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Abstract 
 

 

The study intends to evaluate fire risk hazards to the major preybase of the most 

endangered predator of the sanctuary, the tiger. The major herbivorous prey species 

considered are chital (spotted deer) and sambar. The study area is an ecologically 

valuable tiger habitat. Most of the areas are subject to frequent forest fires, which are 

invariably of anthropogenic origin. These fires pose a threat to the wildlife habitats. The 

area is ecologically rich and diverse and frequent fires lead to many adverse condition 

causing ecological degradation. Remote sensing and Geographical Information System 

have been effectively used in the past to evaluate fire risk. A similar attempt has been 

made through this study, which has broadly aimed at fire risk zonation for the region 

and for preybase and formulation of planning and management guidelines for the area 

based on the resultant habitat suitability maps. In this study, fire risk parameters were 

identified and then grouped into various sub-models- fuel risk, fire detection risk, biotic 

risk, response risk and preybase suitability. The first four sub-models were ranked as 

per their relative importance and subsequently combined using pair-wise statistics for 

assigning weights in the GIS domain. This resulted into a fire risk model and a fire risk 

zonation map. Maximum area was found to have a moderate fire risk while 46 km2 of 

the region is under high to very high fire risk. This underlines the importance of 

focused management in the region.  The fire risk was then combined with habitat 

suitability maps of chital and sambar that resulted in the generation of a fire risk map 

for the two species.  The Fire risk zonation for chital showed that about 16 km2 area has 

high fire risk to the species that augments the results obtained from the habitat 

suitability map derived from the preybase suitability sub-model. The sambar suitability 

map shows that about 98 km2 area is under high fire risk. Hence effective management 

strategies have been advocated for these areas. As a final aim of the study, 

recommendations have been put forth for management of wildlife habitats against fire 

risk. A framework for the formulation of a Fire Management Plan has been proposed. 
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    1.Introduction 
 
 

1.1  Background 
 
A generation of enlightened scientists and resource managers has spread the word that 

“public interest”, in many instances, is served by fire management- a broader strategy 

than viewing fire, solely as a destructive force that must be extinguished at any cost as 

quickly as possible. Since the natural fire regimes have been altered, it is important to 

plan and implement fire management. It is necessary to consider the possibility of forest 

fires on the forests and anticipate possible detrimental effects of fire suppression arsenal 

that may respond to fires. It is also important to recognize the ecological consequences 

of fire exclusion from the ecosystem where fire has played a significant ecological and 

evolutionary role. Prescribed fires are an important fire management tool but it is 

especially unfortunate when fires intentionally set by managers escape and cause 

damage. In such cases everybody suffers: the manager responsible for the burn, the 

organization, the fire-dependent biological elements, the third parties who are directly 

affected, and the public perception of fire management as a prudent and necessary 

activity. With skill and dedication fire can be managed safely to achieve our ecological 

goals. In India prescribed burning has been practiced since the inception of scientific 

forestry about hundred years ago. These have been extensively used for managing 

forests in general and wildlife habitats. Prescribed fires are also used to establish fire 

lines as a strategy for fire prevention. 
 

Frequent fires of anthropogenic origin have been affecting the forest ecosystems in the 

country adversely. The natural fire regimes have been altered and the ecosystems are no 

more natural but biotically disturbed leading to irreversible damage. The increasing 

biotic pressure on the forests due to increased resource dependency has led to the 

manifold increase in fire incidence. Hence, there arises the need for generating greater 

amount of information with regard to ecosystems and the likelihood of forest fire so 

that prompt and immediate action is possible whenever there is a fire outbreak. It will 

also help in devising preventive measures so that valuable resources are not lost 

routinely. Modern tools and technology along with traditional knowledge can be of 

immense importance in preventing, controlling and managing forest fires.  
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Research on the linkages between wildfires and ecological systems goes back to the 

early discovery that natural disturbances were a recurrent phenomenon in ecosystems 

and, as such, required an understanding of their effects on ecosystem structure and 

function. However, connecting wildfires to ecological systems has proceeded slowly.  

This is probably because forestry and ecology, the two fields primarily interested in 

wildfires effects on ecosystems, have been side tracked by their traditional approach to 

studying ecological systems. Foresters are mostly interested in extinguishing or 

eliminating wildfires in managing burns to produce certain effects in the forest (e.g., 

reduced competition between certain trees or creation of wildlife habitat). Ecologists 

have been interested in how fires change the composition and structure of ecological 

systems. The approach that has been taken to investigate these issues, has, in general, 

involved describing patterns of fire effects and correlation of these to environmental 

factors. This approach does not directly lead to research towards studying the 

mechanism of interaction between fire processes and ecosystem processes. One could 

read the ecological literature for a long time before finding any discussions that indicate 

an appreciation that the processes of combustion and heat transfer lie at the heart of fire 

ecology (Johnson & Miyanishi, 2001). 

 
Fires are inevitable companions of forests and foresters across the world. Ignition and 

spread of forest fires revolve around four main factors: (i) the state and nature of the 

fuel, i.e., proportion of live or dead vegetation, compactness, morphology, species, 

density, stratification and moisture content (ii) the physical environment, i.e., weather 

conditions and topography (iii) causal factors (human-or natural-related) and (iv) 

prevention and suppression means. The fire hazard is defined by both first factors, 

whereas the fire risk accounts for both last factors (Blanc et al., 1987; Chuvieco and 

Martin, 1994). Fire danger includes both risk and hazard. Fire hazard has two types of 

variations: a spatial and long-term one, related to fuel types and topography and a 

temporal and short-term one, related to fuel moisture content and weather conditions. A 

fire causing incalculable damage to the ecosystem can be termed, a forest fire. Such fires 

are common in almost all type of forests barring some wet evergreen patches. 

 
It is pertinent to point out that the road network within the forest acts as man-made fire-

line. Simultaneously the road network also enhances the approachability within the 

forest areas thus making it more probabilistic for the occurrence of the fire incidence. 
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Apart form this, intricate network of permanent fire-lines is extremely essential for 

effective fire management in the forest ecosystem. 

Forest fires can be of three major types- 

1. Crown fires 

2. Surface fires 

3. Sub-surface fires. 

 
Fire burns more quickly uphill; this is because the flames are closer to the fuels and 

they are heated more readily.  

 

The normal fire season in India extends from the month of February to mid - June. 

India witnessed the most severe forest fires during the summer of 1995 in the hills of 

Uttaranchal and Himachal Pradesh in the Himalayas t. Forest fires cause wide ranging 

adverse effects on agricultural production and loss of livelihood for the tribes in India, 

as approximately 65 million people are classified as tribes who directly depend on 

collection of non-wood forest products from the forest areas. Many small fires 

occurring in India spread into rich natural resources and cause significant loss to 

vegetation cover and humus. These small fires are considered unimportant but, 

nevertheless, need to be controlled. The Himalayan regions of India are subjected to 

repeated annual fires, and because of inaccessibility only conventional firefighting 

techniques are used, which are found ineffective. 

 

1.2 Remote Sensing and Geographical Information 
System in Forest Fire Mapping 

Use of remote sensing technology for wild fire hazard monitoring with particular 

emphasis on the live fuel moisture content monitoring is now established (Leblon, 

2001) Remote sensing has a tremendous scope in forest fire mapping. Remote sensing 

can help in three important ways in forest fire mapping, monitoring and management: 

1. Active fire mapping 

2. Burnt area mapping 

3. Fire prone area mapping i.e. fire risk zonation. 
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GIS has emerged as a powerful tool in analysis of spatial and non-spatial data. The 

combination of potential Vegetation Type, Cover type, and structural stage layers into 

an integrated vegetation classification is efficiently accomplished using GIS (Menakis 

et al., 2000). GIS tools allow users to study the interactions between the layers by cross 

referencing pixels in the same geographic location and generate a list of all possible 

spatial combinations between these layers. This list may be used to evaluate and correct 

inconsistencies between the layers that occur due to different mapping methodologies 

used to create individual layers. Fire modeling studies involve both simulated and 

integrated forest fire research programs. They aim at determining methods for 

prediction of fire hazard and fire frequency, i.e. an assessment. 

 
1.3 Research Overview 
The following research questions were identified to be addressed during the course of 

the study. The choice of the study area was made with a view to answering the research 

objectives. 
 

1.3.1 Research Questions 
 The following questions are to be answered during the course of the 

 research- 

 What is the status of the tiger preybase in the terms of area, location, 

vegetation distribution, topography and terrain characteristics? 

 Can a model be built to assess fire hazards in a reasonably accurate 

manner? 

 Using these models, is it possible to estimate accumulated risk to habitat 

of tiger preybase? 

 Is fire risk zonation map and model useful to address fire management 

issues? 
 

1.3.2 Study Area Identification 
 
The study area chosen for research is Chilla Range and its vicinity. A detailed 

description of the area has been given in Chapter 3.The fire season in the study 

area is between March to June. Anthropogenic disturbances are the main cause 

of forest fires in Chilla Range and its surrounds. There are around 35 villages 

around the Chilla Range apart from a big irrigation department colony. But 
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there are some villages in Ghori Range. These are a source of heavy disturbance 

by way of illicit cutting, grazing and the most important amongst all, an 

important causal factor for fire. Frequent fires are an important hazard for the 

ecosystem and put the ecosystem to a great deal of risk by way of damage to the 

upcoming regeneration, loss of species and damage to wild animals. The most 

adverse of all is the compelled manipulation of food, ambush, escape, breeding 

and reproductive cover. Fire management in the area is not a matter of 

continued focus and there is no spatial database, which can to predict areas with 

a higher risk so that preventive measures can be taken. Thus, there is a need of a 

Fire Risk Zonation Map and prevention and monitoring Model to reduce the risk 

to the preybase of tigers.  
 

Based on the characteristics of the study area the following broad objectives 

were outlined, which were used to help form, the framework for the 

methodology to be followed. 
 

1.3.3 Objectives 
 The following are the broad objectives for the current study- 

  Assessment of the current status of tiger preybase habitat. 

  Assessment of the parameters for likely forest fire hazard. 

 To develop an accumulated fire risk model and a map for selected tiger 

Preybase. 

  Evolution of   a strategy model for fire management plan. 
 

1.4 Overview of the thesis 
 
The thesis contains six chapters. The first chapter consists of the background of the 

study, role of remote sensing and GIS in forest fire mapping and research overview, 

which consists of research problem, objectives, research questions, and research 

overview. The second chapter reviews the previous scientific research conducted on 

causes, types, factors of forest fire, its impact on plant and animal community, national 

scenario and application of Remote sensing and GIS on forest fire. The third chapter 

outlines the details of the study area and justifies the selection of the area for research; 

the fourth chapter addresses resources required and the methods used.  Chapter V is on 

results and discussions. The final chapter contains the outputs, recommendations from 

the study and the formulated Fire Management Plan Guidelines.  
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2. Review of Literature 
 

Fire is the common name we give to a high temperature gaseous combustion. This 

combustion may occur in open land or an enclosed environment. Regardless of the type 

of fire, in either case, two things are certain: heat is released, and fire may spread. 

Flame is the fundamental element of fire that produces heat and combustion byproducts 

(such as CO2, H2O, CO and smoke) by means of chemical reactions that occur between 

fuel and oxygen 
 

2.1 Forest Fires 
Fires, which take place in, managed or unmanaged forests due to various reasons 

known and unknown may be termed as a forest fire. Technically, fire is a rapid 

combination of fuel, heat and oxygen. All the three elements in proper proportions 

ought to be present before fire starts and continues burning. It is a chemical reaction of 

any substance that will ignite and burn and leads to a release of energy in the form of 

heat and light. An external source of heat is generally needed to start a fire.  Fire needs 

at least 16 percent oxygen in the air to support it. Generally, air contains about 21 

percent oxygen. Heat is energy in disorder, and the degree of that disorder is measured 

as temperature. Fuel is considered as any material capable of burning. In forests, this 

includes living vegetation, branches, needles, standing dead trees, leaves, and human-

built wooded structures (Anon, 1991). 

 
Is it necessary for an ecologist or a forester to know about the relevant processes 

involved in the ecological implications of fire. In the absence of a process based 

approach, the discipline of fire ecology is restricted to a set of case studies, which are 

site specific, species specific, and also often restricted to specific method of deriving 

correlations between some ecological response and traditionally used fire variables. 

Processes are (natural) phenomena marked by a series of operations, actions and 

mechanisms which explain a particular result (Johnson et al, 2001) Some of the 

wildfire/ forest fire processes are ignition, extinction, flaming and glowing combustion, 

rate of spread, and fuel drying. Some of the ecological processes affected by fire 

processes are population dynamics (i.e. birth, death, immigration, and emigration 

processes), nutrient cycling, and productivity. 
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Fire spread is determined by factors such as weather, topography, fuel quantity, and 

fuel moisture content. Practically, the burning characteristics of individual forest and 

wild land fuel particles are difficult to describe and determine, but the influence of 

moisture content, particle arrangement and physical properties on the burning 

characteristics of vegetation layer or litter and duff is even more complex and not well 

understood (Nelson, 2001). 

 
2.2  Classification of Forest Fires  
 

2.2.1 Basis of classification of fires 
 

1. Causative factors 

2. Place of action 

 
1) Causative Factors 
 

a. Natural Fire 

 
Climate and vegetation cover are the main reasons for natural forest fire. A 

typically tropical and sub-tropical type of climate, with high temperature in the 

summer months with strong dry wind favors this type of forest fire. Along with 

this the dry vegetative cover or flammable vegetation like pine or other 

coniferous forests, which contains resiniferous chemicals, is highly 

inflammable. These fires may be ignited by lightening before or during storms, 

from sparks produced by falling boulders and landslides. Lightening starts 

almost half the forest fires in United States, and about 8%of the bush fires in 

Australia. 

 
b. Anthropogenic Fire 

 
These may be subdivided into a few more classes- 

 

• Accidental fires – These are basically the ones, which spread as a result of 

some accident, which involves kindling of fire. It might be an existing fire in 

the laborers camp in the forests or may also result from a prescribed fire 

adopted as a management intervention, which might go out of control. 
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• Intentional fires- In Indian conditions intentional fires may be a result of 

collection of minor forest produce such as tendu or bidi (local cigarette) 

leaf, hunting by tribal communities, collectors, criminal poachers, 

carelessness of grazirs, attempts of procuring good grass for cattle in the 

pinch period and dissatisfaction of the local communities with the forest 

department. 
 

 2) Place of Action 

Forest fires are categorized according to the location of the uppermost stratum 

through which they burn namely ground, surface or crown fires. Amongst the 

three types of forest fires, surface and ground fires are the most prominent 

throughout the deciduous or semi deciduous forests of peninsular India. Crown 

fires in India are restricted to the coniferous forests of the northern and north- 

eastern Himalayan mountain system. 

 
a. Ground Fires 

 
Ground fires consume the sub-surface organic materials of the forest floor. 

In many forest types a mantle of organic material accumulates on top of the 

mineral soil. It is identified as duff, muck, or peat. A fire, which consumes 

such materials, is termed as ground fire. In case of very deep organic 

material, as in muck soil and in peat beds and bogs, under drought 

conditions the fire may penetrate several feet below the surface and travel 

totally underground. Depending on the moisture content of the organic layer 

a ground fire often follows a surface fire. It spreads within the organic 

mantle and is characterized by a slowly smoldering edge with no flames and 

little smoke. Ground fires are hard to detect and are the least spectacular and 

slowest moving and also the most destructive of all the fires.  

 
b. Surface Fires 

 
Surface fires are characterized by   burning of surface litter, other loose 

debris of the forest floor and small vegetation. This is one of the most 

common forest fires in India, typically found in timber stands. It is can be 

either a low energy fire in sparse grass and pine needle litter, or, a very hot, 

fast moving fire in slash, flammable under storey shrubs A surface fire may 
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and often does burn up into the taller vegetation and tree crowns as it 

progresses. The most effective method used to control such fires is the 

beating of the fire, this traditional approach is guided by available 

infrastructure under normal Indian conditions.  

 
c. Crown Fires 

  
Crown fires are those where “a fire advances from top to top of trees or 

shrubs more or less independently of the surface risk” (Brown and Davis, 

1973). In case of dense coniferous forests, where trees contain resin, which 

is highly inflammable, the crown fire may race ahead of the supporting 

surface fire. This is the most easily visible and the most damaging kind of 

forest fire. Since the spread is overhead it is uncontrollable until it drops to 

the ground. Crown fires are usually fast moving and pose a great danger to 

the fire fighters and wildlife.  In timber, crown fires can spread at a speed of 

five miles per hour or more, but in grass, fires spread at a rate of only two to 

four miles an hour. There have been incidents of crown fires in the northern 

reaches of the Garhwal Himalayan foothills in which minimal control could 

be exercised as a result of which the fire continued for many days.  

