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ABSTRACT 

Climate change has exacerbated the intensity as well as frequency of forest fire events in the Indian state of Uttarakhand. The present 
study focusses on undertaking forest fire risk mapping across the state by utilizing geospatial technology along with Google Earth 
Engine. Ten parameters were identified that have a strong influence in determining fire prone areas. The Analytic Hierarchy Process 
(AHP) was then implemented for the development of the risk map in which criteria weights were assigned to the parameters based on 
their ability to influence a forest fire event. The analysis revealed that out of the total forest area, 24.22% is under ‘very high’ risk 
zone, 29.24% is under ‘high’ risk zone, 18.23% is under ‘moderate’ risk zone, 7.69% is under ‘low’ risk zone and 20.62% is under 
‘very low’ risk zone of forest fire. Further study was carried out to determine fire risk levels in populated regions and in some of the 
most critical nature reserves having high ecological importance which reveals that ‘very high’ and ‘high’ risk zones have greater 
population density indicating the influence of anthropogenic activities on forest fire occurrence. The results additionally indicate that 
four national parks and wildlife sanctuaries are particularly vulnerable to forest fires at present which is a source of concern and 
requires intervention from the stakeholders. 

* Corresponding author

1. INTRODUCTION

Forest fire or wildfire is a phenomenon that can be referred to as 
the unplanned and uncontrolled burning of forests and is a 
major cause behind deterioration of forest ecosystem (Jaiswal et 
al., 2002). Nearly 53 % of the forest cover of India is affected 
by fire, and such incidents are more alarming in the Central 

Himalayan region (Chavan et al., 2012). In the recent times, 
anthropogenic activities can be held responsible for 90% of the 
forest fire incidents. The impact of forest fire is intensified by 
climate change since high land surface temperature can provide 
favorable conditions for fire occurrence. A wildfire is a result of 
combined interaction between the different physical, biological, 
social and meteorological components. All these factors 
together determine the likelihood, extent and outcome of a 

forest fire incident.  

Various attempts have been made to generate the forest fire risk 
maps using different methods. Jaiswal et al. (2002) integrated 
different factors responsible for forest fire in the GIS 
environment to generate forest fire risk map. The map was 
prepared by assigning subjective weights to classes of each 
layer based on their capability to induce fire and four levels of 
fire risk were derived from very high to low. Erten et al. (2004) 

used satellite imageries and land use information to assess the 
fire risk in the Mediterranean countries. The fire spread model 
was implemented to find the shortest possible way of 
intervention and assess the areas that are required to be vacant 
due to fire risk. Chandra, (2005) applied remote sensing and 
GIS technology to assess forest fire risk in the Garhwal region 
of Himalayas.  

The Analytic Hierarchy Process (AHP) technique was used to 
classify the region in different forest fire risk levels. The result 

was verified by ground truth and a comparison was then drawn 
with fire incidences of previous years. Chavan et al. (2012) 
utilized AHP technique for decision making in order to perform 
forest fire risk mapping in the Huynial watershed region of 
Tehri Garhwal district of Uttarakhand. Ghobadi et al. (2012) 
used AHP to develop a forest fire prediction model for risk zone 
mapping of Golestan province, Iran. Babu.et al. (2016) utilized 
different satellite imageries for developing the Forest Danger 

model to precisely predict the forest fire risk in Uttarakhand 
state. Pandey & Ghosh (2018) applied AHP in order to generate 
forest fire risk map from fire risk models for the district of Pauri 
Garhwal, Uttarakhand. 

The present study attempts to develop a comprehensive 
methodology for forest fire risk zone mapping for Uttarakhand 
using the AHP by identifying the primary environmental 

variables and other factors that influence the forest fires through 
thorough literature review. AHP is used for decision making by 
involving multiple criteria that are structured into a hierarchy. 
The study area has been classified into different categories 
based on the levels of forest fire risk from which the final forest 
fire risk map for the entire state is generated. This study 
explores the capabilities of remote sensing and GIS techniques 
in order to suggest an appropriate methodology for forest fire 
risk zone mapping. Such maps will help forest department 

officials prevent or minimize fire risk activities within the forest 
and take necessary actions when fire breaks out (Chuvieco & 
Sales, 1996). 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-M-3-2023 
ASPRS 2023 Annual Conference, 13–15 February & 12–15 June 2023, Denver, Colorado, USA & virtual

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-M-3-2023-27-2023 | © Author(s) 2023. CC BY 4.0 License.

