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PREFACE 

The Sathyamangalam Forest Division is an important link between 

Eastern and Western Ghats in the South India situated in the tri junction of three 

protected areas of Nilgiri Bioshphere Reserve. Recent t rends in  b iod ivers i t y 

conservat ion e f for ts  a l l  over  the wor ld  are concentrating more and more on 

land scape level approaches. The report titled “Spatial pattern of forest characteristics 

and fire susceptibility in the Sathyamangalam landscape” is an attempt to bring out 

the scientif ic information on the current status of the forest ecosystem and forest 

fires in the landscape. Forest fires are almost annual disturbances in several forest 

area of Tamil Nadu. I am very happy that the authors of this pioneering 

landscape scale research project  on spat ial  character ist ics of  forest  

character ist ics and f i re susceptibility have put sincere efforts in systematic data 

collection, analysis, mapping and interpretation of the study. Although it is a 

short term study, the analysis has provided an insight on baseline information on the 

spatial pattern of forest characteristics and fire occurrences in the landscape. I 

would like to place on record this report, which is the result of dedicated efforts by 

Thiru.N.Satheesh,IFS., Thiru. Ashutosh Samant Singhar,IFS., and Dr.Narendran 

Kodandapani, and supported by the field staff. I congratulate the authors for their 

contributions and wish them all success in their effort to conserve the wildlife in the 

landscape. 

I hope this report would benefit the upcoming research on carnivores in this 

region. 
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FOREWORD 

Forest f i res are major occurrences in almost every major 

ecosystem across the globe, which play an important role in alteration of energy 

flow within an ecosystem by disturbance of biomass accumulation at di fferent stages of 

succession, part icularly in case of natural forest ecosystem. In recent years 

several studies have been conducted on different aspects of forest fires. Globally, 

about 3 to 4.5 million km2 of forest burn each year in various forest types. These 

fires emit approximately 2-3 Pg of carbon into the environment. This is 

approximately one-third of the annual fossil fuel emissions. In South Asia about 

90% of burned areas occur in India. Within India, approximately 3.7 to 5 Mha of 

forests burn each year which comes to approximately 5 to 10% of the total forest 

area. This report provides the first detailed study of different aspects of forest fires and 

forest characteristics in the Sathyamangalam forests. 

              Sathyamangalam is the largest (area wise) forest division in Tamil 

Nadu. It bridges two unique bio geographic entities, i.e., the Eastern and the Western 

Ghats in peninsular South India and constitute a large contiguous natural forest 

ecosystem. It comprises a large chunk of rain shadow forest area, with lower 

average annual rainfall. On the other hand it is bestowed with perennial sources of 

water, such as the Moyar river. Forests here are varied and diverse and represent 

valuable biodiversity, with several rare and threatened and endangered species. Major 

area is covered with tropical dry deciduous forests. Considering the biological diversity and 

importance, about 887 km2 of reserve forest in the landscape was declared a wildlife 

sanctuary in 2011. The Honourable Chief Minister of Tamil Nadu has announced 

recently in the State Assembly the intention to convert the area into a Project 

Tiger Area with more conservation inputs, due to presence of a very good 

population of top carnivores like tigers and large herbivores such as elephants and 

bisons. 

  The present report presents information pertaining to forest characteristics 
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and forest fi re susceptibi l i ty in the Sathyamangalam landscape in Southern 

India. The timing of this publication is critical in the sense that it provides important 

baseline and tertiary information for the landscape at a time of increasing global and 

local environmental changes.  Numerous studies around the world indicate an 

increasing trend in forest fire occurrences. The environmental, ecological, climatic and 

anthropogenic factors surrounding these forest fires are poorly understood, especially in 

the tropics. Simultaneously, the tropics are witnessing increas ing pressures 

on thei r  natura l  resources.  Conservat ion and management of these natural 

resources will require accurate information on these within the landscape. 

The expert findings in the recent years indicate the important role of 

forest fire in global warming and climate change issues. Further, in the efforts for 

biodiversity conservation, emphasis is being given more and more towards landscape 

level management for better results.  The present report is one among several 

scientif ic studies carried out in short span of duration in this landscape. The 

research project titled "Spatial pattern of forest characteristics and fire susceptibility in the 

Sathyamangalam landscape" has tried to systematically collect, analyze and map the 

spat ia l  pat terns of  var ious forest  character is t ics  and f i re occurrences in 

the landscape. In a short t ime period,  this study has generated several 

valuable data and insights critical for conservation planning in the landscape. The 

recommendations brought out from the field study will help the field managers in 

providing appropriate management plan for this region. 

  We pu t  on  reco rd  ou r  s i nce re  th anks  t o  f i e l d  s t a ff  i n  

Sathyamangalam Forest Division for assistance in the field and staff in the Geomatics 

Laboratory at the Office of the Principal Chief Conservator of Forests, Chennai and 

National Remote Sensing Agency, Hyderabad for remote sensing data. Our 

thanks are due to Thiru. Gautam Dey, IFS., Principal Chief Conservator of Forests 

(Head of Forest Force) for his constant encouragement and advices. 

 

 

 

(ASHUTOSH SAMANT SINGHAR) 
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Executive Summary 

The present synthesis report presents information pertaining to forest characteristics 

and forest fire susceptibility in the Sathyamangalam landscape in southern India.  The timing 

of this publication is critical in the sense that it provides important baseline and tertiary 

information for the landscape at a time of increasing global and local environmental changes. 

Numerous studies around the world indicate an increasing trend in forest fire 

occurrences, the environmental, ecological, climatic, and anthropogenic factors surrounding 

these forest fires are poorly understood, especially in the tropics.  Simultaneously, the tropics 

are witnessing increasing pressures on their natural resources, conservation and management 

of these natural resources will require accurate information of these resources within these 

regions.  

50 belt transects of 0.5 ha were enumerated in the five different forest types of the 

Sathyamangalam landscape.  Tree species diversity was substantially higher in the tropical 

semi-evergreen forests (23±1) compared to all other forest types.  The number of trees (≥ 10 

cm dbh) was also substantially higher in the tropical semi-evergreen forests (459±72) 

compared to all other forest types.  Tree basal area was also substantially higher in the 

tropical semi-evergreen forest (38±4 m2/ha) compared to all other forest types.  Similar trends 

were observed with sapling and seedling densities across the different forest types. 

Forest fires are almost annual disturbances in several forests in India.  Modeling forest 

fire occurrences and determining important variables contributing to these annual events 

needs to be refined. Forest fire maps were delineated from IRS satellite data from 1997 to 

2012 for the Sathyamangalam landscape.  We ran the MaxEnt model for each individual year, 

using the locations of fire occurrences, using 25 variables (19 bioclimatic, 3 topographic, 1 
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anthropogenic, 2 remote sensing metrics).  For each year, we performed a MaxEnt model run 

and generated 15 continuous probability distribution maps ranging from 0 to 1, with 0 as the 

least suitable pixel for fire and 1 as the most suitable. We examined the MaxEnt model 

performance using the area under the receiver operator curve (AUC) as a measure of model 

performance. The continuous probability maps were then combined and converted into a 

single fire susceptibility map for the Sathyamangalam landscape.    