 
 
 
2.3 Forest Fuels 

As in the case of forest fires, fuels may be also classified as ground fuels, surface fuels, 

or crown fuels. Ground fuels consist of highly decomposed organic material in contact 

with the inorganic layer and include duff, roots, peat, and rotten wood or bark coming 

from downed twigs and branches. Next to the ground fuel is layer of surface fuels 

which consists of recently fallen and partially decomposed tree leaves and or conifer 

needles, fallen twigs, bark and branches, live and dead grasses, forbs and shrubs less 

than 1.8 m tall. In moist climates, the fuels above mineral soil have three components- 

the recently cast litter layer, the partially decomposed fermentation layer, and a well-

developed humus layer. Crown fuels include canopies of most conifers.  
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2.3.1 Fuel Type and Fuel Moisture 
 
The moisture content of the live fuels is determined primarily by environmental and 

physiological factors. If the effects of weather are disregarded, the most significant 

factors affecting the amount of water held and transported in woody and vegetative 

particles are chemical composition, internal structure, and physical properties. The type 

of fuel present in the under storey governs the amount of fuel moisture. Even though 

the deciduous forests produce large amount of fuel, the coniferous forests are more 

prone to fire because of the chemicals produced in its leaves. Fuel moisture content of 

the forest is the most important parameter affecting forest fire behavior and is in a 

constant state of flux as fuels respond to the ever-changing environmental factors, such 

as precipitation, humidity and temperature. The size and shape of the dead fuel 

determines the speed with which it will absorb or lose water in response to an 

environmental change. Before a fuel ignites, the moisture in it has to be heated to the 

boiling point and evaporated, a process, which takes considerable heat. Ignition of fuel 

requires the attainment of boiling point by available moisture in the material. This 

process consumes considerable energy, therefore a high moisture content of the fuel 

ensures a longer ignition time. Thus when the moisture content is high the fires are 

difficult to ignite, than in fuel with little moisture, however, fires starts easily and tend 

to burn intensely and spread rapidly. 

 
(Hardy et al., 2000)  developed two types of fuel attributes for the database (a) Stylized 

fuel models for determining fire characteristics such as wildfire hazard: and  (2) fuels 

for calculating fuel composition and smoke emissions. The stylized fuel models are a 

set of numbers that describe vegetation characteristics in terms that are required by 

mathematical fire models for computing fire potential. Extra fuel components are used. 

These extra fuel components improve the capability to portray seasonal fire potential 

variation. The National Fire Danger Rating System (NFDRS) fuel parameters are (i) 

dead fuel load by size class, (ii) live herbaceous and shrub loads, (3) fuel bed depth, (iv) 

fuel heat content, and parameters not directly related to biomass. 
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2.4 Fire Environment 
 
Fires occur as a result of certain circumstances, which constitute its environment. There 
is preparation in nature for several days or even weeks. When proper environment is 
created, any of the causes mentioned before may trigger off conflagration. If a proper 
environment has not been created, fire caused by any of the factors mentioned earlier 
does not move, does not result in great damage and can be extinguished easily. On the 
contrary, if fire occurs when proper environment has been created, it is very fierce, 
spreads very fast, is difficult to extinguish and by the time it is controlled it does great 
damage. Therefore, before discussing the methods of protection against fire, knowledge 
of not only the factors, which made proper fire environment, but also its behavior and 
dynamics, is essential. Some of the main factors are elaborated upon in the forthcoming 
paragraphs (Brown and Davis, 1973). 
 
Weather is an important factor in making up the fire environment.  Temperature and 

wind are two main elements governing fire. Fire does not occur during rains. In cold 

weather fire breaks out sometimes in chir pine forests in the higher reaches as well as 

forests in the plains, but is not so wide spread.  Hot and dry weather promote the 

occurrence of a large numbers of fires, which are of considerable consequence in area 

burnt as well as damage caused. In northern India, where the study area falls, the 

temperature of 37ºC is critical and creates conditions for fire to start. The risk increases 

as the temperatures sour as high as 45ºC. In India the months between Februarys to June 

are considered as the fire season in the parlance of the forest departments. Though 

earlier the temperatures for forested areas were not recorded, now in most of the areas 

records are maintained. They may not be from the weather station belonging to the 

forest department but the meteorological stations close by. The Working Plans and 

Management Plans of the Forests and Protected Areas maintain a record of climatic 

attributes, which may be date back to hundred years. Along with temperature, wind is 

another important weather factor, which contributes towards creating a fire 

environment. There are numerous changes in wind direction not only over a time period 

spanning days but also during the course of one day. This variability creates differences 

in the fire risks at different places. The areas experiencing hot strong winds during 

summers are exposed to greater fire risk because the hot wind dries up mostly all the 

low level vegetation. Thus, maximum fire risk results from a combination of high 

temperature & hot strong winds. 
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Rainfall has an effect on both fuel moisture and soil moisture. It is thus important to 

have an estimate of the rainfall of an area, in order to prevent fire during the long 

stretches of dry weather. Droughts associated with the EL Nino, weather pattern turned 

moist forests into drier habitats and increased the flammability of forest vegetation, thus 

increasing the number, frequency, size, intensity and duration of fires (FAO, 1953). 
 
Humidity is another important meteorological factor contributing to fire environments. 

A place which experiences even slight dewfall during summer is exposed to lesser fire 

risk than the places, which do not have any dew, fall. Similarly, casual rains during 

summer reduce the fire risk for a few days because it not only increases humidity of the 

air but also wets the shrubs, grass and fallen leaves, rendering them uninflammable. 

The effect of this casual rain does not last long because high temperatures and hot 

winds again create fire environment, which enhance the risk of forest fires. Thus, 

temperature, wind and humidity constitute the fire environment in a given ecosystem. A 

variation in these constituents of the environment alters the forest fire risk in a 

particular area. 

 

2.5 Topography 
Topography affects the incidence of fire mainly due to the following factors where land 

is mainly flat or plain- 
 

1 Fire environment (i.e. hot dry weather, strong winds, low humidity) 

2 Presence of sufficient quantities of inflammable material  
 

In hilly terrain, topography adds another dimension in the form of slope and elevation, 

which alter fire behavior. Varying topographic elements, not only influence the fire 

environment but also govern the fire behaviors. The major elements in hilly regions are 

slope, aspect and elevation.  

 

2.5.1 Slope 
Slope is the gradient of the land, and is generally expressed in percentage or 

degrees. Highly sloping terrain accelerates the spread of fire slope is considered 

to be the most critical because warm air rises, preheating uphill fuels allowing 

fire to advance uphill faster than it travels downhill.  Slope raises the fuels in 
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front of the fire, thus bringing them closer to the flames, and also acts like a 

chimney carrying heat and flames uphill. Depending upon slope angle and wind 

speed, slope can be more important than wind in determining the rate of fire 

spread. Steep slopes increase the rate of spread because of a more efficient 

connective preheating and ignition by point contact. South and west slopes 

therefore have a longer fire season, a longer daily burning period and a greater 

number of fires than north slopes do, and more of the fires that start there 

become large (Brown and Davis, 1973; Artsybashev, 1983). A fire burning up 

to a slope of +20 to +39% will spread twice as fast a fire on level terrain (Brown 

and Davis, 1973). It is therefore, important to understand the rate of forward 

spread of flame in fire suppression activities. The relative rate index of forward 

spread of flame is exhibited in Table 1. 

 

Table1. Relative rate of forward spread of flame in relation to % slope 

% Slope Rate of Spread (m/min.) 

Fires burning down the slope 
70 to 40 0.3 
39 to 20 0.5 
19 to 5 0.8 

Fires burning upslope 
-4 to +4 1.5 
+5 to +19 2.3 
+20 to +39 3.0 
+40 to +70 6.8 

(Source: Rawat, 2003) 
 

2.5.2  Aspect 
Aspect is the direction of the slope, which in turn determines the intensity and 

amount of sunlight received by that face. Generally the slope facing the North is 

cooler while that facing the South is warmer. The direction of slope (aspect) 

determines how much sunlight is received. Southern and Western slopes receive 

the maximum sunlight because of the direct rays of the sun falling on it. 

Therefore, northern aspects hold more moisture and so stay green longer and 

support more vegetation. 

2.5.3 Elevation 
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Elevation is the height of the land from mean sea level, generally the higher the 

elevation, it is assumed that it will be cooler than the areas at lower elevation. 

Topography also affects fires by means of elevation, the shape of land, and the 

direction in which slope faces (aspect). High elevations have greater rainfall and 

a colder and wetter climate, resulting in a fire season that is shorter with fire 

incidences that are less severe (Brown and Davis, 1973; Artsybashev, 1983). 

 
2.5.4 Accessibility 
The proneness of the forests and the nearby habitation, to fire is determined by 

the access humans have to the forests. The extent of human interference with the 

forest can help in assessing the potential risk areas from man-induced fires. 
 

2.6 Fire Spread 
The spread of individual forest fires directly affects plant communities on a short time 

scale. This is different from fire regimes over many years, which help to define 

mosaics. It is this fairly immediate impact that has prompted a great deal of fire 

modeling activity over the decades (Weber, 2001). Naturally the desire to predict the 

spread of wild fires to assist in containment and management of resources during 

particular fire incidents has also been a strong motivational factor. Forest fire spread 

encompasses very complicated phenomena, typically entailing turbulent reacting flow 

and intricate fuel arrangement, with processes occurring over a wide range of scales 

Investigation of factors such as fuel bed width, fuel arrangement, inert content, 

moisture, and substratum (Fendell et al. 1993). 
 

If there is wind at the time of start of the fire it spreads along all directions and thus 

assumes a circular shape. In case, the wind is blowing in a particular direction then the 

spread is rapid in that direction. If the inflammable material is present only on a 

particular side, fire spreads in that particular direction fast and slowly on the other side. 

The spread of fire in a hilly terrain is affected by topographic factors particularly slope. 

Fire spreads faster uphill than downhill.  Normally fire moves in a single place along 

the ground with its height usually between 1 to 3 meters, but presence of dry climbers 

on trees, resin channels in chir forests or lichens in deodar forest induce spread at places 

at right angles, vertically. In plains dry climbers on trees take the fire to the top of trees 

several meters above their horizontal plane and results in burning of the crowns of these 
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trees. Besides the climbers, the dry middle storey trees also help the fire in rising 

vertically. In chir pine forests, the resin channels increase the height of the flames to 

about 4 meter from where the crowns of small poles, bigger poles and bigger trees, in 

turn catch fire thus enabling the fire to rise vertically upwards. In the same way in 

deodar forests the lichens on the trees take the fire to the crowns to convert it into a 

crown fire. In such cases the fire moves on two planes namely along the ground and 

horizontally and along the crown vertically. 
 

2.7 Speed of Fire 
The speed of the fire is greatly influenced by wind. If strong winds are there during the 

start of fire, it spreads rapidly. In case of slow winds the spread is slow, but after some 

time the fire creates a strong wind and thereby increases its speed. The presence of dry 

inflammable material also affects the speed of spread of fire but if the material is green 

or its dry quantity is less, then the speed of spread remains low, though the flames of 

fire, under the influence of wind lean towards the direction in which it is moving, 

drying up the fallen fuel. Where there are grasses on the forest floor, the burning upper 

halves of the grasses are blown under the influence of wind and are sometimes carried 

up to 200m in the air. When they fall, they start fire in another area, which further 

enhances the speed of spread. In grassy open forests such shooting particles of ignited 

material cross barriers and ignite fresh areas aiding in the spread of fire. Topography 

affects the speed of spread of fire. If a rising slope comes in way of the fire it moves 

fast uphill. On the other hand on the downhill slopes fire moves slowly. But in such 

places, half burnt cones and round wood sometimes roll down and starts fire uphill 

from those places. In this way, even on downhill slopes the rolling burning cones or 

other round wood sometimes increase the speed of the spread.  
 

2.8 Effects of forest fires on ecosystems 
It is an essential element of fire management and forest management in general to study 

and ascertain the effects of forest fires on ecosystems. Very few studies have been 

conducted in case of forest fires. The findings of a very good study conducted by 

foresters in the Melghat Tiger Reserve give an insight into how forest fires affect the 

ecosystems (Patel, 1968). 

2.8.1 The Indian Context 
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There is no definite mechanism in India to assess damage by forest fires. The 

fire records are usually not maintained in a technically and administratively 

sound manner. The system of accountability is questionable.  However, Forest 

Survey of India in a countrywide study in 2000 estimated that about 1.45 

million ha of forest are affected by fire annually . In India, according to an 

assessment of the Forest Protection Division of the Ministry of Environment 

and Forests, Government of India, fires ha of forests affect annually 3.73 

million. In India, forest fires are mainly of anthropogenic origin on account of 

rampant biotic pressure. The majority of the forest fires (99%) in the country are 

case by humans. It is widely acknowledged that most of these fires are caused 

by the people, deliberately, and have a close relationship to their socio-

economic conditions. Grazing, shifting cultivation, and collection of non-wood 

forest products by villagers are major causes of forest fires in the country. 

Accidental fires by picnickers, travelers, and campers are also responsible for 

forest fires. Intentional fires by local people having antagonistic view of the 

conserved forests where they feel that they are being forcefully kept out of 

reserves and deprived of their rights. 

 

2.9 Fire Potential Index 
The fire potential index (FPI) is a valuable fire management tool that has been 

developed by USGS scientists in collaboration with scientists at the USFS. The FPI 

characterizes relative fire potential for forests, rangelands, and grasslands, both 

regionally and locally, so that land manager can develop plans for minimizing the threat 

from fires. The FPI combines multispectral satellite data from NOAA with geographic 

information system (GIS) technology to generate 1 km resolution fire potential maps. 

Input data includes the total amount of burnable plant material or fuel load derived from 

vegetation maps, plus the water content of dead vegetation, and the fraction of the total 

fuel load that is live vegetation. Water content of dead vegetation is calculated from 

temperature, relative humidity, cloud cover, and precipitation and the proportion of 

living plants are derived from the greenness maps described above. The FPI is updated 

daily to reflect the changing weather conditions and posted by the USFS on their web 

site. The Bureau of Land management (BLM), Bureau of Indian Affairs, and USFS are 

working with the USGS to validate the model. The FPI is also being tested in 
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Argentina, Chile, Mexico and Spain with the support of Pan American Institute for 

Geography and History (USGS, 2002). 

 
2.10 Forest Fire Hazard Monitoring Using Remote 

Sensing /GIS 
In one of the reviews conducted on the scenario of use of remote sensing in forest 

wildfires monitoring has been studied (Leblon, 2001). The three main spectral domains 

in which most of the observations are carried out are by use of satellites working in the 

optical, thermal infrared and active microwave regions of the electromagnetic spectrum. 

In Canada, daily fire hazard and fire behavior for the major forest types are 

operationally predicted by using an empirical modular system, known as the Canadian 

Forest Fire Danger Rating System (CFFDRS). 

 

 2.10.1  Optical Remote Sensing 
The first remote sensing studies related to fuel moisture using optical data of 

NOAA-AVHRR optical bands was mainly done through composite images. 

NDVI images are more difficult to use in assessing moisture content of forest 

ecosystems, because the spectral response of each pixel corresponds to a signal 

mixture coming from the over storey as well as from the under-storey which 

often have a different nature and s different water content (Eidenshink et al., 

1999a). 

 

Monitoring of fuel moisture may be done using shortwave infrared or hyper 

spectral data at laboratory level but additional problems are faced when such 

data are operationally used at large scale. Till date, hyper spectral data are only 

provided by airborne sensors, which operate during planned missions. Very few 

space borne sensors provide shortwave infrared. Landsat TM is one such, which 

has repeatability of 16 days. Thermal infra red data are provided more often that 

the shortwave infra red ones and mostly in the same time as that of optical 

visible and near infra red ones, by several space borne sensors namely NOOA-

AVHRR, LANDSAT-TM, ATSR-2, RESURS-01, METEOSAT AND GOES 

(Moran et al., 1997a; Jurgens, 1998). 

