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ABSTRACT
A forest fire event is influenced by ecological, human and climatic conditions. Large amount economic,
ecological and scenic loss will occur due to forest fire. In every year large amount of forest are burnet
in Western Ghats due to forest fire. In the present study Geographic Information System (GIS) and
Remote sensing based fuzzy theory controlled multicriteria decision support system is used for the
identification of forest fire risk / vulnerable area identification. Satellite remote sensing data, bioclimatic
data, ecological, socio environmental data and topographic data where used for the present study.
Field level data on bioclimatic, socio environmental and ecological parameters are aggregated and
have been organized and managed in GIS frame work for the identification and management of forest
fire. A multicriteria decision making system involving fuzzy based analytical hierarchy approach has
been designed to arrive at a decision metric that identified the importance of causative factor of
forest fire. These expert judgment and field level knowledge where then integrated using spatial
fuzzy decision making algorithm in GIS environment to map forest fire risk / vulnerable area. The
outcome of this study is the forest risk /vulnerable area map with four vulnerable ranges starting from
very high, high, moderate and low. Based on the forest risk / vulnerable map fire management strategies
where developed it include identification of suitable location for fire watchtower and new location for
check dams these will helpful for the  reduction of forest fire risk /vulnerability. The present study
identified the potential of remote sensing and GIS based fuzzy algorithms to map forest fire risk /
vulnerable area mapping and the fire management strategies. The fire management strategies include
identification new location for watch tower and new location for check dams is very use full for the
local people as well as the forest officials to mange forest fire and also helpful for the preparation of
forest master plan.
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INTRODUCTION
Forest fire are one of the main causes of biodiversity lose, forest degradation, ecological disturbance
and climate change. Western Ghats, one of the mega biodiversity hotspots is located in the southern
part of peninsular India. At present the entire area
of Western Ghats is under severe threat due to
increasing human intervention and over
exploitation of natural resources. The increasing

biotic pressure has led to the occurrence of
frequent forest fires, which resulted in
fragmentation and degradation of the forests and
many of these fragmented/degraded forest
landscapes are in highly endangered status and
provide alarming signals of accelerated
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biodiversity loss. Statistics show that during the
last 12 years (between 1998 and 2010), more than
25,000 hector of forests of Kerala have been
destroyed by fires1. The causes of forest fire can
be classified in three main categories (1) Natural,
(2) Intentional/deliberate due to man, and (3)
Unintentional/accidental due to man2,3. A forest
fire event is influenced by climatic conditions and
has a direct relation with fire4.
At the regional and global scales, combustion of
forest and grassland vegetation releases large
volumes of radiatively active gases, pyrogenic
aerosols, and other chemically active species that
significantly influence Earth’s radiative budget and
atmospheric chemistry5, impacting air quality and
raise concern about risks to human health6,7.
The prominent factors leading to fires are mainly
classified in to five groups and it include:
1. Vegetation type and density - dry and dense

vegetation is obviously more susceptible to fire
than the moist  one;

2. Climatic factors - the climatic condition of the
forest region determines the vegetation in that
region and hence the bioclimatic condition
plays dominant role in ascertaining the fire
prone sites. Drier the climate, more prone
would be the site8. Rain fall has a negative
relation with forest fire,

3. Physiographic factors – it include: altitude,
aspect and topography influence micro-
climatic conditions and therefore, indirectly
affect to the vegetation. Aspect which means
the direction of slope plays a vital role in
spreading of the fire. Southern and south-
western slopes, exposed to direct rays of sun
are more vulnerable to catch fire rather than
northern and north-eastern aspects. In the
case of topography, fire travels most rapidly
up-slopes and least rapidly down slopes9,10.

4. Distance from roads - human and vehicular
movements and such activities on the road
provide enough scope for accidental/
manmade fire. Near the roads, more would
be the chance of fire occurrence.

5. Vicinity to settlements – the area near to the
habitats/settlements is more prone to fire
because the habits/cultural practices of the
inhabitants can also lead to incidental/
accidental fire11.

