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Abstract: Forest fires pose a threat more serious than illegal felling in developing countries
and are a cause of major concern for environmental security. Fires in tropical forests, though
not devastating on a large scale as compared to large and infrequent fires in boreal or
Mediterranean systems, still cause loss to biodiversity and economic and monetary value. In
India, human-induced forest fires increasingly affect legally protected nature conservation
areas. An array of satellite sensors that are now available can be deployed to monitor such
events on a global and local scale. The present study uses night-time Advanced Along Track
Scanning Radiometer (A)ATSR satellite data from the last nine years to identify high fire-
prone zones, fire affected areas in protected zones and the distribution of these incidents in
relation to bio-geographic zones. Central India, with its vegetation type that is just right for
fire ignition and spread, was observed to be the most severely affected area with maximum
fire incidences. The bio-geographic zone comprising this area—such as the Deccan
peninsula, which includes provinces like Central Highlands, Eastern Highlands, Central
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Plateau and Chhota Nagpur—was observed to be the most affected, accounting for
approximately 36% of the total fire occurrences during the period 1997—-2005. In protected
areas, 778 fire incidents were observed within the last eight years. Comparison of (A)ATSR
fire locations with MODIS active fire data for the Western Ghats (mainly of tropical
evergreen forests and savannahs) and the Eastern Ghats (tropical deciduous) showed a
spatial agreement of 72% with a minimum distance between the two products of 100 m.
This study focuses on regions in India that are vulnerable to forest fires during specific
time-frames and appraises the situation with an aim to minimize such incidents, if not
completely stop the fire spread and its consequent destruction and loss. Our main objective
is to understand seasonal and spatial variation in fire pattern and to identify zones of
frequent burning.

Keywords: (A)ATSR; MODIS; biogeographic zones; disturbance regime; conservation;
anthropogenic pressure; India

1. Introduction

Monitoring and management of forest fires is very important in tropical countries like in India,
where annually 55% of the total forest cover is prone to fires [1] causing adverse ecological, economic
and social impacts. Most significantly, tropical forest fires emit substantial amounts of gases (COg,
CO, CH4, NOy) and particulates into the atmosphere [2-5]. Together, these emissions influence the
chemistry of the Earth’s atmosphere, radiation budget, and overall climate [6]. Forest fires are largely
found largely within the tropics, as evidenced by assessment of satellite imagery [7], which shows that
over 70% of global fire events in any given year are found within this region [7]. Global assessments
on the seasonal variability of fire occurrence were studied in detail by [7-9]. Studies on the variability
of active fires on a continental scale include: [10,11] in Africa, [12] in South America and [13]
in Canada.

Irrespective of fire distribution patterns on a global scale, biomass burning has several ecological
effects, such as the loss of animal habitat and biodiversity [14], modification of vegetation succession
patterns [15-16], and alteration of biological nutrient cycling [17]. In order to assess this array of
impacts, techniques must be developed for accurately measuring the spatial and temporal distribution
of vegetation fires. Quantification of forest fire can be analyzed in terms of biodiversity loss, nutrient,
soil moisture and other intangible benefits. Specifically, factors like flammability (plants containing
resins, oils etc.), phenology (extent of living and dead material), vegetation structure, location of the
fuel within the vegetation, weather conditions (humidity, wind speed, temperature) and fuel moisture
levels influence the combustion of vegetation [18]. All these factors influence the fire duration and
intensity, and consequently affect the flaming and smouldering phases of burning activity

1.1. Fire and Its Impact in Indian Tropical Forests

Among the various tropical forests in the Indian subcontinent, deciduous forests are largely prone to
forest fires and account for approximately 40% of all forest fires in India [19-20]. A majority of the
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tropical dry forests around the world have been converted into anthropogenic grassland as a result of
fire and other land use conversion [21-22]. It is difficult to understand the role of fire in the
conservation and management of these endangered ecosystems. Studies from the Forest Survey of
India (FSI) [23] showed that an average of 54.7% of forest is affected by fire and 72.1% of the forest
area is subjected to grazing. Annually 3.73 million hectares of the forest area are burnt [24], resulting
in economic losses of approximately USD 110 million [25].