 

 2.10.2 Thermal Infrared Remote Sensing 
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In most thermal infrared remote sensing studies on fire hazards monitoring, the 

radiative surface temperature (TS) is empirically related to fuel moisture-related 

variables or to fire occurrences. Thermal Infrared bands of an airborne thermal 

infrared imaging radiometer were also useful to detect water stressed conifer 

stands in Germany, but this was possible only in case of extreme difference 

between canopy water content. Thermal infrared data better represent vegetation 

status than optical images, but there is operational inconvenience involved due 

to limited availability. Currently, there is only one satellite namely SSM/I, 

working in passive microwaves. Images provided are of coarser spatial 

resolution than those acquired by NOAA-AVHRR. Against this microwave data 

can be acquired by numerous presently available satellites are ERS-1 AND 2, 

JERS-1, ALMAZ and RADARSAT. 
 

 2.10.3  Microwave Remote Sensing  
Active microwave sensors measure radar backscatter, which is the part of the 
incident energy, which is scattered back to the sensor by the viewed target. The 
backscatter is sensitive to surface roughness as well as moisture content of the 
surface through its dielectric properties. The radar backscatter increases with 
moisture content, because moisture increases the potential of the surface both to 
absorb and scatter microwave radiation. There are many studies on forest 
canopy moisture content estimation or on forest fire hazard monitoring using 
radar images. Compared to crop canopies or to bare soils, its more complex to 
investigate forest canopies using microwave remote sensing. Most of the remote 
sensing studies in case of fire hazards assessment are based on estimation of live 
fuel moisture which is one of the major input parameters in the most current 
forest fire behaviour systems. Therefore, further research is needed to see 
whether the current fire hazard systems can change to accommodate for canopy 
variables, like evapotranspiration, which is more closely associated with 
spectral variables. In India, not much has been achieved as far as monitoring of 
fire hazards is concerned. Recently the Forest Survey of India, Government of 
India, Dehradun is involved with installation of a fire monitoring system, but its 
is yet to be operationalised. The research in India is restricted to burnt area 
mapping and assessment of fire hazards using remote sensing and GIS as tools 
to assist fire detection. 
 



Fire Risk Assessment for Tiger Prey-base in Chilla Range and vicinity, Rajaji National Park  
using Remote Sensing and GIS  

 

19 

2.11 Mapping Wildfire Hazards and Risks 
Fire is vitally important to the health and sustainability of forested watersheds, is a 

concept which has emerged only recently and accepted, but at a very high price. For 

most of the 20th century, the role of fire in the nation’s forests was dominated by the 

anthropogenic dogma of fire suppression. Indeed, all fire, whether wildfire or 

controlled, was to be avoided for the betterment of people as well as forests. Some of 

the lands where frequency of wildfires is high are within reserved areas such as national 

parks, where there have been long-standing policies of non-intervention; there has been 

accumulation of fuel leading to high risk of fire. In situations where existing fuel 

conditions have grown so serious that prescribed fires would be risky, the forest 

manager faces a dilemma. (Sampson et al., 2000) used the term “indexing” to indicate 

how a scientific team would categorize the available data to produce a relative risk 

map. When should a particular attribute seen differently? When is an impact an 

inconvenience, and when does it become a serious problem? In collaborative setting, 

experts from various disciplines, work experience and agencies can debate, compare, 

and come to an agreement. 

 

Extreme wildfires result from a combination of risk factors occurring in an area 

containing conditions that constitute hazards. Suter (1993) defined a hazard as “ a state 

that may result in an undesired event, the cause of risk.” A risk is something that “adds 

to the hazard and its magnitude, the probability that the potential harm or undesirable 

consequence will be realised (National Research Council 1989). It is generally 

expressed as a probability. Hence extreme wildfires are undesirable events whose 

impacts are shaped by a combination of a risk element   (ignition in dry, windy 

weather) operating in hazardous condition (abnormal fuel amounts and arrangements) 

 

Scientific teams can help decision making by selecting the resource data to be utilised 

and compared, by indicating when the extent of an impact is likely to mean a significant 

degree of harm and by showing how these relative impacts appear on landscape. Some 

of the risk ratings are shaped not only by conditions in the immediate vicinity, but also 

may be affected by conditions far removed (Sampson et al., 2000). This involves large-

scale analyses supported by sophisticated GIS models (Stocker, 2000). Risk 

assessments have been ascertained to be useful in arriving at conclusions like (i) 
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Locating areas where more intensive efforts should be made to identify mitigation 

projects (ii) Illustrating the “ distributed risk” that may come from an event some 

distance away (iii) Communicating the concepts of environmental hazards and risks to 

the public (iv) Building public consensus over location, type and extent of fuel 

treatments, prescribed fires, or other practices designed to reduce the probability or 

extent of an extreme wildfire event. Decision makers are seldom experts in landscape 

ecology or wildfire behaviour, therefore the scientific information developed by 

scientists, if truly represented, can be highly valuable to them. 

 
Sampson and Neuenschewander (2000) developed a wildlife hazard and risk model in 

weeklong workshop to test the feasibility of using a combination of existing resource 

data and expert assessment to help address the increasing concern over wildfires in the 

Western United States. The objective of doing this was to utilise readily available 

resource data, translated into GIS format, to develop and illustrate relative hazard and 

risk assessments in a format that would be useful to decision makers. The working 

group aimed at identifying the means of indexing areas where large wildfires might 

threaten the habitat of plants and animals of special concern. The habitat index is thus 

an attempt to illustrate methods of determining where, and under what conditions, these 

risks and benefits can be compared. (Neuenschwander et al., 2000) developed a 

methodology for indexing the relative risk of major wildfires on the mountainous 

western side of Colorado. The output obtained from the GIS Model were (i) Relative 

probability or indexing of fire risks by watersheds, to identify areas prone to hazards, 

(ii) Testing to illustrate prototypes of large wildfire events within those high- hazard 

watersheds, indicating where they might ignite, what extent they might cover, what 

would be the fuel they might consume so that assessment of the likely impacts on soils, 

watersheds, vegetation, wildlife habitats, air quality, and neighbouring communities, is 

possible. (Despain et al., 2000) illustrated a variety of ways to approach risk assessment 

to assist in prioritizing areas for allocation of fire mitigation funds. An approach, which 

would be very useful in developing Fire Management Planning guidelines in the 

proposed study. The response to stand replacing fires for the Mexican spotted owl was 

modelled. 
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2.12 The Forest Department Perspective on Forest Fire 

Prabhu, (1982) elaborated in the Indian context, the damage that results from forest 

fires which may be enlisted as follows: 

1. Destruction of seeds  

2. Destruction to young seedlings  

3. Damage to young plants and trees  

4. Deterioration of site   

5. Injury to wildlife  

Apart from this there are certain beneficial effects of forests, outlined in coming 

Sections, which should not, be overlooked when dealing with forest fires.  

 

 2.12.1 Uses in Silviculture 
1. Facilitation of natural regeneration 
2. Soil enrichment 
3. Assistance in artificial regeneration 
4. Bringing about changes or modifications in cover type 

 

 2.12.2 Uses in Fire Prevention and Control 
1. Suppression- One can fight fire with fire. Fire is commonly used in 

backfiring or counter firing from prepared fire lines and in burning out 

dangerous fires within control lines. 

2. Prevention-Use of fire in hazard reduction may be done in the following 

manner 

a. Construction and maintenance of fire breaks or fire lines to prevent 

spread of fire. 

b. Disposal of slash and other forest debris either by spot burning or by 

early burning in the area 

3. Uses in Wildlife Management- There is a popular saying “the deer follows 

the axe”.  Wild herbivore food- cover gets positively modified due to 

management intervention by way of fire by “cool season burning” which 

facilitates creation of forage in the pinch period. Control burning keeps 

down undesirable shrubs and encourages pastures. 
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4. Pathological and entomological uses- There is a popular belief that the 

cleansing and sanitary effects of fire go back to antiquity. Fire is used 

successfully to control the brown sap disease in long leaf pine. Fire is often 

employed to dispose off insect or disease infested trees in control operations. 

The danger of certain insect populations developing in slash and attacking 

green timber is an important factor for slash disposal, in some situations. 

Fire may be useful in the prevention of outbreaks of root disease caused by 

Polyporous shorea in young, wet sal forests.  

 

2.13 Control of Forest Fires in India 
 

The forests in India are usually protected from fires using following measures. There 

are two major aspects or phases of preventive measures  

1. Knowledge of fire causes and occurrences  

2. Prevention based on this knowledge. 

 

 2.13.1 Preventive Measures  
There are various approaches towards organization of preventive measures for 

fire reduction as outlined below- 
 

1. Movement of the Society 

a. Self interest and motivation of local people in prevention of forest fires 

b. Sentiment and citizenship- a sentimental appeal to the citizens  

c. Compulsion by rules regulation and law 

d. Use of publicity media and means 
 

2. Hazard Reduction 

a. Prevention of fire from reaching protected areas, by creating firebreaks 

cleared of inflammable material surrounding sensitive areas. 

b. Prevention of fire from spreading away from a suspected ignition 

source by creating fire breaks along railways and roads. 

c. Breaking up of forest areas into units to aid, in the general strategy of 

fire control. 

d. Reduction of fire hazard in an area by slash disposal or early burning. 
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3. Fire Breaks or Fire Lines 

The basic function of a firebreak is to impose some obstacle on the spread of 

the fire. It may serve as a direct barrier and also as a base for back firing or 

control operations or as a means of access. Firebreaks or fire lines may be of 

two kinds- 

a. External Fire lines- 

These generally follow closely the boundaries of forests and are wide 

enough to prevent entry of fire from outside. Most of these breaks act as 

direct barrier to the spread of surface fire. External fire lines are 

dispensed of if there are natural barriers such as big streams, open 

wastelands ridges etc. 

b. Internal Fire Lines- 

These are created to break large areas into small blocks where rate of 

spread may be rapid or control difficult. Apart from serving as direct 

breaks these also serve as a base for fire fighting and also serves access 

routes during fire control. Firebreaks are often combined with roads. 

Internal fire lines are especially used where firebreaks in the form of 

roads are lacking. In additions to roads, coupe lines, plantation 

boundaries, bridle path, footpaths act as internal fire lines. Crest of a 

ridge or spur is the best alignment for a fire line. The width of the 

internal fire line depends upon the nature of growth and strength of 

wing. These are usually located as far as possible at right angle to the 

direction of wind.  

 

 2.13.2 Combat Measures 

1. Preliminaries for suppression of fires 

a. Detection and Reporting through patrol, wireless network, watchtowers 

or reporting. 

b. Collection of sufficient Fire Fighting Personnel and Equipment 

c. Early response 

d. Support of adequate infrastructure during fire -fighting. 
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2. Suppression of Fires  

Since fire is a rapid combination of fuel, heat and oxygen the basic aim of fire 

suppression is breaking the fire triangle at the most vulnerable link by means 

available. Only small fires are fully extinguished. Bigger fires are merely 

controlled by putting out the outer edges, extinguishing all burning material 

within a zone bordering the unburnt forest. 

Sometimes it is impossible to work near the fire because of heat and speed of 

advance of fire. In such cases, a fire line is created ahead of the fire depending 

upon its advance and manageability. This is called as Parallel Method in 

American Forestry. 
 

The methods of extinguishing fire include 

a. Application of water 

b. Application of earth-Smothering of fire using soil  

c. Beating of Fire  
 

The advancing edge of the fire is given glancing blows with brooms or 

branches. An inward glancing stroke has the effect of carrying back the burning 

material on to the burnt over area and separating it from the fuel. The principle 

is “Hit them hard when they are small”. 
 

3. Counter Firing or Back Firing 

This means deliberate setting of fires at a substantial distance from the front of a 

fire to reduce fuel load in its path or to change the direction of spread of fire. 

Roads, paths, fire lines serve as bases for doing so. If they are not available, 

guidelines are made at a distance away from the advancing fire, making 

allowance for the rate of advance. When the two fires meet, they get 

extinguished. 
 

2.13.3  Post Fire Operations 

The burning logs, stumps, branches etc. are put out by water or earth. A strip 

around the burnt area is kept free of all inflammable material. The area damaged 

is made fully productive. If the damage is not severe, the seedlings are cut back 

to give healthy coppice shoots. If the area is burnt badly, it is desirable to carry 

out artificial regeneration. 
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2.14  Designing Fire Control Systems 
 

Brown and Davis (1973) elaborated on the importance of planning for fire management 

at the level of the fire organization, depending on the available facilities.  Few of the 

common principles adopted while designing control systems are outlined below- 

1. The problem of maintenance of promptness and alertness in the event of 

fire within the protected unit. 

2. Flexibility needs to enable the organization to gear up its response to 

wide fluctuations in the size of the fire-fighting job from day to day. 

3. A need of immediate and prompt action for success. 

4. Need to solve problems related to accessibility and friction resulting into 

slow response. 

5. Need to serve large areas with minimum forces. 

6. Need for training and enabling utilization of inexperienced personnel 

with minimum direct supervision. 

7. Need for cooperative arrangement to fight fire. 

8. Need for coordinated plans and systems 

 

The Fire Management Manual (1991) of the Nature Conservancy in the United States 

has given seven operating assumptions, which guided the preparation of the Manual.  

1. Predictability  

2. Contingency Planning and wide safety margins,  

3. Exceptions are permitted with approval,   

4. Planning is essential,  

5. The goal is to facilitate, not encumber  

6. Consensus and consultation  

7. Define objectives, then compromise.  

 

Many restraints and requirements presented in this Fire Management Manual have been 

perceived as impositions upon the staff and volunteers. 
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 3. Study Area 
3.1  Location and extent 
 

The study area chosen is the Chilla Range and its surrounds, which forms a part of 
Chilla Wildlife Sanctuary, of Rajaji National Park in northern India. The Chilla forest 
range (148.3 km2) and part of Ghori forest range and Landsdowne Territorial Division 
(48.97km2) together constitute the study area. The study area therefore comprises of the 
Chilla Range and its surrounds. The area is located in the Rajaji National Park, which is 
situated between 290 50’N to 30005’N latitude and 78010’E to 78025’ E longitude (Fig. 
1). The total geographical area of the National Park is about 820 km2. The area is 
located in the Garhwal Shivaliks behind Haridwar across the Rishikesh-Haridwar road. 
The region is characterized by an uneven topography, especially towards the 
northeastern part, with the average elevation ranging from 320 m to 1320 m. The area 
consists of dense to moderately dense forest, dominantly sal and its co dominant 
associates, and other species of deciduous trees, along with grass and shrubs. 
 

3.2 Justification of the Study Area 
 
The selection of the study area for the current research was made after the following 
factors were found to be suitable with respect to conducting research. 

• The presence of diverse forest types like sal, dry and moist deciduous and mixed 
forests in the area 

• The proneness of the area to forest fires due to impacts from biotic disturbances, 
which include grazing, illegal entry, non-wood forest produce collection and 
tourism.  

• The presence of habitations inside and outside the study area, which inflict 
considerable influence.  

•  Existing agenda of the department for the preparation of a tourism plan for the 
Chilla Sanctuary since unscientific tourism is one of the factors leading to forest 
fires.  

• The scope of the immediate and direct application of the findings of the study in 
strengthening of the planning process of the forest department. .  

• Immediate availability of IRS P6 LISS III satellite data  

• Future directions for research identified by previous researchers, e.g.,Rawat, 
2001,in one of the forest fire studies in the same area, indicating a requirement 
of further fire modeling.  
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3.3 Conservational significance  

The National Park consists of the forest areas of the erstwhile West Dehradun Forest 
Division, East Dehradun Forest Division, Shiwalik Forest Division and Lansdowne 
Forest Division. Three sanctuaries in Dehradun Shiwalik viz- Rajaji (247.0 km2), 
Motichur (89.5 km2), Chilla (249.0 km2) and Reserved Forest (234.5 km2) were 
amalgamated into a large protected area and named as Rajaji National Park (820 km2). 
This Park is spread over three Districts- Dehradun, Haridwar and Pauri of Uttaranchal. 
The Rajaji National Park (RNP) forms the north-western limit of he Asiatic elephant 
and is a prime tiger habitat. 
 