 
27



2. MATERIALS AND METHOD 

 

2.1 Study area 

The Himalayan state of Uttarakhand has been chosen as the area 

of interest for the study (Figure 1). The state is located in 
northern part of India bounded by China in the north and Nepal 

in the east. It extends from 280 44' & 310 28' N Latitude and 77 

35' & 81 01' E Longitude. The state is majorly covered by hilly 
topography dominated by snow cover and steep slopes and 
covers an area of 53483 sq. km. The northern part of the sate 
constitutes the Himalayan range and glaciers. Uttarakhand can 
be primarily divided into two regions- Garhwal and Kumaon. 
The Garhwal region mainly comprises of 7 states which 
includes Uttarkashi, Chamoli, Pauri Garhwal, Rudraprayag, 
Tehri Garhwal, Dehradun and Haridwar. The other 6 districts 

fall under the Kumaon region including Udham Singh Nagar, 
Nainital, Almora, Pithoragarh, Champawat and Bageshwar. The 
natural forest cover in Uttarakhand constitutes 45.44% of its 
total geographical area which has been divided into three types: 
Very dense forest (VDF), Moderately dense forest (MDF) and 
Open forest (OF) and the remaining area consists of scrub 
(ISFR, 2021).  

Figure 1 Study Area Map 

 

2.2 Dataset used 

Forest fire risk zone mapping in Uttarakhand was done using 
different satellite-derived products and indices. The parameters 
that were taken into account for undertaking the study along 

with corresponding datasets used are as follows: 
 

Parameter Database Data Type 

Normalize Difference 

Vegetation Index 

Sentinel 2 Spectral Data 

Normalize Difference 

Moisture Index 

Sentinel 2 Spectral Data 

Elevation SRTM DEM 

Slope SRTM Generated using 

DEM 

Aspect SRTM Generated using 

DEM 

Forest Density Sentinel 2 Generated using 

NDVI 

Distance from settlements Open Street Maps Vector 

Distance from roads Open Street Maps Vector 

Land Use/ Land Cover MODIS LULC 

Land Surface Temperature MODIS Raster 

 

The time period for the study has been taken from March to 
June which is the forest fire season in the state (Babu et al., 
2016). In the study, majority of the datasets associated with the 
different parameters have been retrieved and computed using 
the Google Earth Engine (GEE) which were then analysed 
further in the ArcGIS software. GEE is a cloud based platform 

which is used by researchers and other organizations around the 
globe for performing geospatial analysis. A wide range of 
satellite imageries are available to download at free of cost 
through JavaScript programming in the GEE environment. 8 out 
of 10 layers in the study have been generated from GEE in 
raster format and the rest 2 layers i.e. distance from roads and 
settlement layers have been downloaded from Open Street 
Maps (Geofabrik) in vector format.  

 

 
Figure 2. Flowchart of the methodology followed for the 

generation of final risk map 
 

2.3 Analytic Hierarchy Process  

 
Ten parameters have been considered in the study to assess the 

fire risk zones in Uttarakhand that have influence over fire 
behavior. The Analytic Hierarchy Process or AHP has been 
used to carry out the analysis. AHP was developed by Thomas 
L. Saaty in the 1970s and it is a widely used method which 
combines mathematics and psychology. The method has been 
extensively utilized for multi criteria decision making (MCDM) 
which can be defined as taking decision about solving a 
particular objective when there is involvement of multiple 
criteria. 

