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About the Research Paper 

The paper uses Causal Loop Diagrams (CLD) to analyse relation between Environmental, 

Social and Governance variables with relation to Forest Fire incidents in Assam. This CLD 

methodology provides a clear visual representation of the complex relationships, helping to 

improve forest fire risk management and develop effective prevention strategies.The CLD 

analysis provides insights on key risk areas which need interventions at various stages of the 

loops. This approach also helps to supplement the audit processes by formulating audit 

objectives and possible checklists with respect to individual CLD loops, which can be further 

used to make sub objectives and audit questions/ADMs on similar subjects.   

Feedback  

We strive for constant improvement and encourage our readers to provide their valuable 

feedback/suggestions. Please send us your suggestions and comments about this Research 
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information and knowledge purposes only. They should not be considered as being part of audit 
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  Foreword 

Forest Fires present an urgent and growing global challenge, 

underscoring the need for a fundamental shift in how their 

extensive implications are understood and addressed. Supreme 

Audit Institutions (SAIs) can play a pivotal role in environmental 

governance by promoting a holistic approach that goes beyond 

conventional technological solutions. In this context, the 

International Centre for Environment Audit and Sustainable 

Development (iCED), under the aegis of the Comptroller and Auditor General of India, is 

actively shaping collaborative frameworks that facilitate knowledge sharing and best practices 

among public auditors on critical environmental concerns. 

Since 2022, iCED has been at the forefront of environmental auditing, publishing the 

Occasional Research Paper (ORP) Series, which tackles key issues such as Climate Change, 

Ocean Acidification, Flood Risk Assessment in Jaipur, and Municipal Solid Waste 

Management. In this research paper “Assessment of Forest Fire Incidents in Assam: Analysing 

Risk Areas in Environmental, Social and Governance Context” emphasis has been laid on 

assessing the critical factors responsible for forest fire in Assam, vulnerabilities and possible 

risk areas.  

Forest fires, a growing global concern, result from a complex interplay of natural and 

anthropogenic factors. Understanding the contributing elements—ranging from climate and 

vegetation to human activities and inadequate infrastructure—is critical for crafting effective 

mitigation strategies. This comprehensive framework categorizes these contributing factors and 

aligns them with corresponding mitigation measures, emphasizing a proactive, integrated 

approach to wildfire prevention and management. From the implementation of advanced 

weather monitoring systems and adaptive forest management to promoting community 

involvement and leveraging innovative technologies, each measure is designed to address 

specific vulnerabilities. By fostering awareness, encouraging research and development, and 

strengthening policy frameworks, this ORP serves as a valuable guide for stakeholders aiming 

to build resilience against forest fires and safeguard both natural ecosystems and human 

communities. 

                  (Dr. Abhishek Gupta) 
09th February 2026  
Jaipur 

Addl. Deputy C&AG and Director General, 
iCED  
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Assessment of Forest Fire Incidents in Assam: Analysing Risk 
Areas in Environmental, Social and Governance Context 

1. Introduction 

A forest fire, also called a wildfire or bushfire, is an uncontrolled and rapidly spreading fire 

that affects the herbs, shrubs, trees, and other combustible materials in a forest or wooded area 

(ICDO, 2024). Forest fires can vary in size and intensity, ranging from small and localised to 

large and devastating (Földi, 2016). Flames, heat, and smoke often characterise forest fires 

(McArthur, 2015), and they can pose significant threats to ecosystem’s biotic and abiotic 

factors and property. Forest fires are typically ignited by various factors, including lightning 

strikes, human activities such as campfires or discarded cigarettes, and, in some cases, 

deliberate arson. Once ignited, the fire can spread rapidly, fuelled by dry vegetation, wind, and 

other environmental conditions. The combination of dry conditions, flammable vegetation, and 

strong winds can lead to a forest fires' rapid and uncontrollable expansion. 

1.1 Forest Status in India 

The most recent India State of Forest Report (ISFR1) 2023, that total forest and tree cover in 

the country is 8,27,356.95 km², which is 25.17% of the total land area. The forest cover alone 

is 7,15,342.61 km² (21.76%), while tree cover outside recorded forests is 1,12,014.34 km² 

(3.41%)(ISRF, 2023). Forest cover in the hill districts of the country is 2,83,713.20 km², which 

is 40% of the total area of these districts. In the latest assessment, forest cover in these hill 

districts has increased by 234.14 km² (ISRF, 2023). From 2013 to 2023, India recorded a steady 

and positive improvement in its forest and tree resources. During this period, the country’s 

forest cover increased by 16,630 km², including 440 km² within Recorded Forest 

Areas/Green Wash, 

16,190 km² outside 

forest areas, and 

2,649 km² in hill 

districts, indicating 

expansion beyond 

traditional forest 

boundaries. 

 
1 Forest Survey of India 
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Mangrove cover also showed healthy growth, rising by 296 km², reflecting improved coastal 

ecosystem conservation. In addition, tree cover increased by 20,747 km², while agroforestry 

tree cover expanded by 21,287 km², supported by an increase of 287 million m³ in growing 

stock. Overall, the total growing stock rose significantly, with an increase of 305 million m³ 

in forests and 466 million m³ in trees outside forests, highlighting strengthened carbon 

sequestration potential and sustainable land-use practices across the country. (ISRF, 2023). 

1.2  Forest Management Activities 

The Green India Mission (GIM), launched in 2011, is one of eight initiatives under India’s 

National Action Plan on Climate Change (NAPCC), aimed to increase forest cover, restore 

ecosystems, and support forest-dependent communities (MoEFCC, 2017). In 2014, the 

government approved a much larger investment of Rs. 46,000 crore through the Green India 

Mission, the mission targets increasing the quality and quantity of India’s forests to provide 

ecological, climate, and livelihood benefits.  

The India State of Forest Report 2023 shows that forest cover has increased from 6,98,712 

square kilometres in 2013 to 7,15,343 square kilometres in 2023, and that forest fires have 

reduced: there were 2,03,544 fire hotspots in 2023–24, compared to 2,23,333 in 2021–22 

(MoEFCC, 2024). The Pilot Scheme of Nagar Van Yojana (NVY) envisages developing 400 

Nagar Vans and 200 Nagar Vatikas in the country during the period of 2020-21 to 2024-25 

with an objective to significantly enhance the tree outside forests and green cover, enhancement 

of biodiversity and ecological benefits to the urban and peri-urban areas apart from improving 

quality of life of city dwellers. The total estimated cost of Nagar Van Yojana is Rs.895 crore 

for the period of 2020-21 to 2024-25 for implementation from the National Funds under 

Compensatory Afforestation Fund Management and Planning Authority (CAMPA) (MoEFCC, 

Nagar Van Yojana, 2022). Furthermore, the Compensatory Afforestation Fund (CAMPA 

funds) is utilised by States and Union Territories to undertake compensatory afforestation based 

on approved Annual Plans of Operations.  

India has strengthened its forest cover through several government schemes and scientific 

initiatives. The Forest Survey of India (FSI) has improved forest monitoring by upgrading the 

Forest Fire Alert System, completing the first five-year National Forest Inventory, and 

digitizing forest boundaries in 25 States and UTs, helping generate accurate data on forest cover 

and carbon stocks. Major schemes have also supported this progress. The National Mission for 

a Green India (GIM), launched in 2014, according to MoEFCC, Dec 2024 funds released 
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₹944.48 crore to 17 States and 1 UT for plantation and eco-restoration. The Nagar Van 

Yojana (2020) focuses on creating urban green spaces, with 546 projects approved across 31 

States/UTs and ₹431.77 crore allocated. The School Nursery Yojana has funded 743 projects 

in 19 States/UTs to promote tree planting among students with an outlay of ₹4.80 crore. To 

protect coastal ecosystems, the MISHTI programme (2023–2028) has provided ₹17.96 crore 

to coastal states for mangrove restoration, while the National Coastal Mission supports 

mangrove and coral reef conservation in 9 coastal States and 1 UT. Wetland protection is 

strengthened through the National Plan for Conservation of Aquatic Ecosystems (NPCA). New 

initiatives like Ek Ped Maa Ke Naam (2024) encourage mass public participation in tree 

planting (MoEFCC, 2024). 