Studies reveal that in India human activity is generally the principal cause of forest fires [26].
People have been clearing and burning forests for shifting cultivation for millennia [27,28], though this
IS now a dying practice in most parts of the country, except in the northeast [29]. Nonetheless, local
communities on the fringes of the forest continue to burn forests to promote the growth of fresh
fodder for their livestock and livelihood [27], and to facilitate the collection of non-timber forest
products [30-32].

Vegetation fires studied worldwide [33-36] show that a majority of these fires are being set by man
in areas with low water deficit [37]. As a result, occurrence of fire has a seasonal pattern, often
influenced by land use activity, though its intensity and exact location will be different than the
preceding year. Forests in the Indian region are especially prone to fires during the summer season
(February—April). Monitoring these fires has become easier with the availability of satellite data
obtained with high temporal repeatability, spectral variability and wide spatial coverage. To track fire
incidence, fire progression and to assess damage, international organizations like NOAA (U.S.
National Oceanic and Atmospheric Administration), NASA and satellites like Terra and Aqua, IRS P4
(OCEANSAT), IRS P6-AWIFS (Indian Remote Sensing - Advanced Wide Field Sensor) and SPOT-VGT
(Systéme Pour I'Observation de la Terre-Vegetation) are being used. Till recently, polar satellites most
widely used for detection tasks have been the NOAA-AVHRR (Advanced Very High Resolution
Radiometer) [38], the EOS-MODIS (Moderate resolution Imaging Spectroradiometer) [39] and the
European sensor ATSR-2. In March 2002, the ESA put into orbit the ENVISAT satellite allowing us to
put the advanced sensor AATSR (Advanced Along Track Scanning Radiometer) into operation.

To understand and quantify the fire regime in India, we used (A)ATSR data, which was provided by
the European Space Agency ATSR World Fire Atlas. The derived datasets are useful for detecting
fires that occupy small areas on the ground, as the band is sensitive to small variations in radiation due
to fire. The current study was taken up with the objectives of: (i) assessing the distribution of fire
occurrences in India; (ii) understanding the seasonal variation in fire occurrence; (iii) relating the fire
distribution pattern to bio-geographic zones and protected areas of India and (iv) highlighting the use
of such datasets for regular monitoring of fires. The study is the first of its kind in India using satellite
data from (A)ATSR for the entire fire season over nine years.

2 Materials and Methods
2.1. Site Description

The present study was carried out over the entirety of India. The Indian forest covers some 76.5 million
hectares out of a total geographical area of 328.7 million hectares, thus constituting 23.38% of the total
area of the nation [23]. India possesses a rich flora of flowering plants (17,000 species) with a high
degree of endemism (33.5%) [40] and has two world biodiversity hotspots. The vegetation in the
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Indian sub-continent is distributed mainly in four distinct geographical zones, viz., Himalayas,
Vindhyas, Western and Eastern Ghats. The entire geographical area is divided into 26 biogeographical
zones [41] (Figure 1). These bio-geographical zones are categorized based on temperature,
precipitation and climatic patterns. 103 forest types are described by [42], of which many are prone to
fire. Among other major factors seasonal pattern plays an important role in the vegetation formation.
Winter season in India extends from December to February, followed by peak summer from March to
May. Major fire incidences are noticed during this peak season, which coincides with the period of
high amounts of ignition material available on the forest floor. By January most of the deciduous trees
shed their leaves, and after June, the south-west monsoon sets in providing the needed moisture to
prevent the fire from igniting the dry flora and spreading across the forest.

Figure 1. Map showing the study area (a) with state boundaries and (b) bio-geographical zones.

State I.egend

1. Jammu and Kashmir

2. Himachal Pradesh

3. Uttaranchal

4. Punjab 17. Karnataka
5. Haryana 18. Tamil Nadu
6. Uttar Pradesh 19. Kerala

7. Bihar 20. Sikkim

8. Rajasthan 21. Arunachal Pradesh
9. Gujarat 22. Assam

10. Madhya Pradesh 23. Nagaland
11. Chattisgarh 24. Manipur

12. Jharkhand 25. Mizoram
13. West Bengal 26. Tripura

14. Orissa 27. Meghalaya
15. Maharashtra 28. Goa

16. Andlwa Pradesh 29. Dellu




Remote Sensing 2010, 2 595

Figure 1. Cont.
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Hence, the months of January to June were chosen for analysis to understand the spread of fire as a
function of seasonal pattern. The deciduous forest, spread mainly across the Vindhyas, the middle and
southern Eastern Ghats, the eastern slopes and foothills of the Western Ghats and the coniferous
forests in the Himalayan region are vulnerable to fires every year, but, in the north-eastern states of
India forest fires are mainly due to shifting cultivation and not due to the enhancement of grass cover
as generally reported in other parts of the country.

