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Introduction: Forest fires are one of the major natural hazards that affect the forest ecosystem, damaging the biodiversity, environment, and
wildlife. The study area, Achankovil forest division, a part of the Western Ghats, is also prone to forest fire, wherein a total of 15 fires were
reported for the past 11 years.Objective: The aim of this study is to demarcate the fire risk zones in Achankovil forest division.Materials and
Methods: A method that integrated remote sensing (RS) and geographic information system (GIS) techniques was used to generate the fire
risk zone map of the study area. In this mapping process, factors such as land cover type, slope, distance from settlement, distance from road,
and elevation were taken into account. The risk zonemap of the area of this study was created using the Fire Risk Index (FRI) method.Results:
The final map comprised five fire risk zones, viz., very low, low, moderate, high, and very high. The high- and very high-risk zones together
constituted 55.75% of the study area. The result of this study was validated with the fire incidence data and showed appreciable reliability.
Conclusion: This study, based on geospatial technology, will help the authorities of the forest protection and conservation department to
easily identify the fire risk zones for prevention and management of forest fires in the future.
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INTRODUCTION
Fires are one of the most common hazards occurring in the
forests, and are considered as a serious threat to the forest
resources, environment, and wildlife. Forest fires can occur
as a result of natural as well as human-induced/anthropogenic
factors. Fire initiation and spread depend on several important
factors such as the amount and frequency of precipitation, the
presence of ignition agents and conditions like topography,
temperature, lightning, fuel availability and distribution,
relative humidity, and wind velocity.[1] Forest fires can cause
loss of biodiversity, forest degradation,[2] soil erosion,[3] and
atmospheric pollution.[4] Fire emissions have significant impact
on atmospheric and biogeochemical cycles and the Earth’s
radiation budget.[5] Forest fire is a recurring phenomenon in
the forestsof India.Asignificantnumberof forest firesoccurring
in India are due to the anthropogenic activities. The Achankovil
forest division, a part of theWestern Ghats, is also prone to fire,
with a total of 15 forest fires having been reported for the past 11
years. In this region, any disturbance will negatively affect the
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richexistingbiodiversity.Theperiodofmajor risk for this area is
from February to April, when the high temperature and low
humidity along with high wind velocity, and the abundance of
dry fuel increase the chances for the occurrence of forest fire.

Most of the previous studies on forest fire risk assessment were
based on remote sensing (RS) and geographic information
system (GIS) techniques.[6-23] Few studies had used remotely
sensed spectral indices for the assessment of fire risk.[24-26]

Ariapour and Shariff[27] prepared rangeland fire risk zone
map of Boroujerd rangelands in Iran using RS and GIS
techniques. The selected factors were fuel type, elevation,
slope, aspect, road accessibility, settlement, temperature,
precipitation, evaporation, and river. Sivrikaya et al.[28]

prepared forest fire risk zone map of Yes ̧ilova Forestry
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Enterprise in Turkey using GIS techniques. Variables such as
species composition, stand crown closure, development stage,
slope, insolation, distance from settlement and agricultural land,
and distance from road were used for the study. Ajin et al.[29]

demarcated forest fire risk zones of Nemmara forest division in
India using geospatial techniques. Factors such as fuel type,
slope, elevation, road density, and settlement density have been
selected.

This study intends to make an attempt to demarcate the forest
fire risk zones of the Achankovil forest division applying RS
and GIS techniques. Five significant factors, viz., land cover
type, slope, distance from settlement, distance from road, and
elevation were chosen to generate the fire risk zone map. The
risk zones of forest fires were delineated based on the Fire
Risk Index (FRI) method.

Study area
The present study area, Achankovil forest division, is located
within 9°20000 and 9°130000 N latitudes and 77°40000 and
77°170000 E longitudes. With a total area of 256.30 km2,
this forest division is bordered by the state of Tamil Nadu
to the east, Ranni forest division to the north, Konni forest
division to the west, Punalur forest division to the southwest,
and Thenmala forest division to the south. The study area map
is shown in Figure 1.