The provisions of the Compensatory Afforestation Fund Act, 2016 (CAF Act) and CAF Rules, 

2018 (MoEFCC, 2023)  helps in compensating for the loss of forest and tree cover due to the 

diversion of forest land for developmental projects. As a result of these afforestation efforts in 

India, implemented through various schemes, positive results in conserving and enhancing 

forest cover is being noticed.  

1.3  Forest Fire Risk in India 

According to ISFR 2019, in India, more than 36 per cent forest cover has been estimated to 

be prone to frequent forest fires. Nearly 4 per cent of the country’s forest cover is extremely 

prone to fire, whereas 6 per cent of forest cover is found to be very highly fire prone (ISFR, 

2019).  

Based on the forest inventory records of Forest Survey of India (FSI) 2023, 54.40 per cent of 

forests in India are exposed to occasional fires, 7.49 per cent to moderately frequent fires and 

2.40 per cent to high incidence levels while 35.71 per cent of India’s forests have not yet been 

exposed to fires of any real significance (FSI, 2023).  

1.5  Incidences of forest fires in the World 

The confluence of heat waves and drought conditions is contributing to the proliferation of 

wildfires throughout Europe, presenting difficulties in fire containment efforts in certain 

regions. According to Parsa and Zehra, 2022 (NIDM Journal2), the European Forest Fire 

Information System indicates that 19 countries were under a "severe danger" classification due 

 
2 Parsa, P. S. A., & Zehra, K. (2022). Forest Fires and Climate Change: Causes, Effects and 
Management. Disaster Dev, 107. 
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to wildfires, with France, Spain, and Portugal being classified as in "very extreme danger."  

United Kingdom, Spain, France, Turkey, Greece, Italy, and Portugal are also facing challenging 

issues with wildfire incidents (NIDM, 2022). Incidences of Wildfires across world has been 

listed in Table 2. 

 In 2023, the European Union had one of its worst wildfire years since 2000. More than 500,000 

hectares of land burned, about half the size of Cyprus. Some of these were “megafires” that 

normal firefighting methods could not control.  

 One such fire, near Alexandroupolis in northeastern Greece, was the biggest single wildfire 

recorded in the EU since 2000, when official tracking began.  

 Canada also had recorded wildfires in 2023, burning over 15 million hectares.  

 In 2024, regions of Latin America, such as the Amazon and Central America, suffered very 

serious fires, and some countries asked for help from the EU. At least 41 people have died in 

these fires. Around 96% of wildfires in the EU are started by human activities, so educating 

people and raising awareness is extremely important (Copernicus, 2023). 

Table 2: Incidences of Wildfires in Different Countries  

S. No. Country Year Burned 
Area 

(acres) 

Affected Lives Few large Incidents 

1. Algeria 2022 1,32,000 
At least 43 dead, 45 
injured 

Wildfires throughout August 

2. Australia 2019-20 
19 million 
(total) 

Up to 3 billion 
animals impacted 

Catastrophic bushfires 

3. Bulgaria 2022 34,800 - Wildfire controlled in 2 days 

4. Croatia 2022 81,000 
At least 30 houses 
destroyed 

Wildfires on the Adriatic coast 

5. France 2022 1,64,000 27 injuries Fires in the Gironde region 

6. Georgia 2007 80,000 - 
Arson suspected, 64 per cent 
containment 

7. Greece 2022 54,000 - 
Fires in Lesbos and Dadia 
National Park 

8. Kazakhsta
n 

2022 1,06,000 
1 dead, 108 
buildings destroyed 

Massive wildfires in Kostanai 

9. Morocco 2022 80,000 1 dead Wildfires in Larache and Taza 

10. Portugal 2022 2,58,000 
At least 135 
injured, 800 
evacuated 

Extensive wildfires in Leiria and 
Santarém 

11. Russia 2022 20,000 - Wildfires in the Ryazan region 

12. Spain 2022 7,57,000 2 dead, 491 fires Wildfires across the country 
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13. Turkey 2022 36,500 At least 25 injured Wildfire in Gulnar 

14. UK 2019 50,000 - 
Numerous wildfires across 
England and Wales 

15. India 

In the fire 
season Nov 
2023 - June 
2024 

34,562.33 
(In seq.km) 

 (FSI, 2023) 

Source: (CDP, 2022) 

2. Literature Review 

Forests are vital natural resources that play a crucial role in maintaining environmental balance. 

The health of forests in a given region serves as a key indicator of the prevailing ecological 

conditions. Frequent forest fires can lead to the depletion or extinction of valuable plant and 

animal species, and they may directly or indirectly affect human populations. As a result, forest 

fires are considered a significant hazard with far-reaching physical, biological, ecological, and 

environmental consequences. These fires can cause partial or complete degradation of 

vegetation cover, altering the radiation balance by increasing surface albedo, accelerating water 

runoff, and raising soil erosion rates. 

The research in "Forest Fire Management in Portugal: Developing System Insights 

through Models of Social and Physical Dynamics" uses System Dynamics to analyse forest 

fire management. It develops two models: one explores the impact of suppression and 

prevention expenditures on long-term fire outcomes, while the other investigates rekindled fire 

dynamics, highlighting feedback loops in decision-making (Collins, 2012). 

Forest fires significantly impact the environment by mobilising and accumulating Mercury 

(Hg), with biomass burning contributing about 13 per cent of Hg from natural sources. The 

Mercury (Hg) accumulation in soil can be toxic, harming the nervous, digestive, and immune 

systems, as well as the lungs, kidneys, skin, and eyes (Francisco López, 2022). 

Fuel refers to any material capable of combustion. In forest ecosystems, fuel primarily consists 

of vegetation, such as branches, needles, leaves, standing dead trees, and man-made flammable 

structures (NIDM, 2014). Fire is technically defined as the rapid combustion of fuel in the 

presence of heat and oxygen. These three elements—fuel, heat, and oxygen—must be present 

in appropriate proportions to initiate and propagate a fire. It is a chemical reaction in which a 

substance undergoes ignition and combustion, releasing significant energy in the form of heat 

and light. 
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In Figure 1, Scientometric analysis of forest fire research articles showing in different group’s 

link (different colour web), to identify group interconnection with each other, prominent 

authors, and emerging topics. A Scientometric analysis of research on forest fires in Assam 

state was conducted using the open-source Dimensions search tool. Approximately 3,831 

research articles were identified, with the majority published between 2019 and 2024. Notably, 

516 articles were published in 2024, the highest number recorded, followed by 500 articles in 

2023. In Figure 1, network visualization, each colour represents a distinct cluster or community. 

Authors (nodes) shown in the same colour are more strongly connected to one another, 

indicating closer relationships such as frequent collaboration, co-authorship, or thematic 

similarity. Different colours denote separate research groups or sub-networks with 

comparatively fewer interconnections between them. The connecting lines represent the 

relationships among authors, while the size of each node reflects its relative importance in the 

network, such as the number of publications or the strength of its connections. Key contributors 

to forest fire research include Abdul Ghani Olabi, Jurij Krope, Darko Goricanec, and Stanislav 

Božičnik, each authoring approximately 32 articles (Dimensions, 2024). 