2.2. Data Sources and Research Method

Advanced Along Track Scanning Radiometer (A)ATSR night-time satellite data were obtained
from ATSR World Fire Atlas (WFA) for the month of January to June for the years 1997-2005 and
processed for Algorithm 1 [43-44] have given explanation on the (A)ATSR characteristics, validation
and relation to climatic variables. The European Space Agency processed the (A)ATSR images with
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two different algorithms, i.e., a threshold of 312 Kelvin (Algorithm 1) and a threshold of 308 Kelvin
(Algorithm 2). As is already known, the satellite has two different ways of observation: the nadir
vision and the observation with a sloping angle of 559in front of the sub-satellite point at a distance of
approximately 1,000 km above the ground. The latter observation is used for atmospheric correction
processes and it is carried out 150 seconds after the former. With respect to the spectral characteristics,
(A)ATSR has seven bands centred at 0.56, 0.66, 0.87, 1.61, 3.70, 10.85 and 12 pm respectively with a
spatial resolution of 1 km. As this detection done during the night time, there is no artefact due to solar
reflection. Also, as this instrument is having radiometric sensitivity, it allows detection of little or not
much extended fires. The detection capability of the 3.7 um channel ranges from a burning area
of 0.1 ha at 600 to 0.01 ha at 800 K. In this study we used only the dataset created with the 308 K
threshold, designated algorithm 2 [45-49].

Table 1. Observation of fire occurrences in different states using A(A)TSR night-time data
between 1997 and 2005 for the months of January to June.

Sl States Jan Feb Mar Apr May Jun Total
1 Madhya Pradesh 2 11 180 527 184 6 910
2  Chhattisgarh - 25 318 363 52 1 759
3 Maharashtra 5 36 325 283 90 - 739
4 Orissa - 48 312 176 28 - 564
5  Uttaranchal 1 1 5 252 151 12 422
6 Mizoram - 7 256 70 1 - 334
7  Andhra Pradesh - 42 149 56 32 4 283
8 Rajasthan - 1 12 16 176 - 205
9  Manipur 1 4 182 12 - - 199
10 Jammu & Kashmir - 1 1 39 113 43 197
11  Assam 1 3 141 17 1 - 163
12 Meghalaya 1 7 129 8 - - 145
13 Jharkhand - - 35 95 8 1 139
14  Uttar Pradesh - 1 17 96 19 1 134
15 Gujrat - 4 68 29 7 1 109
16 Nagaland - 1 94 3 - - 98
17  Arunachal Pradesh 3 8 78 - - - 89
18 Himachal Pradesh - 1 - 30 48 4 83
19 Tamil Nadu 2 21 39 3 6 4 75
20 Bihar - - 15 48 2 - 65
21  Tripura - 1 48 8 - - 57
22  Karnataka 3 21 21 10 1 - 56
23  Kerala 3 14 21 2 - 1 41
24 Punjab - - 1 9 11 - 21
25 Haryana - - - 11 2 - 13
26 West Bengal - 1 3 - - - 4
27  Sikkim - - 3 - - - 3
Total 22 259 2453 2163 932 78 5907

Nine year fire locations were obtained in ASCII format from WFA and exported to ESRI shape file
and were extracted for the study region. These coordinates were further projected in the Arc-Info
environment and later overlaid on the political map of India with different state boundaries for
analysis. Further, it was clipped with FSI density map (percent forest cover) to understand fire
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distribution in forest only, excluding agricultural and barren areas. To understand the distribution of
fire occurrences within different states, biogeographic zones, global land cover data, and protected
area are based on data from International Union for Conservation of Nature-United Nations
Environmental Programme (IUCN-UNEP) [50]. The dataset uses ‘overlay’ function in the ARC
module of the Arc Info GIS software.

