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ABSTRACT

Forest fire is recognized as one of the major natural disaster damaging huge forest and grassland areas worldwide. Several 
million hectares of forest land are burnt worldwide annually having diverse impact on country's economics, environment, 
safety, human health and wildlife. It has also become a common feature in the Indian forest every year, causing incalculable 
damage to the forest wealth and ecosystem. Forest and wild land fires have been taking place historically, shaping 
landscape structure, pattern and ultimately the species composition of ecosystems. However uncontrolled and misuse of 
fire can cause tremendous adverse impacts on the environment and the human society by influencing the species 
composition and ecosystem processes. Uttarakhand State has been severely affected by forest fires from past few years 
resulting in prodigious loss to the biodiversity. Due to its synoptic coverage remote sensing has been actively used to detect 
forest fire locations in near real time. Its synergy with field data and Geographical Information System (GIS) could be critical 
in decision and policy making for controlling forest fire. The main aim of the present study was to find out the general trend 
of forest fire in the part of  Central Himalaya in the years of 2001, 2004, 2008, 2012, 2016 using Multi temporal Landsat 
Thematic Mapper (TM,) Enhanced Thematic Mapper Plus (ETM+), and Operational land Imager (OLI) data. Forest Fire 
locations were taken from Moderate Resolution Imaging Spectroradiometer (MODIS) Terra and Aqua datasets along with 
Visible Infrared Imaging Radiometer Suite (VIIRS) product. Different spectral indices like Normalized Burn Ratio (NBR) and 
Normalized Difference Vegetation Index (NDVI) were found useful for detecting changes over vegetation using multi 

2 2 temporal image data. The total burnt area was assessed in the month of May as 271.47 Km  in 2001, 459.34 Km in 2004, 
2  2 2119.42 Km in 2008, 380.83 Km  in 2012, and 331.50 Km  in 2016. 
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Geospatial technologies and intervention for conservation and management of Forest Fires.

Introduction

Every year in several parts of the country there is 
depletion of precious forest cover and destroying rich 
variety of flora and fauna including several species of rare 
plants and animals. The major change in the microclimate 
of the region in terms of soil moisture balance and 
increased evaporation is also attributed to the fire. Many 
believe that fires are bad but they are actually essential to 
promote diversity (Douglas et al., 1971; Kovacic and David, 
1998). Forest species alter in composition after fire, this 
may be good or bad depending on the utility of the stands 
that preceded and succeeded the fires (Lutz, 1956). Forest 
fire has long been integral part of the forest environment 
and has played a significant role in determining the flora 
and fauna. 

In India, majority of fires are of anthropogenic origin 
and natural causes of fires such as lightning are very less 
(Bahuguna and Singh, 2002). The first forest fire in India 
occurred about 200 million years ago coinciding with the 
time of evolution of early mammals on earth (Narendran, 
2001). About 55% of the forest cover is subjected to fires 

each year, causing an economic loss of over 440 crores of 
rupees apart from other ecological effects (Gubbi, 2003). 
In Central Himalayan region forest fires occur between 
April to June annually when the weather is hot and dry. 
Usually the south facing slopes are prone to fire due to 
direct sun insulation and inflammable litters of pine and 
dry deciduous trees at the forest floor. The presence of 
habitation, roads, footpaths, etc., and their distance from 
such sites indicate an additional yardstick for the 
occurrence of forest fires. Uttarakhand state is highly 
susceptible to forest fire. In severe fire of 1995 total of 

22115 km  which is 21.5 per cent of the total geographical 
area of four districts had been subjected to various 
degrees of fire damage (Kimothi and Jadhav, 1998).

Frequent man-made fires are an integral part of the 
hilly zone and promote the regional domination of Chir 
pine (Pinus roxburghii) at the expense of broadleaf oak 
forests. These man-made forest fires can be accidental or 
deliberate. Forest fires can be initiated by grazers, camp 
fire or other adventure activities, sparks from vehicles or 
trains, shifting cultivation, undergrowth in the forest in 
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search of game animals, use of fire for collecting non 
timber forest products like honey, gum etc. and to destroy 
stumps of illegal felling in the forest. Sometimes 
miscreants can spread fire to take revenge from forest 
officials. In hilly areas Chir Pine needles totally cover the 
ground surface inhibiting the growth of grasses as well as 
making the kuccha roads slippery for travel, therefore 
villagers burnt them for obtaining fresh flush of grasses as 
well as for clearing the paths. Besides these are also a 
major source of pollutants including black carbon which is 
regarded as a major cause of glacier melt in the Himalayas, 
and has the capacity to influence regional climate. 