Mean (fire-rotation interval) FRI ranges from 2 years to 16 years.  The mean area 

burnt was 16 ± 18 km2.  The least area burnt was in 2011 < 1 km2 and the maximum area 

burnt was in 1999 ca. 74 km2.  There is considerable variability in the size of fires in the 

landscape, most (> 90%) of fires in any given year are < 100 ha in size.  Bioclimatic variables 

contributed relatively higher than other variables in modelling fire occurrences.  Variables of 

importance include annual mean temperature, annual mean rainfall, seasonal effects, 

including the wettest, driest, warmest, and coldest quarters of the year. The Topographic 

variables were the next most important group of variables, followed by the anthropogenic 

layer, and remote sensing layers.  Several of these variables consistently contribute to >80% 

of model performance during the 16 year period of analysis. For all model runs, AUC values 

ranged between 0.73 and 0.97, suggesting that the predictions were significantly better than 

random (AUC = 0.5).  

An integrated approach to forest fire management will be required to mitigate fire 

occurrences in the Sathyamangalam landscape.  Effective management of fires in the 

landscape should include several measures, an integrated approach wherein important 

climatic parameters such as diurnal temperature changes during the fire season; low rainfall 

both during and before the fire season, could provide valuable indicators of fire danger in the 

landscape.  Since the anthropogenic factor (proximity to roads) is also an important 



12 

 

contributor to the fire susceptibility in the landscape, measures to inform people of the need 

to prevent these fires would be very important.  Construction of fire watch towers especially 

at vantage points in the landscape could be important for mitigating the size of fires 

especially in the Bhavanisagar and Thalavadi ranges.  Topographic and climatic factors could 

be driving the large fire sizes in these two landscapes. 
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Chapter 1 

Introduction 

The most common hazard in forests is forest fire. Forest fires are as old as the forests 

themselves. Fire has been closely associated with mankind from the beginnings of 

civilization. They pose a threat not only to the forest wealth but also to the entire regime to 

fauna and flora seriously disturbing the biodiversity and the ecology and environment of a 

region. Forests are a major natural resource, which play crucial role in maintaining 

environmental balance. During summer, when there is no rain for months, the forest becomes 

littered with dry senescent leaves and twigs which could burst into flames ignited by the 

slighted spark.  The tropical forests, particularly, dry deciduous forests of the state have been 

burning regularly during the last few summers. Forest fire results in partial or complete 

degradation of vegetation cover thus modifying the radiation balance by increasing the 

surface albedo, water runoff and raising the soil erosion (Running 2008).    

The mixed deciduous forests coupled with scrub tracts of Sathyamangalam are more 

prone to fire. The fire season begins after the North east monsoon from early December till 

about pre-monsoon showers in the month of April. Natural fire is unknown to this area and 

the fires are mostly accidental or intentional by man. The surface fire has a profound effect 

on the wildlife and its habitat. Fire not only reverses the process of natural succession of plant 

communities, it also modifies the abundance and relative densities of the wildlife. Fires 

immediately result in the removal of dry, coarse, fibrous and unpalatable forage, and produce 

a new flush of nutritious and palatable green shoots of grasses based on the availability of 

moisture, which is liked by all herbivores, including elephants. Fires kill or partly destroy 

seedling, saplings and shrubs, giving rise to small openings, invariably without regeneration. 



14 

 

In recent years many studies have reported an increase in the number of wildfires and 

the area burned in different terrestrial ecosystems across the globe (Westerling et al. 2006; 

Van der Werf et al. 2006; Aragão et al. 2007; Kodandapani et al. 2009; Dimitrakopoulous et 

al. 2011).  Many factors are responsible for the occurrence of wildfires in a region, including 

weather conditions (Johnson 1992), human activities (Kodandapani et al. 2008), land use and 

land cover change (Cochrane 2003), forest fire management policies (Flannigan et al. 2000), 

and climatic change (IPCC 2007; Aragão and Shimabukuro 2010). A number of studies have 

been conducted in the tropics to examine various aspects of forest fires.  Uhl and Kauffman 

(1990) examined the effects of forest fires in the Amazon, they examined flame 

characteristics and bark thickness in relation to survival after fire, and hence differences in 

mortality among tree species.  Cochrane and Schultz (1999) examined mortality due to fire 

among woody plants and its effect on the structure, composition, and biomass of forests in 

Para, Brazil.  Studies in the Amazon have shown the importance of positive feedbacks 

between fire susceptibility and deforestation, these studies have also demonstrated the 

increased fire severity due to subsequent fires in evergreen forests of the Amazon (Cochrane 

et al. 1999; Cochrane 2001).  Barlow et al. (2003) have examined tree traits such as bark 

thickness, presence of buttresses, bark roughness and the presence of latex, and resin, and 

their relationship to mortality due to fire in the Amazon.  Barlow and Peres (2003) have also 

examined the effects of fires on wildlife in the Amazon.  Studies in a seasonally dry forest in 

Bolivia have shown the relative importance of tree bark thickness and thermal properties of 

bark in protecting trees from cambial kill (Pinard and Huffman 1997).  Ross et al. (2002) 

conducted studies in the Australian tropics applying remote sensing data to assess the effects 

of fire size and time since fire on different aspects of forest composition.  Slik et al. (2002) 

compared mortality in logged and burnt forests of SE Asia.  Recent studies in a 50 ha plot in 

the Western Ghats has revealed that fire is one of the primary causes of mortality especially 
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among lower size classes of woody plants between 0 and 10 cm dbh (Sukumar et al. 2004; 

John 2000).  Studies in the African savannah woodland ecosystem have shown the synergistic 

interactions between fire, elephants, and humans in maintaining a dynamic equilibrium in the 

ecosystem (Dublin 1995; Norton-Griffiths 1979). 

A number of methods have been adopted by fire ecologists to assess and monitor the 

effects of fire in ecosystems (Cochrane and Souza 1998).  A number of sensors with different 

spatial, temporal, radiometric, and spectral resolutions mounted on satellites have been 

incorporated in the delineation of burnt areas in landscapes across the globe (Cochrane et al. 

1999; Cochrane 2003).  Landsat TM and ETM+ data have been extensively applied to the 

monitoring of burnt areas in landscapes across the globe.  In the tropics, Cochrane and Souza 

(1998) have applied Landsat data to generate algorithms to separate burnt and unburnt 

forests, further they have been successful in separating recently burnt areas and areas burnt 

about 2 years after the fire event with reasonable accuracy.  These methods basically use 

spectral endmembers of vegetation, shade, and non-photosynthetic vegetation to separate the 

burnt and unburnt areas.  In another study, data from Landsat TM and AVHRR were applied 

to calculate the NDVI and from the NDVI data, the burned and unburned areas were 

delineated.  The method assumes that there is a significant decline in the NDVI value of a 

pixel before and after a fire event (Domenikiotis et al. 2002). 

  Fire occurrence and spread within a forest depends on the fire environment; climatic 

conditions, the fuel conditions, and topographic conditions (Pyne et al. 1996; Agee 2000).  In 

certain regions, such as the Sierras, the aspect and elevation had an important effect on the 

occurrence and size of fires (Caprio 1999).  The studies found a significantly greater number 

of fires on South aspects compared to North aspects; he also found that the annual area 

burned was larger in South facing aspects, however in terms of size the largest fires occurred 
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in the North aspects.   Similar results were also obtained from a study in France, wherein 

South, southwest, and southeast facing slopes had a higher proportion of burnt areas when 

compared with slopes facing North (Mouillot et al. 2003).  Periods of below average rainfall 

in many studies have been implicated as one of the important reasons for susceptibility of 

forest to fires (Siegert et al. 2001; Roberts 2000; Woods 1989).   

