
Essay Not peer-reviewed version

Global Deforestation in Focus:

Uncovering the Scale and Forces

Behind Deforestation

Abdul Kader Mohiuddin *

Posted Date: 14 January 2026

doi: 10.20944/preprints202512.2845.v2

Keywords: tree-cover loss; permanent land-use change; tropical deforestation; armed conflicts; biodiversity

decline; agricultural expansion; climate-driven wildfires; mining-related loss; wildfires

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/537979
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Essay 

Global Deforestation in Focus: Uncovering the Scale 
and Forces Behind Deforestation 
Abdul Kader Mohiuddin 

Alumnus, Faculty of Pharmacy, Dhaka University, Bangladesh; dr.m.nasirullah.trust@gmail.com 

Abstract 

Global deforestation is accelerating at an unprecedented scale, driven by interconnected economic, 
political, and environmental forces that threaten biodiversity, climate stability, and human well-
being. This article synthesizes global datasets and recent evidence to assess the magnitude, spatial 
distribution, and structural drivers of contemporary forest loss, with particular emphasis on tropical 
regions. It addresses three core research questions: (i) What is the current scale and geographic 
concentration of global deforestation and permanent tree-cover loss? (ii) How do agricultural 
expansion, mining, climate-driven wildfires, and armed conflict interact to intensify forest 
degradation? (iii) How do global consumption patterns, financial systems, and governance failures—
including the symbolic contradictions of U.N. climate summits hosted in major fossil-fuel-exporting 
and high-emission countries such as the United Arab Emirates, Azerbaijan, and Egypt—externalize 
deforestation pressures onto vulnerable regions? The analysis shows that permanent land-use 
change, extractive industries, and conflict-related governance breakdowns dominate forest loss 
dynamics, while climate change amplifies fire-driven destruction, exposing a widening credibility 
gap in global climate governance and the urgent need for enforceable, equity-centered forest 
protection strategies. 

Keywords: tree-cover loss; permanent land-use change; tropical deforestation; armed conflicts; 
biodiversity decline; agricultural expansion; climate-driven wildfires; mining-related loss; wildfires 
 

Introduction 

Biodiversity loss has become one of the most urgent sustainability challenges of the twenty-first 
century. Although scientists estimate that Earth may host between 100 million and 1 trillion species 
[1], only about 2 million have been formally described, underscoring how little is understood about 
the biological systems upon which human well-being depends [2]. The World Wide Fund for 
Nature’s Living Planet Report shows that nearly three-quarters of global wildlife populations have 
disappeared in just five decades, a level of ecological decline that now disrupts ecosystem integrity, 
food systems, and economic stability worldwide [3].  

Today, roughly five million hectares of forest are destroyed each year, with 95% of this loss 
occurring in tropical regions [2]. Socioeconomic pressures—from population growth and rising GDP 
per capita to disruptive shocks such as the COVID-19 pandemic and the 2008 financial crisis—
continue to shape where and how quickly forests disappear. Research shows that population size, 
economic development, colonial history, geographic conditions, and existing forest cover all 
influence deforestation differently in countries with large versus limited forest resources [4]. 
Meanwhile, industrial activities such as logging, mining, and large-scale agriculture keep pushing 
deeper into forest landscapes, driven by soaring global demand for beef, palm oil, timber, soy, and 
paper, and accelerating destruction at an unprecedented scale. 

A study published in Nature indicates that high-income economies—including the United States, 
the United Kingdom, Japan, China, Germany, and France—satisfy a substantial portion of their 
commodity demand through international supply chains, which are associated with considerably 
higher biodiversity loss abroad compared to domestic impacts, estimated to be roughly fifteen times 
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greater. Consumption-based analyses further suggest that demand from the United States and the 
United Kingdom alone corresponds to approximately 13% of global forest loss occurring outside their 
national boundaries [5]. Similar patterns are observed in the mining sector, where a limited number 
of countries account for over half of mining-related deforestation globally, often in locations distant 
from the point of consumption. Within this context, the European Union represents a notable 
example, as imports are estimated to constitute approximately 85% of its total deforestation footprint, 
largely externalized to other regions [6]. 

According to recent analysis by Global Canopy, in 2024, 150 major financial institutions directed 
nearly USD 9 trillion toward sectors associated with deforestation risk [7]. An assessment of the 500 
most influential non-financial corporations further identifies nine forest-risk commodities—beef, 
leather, soy, palm oil, timber, pulp and paper, cocoa, coffee, and rubber—as collectively responsible 
for more than two-thirds of global forest loss [8]. At the policy level, the implementation of regulatory 
measures has encountered challenges. For example, the European Union’s Deforestation Regulation, 
adopted in April 2023 to enhance supply-chain accountability, has experienced delays due to a 
combination of international trade considerations, domestic stakeholder engagement processes, 
disruptions associated with the war in Ukraine, and institutional complexities within the European 
Parliament [9,10]. 

Forest Decline and Its Multidimensional Impacts on People and Planet 

Forests—home to more than 80 percent of the world’s threatened species—remain central to 
global sustainability because they support food security, economic stability, and the livelihoods of 
more than 1.6 billion people, including nearly 70 million Indigenous Peoples [11]. Yet more than one-
eighth of global greenhouse gas emissions now arises from deforestation and forest degradation, 
linking ecosystem collapse directly to climate instability [12].  

Deforestation amplifies environmental stress by increasing pollution, disrupting water and 
carbon cycles, and accelerating climate change. These cascading pressures trigger inflammation and 
oxidative stress, elevating the risk of hypertension, cardiovascular disease, and other non-
communicable diseases. Research in Nature indicates that deforestation-driven erosion and rising 
chemical pollution contaminate soil, air, and water, intensifying exposure pathways responsible for 
an estimated 5.5 million pollution-linked cardiovascular deaths worldwide in 2019 [13]. Another 
Nature study shows that tropical deforestation contributes to dangerous local warming, resulting in 
over 28,000 heat-related deaths annually and exposing hundreds of millions—particularly in 
Southeast Asia, Africa, and the Americas—to increasing heat stress and sharply reduced safe working 
hours [14].  

A global meta-analysis found that greater exposure to forests and green spaces is associated with 
lower risks of asthma, lung cancer, and COPD mortality, with protective effects influenced by age 
and proximity to greenery [15]. Country-level analyses across 230 nations also reveal that larger 
forested areas are significantly linked to lower prevalence of mental health disorders [16]. Table 1 
reflects key health impacts linked to deforestation across different regions. 

Table 1. Deforestation and Its Health Consequences: Evidence from Recent Case Studies. 