Fires in the Himalaya occur during the pre-monsoon 
summer period of moisture stress (Singh and Singh, 1992; 
Sharma et al., 2014) which is intensified because of global 
warming and resultant depletion of snowmelt water. 
(Gaire et al., 2014).

Several studies using Remote Sensing (RS) and 
Geographical Information System (GIS) have been 
performed in Himalayas regarding forest fire studies.  Pant 
et al. (1996), assessed the damaged area during the 
ravaging fires of 1995 in Tehri using remote sensing and 
GIS. Kimothi and Jadhav (1998) have studied forest fires in 
the Central Himalaya and have developed methodology to 
monitor and assess the damage. A forest fire risk model 
was developed by Jain (1996), for Rajaji National Park. 
Kunwar and Kachhwaha (2003), have used remote sensing 
and GIS techniques in forest fire hazard mapping in 
Himalayan region of Uttaranchal and Sikkim.

Landsat satellites have been collecting information 
about forest fires since the 1970s. Its spatial and temporal 
coverage provided by individual Landsat-class sensors 
along with the availability of free data policies and the 
launch of new instruments by international agencies 
helped gradually increase the availability of Landsat-class 
data creating renewed opportunities for forest fire 
applications. Landsat plays an important role in assessing 
the impact of fires on forest ecosystems and human 
society. Landsat satellites document the location and 
extent of burned areas, how severely fires burn, and the 
subsequent regrowth of the land after a forest fire. All this 
information helps land managers better manage our 
forests and other natural resources in the context of fire. 

The use of Landsat-class data to detect thermal 
anomalies has been successfully demonstrated in 
previous studies such as Francis and Rothery (1987) and 
Oppenheimer (1991) applied near infrared (NIR) and 
short-wave infrared (SWIR) Landsat-5 Thematic Mapper 
data to case study analyses of volcanic activity and to 
detect actively burning fires was also demonstrated (Giglio 
et al., 2008; Schroeder et al., 2008a). Key and Benson 

(2003) developed the vegetation index, normalized burn 
ratio (NBR), for Landsat data using near infrared and mid-
infrared bands. Normalized difference vegetation index 
(NDVI), a commonly utilized vegetation index, uses the 
near-infrared and red bands (van Leeuwen et al., 2010). 

Change in vegetation indices such as NBR and NDVI 
are commonly utilized in the literature and are particularly 
effective indices of burn severity and forest structure. 
These techniques of using vegetation indices have been 
applied primarily to study wildfire in coniferous forests of 
the western United States (Wimberly and Reilly, 2007). 
M O D I S  ( M o d e r a t e  R e s o l u t i o n  I m a g i n g  
Spectroradiometer) Aqua+Terra thermal anomalies 
(MCD14DL) product provides near real time forest fire 
information. The thermal anomalies / active fire represent 
the center of a 1km pixel that is extracted by Fire and 
Thermal Anomalies algorithm (Giglio et al., 2003) as 
containing one or more fires within the pixel. This is the 
most basic fire product in which active fires and other 
thermal anomalies, such as volcanoes, are identified. 
MODIS sensor is a key instrument aboard the Terra 
(originally known as EOS AM-1) and Aqua (originally 
known as EOS PM-1) satellites. Terra's orbit around the 
Earth is timed so that it passes from north to south across 
the equator in the morning, while Aqua passes south to 
north over the equator in the afternoon.

A primary sensor on-board the Suomi-National 
Polar-orbiting Partnership (SNPP) spacecraft, the Visible 
Infrared Imaging Radiometer Suite (VIIRS) I-band (375 m) 
Active Fire and Corrected Reflectance products are the 
newest near real-time products available. SNPP observes 
the Earth's surface twice every 24-hours (once in daylight 
and once at night) from a polar orbit 824 km (512 miles) 
above the planet. In India, National Remote Sensing 
Centre (NRSC) presently disseminates in near real time 
active fire alerts to forest departments during the fire 
season using MODIS TERRA and AQUA satellite datasets 
acquired at the NRSC Earth station.