The more complex and accurate fire models

require spatial information that is furnished by
remote sensing and Geographic Information
Systems (GIS) the integration of remote sensing
with GIS will helpful for the spatial identification
and management of forest fire12.The integration
of field data with remote sensing data is needed
for the current and accurate fire risk mapping.
GIS technology can serve as a vital technological
core for the development of an integrated
operational system in the case of forest fire crisis
management. GIS with multicriteria disicion
making system will helpful for the accurate
prediction of different environmental phenomenon
like landslide drought and forest fire etc.13,14

Fuzzy set theory is an extension of classical set
theory. Fuzziness is a type of imprecision,
associated with sets in which there is no sharp
transition from membership to non
membership15,16. The membership grade of an
object can range from 0 to 1. The value of 1
denotes full membership, whereas the closer the
value is to 0, the weaker the object’s membership
is in the fuzzy set. That means if the value is one
or near to 1its has very high positive relation with
that factor.
Integration of fuzzy logic with GIS in a decision-
making framework has been used for different
purposes, including ranking burned forests to
evaluate the risk of desertification17. There are
different studies that deal with fuzzy logic and
integrated GIS based multicriteria analysis is one
of the best method for the identification of
suitability.In the present study we explore the
possibility of fuzzy based multicriteria GIS analysis
work for the identification of fire risk / vulnerability
zone mapping.

AIMS   AND  OBJECTIVES
The aim and objective of the present study is to
identify forest fire risk/ vulnerable area and their
management using geo information science and
technology. Based on the result different fire
prevention / control strategies where developed
and implemented for the forest conservation.

STUDY  AREA
The present study area is Shendurney wild life
sanctuary,  is a part of  Agasthyamala Biosphere
reserve is located in the Western slopes of Western
Ghats and lies within 770 4' and 770 17' East
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longitude and 80 48' and 80 58' North latitude. The
elevation of these areas varies from 200m -
1550m. The whole area is hilly in character with
a gentle slope towards the west. The climate is
humid in general, with only a little diurnal and
seasonal variation. The hottest months are March-
May and the coldest are November- January. The
temperature varies between 20 and 35 ° C and
the annual rainfall ranges from2500 to 5000 mm.
The forests are mainly evergreen and semi-
evergreen in type with sprinklings of dry
deciduous and moist deciduous patches here and

there. The location map of the study area is shown
in the Fig.1.

MATERIAL   AND  METHODS
In this study, GIS based multicriteria decision
making methodology in conjunction with fuzzy
logic, in a  participatory decision-making
framework to rank and prioritize the causative
factors of fire risk in the study area. We used
topographic,  vegetation, climatic,  and
socioeconomic parameters for evaluating the fire
risk in the study area. These data were arranged

 Fig. 1 : Location map of the study area
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in raster-based maps for further analysis. Spatial
data were collected from Survey of India (SOI)
Topographic map sheets of 1:50,000 scale. The
SOI maps became the source for a number of
basic thematic layers like sanctuary boundary,
contour, drainage, settlements, roads / trek paths
and water body. IRS-1C LISS-III digital image
acquired on 12 April 2008 was used to prepare
the land cover map (Fig. 2). Visual interpretation
of the standard False Colour Composite (FCC)
with 4-3-2 RGB combination as well as digital
classification of the image using ERDAS 9.1
image processing software was used for the

preparation of landcover map. Details regarding
trek path and fire lines inside the sanctuary were
collected during field visit. The various data
collected were processed and put into the ArcGIS
software package.
In this study we used three different topographic
parameters, as causative factors of fires; these
included elevation, slope and aspect.  Elevation is
an important physiographic factor that is related
to wind behavior and hence affects fire
proneness18. Fire travels most rapidly up-slope and
least rapidly down-slope. Slope is an indicator of
rate of change of elevation (degrees). Slope

Fig. 2 : Land use map-2007 Schedurney wildlife sanctuary

affects both the rate and direction of the fire
spread. Fire usually moves faster uphill than
downhill. Aspect describes the direction of the
maximum rate of change in elevation between
each cell and its neighbors. A slope with an east
aspect will get direct sunlight earlier in the day
than a slope with a west aspect. Also, a north-
facing slope receives less sunlight than a south
facing slope. Thus, Southern aspects receive more

direct heat from the sun, drying both the soil and
the vegetation.