Study Place Investigation Details Deforestation-related Health Outcomes 

Indonesia Effect of forest loss on child health 

and education 

Higher malaria incidence; greater risk of 

academic delay [17] 

Southeast Asia Link between deforestation, 

environmental change, and Nipah 

virus 

Human-driven land use (deforestation, 

agriculture, urbanization) promotes NiV 

transmission [18–20] 

Nigeria Two approaches to quantify 

deforestation’s impact on children 

Increased risk of cough, diarrhea, and malaria 

via soil pH, organic carbon, and cation levels [21] 
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Peruvian 

Amazon 

Spatial Durbin Model analysis of 

deforestation and malaria 

Loss of 1,000 hectares of forest linked to 69 

additional malaria cases [22] 

Brazil  Spatiotemporal analysis of 

visceral leishmaniasis (VL) and 

deforestation (2001–2023) 

Deforestation significantly raises VL incidence, 

especially in areas of intense land-use change 

[23] 

Deforestation and COVID-19 in 

Indigenous populations 

Strong link between deforestation and COVID-

19 spread before vaccination [24] 

The DR Congo 

(DRC) 

Human–animal–environment risk 

factors for Monkeypox (mpox) 

Forest cover changes, via deforestation or 

conservation, alter mpox transmission risk [25] 

Mexican 

Municipalities 

Deforestation impact on infant 

health 

Higher likelihood of low birth weight and low 

Apgar scores [26] 

 
The World Health Organization estimates that current global deforestation trends impose 

economic losses of approximately $10 trillion annually, largely through increased healthcare 
expenditures and reduced agricultural productivity associated with declining pollinator 
populations [27]. Complementing this assessment, the World Bank projects that continued 
deforestation could reduce global GDP by about $2.7 trillion per year, with low- and lower-middle-
income countries experiencing the most pronounced effects, including potential GDP losses 
exceeding 10 percent by 2030 [28]. 

Deforestation affects livelihoods, food security, and cultural practices in local and Indigenous 
communities by reducing access to clean water, fertile soils, and stable climatic conditions. Although 
forest conversion can generate short-term economic returns, evidence indicates that long-term 
costs—such as the loss of ecosystem services, land degradation, and heightened exposure to natural 
hazards—generally outweigh these benefits [29]. Forest loss is also associated with biodiversity 
decline, environmental pollution, altered rainfall regimes, increased soil erosion, and greater 
frequency and intensity of floods and droughts. These processes can contribute to population 
displacement, livelihood disruption, and elevated risks of zoonotic disease transmission [30]. In rural 
areas, deforestation is linked to higher poverty levels, widening social inequalities, and reduced 
community resilience, underscoring the importance of effective conservation strategies and 
inclusive local engagement [31]. At the firm and financial-system levels, deforestation-related risks 
include supply chain disruptions, legal and reputational exposure, and increased credit and market 
risks [32]. Taken together, these effects have implications for macroeconomic stability through 
impacts on productivity, price stability, and financial-sector resilience. 

Historical and Contemporary Dynamics of Human-Driven Deforestation 

Human-driven deforestation—rooted in land clearing for crops and livestock since as early as 
10,000 BC—has become one of the planet’s most enduring and damaging environmental legacies [33]. 
Half of the world’s forests disappeared between 8,000 BCE and 1900, yet the remaining half vanished 
in only the last century, underscoring an escalating sustainability crisis [34]. Prior to the twentieth 
century, temperate regions such as Europe, Russia, China, North America, and Australia absorbed 
most of this pressure, driven by rising demand for food, fuel, and timber [35]. 

Between 1800 and 1914, global forest loss increased markedly, driven less by population growth 
than by rising European demand for commodities and raw materials that reconfigured land-use 
patterns across multiple regions [36]. This market-oriented transformation altered ecosystem 
functions, reduced natural capital, and increased the integration of rural economies—particularly in 
non-Western regions—into increasingly volatile global supply chains. Over the past three centuries, 
 an estimated 1.5 billion hectares of forest,  an area roughly one and a half times the size of the 
United States, have been cleared, illustrating a long-standing sustainability trade-off in which 
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economic expansion has frequently coincided with declining ecological stability, long-term resilience, 
and biodiversity essential to human well-being [34]. 

The magnitude and pace of tropical forest loss highlight a persistent sustainability concern. Data 
from the University of Maryland’s GLAD Lab, disseminated through the World Resources Institute’s 
Global Forest Watch platform, indicate that approximately 6.7 million hectares of tropical primary 
forest were lost in 2024, representing a more than 150 percent increase relative to levels observed two 
decades earlier and the highest annual loss in twenty years. This area is comparable to the size of 
Panama and nearly twice that of Belgium or Taiwan, and is almost double the forest loss recorded in 
the preceding year [37,38]. 

Brazil accounted for the largest share of this loss, with forest decline comparable in area to 
Belgium or the U.S. state of Massachusetts, largely associated with extensive wildfire activity [39]. 
Bolivia experienced a 200 percent increase in primary forest loss, exceeding the area of Montenegro 
and driven primarily by fire rather than the agricultural expansion that characterized earlier 
periods [40]. Interactions among climate change, land-use practices, and dry conditions linked to El 
Niño appear to be reinforcing forest vulnerability in the Amazon, increasing the likelihood and 
severity of wildfires and contributing to longer-term ecosystem degradation [38]. 

The forests of the DRC, which form a major component of the Congo Basin—the world’s second-
largest rainforest—cover approximately two-thirds of the country and support the livelihoods of 
more than half of its predominantly rural population through food, fuel, and income generation [41]. 
At the same time, pressures from mining, rapid urban growth, and recurrent conflict have led to 
substantial landscape fragmentation, making the DRC a critical context for examining thresholds of 
ecological change and the effects of instability on forest dynamics [42]. In 2024, primary forest loss in 
the DRC increased by approximately 150 percent, totaling an area comparable to the size of Delaware 
and driven by a combination of conflict-related pressures and widespread wildfires [43]. 

In Indonesia, deforestation between 1950 and 2017 was most pronounced at lower elevations 
and in coastal zones, largely reflecting the expansion of plantation agriculture, with the exception of 
Java and Bali,  where forest loss occurred earlier. Although protected areas moderated overall 
deforestation rates, they were not immune to edge effects and associated degradation as plantation 
frontiers advanced [44].  In 2024, Indonesia experienced forest loss comparable in area to 
Luxembourg or the Greater Tokyo region, with nearly half of this loss lacking a clearly identified 
proximate driver [45,46]. 

Global Drivers of Accelerating Deforestation and Tree-Cover Loss 

Biodiversity faces a significant sustainability challenge due to the continuing loss of forest 
ecosystems. As the global population has surpassed 8 billion, pressures on forest resources have 
intensified, contributing to accelerating rates of deforestation. Rapid urbanization and industrial 
expansion are key drivers of this trend, as the growth of cities, transportation networks, and 
associated infrastructure increasingly encroaches on previously intact forest areas. Empirical 
evidence indicates that rising demand for land and forest-based resources has increased both legal 
and illegal logging activities, resulting in fragmented forest landscapes that are more ecologically 
isolated and vulnerable [47]. In parallel, industrial activities—including timber extraction, mining 
operations, and large-scale commercial agriculture—continue to account for a substantial share of 
forest conversion, while rising global consumption of commodities such as beef, soy, palm oil, and 
paper products further intensifies forest loss and accelerates broader ecosystem degradation [48]. 

Permanent Land-Use Change: A Major Driver of Global Forest Loss 

Between 2001 and 2024, over a third of global tree-cover loss—168 million hectares, an area 
larger than Mongolia—was likely driven by permanent land-use change, according to the World 
Resources Institute using Global Forest Watch data (Figure 1). The impact is even more pronounced 
in tropical primary rainforests, where more than 60% of forest loss—50.7 million hectares, roughly 
the size of Thailand—can be attributed to permanent land-use conversion [49]. 
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Figure 1. The pie chart shows an estimated 515 million hectares of global tree-cover loss between 2001 and 2024, 
with 34% deemed permanent. The WRI and Google DeepMind dataset, based on nearly 7,000 samples and 
available via Global Forest Watch, uses a neural-network model with 90.5% accuracy to identify forest-loss 
drivers. Regional patterns indicate that logging dominates in Europe, permanent agriculture in the tropics, and 
wildfires in Russia, North America, Asia, and Oceania (Figure generated by Canva Illustrator). 