The Chilla Sanctuary is an important component of the RNP, which has got the largest 
area representing Shiwalik eco-system. It is a part of the recommended Rajaji-Corbett 
Elephant Reserve. The area has already been broken into three isolated areas due to 
development projects and genetic exchange between the populations is still brought 
about by the bulls migrating across the artificial structures. It is an important tiger 
habitat and forms the north-western limit of distribution of Asian elephant. 
 

3.4  Ecological Attributes 
3.4.1  Forest Types 
The area falls under the Biogeographic Zone-The Gangetic Plains. According to 

Champion and Seth’s revised classification (Champion and Seth, 1968) of the forest 

types of India, the forest types in the study area and its surroundings fall mainly under 

the following categories- 

1. Moist Shiwalik Sal Forest (3C/C2a)  
2. Moist Bhabar Dun Sal Forest (3C/C2b) 
3. The other forest types are West Gangetic moist mixed deciduous forests 

(3C/C3a) 
4. Low alluvial Savannah Woodland (3/ISI) 
5. Dry Shiwalik Sal Forest (5B/C1a) 
6. Dry Plane Sal Forest (5B/C1b)  
7. The Northern Dry Deciduous mixed forest (5B/C2). 
8. The other types which are lesser in extent are the Dry deciduous scrub 

(5DSl) 
9. Khair Sissoo Forest (5IS2)  
10. Sub Tropical Chir Pine Forest. 
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 3.4.2 Flora 
High endemism and biodiversity in the area makes the ecosystem very unique. 
The area is a home for around 128 species of trees, 33 species of shrubs and 
herbs, 33 climbers and around 37 species of grasses. The general assessment of 
the vegetation status reveals plant associations of Shorea, Mallotus and Adina 
sp., Terminalia and Bridelia community, Dalbergia, Acacia sp., Syzygium sp., 
Phoebe sp. and Drypetes community etc. Based on the physiognomy and 
floristic composition, the permanent vegetation of the park may be classified 
under the Northe rn Tropical Moist Deciduous Forests and can be grouped into 
six types namely Sal Forests, Mixed forests, Riverine forest, Scrub, Grasslands 
and Subtropical pines. 
 

3.4.3 Fauna 
Chilla Range is an excellent habitat for many ecologically significant and 
endangered and threatened species. The most important large herbivore in the 
area is the Asiatic elephant. The area has a considerable distribution of spotted 
deer, sambar and barking deer, which constitute the preybase for the 
magnificent Royal Bengal tiger. The other herbivores occurring are the goral 
and nilgai. Amongst the carnivores, tiger, leopard, jackals and the jungle cat 
occur predominantly. Out of the 315 species of avifauna in the RNP, a sizeable 
number occurs in the study area. The preybase being considered for the study is 
mainly the Chtial (Spotted deer) and sambar along with the Muntjak (Barking 
deer). Apart from this the area is a home to 25 mammals, 8 species of reptiles, 9 
species of fishes and numerous other species of wild fauna. (Management Plan 
of Rajaji National Park, 2000-01 to 2009-10). A brief description of the major 
species found in the study area is given below. 
 
(i) Chital (Axis axis) 
 Locally known as chital, the spotted deer is one of the most commonly 
occurring herbivore throughout the study area. It inhabits flat zones of the area. 
Whilst they tend to be confined to the forest cover, during the day tine, they 
emerge in the open grassy areas such as glades and roadsides. Aggregations of 
fifty or more individuals often rest in the exposed dry streambeds, a defensive 
adaptation maximizing early detection of approaching nocturnal predators such 
as tiger.  
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(ii) Sambar (Cervus unicolor) 

Sambar is fairly widespread in the densely forested areas and on the gentler 

slopes of the Siwaliks. Groups of four to six individuals are often seen in the 

proximity of streams or waterholes in the evening hours.  The species is mainly 

dependent on water availablility since it cannot tolerate drought conditions. It is 

the preferred species amongst the preybase of the tiger.   

 

(iii) Muntjak (Muntiacus muntjak) 

The Muntjak is locally known as kakad and commonly occurs in forested areas 

with ample forest cover. Single individuals or pairs can be seen feeding on the 

forested edges around dawn and dusk but quickly dart into the undergrowth, in a 

typical head down posture. 

 

3.5.  Climate 

The climate of Chilla range is similar to the climatic conditions of the plain areas of 

Uttaranchal. Because of its vicinity to outer Himalayan range climatic conditions 

become moderate. The climate varies from subtropical in the plains to temperate in 

higher hills. During the winters, nights are very cold with the frost, which is severe 

from mid December to mid February. Due to the frost the forest undergrowth dries up 

and forms an inflammable material during fire season. Until the beginning of March 

frost and fog are absent but dew is observed well up to April. The hot weather sets in 

with the end of March and it continues until the break of the monsoon, and during this 

period most forest fires take place.  Temperatures as high as 46o C may be recorded in 

the months of May and June particularly on the southern slopes of Chilla Range during 

which period there are a hot winds blowing in the southern slopes of Shiwaliks and 

plains of Chilla Range. 

 

3.5.1 Temperature and Humidity 
There is no meteorological station available in RNP. The nearest station is 

situated in the Forest Research Institute, Dehradun which is about 60 km away. 

Hence, the data cannot be used for analytical purposes but may be used as an 

indicator of the climatic conditions in the study area. 
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3.5.2  Water Source 

Ganga, Song and Suswa are the three major perennial rivers in the study area. 

Besides these, there are a number of streams on the eastern part of the Ganges, 

namely, Rawasan Nadi, Suni sot, Ghasi Rao sot, Amgadi, Khara sot, Pipal sot, 

Chorpani sot, Moriya and Mithawali sot which act as secondary sources of 

water in the area. 

 

Fig. 1. Location map of the study area 
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4.Materials and Methods 
 
 
4.1 Material Used 
The materials used in the study are listed below- 

1. Spatial Data 

• Digital Imagery- IRS-P6 LISS III of the month of March 2004, (Fig 2) 

• Topographic sheets 

• Forest Management Maps  

• Existing Spatial Database from earlier studies in IIRS and Wildlife Institute 

of India, Dehradun. 

2. Software Package 

• ERDAS 8.6 (Earth Resources Data Analysis System) for Image Processing 

• Arcview 3.3 

• ArcGIS 9.0 

 
3. Field Instruments  

• Global Positioning System, Hypsometer, Compass and  Measuring Tape 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Standard FCC of the study area (IRS P6 LISS III)  
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4.2 Methodology  
4.2.1 Background 
The basic steps in the Methodology consist of seven steps, each being a process 
for generating a Sub-Model. These sub-models developed are static in nature. 
For some of the sub-models methods used in “Spatial Modeling for Forest Fire 
Hazard Prediction, Management and Control in Corbett National Park, India” 
(1995) by Forest Science Division, Department of Land Resource and Urban 
Science, ITC, have been adopted with certain modifications. Indices and 
weights assigned to various factors in the Sub-models have been decided based 
on field observations, situations encountered in the field and expert opinion. 

 

Apart from this some of the established aspects/findings of a study titled “Fire 
Risk Assessment for Forest Fire Control Management in Chilla Forest Range of 
Rajaji National Park Uttaranchal (India), done as a M.Sc. Dissertation in an 
ITC-IIRS Collaborative M.Sc. Program have also been relied upon to some 
extent but with modifications suiting the current study and field observations. 
The aforesaid study had mentioned that there is further scope of carrying 
research in forest fire modeling. 
 

4.2.2 What’s New? 
Based upon past research conducted on the dynamics of forest fires and current 
trends in this arena, new attempts at developing strategic approaches towards 
addressing fire modeling have been undertaken as part of this study.  The 
inclusion of the “Biotic Risk Sub-model” (biotic disturbance regimes) and  
“Tiger Preybase Intensity Sub-model” (suitability for tiger preybase) are two 
major additions to previous study conducted in Corbett National Park (Sharma, 
1995). The infestation of the pristine wildlife habitats by the vigorously growing 
and widespread weed Lantana camara has also been taken into consideration 
while allotting weights in the Response Risk Sub-model. In the Detection Risk 
Sub-model the exposed streambeds, locally called, as raus have been included. 

 

A critical comparison between the study done by Rawat, 2003 and the current 
study reveals that the generation “Response Risk Sub-model” and “Tiger 
Preybase Intensity Sub-model” as part of this study is a step ahead towards 
understanding fire flux as a function of newer parameters. Apart from this, 
various categories of roads have been taken into consideration while developing 
the models. 
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Field Work- The field-work was carried out in two parts- 

• Phase I- The first phase of the field work was carried out for a period of one 
week. Ground validation of the maps prepared from remotely sensed data 
and ground check of the spatial attributes of other associated maps was 
successfully accomplished in the course of Phase I. The weight indices 
assigned to attributes in earlier studies were ascertained for the study area 
and necessary modifications were made depending upon field observations 
and expert advice.  A total of 205 GPS locations were recorded to validate 
classification and essential attributes. 

 
• Phase II-The second phase of the fieldwork was a short two-day visit during 

which consultations with the National Park authorities and Forest 
Department was done in order to validate the models developed. This was 
done in the first week of December (5th and 6th of December). 

 
4.2.3 Sub-models and Models Generated 

 
4.2.3.1 Fuel Risk Sub-model 

 
Generation of Primary Thematic Layers using Satellite Image Interpretation 

and Ancillary Data in GIS domain 

Methods for using satellite remote sensing data for generation of forest 
resources information layers are well established in India and abroad. Analysis 
of vegetation types and evaluation of wildlife habitats in protected area using 
remote sensing is possible (Roy et al., 1986). Application of remote sensing 
techniques in forest cover monitoring and wildlife habitat evaluation has been 
successfully attempted in Kaziranga National park. (Kushwaha et al., 1986). 
Satellite image of IRS-P6 LISS III, March 2004, was used for the entire study, 
which had an effective ground resolution of 23.5m. Geocoding of the data was 
carried out using the Ground Control Points (GCPs) recorded during field-work 
and the thematic layers were generated from the   resampled imagery to be used 
in the sub-models. 
Satellite data was visually interpreted to generate the following two layers at a 

1:50,000 scale- 

• Forest cover type (Fig 3) 

• Forest density map (Fig 4) 
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Digital classification (supervised classification) was attempted to generate the 
above maps but high levels of inaccuracies (underestimation of area under “sal 
forest” and “moist mixed”) and misclassification (signature mixing among 
“grasslands”, “river bed” and “plantations”) throughout the image was observed 
and hence visually interpreted outputs were used further in the generation of 
Digital Elevation Model (DEM), Slope, Aspect and Elevation Map. 

 

  

  

  

Figure 3 Forest Cover Type Map  
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Figure 4 Forest Density map 
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Topographic themes of slope, aspect, elevation etc., are the most important 
variables influencing the occurrence and spread of fire in addition to fuel type 
etc. These parameters were derived from the DEM generated from existing 
maps / SRTM data.   
The following output themes were generated on 1:50,000 scale for the sub-

model 

• Digital Elevation Model (DEM) 

• Aspect Map 

• Slope Map 
 

Fuel Risk Sub-model Layout 

 Fuel Type Risk, Elevation Risk, Slope Risk and Aspect Risk components were 
assessed and analyzed in ArcGIS. Weights were assigned to different classes 
within each of the above components of the model and respective weighted 
maps were generated. The weighted maps were assigned a particular rating and 
combined to arrive at a Fuel Risk Map. The basic layout of the sub-model 
processing has been shown in Fig 5. 

 
Figure 5.  Layout of Fuel Risk Sub-model 

 
 Designing the Fuel Risk Sub-model-index assignment of thematic layers   

1.Fuel Type Risk 

In arriving at the fuel type indices, were the surface fuel content (Rawat, 2003), 
fuel characteristics of the forest cover types crown density of various cover 
types, field observations, expert opinion from the field staff, past fire records 
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and trends of occurrence were the taken into account. The surface fuel contents 
(Rawat, 2003) are as given in Table 2. It was assumed in this context that the 
fuel content of the forest cover types would remain constant over the entire span 
of the fire season.   

Table 2. Surface fuel content of major forest types 

Forest Type 
 

Density Dry Wt. Of 
leaf & twigs

(g) W1 

Wet Wt. of 
grass 

& herbs (g)

Dry Wt. Of 
grass & 

herbs (g)W2 

Surface Fuel
Content 

(W1 + W2) 
Sal Low  300 90 60 360 
 Medium 400 100 70 470 
 High 450 120 70 520 
Mixed Sal Low 200 60 40 240 
 Medium 300 80 50 350 
 High 400 100 60 460 
Dry Mixed Low  250 80 60 310 
 Medium 400 130 80 480 
 High 500 150 90 590 
Moist Mixed Low 250 60 40 310 
 Medium 300 80 50 350 
 High 400 110 80 480 
(Source: Rawat, 2003) 
 

The next step in the generation of the model is assignment of indices to Forest 

cover type and Forest density maps 
 

a. Sal Forests-As regards composition of these forests the percentage of sal is 
above 80. During the dry season, Sal forests shed leaves and provide the 
annually available surface fuels. The fire strongly favours fire tolerant species, 
which replaces the species potentially growing in an undisturbed environment. 
Sal shows high proportions of large diameter fuels and high leaf litter, this 
mixture can be highly volatile, as it may lead to a mass fire. The high density 
Sal forest was given the maximum fire risk value of 6, followed by medium 
density Sal as 4 and the low density Sal as 2. The field experts hold the opinion 
that in the study area, the Sal forests have less undergrowth. Though the surface 
fuel content might be a bit high it is always easier to deal with fire situations in 
Sal forest, fire record shows lesser likelihood of fire in such areas and the 
standing volume concentration of trees per unit area is less.  
 

b. Mixed Sal Forests- In this case the percentage of sal and miscellaneous 
species is around 50 % each. Due to the considerable amount of mixed 
miscellaneous species intermingled with large sized sal trees the fuel volume is 
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higher as compared to the pure stands of sal. The undergrowth is also 
comparatively more. Though the surface fuel content is low the surface to 
volume ratio of the standing tree volume if high.  The field experts opined based 
on their experience that the chances of fire are more in these areas. The high 
density mixed sal was given an a fuel risk value of 8, the medium and low 
density mixed sal areas were given and index of 6 and three.  

 

c. Dry Mixed Forests- This is most widespread of all classes, consists of mixed 
miscellaneous species. These types of forests contain the maximum amount of 
surface fuel. The fuel volume with maximum compaction and the surface to 
volume ratio is very high. The field experts rate these forests in the highest fuel 
risk. The past fire records also indicate the high fuel risk. The high, medium and 
low-density forests were assigned an index of 9, 8 and 5. Presence of all age 
classes of a variety of miscellaneous species is also one of the factors leading to 
a higher fuel risk. 

 

d. Moist Mixed Forest-These are basically mixed miscellaneous forests with 
diverse combination. These are in low-lying areas and areas adjoining to 
watercourses. There is lot of green ground cover, which stays so even in the fire 
season. The surface fuel content value though comparable with the mixed sal 
forest, taking into consideration other factors and field experience of experts the 
fuel risk index assigned to the high medium and low density forest, in this 
category, is four, two and one respectively. 

 

e. Degraded Forests- These are the areas which are dry and are degraded either 
on account of heavy biotic pressure or usually occupying the degraded southern 
aspects. There is sizeable amount of dry ground cover, which includes basically 
scrubs in quite a high density. The area contains lot of dried standing trees, 
snags and hollow trees prone to rapid ignition. Thus the index assigned was 
seven. 

 

f. Shrubs/Scrub- These are basically the areas on the periphery of the range 
which are subjected to biotic disturbance. The areas with heavy disturbance and 
with high grazing incidence have a high percentage of the weed namely Lantana 
camara. The steep reaches with less soil cover also naturally support shrub 
cover. The shrub cover/scrubs are quite dense and dry up in the fire season 
subjecting theses areas to a considerable fuel risk. The weight/index assigned to 
this class was six. 
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g. Grasses- They have high surface to volume ratio, low bulk density makes 
grasses quickly responsive to heat and moisture transfer. Fuel loading in case of 
grasses is quite low (NWCG, 1986) but have a high fuel availability (upto 
100%). So also, based on the high inflammability, expert opinion and past 
records, a highest index of ten as been assigned.  