Fire occurrence, frequency, as well as intensity
are primarily dependent on climate, directly through
weather conditions, which allow ignition, and
indirectly through the supply of sufficient
vegetation fuel load to sustain fire. Climatic and
weather factors also play an important role in fire
spread and behavior. In this study, we used
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temperature as well as precipitation (summed
over different time periods) as modulating
parameters of forest fires in the study region, in
addition to evapotranspiration. The data for these
parameters has been obtained from local
meteorological records at a block level.
For the identification of fire prone area fuzzy
based multicriteria analysis methodology was
adopted. A fuzzy set is a multivalent generalization
of a crisp set whose membership function takes
on bivalent values {0,1}. The central concept of
the fuzzy-set theory is the membership function,
which represents the degree with which an
element belongs to a set. A fuzzy subset A of a
universe of discourse U is characterized by a
membership function µA.
That is,
µA : U   [0, 1] ;
where µA(x) is the membership of x in A; that is,
µA serves as the membership function by which
a fuzzy set A is defined by Bellman and Zadeh
1970.
This function associates with each element x of
U a number µA(x) in the interval [0,1]. This fuzzy
set A can be formally written as:
A = _x1_µ(x1), x2_µ(x2) , . . . . . . xn_µ(xn)
For all A, µA(x) takes on the values between and
including 0 and 1. Various types of fuzzy
membership functions have been proposed.
Multiple methods can be used to determine the
membership values, e.g., depending on the amount
of a priori information available. In our study, we
used a trapezoidal fuzzy function. A trapezoidal
fuzzy number can be expressed as (a1, a2, a3,
a4), and its membership function (µx) is defined
as

µa (x) =sum of

0, x < a1 (x - a1)_(a2 - a1), a1   x   a2 1a2 
x   a3

(x - a4)_(a3 - a4), a3   x   a4 0, x > a4

The ranks of the classes of each theme were
assigned in a scale of 1-10 based on fuzzy criteria
and these are reclassifying themes in the Spatial

Analyst module of ArcGIS software in such a
way that higher ranking is given to the class which
has high positive relation with fire proneness than
the class which shows lesser positive relation with
it. In this fuzzy set 1 means rank value near to 10
and fuzzy set value near to 0 that means the rank
is near to 1. The areas closer to the settlement or
trek paths are high fire risk areas and therefore
are given higher rankings. The rank decreased
with the increase in distance from the settlement
or trek paths. Similarly slope (Fig. 3)   and aspect
(Fig. 4) of the terrain also have indirect influence
on fire risk as they control the vegetation density
and composition. Steeper slopes lead to less fuel
moisture and less air humidity19. The vegetation
in such slopes is mainly dry and catches fire easily
. Moreover, once the fire starts, it is likely to spread
faster up-slope than down-slope and along steeper
slope (70 - 90) than gentle ones (0-10). The slope
from 70 - 90 degrees is high fire risk area when
compared to flatter terrains. Similarly, the west
and southwest facing aspects get more sunshine
than the eastern and northeastern aspects in
summer and tend to make the vegetation drier,
which increases the vulnerability to fire20,21. In
the vegetation type, higher ranking is given to
deciduous and temperate / subtropical forest as
the fuel content of these vegetation are higher
and  become dry in summer and can catch fire
easily. The different fussy ranked data sets are
Combined in GIS environment for that we used
the fuzzy-weighted sum model (F-WSM) to
prioritize the fire risk from fuzzy sets as
PF-WSM”score=max nj=1 aij wj for i=1, 2, 3, 4
. . . .,m
where PF”WSM”score is the fuzzy weighted
performance score for the ith alternative in terms
of the jth criterion obtained from trapezoidal fuzzy
number denoted as aij = (aij1, aij2,aij3,aij4).
For the forest fire management visibility from
existing watch tower were analysed (Fig. 5) and
it’s not cover the entire or more fire vulnerable
areas in the sanctuary. For the better fire fighting
strategy new fire watch tower is needed.The
identification of suitable sites for new watch
towers was carried out using visibility analysis by
giving points in such a way that maximum terrain
area is visible from each points which is near to
fire prone. Suitable sites for the construction of
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new watch towers (Fig. 6) were located using
the digital elevation model (DEM) generated from
the contours and spot heights of the area derived
from SOI toposheet.The second fire management
programme include the identification of suitable
site for the construction of check dam, that help
to prevent forest fire spreading is identified with

the help of hydrological analysis tools in GIS. The
site for check dam (Fig.7)   is identified by locating
the sites with high flow accumulation and sites
close to the fire prone area.

