 1000 m, and 1500 m, categorized into civil and military purpose-built roads. 

3.5. Statistical model 

3.5.1. Relationship between forest disturbance rates and conflict intensity rates 

In this study, I assessed the relationship between conflict-intensity rates and forest disturbance 

rates in the study area (Sumapaz Páramo Region-SPR) and the 1 km buffer area (Forest-Páramo 

Transition Zone -FPTZ). Conflict events were considered to be as spatially and temporally implicit 

influences on land cover, but not as the primary cause of landscape changes. Roads built by the 

FARC guerrilla and the National Army were included as indirect conflict-derived causes, acting 

as explicit influences on land cover and triggers for landscape changes. Access to information on 

specific violent events in the Sumapaz region is limited and restricted, leading to ignorance of their 

exact locations and dates. These events, related to the Colombian armed conflict, such as the 

location of bombings, military confrontations, and antipersonnel mines, are likely to affect the 

landscape. Hence, in this study, an explicit correlation analysis did not include these variables 

because of the lack of geospatial and temporal references.
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Figure 3.13: Scheme of forest disturbance detection by remote sensing. (Source: Own figure) 
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The assumption is that, in the specific case of the Sumapaz Páramo Region in periods with high-

intensity conflict rates, the areas follow a significantly higher forest disturbance trend compared 

to the same areas that experience a decrease in forest disturbance rates during the low-intensity 

conflict rates or post-conflict periods (Figure 3.14). 

 

Figure 3.14: Forest disturbance vs Conflict intensity rates assumption. 

(Source: Own figure) 

I applied Bivariate Pearsonôs correlation coefficients and Marascuiloôs procedure to examine and 

compare the varying relationships between conflict intensity rates on a regional scale and 

geospatial characteristics, such as road proximity and forest disturbance area. I tracked forest 

disturbance was tracked by hectares in the study area (study area SPR and FPTZ 1 km buffer). I 

then explored the direct (military roads) and indirect (conflict intensity rates) effects of conflict-

related events on forest disturbance. A general linear model (GLM) was used to explore the 

relationships between ha-disturbed and conflict-related variables (conflict intensity rates), and 

physical environment variables (road proximity distance). Statistical analyses were performed 

using SPSS v27.0, Excel v2013, and R v4.1.1 software. 

I set out the following from the raw dataset with disturbance frequency records on: 

 
r = [Equation] 

Ɇ = Number of pairs of sources 

Ɇxy = Sum of the products ñDisturbance haò * ñAct of War / Fatalities + Injuriesò 

Ɇx = Sum of ñDisturbance haò 

Ɇy = Sum of ñAct of War / Fatalities + Injuriesò 

Ɇx2 = Sum of squared ñDisturbance haò 

Ɇy2 = Sum of squared ñAct of War / Fatalities + Injuriesò 
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Bivariate Pearsonôs correlation coefficients were calculated for the raw variables. Next, the 

cumulative disturbance values over the investigated interval were computed to identify trends. The 

record of disturbed areas for a year can overlap with that of the previous years. I reasoned this step 

because, in this case, the disturbance problem has an accumulated effect weighted by extended 

time. For the cumulated data, I calculated Pearsonôs correlation of the study area and disturbance 

variables during the 'conflict,' 'negotiation,' and 'post-agreement' periods. Additionally, I 

determined the slopes and correlation coefficients of the linear trends in the time series, including 

the corresponding p-values. Given the unique features of the study area, disturbances in land cover 

have accumulated and persisted for months or years. Thus, for a more accurate analysis, I 

conducted geospatial comparisons using five-year intervals to better capture the conflict and post-

conflict dynamics in the landscape. Consequently, I calculated the slopes of the cumulative values 

running a linear trend with a 5-year window. 

3.5.2. Forest disturbances comparison between the study area and the buffer area 

I assumed that in the lower altitude ecosystem 1 km buffer area, defined as the Forest-Páramo 

Transition Zone (FPTZ; Foggy Andean Forest) located between 2500-3000 m above sea level, 

presents higher rates of vegetation disturbance proportionally in hectares than in higher altitude 

ecosystems such as the Sumapaz Páramo Region (SPR) (Between 3000-4300 m above sea level) 

(Figure 3.15). This assumption is based on the following premises. 

¶ Lower altitude ecosystems such as the foggy Andean forest (FPTZ) contain denser, taller, and 

woody vegetation cover, which tends to prompt deforestation. 

¶ Vegetation in lower altitude ecosystems (FPTZ) contains greener vegetation cover owing to the 

higher quantity of chlorophyll, which makes it easier to identify disturbances using remote 

sensing technologies.  

¶ In lower altitude ecosystems (FPTZ), there is a greater population living within its borders due 

to better conditions for living and cropping, which prompts an increase in deforestation and 

degradation rates. 

¶ In the lower altitude ecosystems (FPTZ), there were more severe conflict-related events in 

intensity and quantity than in the high-altitude ecosystems (SPR), such as in paramo, making 

identifying disturbance patches related to the conflict more visible. 

