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Identification and Assessment 
of Forest Fire in 

Similipal Tiger Reserve (STR) with GIS

Forest fire is a major environmental issue, creating economical and 
ecological damage while endangering human lives. Similipal, situated at 
the Indian state of Odisha, is the only tiger reserve in the world, where the 
melanistic form of tiger is found and is properly conserved. The paper has 
tried to identify and evaluate the forest fire incidences in Similipal Tiger 
Reserve (STR) using Remote Sensing (RS) and GIS technique for four 
years, such as 2006, 2009, 2013 and 2016.Primary fire incidences data were 
collected from respective meteorological offices along with location co-
ordinates with prevailing weather conditions. The forest fire incidences are 
mapped in Arc GIS 10.1 software environment. It shows unusual 
distribution of forest fire incidences in STR. The year 2009 has the 
maximum number of forest fire incidences in STR underlined by extremely 
hot weather and low precipitation condition. Groundtruthing in the STR 
shows disturbances due to anti-social activities in some patches of the 
area, limiting the scope for preventive measures, caused large number of 
forest fires incidences. Forest fire caused by local people (man-made) 
associated with the presence of Particularly Vulnerable Tribal Groups 
(PVTGs) also are increased in numbers. Forest fire incidences can be 
reduced drastically with future planning and using modern technologies 
under most unfavourable climatic conditions.
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Introduction

Forest is one of the most important renewable natural resources and 
plays a significant role in human life, energy, maintaining biological 
diversity, mitigating climate change, protecting land and water 
resources, providing recreation facilities, enhance air quality and 
alleviatingpoverty. The increasing counts of extreme natural 
phenomena, which are related to the climate variability and are mainly 
caused by anthropogenic factors, escalate the frequency and severity 
of natural disasters. Forest fire is one of the most important sources of 
land degradation that leads to deforestation and desertification process. 
Forest fire is a major environmental issue, creating economical and 
ecological damage while endangering human lives. In recent years, 
prolonged dry weather together with rapidly expanding exploitation of 
tropical forests and the demand for conversion of forest to other land 
uses have resulted  significant increase in forest fire cases, frequency 
and its related environmental impacts. Forest fire is widely recognized 
as a major factor in global carbon budgets, since they have a great 
impact on vegetation disturbance and succession, as well as on 
worldwide greenhouse gas emissions (Chuvieco, 2008). The 
observations in the last twenty years show that the intensity and 
spreading of forest fires in Asia are largely related to rise in temperature 
and decline in precipitation in combination with increasing intensity of 
land use changes (IPCC, 2007). The present day knowledge about the 
forest fire situations in India has been reviewed by Joseph et al.(2009), 
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that shows about 2-3% of the forest area getting 
affected annually by fire and on an average over 
34,000 ha forest area are burnt. Some of them are 
incidental, but majority are deliberately caused 
(Kunwar and Kachhwaha, 2003). Forest mapping of 
burnt areas at the global scale is critical, since fire is 
one of the principal disturbing factors that affects the 
basic structure of the ecosystems, carbon budgets, 
and nutrients cycles, as well as one of the significant 
causes of greenhouse emissions (Roy et al., 2008). At 
a regional scale, burnt area maps can give a spatial 
assessment of economic and environmental effects of 
the fire while facilitating improvements of pre-fire 
planning (Giri and Shrestha, 2000) followed by post-
fire rehabilitation efforts (Vafeidis et al., 2005). 
Conversely, when uncontrolled, they can devastate 
huge areas, degrade the environment and diminish the 
natural resources (Johanna and Landsberg, 1997).

Forest burnt area size, spread and intensity has a 
critical impact on the climate as well as biodiversity. 
Forest fire is recognised as one of the major reasons 
of the global change in terrestrial ecosystems (Rudel 
et al., 2005) affecting the biodiversity. Biomass burning 
is regarded as the second largest source of trace 
gases in the global atmosphere and strongly affected 
by climate change (Bond et al., 2004). Remote 
sensing and GIS are important tools for mapping and 
monitoring of forest fire. It is recommended to acquire, 
analyse and understand multi-year and multi-seasonal 
satellite data in order to create a fire history of the area 
and to capture all forest fire events of the season. It is 
also recommended to produce a GIS database 
consisting of bio-physical and socio-economic 
variables required for hazard mapping and forest fire 
simulation.