2.3. Correlation of Fire Data with Climate, Vegetation and Human Activities

Climate, vegetation and population density layers coinciding with the fire data were used in this
study to perform individual correlation among fires. Global climate data were obtained from
WorldClim, a set of global climate layers (climate grids) with spatial resolution of a square kilometer
(http://worldclim.org) [51] and AVHRR Global Land Cover data (http://www.landcover.org/data/
landcover/). Population density information was sourced from Census of India [52]. In the first stage,
all variables received from Worldclim were integrated with the fire locations and it was observed some
of the variables do not have any correlation. Thus, variables such as Annual Mean Temperature
(Biol), Mean Diurnal Range (Bio2), Isothermality (Bio3), Temperature Seasonality (Bio4), Max
Temperature of the Warmest Month (Bio5), Temperature Annual Range (Bio7), Annual Precipitation
(Biol12) and Precipitation of the Driest Month (Bio14) were used in this study. Additionally, elevation,
aspect and slope from the USGS Hydro-1K dataset [53] were gathered for the detected hotspots. These
variables were subjected to hierarchical partitioning [54,55] to separate the independent influence of
each of these variables on the presence or absence of fire (again with a binomial (logit) response
function). The calculations were performed using R 2.6.2 statistical software [56] including the
package hier.part [57].

3. Results

The distribution of fire events derived from Forest Survey of India (FSI) was clipped to obtain fire
counts over the Indian sub-continent for a period of 9 years (1997—2005) as given in Figure 2.

Figure 2. Distribution of forest fire using A(A)TSR data over Indian sub-continent
between 1997 and 2005.
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Figure 2. Cont.

In Central Indian states, i.e., Maharashtra, Chhattisgarh and Madhya Pradesh, the fire occurrence is
predominantly during April. High record of fire incidences was observed for the year 1999,
particularly during March and April primarily due to prolonged dry seasons and droughts (Figure. 3).

Figure 3. Fire occurrence data using A(A)TSR night-time data over Indian region for peak
fire season from January to June (1997-2005).
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A total of 5,907 fire occurrences were observed in different forest types. Out of 10,733 fire
incidences, nearly 65% of night-time fire occurrences were noticed in the dense forests having a
canopy closure of 40% (Figure 4).

Figure 4. Map showing fire distribution in different forest density classes using A(A)TSR
night-time data for the peak fire season (Jananuary—June) from 1997 to 2005.
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An assessment has been made on the occurrence of fire locations in dense, open and scrub
categories using (A)ATSR fire locations. Dense forests are largely prone to fire than open forests and
scrubs, the latter having least fire incidents. Comparison of fire occurrences with forest density and
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land cover classes shows 45% (4826 fire occurrences) of the fire occurrences in areas other than
forests, which include croplands and barren or sparsely vegetated land. A majority of fire occurrences
is observed in the woodland (56.8%) and wooded grassland (24.6%) class respectively (Table 2). A
total of 11.7% fire occurrence is contributed by evergreen and deciduous forests and 4.4% by shrub-
lands respectively. This indicates that the occurrence of fire in dense forests on a recurrent basis might
affect the regeneration patterns. However, the analysis using fire occurrence data spread over several
years will fine-tune the estimates.

Table 2. Distribution of fire occurrence using (A)ATSR night-time satellite data for
different vegetation and land cover class. Land cover class mapping was carried out using
AVHRR satellite data received from Global Land Cover facility.

Land-cover class Fire Count [Fire count (%o)
Evergreen Needleleaf Forest 80 1.4
Evergreen Broadleaf Forest 474 8.0
Deciduous Broadleaf Forest 217 3.7
Mixed Forest 17 0.3
Woodland 3358 56.8
Wooded Grassland 1454 24.6
Closed Shrubland 59 1.0
Open Shrubland 200 3.4
Grassland 48 0.8
Total 5907 100.0

A more differentiated pattern of forest fire occurrence as a function of vegetation type is observed
in the northern and north-eastern states of India, i.e., Madhya Pradesh, Chattisgarh, Maharasthra,
Orissa and Mizoram. Here, fire counts are in the order of 1-2% of the forested area. These states are
characterized by a high proportion of deciduous forests, which provide large amounts of dry defoliated
material acting as fuel for burning. This may be due to the high fluctuation of ground surface
temperature and variation in phenology of forests in these areas.