 

h. Forest Plantations- Most of the plantations in these areas are teak, sissoo, 
bamboo and miscellaneous. They have been kept in a moderate fuel risk of 4. 
They differ from grasses with regard to the fuel load. They have a defined 
characteristic of response to a fire situation. There is high fuel compactness but 
medium fuel loading. Plantations have a high litter production and which is not 
in equilibrium with decomposition. The structure of plantations is such that it 
leads to an accumulation of surface fuels (leaves, downed woody debris, shed 
bark strips) and aerial fuels (draped fuels). The available fuel (above-ground 
biomass density of this stratum) depends on the age. The plantations here are 
middle aged. This type of fuel class also depends on fuel continuity and density, 
which are obviously high in case of plantations. But the low burning efficiency 
renders them moderately susceptible to fires. 
 

i. Sissoo–Khair Islands- These basically occupy the river courses usually 
forming small islands surrounded by water/ river courses. Shisham (Dalbergia 
sissoo) is less susceptible to fire due to its sparse location and presence on the 
islands of the rivers. Although the internal burning capacity of this species is 
medium to high the continuity of fire line intensity is missing. Being a 
deciduous species the tree is predominantly characterized by available fuels 
from the tree layer (leaf litter). It was given a risk value of 4. Though khair 
(Acacia catechu) has a high calorific value the fuel continuity is missing 
therefore it also bears a risk value four.  Jamun (Syzigium cumini) is present in 
extremely small patches and its fire hardy nature renders it less volatile to fires.  
 

j. Riparian- The vegetation occurring in low lying water logged areas along 
stream courses, riverbeds/ streambeds develops into riparian areas. The type 
consists mainly of evergreen species like Syzizium cumini, Ficus racemosa, 
Ficus semicordata, Biscofia javanica, Trewia nudiflora etc. These areas have 
undergrowth, which is evergreen as well. Since majority of the biomass is green 
even in fire season the type has been kept in a low risk of two.  
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k. Habitations- Except the Chilla habitation housing the Irrigation Department 
colony there is no habitation in Chilla range. But since Chilla Range and its 
surrounds have been included in the study area, there are some habitations on 
the periphery. Habitations have been given minimum value owing to the fact 
that forest staff resides in the habitation. Thus habitations help in control of 
fires. There is very low fuel risk owing to the fact that they offer resistance to 
any type of fire, being responsible for management of the Sanctuary.  Here the 
vegetation is also sparsely present. It was given a minimum fuel risk of two. 
  
l. Agriculture also offers very low fuel loading, at the same time fuel loading 
does not increase at a steady rate year by year; most of the fuel load is restored 
in the year following a burn. It does not offer a continuity to fire rather at times 
works as a fuel break. So it was given a minimum fuel risk value of one.  
 
The above criteria were used as a basis of assigning specific indices to the 

different forest types as shown in Table 3. 

Table 3. Fuel type index for forest types 

Type Density Index 
Sal High>70% 6 

Medium 40-70% 4  Low 10-40% 2 
Mixed Sal High>70% 8 

Medium 40-70% 6  Low 10-40% 3 
Dry Mixed High>70% 9 

Medium 40-70% 8  Low 10-40% 5 
Moist Mixed High>70% 4 

Medium 40-70% 2  Low 10-40% 1 
Degraded Forest   7 
Shrubs/Scrub   6 
Grasses   10 
Plantations   4 
Agriculture   1 
Sisso-Khair Islands  4 
Riparian  2 
Habitations   2 
Reservoir/Power Channel   0 
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Fuel Type Risk Map Generation 

The fuel type map was generated and in GIS and further used in the output map 

of Fuel Risk sub-model. 

 

2.Elevation Risk Map 

The Elevation Risk Map used in this sub-model with respect to fuel availability. 

The study area has a highly undulating terrain with elevations as low as 300 m 

above mean sea level to 1320 m above m.s.l. Thus the site is extremely 

vulnerable to the effects of elevation. As per field experts’ opinion, field 

observations and Working Plan records it was observed that the middle 

elevations (600-800 Mts.) are more susceptible to fire. The apparent reason 

behind this that these elevations have fairly higher sun exposure and dense 

vegetation cover. The higher elevations have lower vegetation cover and at 

times act as natural firebreaks. Thus some of the firelines follow the ridges. The 

lower elevations such as valleys and depressions have a microclimate with 

higher relative humidity and natural fire breaks as streams and rivers. The 

elevation range was divided into ten subclasses with higher values to more 

inflammatory fuel classes. The DEM (Fig 6) was reclassified using Arc GIS as 

per indices in Table 4. 

 
 

     Table 4.  Fuel Risk Sub-model - Elevation Risk Indices 

Elevation Fuel Elevation Index 
300-400&1200-1320m 2 
400-500 3 
500-600 4 
1100-1200 5 
1000-1100 6 
800-900 7 
900-1000 8 
700-800 9 
600-700 10 
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3. Slope Risk Map 

The steeper slopes have been given a higher index as compared to the 

comparatively flat areas. Indices were developed and the slope map was 

reclassified accordingly.  The slope map was reclassified using tables in Arc 

GIS. Fig 7 shows the slope gradient in the study area. Slope map was 

reclassified as per the slope indices given in the following Table 5. 

 

     Table 5.  Fuel Risk Sub-model - Slope Risk Indices 

Slope in Degrees Slope Index 
0-5 1 
5-15 2 
15-25 3 
25-35 6 
35-45 7 
45-55 8 
55-65 9 
>65 10 

Figure 6. Map showing Digital Elevation Model  
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Figure 7. Slope map of study area 
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4. Aspect Risk Map 

Aspect, is the direction a slope faces, it also relates to the amount of exposure of 

fuels to the drying effect of solar radiations. India is situated in the Northern 

Hemisphere; therefore the Southern slopes are more or less completely exposed 

to sun. Northern and Eastern slopes are oriented almost parallel to the rays of 

the sun and are shaded during most of the day, therefore fuels on them remain 

more moist and cooler than the fuels on other aspects. Southern and South-

western aspects are more nearly perpendicular to the rays of the sun. They are 

exposed for a longer duration during the warmest part of the day, and the fuels 

on them become warmer and drier and burn more intensely and completely than 

fuels on other aspects.  

 

Table 6. Fuel Risk Sub-model - Aspect Indices 

Aspect Azimuth Aspect Index 
North 0-22.5 2 
North east 22.5-67.5 3 
East 67.5-112.5 4 
South east 112.5-157.5 5 
South 157.5-202.5 10 
South west 202.5-247.5 9 
West 247.5-292.5 7 
North -west 292.5-337.5 4 
North 337.5-361 2 

 

 

Table 6 shows the indices were fed into the model and to generate the aspect 

risk component. Fig 8 shows the variation in aspect in the region. 



Fire Risk Assessment for Tiger Prey-base in Chilla Range and vicinity, Rajaji National Park  
using Remote Sensing and GIS  

 

45 

 

 
Generation of the final Fuel Risk Map- A statistical approach 

The slope risk, elevation risk, aspect risk maps, and the fuel type risk maps were 

individually rated by applying pair wise statistics. The Lambda and IC values 

were also calculated and were found to be 4.23 and 7.86 respectively. The 

weights assigned to the four components of the model are shown in Table 7. 

The final weights arrived at for the various themes were then used as 

multiplicands for the variables in Equation 1. 

 

 

 

 

 

 

Figure 8. Aspect map of the study area 
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Table 7 Pair wise statistical analysis for weight derivation 

Rating 
Fuel 
Type 

Fuel 
Elevation 

Fuel 
Aspect 

Fuel 
Slope  

Fuel Type 1 4 6 7  
Fuel 
Elevation 0.25 1 4 3  
Fuel Aspect 0.166666667 0.25 1 2  
Fuel Slope 0.142857143 0.333333333 0.5 1  
Sum 1.55952381 5.583333333 11.5 13  
      
 

wt 
derivation Fuel Type 

Fuel 
Elevation Fuel Aspect Fuel Slope Average

Fuel Type 0.641221374 0.71641791 0.52173913 0.538461538 0.60446 
Fuel 
Elevation 0.160305344 0.179104478 0.347826087 0.230769231 0.229501
Fuel Aspect 0.106870229 0.044776119 0.086956522 0.153846154 0.098112
Fuel Slope 0.091603053 0.059701493 0.043478261 0.076923077 0.067926
      
 
 lamda 4.235386983    
 IC % 7.846232764    
      
   Final Wt   
  Fuel Type 0.60   

  
Fuel 
Elevation 0.23   

  Fuel Aspect 0.10   
  Fuel Slope 0.07   

 

 

Equation I was applied in the Spatial Analyst (Raster Calculation) module of Arc GIS 

for the generation of the output map (Fig 34) 

 
 

  

 

 
 
 

Fuel Risk Map = (Fuel type x 0.60) + (Elevation x 0.23) + (Aspect x 0.10)  
   +(Slope x 0.07) 

Equation I Fuel Risk 
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4.2.3.2 Detection Risk Sub-model 

 

Input layers to the Detection Risk Sub-model 

The following layers on a scale of 1:50,000 were used as input themes into the 

Detection Risk Sub-model. 

• Road Network ( Fig 9) 

• Firelines ( Fig 10) 

• Forest Camps / Chowki and Habitation ( Fig 11, Fig 12) 

• Major Drainages (3rd, 4th and 5th orders) ( Fig 13) 

 

Figure 9. Road Network in the study area 
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Figure 10. Firelines in the study area 

Figure 11. Forest Camps in the study area 
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Figure 12. Habitations in the study area 

Figure 13. Drainage orders in the study area 
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Detection Risk Sub-model Layout and concept of Viewshed Analysis 

The overview of the Detection Risk sub-model can be seen in Fig 14.The above 

maps were individually used in combination with the DEM for generating 

Detection Risk Sub-model.  Viewshed analysis was undertaken in ArcGIS to 

generate respective viewsheds from roads, firelines, forest camps and major 

drainages. A viewshed identifies those cells in a raster input, which are visible 

from one or more observation points/ lines. Viewshed analysis is useful when 

visibility of an object is to be estimated from a particular point in a landscape. 

The primary objective of the viewshed analysis was to arrive at the extent of 

visibility of the study area from the aforesaid features so as to facilitate 

detection of forest fires. All the viewsheds were combined and given equal 

ranking and combined in Arc GIS. A final viewshed analysis map was 

generated by raster calculation for Detection Risk Map. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Digital Surface Model and the extraction of tree cover height 

A map pertaining to tree heights of various cover types (wherever applicable) 

was prepared based on field observations and experience. Buffers were 

generated around drainages, roads, villages, firelines and forest camps based on 

field observations. These buffers were integrated and allotted appropriate values 

to address the issue of maintaining these features at the original DEM level. The 

“Combination OR” was used to extract tree (cover type) heights. A Digital 

Figure 14. Layout of Fire Detection Risk Sub-model 
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Surface Model (DSM) of cover type was then generated and combined with the 

DEM. The Tree Heights given in Table 8. The tree/ cover height for various 

categories was ascertained on the basis of field observations and expert opinion.  

Table 8. Tree/ Cover Height 
 

 Cover Category  Density Height 
12 Sal 2 Low  8 
12 Sal 3 Moderate  10 
12 Sal 4 High 15 
5 Mixed Sal 2 Low 7 
5 Mixed Sal 3 Moderate  10 
5 Mixed Sal 4 High 12 
8 Dry Mixed 2 Low  6 

8 Dry Mixed 3 Moderate  8 
8 Dry Mixed 4 High 12 
9 Moist Mixed 2 Low 7 
9 Moist Mixed 3 Moderate  10 
9 Moist Mixed 4 High  13 
4 Degraded Forest 2 Low  3 
11 Shrubs/Scrub 2 Low  2 
11 Shrubs/Scrub 4 High  3 
7 Grasses 2 Low 0 
7 Grasses 3 Moderate  2 
7 Grasses 4 High 2 
13 Plantation 2 Low  3 
13 Plantation 3 Moderate  4 
13 Plantation 4 High  5 
3 Agriculture 1 - 0 
2 Sisso-Khair Islands 2 Low  2 
2 Sisso-Khair Islands 3 Moderate  2 
2 Sisso-Khair Islands 4 High  3 
10 Riparian 2 Low  5 
10 Riparian  3 Moderate  8 
15 Habitation 1 - 0 

1 River, Power Channel 1 - 0 
6 River Bed  1 - 0 
14 Plantation Old 3 Moderate  6 
14 Plantation Old 4 High 8 
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The viewsheds generated for each of the components were assigned equal 

weights and combined in GIS to arrive at the final Detection Risk Model shown 

in Chapter 5. 

 
4.2.3.3 Biotic Risk Sub-model  

 

Layout of Biotic Risk sub-model and Buffer generation 

The main cause for forest fire is the human activities inside and around the 

forest areas. The sources of fire initiation could be traced from settlements and 

the roads/foot path etc. The areas nearer to roads and habitations are more prone 

to fire hazards than those away from it. Hence distance maps were generated 

after creating buffers of various distances around the existing roads and 

habitation. The elevation factor was considered while assessing indices and a 

Biotic Risk Sub-model was generated. The objective was to assess the extent to 

which the presence of these features contribute to biotic disturbance that might 

lead to forest fires. The layout of the sub-model is shown in Figure 15. 

The input layers for the sub-model were: 

• Habitations, Villages/ Settlements 

• Road Network 

• Digital Elevation Model (DEM) 

• Slope  

 

 
Figure 15. Layout of Biotic Risk Sub-model 
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Derivation of Distance Indices 

Indices were derived for various the input themes based on distance from the 

feature layer. 

1. Habitations /settlements- Distance Indices 

The Chilla Range is an integral part of the Chilla Sanctuary, and there are no 

habitations except the Chilla Forest Colony and an Irrigation Department 

Colony. There are some villages in the Ghori Range and the territorial forest 

division area in the south-east. There are villages surrounding the study area in 

the eastern and western side. The indices were assigned (Table 9) based on 

visual biotic impacts, such as lopping, grazing etc. that were seen during field-

work and expert opinion.  

Table 9.  Biotic Risk Sub-model -Distance from Habitations/Villages 

Distance in meters Distance Risk Index 
<100 10 
100-200 m 9 
200-300 8 
300-400 7 
400-600 6 
600-800 5 
800-1000 4 
1000-1200 3 
1200-1500 2 
>1500 1 

 

2. Roads, Elevation and Slope-Indices 

The different categories of roads are metalled, unmetalled, cart track, footpath 

and pack tracks There is only one metalled road in the study area the one from 

Chandi temple coming from Haridwar and leading to Hrishikesh via Chilla. The 

road is in heavy use by villagers and tourists during the fire season, which is a 

vacation time in northern India. The indices have been given based on field 

observations and consultations with the forest department staff. The distance 

risk is arrived at keeping in mind the accessibility for humans due to presence of 

a particular category of road. All the other roads are forest roads. The indices 

derived for different distances from different types of roads are shown in Table 

10-14. The indices for elevation and slope are shown in Table 15 and Table 16 

respectively.  
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Table 10. Biotic Risk Sub-model-Distance from Metalled Road 

Distance Distance Risk 
Index   

<100 10 
100-150 9 
150-200 8 
200-250 7 
250-350 6 
350-450 5 
450-600 4 
600-800 3 
800-1000 2 

>1000 1 
 

Table 11.  Biotic Risk Sub-model -Distance from Unmetalled Roads 

Distance Distance Risk Index 
<50 10 

50-100 9 
100-150 8 
150-200 7 
200-250 6 
250-300 5 
300-350 4 
350-450 3 
450-600 2 

>600 1 
 

Table 12.  Biotic Risk Sub-model -Distance from Cart Tracks 

Distance Distance Risk  Index 
<40 10 

40-80 9 
80-120 8 
120-160 7 
160-200 6 
200-240 5 
240-280 4 
280-320 3 
320-360 2 

>360 1 
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 Table 13.  Biotic Risk Sub-model- Distance from Pack Track 

Distance Distance Risk Index
<30 10 

30-60 9 
60-90 8 
90-120 7 
120-150 6 
150-180 5 
180-210 4 
210-240 3 
240-270 2 

>270 1 
 

Table 14.  Biotic Risk Sub-model- Distance from Footpaths 

Distance Distance Risk Index
<25 10 

25-50 9 
50-75 8 
75-100 7 
100-125 6 
125-150 5 
150-175 4 
175-200 3 
200-225 2 

>225 1 
  

Table 15.  Biotic Risk Sub-model- Elevation Risk Indices 

Elevation (m) Elevation Index
300-400 10 
400-500 9 
500-600 8 
600-700 7 
700-800 6 
800-900 5 
900-1000 4 
1000-1100 3 
1100-1200 2 

>1200 1 
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 Table 16.  Biotic Risk Sub-model- Slope Risk Indices 

Slope (%) Slope Index
0-5 10 
5-15 9 
15-25 8 
25-35 7 
35-45 6 
45-55 5 
55-65 4 
>65 3 

 

Statistical Analysis for Final weight assignment to input layers 

The Road, Habitation, Elevation and Slope maps were assigned relative 

importance with respect to each other. Subsequently, final weights were derived 

from pair wise statistics. The matrix generated is shown in Table 17. 