 

 

3. RESULT AND DISCUSSION 

 
A fire risk zone can be defined as an area from where a fire 
begins and spreads to surrounding areas. Ten parameters that 
were considered to assess the influence of both the natural and 
anthropogenic factors on fire behavior have been reclassified 

based on their sensitivity to fire, derived from available 
literature (Jaiswal et al., 2002; Chavan et al., 2012). Forest Fire 
Risk Maps (FFRM) were generated for each parameter by 
utilizing the GIS environment. 

 

Table 1. Datasets utilized for different parameters 
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Figure 3 FFRM for (a) NDVI_max, (b) NDMI, (c) Elevation 

 
NDVI_Max or vegetation index is a crucial parameter for the 
identification of forest areas. A pixel's vegetation is likely to be 
dense and may even comprise a forest if there is substantially 
more reflected near-infrared radiation than visible radiation. 
Later, research has demonstrated a clear correlation between the 

NDVI and the ability of plant canopies to capture energy 
(Ghobadi et al., 2012). The NDMI or moisture index on the 
other hand refers to the amount of moisture stored in the plants. 
A period of low humidity will result in lower values of NDMI 
increasing the probability of a fire outbreak in forest. Since the 
terrain of Uttarakhand is hilly and irregular, elevation affects 
land surface temperature (LST) which declines as elevation 
increases thereby influencing the fire behavior (Jaiswal et al., 
2002). Figure 3 (a) represents the risk level of forest fire in 

NDVI_max map. The NDMI map [3 (b)] indicates that the 
northern part of the state has ‘very low’ fire risk whereas major 
portion in the central and southern part of the state has ‘high’ 
risk of forest fire with very little area falling under ‘moderate’ 
risk zone. In the NDMI map, the northern hilly terrain of the 
state primarily has ‘low’ to ‘very low’ fire risk whereas most of 
the area faces ‘moderate’ to ‘high’ fire risk southwards. Figure 
3 (c) reveals that the categorization of fire risk levels based on 

elevation varies uniformly having ‘very low’ risk in the north, 
primarily ‘moderate’ risk in the central part of the state with 
very little area facing ‘high’ risk. The areas further down are 
vulnerable to ‘very high’ fire risk whereas the extreme south 
faces ‘high’ fire risk. 
 

 
Figure 4. FFRM for Slope (a), Aspect (b), Forest density (c), 

Land use/Land cover (d) 
 
Slope plays a crucial role in influencing the fire pattern. The 
pace of burning and the rate at which a small fire spreads in the 
forest are both considerably accelerated by steep slopes. It is 
important to consider the aspect parameter since rate at which 
vegetation dries out is intimately linked with rate of fire spread. 

The amount of sunshine a specific region receives depends on 
the slope's direction. As they receive more sunlight than North 

Slope, South and West Slopes are significantly warmer and 

drier becoming more vulnerable to a fire occurrence (Chavan et 
al., 2012). Forest density directly influences forest fire since 
area having higher percentage of closely packed trees will 
provide the fuel for rapid spread of fire. Land use/land cover 
map provides significant information about the landscape of an 
area which helps to identify fire prone areas based on fire 
hotspot data of last few years. Figure 4 (a) represents risk map 
for slope revealing that southernmost part of the state faces 

‘very high’ risk of forest fire followed by ‘high’, ‘moderate’ 
and ‘low risk’ areas moving upwards and finally ‘very low’ risk 
zone comprising majority of the area in the northern part. The 
aspect risk map in figure 4 (b) shows majority of the portion 
under ‘low’ risk zone with very little area categorized under 
‘very low’, ’moderate’ and ‘very high’ risk zones. Figure 4 (c) 
reveals that in forest density risk map, the majority of the area 
in northernmost and southernmost part of the state fall under 
‘very low’ risk zone whereas the central portion faces 

‘moderate’ risk  with very few patches of land under ‘very high’ 
risk zone. The risk map for land use/land cover has been 
depicted in figure 4 (d) which indicates the northernmost and 
southernmost parts of the state facing ‘very low’ and ‘high’ 
forest fire risk respectively. However, the majority of the forest 
area in the central portion of the state is susceptible to ‘very 
high’ fire risk having patches of area with ‘moderate’ and ‘high’ 
risk. 

