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We present here an integrated remote sensing and
Geographic Information System (GIS) approach for
prioritization of the forest fire risk areas in a part of
Rajaji National Park (Uttar Pradesh), India, which
lies in the fragile ecosystem Siwalik Himalayas., The
important factors favouring the forest fire and its
spread, viz. fuel content in the forest, proximity to
roads/fireline and settlement and the topography
were integrated to obtain a fire risk zone map of the
study area. Integration of different informations was
made possible through PAMAP GIS. Almost 50% of

the study area was predicted to be under very high:

and high risk zones, mainly concentrated in the
fringes of the park. A comparison between predicted
risk area and actval burnt areas during 1985-93
showed that 41.49 % of the previously burnt area fell
in the high and moderately high risk zones, suggest-
ing that the approach was useful as a predictive tool.

FOREST 1s a major natural resource and plays an impor-
tant role in maintaining environmental balance. After
deforestation, forest fire i1s the pext most important
cause which does incalculable harm to the extensive
forest area. The burning associated with such conversion
leads to higher concentrations of various greenhouse
gases, larger aerosol concentration and smoke-like layer
over the burning areas, increased surface albedo and a
decrease in evapotranspiration'. Burning forest and
woodland probably account for roughly one quarter of
all carbon dioxide butld up, besides damage to the tim-
ber and its value®.

Anticipation of factors influencing fire occurrence and
its dynamic behaviour is a critical aspect of fire man-
agement. An imperative need 1s felt to prioritize such
fire-prone areas which will help in ascertaining the fire
suppression measures in protected areas.

The prioritization of fire risk zones is a practical con-
cept and an aid to fire management and planning. Fire
risk zones are points where there is a likelihood of fire
to start and the possibility of spread of fire to other ar-
eas after the initiatton of fire. The concept of ‘degree of
fire risk’ involves measurement of all those factors
which affect the ignition and behaviour of fire at a spe-
cific time.

From an organizational point of view, it is important
that correct information of potential danger in parts of a
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protected area be available. Therefore knowledge of the
factors which cater to fire environment and influence the
fire behavior and 1ts dynamics is essential. It will be of
extreme interest to mark these starting points on a map,
in order to recognize the logical reasons for concentra-
tion of these points in certain areas. A precise evaluation
of fire problems and decisions on methods of solution
can only be satisfactorily made when standardized sta-
tistical records are available.

Remote sensing has opened up opportunities for
qualitative as well as quantitative analyses of forests and
other ecosystems at all geographical and spatial scales.
Sensors are now collecting data with broad to fine spec-
tral resolution and with various radiometric characteris-
tics. Satellite remote sensing data have been used since
1972 to derive land cover information. In addition to
cover type mapping and inventory, remote sensing has
also been effectively used in the study, monttoring and
detection of forest fire’. Most of the remote sensing
techniques have been based on the thermal infrared
channel (3.55-3.93 um) and the vegetation indices in
order to locate areas with high risk of forest fire. Miller
and Johnston® have tested the utility of Advanced Very
High Resolution Radiometer (AVHRR) data to indicate
critical fire risk period. A GIS is an important tool for
storage, analysis and display of geo-referenced spatial
and non-spatial data, which makes the integration of
myriad variables possible, in a meaningful and efficient
way. Categorical data have been incorporated into GIS
with other physical, socioeconomic and institutional
information to conduct spatial interaction and overlays,
data aggregation and estimation and spatial modelling
for many forest problems. This study was aimed at in-
vestigating a reliable model for fire risk area mapping in
a part of India, focussing mainly on integration of re-
mote sensing data with other relevant ancillary informa-
tion 1n GIS.

The Dhaulkhand range of the proposed Rajaji
National Park located in the state of Uttar Pradesh, India
has been taken as the study area. The area lies
within longitude 77°55'35"-78°04'42"E and latitude
29°59'45"-30°08'48" N, covering an approximate area
of 150 km* (Figure 1).

Topography of the area is variable with altitude vary-
ing from 320 m above MSL in submontane area to
800 m above in Siwalik ranges. In the submontane area,
the ground is apparently level but slopes gently towards
south-west. The soil resulting from Siwalik sandstone is
sandy loam with large proportion of clay. In higher re-
gions of steep slopes, the soil is very shallow and dry,
supporting xerophytic vegetation.