Table 17. Pair wise statistical analysis 

BIOTIC RISK SUB-MODEL 

Rating Village Road Slope Elevation  

Village 1 5 6 8  

Road 0.2 1 3 4  

Slope 0.166666667 0.333333 1 2  

Elevation 0.125 0.25 0.5 1  

Sum 1.491666667 6.583333 10.5 15  

      

wt derivation Village Road Slope Elevation Average 

Village 0.670391061 0.759494 0.571429 0.533333 0.633662

Road 0.134078212 0.151899 0.285714 0.266667 0.209589

Slope 0.111731844 0.050633 0.095238 0.133333 0.097734

Elevation 0.083798883 0.037975 0.047619 0.066667 0.059015

   Final weight   

   Village 0.63  

kappa 4.236439134  Road 0.21  

IC % 7.8813  Slope 0.10  

   Elevation 0.06  
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The final Biotic Risk Sub-model map was generated using the Equation II for 

input themes using the above weights calculated. 

 

 

 

 

 

 

4.2.3.4 Response Risk Sub-model 

Response as a function of time and distance 

The layout of the Response Risk Sub-model is as shown in Figure 16. 

 
 

Figure 16 Layout of Response Risk Sub-model 
 

Fire response involves not only reaction to a fire situation by reaching the place, 

but it includes the activities after detection and also includes communication, 

dispatching and getting to the fire (Brown and Davis, 1973). Response to fire 

situation is further subjected to two considerations i.e. transport surface and 

friction offered. These two factors have been calculated as distance from 

headquarters/ place of dispatch. Distance and time are major criteria for fire 

rebuttal and their interrelation is dependent on slope, cover type, off road and on 

road travel and barriers.  

 

Biotic Risk Sub-model= (Village x 0.63) + (Road x 0.21) + (Slope x 0.10) +(Elevation x 0.07)

Equation  II Biotic Risk Sub-model 
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Response Resistance and Response Distance Maps 
 

The following input layers were identified for the model, which were used to 

arrive at two output maps – Response Resistance Map and Response Distance 

Map. 

 

• Forest Cover Type 

• Forest Cover Density 

• Slope 

• Elevation 

• Lantana Distribution %  

 

 

 

• Road 

• Village 

• Forest Camps 

 

1. Response Resistance Map 

Indices of themes for Response Resistance  

Friction is the sum total of all factors responsible for retarding/obstructing the 

speed of response. It includes cover type, density, Slope, elevation etc. To 

generate a Resistance Map forest cover, density, DEM, Slope and Lantana 

Infestation layers were used in a logical order using ArcGIS. This output land 

features map was added with slope map and elevation map. The resultant map 

was then reclassified into desired classes.  

 

a. Slope Indices- Slope offers resistance to travel. It is considered that marginal 

slopes of 0-10% have little effect on response interval, while any increase of 

slope thereafter proportionally increases the response time, to a limit of 

maximum110-120% slope after which slope becomes inaccessible to human 

beings (USFS, 1989). Keeping this in view values for Fire Response Indices 

have been arrived at (Table 18). 

 

Response Distance Map 

Response Resistance  
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Table 18.  Response Slope Risk Indices 

Slope Percentage Slope Index 
0- 10 1 
10-25 2 
25-40 3 
40-55 4 
55-65 5 
65-75 6 
75-85 7 
85-95 8 
>95 9 

 

b. Elevation Indices-The elevation risk was assigned based on field experts’ 

opinion related to difficulty in negotiating with the elevation when 

responding to the fire situation. With increasing elevation the Response Risk 

Index increases. Indices have been tabulated in Table 19. 

 
Table19. Response Risk Elevation Indices 

Elevations Response Risk 
300-400 1 
400-500 2 
500-600 3 
600-700 4 
700-800 5 
800-875 6 
875-950 7 
950-1000 8 
1000-1050 9 
>1050 10 

 
c.  Cover Type Indices- During the off road travel the forest cover/ landuse 

encountered has a profound effect on the response time.  Based on the field 

observations of each forest/landuse class and opinion of the field foresters 

the resistance indexes were accorded. The ground cover situation, density 

and weed infestation were the major considerations. Various categories were 

assigned indices as shown in Table 20. 
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Table 20. Response Risk Cover Type Indices 

Type Density Resistance Index 
High 5 
Medium 4 Sal 
Low 3 
High 6 
Medium 5 Mixed Sal 
Low 4 
High 8 
Medium 7 Dry Mixed 
Low 5 
High 7 
Medium 6 Moist Mixed 
Low 5 

Degraded Forest   6 
Shrubs   8 
Grasses   1 
Plantations   5 
Agriculture   3 
Habitations   1 
Sisoo-Khair associations  3 
Riparian  6 
Reservoir/Power Channel   10 

 

d. Lantana Infestation Indices-Lantana camara is a widespread (Fig 17) 

weed and poses a considerable amount of resistance for travel/movement. 

The growth of the species was assessed in the region during field studies and 

valuable inputs were taken from forest department records and opinion as to 

the distribution of Lantana in the various compartments of the area.  Indices 

of difficulty were developed to combat fire in the region, based upon the 

levels of difficulty caused due to Lantana infestation (Table 21)  

Table 21. Lantana Infestation Indices 

Percentage of Lantana Index 
0-5 1 
5-10 2 
10-15 3 
15-20 4 
20-25 5 
25-30 6 
30-35 7 
35-40 9 
40-45 10 
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Fig 17. shows a compartment map of the study area showing the corresponding 

percentage of Lantana cover. Lantana growth directly relates to Response 

Resistance Risk because resistance risk increase with Lantana cover. 

 
e. Land Feature Indices-Various land features offer varying resistance. 

Depending upon field observations, fact and expert opinion weights ranking was 

done and Pairwise Statistics was carried out to calculate weights for each map 

as shown in Table 21a. 

 

 

 

 

 

 

Figure 17.  Lantana Distribution in the area 
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Table 21a Pairwise Statistical Analysis for Weight Derivation 
REPONSE RESISTANCE  

      

Rating 
Vegetation 

Factors Slope Lantana Elevation  
Vegetation 
Factors 1 3 5 7  
Slope 0.333333333 1 3 5  
Lantana 0.2 0.333333333 1 2  
Elevation 0.142857143 0.2 0.5 1  

sum 1.676190476 4.533333333 9.5 15  
      
Weight 
derivation 

Vegetation 
Factors Slope Lantana Elevation Average 

Vegetation 
Factors 0.596590909 0.661764706 0.526315789 0.466666667 0.56283
Slope 0.198863636 0.220588235 0.315789474 0.333333333 0.26714
Lantana 0.119318182 0.073529412 0.105263158 0.133333333 0.10786
Elevation 0.085227273 0.044117647 0.052631579 0.066666667 0.0621
      
 lamda 4.111560733    
 IC % 3.718691085    
      
   Final Wt   

 
Vegetation 
Factors 0.56   

 Slope 0.27   
 Lantana 0.11   
 Elevation 0.06   
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The above analysis was used to generate the final Response Resistance Risk 

map (Fig 18) after  using the final weights derived from Table 21 in Equation 

III. The areas under different levels of response risk are shown in Table 22. 

  

  

 

Figure 18. Response Resistance Map 

Response Resistance = (Vegetation x 0.56) + (Slope x 0.27) 
 + (Lantana x 0.11) + (Elevation x 0.06) 

Equation  III Response Resistance 
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Table 22.  Area Statement Response Resistance Risk 
Value Area in Sq Km 

1 3.776838 
2 2.998718 
3 24.63477 
4 58.14751 
5 45.86105 
6 31.14138 
7 23.7335 
8 5.746161 
9 1.264653 
10 0.0613 

Total Area 197.3659 
 

2.Response Distance Map 

Thematic Maps and Buffering  

The Response Risk map was generated using the Roads, Villages, Fire and 

Camps layers. Buffers were generated for each map based on field observations, 

experience and field expert opinion. In case of Forest Camp Map additional 

weightage was given to Chilla, which is the Sanctuary Head Quarters. 

The distance indices are tabulated in Tables 22-24.  

 

Table 22a. Buffer Indices from Sanctuary Head Quarter- Chilla 

Distance from Sanctuary Head Quarters 
Distance in Meters (Buffers) Index 

0-1000 1 
1000-2000 2 
2000- 3000 3 
3000 – 4000 4 
4000 – 5000 5 
5000 –7500 6 

7500 – 10000 7 
10000 – 15000 8 
15000 – 20000 9 

>20000 10 
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                           Table 23. Buffer Indices from Forest Camps 

Distance Buffers Indices from Forest Camps 

Distance in Meters Index 

<500 1 

500- 1000 2 

1000 – 1500 3 

1500 – 2000 4 

2000 – 3000 5 

3000 – 4000 6 

4000 – 5000 7 

5000 – 6000 8 

6000 – 9000 9 

>9000 10 

 

Table 24. Buffer Indices from Villages 

Distance Buffer Indices from Villages 

Distance in Meters  Villages 

<500 1 

500 – 1000 2 

1000 – 2000 3 

2000 – 3000 4 

3000 – 4000 5 

4000  - 5000 6 

5000 – 6000 7 

6000 – 7000 8 

7000 – 8000 9 

>8000 10 
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Statistical Analysis and Final Weightage assignment 

The Roads, Forest Camps and Villages Buffers were combined in a logical 

sequence using ranking according g to importance and  then  carrying out Pair 

wise Statistics for arriving at weights to be used for map generation. 

 

Table 25. Pair wise Statistical Analysis for Weight Derivation 
 

RESPONSE DISTANCE FACTORS 

Rating Camps Villages Roads  

Camps 1 3 6  

Villages 0.333333333 1 4  

Roads 0.166666667 0.25 1  

     

Sum 1.5 4.25 11  

     

Wt Derivation Camps Villages Roads Average 

Camps 0.666666667 0.705882353 0.545454545 0.639334522 

Villages 0.222222222 0.235294118 0.363636364 0.273717568 

Roads 0.111111111 0.058823529 0.090909091 0.08694791 

Lamda 3.078728461    

IC % 3.936423054  Final Wt  

  Camps 0.64  

  Villages 0.27  

  Roads 0.09  

 
Derivation of Response Distance Equation and generation of final map 

The final map (Fig 19) was generated using the weights derived in Table 25 and 

Equation IV. The corresponding area statistics for the Response Distance map is 

tabulated in Table 26. 
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Equation IV Response Distance 

Response Distance =  (Camp x 0.64) + (Roads x 0.09) + (Villages x 0.27)

Figure 19. Response Distance Risk Map 
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Table 26. Area Statement- Response Distance 

Value Total Area (km2)
1 1.520897 
2 2.940731 
3 6.090765 
4 7.702231 
5 13.91283 
6 25.75142 
7 45.29278 
8 52.75092 
9 35.36609 
10 6.03057 

Total Area 197.3592 
 

 

3. Total Response Risk Map- The total Response Risk Map was generated 

using the Raster Calculation Function in ArcGIS by combining the constituent 

components of Response Resistance Map and the Response Distance Map, both 

having been given equal weights.  

 

4.2.3.5 Tiger Preybase Intensity Sub-model  

Layout of the Tiger Preybase model and habitat suitability model of Chital 

An entire suite of entities have been used to determine the fire risk by 

combining their locations with the probability of burning of   locations 

(Despain,2000). In this study, the forest department preybase distribution maps 

(wildlife distribution maps prepared by forest dept. for management purpose) 

were digitized and used for the purpose.  Preybase habitat suitability maps were 

generated in order to refine the already existing maps. The feeding behavior of 

barking deer has been studied in Binsar Wildlife Sanctuary (Ilyas, 2003). 

Apriori knowledge base and existing spatial data were together combined with 

current knowledge in GIS to arrive at the preybase sub-model. The layout of the 

sub-model has been outlined in Fig 20. The final Habitat Suitability map 

generated was compared with the Occurrence Index map made with from expert 

opinion and field-based studies (Fig 21). 
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Figure 20.  Layout of Preybase Suitability Sub-model 

Various habitat characteristics of chital are forest type, density, elevation, slope, 

proximity to villages and water availability. These parameters were ranked with 

respect to the study area, based upon which a habitat suitability map was 

generated.  

Table 27.  Habitat Suitability indices for Chital 

Suitability Parameters Suitability 
Class 

Forest/Veg 
Type 

Forest 
Density

Elevation Slope Dist. 
From 
villages 

Dist. 
From 
water 

High Grasslands, 
riparian areas, 
river bed , Khair 
sisso islands 
(10) 

<40% 
(low) 
(10) 

300-400m
(10) 

0-5o 

(10) 
750m and 
beyond 
(10) 

0- 250m 
(10) 

Moderate Sal, moist mixed, 
shrubs,  
(6) 

<40% 
low 
(6) 

400-600m 5-20o 

(6) 
500 –750 
(6) 

250-500m 
(6) 

Low Mixed Sal, dry 
mixed, 
plantations, 
plantations old 
(3) 

40-70%
medium
(6) 

600-900m 20-30o

(3) 
250 – 500 
(3) 

500-750m 
(6) 

Very low Habitations/Agr
iculture 
(1) 

>70% 
High 

900-
1320m 

30-60o

(1) 
>250 
(1) 

750-1000m
(10) 

Note: Numbers in brackets e.g, (10) indicate the suitability index for the Chital 
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Table 28. Habitat Suitability indices-road 
 

Suitability 
Class 

Metalled Unmettalled Others (Packtrack, Cart 
Track Footpath) 

Index 

High 
Suitability 

<100 <75 <50 10 

Moderate 100-250 75-150 50-75 6 
Low 250-450 150- 200 75-100 3 
Low >450 >200 >100 1 

 
Statistical Analysis for habitat suitability 

 Pair wise statistics (Table 29) was applied to the indexed parameters for 

derivation of the suitability equation and final suitability map was generated 

(Fig 34) 

 

(Forest Type x 0.39) +  (Forest Density x 0.12) + (Slope x 0.09)   
Chital Suitability Map =      + (Elevation x 0.06) + (Distance from Road x 0.04)   
               +(Distance from Village x 0.03) + (Distance from water x 0.27) 

Equation V- Chital Suitability Map 
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Table 29. Pair wise statistics for Chital 
        
         

Rating Forest_Type 
Distance From 
Water Forest Density Slope Elevation 

Distance 
Form Road 

Distance 
Form 
Village  

Forest_Type 1 2 4 6 7 8 8  
Distance From Water 0.5 1 3 4 6 6 8  
Forest Density 0.25 0.333333333 1 1 2 4 6  
Slope 0.166666667 0.25 1 1 2 3 4  
Elevation 0.142857143 0.166666667 0.5 0.5 1 2 3  
Distance Form Road 0.125 0.25 0.25 0.333333333 0.5 1 2  
Distance From Village 0.125 0.125 0.166666667 0.25 0.333333333 0.5 1  