Data Sources And Methodology  

Data Sources and Study Design 

The study adopts a mixed-methods design that integrates quantitative analysis of large-scale 
environmental datasets with qualitative synthesis of peer-reviewed scholarship and authoritative 
institutional reports. Quantitative data were drawn from well-established and publicly accessible 
sources, including Global Forest Watch, devised by the University of Marylandʹs Global Analysis and 
Discovery (GLAD) lab, the World Resources Institute, FAO remote-sensing assessments, World Bank 
databases, and reports produced by the World Health Organization and the World Wide Fund for 
Nature (WWF). These sources were selected for their methodological transparency, global coverage, 
and frequent use in high-impact environmental research. Together, they provide a robust empirical 
foundation for examining patterns and drivers of deforestation across spatial and temporal scales. 

Quantitative Analytical Framework 

The quantitative component employed descriptive statistics, trend analyses, and spatial 
comparisons to assess tree-cover loss, permanent land-use conversion, wildfire impacts, mining-
related deforestation, and conflict-associated forest degradation across regions and time periods. 
Where appropriate, reported outputs from advanced modelling approaches—such as neural-
network classifications and spatial regression analyses presented in the cited literature—were 
interpreted to identify dominant drivers and recurring patterns. Priority was given to recently 
published peer-reviewed studies indexed in established databases, including PubMed, Embase, 
Scopus, Web of Science, and the Cochrane Central Register, as well as leading journals published by 
Elsevier, Springer, Wiley Online Library, and Wolters Kluwer. This approach ensured analytical 
consistency while grounding the assessment in current scientific evidence. 

Qualitative Synthesis and Validation 

The qualitative component consisted of a structured narrative review of high-impact academic 
articles, policy documents, and credible investigative reports. This review was used to contextualize 
the quantitative findings, examine underlying political-economic drivers, and assess associated 
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social, health, and governance implications of deforestation. Cross-referencing and triangulation 
across multiple data sources were employed to enhance the validity and reliability of the 
interpretations. In addition, recent media reports were selectively incorporated to capture emerging 
trends and developments in contexts where peer-reviewed evidence remains limited, while 
maintaining a cautious and critical approach to their use. 

Literature Review 

Agricultural and Industrial Drivers of Global Deforestation 

Over the past three decades, crop and cattle production have become dominant drivers of global 
deforestation, progressively reshaping landscapes across tropical and subtropical regions. Between 
2000 and 2018, FAO’s global Remote Sensing Survey found that agriculture—particularly livestock 
grazing—accounted for nearly 88% of forest loss, a sharp escalation compared to earlier estimates 
[50].  

Palm oil cultivation, livestock grazing, and the production of beef and animal feed now account 
for more than 40% of global deforestation [51], with cattle pasture alone eliminating over 45 million 
hectares between 2001 and 2015 and soy cultivation for animal feed clearing an additional eight 
million hectares—together an expanse slightly larger than Spain and just under the size of Texas [52].  

In South America, for instance, a region producing a quarter of the world’s beef, cattle 
production surged 70% between 1990 and 2020, while 90 million hectares of degraded pasture 
continue to drive deforestation [53]. Overall, agricultural expansion—including both crop and 
livestock production—was responsible for 80–86% of global deforestation between 2001 and 2022 
[48,54] and from 1990 to 2020, global forests declined by 7.1%, with agricultural expansion and 
population growth identified as the primary forces behind this loss [55]. 

Accelerating Forest Loss Driven by Climate and Human-Caused Wildfires 

Although the role of fire in forest loss has been quantified at regional and global scales using 
diverse satellite sensors, these estimates remain inherently uncertain. Beyond naturally occurring 
wildfires, humans frequently use fire as a low-cost tool for land management and agricultural 
conversion, intensifying its ecological impact. Between 2001 and 2024, fires were responsible for 
approximately 150 million hectares of tree-cover loss—roughly the size of Mongolia or four times 
that of California—accounting for nearly 29% of global deforestation, with the remaining 71% driven 
by other human and natural factors (Global Forest Watch Live Data) (Figure 2). Alarmingly, this trend 
is accelerating: the annual global area of fire-induced forest disturbance in 2023–2024 was 2.2 times 
higher than the 2002–2022 average and three times higher within tropical regions. At the continental 
level, North America saw the most pronounced escalation, with fire-related forest disturbance 
increasing 3.7-fold over the past two decades, followed by Latin America at 3.4-fold and Africa at 2.4-
fold [56]. 
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Figure 2. The annual global loss of tree cover caused by wildfires (Source: Global Forest Watch). The graph 
shows that, alongside rising deforestation worldwide, wildfires are becoming an increasingly significant driver 
of forest loss, accounting for 45% of tree-cover loss in 2024. Analysis indicates that the global area affected by 
fire-induced forest disturbances in 2023–2024 was 2.2 times higher than the 2002–2022 average, highlighting a 
sharp upward trend in wildfire-driven deforestation. 

Climate change is increasingly associated with elevated wildfire risk, with recent evidence 
indicating that in some regions fires are 25 to 35 times more likely than they would be under cooler 
climatic conditions [57]. Data from the University of Maryland’s GLAD Lab indicate that 
approximately 74.9 million hectares of forest—an area comparable to France, or nearly one and a half 
times the size of Germany—burned globally during 2023 and 2024 [56]. Kelley et al. (2025) further 
estimate that at least 3.7 million square kilometers of land, exceeding the land area of India, were 
affected by fire between March 2024 and February 2025 [57]. Wildfires accounted for nearly half of 
this total forest disturbance [58].  

Although wildfires occur naturally in some ecosystems, fire in tropical forests is largely 
associated with human activities, particularly land clearing for agriculture, and often spreads beyond 
intended areas into surrounding forests [58]. Estimates suggest that approximately half of global 
forest loss results from the combined effects of natural and anthropogenic fire, including wildfires 
and intentional burning linked to agricultural expansion and shifting cultivation practices [59,60]. In 
Indonesia, for example, about 60% of forest areas burned during 2015–2016 were later converted to 
palm oil plantations, illustrating the relationship between fire use and land-use change [61]. 
Comparable patterns have been documented in parts of Africa, where the use of fire to expand 
pastureland contributes to ongoing deforestation and landscape transformation [62].  

During severe fire years such as 2016 and 2024, more than a quarter of all fire-related forest loss 
occurred in tropical regions [56]. Tropical primary forests were particularly hard hit, with fires 
accounting for nearly half (49.5%) of their total loss in 2024, nearly four times the 13.3% recorded in 
2023 [63], representing an 80% increase in loss year-over-year (Figure 3). Analyses from the 
University of Maryland further show that the world was losing forest cover at a rate equivalent to 11 
football fields every minute in 2022 [64], a pace that surged to 18 football fields per minute by 2024 
[37]. 
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Figure 3. The global trend in tropical primary forest cover loss over the past decade (Source: University of 
Maryland’s GLAD Lab). The data highlight that tropical primary forests were particularly affected in 2016 and 
2024, with fire-related losses in 2024 nearly quadrupling compared to the previous year, accounting for almost 
half of all tropical primary forest loss worldwide. 