The publications predominantly fall within disciplines such as environmental science, 

biological sciences, earth sciences, human society, environmental management, agricultural 

and veterinary sciences, food science, engineering, and ecology. Many of these Scientometric 

studies align with Sustainable Development Goals (SDGs) 15 (Life on Land) and 13 (Climate 

Action), addressing mitigation and adaptation strategies. SDG 13 focuses on climate action, 

while SDG 15 is dedicated to life on land. Forest fire risk assessment contributes to both by 

helping to monitor and mitigate the effects of Climate Change (target 13.1) and promoting 

sustainable land management (target 15.2). Assessing fire risk informs strategies for reducing 

wildfire occurrence, enhancing ecosystem resilience, and preserving biodiversity. Additionally, 

risk assessments support sustainable forest management (target 15.1) and strengthen disaster 

risk reduction efforts (target 13.1), ensuring that both goals are integrated into long-term 

conservation and climate adaptation efforts. Journals such as Journal of Threatened Taxa and 

Lecture Notes in Civil Engineering have shown significant focus on forest fire-related research, 

highlighting their contribution to this critical field between linkage of the authors are shown in 

the below Figure 1.   
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Figure 1: Scientometric study of research papers published under the forest fire category 
(Dimensions, 2024) 

2.1  Types of Forest Fire 
 

Forest fires can be categorised into three main types based on the fire height: ground, surface, 

and crown (Fernández-Alonso, 2013). 

Ground Fires: 

Ground fires burn primarily in the decayed roots below the ground and in the duff layer, which 

is composed of compacted dead plant materials such as leaves, bark, needles, and twigs. These 

fires are sustained by glowing combustion without visible flames and can go undetected for a 

long time, as they produce little to no smoke and spread slowly. 



8 
 

Surface Fires: 

Surface fires burn loose needles, moss, lichen, herbaceous vegetation, shrubs, small trees, and 

saplings that are at or near the surface of the ground, mostly through flaming combustion. The 

expansion of surface fires in surface fuels is a significant factor in the overall fire behaviour. 

These fires can grow in intensity to scorch or even consume the forest canopy, a characteristic 

seen in crown fires, depending on factors such as the amount of surface fuel, fuel moisture 

content, slope, wind speed, surface flame length, height to the base of tree crowns, and the 

density and compactness of tree crowns. 

Crown Fires: 

Crown fires burn the forest canopy fuels, including live and dead foliage, branches, and lichens 

in trees, and tall shrubs that are well above the surface fuels. Crown fires are usually ignited by 

a surface fire and can be either passive or active. Passive crown fires involve the burning of 

individual trees or small groups of trees, while active crown fires, also known as running crown 

fires, present a solid wall of flame from the surface through the canopy fuel layers. 

 

2.2  Causes of Forest Fires 

2.1.1   Natural Causes 

Forest fires are caused by natural factors like lightning, spontaneous combustion, volcanic 

eruptions, and prolonged droughts. These events, although unpredictable, significantly 

contribute to the initiation of fires in many regions worldwide, highlighting the importance of 

environmental protection in preventing such disasters. One of the natural causes of forest fires 

is lightning. Lightning strikes can ignite vegetation and debris on the forest floor, leading to the 

onset of wildfires. When a lightning bolt strikes a tree or dry vegetation, the heat generated can 

initiate a fire. Since lightning is a natural and common occurrence, especially in thunderstorm-

prone areas, it is a significant natural cause of forest fires. While lightning-caused fires are a 

part of natural ecosystem processes and can have ecological benefits, they can also pose 

challenges when conditions are dry and conducive to the rapid spread of wildfires. Natural fires, 

including those caused by lightning, play a role in ecosystem dynamics, helping to clear dead 

vegetation, promote new growth, and maintain a balance in certain ecosystems.  

Naturally occurring forest fires are most frequently caused by lightning and thunderstorms. 

There are also volcanic, meteor, and coal seam fires, depending on the circumstance. The dry 
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deciduous forests in central and southern India face 5 to 6 months of dry periods and are 

vulnerable to fires. In Uttarakhand, the lack of soil moisture too is being seen as a key factor. 

In two consecutive monsoon seasons (2019 and 2020), rainfall has been deficient by 18 per 

cent and 20 per cent of the seasonal average, respectively (Pradeep Kumar, 2021). 

2.1.2   Anthropological Causes 

Anthropogenic, or human-caused, forest fires can result from various human activities. Some 

common anthropological causes of forest fires include:  

Campfires and Outdoor Burning: Unattended or poorly managed campfires and outdoor 

burning can easily escalate into wildfires if not properly extinguished.  

Discarded Cigarettes: Carelessly discarded cigarette butts can ignite dry vegetation, 

especially in areas prone to wildfires.  

Arson: Intentional setting of fires by individuals for malicious reasons or personal motives 

constitutes arson and is a significant anthropogenic cause of forest fires.  

Equipment and Machinery: Sparks generated by equipment like chainsaws, grinders, or 

vehicles can ignite dry vegetation and lead to wildfires.  

Power Lines: Electrical equipment or power lines, especially in windy conditions, can cause 

sparks that ignite nearby vegetation.  

Fireworks: The use of fireworks in or near wooded areas, especially during dry and windy 

conditions, can lead to wildfires.  

Debris Burning: Burning of debris, such as leaves, branches, or agricultural waste, without 

proper precautions can result in uncontrolled wildfires.  

Railroads and Trains: Sparks generated by trains or other railroad activities can ignite 

vegetation along railway tracks.  

Unattended Campsites: Visitors leaving campsites without properly extinguishing fires can 

inadvertently cause wildfires.  

Human Infrastructure in Wild land Areas: The development of roads, power lines, and other 

human infrastructure in wild land areas increases the forest fire risk. 
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World Wide Fund for Nature (WWF) report estimated that humans are responsible for 75 per 

cent of wildfires worldwide and much of the increase in forest fires in 2022 could be linked to 

human activities (WWF, 2024). Longer-lasting, more intense, more frequent, and extremely 

combustible fires are all being contributing to climate change. In India, forest fires are most 

commonly reported during March and April, when the ground has large quantities of dry wood, 

logs, dead leaves, stumps, dry grass, and weeds that can make forests easily go up in flames if 

there is a trigger. In Odisha, which saw a major fire last month in the Simlipal forest, villagers 

are known to set dry leaves on fire to collect mahua flowers, which go into the preparation of 

a local drink (Pradeep Kumar, 2021). 

2.3  Impact of Forest Fire 

Forest fires can have a wide range of impacts on ecosystems, the environment, human health, 

and the economy. The severity of these impacts depends on factors such as the size of the fire, 

the type of vegetation affected, and the proximity to human communities. Here are some 

common impacts of forest fires. 

2.3.1 Ecological Impact 

Vegetation Loss: Forest fires can lead to the destruction of trees, plants, and other 
vegetation, affecting biodiversity and habitat for wildlife. 

Soil Degradation: The heat from fires can alter soil structure, making it more 
susceptible to erosion and reducing its ability to support plant life. 

2.3.2  Air Quality and Atmospheric Impact 

Smoke and Particulate Matter: Fires release large amounts of smoke and particulate 
matter into the air, impacting air quality and potentially causing respiratory issues for 
humans and animals. 

Greenhouse Gas Emissions: Forest fires release significant amounts of carbon dioxide 
and other greenhouse gases, contributing to Climate Change. 

2.3.3  Water Quality Impact 

Runoff Contamination: Ash and debris from forest fires can contaminate water 
sources, affecting water quality and aquatic ecosystems. 

2.3.4  Wildlife Impact 
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Habitat Loss: Animals may lose their habitats and face challenges finding food and 
shelter. 

Direct Mortality: Some animals may perish in the fire, while others may die later due 
to a lack of resources. 

2.3.5  Human Health Impact 

Respiratory Issues: Smoke from forest fires can lead to respiratory problems, 
especially for individuals with pre-existing conditions. 