The bio-geographic zones of India are large distinctive units of similar ecology, biome
representation, community and species. The biotic provinces are secondary units within a zone giving
weight to particular communities separated by dispersal barriers or gradual change in environmental
factors. India is divided into 10 zones and 26 provinces (Figure 1). In the present study, the bio-
geographic zone Deccan Peninsula [Eastern Highlands (6C) and Central Highlands (6A)] was found to
be prone to the highest fire frequency (Figure 5). Islands, [Andamans (10A), Nicobars (10B) and
Lakshadweep (8C)], East Coast (8B) and Desert were the areas with no fire occurrence at all. North
East Hills (9B) were found to have high fire frequencies, mainly due to shifting cultivation patterns,
which is a common practice in this area. Apart from Central Highlands (6A) and Eastern Highlands
(6C), Central Plateau (6D) of Deccan Peninsula and Punjab Plains (4A) also has high fire frequencies.
All the areas with high fire occurrences belong to the driest parts of India, with vegetation
predominantly composed of dry deciduous forests. These dry deciduous forests are characterized by a
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higher proportion of teak (Tectona grandis) and sal (Shorea robusta), which results in higher
flammability. In the Himalayan region (1A-2D), fire frequency is also high due to the dominant role of
coniferous forests having Pinus species, which has high flammability due to its high resin content.
Malabar Plains (5A) and Western Ghats Mountain (5B) have less fire occurrences due to the dominant
presence of wet evergreen and semi evergreen forest in its vegetation. However, at edges, where these
forests are maltreated and have more disturbance and intrusions, they are replaced by dry deciduous
and scrub forests, which burn more readily.

Figure 5. Distribution of fire occurrence across bio-geographic zones using A(A)TSR
night-time data.
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From the conservation point of view, the bio-geographic zones 6A, 6C, 6D and 9B are of highest
priority (Figure 5 and Figure 1 refer to bio-geographic zones). In 6A-6C, regular human induced
fires-probably due to high temperature and a larger fraction of deciduous and mixed deciduous
forests-contribute to a considerable fire regime that needs to be dealt with by conservation authorities.
In 9B, irregular human induced fires, mainly due to shifting cultivation, contribute to the fire regime.
Highest fire frequency was observed in the protected areas Melghat (88 incidences between 1997
and 2005), Corbett (53) and Ranthambore National Parks (50) (Table 3). In protected areas, 778 fire
incidences have been observed within the last eight years. Remarkably, a disproportionately high
number of fire events in protected areas (601 out of 778) have happened in dense forests distributed in
dry deciduous forest types. Regarding the fire frequency, core area of the Melghat National Park,
approx. 10% of the area is being repeated annually and for the fires in the buffer and multiple use area
of the reserve is frequent. Similar such intensity of fires was observed in Corbett and Ranthambore
National Parks and causes are related to human activities unlike natural causes.

Correlation on fire datasets with other variables using hierarchical partitioning showed that slope
and northness are significant on a p < 0.05 level. However, total explained variance is extremely low:
r? = 0.011. This indicates that the only two variables that influence fire presence/absence are slope and
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northness of exposition. However, their combined explanatory value for fire presence/absence is 1.1%
only. Both variables are largely overlapping with their joint contribution for the explanation of fire
presence being rather high and their independent contribution being low (Figure 6). In turn, none of
the vegetation types influences fire presence.

Table 3. Fire distribution in forest density classes using A(A)TSR night-time data for
some protected areas in India (1997-2005).

S| |Protected area Dense | Open Scrub Total
1 [Melghat 80 8 88
2 |Corbett 53 53
3 |Ranthambore 24 21 5 50
4 |Bhimbandh 36 8 44
5 [Indravati 30 7 37
6 [Gugamal 35 35
7 |Rajaji 18 16 34
8 [Bori 19 9 28
9 [Sonanadi 19 1 20
10 |Pachmarhi 17 2 19
11 |Satkosia-Gorge 10 6 16
12 |Pench 15 15
13 [Bhahramgarh 14 14
14 |Panna 9 4 13
15 |Achanakmar 12 12
16 |Kanha 12 12
17 |Satpura 9 3 12
18 [Ngengpui 5 6 11
19 |Sanjay 11 11
20 [Dampa 1 9 10