Mining Expansion and the Global Forest Crisis 

Global mining activities continue to expand rapidly, driven by the pursuit of mineral resources, 
while the ecological value of intact forest ecosystems—critical for biodiversity and human well-
being—remains underappreciated. Despite international commitments to environmental 
conservation, resource extraction persists in many regions, including areas of high ecological 
sensitivity [65–70]. Researchers from the WWF identifies mining as the fourth-largest driver of 
deforestation, with indirect effects potentially impacting up to one-third of global forest ecosystems. 
The pace of mining-related deforestation has increased markedly in recent decades, with over one-
third of associated forest loss in the past 20 years occurring within the last five, a trend projected to 
continue [6]. Data presented at the EGU General Assembly 2025 indicate that between 2001 and 2023, 
236,028 mining sites worldwide corresponded with approximately 9,765 km2 of deforested land—
comparable in size to Puerto Rico—with nearly half of these areas attributed to unregistered mining 
operations [71]. 

Since 2001, global mining activity has expanded by more than 50%, fueled by surging demand 
for gold, coal, lithium, cobalt, and other industrial minerals [72]. This rapid growth has intensified 
pressure on forests in every region—from the Congo Basin to the boreal woodlands of Russia. 
Between 2001 and 2020 alone, mining caused the permanent loss of nearly 1.4 million hectares of tree 
cover, an area roughly the size of Montenegro [73]. A separate global analysis found that mining 
activities contributed to the loss of 16,785.90 km2 of forest between 2000 and 2019, exceeding the land 
area of Hawaii [74]. 

By 2022, Russia, China, Australia, the United States, and Indonesia together accounted for nearly 
half of global land allocated to mining. Between 2000 and 2019, mining operations were associated 
with the loss of over 9,000 km2 of forest worldwide, including 1,374 km2 in Brazil and 1,272 km2 in 

0

1

2

3

4

5

6

7

8

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Tr
op

ic
al

 P
ri

m
ar

y 
Fo

re
st

  L
os

s (
M

ha
)

Global Tropical Primary Forest Cover Loss (2014-
2024) 

Tropical Primary Forest Loss due to Other Drivers (Mha)

Tropical Primary Forest Loss Due to Fires (Mha)

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2026 doi:10.20944/preprints202512.2845.v2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.2845.v2
http://creativecommons.org/licenses/by/4.0/


 9 of 30 

 

Indonesia, marking these countries as prominent areas of mining-related forest decline [75]. Overall, 
just 11 countries—including Indonesia, Brazil, Russia, the United States, and Canada—contributed 
to more than 85% of global deforestation attributable to mining activities (Figure 4) [73]. 

 

Figure 4. Top countries globally for tree cover loss linked to mining (Source: World Resource Institute). Between 
2000 and 2019, Indonesia and Brazil together lost a combined area of forest roughly equivalent to the size of 
Brunei or the island of Bali, representing more than one-quarter of all mining-related forest loss worldwide. 

The temporal patterns of mining-related deforestation are particularly pronounced in tropical 
regions. Although these regions contain less than 30% of the world’s mining sites, they account for 
approximately 62% of all forest loss associated with mining [6,73]. This disproportion is evident in 
observed land-use changes: open-pit gold mines in the Amazon can clear thousands of hectares of 
rainforest within a decade, while the expansion of coal operations in Indonesia frequently results in 
the rapid flattening of forested mountain areas over a few years. 

According to WWF data, gold and coal extraction alone were responsible for over 71% of 
mining-related deforestation globally between 2001 and 2019. Indonesia is a significant contributor, 
with roughly 370,000 hectares of tree cover removed—predominantly for coal extraction—
representing more than one-fifth of mining-associated forest loss worldwide [6]. The scale of 
deforestation has been further amplified by the expansion of nickel mining, essential for lithium-ion 
battery production, which grew by over 700% between 2000 and 2020 to meet global demand for 
electric vehicles [74,75]. 
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In Sub-Saharan Africa, mining activities contributed to forest loss around mine sites between 
2000 and 2020 at a scale comparable to the area of Jamaica or nearly that of Connecticut, reflecting a 
47.5% higher loss relative to comparable non-mining regions. Annual deforestation rates increased 
by a factor of 2.6 following the establishment of mines. Beyond direct land clearance, associated 
infrastructure development and secondary land-use changes have amplified off-site forest disruption 
[76]. In Ghana, forests decreased by 5.9% between 2018 and 2023, coinciding with a surge in illegal 
gold mining of 1,917.6%, particularly pronounced between 2022 and 2023. Mined areas exhibited 
substantial declines in plant diversity, vegetation structure, and carbon storage [77]. 

In South America, mining has emerged as a significant contributor to deforestation. In Peru, gold 
extraction accounted for 139,169 hectares of forest loss between 1984 and mid-2025, with the Madre 
de Dios region experiencing the highest impacts, despite temporary reductions following Operation 
Mercury in 2019, according to the Monitoring of the Andean Amazon Project (MAAP) and 
Conservación Amazónica. Mining-related deforestation has expanded to other regions, including 
Huánuco, Pasco, Ucayali, Amazonas, Cajamarca, and Loreto, where nearly 1,000 dredges have 
facilitated rapid forest clearing within Indigenous territories and protected areas [78]. In Suriname, 
mining activity has increased substantially since the mid-2000s, resulting in 421.3 km2 of forest loss 
between 1997 and 2019, with artisanal mining accounting for approximately 85% of this total [79]. 
Following the 2007 IACHR ruling, deforestation on Saamaka lands increased fourfold [80]. These 
processes have contributed to forest fragmentation, declines in vegetation greenness, and reductions 
in carbon sequestration. Fluctuations in gold prices—particularly following the 2008 market surge 
and during the COVID-19 pandemic—have further accelerated deforestation and expanded mining 
into previously intact forest areas [79]. 

Colonial histories in Brazil and the DRC have influenced the development of resource-based 
economies in which mining and related infrastructure are key drivers of forest loss. In the DRC, 
Belgium’s colonial mining policies evolved into a post-independence system dominated by foreign 
companies, where both artisanal and industrial mining have generated indirect deforestation rates 
up to 28 times greater than the area directly cleared [81]. While artisanal mining in eastern DRC 
directly cleared only 6.6% of 924,502 hectares between 2002 and 2018, it indirectly contributed to 
additional deforestation through agriculture (6.8% of 752,077 hectares) and settlements (23.9% of 
23,299 hectares) surrounding mining sites [82]. Mining affects forests both directly, through 
excavation and tailings, and indirectly, via supporting infrastructure and supply chains, influencing 
land cover change, biodiversity, and hydrological systems. In Brazil, colonial patterns of plantations 
and mineral extraction established foundations for contemporary agribusiness and mining, resulting 
in extensive Amazonian forest loss [81]. Indirect deforestation associated with mining may be up to 
40 times larger than direct loss [75], with Brazil ranking second globally in mining-related forest loss, 
totaling approximately 170,000 hectares between 2001 and 2020 [6]. Small-scale and informal gold 
mining has contributed to road development, river pollution, and forest fragmentation in remote 
Amazonian areas [6]. 

Globally, mining, resource extraction, and conflict intersect in shaping forest landscapes. In 
conflict-affected Myanmar, a handful of mining sites in the eastern region bordering China exported 
rare earths more than twice between 2021 and 2023. Since then, mining has expanded rapidly, now 
spanning an area roughly the size of Singapore. In Kachin State, where mining is most concentrated, 
approximately 32,720 hectares of subtropical and moist forests across Chipwi, Momauk, and 
Bhamo—regions experiencing both mining activity and clashes between the Myanmar junta and the 
Kachin Independence Army—were lost between 2018 and 2024 [83]. 