2.30952381 4.125 9.916666667 13.08333333 18.83333333 24.5 32  

Wt Derivation Forest_Type 
Distance From 
Water Forest Density Slope Elevation 

Distance 
Form Road 

Distance 
Form 
Village Average 

Forest_Type 0.432989691 0.484848485 0.403361345 0.458598726 0.371681416 0.326530612 0.25 0.389716 
Distance From Water 0.216494845 0.242424242 0.302521008 0.305732484 0.318584071 0.244897959 0.25 0.268665 
Forest Density 0.108247423 0.080808081 0.100840336 0.076433121 0.10619469 0.163265306 0.1875 0.117613 
Slope 0.072164948 0.060606061 0.100840336 0.076433121 0.10619469 0.12244898 0.125 0.094813 
Elevation 0.06185567 0.04040404 0.050420168 0.038216561 0.053097345 0.081632653 0.09375 0.059911 
Distance Form Road 0.054123711 0.060606061 0.025210084 0.025477707 0.026548673 0.040816327 0.0625 0.042183 
Distance Form Village 0.054123711 0.03030303 0.016806723 0.01910828 0.017699115 0.020408163 0.03125 0.0271 
   Final Wt      

lamda 7.44409828 
Distance From 
Road 0.04 

Forest_ 
Type 0.39    

IC % 7.401637997 
Distance From 
Water 0.27 Density 0.12    

  Distance -Village 0.03 Elevation 0.06    
    Slope 0.09    
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Habitat Suitability model of Sambar 

Similar to the Chital habitat suitability model, a model was developed for Sambar 

ranking of parameters (Table 30-31), statistical analysis (Table 32), derivation of 

equation (Equation VI), comparison with the Occurrence Index map (Fig 22) and 

subsequent final map generation (Fig 34) 

 

Table 30. Habitat Suitability Indices for Sambar 

 
Suitability Parameters Suitability 

Class Forest/Veg 
Type 

Forest 
Density 

Eleva-
tion 

Slope Dist. From 
villages 

Dist. 
From 
water 

High Mixed sal, moist 
mixed, riparian,  

>70% 
High 
(10) 

600-
900 
(10) 

30-60o 1000m and 
beyond 
(10) 

0- 500m 
(10) 

Moderate Sal, Dry mixed, 
grasslands, 
Plantations old,  
Khair sisso islands 
River bed 
River(streams) 

40 -70% 
Medium 
(6) 

400-
600m 
600-
900 
(6) 

20-30o 500-1000m 
(10) 

500-
1000m 
(6) 

Low  shrubs, Degraded 
Forest, Plantations,  

>40% 
Low 
(3) 

900-
1200 
(3) 

5-20o 250-500 
(10) 
 

1000-
1500m 
(3) 

Very low Habitations/Agri. <40% 
(1) 

300-
400m 
 and 
above 
1200 
(1) 

0-3o <250 m 
(10) 

>1500 
(1) 

Note: Numbers in brackets e.g, (10) indicate the suitability index for the Chital 
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Table 31. Habitat Suitability indices-road 
 

Suitability 
Class 

Metalled Unmetaled Others(Packtrack, Cart Track 
Footpath) 

Index

High Suitability <250 <150 <100 10 

Moderate 250-600 150-300 100-200 6 

Low 600-1000 300-600 200- 300 3 

Low >1000 >600 >300 1 

 

 

 

 
Sambar Suitability = (Forest Type x 0.39) + (Distance from water x  0.27) +   

(Forest Density  x  0.12) + (slope  x 0.09) + (elevation  x 0.06) +  
(Distance from Road  x 0.04)   + (Distance from  Village  x  0.03) 

Equation VI Sambar Suitability Map 



Fire Risk Assessment for Tiger Prey-base in Chilla Range and vicinity, Rajaji National Park  
using Remote Sensing and GIS  

 

74 

Table 32. Pair wise statistics for Sambar 

PAIR STATISTICS FOR SAMBAR 

Rating Forest Type 

Distance From 

Water 

Forest 

Density Slope Elevation 

Distance Form 

Road 

Distance Form 

Village 

Forest Type 1 2 4 6 7 8 9 

Distance From 

Water 0.5 1 3 4 6 7 9 

Forest Density 0.25 0.333333333 1 1 2 5 6 

Slope 0.166666667 0.25 1 1 2 3 4 

Elevation 0.142857143 0.166666667 0.5 0.5 1 2 3 

Distance Form 

Road 0.125 0.2 0.2 0.333333333 0.5 1 2 

Distance From 

Village 0.111111111 0.111111111 0.166666667 0.25 

0.33333333

3 0.5 1 

SUM 2.295634921 4.061111111 9.866666667 13.08333333 18.8333333 26.5 34 
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Wt Derivation Forest Type 

Distance From 

Water 

Forest 

Density Slope Elevation 

Distance Form 

Road 

Distance 

Form Village Average 

Forest Type 0.435609334 0.49247606 0.405405405 0.458598726 

0.37168141

6 0.301886792 0.264705882 0.390052 

Distance From 

Water 0.217804667 0.24623803 0.304054054 0.305732484 

0.31858407

1 0.264150943 0.264705882 0.274467 

Forest Density 0.108902334 0.082079343 0.101351351 0.076433121 0.10619469 0.188679245 0.176470588 0.120016 

Slope 0.072601556 0.061559508 0.101351351 0.076433121 0.10619469 0.113207547 0.117647059 0.092714 

Elevation 0.062229905 0.041039672 0.050675676 0.038216561 

0.05309734

5 0.075471698 0.088235294 0.058424 

Distance Form 

Road 0.054451167 0.049247606 0.02027027 0.025477707 

0.02654867

3 0.037735849 0.058823529 0.038936 

Distance Form 

Village 0.048401037 0.027359781 0.016891892 0.01910828 

0.01769911

5 0.018867925 0.029411765 0.025391 

lamda 7.402652617 Final Wt   

IC % 6.710876944 Forest Type 0.39 Elevation 0.06   

  Forest Density 0.12 Distance form road 0.04   

  Slope 0.09 Distance form village 0.03   
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A set of Chital and Sambar Suitability Maps (Fig 21and Fig 22) were also prepared 

based upon observations shared by forest guards/ personnel. Occurrence Index based 

on subjective judgment was the main information attribute for the maps. These maps 

were used as a yardstick for comparison of the results achieved using Suitability 

Equations.  Similar to previous observations, the current study also substantiates that 

the suitability derived from the species parameters does not always fully coincide with 

the field situation. A possible reason for this maybe due to the presence of other 

habitat factors or biotic factors which influence the distribution of species.  

 

 
 
 

Figure 21.Occurrence Index Map of Chital 
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4.2.4 Fire Risk Zonation Model- Integration in GIS 
The final fire risk model was developed by integrating the sub-models- fuel risk, biotic 

risk, detection risk and response risk in GIS domain. Fig 23 shows the layout of the 

model. The various sub-models developed were ranked according to relative 

importance and Pair wise Statistics (Table 35) was carried out to calculate weights and 

applied in the equation to arrive at the final map of the Fire Risk zonation model. The 

sub-models were integrated and run as a model using specific model parameters 

(Equation VII) in Arc GIS raster calculation mode.. To arrive at fire risk to chital and 

sambar (tiger prey-base fire risk), the habitat suitability models were combined with 

the fire risk zonation map.  

Figure 22.Occurrence Index Map of Sambar 
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Table 33 Pair wise statistics for Fire Risk Zonation 

Pairwise Statistics for  Fire Risk Model 
       
       
 Rating Fuel Biotic Detection_risk Response Risk  
 Fuel 1 5 7 9  
 Biotic 0.2 1 4 3  
 dect_risk 0.142857143 0.25 1 2  
 response 0.111111111 0.333333333 0.5 1  
 sum 1.453968254 6.583333333 12.5 15  
       
       
 wt derivation Fuel Biotic Det_risk response average 
 Fuel 0.687772926 0.759493671 0.56 0.6 0.651817
 Biotic 0.137554585 0.151898734 0.32 0.2 0.202363
 Det_risk 0.098253275 0.037974684 0.08 0.133333333 0.08739
 response 0.076419214 0.050632911 0.04 0.066666667 0.05843
       
       
lamda 4.248770478   Final Weight   
IC % 8.292349253  Fuel Risk 0.65   
   Biotic Risk 0.20   
   Detection_risk 0.09   
  Response Risk 0.06   
     
     
     
     
       
 

Fire Risk Zonation Model=  (Fuel Risk x 0.65) + (Biotic Risk x 0.20) +  
          (Detection Risk x 0.09) + (Response Risk x 0.06) 

Equation VII Fire Risk Zonation Model 
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Figure 24.  Infrastructure for Accumulated Forest Fire Risk forTiger Preybase to develop 
Framework for Fire Management Plan 

Fuel Risk  
Sub-model
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Sub-model 
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Tiger Preybase 
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Layout- Fire Risk Model for Tiger Preybase

Biotic Risk 
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 Suitability Sub-model
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Figure 23. Fire Risk Model for Tiger Preybase 
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Fig 24 shows the layout for the Fire Management Plan for the area. GIS based fire 
management plan is an important aspect of this study, the framework for which has 
been outlined in Chapter 6. 

 4.2.5  Model Validation 
1. Intervalidation 
Literally a validation may mean a time tested model, principally on a different 
geomorphologic area. In this case, a couple of selected burnt areas, which are 
independent entities with representative characteristics of ecosystems, were 
considered. In this case the representative areas visited were the Motichur Range, RNP 
and Dhaulkhand Range, RNP. The fire history of the ranges chosen was also taken 
into consideration. The final fire risk maps were validated against the previous history 
of fire occurrence, expert opinion and present ground conditions. 
 
2. Intra Validation 
For intra validation i.e. to check relative accuracy of different sub-models with respect 
to final model of risk. “Cross” algorithm overlays two raster maps and assigns to each 
occurring combination of two pixels values a unique output value. Cross calculates 
and displays cross table. In the cross table, for all occurring combinations of pixel 
values of the input maps, a frequency (i.e. pixel count) is assigned a unique value that 
corresponds to the pixel values in the output map. The program performs different 
types of aggregation functions on the pixel values listed in the table. 
 
The success Definition of the model might be: 
Assessment of the Risk factor, which is in agreement with the actual field reality 
thus helping in development of a Management Strategy and applicability of the model 
in representative ecosystems. 
4.2.5.1 Accumulated Forest Fire Risk for Tiger Preybase and Fire Management 
Plan- The various sub-models will be combined and weights will be assigned and 
spatial merging will be done in ILWIS. The Accumulated Fire Risk Model will thus 
help in prioritization of fire risk areas (Figure 8).  
Finally through integration of model an Accumulated Forest Fire Risk Zone Map will 
be prepared which may serve as an important input in strengthening the Fire 
Management Plan of the state forest department. Such resource data can be used to 
estimate and portray wildlife hazards and risks in sufficient spatial details to be useful 
as a strategic planning and communications tool for decision makers (Sampson et al., 
2000). 
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5.Results and Discussion 
 
 
The results obtained from the study are discussed in detail in the forthcoming paragraphs of 

this chapter. The results of each of the sub-models and the final fire risk zonation map as well 

as the maps depicting fire risk to tiger preybase have been presented along with the area 

statistics for each. 

 
5.1 Fuel Risk Sub-model 
 
An available satellite data of IRS P6 LISS III March 2004 was used for preparing the Forest 

Cover and Crown density map. These maps are one of the important components in arriving 

at fuel risk. Based on field reconnaissance in the initial stages an interpretation key was 

prepared. The satellite imagery pertaining to the study area was re-sampled at 23.5 meter 

pixel size.  The visually interpreted maps of forest type and density were used for the study 

due to misclassification by digital classification (Appendix). The area wise statistics for 

different cover types is tabulated in Table 34, areas under different density classes is shown in 

Table 35. 

 
Table 34. Area statement for forest cover types 

 
 
       

Object 
ID 

Cover type Total Area 
(km2) 

0 River 8.152315
1 Khair-Sisoo 1.832366
2 Agriculture 0.986871
3 Degraded 

Forest 
7.140593

4 Mixed Sal 73.3631
5 River Bed 11.21509
6 Grassland 4.493106
7 Dry Mixed 62.80518

Object ID Cover type Total area 
(km2) 

8 Moist Mixed 10.35358
9 Riverine 1.285086
10 Scrub 6.382353
11 Sal 3.431682
12 Plantations 4.881338
13 Plantations(old) 0.758239
14 Habitation 0.284961
 Total Area 197.3659
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Table 35.Area statement for density classes 
  

Object ID Density Area (km2 

1 Low 58.30103
2 Moderate 71.42194
3 High 42.25762
4 Non Forest 25.38528

 Total Area 197.3659
  
 
Maximal area amongst various forest cover types was found to be in the Mixed Sal and Dry 

Mixed categories. Very less area (3.43 km2) has been found to have pure Sal regions since it 

is concentrated in the undisturbed valley flats which exist only in a small area of the Ghori 

range. Most of the forests (71.4 km2) of the region has been found to be moderately dense 

(40-70%) which can be mainly attributed to the edaphic and terrain factors. 

 

The area under moderate to very high fuel risk covers approximately 100 km2 of the region. 

One of the main reasons for this can be due to the high area under dry mixed forest type, 

which causes a high fuel load in the region. Fuel load is a significant factor in its contribution 

to the fuel risk zones. A spatial visual analysis between the forest cover type map and the Fuel 

Risk map also supports the reasoning that areas under Dry Mixed zones correspond to High 

Fuel Risk zones.  
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As a result of combination of forest cover type and crown density map the fuel risk map was 

generated (Fig 25), the area estimates of various fuel types are as given in Table 36.  

 
 

 
Table 36. Area statement of total Fuel Risk 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Object ID Class Area 
(km2) 

0 Unclassified 1.1125 
1 Very Low 28.2825 
2 Low 68.9825 
3 Moderate 59.6525 
4 High 31.785 
5 Very High 7.2875 
 Total Area (km2) 197.1025 

Figure 25. Fuel Risk Map 



Fire Risk Assessment for Tiger Prey-base in Chilla Range and vicinity, Rajaji National Park  
using Remote Sensing and GIS  

 

84 

5.2 Detection Risk Sub-model  
 
In order to arrive at the Detection Risk Map visual analysis was done for villages, fire camps, 

roads and fire lines. The respective viewshed maps were prepared, the DEM which included 

tree heights of cover types was used. It was observed that there was significant difference 

between the view sheds generated from the normal DEM and the ones, which were generated 

using the DEM with tree heights (DSM). It was evident that the view/ visibility gets 

significantly reduced due to obstructions from forest cover types. As a result of combination 

of all the four viewsheds, using equal weightage, a final map was generated which displays 

four levels of visibility as a result of combination of four viewshed analysis maps.(Fig 26). 

Detection risk corresponds to the risk generated due to early or late detection of the fire. If the 

fire is detected early there are better chances of combating it. Detection on the other hand has 

a direct correlation to visibility, which was addressed by viewshed analysis spatially. The 

corresponding area statements are shown in Table 37. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 26. Final Detection Risk Sub-model Map (Viewshed) 
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Table 37. Area statement for detection risk sub-model 

 
Object ID Detection Risk Total Area (km2) 

0 Very High  38.08206 
1 High  1.658407 
2 Moderate  20.06159 
3 Low  52.7454 
4 Very Low  84.87806 

 Total Area 197.4255 
 
 
Due to an extensive road network and large number of surrounding villages/ habitations 

visibility of most of the area is high. This high visibility corresponds to low detection risk. 

Maximum area, approximately 137 km2 of the total area has low to very low detection risk. 

Very high risk areas have zero visibility and are the areas which need to be concentrated on to 

address the risk 

 
5.3 Biotic Risk Sub-model 
 
In the study area, the villages/settlements from inside the Chilla Range have all been 

evacuated. But there are some villages in the Ghori Range and on the periphery. As a result of 

generating indexed maps of roads and villages and their logical combination, a Biotic Risk 

Map was generated (Fig 27).The area statement of various biotic risk classes is as given in 

Table 38. During the (Rawat 2003) study, the villages, which have been evacuated, were still 

in the Range and the results of that study indicate significantly high risk as compared to the 

one observed during this study. 

 

Table 38.  Area statement of various biotic risk classes 
 

Object ID Biotic Risk Total Area (km2) 
1 Very Low 123.52 
2 Low 59.79 
3 Moderate 9.32 
4 High 4.29 
5 Very High 0.48 
 Total Area 197.42 
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5.2  
 

The biotic risk zones are concentrated mainly in areas adjoining roads. The remaining area 

falls under very low biotic risk. High and very high risk zones are in concentrated patches in 

the region.  