Some useful definitions in forest fire studies: 

Ground fires:  A true ground fires is not easily predictable as it spreads within rather 

than top of organic matter. It consumes organic matter like duff, musk or peat present beneath 

the surface litter of the forest floor. It has unique characteristic of having a smoldering edge 

with no flame and little smoke.  

Surface fire: Surface fire is characterized by a fast moving fire, which consumes 

small vegetation and surface litter along with loose debris.   

Crown fir e: Crown fires advance from top to top of trees or shrubs without any close 

link with surface fire. It is fastest to spread and most destructive for trees and wildlife.  

The forest fire management is associated with various terms, such as ‘Risk’, ‘hazard’, 

‘danger’, ‘vulnerability’, ‘severity’ etc., if we want to understand forest fire susceptibility 

then these technical terms should be explained adequately (Srivastava, 2006). 

Fire hazard: Fire hazard is physical event of certain magnitude in a given area and at 

a given time, which has the potential to disrupt the functionality of a society, its economy and 

its environment. 
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 Fire vulnerability : Fire vulnerability is the degree of loss to biotic and abiotic 

elements of the environment to a given magnitude of fire hazard. It is expressed in a scale 

between ‘O’ (no damage) to ‘1’ (total damage.). 

The United Nations ISDR (2002) report, defines, vulnerability as a set of conditions 

and processes resulting from physical, social, economical and environmental factors, which 

increase susceptibility of a community to the impact of hazards. 

Amount: It simply is termed as the quantity of elements at risk. Example, number of 

people, number of trees, number of animals etc. 

 Capacity: Capacity is defined as the skills and operational resources to cope up with 

the fire risk factors so that the damage can be reduced or capacity is defined as the ability, 

strength and skills of various elements at risk to use the available resources to cope with the 

fire risk. 

 Fire Risk: Fire risk is expected to result in losses due to fire hazard to various 

elements at risk over specific time. Thus, it is measured in terms of expected loss, example, 

economic loss, number of lives lost and extent of physical damage. 

Risk = Hazard* Vulnerability* Amount 

Risk = Hazard*[Vulnerability/ Capacity] 

Fire Severity: Fire severity refers to the magnitude of significant negative impact on 

wildland systems. 
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Tropical Fire ecology – a primer 

Ecologists and biologists have studied disturbances and their effects in ecosystems by 

applying novel techniques and analysis schemes.  Fire ecologists have focused their research 

efforts on fire in ecosystems and have used a number of words and terms specific to the 

studies of fire and its effects in the ecosystem.  The following is a brief primer to any reader 

who may be unfamiliar with these terms and hence serves as a reference to the terms used in 

the remaining chapters. 

The study of fire and its effects requires an understanding of the propagation of heat 

energy in the fire environment, the efficiency of this transfer depends on the properties of 

materials that are burned, the weather at the time of the fire, and features of the topography in 

the fire environment.  The effects of the fire will depend on the interval between fires, the 

areal extent of the fires, and the intensity of the fires. 

The fire regime describe various components of the fire in the landscape, it is the 

general pattern of a fire in terms of its frequency, when forests are repeatedly subjected to 

fires a few well adapted species proliferate in the forest;  the season of fire occurrence, this is 

important as it translates into differences in the magnitude of the fire effect on organisms, 

growing season fires in a forest are more detrimental than dormant season fires; the size of 

the fire when related to the regeneration of tree species, provides information regarding the 

composition of a forest post disturbance; besides this the fire regime also describes 

prominent, immediate effects of fire in a vegetation type or ecosystem.  Apart from these 

major components of the fire regime, the fire in a forest also depends on the fuel loads and 

changes associated with it such as the steady state fuel load and the productivity and 
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decomposition within the forest; the composition of the fuel loads, which includes the types 

of fuels such as the grasses, leaf litter;  the arrangement of the fuels in the fuel bed; the fuel 

moisture content; the synergistic interactions between fires and the contribution to the fuel 

loads of subsequent fires.  All these components of the fire environment and its effects can be 

summed up as the fire regime. 

The fire-return interval can be described as the time required to burn an area equal to 

the total forest area, with the caveat that certain areas may burn more than once, while certain 

areas may never burn.  A related term is the fire frequency, it is the number of times in a 

given time period that an area has experienced a fire event.  There are a number of ways that 

the frequency is estimated in a forest, it can be estimated for a unit area in the landscape, 

called the area frequency; it can also be estimated as a point frequency from a number of fire 

scared trees in the landscape.  

Fuels can be classified based on the size of the fuel.  It is common to refer to these 

fuel size classes as time lags. The time lag refers to the amount of time required for a given 

fuel size to lose 63% of the difference in moisture and come into equilibrium with the 

ambient environment.  It can also be related to the surface area volume ratio of the fuel 

particle.  Hence small size fuel particles have a higher ratio compared to larger size particles; 

this translates into differences in flammability of the fuels. 

Apart from the surface area volume ratio, another important measure related to the 

spread of fire in a fuel bed is the packing ratio; this is a dimensionless ratio of the mass of the 

fuel particles and the volume of the fuel bed.  It can be calculated if the density of the fuel 

particle is known.  Along a fire spread gradient of high to low, grasses have a ratio of 0.001, 

liter 0.01, and fuel sticks 0.1.  The ratio provides an indication of the aeration available 
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between the fuel particles, which are critical for the combustion process.  Hence grasses have 

ideal ratios as they are neither too compact nor too aerated, this ideal packing ratio of grasses 

leads to the rapid spread of fires in this fuel type. 

The weather at the time of fire is important for the ignition process as well as the 

sustenance of the fire in the forest.  High fuel temperatures combined with low fuel moisture 

content and low relative humidity in the forest leads to higher probability of fire in the forest.  

On the other hand low fuel temperatures combined with high fuel moisture content and high 

relative humidity results in reduced flammability of forests to fire.   

Topography interacts with weather leading to either rapid or slow moving fires. Fires 

moving on the upslope behave as head fires, whereas fires moving on down slopes behave 

like back fires.  Consequently the effects of these fires are significantly different; the 

residence time of fires on down slopes is much higher than for fires on up slopes.  In the 

northern hemisphere south and southwest aspects are exposed to longer periods of solar 

radiation and this results in increased drying and curing of fuels making them vulnerable to 

fire occurrence.  At higher elevations and under open canopies, fuels are exposed to high 

wind speeds this leads to the drying of fuels.   

The effect of fire on woody plant species in a forest depends on the properties of the 

bark as well as the reproductive mechanisms associated with a species in the forest.  Bark 

thickness is an important determinant of the protection of a tree from cambial kill during a 

fire event.  The conduction of heat energy through the bark depends on the conductivity of 

the bark, which in turn is related to the heat capacity of the bark and the thickness of the bark.  

Apart from the bark thickness the effect of fire on a tree also depends on the duration of the 

fire and heat exposure.  The texture of the bark could also be an important factor in 
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determining the effects of fire on a tree in a forest.  Smooth and pale colored barks 

considerably reduce the effects of fire with reduced surface area as well as reflecting the heat 

energy, thereby leading to inefficient transfer of heat and reducing cambial kill. 

Plants also reveal a number of ‘adaptations’ to fire in the environment. Certain plant 

species reproduce vegetatively from subterranean buds.  Plants also exhibit behavior such as 

growth spurts just before a fire event, thereby protecting plants from mortality due to fire.    