Armed Conflicts and Post-War Drivers of Forest Loss 

Armed conflicts constitute a significant but often under examined factor contributing to forest 
loss, with implications for ecological stability and human livelihoods. Such conflicts can accelerate 
deforestation—particularly in protected areas—through mechanisms including reduced 
environmental governance, subsistence-driven resource use by local populations, and extended 
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military presence [84]. During the Vietnam War, extensive use of Agent Orange resulted in the 
defoliation of millions of acres, substantially reducing tree cover and local food resources [85]. In 
Gaza and the West Bank, the removal of olive trees has affected agricultural productivity and 
economic resilience [86]. Between 2010 and 2019, Syria experienced the loss of approximately one-
fifth of its forested areas due to a combination of direct impacts, such as fires from shelling, and 
indirect pressures including increased reliance on wood for fuel and weakened governance structures 
[87]. Similarly, in Sub-Saharan Africa, protected areas including Virunga, Gorongosa, and multiple 
reserves in Liberia have undergone partial deforestation associated with armed conflicts [88]. 

Cross-border and internal disputes, together with complex dynamics of land use and allocation, 
have contributed to multidimensional deforestation in India. Since 2001, the five Northeast states—
Assam, Mizoram, Nagaland, Manipur, and Meghalaya—have collectively lost over 1.44 million 
hectares of forest, approximately twice the size of Luxembourg, significantly exceeding the national 
average [89]. A substantial portion of this loss is associated with historical boundary issues and 
localized conflicts: tensions between Assam and Nagaland, rooted in colonial-era demarcations, 
influence community reliance on forest resources [90,91], while ethno-religious conflicts in Assam’s 
Bodoland region have been linked to organized exploitation of forest areas, including unauthorized 
timber extraction and population displacement [92,93]. In Manipur, deforestation is related to land 
use disputes, cross-border migration from Myanmar, and cultivation of poppy [94]. In Mizoram and 
Meghalaya, practices such as shifting cultivation (Jhum), mining, and quarrying are principal 
contributors to forest loss [95,96], shaping competition over forested land among local tribal 
communities, settlers, and commercial actors. Additionally, refugee influxes in Mizoram and 
Manipur have resulted in clearing of forested areas for settlements and subsistence agriculture, 
although data on these processes remain limited. 

Armed conflicts can contribute to deforestation both domestically and across national borders. 
Between 1990 and 2020, Myanmar experienced a loss of over 11 million hectares of forest cover in 
three primary phases, influenced by conflict dynamics, post-Cold War geopolitical shifts, and cross-
border resource extraction [97,98]. In Tanintharyi, military operations, ceasefires, and Thailand-
supported logging and infrastructure projects facilitated timber extraction and oil palm development; 
in Kayin, counterinsurgency operations, road construction, and subsequent ceasefire-related 
investments contributed to cycles of displacement and forest clearing; and in Kachin, ceasefires, 
changing alliances, and commercial engagement with China promoted logging, agribusiness, and 
mining activities [99]. These processes led to spatially uneven patterns of forest loss. Following the 
2017 Rohingya refugee movement into Bangladesh, approximately 2,300–7,000 hectares of forest 
surrounding Cox’s Bazar were cleared, with daily losses equivalent to three football fields, placing 
additional pressure on local resources [100–103]. Reliance on forest resources for fuelwood, limited 
educational opportunities, and insecure livelihoods reinforced interactions between conflict and 
deforestation. Furthermore, between 2021 and 2024, approximately 96% of Myanmar’s tree cover loss 
occurred within natural forests, amounting to roughly 1.2 million hectares, according to Global Forest 
Watch’s dynamic data. 

Armed conflicts, when associated with illicit crop production used to finance warfare, have 
contributed to increased deforestation, with notable ecological and social implications. In Myanmar’s 
Shan State, ongoing conflicts corresponded with an expansion of opium poppy cultivation, 
positioning the country as the world’s largest opium producer at 1,080 metric tons in 2023, while 
contributing to deforestation, water scarcity, soil erosion, and elevated landslide risks [104]. In Lao 
PDR, approximately 44% of poppy plots were situated within 10 km of protected areas, including 
11% within designated reserves, and nearly half of recently deforested lands had been cleared within 
three years to accommodate opium cultivation [105]. 

Between 2000 and 2015 in Colombia, patterns of deforestation closely aligned with conflict 
intensity and proximity to illegal coca plantations, particularly in ecologically sensitive regions such 
as Tumaco, Catatumbo, San Lucas, La Macarena, and the Sierra Nevada. While armed conflict and 
coca cultivation each independently influenced forest loss, their combined effect was comparatively 
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smaller than that of other drivers. Following the peace accord, areas with limited governance 
experienced renewed forest loss associated with localized conflicts [106]. Across Central America, 
narcotics-related deforestation—often referred to as “narco-deforestation”—has transformed 
extensive areas of tropical forest into agricultural land for illicit economic purposes, accounting for 
up to 30% of annual forest loss in Nicaragua, Honduras, and Guatemala. Notably, 30–60% of this 
deforestation occurred within protected, biodiversity-rich areas, underscoring the environmental 
significance of conflict-linked illicit agriculture [107]. 

While armed conflicts can temporarily reduce human pressure on ecosystems, these effects are 
typically short-lived and often offset by deforestation and land-use changes in other areas, as 
observed in Ukraine’s disrupted agricultural sector [84]. During the first two years of the war with 
Russia, Ukraine experienced a loss of nearly 600 square miles of forest—approximately twice the size 
of New York City—illustrating how quickly conflict can contribute to ecosystem degradation [108]. 
As natural gas supplies tightened and prices increased, households and industries across Europe 
increasingly relied on fuelwood and biomass for energy [109–113]. Concurrently, some governments 
relaxed logging regulations or accelerated timber auctions to stabilize energy markets, placing 
additional stress on already vulnerable forests. Rising energy costs, coupled with EU bioenergy 
incentives, have encouraged the use of wood even within protected areas [114]. Additionally, the 
conflict has contributed to higher global food prices, prompting the expansion of cropland—
including in Europe’s fallow lands and in countries such as the United States, Brazil, China, and 
India—posing risks to biodiversity, particularly in tropical regions [115]. 

Deforestation frequently accelerates after conflicts due to reconstruction activities, limited 
governance capacity, and renewed commercial logging. For instance, annual forest loss in Nepal, Sri 
Lanka, Ivory Coast, and Peru increased by 68% during the five years following conflicts, significantly 
exceeding the global average of 7.2%, primarily driven by illegal logging and agricultural expansion 
[116]. Integrating local community perspectives into post-conflict land management can influence 
forest conservation outcomes. In Colombia’s post-conflict Antioquia region, for example, community 
attitudes toward peacebuilding and reconciliation were associated with deforestation patterns, with 
areas characterized by pessimistic perceptions experiencing a 22.09% lower annual deforestation rate 
compared to areas with neutral perceptions [117]. 