A precise evaluation of forest fire problems and 
decision on solutions can only be satisfactory when a 
fire risk zone mapping is available (Jaiswal et al., 
2002). Forest fire research is one of many appropriate 
GIS/remote sensing imagery applications. It provides a 
quick evaluation of the vegetation status, as well as a 
survey of the effects of fire upon the environment. 
People studied forest fire risk zones (FFRZ) with a 
variety of mapping methods. Most of them mapped 
forest fire risk zones by directly using remote sensing 
and Geographic Information Systems (GIS) that 
contain topography, vegetation, land use, population, 
and settlement information (Jaiswal et al., 2002). 
RS/GIS play an important role in detecting the active 
forest fire locations, as well as helping in assessment 
of the fire risk based on several factors, such as 
topography, climate and other biological factors. 
Satellite data plays a vital role in identifying and 
mapping forest fire and in recording the frequency at 
which different vegetation types/zones are affected. 
GIS can be used effectively to combine different 
forest-fire causing factors for demanding the forest fire 
risk zone map. Estimation of the vulnerability of an 

area to fire is essential to the “prediction” of future 
possible fire outbreaks and “prevention” is 
accomplished by taking proper action in high risk 
areas. Satellite remote sensing can contribute to the 
“prediction” of fires and the protection of forests by 
offering up to date information about the Earth's 
surface. Remote sensing application is able to provide 
post-fire data immediately after a fire breaks covering 
forest area in various scales. Now-a-days the 
implementation of innovative methodologies with the 
high resolution satellite data has made possible the 
accurate classification even of the types of burned 
vegetation (Mitri and Gitas, 2006). Several GIS 
applications have been developed in the last decade 
to improve management of forest fire.

GIS provides tools for spatial interpolation of weather 
data, and so a more complete view of the 
geographical diversity of fire danger can be obtained. 
GIS-based models which cover a small area at high 
resolution typically from 50 to 100 m grid size (Van 
Wyngarden and Dixon, 1989). 

Forest fire in India

The Forest Survey of India (FSI) data on forest fire 
attribute around 50 percent of the forest areas as fire 
prone. This does not mean that fires affect country's 
50 per cent area annually. Very heavy fire, heavy fire, 
frequent forest fire and occasional fire damage is 
noticed only over 0.84 per cent, 0.14 per cent, 5.16 
per cent and 43.06 per cent of the forest areas, 
respectively. Only 6.17 per cent of the Indian forests 
are subjected to severe fire damage annually. In 
absolute terms, out of around 63 million hectares of 
forests, an area of around 3.73 million hectares can be 
presumed to be affected by fire annually (Satendra 
and Kaushik, 2014). Forest fire in India is mostly 
anthropogenic (Giglio et al., 2010; IFFN, 2002); 
however, the intensity of fire depends on climate, fuel 
type, the wind, topography, and demography. There 
are shreds of evidence towards increased frequency 
of anthropogenic fires than in the past in Indian forests 
(Kodandapani et al., 2004; Krishna and Reddy, 2012). 

The objective of the paper is to identify and evaluate 
the forest fire incidences in Similipal Tiger Reserve 

st(STR) in 21  Century using RS and GIS techniques.

Study Area

The Similipal Tiger Reserve is a compact block of 
elevated plateau located in the central portion of the 
Mayurbhanj district, at the northern most part of 
Odisha State, and lies between S20°17' and 22°34' 
north latitudes and 85°40' and 87°10' east longitudes. 
The core and buffer encompasses an area of 1194.75 

2 2km  and 1555.25 km  respectively, with the total area 
2  of the tiger reserve being 2750km (Fig. 1).The terrain 

is mostly undulating and hilly, interspersed with open 
grasslands and wooded areas. Similipal is located in 
the Deccan Peninsular Bio-geographic Zone, 
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Chhotanagpur Province and Mahanadian 
biogeographic region. An astounding 1078 species of 
plants, including 94 species of orchids, are reported 
from the park. The vegetation is a mix of different 
forest types and habitats, with northern tropical moist 
deciduous dominating some semi-evergreen patches. 
Similipal harbours a unique blend of Eastern Ghats 
with elements from Western Ghats and Sub-
Himalayan plant species. Sal is the dominant tree 
species here. There are 55 species of mammals, 361 
species of birds, 62 species of reptiles, 21 species of 
amphibians, 38 species of fishes and 164 species of 
butterflies recorded from the Park. Similipal harbours 
the largest population of elephants in Odisha, more 
than 500 in number. Gaur is found in few localised 
pockets and in small herds. The major ungulate 
species found in Similipal are sambar, chittal, barking 
deer and mouse deer. Poaching of prey animals is still 
reported and urgent mitigation measures are required 
to mitigate it. The major carnivores here include tiger 
and leopard; other carnivores are leopard cat, fishing 
cat, jungle cat, and wolf. This is the only Protected 
Area in the world where the melanistic form of tiger is 
found. This tiger population is showing signs of 
increase and urgent mitigation measures are being 
taken to ensure the safety of this population.

