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ABSTRACT 

Forest fires have become a recurring environmental challenge in the Himalayan region. It is causing significant 

ecological, economic, and social damage. Indigenous Garhwali communities in the Garhwal Himalayan reign possess 

valuable traditional knowledge of preventing and managing forest fires. This knowledge, developed through 

generations of close interaction with local ecosystems. It remains largely undocumented and is gradually disappearing 

due to migration. Documenting and preserving such knowledge is essential for sustainable forest management. This is 

also valuable for educating future generations about locally relevant environmental practices. The objectives of the 

study are 1. To explore local communities' knowledge, experiences regarding indigenous forest fire prevention 

methods. 2. To document indigenous Garhwali methods employed for preventing and managing forest fires. The study 

adopted a qualitative exploratory research design. Data were collected using a walking methodology. In which the 

researcher learns directly from local communities within their natural environment in live forest fire sites. Data were 

recorded through field notes and narratives and analysed thematically. The population comprised villages located in 

the Garhwal region of Uttarakhand, India. Two villages of Pauri Garhwal district, Sirkhot Khanda and Khola were 

purposively selected as a sample. The study revealed a diverse method of indigenous forest fire prevention practiced 

by local communities. One of them is seasonal removal of dry pine needles.  The study highlights the importance of 

documenting and preserving indigenous Garhwali forest fire prevention methods.  As it is valuable source of 

traditional ecological knowledge. These practices offer locally adapted strategies for reducing forest fire risks. It 

promotes sustainable forest management. Incorporating these traditional regional methods into environmental 

education of school curriculum can help ensure its transmission to younger generations. Thus, this study helps in 

strengthening both cultural continuity and ecological resilience in the Himalayan region. 

 

Keywords: Indigenous Knowledge, Forest Fire Prevention, Himalaya, Environmental Education, Walkin

g Methodology, Traditional Ecological Knowledge etc. 
 

INTRODUCTION 

All the living and non-living things that make life 

possible on Earth are part of the environment. Rapid 

urbanisation, industrialisation, deforestation and 

unsustainable use of natural resources have caused 

significant environmental issues in recent years all 

over the world. This has resulted in biodiversity loss, 

damage to the ecosystem, pollution and hazards to the 

environment (Singh & Singh, 2017). Forest fires are 

among these environmental problems, and are now a 

significant problem in the world. Forest fires that 

harm ecosystems, lower biodiversity, have health 

impacts and pose a risk to livelihoods. Over the past 

few decades, many areas have seen a rise in the 

number of wildfires. An increase in the temperature 

and the variability of the climatic conditions has also 

caused the frequency and intensity of forest fires to 

further rise (Higuera, 2015). The Himalayan region is 

particularly vulnerable to forest fires. In Uttarakhand, 

forest fires have become a recurring environmental 

problem affecting forest health, ecosystem 

functioning, and carbon storage. Forest fire incidents 

in the state increased from 922 in 2002 to 41,600 in 

2019. Research has shown that increasing 

temperatures play an important role in the occurrence 

of forest fires in the Central Himalayas. These fires 

also contribute to the loss of carbon stored in forest 

ecosystems (Mina et al., 2023). While several studies 

have examined the relationship between climate and 

forest fires in Uttarakhand, limited attention has been 

given to the traditional knowledge used by local 

communities to prevent and manage forest fires. For 

generations, people in the Garhwal Himalaya have 

developed practical methods to protect forests through 

their close interaction with the local environment. 

However, this knowledge is gradually declining due to 

migration, changing lifestyles, and reduced interaction 

of younger generations with forests. This traditional 

knowledge can be called as Indigenous Knowledge 
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Systems (IKS). It is a body of knowledge, practices 

and beliefs acquired by the local communities as a 

result of their long experience of living in their 

environment. The transmission of indigenous 

knowledge is generally from one generation to the 

next by observation and participation. Research has 

demonstrated that indigenous conservation practices 

can contribute to the maintenance of biodiversity, the 

resilience of ecosystems and sustainable 

environmental management. Local conservation 

solutions that combine indigenous knowledge with 

current ecological practices can be more effective and 

relevant (Saha et al., 2025). The people of Garhwal 

Himalaya have valuable knowledge related to forest 

management and forest fire prevention. But many of 

these skills are not documented and are in danger of 

being lost. Hence, it is necessary to document and 

save the indigenous forest fire prevention techniques 

in Garhwal region. This can be achieved through such 

activities that can help preserve traditional ecological 

knowledge, facilitate sustainable forest management 

and pass on this knowledge to the future. 