In Colombia however, armed conflict, peacebuilding processes, and deforestation exhibit a 
complex interrelationship. Municipalities experiencing higher levels of violence have also recorded 
the greatest forest loss, with coca-cultivation areas showing deforestation rates up to three times 
higher than non-priority zones during 2016–2019 [118]. Limited state presence and delays in 
implementing the 2016 Peace Agreement have facilitated the expansion of armed groups and illicit 
economies, influencing both security dynamics and forest cover change. National deforestation 
increased by 35% in 2024, rising from 793 km2—a 23-year low—to 1,070 km2, with conflict-affected 
regions in the Amazon accounting for approximately 60% of the total loss [119]. Governance 
challenges in areas such as Tinigua and Sierra de la Macarena have enabled large-scale forest clearing, 
land acquisitions, and unauthorized activities, representing roughly one-quarter of the country’s 2024 
deforestation. Post-accord power vacuums continue to shape forest dynamics, as observed in the 2017 
deforestation surge following the FARC peace agreement and in the medium-scale clearing of 2,700 
hectares in Chiribiquete National Park and the Yarí–Yaguará II Reserve during 2024–2025 [120]. 

A Climate Summit and the Amazon: Examining the Gap Between Climate Commitments and Environmental 
Outcomes 

The COP30 conference highlighted ongoing challenges in achieving sustainable development, 
drawing attention to the limited tangible outcomes of international climate negotiations. While high-
income countries committed to tripling adaptation finance by 2035, measures to phase out fossil fuels, 
reduce deforestation, and regulate critical minerals faced significant delays or resistance [121]. Belém, 
in the state of Pará—already affected by persistent deforestation, artisanal gold mining, pressures on 
Indigenous territories, and mercury contamination of waterways [122–126]—illustrated the tension 
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between global climate commitments and local environmental realities. Conference-related activities 
in Belém, including substantial infrastructure developments that required the removal of 
approximately 100,000 Amazonian trees to accommodate delegates [127,128], highlighted 
discrepancies between stated sustainability objectives and implementation practices, raising 
questions about the alignment of international climate governance with environmental outcomes. 

This phenomenon reflects broader trends in tropical forest loss. Natural processes, such as the 
transport of nutrient-rich dust from the Sahara over distances exceeding 6,000 kilometers [129], 
support the Amazon’s ecological productivity, yet human-driven land-use changes continue to result 
in extensive deforestation. Between 2000 and 2018, the Amazon experienced forest loss equivalent to 
an area larger than Spain [130], and over the past four decades, cumulative deforestation has 
approached the combined size of Germany and France [131]. Key drivers include cattle ranching, soy 
cultivation, logging, mining, and agricultural expansion, which collectively contribute to increasing 
pressure on the region’s biodiversity. FAO data indicate that Brazil lost an average of 2.9 million 
hectares of forest per year between 2015 and 2025 (Figure 5) [132]. 

 

Figure 5. Top 10 Countries Gaining and Losing Forest Area (Source: Global Forest Resources Assessment 2025). 
The figure highlights a sharp contrast in global forest trends: countries such as China and Russia show significant 
net gains through large-scale afforestation, while others—especially Brazil—continue to experience steep losses. 

The environmental changes associated with deforestation carry a range of measurable impacts. 
For example, the World Bank projects that continued deforestation in the Amazon—including the 
clearing of transitional ecosystems such as the Cerrado savanna and the Pantanal wetlands—could 
result in annual economic losses for Brazil of approximately $317 billion, a value roughly seven times 
the combined revenues from agriculture, logging, and mining [133]. Research published in Nature 
indicates that in the Brazilian Amazon, the removal of a single square kilometer of forest is associated 
with an increase of 27 malaria cases [134]. In addition, another study in Nature suggests that forest 
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preservation could reduce local hospitalization expenditures, potentially generating nearly $6 million 
in annual savings [135]. 

Discussion and Results 

The analysis indicates that global deforestation is not solely driven by local land-use decisions 
but reflects broader structural influences, including global demand, financial incentives, governance 
constraints, and geopolitical instability. The synthesized evidence shows that deforestation and 
permanent tree-cover loss remain highly concentrated in tropical regions, with both scale and 
intensity continuing to increase rather than stabilize. Estimates from Global Forest Watch and the 
University of Maryland’s GLAD Lab indicate that roughly 515 million hectares of tree cover were lost 
globally between 2001 and 2024, with nearly one-third attributable to permanent land-use change 
rather than short-term disturbance. A substantial proportion of this loss occurred in tropical primary 
forests, which accounted for more than 60 percent of permanent conversion, suggesting that highly 
biodiverse and carbon-rich forest ecosystems are being permanently transformed [49,56]. Spatial 
patterns further reveal that the greatest losses are concentrated in the Amazon Basin, the Congo Basin, 
and Southeast Asia, reinforcing the conclusion that modern deforestation is increasingly focused in 
regions with limited capacity to absorb or offset its environmental, social, and economic 
consequences. 

Addressing the first research question, the results show that modern deforestation is no longer 
a widely dispersed global issue but is increasingly concentrated in particular regions and primarily 
driven by permanent land-use changes. Countries such as Brazil, the DRC, Indonesia, and Bolivia 
together account for a significant portion of recent tropical forest loss, with 2024 recording the highest 
levels of primary forest destruction seen in the past twenty years [37,38]. The scale of this loss 
highlights a clear disconnect between international pledges to halt deforestation by 2030 and the 
actual trajectories observed on the ground. Overall, the evidence points to an expanding gap between 
declared policy goals and the capacity for implementation, especially in forest-rich low- and middle-
income nations. 

In relation to the second research question, the results demonstrate significant interactions 
among agricultural expansion, mining activities, climate-driven wildfires, and armed conflict, which 
together contribute to reinforcing patterns of forest loss. Agricultural expansion remains the primary 
driver, accounting for approximately 80–90% of global deforestation, largely associated with cattle 
grazing, soy production, and oil-palm cultivation [50,54]. These pressures are further intensified by 
climate change, which increases the frequency and severity of drought conditions and heightens 
wildfire risk. Fire-related tree-cover loss reached historically high levels in 2023–2024, with wildfires 
accounting for nearly half of tropical primary forest loss in 2024—almost four times the proportion 
recorded in 2023 [65]. 

Mining constitutes a comparatively smaller yet increasingly significant driver of global 
deforestation, particularly when indirect effects are taken into account. Although direct mining-
related forest loss since 2001 is estimated to cover an area comparable to Puerto Rico, associated 
indirect impacts—including road construction, settlement expansion, and secondary land-use 
change—may increase the affected area by as much as fortyfold [6,75]. The findings indicate that 
tropical regions, despite hosting a smaller share of global mining sites, account for nearly two-thirds 
of mining-related forest loss, reflecting a marked spatial imbalance in environmental impacts. 
Growing demand for transition minerals such as cobalt, lithium, and nickel further complicates these 
dynamics, suggesting that climate mitigation pathways could unintentionally intensify deforestation 
pressures in the absence of robust governance and regulatory safeguards. 

Armed conflict functions as a significant cross-cutting factor that amplifies forest degradation 
across multiple regions. Evidence from Myanmar, the DRC, Colombia, and parts of South Asia 
indicates that conflict is associated with weakened environmental governance, population 
displacement, and increased dependence on forest resources for subsistence and informal economic 
activities [84,87]. Post-conflict contexts appear particularly susceptible, as deforestation rates often 
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increase during reconstruction phases due to expanded logging, agricultural conversion, and 
infrastructure development [82]. Together, these patterns suggest that deforestation should be 
examined not only as an environmental outcome but also as a structural indicator of governance 
capacity and political stability. 