Evacuation Stress: People living in or near affected areas may experience stress and 
health issues due to evacuation and displacement. 

2.3.6  Economic Impact 

Property Damage: Forest fires can destroy homes, infrastructure, and agricultural land, 
leading to significant economic losses. 

Cost of Firefighting: The resources spent on firefighting efforts, including personnel, 
equipment, and aircraft, contribute to the economic impact. 

2.3.7  Long-Term Ecosystem Changes 

Succession Patterns: Forest fires can alter natural succession patterns, influencing the 
types of vegetation that regrow in the affected areas. 

2.3.8  Cultural and Recreational Impact 

Loss of Recreational Areas: Popular outdoor recreational areas may be damaged or 
closed, impacting local tourism and communities. 

Cultural Heritage Impact: Fires may threaten cultural sites and historical landmarks. 

3. Forest Fire- An Audit Perspective 

Audits are essential for forest fire management as they provide a systematic assessment of fire 

risk, prevention measures, and response strategies. By evaluating the effectiveness of fire 

management plans, resource allocation, and compliance with regulations, audits help identify 

weaknesses and areas for improvement. They also ensure that environmental, safety, and 

financial impacts of forest fires are properly managed. Audits facilitate data-driven decision-

making and promote accountability, enabling stakeholders to develop more effective fire 

prevention, mitigation, and recovery plans. Regular audits can enhance resilience, optimize 

resource use, and support sustainable forest management practices. 
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In forest services in Department of Agriculture department, United States (US), there are 

various roles such as management of wildfire, protection of land, assisting in wildfire 

management, and even research. The Bipartisan Infrastructure Law enables an extra agency, 

the Wild-land Fire Mitigation and Management Commission, to prepare and submit policy 

suggestions to Congress focusing on the aspects of prevention, management, suppression, and 

recovery. Fire management and mitigation regarding wildfires is combined and emphasized 

based on the integrated and tactical preparedness and response functions (Society of American 

Foresters, 2019). 

The performance audit of the "Protection of forests from wild-land fires by Department of 

Forestry and Range Resources (DFRR), Botswana" unveils a robust defence strategy. DFRR 

serves as a vigilant guardian, employing cutting-edge technology, community engagement, and 

strategic planning to mitigate wild-land fire risks. The audit applauds DFRR's commitment to 

preserving biodiversity, fostering ecosystem resilience, and actively involving local 

communities. Pioneering research initiatives and a dedication to environmental sustainability 

mark DFRR as an exemplary force in ensuring our forests not only survive but thrive in the 

face of evolving challenges (FAO UN, 2011). 

4. Study 

Area Assam  

Assam is selected for 

forest fire assessment 

due to its vast forest 

cover, diverse 

ecosystems, and 

vulnerability to 

frequent wildfires, 

exacerbated by 

Climate Change and 

agricultural practices. 

The region’s complex 

topography, combined 

with increasing 

human-wildlife Figure 2: India and Assam Boundary Map (by use of QGIS) 
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interaction, makes it a critical area for understanding fire dynamics and improving management 

strategies. Mizoram, Assam, and Tripura are extremely prone to forest fires in North East India. 

According to the FSI total number of forest fire points was detected from 2004 to 2017 for each 

state and Union Territory. These data showed highest fire points are observed in northeast states 

such as Mizoram (32659) and Assam (20862) (Global Forest Watch, 2024).  

Between, 2002 to 2023, Assam lost 70.5 kha (thousands of hectares) of humid primary forest, 

accounting for 22 per cent of its total tree cover loss during that period. Overall, Assam's tree 

cover decreased by 12 per cent, losing 324 kha of tree cover between 2001 and 2023, which 

resulted in 152 Mt of CO₂ emissions. Karbi Anglong was the most affected region, contributing 

to 62 per cent of the state's total tree cover loss. From 2000 to 2020, Assam gained 163 kha of 

tree cover, which made up 8.7 per cent of India’s overall tree cover gain. The region saw a net 

increase of 21.4 kha (0.60 per cent) in tree cover between 2000 and 2020. The peak fire season 

in Assam usually begins in early February and lasts for about 13 weeks. In 2024, there were 

509 VIIRS fire alerts, which is lower than in previous years. The highest number of fire alerts 

were recorded in 2014, with 1,238 alerts. Between November 2021 and November 2024, a total 

of 16,285 VIIRS fire alerts were recorded. Above data highlight significant trends in 

deforestation and forest fire incidents in Assam, stressing the need for effective conservation 

and fire management strategies (Global Forest Watch, 2024). 

4.1  Forest Fire in Assam 

Assam State, situated in the north-east of India and foothills of the eastern Himalayas, covers 

an area of 78,438 square kilometres and lies in the middle reach of the Brahmaputra River and 

Barak (http://www.asbb.gov.in/geophysical.html).  

The state is bounded by 88.25°E to 96.00°E longitude and 24.50°N to 28.00°N latitude shown 

in Figure 2. 

The main causes of forest fires in Assam are a mix of natural and man-made forces. Slash-and-

burn cultivation, a widespread practice in the area that entails burning plants to clear forest land 

for agriculture, is one of the main human-induced causes. Despite being customary, this 

approach greatly increases the likelihood of forest fires, especially during the dry season when 

there are more flammable materials available. Carelessness with fire, such as burning 

agricultural waste, leaving cigarettes unattended, and starting campfires, is another important 

anthropogenic element. Particularly in dry conditions, these actions have the potential to 

quickly ignite nearby vegetation. The issue is further exacerbated by the fact that illicit 
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operations such as poaching may use burning in order to divert forest inspectors or destroy 

evidence. Additionally, Assamese forest fires are caused by natural causes.  Lightning strikes 

can ignite dry vegetation, particularly during the hot months when humidity is low and 

temperatures are high. Furthermore, climatic conditions such as prolonged dry spells and 

increased temperatures due to global warming create an environment conducive to fire 

outbreaks. The combination of these factors results in a heightened risk of forest fires, 

impacting biodiversity and local ecosystems significantly (Song Y. X., 2024). 

4.2  Forest Fire Incidences in Assam 
 

Assam, renowned for its rich biodiversity and lush forests, faces an alarming and increasing 

trend of forest fires, ranking as the second-most prominent state in India for such incidents. A 

closer look at the data from Jan. 2011 to Dec. 2025 (Figure 3), reveals approx. 1.5 thousands 

of incidents occurs each year. The occurrence of forest fires has been on a steady rise, with a 

significant peak in 2014. While there was some fluctuation, the period from 2017 to 2020 

marked another phase of consistent increases in forest fire incidents as shown in Figure 3. 

These fires are driven by a combination of natural and anthropogenic factors, exacerbating the 

challenges for forest conservation. Natural causes include prolonged dry spells, rising 

temperatures due to Climate Change, and lightning strikes. However, human-induced activities, 

such as slash-and-burn agriculture (locally known as jhum cultivation), illegal logging, and 

accidental ignitions during tourism or hunting, contribute significantly to the problem. The 

encroachment of forest lands and unsustainable resource extraction further weaken the region's 

resilience to fires. The impacts are devastating loss of flora and fauna, degradation of soil 

quality, alteration of local climate patterns, and increased carbon emissions, which contribute 

to global warming. Assam’s unique ecosystems, including its iconic wildlife habitats such as 

Kaziranga National Park, are under threat. Addressing this issue requires immediate action 

through enhanced monitoring using GIS and satellite imagery, community awareness 

programs, and sustainable forest management practices. Strengthening policies and integrating 

local communities in conservation efforts can mitigate this rising trend and protect Assam's 

biodiversity. Between 3rd of January 2011 and 1st of December 2025 Assam experienced a total 

of 80,472 VIIRS Alerts fire alerts shown in the below Figure 3 (Global Forest Watch, 2025).  