Literature review 

A growing environmental problem in the 

Himalayan region is forest fires that cause 

biodiversity loss, degradation of forests, soil erosion 

and greenhouse gas emissions. Understanding the 

dynamics of forest fires is critical for implementing 

successful fire management. Kumar and Kumar (2022) 

extracted forest fire records in Western Himalayas 

from MODIS data for 21 years (2001-2020) and 

observed that the peak period for forest fires is 

between February and June, with a maximum during 

May. The study revealed that Uttarakhand has the 

highest fire-prone state in the western Himalayan 

region and it also reported that the occurrence of fire 

has been focussed on forests dominated by Chir Pine 

(Pinus roxburghii) with the accumulation of highly 

combustible pine needles litter. The authors also noted 

the effects of climate change on forest fire, with a rise 

in the number of fires in response to increased 

temperatures and decreased rainfall. Forest fires have 

been a frequent occurrence in Uttarakhand especially 

in the pre-monsoon seasons. Singh et al., 2016, has 

been reported that most of the fires are observed 

during the month of March to mid-June with high 

dependency on the moisture conditions of the season. 

It was found that high population density areas, 

between 800 and 2000 metres above sea-level, 

account for the majority of fire incidents in the study, 

highlighting the importance of human activities 

influencing fire patterns. The authors also noted how 

local biomass collection practices affect fire 

frequency and distribution, showcasing the strong link 

between rural communities and forest ecosystems. 

The study did not, however, delve into the traditional 

practices of local communities in forest fire 

prevention and management. Also, the ecological 

effects of recurrent fires in Uttarakhand forests have 

been reported. Repeated fires have a profound impact 

on vegetation composition and species diversity, as 

well as on vegetation regeneration, according to the 

Bargali et al. (2022). They documented plants in the 

various fire frequency classes and their study 

indicated that species diversity was greatest in low 

frequency fire areas and least in high frequency areas. 

Tree and shrub densities were also reduced and herb 

diversity decreased rapidly with increased frequency 

of fire, suggesting poor regeneration. The authors 

identified fire-prone Chir Pine forests and concluded 

that a lot of fire incidence was linked to human 

activities. Meanwhile, they recognized the local 

communities' traditional knowledge on fire and forest 

management. Singh et al. (2024) studied the forest fire 

pattern in Uttarakhand from 2002 to 2020 using the 

MODIS fire data. The study revealed that surface fires 

have been started by humans and are almost annual, 

with a particular focus on those in the agricultural 

zone at heights from 300 to 2000 metres. The fire 

incidence was positively correlated with pre-monsoon 

temperature and percentage of Chir Pine Forest and 

negatively correlated with winter and pre-monsoon 

rainfall. The research also mentioned the rise in the 

magnitude of fire peaks in the last 20 years and the 

role of human activities as well as climatic conditions 

in the occurrence of forest fires. The reviewed studies 

all show that forest fires in Uttarakhand are affected 

by climatic factors, dominance of Chir Pine, and by 

human activities and have important ecological 

impacts. Though local communities are important 

stakeholders in forest landscape, there is little effort to 

document forest fires prevention and control methods 

used by local people (indigenous Garhwali). This 

lacuna will help to investigate and safeguard the 

traditional ecological knowledge which can be 

utilized in the sustainable forest fire management in 

the Himalayan region from a local context. 
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MATERIALS AND METHODS 

The study had a qualitative exploratory research 

methodology to study the indigenous techniques of 

forest fire prevention by the local communities of the 

Garhwal Himalaya. A qualitative approach was 

chosen by the researcher because the focus of the 

study was to explore, document, and understand the 

traditional ecological knowledge. This study was 

carried out in the district of Pauri Garhwal, 

Uttarakhand, India. Two villages of this area Sirkhot 

Khanda and Khola were purposively selected for 

study.  