Figure 6. Hierarchical partitioning of the variance in fire presence/absence explained by
precipitation of the driest month, slope and northness, into joint and independent contribution
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4. Discussion

The analysis of forest fires in India demonstrates the importance of the fire regime in the entire
subcontinent, with potentially severe consequences for the conservation of biodiversity. Our results
show that although the frequency of fires varies across different forest densities (ground fires), all
types of forest ecosystems in India burn frequently. Thus, in developing countries forest fire could be a
more serious problem than illegal felling. Anthropogenic fires favouring species invasion have
detrimental consequences on Indian forests [35,8-59]. Fire occurrence noticed in the present study was
extraordinarily high for the year 1999 (n = 2,435), although the years 1997-1998 were the most
destructive ones in south-east Asia and Amazonia due to large fires promoted by the influence of El
Nifp [60,61]. In Indonesia, these fires are said to be among the largest biological selection events in
modern history [60,62].

Fire occurrence given by the A(A)TSR satellites in the bio-geographic zones (Deccan, Central
Plateau and North East) and states of India (Andhra Pradesh, Chattisgarh, Madhya Pradesh and
Mizoram) reach a regular seasonal maximum during March and April. Rising summer temperatures
and dry weather conditions promote the occurrences of fire due to human ignition in this region. As the
summer progresses to March and April, parts of Central India and Western Ghats predominantly
covered with deciduous forests, become dry and leaf-fall aids in quick ignition of fire. In month of
May, fires almost subside in the south and become predominant in the northern pine forests of the
Himalayan zone. Himalayan zone forests, situated in northern parts of India, predominantly composed
of Pinus roxburghii experience heavy fire episodes every year during May and June. High summer
temperatures in this region occur around mid-April to May. These fires are attributed to the fact that
the temperate forests of the region that have moist conditions till April become more susceptible to
human induced fires by May due to dry weather conditions.

These seasonal fire patterns in relation to bio-geographic zones and states are in accordance with
other studies using MODIS and DMSP-OLS derived data [35]. Fire occurrences reported by [35] over
the Indian region using MODIS and DMSP-OLS satellites showed higher values than in the
present study. Comparison of fire locations between A(A)TSR and MODIS active fires
(http://maps.geog.umd.edu/firms/) carried out for the Western Ghats (mainly of tropical evergreen
forests and savannahs) and Eastern Ghats (tropical deciduous) showed a fire accuracy of 72% with a
minimum distance of 100 m between the two products (Figure 7). Comparison of different fire
products would help us to understand its reliability and accuracy during the near real-time monitoring
of forest fires. The reason could be that A(A)TSR provides night-time fire products, and the majority
of fires that occur during the early afternoon have been monitored by MODIS satellites. A number of
earlier studies [8,63-66] indicated that in most ecosystems the daily maximum of fire activity occurs in
the early afternoon, when the weather conditions are optimal for biomass burning.

Taking into account the bio-geographic zones of frequent burning, Deccan Peninsula and North
East are among the areas of highest priority (Figure 5). The high fire frequency in the Deccan region
could be due to the interaction of human ignition, a favourable summer temperature regime and a large
fraction of deciduous forests. In contrast, in the North East Hills irregular human induced fires, mainly
due to shifting cultivation, contribute to the fire regime (Figure 5). More comprehensive studies on the
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location of fire occurrence [8,35,35], the extent of burnt area [59] and on quantification in terms of
timber, economic loss [29, 67-69] and ecological loss [32,58-60] were carried out.

Slope aspect has long been recognised as an important topographic variable as it influences the
amount of solar radiation received throughout the year and has a strong effect on local air temperature,
humidity, and soil moisture [70]. Our results indicate that it has a significance in slope and aspect class
with p < 0.05 level. [71] confirmed no significant relationship (slope and aspect) influencing wildlife
occurrences and its distribution in eastern Kentucky, USA. The authors in [72] found that the number
of fires is strongly correlated to forest area and negatively correlated to precipitation and temperature.
However, the relationship between environmental variables and forest fire characteristics may be much
more complicated. They also suggested that the actual evapotranspiration may explain forest fires
better than mean temperature or precipitation, and that there may be a time lag between forest fires and
environmental variables in this analysis.