In Assam the peak fire season typically begins in mid-February and lasts around 13 weeks. 

There were 504 VIIRS fire alerts reported between 2nd of December 2024 and 1st of 

December 2025 considering high confidence alerts only. Figure 3 shows the forest fire 
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incidences from January 2011 to December 2025 in which more incidences seen in the year 

2014 and 2015. Figure 4 shows total incidences in 2024-25 as a red line, compared with blue 

lines for each year from 2012-13 to 2023-24. (Global Forest Watch, 2025). 

 

Figure 3:  Forest Fire Incidences in Assam from Jan. 2011 to Dec. 2025 (Global Forest Watch, 

2025) 

 

Figure 4: Forest Fire Incidence in Assam, Compare 2012-13 to 2024-25 (Global Forest Watch, 2025) 
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4.3  Life Injured and Loss Due to Forest Fire in Assam 
 

The rising toll of life injuries and fatalities caused by forest fires and other disasters in Assam 

is alarming. Between 2001 and 2019, life injuries have continuously occurred, peaking at 

approximately 250 individuals in 2009 as shown in Figure 5. Similarly, the loss of life has 

escalated, reaching a staggering 380 in 2019 as shown in Figure 6. This concerning trend 

underscores the urgent need for comprehensive life-saving measures. Enhancing first aid 

facilities is essential to protect living beings affected by forest fires. Immediate medical 

response, trained personnel, and community awareness can reduce injuries and fatalities. 

Collaboration among local authorities, Non-government Organisations (NGOs), and forest 

management strengthens disaster preparedness, prioritising the protection of human and animal 

life to safeguard Assam's biodiversity. 

 

 

4.4  Properties affected due to Forest Fire 
 

Forest fires in Assam have posed a significant threat to life and property over the years, with 

considerable fluctuations in the extent of damage observed between 2001 and 2020. In 2020, 

forest fires in Assam involved property loss worth approximately ₹ 17 crore. Despite the high-

risk exposure, effective firefighting and mitigation efforts ensured the property damage about 

₹ 1 crore, reflecting a commendable achievement in disaster management as shown in Figure 

7. This trend highlights the increasing capacity of local authorities and communities to 

minimise losses, even amidst growing challenges posed by Climate Change and human 

activities. Over the two decades, data suggests that while forest fire incidents have grown in 
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frequency, the proportion of property saved relative to the total value at risk has improved. This 

underscores the importance of continued investment in forest fire prevention strategies, early 

warning systems, and community awareness programs to protect Assam's valuable natural and 

economic resources. For additional details on forest fire incidents, please refer to Appendix-I 

and related reference. 

 

Figure 7: Properties affected due to forest fire in Assam during 2001-2020 (Global Forest 
Watch, 2025) 

4.5  New Initiatives for forest fire mitigation taken by the Government of 

Assam  

Assam’s disaster management planning emphasizes community awareness, emergency drills, 

and stakeholder engagement in forest fire-prone areas, as outlined in the State Disaster 

Management Plan, which calls for strengthened fire prevention networks, watchtowers, and 

coordination mechanisms among forest, civil defense, and local communities.  Assam benefited 

from the Scheme for Forest Fire Risk Management, a centrally supported initiative to enhance 

preparedness and response capacities in vulnerable districts (ASSAM, 2022). Summary of 

Initiatives and Innovative steps are sown in the Table 3. 
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Table 3: New Initiatives and Innovative Steps Taken by the Government of Assam

 

(Assam, 2021) 

4.6  Government Schemes and Mitigation Strategies in India 

Forest fire mitigation involves initiatives like early warning systems, community awareness 

programs, afforestation, and controlled burning. Implementing organizations include the Forest 

Department, National Disaster Management Authority (NDMA), and NGOs like WWF. 

International agencies like UNEP and FAO also contribute by promoting sustainable forest 

management practices and providing technical and financial support.  

To keep forests standing, UNEP helps countries access REDD+ financing3 through upfront and 

results-based payments and various financial mechanisms. It also works to ensure that countries 

achieve high-quality, high-integrity emission reductions from forests by promoting strong 

social and environmental safeguards. In addition, UNEP supports nations in raising their 

ambition and commitment toward sustainable forest management through knowledge sharing 

and advocacy. Through the UN-REDD Programme, UNEP is supporting 65 countries in 

reducing emissions from deforestation and forest degradation (UNEP, 2025). 

The Food and Agriculture Organization (FAO) helps countries manage forests in ways that 

protect nature and support people. It gives technical advice, money, and policy support so that 

forests can be used without being destroyed. In dry areas, FAO runs a big programme that 

works in 11 African and Asian countries to restore land, protect forests and parks, and improve 

local livelihoods, with goals like managing millions of hectares better and cutting large amounts 

of CO₂ emissions (FAO, 2025). Initiatives for Mitigation of Forest Fire and Implementing 

departments/organisations in India are shown in Table 4. Forest fire mitigation strategies that 

are being conducted by the Forest Survey of India shown in the Table 5. 

 
3 REDD+ financing means the money that supports countries to reduce emissions from deforestation 
and forest degradation, and to conserve and restore forests. 
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Table 4: Initiatives for Mitigation of Forest Fire and Implementing Organisations in 
India   

S. 
No. 

Initiative/Program Details Implemented 
By 

Reference 

1. National Action 
Plan on Forest 
Fires (NAPFF) 

Launched 2018 
(circulated to States on 
23 April 2018) to 
comprehensively tackle 
forest fires through 
preventive, control, and 
mitigation measures. 

MoEFCC (MoEFCC, 
2023) 

2. Forest Fire 
Prevention and 
Management 
Scheme (FFPM) 

Financial support for 
states to strengthen their 
forest fire prevention 
systems in 2017-18. 

MoEFCC (MoEFCC, 
2023) 

3. Forest Survey of 
India (FSI) Fire 
Alerts System 

Satellite-based fire alert 
system using MODIS 
and SNPP-VIIRS data to 
detect and disseminate 
alerts, Satellite fire alert 
system launched 
(modern versions) 2019. 

Forest Survey of 
India (FSI) 

(FSI, 2023) 

4. Green India 
Mission (GIM) 

Part of the National 
Action Plan on Climate 
Change, it includes 
measures to enhance 
forest resilience to fires 
started during 2015–16. 

MoEFCC (MoEFCC, 
2024) 

5. Integrated Forest 
Protection Scheme 

Merged into FFPM, it 
aimed at strengthening 
forest fire detection and 
firefighting 
infrastructure. (The 
scheme began in the 
early 2000s and later 
merged into intensified 
fire and protection 
schemes) 

MoEFCC (MoEFCC, 
2011) 

6. National 
Afforestation 
Programme 
(NAP) 

Includes components for 
fire prevention in 
afforestation and 
reforestation projects. 
(NAP was launched in 
2002 for afforestation of 
degraded forests) 

National 
Afforestation 
and Eco-
Development 
Board (NAEB) 

(MoEFCC, 
2019) 
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7. Community-
Based Forest Fire 
Management 

Encourages the 
involvement of local 
communities in fire 
prevention and control 
through awareness 
campaigns and training.  

State Forest 
Departments 

(Mukhopadhyay, 
2007) 

8. Van Vigyan 
Kendra (VVK) 
Program 

Centres established to 
promote forestry 
research and training, 
including forest fire 
management. (VVKs or 
Forest Science Centres 
were started around 
2007–08 under ICFRE 
to support forestry 
research/training). 

Indian Council 
of Forestry 
Research and 
Education 
(ICFRE) 

(ICFRE, 2022) 

9. Satellite-Based 
Monitoring by 
Indian Space 
Research 
Organisation 
(ISRO) 

ISRO provides 
geospatial data and fire 
alerts to assist in 
monitoring forest fires 
operational since 2019. 