Many trees also exhibit serotiny wherein seeds of the species are viable only when they are 

exposed to heat energy from a fire event.  In the absence of fire these seeds remain unviable.   
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Chapter 2 

The forest characteristics in the Sathyamangalam landscape 

Introduction   

The management and conservation action plan requires basic information on 

indicators of biodiversity within an ecosystem, these include and are not limited to species 

abundance, distribution and their status is essential.  As in any ecosystem, species and their 

distributions are determined by a complex array of climatic, topographic, and anthropogenic 

factors (Connell 1978; Huston 1979).  Thus a number of species distributed in a particular 

forest type are species with narrow altitudinal amplitude – for example Gyrocarpus and 

Hardwickia.  Some families, such as Lauraceae, Myrtaceae and Araliaceae, are mostly found 

in the coldest regions (Pascal and Ramesh 1995).  In recent years, the spatial components of 

these environmental characteristics in a landscape have been studied in great detail in several 

forest areas around the world (John and Sukumar 2004).  The spatial component provides yet 

another dimension in decision making, and has become a critical input for the management of 

forests and ecosystems.     

A significance of forest areas of Sathyamangalam forest division is that, it acts as a 

corridor for wildlife between the Western and Eastern Ghats. Unique habitats of savanna 

woodland are found in this division, which supports many animals.  Here we characterise the 

various vegetation components in the Sathyamangalam landscape through a combination of 

enumeration studies and remote sensing methods.   

Information on various components of the forest was obtained from field studies in 

the different forest types of Sathyamangalam.  These include forest structure, forest floristic, 
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and regeneration patterns, differences in fuel composition, fuel loads, in each of the five 

forest types.  The five forest types found in the study area exhibit differences in species 

composition, structure, biomass, and forest fuel characteristics.   

Study area 

The study was located in the Sathyamangalam landscape, which is a part of the Nilgiri 

biosphere Reserve.  The studied area is located to the West in the southern Indian state of 

Tamil Nadu.  The Sathyamangalam forest division is the largest in the state of Tamil Nadu, 

extending over 1455 km2.  The landscape harbours five major forest types, the predominant 

vegetation types in the landscape are the tropical semi-evergreen forests, tropical moist 

deciduous forests, tropical dry deciduous forests, mixed deciduous forests, and the tropical 

dry thorn forests (Figure 1).  Some small fragments of high elevation evergreen forests and 

grasslands are also distributed in the landscape.  The study area extends between longitudes, 

76.83° and 77.46°; and between latitudes 11.48° and 11.82°.   

Climate    

Rainfall: The annual rainfall is the result of various influences of the different rainfall 

regimes and orographic effects.  The spatial pattern of rainfall is given in figure 2.  In the 

mapped region, annual rainfall varies from ca. 500 mm to 1200 mm.  Annual rainfall exceeds 

the maximum at high altitudes, especially in the tropical semi-evergreen forests, however it is 

< 2000 mm. There are two peaks in rainfall, one in May and the other, which is prominent in 

October.  During the months of October, November, December, this region receives rainfall 

from depressions (Pascal and Ramesh 1995).  
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Temperature: The mountainous areas in the studied region result in spatial 

differences in temperature and rainfall.  Temperatures are higher in the plains; the mean of 

the hottest month is 30.3 – 31.8 ° C.  However the mean of the hottest month is lower at 

higher altitudes 27.3 – 28.4° C.  For example the mean of the hottest month in April at 

Thalavadi is only 27.7°C (Figure 3).   

Objectives: 

1. What is the spatial pattern of vegetation characteristics in the five main forest 

types of the Sathyamangalam landscape?   

2. What are the structure, composition, diversity, and forest fuel characteristics 

of these five forest types? 

Methods: 

Transects:  Data on woody plant species was collected from belt transects of 500 x 10 

m in the study areas.  50 transects were enumerated in the study area, of which 15 transects 

were from the tropical dry deciduous forests, 20 from the tropical dry thorn forests, and 3 

transects from the tropical moist deciduous forests, 2 transects in tropical semi-evergreen 

forests, and 10 transects in the mixed deciduous forests.  Methods were adapted from 

(Cochrane and Schultz 1999). 

Regeneration of woody plant species:  At intervals of 25 m on transects, regeneration 

of woody plant species were estimated along transects in quadrants of 10 x 10 m2, there were 

20 quadrants in each transect.  Data was collected in two size classes 0-5 cm dbh and 5-10 cm 

dbh in four sub quadrats of 25 m2 each.  Mortality of individuals in these two size classes was 

also recorded along transects.   
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Species composition:  All individuals ≥ 10 cm dbh were enumerated along each 

transect and identified to species.    

Fuel composition and fuel load estimation: 

At intervals of 25 m along the transect, fuel load was estimated by applying the 

modified planar intercept method (Cochrane et al. 1999; Uhl and Kauffman 1990).  Fuels 

data was collected in four size classes 0-0.6 cm, 0.6-2.5 cm, 2.5-7.6 cm, and >7.6 cm along a 

10.5 m line laid randomly at intervals of 25 m along the transect.  These fuel classes 

correspond to 1 hr, 10 hr, 100 hr, and 1000 hr time lags (Pyne et al. 1996).  In the fuel size 

class > 7.6 cm, apart from recording the number of these logs that intercept the fuel line, 

diameter measurements of the fuels were also collected. Finally the condition of these fuels, 

in terms of whether they were sound or rotten, was recorded. 

Results: 

The number of tree species (≥ 10 cm dbh/0.5 ha) are higher in the tropical semi-

evergreen forests (23±1) and the tropical moist deciduous forests (20±5) compared with 

tropical dry thorn forest (10±4), tropical mixed deciduous forest (13±6) and tropical dry 

deciduous forest (14±3) (Figure 4 a, b).  The number of trees (≥ 10 cm dbh/ha) are 

substantially higher in the tropical semi-evergreen forest (459±72) compared with the tropical 

moist deciduous forest (225±67), tropical dry deciduous forest (151±70), tropical mixed 

deciduous forest (85±29), and tropical dry thorn forest (76±22) (Figure 5 a, b).  Similarly, 

basal area (m2/ha) is substantially higher in the tropical semi-evergreen forest (38±4), 

compared with the tropical moist deciduous forest (22±10), tropical dry deciduous forest 

(7±4), tropical mixed deciduous forest (4±3), and tropical dry thorn forest (3±2) (Figure 6 a, 

b).    
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Sapling density (5 – 10 cm dbh/ha) are also substantially higher in the tropical semi-

evergreen forest (250 ± 269), tropical moist deciduous forest (177±129), compared with 

tropical dry deciduous forest (181±154), mixed deciduous forest (166±152), tropical dry 

thorn forest (221±188) (Figure 7 a, b).   Seedling density (0 -5 cm dbh/ha) are also 

substantially higher in the tropical semi-evergreen forest (1405±841), compared with tropical 

moist deciduous forest (1000±529), tropical dry deciduous forest (451±355), tropical mixed 

deciduous forest (377±316), and tropical dry thorn forest (410±336) (Figure 8 a, b).   