Figure 7. Comparison of A(A)TSR night-time data with MODIS (TERRA) active fire
locations for the year 2005. (a) Occurrence of fire in the Western Ghats region, mainly in
the tropical rain forest and the Savannahs and (b) Tropical deciduous forest of Eastern
Ghats (Background image: MODIS TERRA satellite data of March 19™ 2005).

o  MODIS active fires (Web based) ®  ATSR fires

In India, large tracts of forests have been lost to agricultural plantations of coffee, tea, rubber,
eucalyptus and sal and to a number of hydroelectric projects [73-75]. Across the Western Ghats, 40%
of the natural vegetation was lost between 1920 and 1990. This has resulted in increased fragmentation
of the remaining habitats [76]. Fragmented areas are more vulnerable to escaped agricultural fires
along their extensive edges. Their reduced patch sizes increase the likelihood that entire fragments will
burn during each fire event. In the north-east states, the tribal custom of slash and burn (Jhum)
cultivation, where forest patches are cleared using fire and used for agriculture, is practised widely.
After some years when the soil loses fertility, these patches are abandoned and new land is cleared.
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Although we are unable to clearly stratify fire occurrences in relation to forest type, we can state
that the majority of fires were seen in deciduous forests and grassland ecosystems, as well as in
tropical broad-leaved evergreen forests of Western Ghats and north-east India. These tropical
evergreen forests appear to be the ecosystems most threatened by fire. Studies reveal that [77-79]
these evergreen forests, though resistant to fire propagation are sensitive to fire-related damage and
exhibit high mortality levels when fires do occur. In general, species in tropical evergreen forests are
poorly adapted to fire disturbance [77], because of their thin bark, buttressed trunks, and stilt root
systems [80,81]. Recent studies on the extent of forest fires in India suggest that about 50% of the
country’s forests burn yearly [82].

Our results clearly indicate that a majority of the protected areas are prone to human-induced fire,
additionally threatened by forest fragmentation. Some of the fires in protected areas are man-made,
induced to get more grass for the herbivores. The occurrence of fire in the protected and non-protected
areas seems to have different fire-return intervals, probably due to local communities dwelling on the
edges of the forests igniting tree patches for their livelihood. Species such as Phyllanthus emblica,
Terminalia chebula, Madhuca longifolia, Diospyros melanoxylon leaves, Cymbopogon species grass
and other tree species are harvested heavily and this contributes to human-induced fire. Thus,
protected areas, especially those with high fire occurrence need to be given priority for conservation.

5. Conclusions

Results obtained in this study demonstrate the potential use of (A)ATSR satellite data in
understanding the spatial and temporal variability on fire occurrences in different land cover types,
biogeographic zones as well as in bioclimatic conditions. The study showed partial relationship on
forest fires with variables like climate (dry month) and slope, northness (cosine of aspect). It showed
that fire patterns can be attributed to spatial resolution, local climatic condition or other variables that
need to be understood. We suggest the use to biophysical variables like Vegetation Index, biomass or
Land Surface Temperature (LST) over time to explain forest fires better than mean temperature or
precipitation. The results are valuable to identify the regions mostly affected by each event, and to
support ecological studies and atmospheric impact assessments. In order to create a comprehensive
forest / fire management plan at a regional and local level, a thorough understanding of fire behavior in
the region is needed, and for this, consistent and comprehensive wildland fire statistics and
demography are important. Currently, only a few countries are in the position to present reliable
wildland fire statistics indicating the number of forest fires or the area affected, and the ones that do
are not consistent with each other. Today remote sensing offers continuous coverage on the daily
occurrence of fire pattern and its ignition rate, but it is difficult to validate due to the lack of
availability and uniformity of fire data records at field level which limits our understanding of the
importance of forest fires across the region. The issue of standardized wildland fire reporting should be
addressed at the national and regional level. The present study clearly demonstrates the usefulness of
satellite remote sensing technique for precise delineating the location and extent of forest fire. Such
information can be put into Geographical Information System (GIS) along with other parameters for
further analysis, modeling for forest fire hazard zonation, which would certainly improve both the
management of the forests and forest fires.
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