 

 
Figure 5. FFRM for Proximity to roads (a), Proximity to 

settlement area (b), Land surface temperature (c) 
 
Proximity to roads and settlement areas need to be factored for 
the evaluation of fire prone areas as they can be potential 

sources of human induced fires which in turn can take the shape 
of large scale forest fire (Jaiswal et al., 2002). Land surface 
temperature (LST) can be assumed to be one of the most crucial 
parameters since high temperature creates drier environment 
that is favorable for a fire incident to occur. Figure 5 (a) 
represents the risk map of proximity to roads which indicates 
that major portion of the state is having ‘high risk’ of forest fire 
and as we move towards the northern part, the fire risk becomes 

‘high’ to ‘very low’. Risk map of proximity to settlement area 
depicted in figure 5 (b) shows few portions of area falling under 
‘very high’ risk zone followed by ‘high’, ‘moderate’, ‘low’ and 
‘very low’ risk areas. The risk map for land surface temperature 
[5 (c)] shows the risk level changing northward from ‘very 
high’ to ‘very low.’ 
 

Rank  Parameter  Weight (%) 

1 Land Surface Temperature 37.8 

2 Land Use/ Land Cover 20.24 

3 Distance from roads 9.41 

4 Distance from settlements 9.14 
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5 Forest Density 6.18 

6 Slope 4.32 

7 Aspect 4.23 

8 Elevation  3.48 

9 NDMI (moisture) 2.81 

10 NDVI_max 2.2 

Table 2. Ranking of the parameters based on their degree of 
importance to influence forest fire 

 

 
Figure 6. Different levels of forest fire risk in Uttarakhand state 

 
Table 3 indicates the total area in Uttarakhand state falling 
under different levels of forest fire risk which has been derived 
from figure 6. It can be observed that highest percentage of area 
falls under ‘high’ risk zone followed by ‘very high’ ‘very low’ 
and ‘low’ risk zones respectively. District wise analysis reveals 

that majority of the ‘very high’ risk zone falls under Haridwar 
(71.3%), Dehradun is where the majority of the "high" risk zone 
is situated (50%), Significant portion of the "moderate" risk 
zone is located in Rudraprayag (29.5%), Uttarkashi has the 
maximum area under “low” risk zone (38.12%) and most of the 
area in Pithoragarh falls under “very low” risk zone (46.1%). 

Total area (sq.km): 53326 

Risk level Area (sq.km) Percentage (%) 

Very low 10995 20.62 

Low  4101 7.69 

Moderate  9723 18.23 

High  15594 29.24 

Very high 12913 24.22 

Table 3. Distribution of area under each risk zones 

 
Figure 7. Risk zonation of Nature Reserve 

The graph (figure 7) shows that in 5 out of 12 nature reserves, 

50% or more area is under ‘high’ to ‘very high’ risk zones. 
Rajaji national park faces maximum problem of forest fire with 
more than 94.08% area highly susceptible to fire event followed 
by Sonanadi Wildlife sanctuary (83.66%), Nandhaur wildlife 
sanctuary (77.05%), Corbett national park (76.25%) and Asan 
sanctuary (50%). 
 

Correlation of fire risk with population density 

 
Population density can be defined as the number of individuals 
per unit area. In the present study, an attempt has been made to 
understand the relation between population density and forest 
fire risk. A densely populated area can increase the probability 
of human induced fire event. For the analysis, the population 
layer was downloaded from Global Human Settlement Layers 
(GHSL) which provides the data of population in each grid. The 
calculation has been done in ArcGIS by first extracting the 

shapefile of the different risk zones and then by calculating the 
average population density for each of the risk zones through 
the utilization of ‘zonal statistics’ tool. The analysis of 
distribution of average population density in different fire risk 
zones of Uttarakhand (Table 4) indicates that the average 
population density is almost nil in areas under ‘very low’ fire 
risk zone, slightly more in ‘low’ risk zone which increases by 
almost 20 times in areas that are classified under ‘moderate’ 

risk zone. The average population density value is double in 
‘high’ risk areas and is slightly lower but almost equal to the 
former in the ‘very high’ risk zone. This proves the significance 
of influence of human interference on occurrence and spread of 
a forest fire. On the contrary, the study also indicates the need 
to chalk out suitable mitigation measures and quick response 
strategy in case of a fire outbreak in forest since evacuation in 
populated areas during a forest fire may pose a major challenge 

to the concerned authorities. 
 