MATERIALS AND METHODS

The study area is represented within two adjacent Survey of
India (SOI) topographic maps numbered 58 G/4 and 58 G/8 in
1:50,000 scale. For this study, different thematic maps were
required. Such thematic maps were prepared using software
namely ERDAS Imagine 9.2 and ArcGIS 9.3. Map
representing land cover types was prepared from the IRS-
P6 LISS-III image of 23.5m resolution. The supervised
classification of the preprocessed satellite image was
conducted using ERDAS Imagine software. From the SOI
Figure 1: Location map of the study area
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topographic maps and Google Earth, the road networks and
human settlements were digitized. Using the ArcGIS spatial
analyst tools, distance from road and distance from settlement
maps were prepared from the already digitized data. From
SRTM DEM of 30m resolution, necessary contour data were
derived. From the 20m interval contour data, slope and
elevation maps were prepared using ArcGIS spatial analyst
and 3D analyst tools. Forest fire risk zone map of the area was
prepared using the FRI method.[20-22,29,30] These thematic
map layers were reclassified using Natural Breaks (Jenks)
method. Index was assigned to each class of the thematic map
layers based on their fire-inducing capability or their
sensitivity to fire. The index was derived as a product of
the weight and rank (Index=Weight ×Rank). The index,
weight, and rank details are shown in Table 1. By
overlaying index map layers using ArcGIS tools, the forest
fire risk zone map was generated. The final risk zone map was
validated with the fire incidence data collected from the
records of the Forest Survey of India (FSI).

RESULTS AND DISCUSSION

Land cover type
Land cover type was one of the most important factors, which
had the greatest influence on forest fire occurrence. Land
cover with dense and dry vegetation was more prone to forest
fire than sparsely vegetated and moist areas.[20] The land
cover types existing in this forest division were deciduous
forest, evergreen forest, agricultural land, wasteland, built-up
area, and water body. In this study area, the deciduous forests,
the area wherein dry vegetation was predominant, were more
susceptible to fire. The deciduous forests were found mainly
in the central and southwest parts of this area. The map
representing the land cover types is shown in Figure 2.

Slope
Slope, the measure of steepness or the degree of inclination of
the land surface, was another important factor that had
nt and Health Sciences ¦ Volume 2 ¦ Issue 3 ¦ July-September 2016
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significant influence on fire spread. This natural factor
affected the rate of fire spread and the fire intensity. The
rate of advance and spread of fire were more quick in the
upslope direction than in the downslope direction.[31] Further,
the rate of spread of fire increased along steeper slopes, as the
fire flames moved closer to the ground surface aided by
orogenic winds.[32] Major portions of the study area were
dominated by steep slopes, which were more susceptible to
forest fire. The slope (in degree) of this area was grouped
into five classes, viz., 0–9.63, 9.63–16.42, 16.42–22.56,
Table 1: Rank, Weight, and Index assigned for different factors

Sl. No. Factor Clas

1 Land cover type Water
Built-up
Waste

Agricultu
Evergreen
Deciduou

2 Slope (degree) 0–9.
9.63–1
16.42–2
22.56–2
29.13–5

3 Distance from settlement (m) 0–18
1878–3
3804–6
6012–8
8266–1

4 Distance from road (m) 0–76
761–1
1706–2
2835–4
4278–6

5 Elevation (m) 60–3
336–5
589–8
864–1
1167–1

Figure 2: Land cover type map
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22.56–29.13, and 29.13–55.85. The slope map is
represented in Figure 3.

Distance from settlement
Another important factor that could become a threat to the forest
was represented by the human settlements located near the
forests. The tribal villages located inside the forests could also
be a causative factor of forest fires. There are two different ways
in which tribal populations or tourists can cause forest fires:
intentionally and unintentionally. Sometimes, they set fire
s Rank Weight Index

body 1 10 10
area 2 20

land 3 30
ral land 4 40
Forest 5 50

s forest 6 60

63 1 3 3
6.42 2 6
2.56 3 9
9.13 4 12
5.85 5 15

78 5 2 10
804 4 8
012 3 6
266 2 4
1977 1 2

1 5 2 10
706 4 8
835 3 6
278 2 4
693 1 2

36 1 1 1
89 2 2
64 3 3
167 4 4
744 5 5
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intentionally for clearing forest path, hiding illicit felling,
encroaching upon forest land, and as a part of tribal customs/
traditions. Such fires rarely went out of control and escalated as
large fires. Unintentional forest fires were caused during the
collection of nontimber forest products, from carelessly thrown
unextinguishedcigarette butts, campfires, and fromfiresused for
cooking. Fires caused unintentionally often flared up to alarming
dimensions. Therefore, the areas closer to the human settlements
weremore prone to forest fires. On the basis of the distance from
settlements, the study area was grouped into five classes, viz.,
0–1878m, 1878–3804m, 3804–6012m, 6012–8266m, and
8266–11,977m. Figure 4 shows the map representing the
distribution of these different classes.