ISRO (ISRO, 2023) 

 

Table 5: Forest Fire Mitigation Activities by Forest Survey of India (FSI) 

S. No. Year Milestones 
1 2004 

Started dissemination of forest fire alerts based on Moderate 
Resolution Imaging Spectro-radiometer (MODIS) data up to the 
district level through email/FAX 

2 2008 Initiation of SMS alerts on the number of fires in State/District 
3 2012 Introduced Keyhole Markup Language (KML) files in email alerts 

up to the district level along with SMS alerts 
4 Publication of “Vulnerability of India’s forests to fires” report 
5 2016 Introduction of automated email alerts to Nodal Officers using 

python script 
6 Pilot study on country-wide burnt scar assessment for 2015 and 2016 
7 Pre-warning alerts piloted for Uttarakhand, Himachal Pradesh and 

Madhya Pradesh 
8 2017 Complete automation of the entire FSI Forest Fire Alert System 
9 Simple Network Paging Protocol-Visible Infrared Imaging 

Radiometer Suite (SNPP-VIIRS) sensor added to FSI Forest Fire 
Monitoring System 

10 Forest Fire Alert dissemination up to beat level 
11 Pre-Fire Alerts piloted for pan India 
12 2018 Introduction of Improved feedback system for forest fire alerts 
13 2019 Initiation of satellite-based large forest fire monitoring programme 
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14 FSI Van Agni Geo-portal 
15 Pre-Fire Alert based on Fire Weather Index 
16 Identification of Fire prone forest area 
17 2020 Introduced forest fires danger rating 
18 Strengthening of large forest fire monitoring system and FSI Van 

Agni Geo-portal 
19 Web Map Service (WMS) and Academic Performance Index 

(API)  to Sate Forest Department 
20 2021 Special monitoring of large forest fire events like Dzukou Valley, 

Similipal TR, Bandhavgarh TR etc. 
21 Special report of unusual increase of forest fire alert in the State 
22 Special report of Pre-Fire Alerts 
23 2022 

Daily forest fire reports on Near-Real Time Detections, Large Forest 
Fire Detections, Large Forest Fires greater than 5 days and Forest 
Fire Detections in Tiger Reserves  

24 2023 Fortnightly Report on Near-Real Time Detections since start of fire 
season, Near-Real Time Detections of previous fortnight, detections 
in Tiger Reserves since start of fire season and detections in Tiger 
Reserves of previous fortnight Broadcasting of Pre-Fire Alerts using 
SACHET Portal Forest Fire Risk Zonation in West Himalayan States 
Daily dissemination of reports through WhatsApp group of PCCF & 
HoFF and officers from Ministry  

25 2024 Burnt Area Assessment in forest areas Fuel Load Estimation and 
Mapping Forest Fire Risk Zonation at national level 

Source: (Forest Survey of India, 2023) 

4.7  Awareness Programmes for Forest Fire in Assam 

The Government of Assam has launched innovative initiatives like the Mission Amrit 

Brikshya Andolan for afforestation, Assam Climate Action Plan to address Climate Change, 

The Government of Assam, in collaboration with various departments, has updated the State 

Action Plan on Climate Change (SAPCC) 2021–2030 following MoEFCC guidelines and 

aligning it with India’s NDCs, the SDGs, and other national and global commitments. The 

revised SAPCC (Version 2.0) highlights that rising temperatures and shifting rainfall 

patterns are affecting the state’s water resources, agriculture, forests, rich biodiversity, and 

human settlements. To address these challenges, the government is implementing multiple 

programmes, including the National Action Plan on Climate Change (NAPCC), which 

guides actions through missions on solar energy, energy efficiency, water, agriculture, 

ecosystems, sustainable habitats, health, and climate knowledge (Ministry of Development 

of North-East Region, 2023). 
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and Kaziranga National Park e-Surveillance for wildlife protection. Efforts include 

promoting eco-tourism, digitalizing land records, fostering organic farming, and implementing 

community-based disaster management to ensure sustainable development. 

 

 

 

5. Objective 

The objective is to use Causal Loop Diagram (CLD) methodology to examine the cause and 

effect relationships among the Environmental, Social and Governance variables responsible for 

Forest Fires in Assam, thereby identifying risk factors. The study further attempts to deliver 

possible Audit Objectives and related Audit questions which might be relevant for any audit on 

Forest Fires in the state of Assam. 

Amrit Brikshya Andolan was started by the Chief Minister of Assam on 8 June 2023. It is 

a big tree-planting campaign in which people across Assam took part. On 17 September 

2023, lakhs of people – including women’s groups, school students and teachers, tea garden 

workers, NGOs and other citizens – planted 53 types of valuable trees in one day. The Forest 

Department gave all the seedlings free of cost. In the first year, more than 1.19 crore 

commercial saplings were planted, and over 90% of them survived. Building on this success, 

the Chief Minister announced in the 2023–24 Budget that 3 crore seedlings will be planted 

in 2024–25 (Amrit Brikshya Andolan Govt of Assam, 2025). 

Kaziranga National Park in Assam has improved wildlife protection by using high-tech 

drones to watch areas that are difficult for staff to reach on foot. This technology helps 

monitor rhinos and other animals more effectively and supports efforts to reduce poaching, 

which has been a major problem in the past. To further strengthen security, the Assam 

Government appointed 90 local youths on 11 July 2018 as constables in the Special Rhino 

Protection Force (SRPF). These youths, from villages around Kaziranga, will help protect 

rhinos and other wildlife in Kaziranga, as well as in Orang and Manas National Parks 

(Kaziranga National Park, 2018). 
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6. Methodology 

6.1 Identification of the Factors to Causes and Mitigation of Forest Fire  

Forest fires arise from high temperatures, low humidity, drought, abundant dry vegetation, and 

human activities like land clearing. Effective mitigation includes controlled burns, monitoring 

systems, community education, and rapid response. Climate adaptation, policy enforcement, 

and advanced technology are essential for reducing risks and improving forest resilience. 

Table 6: Causes and Effects of Forest Fire Represented with Categories  

Category Cause Indicators  References 
Environmental Climate change Increase in temperature Carbon 

emissions Soil degradation Vegetation dryness Invasive 
grass species Accumulation of dry fuel load Burned 
forest areas 

(CEEW, 2022), 
 

Social Poverty Livelihood pressure High forest dependence 
Community activities increasing ignition risk Slash-
and-burn (Jhum) farming 

(NDMA, 2023), 
(Asian 
Development 
Bank, 2025) 

Governance Weak institutional capacity Inadequate budget 
allocation Poor enforcement of afforestation and 
regulation Limited research and development support 
Absence or inefficiency of early warning systems 

(NRSC, 2008),  

Mitigation / Adaptation Indicators   
Environmental Reduction in carbon emissions Soil conservation 

measures Management of invasive species Reduction of 
dry fuel load Ecological restoration of burned forest 
areas 

(Pereira, 2020), 
(An, 2024) 

Social Community awareness programs Promotion of fire-safe 
community activities Alternative livelihood options 
Reduction in forest dependency Improved fire safety 
behaviour 

(Kolanek, 2021), 
(Asian 
Development 
Bank, 2025) 

Governance Afforestation and regulation Controlled burning 
practices Adequate and targeted budget allocation 
Strengthening institutional capacity Research and 
development Early warning systems Improved response 
speed Effective fire suppression mechanisms 

(Dwivedi, 2022), 
(ICFRI, 2018)  

 

6.2  Causal Loop Diagram (CLD) for Forest Fire  

A Causal Loop Diagram (CLD) is a systems thinking tool that visually maps how variables in a system 

are interrelated through feedback loops. By using, links (+ or - signs) and closed loops (Reinforcing R 

or Balancing B), it identifies the underlying causes of complex, dynamic behaviour, such as virtuous or 

vicious cycles.   