The third research question highlights the role of global consumption patterns, financial systems, 
and governance failures in externalizing deforestation pressures onto vulnerable regions. 
Consumption-based analyses indicate that high-income economies generate biodiversity loss abroad 
at rates approximately fifteen times higher than within their own borders, largely through imports 
of forest-risk commodities [5]. The European Union alone is estimated to externalize nearly 85% of 
its deforestation footprint, while a small group of wealthy nations accounts for more than half of 
mining-related forest loss globally [6]. These patterns reflect structural imbalances in global trade and 
finance rather than isolated national policy failures. 

Financial flows further reinforce these dynamics. In 2024, major global financial institutions 
channeled nearly USD 9 trillion into sectors associated with deforestation risk, despite widespread 
public commitments to sustainability [7,8]. Delays in implementing regulatory frameworks—most 
notably the European Union Deforestation Regulation—have weakened supply-chain accountability 
and signaled limited political willingness to confront powerful commercial interests [9,10]. The 
results indicate that voluntary corporate pledges remain insufficient without enforceable legal and 
financial consequences. 

Within this context, the selection of recent host countries for United Nations climate conferences 
has drawn scholarly attention to the alignment between summit objectives and national policy 
environments. COP27 in Egypt, COP28 in the United Arab Emirates, and COP29 in Azerbaijan 
generated discussion regarding the influence of fossil-fuel sectors, governance conditions, and the 
pace of progress on deforestation-related commitments [67,69]. Several analysts suggest that repeated 
hosting of climate summits in countries with high greenhouse-gas emissions and significant 
hydrocarbon dependence may shape perceptions of the effectiveness and credibility of global climate 
governance frameworks [136,137]. 

At COP27 in Egypt, negotiations on key climate mechanisms, including the establishment of the 
“loss and damage” framework, took place within a complex political and environmental context that 
influenced stakeholder participation and negotiation dynamics [138,139]. At COP28, the appointment 
of Sultan Al-Jaber, Chief Executive Officer of the United Arab Emirates’ state-owned oil company 
ADNOC, as conference president prompted discussion among researchers and civil society groups 
regarding governance safeguards and institutional independence [140]. COP29 in Baku, Azerbaijan, 
similarly attracted attention concerning governance capacity, human rights considerations, and the 
country’s continued reliance on fossil-fuel production, alongside reports of restrictions affecting some 
observers and critics [141]. At COP30 in Belém, Brazil, infrastructure development associated with 
hosting the summit reportedly involved the clearance of an approximately eight-mile stretch of 
Amazon forest to accommodate event-related facilities [142]. Although some fact-checking 
assessments have questioned the scale or attribution of these impacts, media coverage and public 
responses nonetheless contributed to renewed scrutiny of leadership and implementation within 
global climate governance processes. 

Taken together, these findings support an interpretation of contemporary deforestation as a 
process of ecological externalization embedded within global political-economic systems. Forest-rich 
regions disproportionately absorb the environmental and health burdens associated with global 
consumption patterns, energy transitions, and geopolitical disruptions that are largely driven beyond 
their borders. The interaction of agricultural expansion, mining activities, climate-driven wildfires, 
and armed conflict generates reinforcing dynamics that accelerate forest loss, particularly in tropical 
ecosystems. In the absence of binding international mechanisms that effectively align trade, financial 
flows, and climate policy with forest conservation objectives, current deforestation trajectories are 
likely to persist. 
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Forest Preservation and the Prevention of Deforestation: Scholarly 
Recommendations 

Systems-Based Governance for Structural Deforestation Control 

A systems-theoretical framework is essential to address deforestation as an interconnected 
outcome of land-use change, global consumption, finance, conflict, and climate stress rather than 
isolated national failures (Figure 6). Future strategies should embed forest governance within 
macroeconomic planning frameworks to ensure policy coherence between economic development 
objectives and environmental sustainability goals [143]. Such integration is critical for aligning forest 
policies with climate-mitigation pathways [144,145] and for regulating trade systems through 
targeted policy instruments and market-oriented mechanisms that guarantee forest products placed 
on markets are legally harvested and sustainably produced [146–148]. At the same time, 
strengthening institutional and decentralized governance arrangements for economic valuation and 
spatial planning is necessary to support evidence-based policy decisions, thereby internalizing 
deforestation risks within policy and market systems rather than shifting them to forest-rich regions 
[149–151]. Countries driving large-scale forest loss should adopt whole-of-government coordination 
mechanisms linking agriculture, mining, energy, and climate portfolios, ensuring that forest 
protection targets are binding across sectors rather than confined to environmental or forest 
ministries alone. 
 

 
Figure 6. Forest Governance as a Systemic Lever Against Deforestation. The figure illustrates deforestation as 
an emergent outcome of interacting subsystems, including land use, global demand, finance, governance, and 
climate pressures. Integrating forest governance into macroeconomic planning coordinates development, 
climate, and trade objectives while internalizing deforestation risks across policies and markets. 

Aligning Climate Mitigation Pathways with Forest Integrity 

Aligning climate mitigation pathways with forest integrity requires integrated planning that 
harmonizes human and natural systems while promoting resilient, energy-efficient forest operations 
[152]. Climate-smart forestry operationalizes this goal by combining management, protection, and 
restoration across landscapes to deliver carbon, biodiversity, and social co-benefits [153]. When 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2026 doi:10.20944/preprints202512.2845.v2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.2845.v2
http://creativecommons.org/licenses/by/4.0/


 17 of 30 

 

guided by forward-looking policies, rising timber demand can increase harvests while expanding 
long-term carbon stocks through afforestation, productivity gains, and investment incentives [154]. 
Complementary instruments, including forest carbon taxes, can reduce emissions from industrial 
logging while financing climate-smart transitions [155]. 

Because primary forests retain far higher ecological integrity than human-modified systems, 
mitigation strategies must prioritize identifying and protecting high-integrity areas within an 
ecosystem integrity framework [156]. Global targets to protect 30% of forests by 2030 and 50% by 
2050 are essential to safeguard biodiversity, carbon storage, and hydrological functions [157]. Forests 
should be treated as irreplaceable carbon and water systems—not merely offsets—within national 
development and climate strategies coordinated across sectors and governance levels [158]. Halting 
deforestation alone could cut global emissions by roughly 4 gigatons per year, underscoring its 
centrality to net-zero pathways [159]. 

Existing mechanisms provide a foundation for scaling results-based forest mitigation. REDD+ 
now covers more than 90% of tropical forests and over 75% of forests in developing countries under 
the UNFCCC, while new approaches such as the Reversing Deforestation Mechanism (RDM) link 
verified net removals to predictable payments [160]. By combining carbon markets, policy 
instruments, and jurisdictional mechanisms, these frameworks align economic development with 
ecological integrity. Bilateral offtake agreements can further stabilize finance and complement 
JREDD+ and TFFF by rewarding verified outcomes at scale. 

Forest protection should be elevated to a primary mitigation action on par with decarbonization, 
as conserving high-carbon forests avoids large emissions and sustains sequestration comparable to 
many energy-sector measures [161]. Public investment in forests significantly boosts net 
sequestration and supports national climate targets, confirming forests as a scalable mitigation lever 
[162,163]. As countries expand renewables and critical-mineral extraction, strong deforestation 
safeguards are essential to prevent shifting environmental costs onto tropical forests, where mining 
pressures are growing [164]. Evidence shows that restricting mining in protected areas could reduce 
over 60% of forest threats, while improved inventories reveal mining-related deforestation to be two 
to three times higher than previously estimated—making forest safeguards indispensable to credible 
clean-energy transitions (Figure 7) [71,165]. 