 

Fig. 1. Study area map indicating the location of Khola and Srikot Khanda villages in Pauri Garhwal District, 

Uttarakhand, India. Map prepared by the authors using Google Maps and GIS-based cartographic representation 

(2026). 

(Note: The map was prepared by the authors using Google Maps location data and AI-assisted cartographic design for 

visualization purposes. Geographic coordinates were verified using Google Maps (2026) 

These villages are located in forested mountainous 

areas where the local residents have been traditionally 

closely involved with their environment. They have 

experiential knowledge about forest fire prevention 

and management. Village elders, and other local 

experienced in forest fire prevention practices were 

included in the participants. A walking methodology 

was used in the collection of data. This approach 

included the researcher joining the local communities 

through forests and ecologically relevant sites. This 

process consists of conversations and observations. 

The researcher was also able to learn directly from 

community members in their natural setting. They 

observe forest fire prevention practices in their 

realistic ecological setting by walking with 

participants.  Field notes were kept throughout the 

field work process. Themes were identified and 

interpreted related to indigenous forest fire prevention 

and management practices.  

Ethical Considerations 

Before the process of data collection, each 

participant was given informed consent. The 

participants were told about the purpose of the study 

and their free participation was ensured. Tone of 

respect adopted throughout the research process to 

local customs, cultural practices. The confidentiality 

and anonymity of the participants was respected when 

requested. 
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RESULTS AND DISCUSSION 

This study identified several indigenous practices 

of forest fire prevention by the local people of the 

villages of Sirkhot Khanda and Khola in Pauri 

Garhwal. They are derived from centuries of use and 

observation of, and experience with, the local forest 

environment and are enacted collectively by the 

community. Participants highlighted the need to see 

forest fire prevention as not an only technical 

operation, rather as a responsibility for all towards 

forests, which provide fodder, water, fuelwood, 

ecological security. 

Removal of Pine Needles to Reduce Forest Fire 

Risk-  

 

Fig. 2 and 3.  Dry pine needles on the forest floor, and Impact of forest fire on forest vegetation 

(Photograph taken by the researcher during a field visit, 2026) 

A common practice was to remove the dry pine 

needles (Pirul) from the forest floor in the season 

before the summer season began. Villagers said that 

the build-up of dry pine needles makes for an 

extremely combustible layer, and fires spread quickly. 

The participants during forest walks were able to 

show the areas where pine needles are regularly taken. 

Traditionally, the collected material was used as cattle 

bedding, as fuel in the household and as compost 

material. The community members said this practice 

helped to remove combustibles from the area and also 

provided some useful household resources. This 

discovery demonstrates the interdependence between 

the management of the environment and the 

livelihood needs of the indigenous people. Pine needle 

removal is an external fire-control measure that is 

often performed once a fire has happened while pine 

needle removal is a preventative measure that reduces 

the risk of fire before it happens. 

Community Knowledge of Forest Conditions 

and Fire Risk- In Khola villages, residents reported 

that they have observed forest fire behaviour over 

their years and years of living in the area, and have 

come to understand its behaviour. Participants talked 

about the differences in forest fire hazard and 

probability in different areas depending on forest type, 

moisture, slope, wind direction, and amount of dry 

fuel. The villagers emphasized that what works to 

eliminate fires in one forest might not work in another 

because of the differences among forests and the 

uniqueness of each forest ecosystem. Many replied 

that they have learned the knowledge and skills by 

generations of interaction with their forests, and that 

the knowledge is passed down by observing trees and 

interacting with them, and it's passed down each day. 

They also said there was a noticeable increase in the 

number of dry periods, the amount of heat in the 

summer and on the forests they felt there was a lot 

more combustible material being buildup which has 

led to more fire incidents in recent times. Local 

experience and traditional ecological knowledge were 

emphasized as being important tools for forest fire 

management as well as scientific approaches. They 

said that the community will be the first to see 

changes in the forest area and that they can provide 

important information in developing fire prevention 
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strategies appropriate to their community. The finding 

confirms the highly localised nature of the indigenous 

knowledge of the Garhwal Himalaya which can be 

utilised in the context to develop an improved 

approach to forest fire prevention and management. 