I ran Z-tests of proportion comparisons for all studied years. 2001­ï2020. The evaluated 

proportions were calculated annually as follows: The disturbance in the Study Area SPR 0 km 

buffer/total area, and the disturbance only in the FPTZ 1 km buffer/total area of 1 km buffer. 
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¶  

Figure 3.15: Forest disturbance vs Altitude assumption. (Source: Own figure) 

3.5.3. The influence of the military road network on landscape changes 

Indirect causes derived from Colombian armed conflict, such as military infrastructure, 

significantly disturb vegetation in the Sumapaz Páramo Region. Specifically, the unpaved road 

network constructed by the FARC guerrilla and the National Army is a major factor. It is assumed 

that vegetation disturbance patches increase in proximity to these roads, and the influence of roads 

on landscape changes diminishes with distance. This trend would be observed significantly from 

2001 to 2012 (Figure 3.16). Using Marascuilo's procedure, I compared the proximity disturbance 

ratios at distances of 500m, 1000m, and 1500m from the road. 

 

Figure 3.16: Forest disturbance vs Road network proximity assumption. 
(Source: Own figure) 
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3.6. Landscape changes perceptions. Data collection and processing 

I collected local communities' landscape changes perceptions in Sumapaz Páramo Region villages. 

Semi-structured surveys (Appendix 8) and interviews were conducted over six months to study the 

perceptions of landscape and armed conflict interactions (Van Dexter and Visseren-Hamakers, 

2020) (Figure 3.17 and 3.18). Ethnographic data were gathered during four site visits, 

incorporating participant observation with rural farmers, local leaders, and public officers, with 

the support of Dr. Maira Judith Contreras Santos from the Universidad al Páramo Program, 

Faculty of Geography, National University of Colombia. The interviewees were selected 

voluntarily through purposive sampling due to their involvement in social activities, agriculture, 

education, administration, and local projects that affect land use. Semi-structured interviews were 

conducted with farmers and community leaders, focusing on ecosystem services, drivers of 

change, consequences, conservation, triggers of change, and the relationship between armed 

conflict and environment during and after the conflict. Government officials and park rangers 

citing privacy policies and impartiality declined to participate. The National Army was contacted 

for conflict data, but did not provide satisfactory responses for interviews and surveys with 

soldiers. Owing to the lengthy and demanding permission process, the study proceeded without 

the National Army's official input. 

 

Figure 3.17: Local responder. (Source: Own photo) 

I employed a semi-structured, in-person survey, and a Google Forms online semi-structured survey 

(Appendix 8, available online at https://forms.gle/PzHKokEkCyA7a4hu6), each comprising 8 

personal data questions and 14 conflict-landscape perception questions. The survey was developed 

using literature reviews (Marta-Pedroso, Freitas and Domingos, 2007; Andrade C. et al., 2017; De 

Pourcq et al., 2019; Pedraza et al., 2020) and consultations with Sumapaz National Park officials 

and local community leaders. Five leaders and researchers piloted the survey and feedback was 

used to refine the questions to minimize fatigue and improve comprehension. Surveys were 

administered in various villages, public schools, plazas, and settlements in collaboration with local 

students and the Sindicato Campesino del Sumapaz to ensure representativeness. The 

municipalities were visited between November 2021 and January 2022; however, online surveys 

were conducted until April 2022. Onsite samples were collected from rural villages in the 20th 

locality of Sumapaz ï Bogotá, including Nazareth, San Juan de Sumapaz, and Betania. Surveys 
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targeted residents or recent residents of the region. 32 respondents participated: 13 online digital 

and 19 onsite, paper-based and in person (Figure 3.18). 

 

Figure 3.18: Scheme of landscape changes perceptions by locals (Source: Own figure) 

Upon obtaining consent from the respondents, the in-person surveys commenced with an 

introduction to the project objectives and a description of the "Landscapeò concept. The survey 

was conducted in two parts. The first part collected self-reported demographic and socioeconomic 

data (e.g., gender, age, education, residence, and occupation). The second part assessed 

perceptions of landscape-related issues and armed conflict (including causes, consequences, 

belligerent forces, and conservation status). I examined the relationship between deforestation data 

and conflict-related variables using survey responses on human-nature issues (i.e., 'ecosystem 

services'), anthropogenic problems, and conservation efforts. The survey responses were digitized, 

and groups of questions and answers were consolidated to create five perception indices. After 

classification, the perception variables were assigned a numerical scale into five categories: (I) 

environmental benefits and ecosystem services, (II ) landscape change conflict-derived causes, (III ) 

landscape change consequences, (IV) landscape change drivers, and V) landscape conservation 

and preservation (Appendix 8). I then analyzed the numerical results and synthesized them. Finally, 

the results were validated and compared with the forest disturbance results to identify similarities, 

differences, and patterns (Figure 3.18). Understanding the impact of armed conflict on 

deforestation and analyzing local perceptions are crucial for validating remote sensing results. 