 

5.4 Response Risk Sub-model 
The response risk was arrived at by generating two sub maps. One pertaining to the Response 

Resistance Risk Map considering factors namely forest type, density, Lantana infestation, 

slope and elevation where by the factors which would resist movement of fire control patrol 

have been considered and the other is the Response Distance Map considering roads, villages 

Figure 27. Biotic Risk Map 



Fire Risk Assessment for Tiger Prey-base in Chilla Range and vicinity, Rajaji National Park  
using Remote Sensing and GIS  

 

87 

and Forest Camps which would weigh the risk in terms of distance from the head quarters and 

forest camps. Both these maps were combined using the Raster Calculation facility in Arc 

GIS resulting into a Fire Response Risk Map (Fig 28 and Table 39).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       
 
 

  

Figure 28. Response Risk Map 
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  Table 39. Area Statement Response Risk 
 

Ranking Total Area (km2) 
Very Low 0.946557 
Low 26.03196 
Moderate 89.91348 
High 75.10158 
Very High 4.105979 
Total Area 196.0996 

 
  
 
Majority of the area falls under moderate to high response risk. These areas are evenly spread 

out across the entire region. This can be attributed to rugged terrain, high elevations and 

undulating topography due to which the response time towards fire may be enhanced. Low to 

very low risk occupy the dry river bed regions in the area and constitute about 35 km2  of the 

total area. 
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5.5 Tiger Prey-base Suitability Sub-model 
 
Since the distribution of preybase governs the distribution of tigers, this is one of the 

important and undeniable component sub-model. The indexed component maps namely forest 

type, density, elevation, slope, drainage, roads and habitations were ranked based on 

experience, field observations and expert opinion and then combined using calculated weights 

derived from pairwise statistics into Chital Habitat Suitability Map (Fig 29 and Table 40) and 

Sambar Habitat Suitability Maps (Fig 30 and Table 41) using the raster calculation facility in 

Arc GIS. A third prey species, the barking deer, which is secondary to the requirements of the 

tiger, was also intended to be studied for habitat suitability. Due to time constraint and lack of 

field data about the species, it could not be attempted. 

 

Based on the field observations and experience of the field staff at the grass root level (Beat 

Guards) Occurrence Index Maps were developed for chital and sambar (Fig 21 and Fig 22) 

which were compared against suitability maps developed by the model. A Beat Guard usually 

has around 10-15 compartments under his jurisdiction and knows the area thoroughly.  

 
 

The area statement for the region shows that about 39 km2 area falls under high to very high 

suitability zones. These regions have generally flat topography and are situated around rivers 

and drainage channels. Open canopied areas are the preference of the chital habitat. The 

habitat suitability map also corresponds to the above response risk map where similar areas 

correspond to high suitability and low risk. 

 
 Habitat suitability map of sambar shows approximately 100km2 area under high suitability 

category. The sambar generally prefers areas with undulating terrain, moderate to high canopy 

cover and low biotic disturbance. These characteristics are evident in the final suitability map. 

A comparison of the habitat suitability maps of the chital and sambar shows that their 

respective habitats do not have a complete spatial overlap due to their characteristic habitat 

preferences. 
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Figure 29. Chital Habitat Suitability Map 
 
 
 
 
 

Table 40. Area Statement Chital Habitat Suitability 
Class Total Area (km2) 

Very Low 3.058 
Low 86.277 

Moderate 72.494 
High 12.466 

Very High 23.071 
Total Area 197.365 
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Table 41. Area Statement Sambar Habitat Suitability 

Class Total Area (km2) 
Very Low 18.867 

Low 12.257 
Moderate 68.053 

High 77.470 
Very High 19.452 
Total Area 196.099 

Figure 30. Sambar Habitat Suitability Map 
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5.6 Fire Risk Zonation for the Study area 
 

Fire risk zonation was achieved in two phases for the entire study area. Zonation was done 

taking into consideration wildlife habitat suitability aspects as well as without the preybase 

habitat component. 

The basis behind considering tiger preybase suitability in arriving at the fire risk was on 

account of the following: 

a. The area is a habitat of tiger which is a Schedule I Animal as per the Wildlife 

(Protection) Act, 1972(Revised 1991) and the main objective of the Government is to 

manage these areas as tiger habitats. It is thus very important to ascertain fire risk to 

the tiger preybase. 

 
b. All the potential chital (spotted deer) and Sambar (sambar deer) habitats are drastically 

and severely affected during fires. Even minor fires would have a profound damaging 

effect on the habitat and the species. The risk regimes in the Fire Risk Zone Map 

would get significantly altered, when the risk takes into consideration potential chital 

habitats as derived by this study. 

 

Consequently the model was run in two parts 

 
a. The Fire Risk Zonation Model 

The resultant map was generated as a combination of all Sub-models developed 

namely, Fuel Risk, Fire Detection Risk, Biotic Risk, and Response Risk were 

combined using ranking and using pair wise statistics to generate a Fire Risk Map 

(Fig31). The area statement pertaining the fire risk area is as given in Table 42. The 

high fire risk zones cover about 45 km2 (approx. one fourth) of the total area. The key 

focus should be concentrated on the effective management of these areas. Moderately 

risky zones cover maximum area of about 75 km2. 
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      Table 42.   Area Statement for Fire Risk 
 

Class Area in km2 
Very Low 28.19 

Low 45.98 
Moderate 75.48 

High 41.90 
Very High 4.54 
Total Area 196.10 

 
 

 

 

Figure 31. Fire Risk Zonation Map 
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b. Fire Risk Model for Tiger Preybase 

The Chital and Sambar Habitat Suitability Maps were separately combined with the 

Fire Risk Map generating Fire Risk Map for each respectively (Fig 32 and Fig 33). 

The Risk Zonation was done in ten classes. The results were not combined again into 

groups indicating suitability criteria that might lead to subjectivity.  The resultant map 

thus was possible to indicate areas where the risk increased due to suitability of 

habitats. Thus these areas would be the most vulnerable and would need priority 

management not only in fighting fires but also in preventing them. The areas of very 

high to high fire risk for chital comprises of about 15 km2. The priority areas for 

sambar is far more than that of the chital and constitute about 97km2 of the area.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 32. Fire Risk Zonation for Chital 
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     Table 43. Area Statement Fire Risk for Chital 
 

Class Area (km2) 
Very Low 1.391 

Low 35.896 

Moderate 142.697 

High 11.782 

Very High 4.333 

Total Area 196.099 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 33. Fire Risk Zonation for Sambar 
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Table 44. Area Statement Fire Risk for Sambar  
 

CLASS Area (km2) 
Very Low 18.867 

Low 12.257 
Moderate 68.053 

High 77.470 
Very High 19.452 
Total Area 196.099 

 
5.6.1 Infrastructure for Fire Risk to Tiger Preybase 

 

The Fire Risk Zonation Map of the study area would thus serve as a management 

input into the decision making process of the Uttranchal Forest Department and the 

Project Tiger Government of India. The results and various deliverables of the study 

may form a part of the forth coming Management Plan of the National Park. 

 

The framework for the Fire Management Plan is one of the final deliverables, which 

will serve as an outline for prescribing various management interventions for better 

management of the rapidly dwindling population of the highly endangered tiger. 

 

Validation of Models 

During the first fieldwork component, GPS locations pertaining to areas subjected to 

heavy fire risk and occurrence both were recorded. Past fire history was thoroughly 

analyzed.  Various parameters of the area were assessed using existing maps, field 

observations and field expert’s opinion. Apart from this fire data of the forest 

department for Motichur and Dhaulkhand Range was analyzed from records obtained 

during the second visit. This was intended to gain information for validation of model 

in representative ecosystems. Based on this the models were validated in two ways. 

The main constraints pertaining to the validation of the models were as follows: 

• Unavailability of any previous fire occurrence/ risk map prepared by the 

department that could be used to validate the resultant models. 

• The conduction of the present fieldwork in non-fire season due to which the areas 

of recent fire occurrences could not be mapped. 

• Unavailability of any fire related digital database with the forest department. 
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In view of the above constraints, the validation of the models was done based solely 

on past fire records, field expert opinion and assessment of the field situation. 

 

1. Intra-validation 

After generating the final outputs of the Sub-models, as indicated earlier they 

were combined using weights. First the sub-models were given equal 

weightage, but most of the risk categories did not coincide with the known 

ground reality. Results with various weights of the sub-model were altered and 

were compared with the resultant model of this study. The resultant model 

proved to be the most appropriate when compared with other variations and 

ground reality.  

The resultant fire risk models were crosschecked against past fire records, 

expert opinion and fieldwork. The different categories of fire risk enumerated 

in the resultant maps from the current models were validated against the 

above-mentioned sources.  

 

2. Inter-validation 

The Motichur and Dhaulkhand Ranges of the Motichur and Rajaji Sanctuary 

respectively are representative ecosystems of Chilla. Some of the areas, which 

are highly prone to forest fires, as per records, were observed in the field and 

the parameters were recorded through available maps and discussions with 

field staff. The parameters of these areas were compared with those used for 

generating the final Fire Risk and Preybase Model. It was seen that sufficient 

coincidence between the models and the ground observations were present. A 

presentation was made before some officials of the area during the fieldwork. 

Their opinion supported the validity of the model. 
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6. Conclusions  and Recommendations 

6.1 Conclusions 
 
The following research questions were answered as a result of the current research. 

 

 What is the status of the tiger preybase in the terms of area, location, vegetation 

distribution, topography and terrain characteristics? 

The following maps were prepared to ascertain the status of tiger preybase habitat in the 

area: 

- Habitat Suitability map of Chital 

- Habitat Suitability map of Sambar 

- Occurrence Index maps of Chital and Sambar 

 Can a model be built to assess fire hazards in a reasonably accurate manner? 

The following sub-models were built to assess fire hazards to the tiger preybase 

- Fuel Risk Sub-model 

- Detection Risk Sub-model 

- Biotic Risk Sub-model 

- Response Risk Sub-model 

All the above-mentioned sub-models were combined to generate the Fire Risk Zonation 

model. 

 Using these models, is it possible to estimate accumulated risk to habitat of tiger 

preybase? 

The fire risk zonation model was combined with the respective habitat suitability maps of 

Chital and Sambar to arrive at the respective Fire Risk maps for the two species. 

 

 Is fire risk zonation map and model useful to address fire management issues? 

The utility of the fire risk zonation map can be ascertained in its subsequent use at 

developing the framework for the Fire Management Plan. 
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Based upon the above maps and analysis the following conclusions were drawn out: 

 
1. As, intended the study could realistically assess Fire Risk to the major Tiger 

Prey species. 

2. The study achieved all the objectives and answered the research questions. 

3. The study could mobilize opinions of the planners and executives in favor of 

use of modern tools and technology in addressing management concern. 

4. Use of pair wise statistics in calculating weights reduces the biases likely to be 

introduced due to assignment of weights. 

5. The study could come out with deliverables for the Uttranchal Forest 

Department in terms of spatial data and fire management information. 

6. Ecological Species Specific Attributes can be combined with Fire Risk to 

certain accumulated risk. 

7. The study also indicates the need of weighing fire risks vis a vis need of 

prescribed fires. Fires should be seen more as a management tool for managing 

habitats, though the occurrence of forest fires remains undesirable. Prescribed 

fires need to be handled with utmost care if the burn is being carried out in 

high-risk areas. 

8. The study gives an insight to the department to manage not fires but factors 

leading to fire e.g. managing fuel through controlled burns. 

 
6.2 Recommendations and the Framework for Fire 
 Management Plan 
 

1. Assessment of current Fire Management strategy 
Following are some of the recommendations as a result of assessment of current fire 
management strategy.   

a. There is a need to re-look into the strategy for maintaining the fire lines. The 
fire lines are required to be maintained on a regular basis to lkeep the 
incinerating material as low as possible. 

b. Fire burns in potential habitats would reduce the risk for the preybase. 
Prescribed fires contribute to the reduction in the conversion of grasslands to 
woodland and as provides fodder during the pinch season. Since the fuel load 
is considerably reduced after prescribed fires, a lower fire risk is prevalent in 
the area. 
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c. Keeping in view the Fire Risk Maps generated by this study and combining it 
with other managerial factors will be useful in pre planning the Counter Fire 
Strategy. 

d. Fire has evolved with the ecosystem hence it should not always be taken as an 
adversity. There have been very few studies on effects of fire on ecosystems 
and forest composition to be specific. Especially the natural regeneration issues 
and fire hardening of species in fire prone areas. If the area is frequented with 
fire hardy species then the risk of fire will obviously reduce. 

 
2. Assessment Infrastructure available  

a. The study has done a View shed Analysis of the study area. It was found that 
the visibility of any area from the forest camps is significantly low and 
therefore detection of fire may be difficult. High rise pedestals and 
establishment of additional camps is therefore required for early detection of 
fire. 

b. There seems to be a dearth of some equipment, which is a manageable 
constraint. 

 

6.3 Fire Plan Framework 
The most accurate fire management plans can be drawn out by the Park Manager, 

however, the findings of the current study are used to propose a framework of a Fire 

Management Plan to facilitate the process of development of the Plan. Some of the 

major issues are discussed in the following sub sections. 

  

6.3.1 Issues Identified for Fire Management Plan 
 

1. Identification of the major causes of occurrence of fires and subsequent mitigation 

strategies. 

2. Preliminary Planning 

• Review of park problems (Fire Related) 

• Review of formal requirements (Cooperative basis for fire detection and 

combating in consultation with other government departments and local 

population.) 

• Review of monitoring plan- current monitoring practices need to be thoroughly 

reviewed in view of the findings of this study in order to make useful 

amendments. 
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3. Identification of fire planning requirements- Appropriate answers need to be 
drawn out to the key questions stated below with respect to the purpose of burning. 

• Are you planning ecological management burn? 

• Are you planning for hazard reduction burn? 

• Are you planning for control of forest fires? 

• Are you planning for research burn? 

• Are you planning for training burn? 
 
4. Components of Fire Management Plan  

• Generation of Fire Risk Map by adopting a sound scientific methodology, eg., 
the sub-modeling strategy of the current study, over a specific period of time 
so that the Management is regularly apprised of the current status of the area. 

• Fire Management Units (Compartment/Block)- Maintenance of detailed 

textual history and descriptions of previous/ current fire incidents at the 

compartment level is identified as a potent need. 
 

5. Fire Unit Prescriptions and Checklist- Fire needs to be looked at as not only a 

hazard but also as an important management tool which can be judiciously used. 

• What is Fire Control and Prescription Checklist? 

• Who prepares and approves it? 

• Is there a standard format? If not develop? 

-Infrastructure (emphasis on modern tools)  

-Prevention and Control Execution 

-Human Resource Planning and Training 

6. Post Forest Fire Evaluation 

• Damage Assessment 

• Accountability Issues 

• Post Fire Ecological Status- 

-Burn Marks on existing Tree vegetation 

-Effect on Natural Regeneration 

-Assess needs for assisted regeneration  

-success ional changes in ground cover 

-Wild animal use monitoring 

-Vegetation studies in the most fire frequent areas for observation of 

ecological changes 
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7. Update of Digital Spatial Data and generating Updated Models 

• Conducting Survey for the next Fire Management Plan three months in 

advance.  It is recommended that Fire Management Plans be bi- annual and 

independent from the Management Plan of the National Park. The short term 

bi-annual issues can be addressed as along term issue in the Management Plan. 
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Appendix 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Area Statement for Digital Classification 

Object ID Class_name Area (km2) 
0 Unclassified 331.2014 
1  0 
2  0 
3  0 
4 AG 0.975826 
5 DF 40.06408 
6 PL 8.803417 
7 DM 77.06428 
8 MS 25.28477 
9 RIVER 1.491627 
10 RIVER BED 15.70323 
11 RN 10.25473 
12 S 3.584655 
13 SC 15.38734 
  529.8154 
  198.614 

Figure 34 Forest Cover Type -Supervised Classification 
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Figure 35. Forest Type Density- Supervised Classification 

Classified Forest Density 
 

Object ID Value Count Class_name Area sq km  
0 0 599731.0 Unclassified 331.2014448  
1 1 0.0  0  
2 2 0.0  0  
3 3 5104.0 NF 2.818684  
4 4 34139.0 NF1 18.85326275  
5 5 5323.0 NF2 2.93962675  
6 6 8535.0 NF3 4.71345375  
7 7 12178.0 M3 6.7253005  
8 8 8374.0 H1 4.6245415  
9 9 118597.0 H2 65.49519325  
10 10 36211.0 M1 19.99752475  
11 11 15073.0 M2 8.32406425  
12 12 0.0  0  
13 13 116111.0 L 64.12229975  
    529.815396 198.6139513 