Forest fuel characteristics in the different size classes also showed a similar pattern, in 

the 1 hr fuel size class the different forest types did not show substantial differences (1 

Mg/ha) (Figure 9 a, b).  10 hr fuel size classes were marginally higher in the tropical semi-

evergreen forest (3±2 Mg/ha) and tropical moist deciduous forest (3±2 Mg/ha) compared 

with tropical dry thorn forest (2±1 Mg/ha), mixed deciduous forest (2±1 Mg/ha), and tropical 

dry deciduous forest (1±1 Mg/ha) (Figure 10 a, b).  100 hr fuel size classes were substantially 

higher in tropical semi-evergreen forest (23±20 Mg/ha) compared to all other forest types 

(Figure 11 a, b).  Similarly, 1000 hr fuel size classes were substantially higher in tropical 

semi-evergreen forests (28±22 Mg/ha) compared to all other forest types (Figure 12 a, b).  

Also the total fuel loads were substantially higher in the tropical semi-evergreen forest 

(48±34 Mg/ha) compared to all other forest types in Sathyamangalam landscape, (Figure 13 

a, b). Fuel depth also shows a similar pattern across forest types (Figure 14 a, b). 

Discussion: 

The differences in the spatial pattern of forest characteristics in the five different 

vegetation types represent variations in the climate,   topographic variations, and biotic 

pressures in the ecosystem (Pascal and Ramesh 1995). In the tropical dry thorn forests, the 
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rainfall pattern shows two different peaks, in October and in May, with a higher peak in 

October.  Annual rainfall is between 600 and 1000 mm and the dry period from 6 to 8 

months.  A longer dry season from December to April, and a shorter one, of 1 to 3 months, 

after May.  These forests are a result of intense and continuous biotic pressure over centuries 

(Gadgil 1993).  The species diversity found in this forest type is lower compared to similar 

forests found in the adjoining areas of Bandipur, and Mudumalai, where the species diversity 

ranges from 16 to 22 species/0.5 ha (Kodandapani et al. 2008).   

The Mixed deciduous and tropical dry deciduous forests are generally found between 

600 and 1400 m.  Rainfall corresponds between 600 and 1400 mm.  High degradation in 

some of these forest areas has practically removed the tree stratum (Pascal and Ramesh 

1995).   Tree species diversity is lower compared to the tropical dry deciduous forests in 

Bandipur and Mudumalai, where, the tree species diversity is variable and ranges from 13 to 

33 species/0.5 ha (Kodandapani et al. 2008).   

The tropical moist deciduous forests are found between 900 and 1350 m.  Rainfall is 

> 900 mm, usually between 1100 and 1400 mm.  The rainfall regime is dissymmetric, with 

practically no summer monsoon rainfall (Pascal and Ramesh 1995).  The number of tree 

species is almost similar to the forests in Mudumalai and Wyanad, 24 species/0.5 ha 

(Kodandapani et al. 2008).   

The semi-evergreen forests normally occur in small pockets, confined to the 

elevations of 1100 to 1400 m, and are mostly transitional to the evergreen types.  Several 

deciduous species of the neighbouring forests are found growing along with the evergreen 

forests; this possibly explains the higher species diversity found in these forests.   The 
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number of tree species is similar to the forests in Mudumalai, 26 species/0.5 ha (Kodandapani 

et al. 2008).   

The Sathyamangalam landscape reveals some very interesting ecological patterns, 

understanding these spatial patterns of forest characteristics could be useful in planning and 

managing the natural resources of this landscape.  The structural, diversity, regeneration, and 

biomass characteristics of this landscape are lower in comparison to the adjoining forest 

landscapes especially in Nilgiri landscape.  Further research will be required to understand 

the causes and reasons behind these spatial patterns and would improve our understanding of 

dry forest dynamics (Murphy and Lugo 1986; Sukumar et al. 1992). 
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Figure 1: Spatial pattern of forest type in the Sathyamangalam landscape 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Spatial pattern of annual precipitation in the Sathyamangalam landscape 
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Figure 3: Spatial pattern of annual mean temperature of the Sathyamangalam landscape 
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Figure 4: (a) Tree species diversity in the different forest types  
                (b) Spatial pattern of tree species diversity  
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Figure 5: (a) Number of tree stems in the different forests types  

                 (b) Spatial pattern of tree stems  

 

 

 

MD: Mixed Deciduous; TDD: Tropical Dry Deciduous; TDT: Tropical Dry Thorn;  

TMD: Tropical Moist Deciduous; TSE: Tropical Semi-evergreen 

a 

b 



36 

 

Figure 6: (a) Basal area in the different forest types 
                (b) Spatial pattern of basal area  
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Figure 7: (a) Sapling density in the different forest types 

                  (b) Spatial pattern of sampling density 
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Figure 8: (a) Seedling density in the different forest types 

(b) Spatial pattern of seedling density 
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Figure 9: (a) 1 hour fuel loads in the different forest types 

                 (b) Spatial pattern of 1 hour fuel loads 
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Figure 10: (a) 10 hour fuel load in the different forest types 
                  (b) Spatial data of 10 hour fuel load 
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Figure 11: (a) 100 hour fuel load in the different forest types 
                 (b) Spatial data of 100 hour fuel load 
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Figure 12: (a) 1000 hour fuel load in the different forest types 
                 (b) Spatial data of 1000 hour fuel load 
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Figure 13: (a) Total fuel load in the different forest types 

(b) Spatial pattern of total fuel load 
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Figure 14: (a) Fuel depth in the different forest types 
(b) Spatial pattern of fuel depth 
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A view of the extensive dry forests in the landscape 
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A view of the human settlements in the landscape 
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A view of the cultural elements in the landscape 
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Creeping fires in bamboo forests in the landscape 
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Above: Patches of evergreen forests; Below: dry forests in the landscape 
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Above: Data collection with GPS;  Below: Sampling tree species diversity, structure, and regeneration 

in the landscape 
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Birds in the landscape (above: Black rumped flameback; below: Brahminy  kite) 
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Large mammals in the landscape (above: Asian elephant; below: Gaur) 
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Chapter 3 

Forest fires: Spatial and temporal characteristics 

Introduction : 

The incidence of forest fires in landscapes varies around the globe, while in certain 

ecosystems the incidences of fires are natural (Whelan 1995), fires in certain other 

ecosystems are mainly as a consequence of the human presence within and around these 

forest ecosystems (Kodandapani et al. 2004).  Over centuries, India’s rural communities have 

created extensive savannas bordering their farmlands through extraction of woody biomass, 

grazing by livestock and annual dry season fires (Gadgil 1993).  Studies in the Amazon 

forests have shown the relationship between fire frequency and the size of forest patches, 

further these studies have shown the increase in fire-return intervals as function of distance 

from the forest edge (Cochrane 2001; Cochrane and Laurance 2002).  Apart from the 

relationship between fire-return intervals as a function of distance from forest edge, fires in a 

landscape depend on a number of landscape characteristics.  Fuel, weather and topography 

drive the behaviour of an individual fire (Brown and Davis 1973; Pyne et al. 1996).  

Macroclimate is less variable temporally and spatially at landscape scales, affected by 

phenomena such as ENSO and orographic effects; whereas microclimate at the scale of a 

forest patch is more variable both temporally and spatially.  Abiotic factors such as 

firebreaks, slope, aspect, elevation are spatially variable but temporally constant (Grimm 

1984).  A biotic factor such as fuel load varies with time, specifically with time since 

previous fire, and fuel composition varies with vegetation type.  Complex models have been 

derived to explain the spread of fire in landscapes and the behaviour of fire (Rothermel 1972; 

Finney 1998).   The spatial pattern of fires over time in the Western Ghats have not been 

clearly understood, the relationships between fire and forest boundaries have not been 
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understood, further the relationship between factors such as fuels, climate, and topography 

have not been assessed.   