The South–West monsoon remains active from mid-
June to end of September. Tropical cyclones are very 

common, which affects Similipal Tiger Reserve during 
October-November. The minimum temperature dips to 

02 to 3 C in December, whereas May is the hottest 
month with the highest temperature touching 39-41°C. 
Pre-monsoon showers moderate the temperature of 
Similipal in the last week of May. The average 
temperature of December month ranges between 18 – 
20 ° C, whereas in the month of May it ranges 
between 32 - 36°C. 

Methodology

Collection of data

The forest fire incidences along with their location 
information was collected  (as secondary data from 
Office of the Field Director STR, Baripada, Odisha 
records along with spatial information through 
groundtruthing) for the year 2006, 2009, 2012, 2013 
and 2016 having maximum number of incidences so 

stfar in 21  Century. The fire incidence mostly occurs 
between the months of March to June. These data for 
selected five years were transferred to the GIS 
software (Arc GIS 10.1) Environment for further 
analysis. The STR map with a scale of 1:50,000 was 
collected from the divisional meteorological office. The 
map was digitized using nearly eight ground control 
points (GCPs). The yearwise fire incidences data 
along with their latitude and longitude information 
were recorded. The map is projected to WGS UTM-

Fig. 1: Study area



1984 for zone 45 for mapping in GIS software 
environment.

Mapping in GIS

Arc GIS 10.1 software was used for all mapping of 
information on forest fire incidences. The forest fire 
sites were represented as point data in the study area 
map for the mentioned years. The point data showing 
fire incidences were mapped in the base of the study 
area. The map is developed for all the mentioned 
years separately. The images are overlayed to analyze 
the intents of occurrence of forest fire in the region.

Weather information collection

The weather information for the study area was collected 
from the Baripada, Odisha weather station to understand 
the underlined reasons of increased number of forest 
fire incidents in the mentioned years. The weather 
information includes precipitation rate, temperature 
variation etc for the study area. Statistical graphs (SPSS 
and MS Excel) were developed for the years against 
the prevailing climate conditions during forest fire 
occurrences (mostly during summer time). Critical 
analysis was carried out to understand the conditions 
in a better way.

Ground truthing

Groundtruthing was carried out to find the real situation 
in the area having higher incidence of fire in a particular 
year. Discussion was carried out with the local people 
and officials to find out any specific reason behind the 
fire incidence. Some interesting facts were revealed 
during one-to-one discussion atfact finding operation.

Results and Discussions

Forest fire status in STR

The major fire incidences in the Similipal Tiger reserve 
were recorded along with location information (Table 
1). The forest fire incidence pattern against the year 
was presented graphically (Fig. 2). The zig zag 
graphical pattern showed no specific trend of 
incidences of fire in STR as recorded in different 
years.  We can not safely conclude that, the 

incidences of fire is going down or will be going down 
in future. So, special attention has to be taken to 
monitor and control the incidences of forest fire in 
STR. 

Forest fire incidence distribution

To visualize distribution of fire incidence in the STR, 
mapping was carried out in GIS environment for the 
mentioned years. The base map was developed using 
the existing STR map. Eight ground control points 
were used to digitize and projected into WGS UTM -
1984 for zone 45.

Forest fire incidences mapped in GIS environment is 
very much suitable to get overall distribution of the 
incidents. These maps can guide future plan of action 
to combat accidental fire at greater peace. This will 
also support the administration to make preparedness 
for future incidences. As expected in the year 2009, 
maximum number of forest fire incidences can easily 
be observed from the maps. In year 2016, there is also 
more numbers of forest fire incidences compared to 
other years. Upper Barah Kamuda (UBK) is located in 
the south central part of Similipal shows more number 
of forest fires. Similarly, Jenabil and Nawana south 
areas located in the Northern part of STR have got 
more incidence of forest fire in the underlined years. 
Groundtruthing can enlighten the underlined reason of 
forest fire in various locality of STR.