Variables are connected with arrows called causal links. A “+” sign means the effect moves in 

the same direction as the cause, while a “–” sign means it moves in the opposite direction. 
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Choose any one variable in the loop and imagine it changing (increasing or decreasing). Then 

follow how this change moves through the loop. If the change comes back and strengthens the 

original change, the loop is reinforcing. If it reduces or opposes the original change, the loop 

is balancing. Reinforcing (R) amplifies change, causing exponential growth or decline and 

balancing (B) counteracts change, driving the system toward stability or equilibrium. 

7.  Result and Discussion: 

The CLD provides a visual representation of these complex relationships, facilitating a better 

understanding of how different elements interact to affect forest fire dynamics as shown in 

Figure 8. This Figure is divided into three main systems: Environmental, Social, and 

Governance, all linked to Forest Fire at the centre. 

1. Environmental Variables: This part explains how natural and ecological factors effect 

forest fires: 

 Climate change increases temperature and carbon emissions. 

 Higher temperature causes soil degradation and dries vegetation. 

 Dry vegetation, invasive grass species, and dry fuel load make forests more flammable. 

 Burned forest areas increase carbon emissions, which again worsen climate change. 

This creates a reinforcing loop, where environmental damage increases fire risk again 

and again. 

2. Social Variables: This section shows how human activities and social conditions effect 

forest fires: 

 Poverty increases livelihood pressure and forest dependence. 

 This leads to jhum (shifting) farming and community activities in forests. 

 These activities increase the chances of forest fires. 

 Better fire safety behaviour can reduce fire risk, creating a balancing effect. 

3. Governance Variables: This part focuses on management and control: 

 Budget allocation, institutional capacity, and research & development improve systems. 

 Early warning systems, fire suppression, and faster response speed help control fires. 

 Controlled burning and good planning reduce fuel load. 

These actions reduce forest fire intensity, forming a balancing loop. 
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Figure 8: Causal Loop Diagram showing Reinforcing and Balancing Loops for Forest Fires in 
Assam  
Reinforcing loop (R1) 

In the causal loop diagram, R1 represents a reinforcing (positive) feedback loop where forest 

fires intensify Carbon Emission, leading to Climate Change and increasing temperature. This 

leads to Vegetative Dryness and increase in Dry Fuel Load which further enhances the risk of 

Forest Fires. If this loop intensifies the fire incidences become more prevalent, structural and 

unavoidable, overwhelming suppression capacity. 

Audit Objective 

To assess whether forest fire management strategies adequately account for increasing climate-

induced fire risk. 

Possible Checklist Points 

1. Has climate risk (temperature rise, Carbon Emissions, rainfall variability) been 

explicitly assessed in forest fire management plans? 

2. Is baseline data/historical data for fire incidents available and analysed in relation to 

climate data? 

3. Have forest divisions revised fire preparedness plans based on recent climate trends? 



26 
 

4. Is data on carbon emissions from forest fires estimated and reported? 

5. Are climate adaptation measures integrated with forest fire management strategies? 

 
Reinforcing loop (R2) 

In this reinforcing causal loop, forest fire leads to an increase in burned forest area, which 

exposes the soil and removes protective vegetation cover. This results in soil degradation, 

including loss of nutrients and moisture. Degraded soils creates favourable conditions for the 

rapid spread of invasive grass species, which grows quickly and highly flammable. The 

dominance of invasive grasses increases the dry fuel load in the forest ecosystem. A higher 

dry fuel load, in turn, raises the frequency and intensity of forest fires, feeding back into the 

system and causing more forest fires. Because each step amplifies the next, this loop 

continuously reinforces fire occurrence, making forests increasingly vulnerable to repeated 

fire events unless external interventions break the cycle. If this loop reinforces itself the forest 

may shift into a permanent high-fire ecosystem zone.  

Audit Objective 

To examine the effectiveness of post-fire restoration and invasive species management. 

Possible Checklist Points 

1. Are post-fire soil and vegetation assessments conducted after major fire events? 

2. Have invasive grass species been mapped in fire-affected areas? 

3. Are restoration plans prepared and implemented within prescribed timelines? 

4. Was CAMPA/afforestation funding utilised for ecological restoration or only 

plantation? 

5. Are repeat fire locations analysed for ecological degradation patterns? 

 

 

Reinforcing loop (R3) 

A forest fire damages forest resources and local ecosystems, which directly affects livelihoods 

that depend on forests for fuelwood, fodder, and non-timber forest products. As livelihoods 

decline, poverty increases, forcing communities to rely more heavily on forests for survival. 

This growing forest dependence encourages practices such as jhum (shifting) farming, which 

often involves slash-and-burn methods. Jhum farming increases the likelihood of accidental or 
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intentional fires, leading to further forest fires. Thus, each step strengthens the next, creating a 

self-reinforcing cycle where environmental degradation and social hardship continuously 

amplify forest fire risk. 

Audit Objective 

To assess whether livelihood interventions reduce forest fire risk. 

Possible Checklist Points 

1. Has the department identified livelihood-linked causes of forest fires? 

2. Are alternative livelihood programmes implemented in fire-prone villages? 

3. Is there convergence between forest, rural development, and tribal welfare schemes? 

4. Has fire incidence reduced in areas receiving livelihood support? 

5. Are forest-dependent communities meaningfully engaged in fire prevention 

programmes? 

 

Balancing Loop (B1 & B2) 

The balancing loop ( B1 & B2) explains how social responses help reduce forest fire risk. An 

increase in forest fire incidents negatively affects forest-based resources, which leads to higher 

livelihood pressure on local communities. As livelihood stress rises, it encourages greater 

community awareness about the causes and impacts of forest fires. This awareness creates 

demand for training and capacity building, such as fire prevention practices and safe 

resource-use methods. Improved training leads to better fire safety behaviour, including 

reduced risky activities and early reporting of fire incidents. Community Awareness can also 

directly lead to Fire Safety Behaviour ultimately leading to reduction in, the occurrence and 

intensity of forest fires decrease, thereby lowering livelihood pressure. If this loop fails 

enforcement costs may tend to rise and voluntary compliance reduces.  

 

Audit Objective 

To evaluate the effectiveness of community awareness and training programmes in fire 

prevention. 

Possible Checklist Points 

1. Are community members regularly trained in fire prevention and response? 
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2. Is training coverage adequate relative to forest fringe population? 

3. Are training outcomes assessed (knowledge, behaviour change)? 

4. Has human-caused fire incidence declined post training interventions? 

5. Are local institutions actively involved in awareness campaigns? 

 

Balancing Loop (B3, B4, B5, B6) 

Balancing Loops B3 & B4 explains how governance interventions help control forest fires. 

An increase in forest fire incidents creates pressure on authorities to improve budget 

allocation for fire management. Higher budget support strengthens the Research & 

Development in this field, such as fire-risk modelling, remote sensing, and forecasting tools. 

These advancements lead to more effective early warning systems, which directly has a 

negative impact on Forest Fires. Good Early Warning Systems may also improve Community 

Awareness and Fire Safety Behaviour leading to reduced Forest Fires.  

The improvement in Early Warning Systems will further reduce the Response Speed leading 

to reduced incidents of Forest Fires (B6). 

Balancing Loop B5 explains how governance interventions work to control and reduce forest 

fires over time. An increase in forest fire incidents creates pressure on authorities, leading to 

higher budget allocation which can be used for more Fire Suppression activities. This leads to 

reduction in the Response Speed towards fire incidents leading to reduced Forest Fire incidents. 

Audit Objective 

To evaluate whether R&D outputs are effectively supporting fire management 

 To assess the timeliness and operational effectiveness of early warning systems. 