This chapter describes the spatial pattern of fires in the Sathyamangalam landscape.  

The landscape is also extremely diverse in terms of the rainfall pattern, topography, and 

edaphic factors, which is reflected in vegetation types including the tropical moist deciduous 

forest ecosystems, tropical semi-evergreen forests, tropical dry deciduous forest ecosystems, 

and the tropical dry thorn ecosystems.  

Objectives: 

1. Determine the current fire-return interval in the Sathyamangalam landscape. 

2. Determine the relative importance of topography, biomass, and climate in 

explaining fire occurrence in the landscape through the use of MaxEnt modelling approaches. 

3. Delineate areas susceptible to fire in the landscape. 

Methods: 

Fire-return interval (FRI) map of the Sathyamangalam landscape: 

We generated the FRI map for the Sathyamangalam landscape using remote sensing 

data.    Fire maps for Sathyamangalam were obtained from remote sensing data, remote 

sensing data from 1997 to 2012 were used for the purpose of obtaining fire maps.  Details of 

the remote sensing data, such as sensors, path/row, and date of pass are given in table 1.  We 

adopted a novel methodology to classify the burnt areas in the Sathyamangalam landscape.  

We applied spectral unmixing procedures and selected three endmembers to classify the 

landscape into burnt and unburnt areas.  Prior to conducting the spectral mixture analysis, 

principal components transform was applied on the dataset. We followed a similar method to 
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delineate fire maps for all years during the study period.  The FRI map for the 

Sathyamangalam landscape was obtained from these fire maps.  

MaxEnt models to determine fire susceptibility maps 

We fitted MaxEnt models to our data using 70% of the fire occurrences (training 

points). We then assessed the predictive power of models by cross-validations using the 30% 

remaining occurrences (test points) not used to fit the model (Guisan and Zimmerman 2000; 

Deblauwe et al. 2008; Renard et al. 2012) and a set of 10 000 random locations representing 

background (or pseudo-absence) points (Phillips et al. 2006). In our case, a high value of 

MaxEnt function at a particular location indicates that it is fire-prone. We used default values 

of the regularisation parameters for all models (more details can be found in Phillips 2005; 

Phillips et al. 2006; Phillips and Dudik 2008).  

Model performance was evaluated by the ROC (Receiver Operating Characteristic) 

analysis commonly used for evaluating species distribution models (Fielding and Bell 1997). 

The method is based on the probability for positive (test points) and negative (pseudo-

absence points) instances to be correctly predicted by the model. It provides an AUC (Area 

Under Curve) value as a general measure of model performance, which we used to compare 

the efficiency of various sets of environmental variables to predict fire occurrence. Note that 

in the case of pseudo-absences, AUC values of 0.5 (random predictions) and 1 (perfect 

predictions) are no longer valid references because they are dependent on the area of 

distribution (Jimenez-Valverde 2011). AUC values are therefore comparable among different 

models in a given study area, but not between study areas. MaxEnt was thus run with 

different data sources considering vegetation, topographical, anthropogenic or climatic sets of 

predictors independently. Full models combining the four types of variables were then fitted 
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for the entire Sathyamangalam landscape, using all fire occurrences from 1997 to 2012 

annual data. All models were run 15 times to allow statistical analysis on AUC distributions, 

each time with a different random selection of training and testing fire occurrences.  

We analysed the environmental variables’ relative contributions to the most suited 

models based on MaxEnt jack-knife tests (Elith et al. 2006). This method indicates which 

variables matter most when each variable is used in isolation or is excluded in turn from the 

predictive model. 

The explanatory variables: 

Vegetation layer:  The vegetation layer was derived from Landsat ETM+ data.  After 

preliminary preprocessing that included radiometric and atmospheric corrections, the 

reflectance data was obtained.  We applied linear spectral unmixing and obtained 

endmembers, vegetation, soil, shade, and non-photosynthetic components.  From the 

vegetation component we derived vegetation abundance and reclassed the image to obtain the 

five different vegetation types.  We simplified those classes into broader categories taking 

into account dryness of vegetation and dominant presence of deciduous species, grasses and 

weeds, which could act as fuel loads for fires. 

NDVI : We used the Normalised Difference Vegetation Index (NDVI), which is the 

most commonly used index to assess live fuel moisture content (Chuvieco 2003).  We used 

the same reflectance data and used bands 3 and 4 to derive the NDVI layer.   

Bioclimatic layers:  We extracted from the Worldclim version 1.4 database (Hijmans 

et al. 2005) another set of climatic normals (average monthly precipitation and temperature) 

interpolated at 1-km resolution over the period 1950–2000, as well as a set of 19 bioclimatic 
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variables, which are biologically meaningful variables derived from monthly temperature and 

rainfall values. Definition of these bioclimatic variables is provided on the Worldclim 

website (see also Table 2). 

Topography: The Elevation layer was resampled at 1-km resolution from SRTM 

(NASA Shuttle Radar Topography Mission) 90-m Digital Elevation Data, version 4 (Jarvis et 

al. 2008) using the nearest-neighbour method available in ArcView GIS 3.2a (ESRI Inc., 

Redlands, CA). Aspect (in degrees) and Slope (in degrees) were then derived using standard 

methods. 

Anthropogenic layer: In most cases, forest fires have an anthropogenic origin, 

whether voluntary or involuntary (Chuvieco 2003). As the WG are the biodiversity hotspot 

with the highest human density, it is highly vulnerable to anthropogenic disturbances 

(Kodandapani et al. 2008). Including such a factor in a fire susceptibility model is therefore 

of primary importance (Chou 1990; Vega-Garcia et al. 1993; Chuvieco 2003). In particular, 

the two latter papers demonstrated that the presence of roads increases human pressure on 

wildland and is therefore a possible cause of ignition by accident and negligence. Therefore 

with GIS we created 10 buffer zones from 1 to 10-km width from the road network, and used 

these layers as an anthropogenic fire risk variable.  

Composite Fire Map: From individual fire susceptibility maps, we obtained the 

composite fire susceptibility map for Sathyamangalam (1997-2012).  We derived three 

classes of fire susceptibility, areas that took values between 0 and 0.1 as low, 0.11 to 0.5 as 

moderate, and >0.5 as high.     
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Results: 

Mean FRI ranges from 2 years to 16 years (Figure 1).  The mean area burnt was 16 ± 

18 km2.  The least area burnt was in 2011 < 1 km2 and the maximum area burnt was in 1999 

ca. 74 km2. Figure 2 shows the temporal pattern of fires in the Sathyamangalam landscape.   