RESULTS    AND   DISCUSSION

Fig. 3 : Slope map Shendurney wildlife sanctuary

Fig. 4 : Aspect map Shendurney wildlife sanctuary
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Fig. 6 : Visibility from proposed and existing watch tower

Fig. 5 : Visibility from existing watch tower
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The forest susceptibility is ranges from 67.5  to
835 and it was then sliced to  generate 4
susceptibility zone such as  Low susceptible ,
Medium susceptible ,high susceptible  and very
high susceptible  (Fig. 7). Majority of wild life
sanctuary stretched in  Medium susceptible and
Low susceptible zone respectively  with 57.32%
(98.03 sq. km) and 22.8 % (39.10 sq. km) .There
are  32.53 %  of area in susceptible zone. The .79
%  (1.35 sq km) of area fall in highly susceptible
zone. The areas near to the settlements are
delineated as very high fire risk zones by
considering a combination of factors such as the
high human disturbance, favorable vegetation
type’s mostly deciduous, steep slopes and
southwest and western aspects. In moderate risk
zone, the human disturbance is minimal and the
vegetation type is semi evergreen. The slope varies
from 15 – 30 degrees and the aspect is mainly
east and southeast. Areas that are away from the
settlements and trek paths, where the vegetation
is mainly evergreen and semi evergreen, in the

east and northeast aspects and with gentle slopes
come under low risk zone.
This fire prone area map can serve as the base
information for developing a fire management
system for the sanctuary. During fire occurring
months, more fire watchers are needed to be
appointed in the fire prone areas to control the fire.
In Shendurney wildlife sanctuary, the visibility from
existing watch towers was analysed (Fig. 5) and
found to be insufficient to cover whole the
sanctuary area so optimal sites for new six watch
towers were identified based on the visibility
analysis. Round-the-clock fire watching in
identified very high risk fire prone area will help
to reduce the risk of fire spread. Construction of
check dam near to fire prone area will help to
prevent the spread of fire. The eight new sites
identified for the construction of check dams
across the streams / rivers near the fire prone
areas will not only store up water but also retain
the moisture content in the area and the
impounded water can be used to extinguish fire.

Fig. 7 : Proposed check dam location

Proposed checkdam location

FLOW ACCUMULATION RASTER

High : 3375
Low : 0 kilometers
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CONCLUSION
The result of the study shows that GIS could be
successfully employed in identification of fire
prone areas and their management in the
Shendurney wildlife sanctuary. GIS analysis has
taken into consideration a wide range of suitability
parameters in identifying fire prone area, suitable
sites for the construction of check dams and
construction of fire watch towers. The landuse
map prepared from the remote sensing data
shown that the area constitute Deciduous forest,
evergreen / semi evergreen, forest plantation,
Temperate / subtropical forest, Barren rocky area
and lake. Temperate / subtropical forests are more
vulnerable to fire because it provides dry fuel for
the out break of forest fire22. The current data
acquisition with the help of remote sensing
technology plays a key role in the identification of
fire risk area. The early identification of fire risk
area will increase the participation of local people
for the prevention of fire out break. The fire prone
area map and management plan can be used by
the forest officials to develop and improve the
forest fire fighting strategies in the sanctuary.
Implementation of GIS, GPS and remote sensing
techniques and well trained officers are needed
for the efficient fire management and this will
reduce the biodiversity lose in terms of flora and
fauna of that area. The GIS based methodological
frame work developed as part of this study can
be effectively used elsewhere in identification of
fire prone areas and their management. This
methodological frame work is very help full for
the conservation of natural resource and there
management.  The prevention and early
identification forest fire with the help of geo
information technology is very useful in the control
of global warming and climate change.
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