Climate of the area is subtropical. The rainy season
commences in late June and continues up to the middle
of September with the heaviest rainfall recorded 1n
August (range 1200-1500 m). The temperature in the
area varies from 13.1°C in January to 40°C in May and

June®.
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Figure 1. Location map of the study area.

Table 1. Organization of the variables in the two-level approach
employed for fire risk mapping

Source

Primary features Secondary features

IRS IB (LISS II)
SOI toposheet
SOI toposheet and

Fuel-oriented map
Slope map
Zones around

Vegetation type map
Elevation data
Settlement location

ground verification  points location points
SOI toposheet Roads/fireline Zones around
- network these features

Previous fire
incidences and
their areal extent

Landsat TM, 1986 Fire history

Vegetation of the area mainly belongs to Northern
tropical dry deciduous forest and sub-tropical forest’.
Among the tropical dry deciduous forests, main types
are dry Siwalik Sal (Shorea robusta) forest, while sub-
tropical forest consists matnly of Chir-pine (Pinus rox-
burghii) forest. Sal forest occurs on the higher slopes of
Siwalik as well as on the ‘bhabar’ belt. The main asso-
ciates are Termenalia tomentosa, Anogeissus latifolia,
Buchnania lanzen, Termenalia belerica, elc. The other
common species in the oversiorey are Bombax ceiba,
Acacia catachu, Cassia fistula, Aegle marmelos, La-
gerstroemia parviflora. The undergrowth consists of
Murraya koenigii, Adhatoda vasica, Cassia tora, Lan-
tand camard, €1C. |

In India, most of the forest fire incidences are anthro-
pogenic in origin, because of the close proximity of the
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human settlements and an almost free accessibility to the
forest. The peculiar and interesting feature of this na-
tional park is the residence of nomadic inhabitants in-
side the forest. This feature makes the study area prone
to the fire hazard.

An integrated analysis approach of spatial variables
was felt valuable for forest fire research®’. The use of
GIS has made 1t possible to combine several variables in
order to prioritize the fire-prone areas. The integration
of the information obtained from remote sensing and
other sources into a geo-information system (GIS) has
been done to check the feasibility of the fire risk model
and to map the areas prone to fire risk.

A mult1 source of data set was used in the present
study. The 1nformation about the vegetation types of the
study area has been derived from the LISS II (Linear
Image Self Scanning) data of the Indian Remote Sensing
Satellite IRS IB. Other corollary data used were Survey
of India (SOIJ) topographical maps of the study area on
1:50,000 scale, ground data collected during field visits
(March 1993) and range map. Data on past fire in the
study area was derived from Landsat TM (Thematic
mapper) May, 1985 and from forest department reports.
The different pieces of information were digitized as
independent layers in PAMAP GIS (Table 1). PAMAP
1s a commercial PC-based Canadian GIS package avail-
able on DOS and Windows.

The forest type map of the study area was prepared by
visual interpretation of IRS LISS II data based on stan-
dard 1mage i1nterpretation technique. The interpreted
results were further verified and supported by ground
data collected during field work. The thematic details
were transferred on to a base map prepared from SOI
topographic map (Figure 2).

A stratified random sampling approach was followed
in order to estimate the fuel content value in different,
homogeneous vegetation strata ascertained through in-
terpretation of satellite data. In each homogeneous
vegetation stratum 10 m X 10 m sample plots were latd
for the purpose of studying the community structure
(species composition and density), and 1 m X 1 m quad-
rats were laid to quantify the surface fuel. Litter (leaf,
twig and branch) and herbaceous grasses were collected
and separated out. The fuel content (fuel load) per unit
area (kg/mz) in each stratum was estimatcd after oven
drying the collected samples. The presence of nuddle
level fuel consisting of herbs/shrubs larger than 2 m
length was also noted down in each plot. Fucl load was
considered as the criterion for deciding the ratings of
diffcrent vegetation classes'’.

The fire bechaviour is largely controlled by topogra-
phy. Slope is onc of the factors influencing fire behav-
tour. The impacts of clevation, aspect and slope in tire
behaviour have bceen widely reported in the htera-
ture' "% The digital elevation model (DEM) was ob-
taincd by the weighted average interpolation of the
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