Therefore viewing the multiapplicability and 
timeseries (temporal data) availability of the RS and GIS 
data the present study is conducted for Tehri District of 
Uttarakhand from duration of 2001 to 2016 using remote 
sensing data and using various indices with an objective 
getting general trend of forest fire in the year of 2001, 
2004, 2008, 2012, 2016 based on using different indices 
i.e. NDVI, NBR and Spectral Reflectance. This work will help 
in knowing the trend the forest fire and also management 
practices based on technological back foot.

Study Area

Tehri Garhwal is one of the important mountainous 
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present study. These images are acquired in the month of 
May and June and some images are acquired in April and 
August for knowing Vegetation health pre and post fire for 
every study year.

Methodology

The methodology involves the Image Pre-
Processing, DN to Spectral Radiance, Top of Atmosphere 
Reflectance, Image Processing, Calculate the Normalized 
Burnt Ratio (NBR), Image Classification and Validation. The 
following flow chart of methodology is given below (Fig. 2).

districts of Uttarakhand State (Fig.1). The district lies 
0 0between latitudes 30 03' and 30 53' N and longitudes 

0 077 56' and 79 04' E. It is bounded by Uttarkashi district in 
the north, Rudraprayag district in the east, Pauri Garhwal 
district in the south and Dehradun district in the west. The 

2geographical area of the district is 3796 km .

Material and Methods

A set of images of Landsat 8 (with 11 spectral band 
and 30 m spatial resolution), Landsat 7 (with 8 spectral 
band and 30 m spatial resolution) and Landsat 5 (with 7 
spectral band and 30 m spatial resolution) was used for the 

Table 1: Showing data sets

Data Spatial resolution Date

LANDSAT 5 (TM) 30 m (MSS) 31-05-2004
120 m (Thermal)

LANDSAT 7 (ETM+) 30 m (MSS) 04-05-2001
15m (PAN) 28-05-2004
30 m (Thermal) 29-06-2004

03-06-2012
LANDSAT 8 (OLI) 30m (MSS), 15-03-2016

15m (PAN) 12-06-2016
30 m (Thermal) 12-09-2016

MODIS/VIIRS 1000 m /375 m 2001-2016

 

   

Fig. 2: Flow chart of methodology.

Fig. 1: 

Results

In summer season the fires were said to be more 

prevalent when both air and soil temperatures gets high. 

This is generally in the months from April to June. 

Temperature influenced on fire behavior by reducing the 

moisture content of the fuels. With a temperatures 

decrease, the moisture content of the fuels is high making 

the ignition difficult while when temperatures are high, 

the moisture content of the fuels is reduced resulting into 

easy ignition of the fire (Goldammer and de Ronde, 2004). 

Fire front are increased in the wind increase. The 

stronger the wind, the faster will be the spread of a head 

fire whilst a decrease in the wind results into a reduced 

spread of fire. An increased wind speed in the summer 

season (April to June) confirms that fires are frequent 

during this time due to the effect of wind that makes the 

fire spread faster.

The use of remote sensing methods in fire effects 

assessment has grown notably in the last decade, using 

both high and low-resolution satellite sensors (Ahern et 

al., 2001). For global applications, the use of NOAA-AVHRR 

data was extensively tested in the 1990s. Most commonly, 

burn scar areas were discriminated from a multitemporal 

comparison of NDVI or other spectral indices (Kasischke 

and French, 1995; Martín and Chuvieco, 1995; Pereira, 

1999), although some combination of thermal and optical 

channels have also been undertaken (Fraser et al., 2000; 

Sukhinin et al., 2004). The research showed that Landsat 

TM is more accurate in fire scar mapping with different 

indices used in it.