Distance from road
The present study area is a hotspot of tourist attraction in the
state, because of its rich biodiversity, with fascinating
Figure 3: Slope map

Figure 4: Distance from settlement map
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geomorphology made spectacular by the mist covered hill
tops and silver lines of waterfalls, attracting a large number
of tourists every year. To promote trekking and adventure
tourism, motorable roads have been constructed. Any
physical activity produced by the tourists on these roads, like
throwing unextinguished cigarette butts onto the dry litter,
heating bitumen/asphalt for road surfacing, etc., can cause
unexpected forest fires. Thus, proximity to the roads plays a
very important role in the incidence of fire. Depending on the
distance from roads, the entire area was grouped into five
different classes, viz., 0–761m, 761–1706m, 1706–2835m,
2835–4278m, and 4278–6693m. Figure 5 shows the map
representing the distribution of these different classes.

Elevation
Elevation represents another very important topographical
factor, which had a significant role in fire spreading in a short
nt and Health Sciences ¦ Volume 2 ¦ Issue 3 ¦ July-September 2016
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span of time, because of its association with the wind
behavior. Upslope moving convective winds affected areas
of higher elevation. High temperature during the daytime
caused the rise of warm air resulting in uphill desiccation.
Also, at higher elevations, the number of lightning strikes and
related ignitions was higher than in the lower areas. In this
forest division, the higher elevation areas, which are more
prone to forest fires, were found in the north, east, and
northeast parts. Depending on the elevation, the study area
was grouped into five classes, viz., 60–336m, 336–589m,
589–864m, 864–1167m, and 1167–1744m. The elevation
map is represented in Figure 6.
Forest fire risk zones
In this mapping process, factors such as land cover type,
slope, distance from settlement, distance from road, and
Figure 5: Distance from road map

Figure 6: Elevation map
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elevation were taken into account. During the process,
different indices were assigned to each class of these
factors, according to their sensitivity to fire or their fire-
inducing capability. Thus, the generation of the final forest
fire risk zone map was based on the computation of five index
map layers. The area of this study was divided into five fire
risk zones such as very low, low, moderate, high, and very
high based on vulnerability to forest fire. The degree of fire
risk, the percentage, and area of each zone are shown
in Table 2. In this forest division, 55.75% of the area falls
under “high” and “very high” fire risk zones, 27.26% of the
area falls under “moderate” fire risk zone, and 16.99% of the
area falls under “low” and “very low” fire risk zones. During
the period of time (2004–2014) considered for this study, a
total of 15 forest fires occurred. The next important step is
the validation of the prepared risk zone map; for that, the
fire incidence points collected from the records of the FSI
¦ July-September 2016 113



Table 2: Percentage and Area of the Fire Risk Zones

Degree of Fire Risk Percentage of the area of the Fire Risk Zones Area (Sq. Km) of the Fire Risk Zones

Very Low 1.71 4.38

Low 15.28 39.16

Moderate 27.26 69.87

High 31.63 81.07

Very High 24.12 61.82

Total 100 256.30

Figure 7: Forest fire risk zone map
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were overlaid on the risk zone map. This showed that all
the 15 incidences were recorded in the high- and very
high-risk zones, which showed the reliability of the
methodology. From the study, it is clear that 73.33%
(11 out of 15) of the forest fires occurred close to the
roads. This points out to the fact that the forest fires were
induced by humans, intentionally or unintentionally. This
agrees well with the present observation that most of the
fire incidence points fall spatially over the lower
elevations and slopes. The forest fire risk zone map is
shown in Figure 7.
CONCLUSION
The incidence of forest fire depends onmany factors, which play
a significant role in the ignition and spread of forest fires.
Therefore, the contribution of each parameter in analyzing the
forest fires is not equal with the other ones because some
parameters have higher influence on forest fires and they play
more significant roles. For example, the land cover type with all
its classes has a significant role in forest fire occurrence,
compared to elevation, which has a lesser influence. A map
representing the fire risk zones has beenprepared using amethod
integratingRSandGIS techniques.The areaof the risk zonemap
is categorized into five zones,viz., very low, low,moderate, high,
and very high. It is noted that 55.75% area of this forest division
114 Journal of Earth, Environme
falls under “high” and “very high” fire risk zones. The final map
is validated, which proves the reliability of this methodology.
This study confirms that most of the forest fires (73.33%) were
recorded close to the roads. This suggests that the anthropogenic
factors are the main reasons for the majority of the fires. The
study shows that the methodology presented in this study, based
on a combination of RS and GIS techniques, is a reliable
approach and tool for the prevention and mitigation of forest
fires. This may reduce the frequency of forest fires in the future.
The results of this study are useful for all the institutions dealing
with disastermanagement and emergency services andwill help
the authorities of the forest protection and conservation
department to identify more easily the fire risk zones for a
better forest fire prevention and management.
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