Table 4: Distribution of average population density in different 
risk zones 

 
 

5. CONCLUSION 

 
Determination of fire prone areas was done by factoring both 
natural and anthropogenic parameters namely vegetation health, 
moisture index, forest density, land surface temperature, land 
use/land cover pattern, elevation, slope, aspect, distance from 

roads and settlements. The approach of AHP was adopted to 
calculate the subjective weights of each parameter to understand 
their degree of influence on fire occurrence. Through AHP, the 
relative weights obtained indicate that land surface temperature 
and land use/land cover parameters together hold more than 
50% weightage in influencing a forest fire event. Five 
categories of risk were derived in the study from very low to 
very high based on fire sensitivity and fire inducing capability 

of each parameter. Classes of each layer were given a rank 
based on their fire sensitivity. The layers were then integrated in 
a GIS platform for the generation of fire vulnerability map of 
each layer. Each of the layers were then multiplied by their 

Risk level 
Average population density 

(persons/sq.km) 

Very low 0.01 

Low 0.1 

Moderate 2 

High 4 

Very high 3.76 
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respective criteria weights derived from AHP method and then 

the 10 layers were combined in ArcGIS to produce the final risk 
map of Uttarakhand. The risk map showed 24.22% area is under 
‘very high’ risk zone, 29.24% of the area is under ‘high’ risk 
zone, 18.23% under ‘moderate’ risk zone, 7.69% under ‘low’ 
risk zone and 20.62% under ‘very low risk zone.  
 
The average population density recorded in ‘high’ and ‘very 
high’ risk zones was much higher as compared to other areas 

indicating influence of humans over initiation of forest fire. 
Study was carried out to determine risk levels in some of the 
most critical nature reserves having high ecological importance. 
Result indicates that four national parks/wildlife sanctuaries are 
highly vulnerable to forest fire at present which is of major 
concern and the issue needs to be addressed by the stakeholders. 
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APPENDIX 

 

 

 
Table A1. Comparison between forest fire incidents reported by 
MODIS and VIIRS sensors for the year 2021 in 13 districts of 

Uttarakhand 

 

 

 
Figure A1. Representation of locations of fire hotspots captured 

by MODIS and VIIRS sensors in Uttarakhand for year 2021 
(Data source: FIRMS portal of NASA) 

 

 

 
Figure A2. Forest Fire Risk Maps for districts of Almora, 

Bageshwar, Chamoli & Champawat 
 
 

 
Figure A3. Forest Fire Risk Maps for districts of Dehradun, 

Pauri Garhwal, Nainital, Haridwar, Pithoragarh 
 
 

Districts MODIS VIIRS

Dehradun 77 580

Haridwar 99 590

Chamoli 170 1377

Pauri-Garhwal 580 4873

Tehri 335 2720

Uttarkashi 78 565

Rudraprayag 22 196

Almora 238 2187

Pithoragarh 145 1578

Bageshwar 51 676

Champawat 221 1904

Nainital 646 3912

UdhamSingh Nagar 254 1504
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Figure A4. Forest Fire Risk Maps for districts of Rudraprayag, 

Udham Singh Nagar & Uttarkashi 

 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-M-3-2023 
ASPRS 2023 Annual Conference, 13–15 February & 12–15 June 2023, Denver, Colorado, USA & virtual

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLVIII-M-3-2023-27-2023 | © Author(s) 2023. CC BY 4.0 License.

 
33


	The time period for the study has been taken from March to June which is the forest fire season in the state (Babu et al., 2016). In the study, majority of the datasets associated with the different parameters have been retrieved and computed using th...
	Table 1. Datasets utilized for different parameters