Therefore, the spatial distribution of fire scars 

mapped from Landsat TM  from different year were taken 

was beneficial in assessing the accuracy of the fire scars 

validated from Fire Information for Resource 

Management System (FIRMS-NASA). FIRMS distribute 

Near Real-Time (NRT) active fire data within 3 hours of 

satellite overpass from both MODIS and VIIRS. It was 

observed that the trend in the size of fire scars increased 

with time at a every 4 to 5 year gap. This might be due to 

fuel load and other biomass accumulation. These results 

are in agreement with what Pereira et al. (2005) found in 

the Iberian forests of Portugal.

Multi temporal Landsat TM, ETM+, and OLI data 

(Verbesselt et al. (2010); Broge and Leblanc (2001); 

Chuvieco and Congalton (1989); Pettorelli et al. (2005); 

Röder et al. (2008); Van Wagtendonk et al. (2004); 

Vogelmann et al. (2011); Van Wagtendonk et al., 2004) 

were used to get a trend of forest burnt area based on 

different  indices. 

The classification method is found best for 

estimation of burnt and unburnt area. The burnt 

assessment through difference of NDVI and NBR produced 

very similar result across vegetation type but for knowing 

the general trend of fire, classification method was found 

more relevant. The study suggest that the total burnt area 
2was assessed in the month of May as 271.47 Km  in 2001, 

2 2 2 459.34 Km in 2004, 119.42 Km in 2008, 380.83 Km in 
2   2012, and 331.50 Km in 2016 (Fig. 3). The validation of 

bunt area was also marked using FIRMS location on the 

satellite imagery (Fig. 4). Apart from that, in this present 

study index used i.e. NBR and NDVI (Fig. 5 and 6), both 

were gradually increased before fire and rapidly decreased 

after fire. So NBR and NDVI model is useful tool for 

detecting changes over vegetation using multi temporal 

image data.

Fig.3: Forest fire trend in the year of 2001, 2004, 2008, 2012, 2016.
Fig. 4: Burnt area with FIRMS validation for the years 2001, 2004, 

2008, 2012, 2016.
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more relevant. The study suggest that the total burnt area 
2was assessed in the month of May as 271.47 Km  in 2001, 

2 2 2 459.34 Km in 2004, 119.42 Km in 2008, 380.83 Km in 
2   2012, and 331.50 Km in 2016 (Fig. 3). The validation of 

bunt area was also marked using FIRMS location on the 

satellite imagery (Fig. 4). Apart from that, in this present 

study index used i.e. NBR and NDVI (Fig. 5 and 6), both 

were gradually increased before fire and rapidly decreased 

after fire. So NBR and NDVI model is useful tool for 

detecting changes over vegetation using multi temporal 

image data.

Fig.3: Forest fire trend in the year of 2001, 2004, 2008, 2012, 2016.
Fig. 4: Burnt area with FIRMS validation for the years 2001, 2004, 

2008, 2012, 2016.
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Discussion and Conclusion

The scientific and day by day advances in image 

processing of medium and low-resolution satellite data 

makes it possible to observe the entire area practically of  

data very close. This is the case, where for instance the 

burn scar mapping has carried out for a district for a given 

time series can help in knowing the temporal condition. 

These techniques from a desktop view can help in fire 

management and other planning purpose too. The 

different effects, of fire damages on post fire reflectance, 

especially when forest is stratified in different vertical 

layers can be assessed by using these used indices. 

Fig.5: Example of NDVI image and validation from Fire Points. 

 

Fig.6: Example of NBR image and validation from Fire points.

mÙkjk[k.M jkT;] Hkkjr ds fVgjh ftys ds fy, fofHkUu lwpadkdksa dk mi;ksx djds HkwLFkkfud oukfXu Tofyr 

ewY;kadu&oukfXu izca/u ds fy, ,d HkwLFkkfud ,izksp

uhye jkor] fd'kksj dkaMiky] lkSjHk iqjksfgr] vjfoUn ik.Ms] xksfoUn flag usxh vkSj nqxsZ'k iar 

lkjka'k 

oukfXu dks izeq[k izkd``frd vkink esa ls ,d ds :Ik esa ekuk x;k gS] tks fo'oHkj esa fo'kky ou vkSj ?kklHkwfe {ks=kksa dks {kfr igqapkrh gS] 

