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Fire is among the most dangerous threats to the forest ecosystem. In India 90 percent forest fires are 
estimated to be man made. About 3.73million hectare forest area is affected by fires leading to a loss of 
Rs 440 crores annually. A fire risk model has been developed for Dholkhand Range of Rajaji National 
Park (India) by combining the weather data, fuel conditions and human activity within the area of study. 
The study integrates remote sensing data of IRS LISS III for generation of fuel map with GIS for 
generation of topographical gradients. The model requires as inputs as Normalized Difference 
Vegetation Index (NDVI) values for calculating the Relative Greenness, meteorological data for 
estimating the Dead Fuels Moisture Content, and a Fuel Map to estimate the fuel loads. Combining 
historic climate data with size, intensity, extent, and other characteristics of historic fires allows an 
assessment of the relationship between climate and fire. For this the Weather data for the last five years 
has been used along with fuel moisture to assess the relationship between moisture and the fire season. 
Human factor is important to consider for fire risk modeling and the values assigned to it are subjective 
in nature. Fire start locations have been correlated with these human parameters, such as the relationship 
between road buffers, human settlements and fires caused by humans in a particular area. The study 
shows that anthropogenic factors coupled with fire favourable microclimate contributes more to fire 
occurrence than natural climate also. The fire risk model so generated will be validated for the last five 
years including current fire year (2005). The model will help in developing appropriate forest fire 
control and management plan. 
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1-Introduction  

               Forest fires are strongly linked to weather and climate (Faannigan and 
Harrington, 1988). Topography is also one of the main factors influencing the fire behaviour. 
The impact of elevation, aspect and slope in fire behaviour has been widely reported (Brown 
and Davis 1973, Artsybashev 1983). Slope, aspect and elevation have a direct affect on the 
severity and extent of fire. While elevation and aspect are responsible for the quality of fuel 
biomass, slope has an important role in deciding the rate of fire spread. On a steep slope, 
flames are closer to the fuel, wind currents are normally uphill and convection heat rising 
along the slopes increases the rate of spread. The vast differences in the quantity of solar heat 
delivered to southern exposures compared to northern, causes differences in soil moisture and 
vegetation types. 

Climatic factor viz, temperature, relative humidity and rainfall in an area determine 
the amount of moisture contained in the air. The moisture contained in the air comes from 
evaporation from the ground, bodies of water and transpiration of plants. Below a relative 
humidity of 20 percent fires causes fine fuels to burn loudly and the danger from firebrands 
always present when the relative humidity exceeds 60 percent fires burn very spottily unless 
the fuel bed is at least 10cm deep and has dry leaves or needles in the lower bed of the fuel 
bed. 

Fire burns large areas in living fuels. While these fires are significant events, our 
ability to predict when fire will spread in these fuels limited. In the U.S., limited modeling of 
fire spread in live fuels has occurred (e.g., Albini 1976, Rothermel and Philpot 1973, Albini 
and Anderson 1982, Cohen 1986, Albini and Stocks 1986). 

Monitoring techniques based on multi-spectral satellite acquired data have 
demonstrated potential as a means to detect, identify, and map fire danger in vegetation. Fire 
danger estimation demands frequent monitoring of vegetation stress. Vegetation moisture is 
particularly difficult parameter to estimate as it accounts for little spectral variation with 
respect to other environmental factors (Cohen 1991). 
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Among the fire behavior factors affected by fuel moisture are the preheating and ignition of 
unburned fuels, rate of fire spread (or fire growth), rate of energy release, and production of 
smoke by burning and smoldering fuel. High moisture content increases the heat required to 
ignite a fuel, since some of this energy is used to evaporate water (Chuvieco and others, 
2002). Additionally, moisture content has also been directly related to the energy required to 
ignite a fuel, and its role is critical for converting a surface fire into a crown fire (Chuvieco 
and others, 2002).  
 