 

Figure 7. Forest Protection as a Core Climate Mitigation Pathway. The figure illustrates how aligning climate 
mitigation pathways with forest integrity prioritizes halting deforestation and protecting high-carbon, high-
integrity forests as primary mitigation actions alongside decarbonization. It highlights integrated planning, 
policy instruments, and restoration mechanisms that conserve forest carbon stocks while supporting 
biodiversity and sustainable development. 

Enforceable Supply-Chain Accountability and Trade Reform 

Enforcing supply-chain accountability is vital for global forest preservation, as opaque reporting 
and inconsistent corporate commitments continue to undermine deforestation reduction. 
Standardized data, public disclosure, and robust due diligence legislation are essential for creating 
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deforestation-free supply chains and holding companies accountable [166]. Voluntary corporate 
pledges have proven insufficient, highlighting the need for importing countries to adopt mandatory 
traceability, customs-level verification, and financial penalties for non-compliance [167]. State-led 
regulations like the EU Deforestation Regulation (EUDR) exemplify this shift from voluntary to 
enforceable standards, institutionalizing zero-deforestation requirements for forest-risk 
commodities. Yet their effectiveness depends on regulatory design, enforcement, and market actors’ 
responses, particularly in opaque supply chains influenced by rising trade volumes and shifting 
power toward countries such as China, which weakened prior initiatives like the EU Forest Law 
Enforcement, Governance and Trade (FLEGT) Action Plan [168]. Implementation gaps in regions like 
the DRC and Indonesia, coupled with reliance on private-sector enforcement, further underscore the 
need for stronger public sanctioning and dynamic monitoring. 

Sustainable outcomes in commodities such as soy and coffee require more than legislation. 
Adaptive performance management, context-sensitive monitoring, and end-to-end traceability—
including block-chain-enabled timber marking, transport documentation, and restoration 
obligations—enhance transparency, curb illegal logging, and strengthen accountability through 
tamper-proof records linking procurement, insurance, and reforestation (Figure 8) [169,170]. Brazil’s 
soy sector demonstrates that focusing solely on deforestation, without integrating land tenure and 
human rights, limits effectiveness, emphasizing the importance of empowering grassroots actors and 
harmonizing local development with transnational policies [171]. 

 
Figure 8. Strengthening Supply-Chain Accountability to Protect Forests. The flowchart illustrates key 
strategies for reducing deforestation through enforceable supply-chain reforms. It highlights policy measures, 
enforcement mechanisms, advanced monitoring, and sustainable solutions that collectively ensure transparent, 
zero-deforestation supply chains. 

Linking [172,173]. Aligning forest laws with trade regulations integrates conservation into development goals, 
while EU Trade and Sustainable Development chapters reinforce accountability and provide technical support 
to partner countries [174]. Corporate supply chains often face opacity and unequal market power, highlighting 
the need for zero-deforestation sourcing and nature-positive business models [175]. 

Ultimately, effective forest protection requires coordinated action among investors, companies, 
policymakers, and data providers, backed by mandatory reporting, dynamic monitoring, and 
international collaboration. Integrating regulatory enforcement with adaptive management aligns 
financial and corporate behavior with national and global conservation targets while addressing 
human rights risks [176,177]. By institutionalizing enforceable standards, strengthening supply-chain 
oversight, and linking trade reforms to environmental accountability, global forest preservation can 
move beyond voluntary commitments to measurable, sustainable outcomes. 
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Financial System Realignment and Risk Internalization 

Global forest preservation increasingly depends on realigning financial systems to internalize 
deforestation and biodiversity risks. Evidence suggests that deliberate sequencing of government, 
REDD+, and supply chain interventions, supported by early state incentives, creates an enabling 
environment for private and transnational actors, enhancing cost-effectiveness and scalability [178]. 
Biodiversity loss now poses distinct financial risks capable of undermining firm value, credit quality, 
and systemic stability, necessitating integration into market pricing and capital allocation [179]. Case 
studies from Brazil and Indonesia highlight that international climate finance alone is insufficient, as 
domestic priorities and sovereignty concerns often outweigh external influence, emphasizing the 
need to align funding with national development goals and foster reciprocal cooperation [180]. 
Engaging financial institutions through regulatory incentives and green banking frameworks can 
redirect capital toward sustainable forest management, supporting regenerative practices, 
community-based conservation, and legal timber trade [181,182]. 

Political and sectoral dynamics, however, continue to dilute sustainable forest finance ambitions, 
as observed in EU policy struggles, underscoring the need for transparent, science-based mechanisms 
that link biodiversity conservation to financially viable forest management [183]. Future protection 
hinges on restructuring incentives that currently favor deforestation, requiring risk-based models 
where financial institutions treat forest-loss exposure as material and integrate it into credit, 
insurance, and investment decisions [184]. Leveraging high-integrity REDD+, targeted forest finance, 
and nature-based solutions can close the $216 billion annual forest finance gap projected by 2030, 
potentially tripling private investment from $7.5 billion in 2023. Strengthening legal and governance 
frameworks across supply chains, particularly in high-risk timber markets such as Vietnam–Africa 
trade, ensures verified sourcing while internalizing ecological and financial risks [185]. Together, 
coordinated financial realignment, risk internalization, and policy integration offer a pathway to 
sustainable, global forest preservation. Public and private finance should be redirected toward forest-
positive land use, restoration, and climate-resilient livelihoods, while capital flows to high-risk 
sectors are constrained through disclosure mandates and enforceable exclusion policies. 

Conflict-Sensitive and Post-Conflict Forest Governance 

Both armed conflict and post-war reconstruction are critical accelerators of forest loss. Future 
recommendations must embed forest protection within peacebuilding and recovery frameworks, 
recognizing forests as both ecological assets and governance indicators. Conflict-affected countries 
require targeted international support to restore land tenure systems, prevent opportunistic land 
grabbing, and integrate community-based forest management into reconstruction efforts, thereby 
reducing the post-conflict deforestation surge documented across multiple regions. 

Conclusion 

This study synthesizes recent global evidence to examine the scale, spatial concentration, and 
interacting drivers of deforestation and permanent tree-cover loss, addressing the three core research 
questions outlined at the outset. The findings indicate that contemporary deforestation remains 
heavily concentrated in tropical regions and is increasingly characterized by permanent land-use 
conversion rather than temporary disturbance. Agricultural expansion continues to dominate as the 
primary driver, while mining activities, climate-driven wildfires, and armed conflict interact in ways 
that intensify forest degradation and reduce ecosystem resilience. These pressures are further 
amplified by global consumption patterns and financial systems that externalize environmental costs 
to forest-rich, lower-income regions.  

The analysis also highlights persistent governance gaps that limit the effectiveness of existing 
policy commitments and regulatory frameworks. In particular, the location and context of recent 
international climate summits underscore broader challenges in aligning global climate governance 
with measurable reductions in deforestation. Taken together, the evidence suggests that forest loss 
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should be understood as a systemic outcome of interconnected economic, political, and 
environmental processes rather than isolated local failures. Addressing these dynamics will require 
coordinated action across supply chains, finance, and land-use planning.  

Future efforts should prioritize enforceable deforestation-free trade measures, stronger financial 
disclosure and accountability mechanisms, integration of forest protection into climate adaptation 
and mitigation strategies, and targeted support for governance capacity in high-risk regions. 
Continued investment in transparent data systems and interdisciplinary research will also be 
essential to monitor progress and inform more effective forest conservation and restoration policies. 
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