Climate data analysis

Climate data for the study area was collected for the 
underlined years for better understanding of the 
situations. The quarterly average rainfall was 
estimated for the mentioned years for the study area 
(Table 2) and Fig. 4. The graphical representation of 
quarterly average rainfall for March quarters and June 
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Table 1: Major fire incidents in Similipal tiger reserve

Sl. No. Year No. of fire incidences

1 2006 12
2 2009 57
3 2013 30
4 2016 37

Fig. 2: Trend of fire incidence in STR
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be the one of the major reasons causing maximum 
number of fire incidences in the year 2009 in STR 
following dry period with low precipitation (Fig. 3).

Groundtruthing

Groundtruthing was carried out to explore the unusual 
distribution of fire incidences in different locality of 
STR during the summer season. Also, it is required to 
look into vary causes of forest fire at ground level.

The year 2009 was the second most hot year of India 
with annual mean land surface air temperature of 
about 0.84 degree Celsius above the 1961-1990 
average. This was in line with the warmer-than-normal 
global climate during the period. 2009 also recorded 

quarters, for the year 2009 shows very low 
precipitation compared to other years. Low rainfall 
may be associated with dry weather in the region. This 
can partially explain the maximum number of forest 
fire incidence for the year 2009 (Fig. 3).

Weather information during summer season, 
particularly temperature variation was analyzed for the 
underlined years to get clear picture of the ground 
situation in the study area. The temperature values for 
2009 are in higher ranges for all the summer months 
(except March, Table 3). The graphical representation 
shows the trend of high temperature throughout the 
summer season (Fig. 4).  As high temperature can 
promote fire incidences in locality and forest, this may 

Table 2: Average rainfall for the study area (Quarterly Average rainfall, mm)

Sl. No. Year Quarter ending Quarter ending Quarter ending Quarter ending 
March June September December

1 2006 9.43 281.23 308.50 7.93
2 2009 2.73 169.80 224.80 7.10
3 2013 32.49 289.99 425.71 0.52
4 2016 29.09 186.49 240.64 7.11

Fig. 3: Distribution of forest fire incidences in STR; a) 2006; b) 2009; c) 2013 d) 2016.

(a) (b)

(c) (d)



the third-worst rainfall since 1901, behind 1918 when 
there was a 25% deficiency of the long-period average. 
2009 was an El-Nino year and India faced severe 
drought with rainfall being 22% below the 50-year average.

Upper Barah Kamuda (UBK), located in the south 
central part of Similipal, the core of the Critical Tiger 
Habitat area is the wildlife rich area of the tiger 
reserve. The buffer area surrounding was drastically 
affected by forest fire in 2009, so the UBK range also 
got the maximum negative impact of forest fire. The 
anthropogenic fire lit by local poachers in search of 
herbivores during so called Akhand Shikarweek (week 
of mass hunting of animals) in the month of March-
April 2009 is also another reason for forest fire. The 
massive naxalite attacks on Similipal in the month of 
March, 2009 resulted in catastrophic events like mass 
poaching of wild animals, forest fires, torching of camp 
sites which resulted in withdrawal of Forest field 
personnel, fire watchers from Similipal for more than 
12 months. UBK range had 2 tribal hamlets i.e. UBK 
and Bahaghar during 2009, the primitive tribal 
populations of those two hamlets were also 
responsible for more of such fire incidents.

Similarly, the repercussions of Naxal attacks also 
hampered the forest fire management in other two 

core ranges i.e. Jenabil and Nawana south. The 
villages like Jamuna, Bakua, Budhabalang, Saruda, 
Nigirdha having Particularly Vulnerable Tribal Groups 
(PVTGs) and other tribal groups took advantage of 
withdrawal of Forest personnel. Along with the 
extreme weather conditions of 2009 summer, these 
localized anthropogenic reasons resulted in massive 
forest fires.

Conclusion

Forest fire is a major environmental issue, creating 
economical and ecological damage, while 
endangering human lives. Similipal, Odisha is the only 
tiger reserve in the world, where the melanistic form of 
tiger is found and properly conserved. 