Fire sizes: 

In the year 1997 fire sizes ranged from 0.17 to 159 ha, with a mean of 4.03 and a 

median value of 0.46 ha.  In 1998 fire sizes ranged from 0.4 to 252 ha, with a mean of 6.9 and 

a median value of 0.92 ha.  In 1999 fire sizes ranged from 0.04 ha to 2426 ha, with a mean of 

28 ha and a median value of 1.9 ha.  In 2000 fire sizes ranged from 0.05 to 144 ha, with a 

mean of 12.3 and a median of 0.11 ha.   In 2001 fire sizes ranged 0.17 to 1108 ha, with a 

mean of 15.5 ha and a median of 0.57 ha.  In 2002 fire sizes ranged from 0.23 to 22.5 ha, 

with a mean of 2.22 and a median of 0.81 ha.  In 2003 fire sizes ranged from 0.17 to 240 ha, 

with a mean of of 5.5 ha and a median of 0.74 ha.  In 2004 fire sizes ranged from 0 to 523 ha, 

with a mean of 9.4 ha and a median of 0.11 ha.  In 2005 fire sizes ranged from 0.17 to 749 ha, 

with a mean of 14.5 ha and a median of 0.5 ha.  In 2006 fire sizes ranged from 0.23 to 492 ha, 

with a mean of 8.6 ha and a median of 0.63 ha.  In 2007, fire sizes ranged from 0.23 to 694 

ha, with a mean of 10 ha and a median of 0.7 ha.  In 2009, fire size ranged from 0.9 to 740 

ha, with a mean of 23 ha and a median of 6.5 ha.  In 2010, fire size ranged from 0.23 to 286 

ha, with a mean of 5.5 h and a median of 0.7 ha.  In 2011, fire sizes ranged from 0.05 to 8.8 

ha, with a mean of 1.13 ha and a median of 0.25 ha.  In 2012, fire sizes ranged from 0.23 ha 

to 685 ha, with a mean of 21 ha and a median of 0.7 ha.  Fire size distributions in the 

Sathyamangalam landscape are given in figure 3. 



60 

 

 

MaxEnt Modeling: 

The susceptibility to fire in 1997 ranges from 0 to 0.84.  The most parsimonious fire 

susceptibility model for the year 1997 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.895).  

We included 25 variables in the analysis, 7 variables temperature annual range (bio7), 

temperature seasonality (bio4), slope, annual precipitation (bio12), road network, maximum 

temperature of warmest month (bio5), and precipitation of coldest quarter (bio19) contributed 

together to 84% of the model performance.  Results of jack-knife evaluations of relative 

importance of predictor variables for fire MaxEnt model are given in figure 4.   

The susceptibility to fire in 1998 ranges from 0 to 0.84.  The most parsimonious fire 

susceptibility model for the year 1998 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.866).  

We included 25 variables in the analysis, 7 variables mean diurnal range (bio2), temperature 

annual range (bio7), road network, annual precipitation (bio12), elevation, temperature 

seasonality (bio4), and vegetation layer contributed together to 83% of the model 

performance.  Results of jack-knife evaluations of relative importance of predictor variables 

for fire MaxEnt model are given in figure 5.     

The susceptibility to fire in 1999 ranges from 0 to 0.98.  The most parsimonious fire 

susceptibility model for the year 1999 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a good fit (mean AUC= 0.73).  We 

included 25 variables in the analysis, 6 variables temperature seasonality (bio4), temperature 

annual range (bio7), road network, precipitation of warmest quarter (bio18),  mean diurnal 
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range (bio2), and slope contributed together to 86% of the model performance.  Results of 

jack-knife evaluations of relative importance of predictor variables for fire MaxEnt model are 

given in figure 6.     

The susceptibility to fire in 2000 ranges from 0 to 0.59.  The most parsimonious fire 

susceptibility model for the year 2000 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.932).  

We included 25 variables in the analysis, 5 variables, temperature seasonality (bio4), 

elevation, precipitation of coldest quarter (bio19), mean diurnal range (bio2), and road 

network contributed together to 99% of the model performance.  Results of jack-knife 

evaluations of relative importance of predictor variables for fire MaxEnt model are given in 

figure 7.     

The susceptibility to fire in 2001 ranges from 0 to 0.8.  The most parsimonious fire 

susceptibility model for the year 2001 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.907).  

We included 25 variables in the analysis, 7 variables temperature annual range (bio7), 

temperature seasonality (bio4), elevation, annual precipitation (bio12), precipitation 

seasonality (coefficient of variation) (bio15), road network, and mean diurnal range (bio2) 

contributed together to 90% of the model performance.  Results of jack-knife evaluations of 

relative importance of predictor variables for fire MaxEnt model are given in figure 8.     

The susceptibility to fire in 2002 ranges from 0 to 0.92.  The most parsimonious fire 

susceptibility model for the year 2002 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.956).  

We included 25 variables in the analysis, 6 variables, temperature seasonality (bio4), annual 
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mean temperature (bio1), precipitation seasonality (coefficient of variation) (bio15), 

maximum temperature of the warmest month (bio5), temperature annual range ( bio7), and 

elevation contributed together to 84% of the model performance.  Results of jack-knife 

evaluations of relative importance of predictor variables for fire MaxEnt model are given in 

figure 9.   

The susceptibility to fire in 2003 ranges from 0 to 0.75.  The most parsimonious fire 

susceptibility model for the year 2003 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.949).  

We included 25 variables in the analysis, 6 variables, elevation, temperature seasonality 

(bio4), annual mean temperature (bio1), precipitation of the wettest quarter (bio16), 

precipitation of warmest quarter (bio18), and NDVI contributed together to 76% of the model 

performance.  Results of jack-knife evaluations of relative importance of predictor variables 

for fire MaxEnt model are given in figure 10.    

The susceptibility to fire in 2004 ranges from 0 to 0.9.  The most parsimonious fire 

susceptibility model for the year 2004 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.969).  

We included 25 variables in the analysis, 6 variables, precipitation seasonality (coefficient of 

variation) (bio15), temperature seasonality (bio4), isothermality (bio3), slope, temperature 

annual range (bio7), and road network contributed together to 81% of the model 

performance.  Results of jack-knife evaluations of relative importance of predictor variables 

for fire MaxEnt model are given in figure 11.     

The susceptibility to fire in 2005 ranges from 0 to 0.66.  The most parsimonious fire 

susceptibility model for the year 2005 based on AIC scores included the default MaxEnt 
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regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.941).  

We included 25 variables in the analysis, 6 variables, temperature annual range (bio7), mean 

diurnal range (bio2), temperature seasonality (bio4), annual precipitation (bio12), 

precipitation of warmest quarter (bio18), and minimum temperature of coldest month (bio6) 

contributed together to 87% of the model performance.  Results of jack-knife evaluations of 

relative importance of predictor variables for fire MaxEnt model are given in figure 12.   

The susceptibility to fire in 2006 ranges from 0 to 0.8.  The most parsimonious fire 

susceptibility model for the year 2006 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.886).  

We included 25 variables in the analysis, 6 variables, mean diurnal range (bio2), temperature 

seasonality (bio4), annual precipitation (bio12), precipitation of warmest quarter (bio18), 

precipitation seasonality (bio15), and mean temperature of warmest quarter (bio10) 

contributed together to 83% of the model performance.  Results of jack-knife evaluations of 

relative importance of predictor variables for fire MaxEnt model are given in figure 13.     

The susceptibility to fire in 2007 ranges from 0 to 0.72.  The most parsimonious fire 

susceptibility model for the year 2007 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.82).  

We included 25 variables in the analysis, 5 variables, precipitation of warmest quarter 

(bio18), temperature annual range (bio7), precipitation of coldest quarter (bio19), vegetation 

layer, and precipitation of the wettest quarter (bio16) contributed together to 88% of the 

model performance.  Results of jack-knife evaluations of relative importance of predictor 

variables for fire MaxEnt model are given in figure 14.   
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The susceptibility to fire in 2009 ranges from 0 to 0.99.  The most parsimonious fire 

susceptibility model for the year 2009 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.89).  