This study of forest fire risk zonation has been carried out with the following objectives: 

1. Identification of forest fire risk prone areas 
2. Finding out relationship between fire and climate. 

 
2-Study Area 
 
 

DHOLKHAND RANGE 

LOCATION OF STUDY AREA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1: Location of the study area 
 

 
The study area lies in the Dhaulkhand range of Rajaji National Park, where frequent 

occurrences of forest fire have been reported during the previous years.  The area lies between 
77055’35” - 78004’42”E longitude and 29059’45” - 30008’48”N latitude, covering an 
approximate area of 150 km2. Topography of the area is variable with altitude varying from 
320m-800m. In the submontane area, the ground is apparently flat but slopes gently towards 
southwest. Climate of the area is subtropical. The rainy season commences in late June and 
continues up to the middle of September with the heaviest rainfall recorded in August (range 
1200 – 1500mm). The temperature in the area varies from ~13.10C in January to ~400C in 
May and June. 

Vegetation in the region can be classed into two broad categories- the northern 
tropical dry deciduous forest and the sub-tropical forest (Champion and Seth, 1968). Among 
the tropical dry deciduous forests, main types are dry Siwalik sal (Shorea robusta) forest, 
while sub- tropical forest consists mainly of Chir-pine (Pinus roxburghii) forest. The main 
associates are Termenalia tomentosa, Anogeissus latifolia, Buchnania lanzen, Terminalia 
belerica, Bombax ceiba, Acacia catechu, Cassia fistula, Aegle marmelos, and Lagerstroemia 
parviflora.  
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3-Materials and Methods  
 3.1-Data used  
For the present study remote sensing data of satellite NOAA- AVHRR, IRS-1D LISS III FCC 
has been used.  
3.1.1-Collateral Data 
Administrative boundary map has been taken from Rajaji National Park management plan. 
The contour map has been generated using Survey Of India toposheets 53F/16,53J/4,53K/1. 
3.2- Field sampling 

Field sampling is the most direct method of estimating FMC, but implies problems to 
assure the spatial and temporal significance of the sample. Field measuring is commonly 
performed at noontime, when the FMC is lowest and therefore fire risk conditions are higher 
(Desbois and others, 1997, Chuvieco and others, 1999). Periodic sampling has been 
performed during the fire season, in order to monitor variations in risk conditions. The 
individual vegetation samples were stored in airtight containers and weighed before and after 
oven drying at 104ºC for 36 hours. The pre- and post-drying mass values were used to 
calculate the percentage moisture content for each sample. The simple average of all samples 
for a site represents the mean moisture content. Several measures of FMC have been proposed 
(Desbois and others, 1997), the most common being the ratio of water to dry weight: 

FMC=(Ww-Wd/Wd)*100     (1) 
Where, 

 Ww = wet weight and  
 Wd  = dry weight of the same sample.  

3.3 - Image Analysis  
The methodology adopted was digital method for the analysis of Remote Sensing data. IRS-
1D LISS III FCC was used for digital interpretation. Image was georeferenced in polyconic 
projection using ground control points and resample with 23.5m pixel size using nearest 
neighbourhood method. The unsupervised classification followed by hybrid method of 
classification was done to separate different land use and land cover classes. The basic themes 
generated for modeling the fire risk zone were: 

• Administrative boundaries – range / forest blocks (Fig 2.) 
• Forest road map 
• River, streams and water bodies 
• Contour map 
• Landuse/landcover map (Fig 3) 

The base map was prepared taking the common features like river, blank areas and scrub.  
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Fig 3: Landuse\Landcover map

 
 
 
 
 
 
 
 
 
 
 

 

 
Fig 2 : Administrative map Fig 4: Greenness index map 

Burgan and Hartford (1996) demonstrated use of the Normalized Difference 
Vegetation Index (NDVI) for monitoring live fuel moisture. NDVI measures chlorophyll 
absorption in the red portion of the spectrum relative to reflectance or radiance in near- 
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infrared.NDVI does not change directly in response to vegetation moisture, but rather in 
response to vegetation greenness. In order to do so, firstly, the Normalised Difference 
Vegetation index, Relative Greenness index (Burgan and Hartford, 1993). 