Influence of Wind Direction on the Spread of 

Forest Fires-  

 

Fig. 4. Mountain Forest Fire near Khola Village, Uttarakhand. (Photograph taken by the researcher, 2026) 

In the field visits of Srikot Khanda village, the 

majority of participants pointed out that they would 

first check the direction of the wind when a forest fire 

happens. Villagers described how the fire moves is a 

major factor that is reliant on wind direction and 

speed. They say that the stronger winds can blow 

burning pine needles, dry leaves and sparks to nearby 

forests where the fire can quickly spread. It was noted 

by a few of the respondents that fires are frequently 

more hazardous when they blow uphill in Chir Pine 

forests as the fire spreads rapidly and over a wide area 

in a short time. Local residents said that fires are 

constantly watched by some experienced people in the 

community, as wind directions may change at a 

moment's notice, which may lead to a different 

direction for the fire. This knowledge has been learnt 

through many years of repeated observation of forest 

fires and is passed on informally from older to 

younger generations. Local wind knowledge was seen 

as vital to forest fire prevention and management, 

aiding villagers in their decision making when a fire 

occurs. This discovery mirrors the local character of 

traditional fire knowledge, in which fire knowledge 

comes from experience and a close connection to the 

local environment and shapes local response to forest 

fires. 

CONCLUSION 

Community-based forest management has been a 

long standing tradition in the Garhwal Himalaya, 

where years of close engagement with nature have 

developed their practices. This study illustrates the 

importance of indigenous knowledge as a tool in 

solving the current environmental problems, such as 

forest fires. The documented practices allow for a real 

sense of the local ecological setting and a learning 

opportunity to consider how communities have lived 

with fire in the past. In the face of growing challenges 

from climate variability and change, land-use change 

and socio-economic shifts, the importance of local 

knowledge is all the more significant, as it is in the 

Himalayas. By highlighting the importance of 

indigenous knowledge not just as a cultural heritage, 

but as a living source of environmental knowledge 

that could augment scientific and modern forest 

management methods, the study underscores the need 

to recognize this knowledge. Preserving and 

promoting this knowledge may be a way to help 

create more context-specific, participatory and 

sustainable forest conservation strategies. Moreover, 

the conservation of these practices is important to 

ensure an ecological knowledge base of mountain 

communities and build their ability to face future 

environmental challenges. Indigenous knowledge can 

have a positive impact on the ecological resilience and 

cultural continuity of the Himalayas by being 
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incorporated into conservation efforts, education, and 

local governance. 

RECOMMENDATIONS 

For school curriculum- Include the Indigenous 

Garhwali forest fire prevention practices in the school 

textbooks and learning materials at upper primary and 

secondary levels in Environmental Education. 

Conduct Field visits- Nature walks and 

community interaction programmes: Schools of 

Uttarakhand should plan and conduct such 

programmes to impart knowledge gained from local 

knowledge holders. 

Teach Project Based Learning- Students of 

senior secondary classes may be given projects to 

research ways to prevent forest fires in their local area 

and the traditional knowledge and practices of the 

local people and their villages regarding forest 

conservation. 

Local Case Studies- should be used in 

Environmental studies, Geography courses, in 

Garhwal forests so as to make the lesson relevant to 

students surroundings. 

Conference of Community Knowledge Holders 

to Schools- Village elders, Van Panchayat members, 

and experienced forest users can be invited to share 

their experience and practical knowledge with the 

students. 

Raise Awareness of Forest Ecosystems- The 

forest ecosystems, importance of biodiversity 

conservation and the effect of forest fire on 

livelihoods of the people should be introduced in the 

curriculum activities. 

Build Disaster Risk Reduction Education- 

Introduce traditional forest fire prevention practices to 

disaster preparedness and environmental safety 

curricula in the schools. 

Institute Community–School Partnerships- 

Schools should work with communities, forest 

departments and environmental groups to foster 

conservation learning and responsible environmental 

practices. 
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