Possible Checklist Points 

1. Are research institutions engaged in forest fire-related studies? 

2. Are predictive models or tools developed and operationalised? 

3. Are field staff trained to use new technologies? 

4. Is there evidence of improved detection or response due to R&D inputs? 

5. Are research outcomes periodically reviewed and updated? 

6. Are satellite-based fire alerts received in real time at field level? 

7. Is there a defined SOP for action upon receipt of alerts? 
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8. What is the average time between alert generation and field response? 

9. Are fire incidents contained within acceptable timeframes? 

10. Are early warning systems integrated with manpower and logistics planning? 

 

Balancing Loop (B7) 

Balancing Loop B7 explains how governance interventions work to control and reduce forest 

fires over time. An increase in forest fire incidents creates pressure on authorities, leading to 

higher budget allocation leading to high Institutional Capacity thereby concentrating on 

adaptation measures such as Controlled Burning. This will further reduce the Dry Fuel Load 

leading to low Forest Fires. 

Audit Objective 

To assess institutional preparedness and capacity for forest fire management and if planning 

and execution of controlled burning has been effective 

Possible Checklist Points 

1. Are controlled burns planned based on fuel load assessments? 

2. Are ecological safeguards and weather conditions considered? 

3. Is community consultation conducted prior to controlled burns? 

4. Has controlled burning reduced uncontrolled fire incidents? 

5. Are outcomes monitored and documented? 

 

Balancing Loop (B8) 

Balancing Loop B8 shows how increase in Budget Allocation can lead to increased 

Institutional Capacity which will further lead to reduced Response Speed and less Forest Fire 

incidents.  

Audit Objective 

To assess institutional preparedness and capacity for forest fire management. 

Possible Checklist Points 

1. Are staffing norms adequate for forest area under jurisdiction? 

2. Are vacancies filled and personnel trained in fire management? 
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3. Is fire-fighting equipment sufficient and functional? 

4. Are mock drills and simulations conducted regularly? 

5. Does institutional capacity match increasing fire frequency? 

 

Balancing Loop (B9) 

Balancing Loop B9 shows how increase in Budget Allocation and Institutional Capacity can 

lead to controlled burning and low incidents of Jhum practices. This will further reduce Forest 

Fire incidents.  

Audit Objective 

To assess the effectiveness of interventions aimed at reducing fire from shifting cultivation. 

Possible Checklist Points 

1. Has the extent of Jhum/shifting cultivation been mapped and monitored? 

2. Are sustainable alternatives provided before restricting traditional practices? 

3. Has fire incidence declined in Jhum-dominated areas due to controlled burning and 

institutional capacity? 

7.1 Forest Fire and SDG Goals 

The causal loop diagram highlights forest fire as a complex socio-ecological problem closely 

aligned with the Sustainable Development Goals. Environmental reinforcing loops show how 

climate change, rising temperatures, carbon emissions, vegetation dryness, invasive species, 

and increased dry fuel load collectively intensify forest fire risk, directly linking to SDG 13 

(Climate Action) and SDG 15 (Life on Land). Social drivers such as poverty, livelihood 

pressure, forest dependence, and jhum farming further reinforce fire occurrence, emphasizing 

the relevance of SDG 1 (No Poverty), SDG 2 (Zero Hunger), and SDG 11 (Sustainable 

Communities). In contrast, governance-based balancing loops—through afforestation and 

regulation, budget allocation, institutional capacity building, research and development, early 

warning systems, rapid response, and fire suppression—play a critical role in reducing fire 

incidence and impacts. These interventions align strongly with SDG 16 (Strong Institutions), 

SDG 9 (Innovation and Infrastructure), and SDG 17 (Partnerships). Overall, we can say that 

achieving sustainable forest fire management requires integrated progress across environmental 

protection, social resilience, and governance effectiveness, reinforcing the interconnected 

nature of the SDGs. 
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8. Conclusion 

Forest fire management cannot be treated as a standalone forestry issue. The persistence of 

reinforcing loops linked to poverty, land use practices, and ecological degradation demonstrates 

the necessity of integrated, cross-sectoral interventions. Without effective convergence 

between forest departments, rural development agencies, disaster management authorities, and 

research institutions, balancing loops remain isolated and insufficient to alter overall system 

behaviour. 

 Forest fire management operates within a complex, non-linear system dominated by multiple 

reinforcing feedback loops that progressively intensify fire risk. Climate variability, fuel 

accumulation, ecological degradation, and socio-economic dependence on forests interact in 

ways that amplify fire frequency and severity, often faster than institutional response 

mechanisms can adapt. Once these reinforcing loops gain momentum, the system tends to move 

towards a high-fire equilibrium, where fires become recurrent rather than exceptional events. 

The analysis further indicates that while several balancing loops—such as early warning 

systems, community awareness programmes, institutional capacity building, afforestation, 

controlled burning, and research initiatives—are present in policy design, their countervailing 

influence remains weak, delayed, or fragmented. In many cases, interventions act after fire 

occurrence, addressing symptoms rather than disrupting the underlying drivers of risk. Delays 

in implementation, limited capacity, inadequate convergence across departments, and 

insufficient translation of knowledge into field-level action and low community engagements 

reduce the stabilising effect of these balancing mechanisms. 

Climate-driven fuel build-up and livelihood-linked ignition sources evolve continuously, 

whereas institutional responses are constrained by annual planning cycles, procedural 

approvals, and capacity limitations. This temporal gap creates conditions under which even 

well-designed interventions fail to prevent repeated fire events. 

The study also highlights as to how the Causal Loop diagrams can be used to study the various 

interrelationships between the various factors and can be used in Audit Methods to identify 

critical variables which can be later focussed during conducting the audits.  
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Appendix-I 

Sl. 
No. 

Year Total 
No. 
of 

Fire 
Call 

Life 
injured 

from Fire 
and other 
disasters 

Life Lost 
from Fire 
and other 
disasters 

Property involved 
(in Rs) 

Property 
damaged 

(in Rs) 

Property salvage 
(in Rs) 

1. 2001 1734 21 34 597929102.00 243542754.00 354386348.00 
2. 2002 1884 42 15 487036903.00 152694618.00 334342285.00 
3. 2003 1746 33 35 703318964.00 344423697.00 358895267.00 
4. 2004 1899 107 36 572986683.00 193752377.00 379234306.00 
5. 2005 1864 50 35 1094108880.00 283482739.00 810626141.00 
6. 2006 2224 16 11 803344015.00 227409279.00 575934736.00 
7. 2007 1815 22 36 518838256.00 445471706.00 73366550.00 
8. 2008 1646 245 63 1231690703.00 580102338.00 651588365.00 
9. 2009 1907 43 23 827113704.00 280694010.00 546419694.00 
10. 2010 2168   17 1566597712.00 424011527.00 1142586185.00 
11. 2011 2521 9 33 2724958404.00 455229327.00 2269729077.00 
12. 2012 3477 22 85 2827520776.00 630920847.00 2196599929.00 
13. 2013 3606 27 127 4317773207.00 1307598475.00 3010174732.00 
14. 2014 4241 25 181 4156866700.00 648465170.00 3508401530.00 
15. 2015 3819 29 156 3563231571.00 890371347.00 2672860224.00 
16. 2016 3420 44 226 3826604534.00 762767798.00 3063836736.00 
17. 2017 3376 24 262 5971646406.00 904048780.00 5067597626.00 
18. 2018 3799 20 255 3505611145.00 1026130626.00 2479480519.00 
19. 2019 4026 29 372 18085234254.00 2255142451.00 15830091803.00 
20. 2020 2617 11 248 3996472840.00 1038044181.00 2958428659.00 

https://fireandemergencyservices.assam.gov.in/portlets/fire-statistics  