Primary fire incidences data were collected from 
respective offices along with location co-ordinates 
considering prevailing weather conditions for four year, 
such as year 2006, 2009, 2013 and 2016. The forest 
fire incidences are mapped in Arc GIS 10.1 software 
environment. It shows unusual distribution of forest fire 
incidences in STR. The year 2009 has the maximum 
number of forest fire incidences (56 nos) in STR 
underlined by extremely hot weather and low 
precipitation condition.  Groundtruthing in the STR 
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Table 3: Temperature variation in summer seasons in the study area

March April May June

2006 29.20 31.00 30.50 30.05
2009 28.90 32.10 32.55 31.15
2013 26.90 29.00 29.05 27.30
2016 26.50 31.10 31.50 30.85

Fig. 4: Quarterly rainfall distribution for the region
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shows disturbances due to anti-social activities in 
some patches of the area, limiting the scope for 
preventive measures, causes large number of forest 
fires. Forest fire created by local people associated 
with the presence of PVTGs also increased the 
number of incidences. Forest fire incidences can be 
reduced drastically with future planning and using 
modern technologies, such as drones quick 
assessment, and commercial helicopters for 
extinguishing the fire etc.  under undulating 
topography and unfavourable climatic conditions.

flfeyhiky ck?k fjtoZ esa th-vkbZ-,l- ds lkFk oukfXu dh

igpku vkSj ewY;kadu

lat; dqekj Losu vkSj fd'kksj pUnz Losu

lkajk'k

oukfXu ,d izeq[k i;kZoj.kh; fo"k; gS] tks vkfFkZd vkSj 

ikfjfLFkfrdh; {kfr mRiUu dj jgh gS vkSj lkFk gh ;g ekuoh; 

tho dks ladV esa Mky jgh gSaA mM+hlk jkT; esa fLFkr flfeyhiky 

fo'o esa vdsyk ,slk ck?k fjtoZ gS] tgk¡ ';kerk :i dk ck?k ik;k 

tkrk gS vkSj bls mfpr rjhds ls lajf{kr fd;k x;k gSA bl 'kks/ 

i=k esa pkj lkyksa] ;Fkk&2006] 2009] 2013 vkSj 2016 ds fy, 

lwnwj laosnh (vkj-,l-) vkSj th-vkbZ-,l- rduhd dk mi;ksx djds 

flfeyhiky ck?k fjtoZ esa oukfXu ds izHkkoksa dks igpku vkSj 

ewY;kadu dk iz;kl fd;k x;k gSA orZeku ekSle voLFkkvksa ds lkFk 

LFkku leUo;dksa ds lkFk lacaf/r ekSle foKkuh; dk;kZy;ksa ls 

izkFkfed vfXu izHkkoksa ls lacaf/r vkadMs+ fy, x;saA oukfXu izHkkoksa 

dks vkdZ th-vkbZ-,l- 10-1 lkW¶Vos;j okrkoj.k esa ekufpf=kr fd;k 

x;kA ;g flfeyhiky ck?k fjtoZ esa oukfXu izHkkoksa dh vlkekU; 

forj.k dks n'kkZrk gSA o"kZ 2009 esa vR;f/d xje ekSle vkSj fuEu 

o`f"Viky voLFkkvksa }kjk v/kssjs[kkafdr flfeyhiky ck?k fjtoZ esa 

oukfXu izHkkoksa dh vf/dre la[;k FkhA flfeyhiky ck?k fjtoZ esa 

/jkryh lPpkbZ {ks=k ds dqN [kaM+ks esa vlkekftd xfrfof/;ksa ds 

dkj.k fo{kksiksa dks n'kkZrh gS] tks cMs iSekus ij oukfXu;ksa ds izHkkoksa 

ls mRiUu laj{kkRed mik;ksa ds fy, voljksa dks lhfer dj nsrh gSA 

fo'ks"kdj laosnh tutkrh; lewgksa dh mifLFkfr ds lkFk lEc¼ 

LFkkuh; yksxksa (ekuo fufeZr) }kjk l`ftr oukfXu Hkh la[;k esa c<+h 

gSA lcls izfrdwy tyok;oh; voLFkkvksa ds vUrxZr vk/qfud 

izkS|ksfxfd;ksa dk mi;ksx djds vkSj Hkkoh ;kstuk ds lkFk oukfXu 

izHkkoksa dks dkiQh gn rd ?kVk;k tk ldrk gSA 
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