fo'oHkj esa lkykuk yk[kksa gSDVs;j ou Hkwfe ty tkrh gS ftlls ns'k dh vFkZO;oLFkk] i;kZoj.k lqj{kk] ekuo LokLF; ,oa oU; thoksa ij fofo/ izHkko 

iM+rk gSA izfr o"kZ Hkkjrh; ou dk ;g ,d vke y{k.k Hkh gks x;k gS] ftlls ou lEink ,oa ikfjra=k dh vfuf'pr {kfr gksrh gSA ou ,oa oU; Hkwfe 

vfXu;ka ,sfrgkfld :Ik ls gks jgh gSa] tks Hkwn``'; lajpuk] iSVuZ dk vkdkj ysdj vUr esa ikfjra=kksa dk iztkfr la;kstu djrh gSaA rFkkfi] vfu;af=kr ,oa 

vkx ds nq:Ik;ksx iztkfr la;kstu vkSj ikfjra=k izfØ;kvksa dks izHkkfor djds i;kZoj.k ,oa ekuo lekt ij vR;f/d izfrdwy izHkko Mky ldrs gSaA 

mÙkjk[k.M jkT; xr dqN lkyksa ls oukfXu;ksa ls vR;f/d izHkkfor gS ftlds iQyLo:Ik tSofofo/rk dh vlk/kj.k {kfr gqbZ gSA blds laf{kIr dojst 

ds dkj.k okLrfod le; esa oukfXu LFkkuksa dks [kkstus gsrq lwnwj laosnh dk lfØ; :Ik ls mi;ksx fd;k x;kA {ks=k vk¡dM+ksa vkSj HkkSxksfyd lwpuk 

iz.kkyh (th vkbZ ,l) ds lkFk bldh lgfØ;k oukfXu fu;a=k.k gsrq fu.kZ; ,oa uhfr fuekZ.k esa vge gks ldrh gSA orZeku vè;;u dk eq[; è;s; 

efYV VSEiksjy yS.M lSV FkhesfVd eSij (Vh ,e)] of/Zr FkhesfVd eSij Iyl (bZ Vh ,e $) vkSj lapkyuh; Hkw bestj (vks ,y vkbZ) vk¡dM+ksa dk 

mi;ksx djds o"kZ 2001] 2004] 2008] 2012] 2016 esa eè; fgeky; ds Hkkx esa oukfXu ds lkekU; :>ku dk irk yxkuk FkkA ekWMjsV jhtkWyw'ku 

besftax LisDVªksjsfM;ksehVj (,e vks Mh vkbZ ,l) Vsjk rFkk foftoy bUÚkjsM besftax jsfM;ksehVj lwV (oh vkbZ vkbZ vkj ,l) izksMDV ds lkFk ,Dok 

MkVk lSVksa ls oukfXu LFkkuksa dks fy;k x;kA cgq dkfyd best vk¡dM+ksa dk mi;ksx djds ouLifr esa gks jgs ifjorZuksa dk irk yxkus ds fy, 

izlkekU;hd``r ngu vuqikr (,u ch vkj) ,oa izlkekU;hd``r vUrj ouLifr rkfydk (,u Mh oh vkbZ) tSls fofHkUu LiSDVªheh lwpdkadksa dk mi;ksxh 

ik;k x;kA 2001 esa 271-47 oxZ  fd-eh-] 2004 esa 459-34 oxZ fd-eh-] 2008 esa 119-42 oxZ fd-eh- 2012 esa 380-83 oxZ fd-eh- ,oa 2016 esa 

331-50 oxZ fd-eh- ds :Ik esa ebZ ds eghus esa dqy Tofjr {ks=k ewY;kafdr fd;k x;kA 
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Discussion and Conclusion

The scientific and day by day advances in image 

processing of medium and low-resolution satellite data 

makes it possible to observe the entire area practically of  

data very close. This is the case, where for instance the 

burn scar mapping has carried out for a district for a given 

time series can help in knowing the temporal condition. 

These techniques from a desktop view can help in fire 

management and other planning purpose too. The 

different effects, of fire damages on post fire reflectance, 

especially when forest is stratified in different vertical 

layers can be assessed by using these used indices. 

Fig.5: Example of NDVI image and validation from Fire Points. 

 

Fig.6: Example of NBR image and validation from Fire points.
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