 
3.4 - The algorithm used is: 
 Normalized Difference Vegetation Index 

NDVI=NIR – R/ NIR + R      (2) 
Relative Greenness index 

RGRE = (100 * (NDVI – NDVImin)) /(NDVImax – NDVImin)  
 (3) 

NDVI values were scaled to range from a minimum of 100 by multiplying the standard 
fractional NDVI data values by 100, then adding 100.  This keeps NDVI within the range of 
binary byte data (0-255), making for efficient data compression.  Values were assigned to 
each of the maps depending on the vulnerability for fire on a scale of 1 to 10. The fuel 
moisture content classes and the dry weight were assigned values directly by dividing the 
actual fuel moisture percentage by 10. The relative greenness index was reclassified to four 
classes as shown in the fig 4. The moisture content index generated from the field data. Fuel 
classes were given weightages according to their burning capacity. Chirpine has higher risk to 
fire than others due the presence of flammable resin. Miscellaneous was given less weightage 
than chir pine. Sal mixed and pure sal has got the lesser weightages. The riverine was given 
least weightage (Table 1, 2). During analysis, vegetation was given the highest weightage 
because even though the fire environment may be favourable, forest fire cannot occur unless 
there is an inflammable material. Fine herbaceous fuel can be an important factor particularly 
at higher elevation in the study area. Scrub is included in the fuel bed, which also contains 
woody fuels and forest litter (Values in Table 2). A fuel bed with large amount of grass 
component may burn more easily than a fuel bed comprised only of forest fuels. In this 
model, bulk density of the fuel bed is considered as a function of species composition and 
grass content. Fuel bed bulk density increases with elevation as species composition shifts 
from sal to pine and scrub. Each class of forest type was rated as per the fuel material found in 
these classes. The presence of middle-level fuel, i.e. herbs and shrubs, which contributes to 
intensification of fire and thus enhanced the risk of fire, was also considered while deciding 
the ratings. 
 
 
Table 1: Classified table for generation of fuel index     Table 2: Other Land use Classes 

 
Class Index Values 
Plantation 3 
Scrub 4 
Agriculture 1 
Blank 1 
River 1 

Fuel Type Fuel Class Index Values 
High Density 2 Sal  
Medium Density 3 

Sal mixed Medium Density 4 
High Density 4 
Medium Density  

Miscellaneous  

Low Density 3 
Medium Density 7 Chirpine 
Low Density 6 

Chirpine+Scrub Low   
High Density  
Medium Density 3 

Riverine  

Low Density 2 
 

The various weightages are summarized in the table1. The RGRE index map, 
Vegetation index map and moisture index, fuel load map were overlaid to derive fuel index 
map (fig. 5). The Digital Elevation Model (DEM) was generated from the contours and from 
DEM aspect and slope index map was generated. Depending on the vulnerability each map 
has been assigned values (Table 3). A slope, which does not necessary influence the 
probability of an ignition but has a strong influence on the behavior of fire, was assigned less 
weight. The different slope classes were rated according to the sensibility of the fire spread 

 



Thematic Session no. 1.-Integrating biophysical characters, microclimate and human factors in 
forest fire risk modeling-Alok Saxena1, Parul Srivastava2 

 
after the ignition of fire. Besides influencing fire behaviour, slope also plays its role in the 
suppression operation. Therefore the slope class >400 were assigned a higher rating. 
Settlement and accessibility index map generated to derive the disturbance index map (Table 
4). 
Table 3: slope and aspect index           Table 4:  Showing accessibility index values 
 Buffer zone (meters) Index values 

200 10 
400 9 
600 8 
800 7 
1000 6 
1200 5 
1400 4 
1600 3 
1800 2 
2000 1 

Degree 
of slope 

Index 
value 

Aspect Index 

0 – 50 1 North,  
North-East 

1 

6– 100 2 North-
West,  
West 

2 

11 – 200 3 East 3 
20 – 300 4 South-East 4 
30 – 400 5 South-West 5 

>400 6 South 6 
 
 

 
 

      
     Fig 6: Fire risk zone map  

     
Fig 5: fuel index map 

  
3.5- Spatial modeling for fire risk zonation 

All the variables (layers) were overlaid in order to define fire risk levels within the 
study area. The equation used in GIS for the fire risk modeling and mapping the fire risk area 
as follows: 

FRZI = (5FII =1-10+4AIj=1-5+2SLIk=1-6+1RDIl=1-10 +1SETIm=1-5)  (6) 
Where FR is the numerical index of fire risk, FI is the Fuel variable (with 1-10 classes), SI 
indicates slope factor (with 1-4 classes) and RI is roads/ fire line factors (with 1-5 classes), 
SETI settlement index (with classes 1-5). The subscripts i, j, k, l indicates subclasses based on 
importance in determining the fire risk. 
 
4- Results and Discussion 
 

The fire risk map obtained by integration of different layers indicates that around 18 
percent of the area is highly prone to forest fire (fig. 10). Forest types, aspect, slope and 
habitation have played an important role in zonation of different fire risk areas. The total area 
under the very high-risk zone in 1.23 Km2 that is about 1 percent of the total area, under 
which chirpine forest is found. Maximum area is found under moderate risk zone (about 60 
percent), In the very low category the total area is 10 percent of the total area, of which nearly 
17 percent is covered by sal only, which has moisture content. 
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      Table 5: Area under different risk zones 
 
 
 
 
 
 
 
 
 
 
 

PERCENTAGE AREA UNDER DIFFERENT 
FIRE RISK ZONES

10%
11%

60%

18% 1%

VERY LOW RISK ZONE LOW RISK ZONE
MODERATE RISK ZONE HIGH RISK ZONE
VERY HIGH RISK ZONE

Risk zones Area (sq km) Percent of Total Area 

Very low risk  14.62 9.75 
Low risk 16.98 11.32 
Moderate risk 89.71 59.81 
High risk 27.46 18.31 
Very high risk 1.23 0.82 

Fig 7: Area under various fire risk zones 
 
  

The ignition by human is spatially associated with several factors. For example, 
because people usually access areas by way of roads and spend more time close to them than 
far away, proximity to road is a positive factor in human wildfire probability. But apart from 
anthropogenic factors the other conditions which are interlinked and lead ignition to 
combustion and finally to wildland fires. Such factors are topographic gradients and the fuel 
conditions in relation to its environment.  
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Fig 8: Block wise monthly fuel moisture condition inside the park 

Both live and dead fuel moisture is important to generate the fuel index map. RG is 
an indicator of how green the vegetation is in comparison to the greenest it can get (Burgan et 
al. 1993). In the model it is used as a surrogate for the moisture content of the live vegetation. 
Fuel moisture content (FMC) is estimated from meteorological danger indices, which try to 
account for the effect of weather variations on water availability for plants. The relation of 
weather variables (air temperature, relative humidity, wind, etc.) with FMC has been proved 
with some dead fuels since they are very dependent on the atmospheric conditions. A positive 
correlation exists between the temperature and the amount of moisture in the dead fuels. 
However, there is little experience regarding live fuels, which are more related to water 
availability in the soil and to their own physiological mechanisms of minimizing water loss. 
Consequently, the estimation of FMC from meteorological indices may be rather imprecise. 
Gradual decline has been observed in the percentage of moisture in the vegetation as is clear 
from the Fig 9.  Block-wise monthly fuel moisture condition is depicted in Fig. 8. In contrast 
to the moisture, fuel load shows increasing trend in the fire season as the temperature 
increases and relative humidity increases. This contributes to the increase in the available 
combustible materials in the dry months especially in April and May and ultimately leading 
the fire to ignite and burn (Fig. 10).   
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Fig 9: Month-wise fuel moisture during fire season            Fig10: Month-wise fuel load in (gms/m2) 
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 The table 6 shows maximum number of fires in the month of April and May, when 
the temperature is quite high and the amount of moisture is low .During this period the 
accumulation of litter is more which is conducive to ignition of fire and its spread. Intensive 
fieldwork justified the zonation on the ground.   
 
Table 6:  Occurrence of Fire in the study area Table 7: Number of points validated 

on the ground using historical data of 
2004 

 S.No. Months No. of Fires(in 
2004) 

1 January Nil 
2 February Nil 
3 March 8 
4 April 12 
5 May 11 
6 June Nil 

 
  

Fire Risk 
Zone 

Degree of 
fire Risk 

No. of points 

I Very low - 
II Low 2 
III Moderate 5 
IV High Risk 12 
V Very High 

Risk 
1 

 
 
 
 
 
 

The model result has been validated using forest fire historical data of 2004 and has been 
found that most of the fire has occurred in the high risk zone as shown in the table 7.  It is 
further being validated using fire occurrence data of subsequent years. Once validated the 
model so generated can be used as an effective tool for the forest fire management 
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