We included 25 variables in the analysis, 6 variables, precipitation of warmest quarter 

(bio18), temperature annual range (bio7), temperature seasonality (bio4), precipitation of the 

wettest quarter (bio16) , vegetation layer, and slope contributed together to 85% of the model 

performance.  Results of jack-knife evaluations of relative importance of predictor variables 

for fire MaxEnt model are given in figure 15.   

The susceptibility to fire in 2010 ranges from 0 to 0.78.  The most parsimonious fire 

susceptibility model for the year 2010 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.94).  

We included 25 variables in the analysis, 6 variables, temperature annual range (bio7), 

temperature seasonality (bio4), precipitation of warmest quarter (bio18), road network, mean 

temperature of wettest quarter (bio8), and precipitation of the wettest quarter (bio16) 

contributed together to 82% of the model performance.  Results of jack-knife evaluations of 

relative importance of predictor variables for fire MaxEnt model are given in figure 16.     

The susceptibility to fire in 2011 ranges from 0 to 0.94.  The most parsimonious fire 

susceptibility model for the year 2011 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.96).  

We included 25 variables in the analysis, 7 variables, slope, temperature annual range (bio7), 

mean temperature of the driest quarter (bio9), precipitation of coldest quarter (bio19), annual 

precipitation (bio12), precipitation of coldest quarter (bio19), and elevation contributed 

together to 85% of the model performance.  Results of jack-knife evaluations of relative 

importance of predictor variables for fire MaxEnt model are given in figure 17.     
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The susceptibility to fire in 2012 ranges from 0 to 0.66.  The most parsimonious fire 

susceptibility model for the year 2012 based on AIC scores included the default MaxEnt 

regularisation value (betamultiplier = 1). The model had a very good fit (mean AUC= 0.92).  

We included 25 variables in the analysis, 6 variables, temperature annual range (bio7), 

temperature seasonality (bio4), mean diurnal range (bio2), annual precipitation (bio12), road 

network, and precipitation of warmest quarter (bio18) contributed together to 91% of the 

model performance.  Results of jack-knife evaluations of relative importance of predictor 

variables for fire MaxEnt model are given in figure 18.     

Fire susceptibility map of Sathyamangalam: 

From the fire susceptibility map of Sathyamangalam it is quite clear that there are 4 

distinct zones of high fire susceptibility in Sathyamangalam forest division.  To the west in 

the Bhavanisagar range and the Thalavadi range, in the central areas in the Hassanur and 

Sathyamangalam ranges, and to a lesser extent in the TN Palayam range.  Figure 19 shows 

the forest areas susceptible to fire in three different classes, low, moderate, and high.  

Discussion: 

The contiguous forest area of the Sathyamangalam landscape is currently 

experiencing a range of fire-rotation intervals (FRI 2 -16 yr).  This trend in FRI can be 

attributed to the presence of the tropical moist deciduous forests and tropical semi-evergreen 

forests classes, where fire occurrence is limited by climatic conditions as well as fuel loads 

and fuel composition.  In the tropical dry thorn forests, especially, in the Bhavanisagar range 

and Thalavadi ranges, the predominant vegetation type in the tropical dry deciduous and 

tropical dry thorn forests, where the climate and fuel load composition is favorable to the 

occurrence of fire. 
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The occurrence of fire at a given location is a function of the fuel load and its 

characteristics, the topographic features of the landscape, as well as the climate. A significant 

portion of the landscape in the deciduous forests, mixed deciduous forests, and tropical dry 

thorn forests have high elevation and slope values, at these high elevations the landscape is 

subjected to increased drying, and curing of fuels.  Thus the available fuels are greater at 

higher elevations.  At higher elevations and in the deciduous forest trees are bereft of foliage, 

winds have a desiccating effect, increasing available fuels in the process (Freifelder et al. 

1998).   

The rainfall and temperature pattern in the landscape effects the fuel moisture content 

and hence fire occurrence and spread.  Changes in fuel state can be caused by abrupt changes 

in weather, diurnal changes, seasonal changes, annual changes, and successional changes.  In 

the Sathyamangalam landscape, the MaxEnt models show that all these factors could be 

contributing to the occurrence of fire in the landscape.  Variables of importance include 

annual mean temperature, annual mean rainfall, seasonal effects, include the wettest, driest, 

warmest, and coldest quarters of the year; the proximity to roads; topographic variables 

include elevation and slope; forest type and NDVI are also important variables.  The moisture 

content of fine fuels changes throughout the day in response to weather conditions, such as 

solar radiation, temperature and relative humidity.  Seasonal changes in climate is another 

important factor in the landscape, the three most important months for fire are January, 

February, and March, this corresponds to the fire season, the total rainfall received during the 

fire season is negligible.    Apart from the fuel state changes, fuel type changes in response to 

the season, deciduous leaf drop lead to increase of litter, curing of the grasses also takes place 

during this season (Agee 1993). 
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A substantial part of the surface fuels in the Sathyamangalam landscape comes from 

grasses, both annual and perennial species.  The presence of an overstorey canopy layer and 

the understorey grass layer leads to a reasonable assessment of biomass with NDVI.  In the 

West of the Sathyamangalam landscape, low NDVI, with moderate rainfall, and warm 

temperatures, corresponds to a frequent fire regime, the central parts of the landscape with 

variable canopy, in the moist deciduous and semi-evergreen forests, corresponds with 

moderately frequent fire regime, in the East low NDVI, with very low rainfall, compare with 

negligible grass fuels and leaf litter fuels, correspond to very little or no fire. 

Differences in fuel loads, fuel compositions and the decay rates (Sundarapandian and 

Swamy 1999) could also be reasons why we are observing these temporal patterns in the 

Sathyamangalam landscape.  Although fuel loads vary with time since fire, this is important 

with respect to large fuel sizes (10 hr, 100 hr, and 1000 hr fuels), whereas with fine fuels and 

in the Sathyamangalam landscape, the deciduous nature of trees and the perennial character 

of the grass fuels might ensure fuel loads from the fine fuels (1 hr) are less variable from one 

year to the next.  The large fire sizes in some years could be due to the spatial continuity of 

factors contributing to fire spread, such as similarities in topography, fuels, and climate at this 

spatial scale. 

Thus a complex of climatic, topographic, forest fuel and anthropogenic factors are 

contributing to the occurrence of forest fires in the Sathyamangalam landscape.  However it 

must be mentioned that the climatic variables in several years of analysis, contribute 

substantially to the occurrence of fire in the landscape.  Future studies should not only 

explore current climatic patterns during fire, but also antecedent climatic patterns in the 

analyses. 
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Table 1: Satellite details, date of acquisition for Sathyamangalam landscape 
 
 
Satellite/Sensor Path/Row Date of Acquisition 
IRS-1C 100/65 01-Mar-1997 
IRS-1C 100/65 22-Mar-1998 
IRS-ID 100/65 21-Mar-1999 
IRS-ID 100/65 24-Apr-2000 
IRS-ID 100/65 15-Mar-2001 
IRS-ID 100/65 28-Feb-2002 
IRS-ID 100/65 10-Mar-2003 
IRS-P6 100/65 14-Mar-2004 
IRS-P6 100/65 13-Feb-2005 
IRS-P6 100/65 28-Mar-2006 
IRS-P6 100/65 23-Mar-2007 
IRS-P6 100/65 22-Feb-2008 
IRS-P6 100/65 16-Feb-2009 
IRS-P6 100/65 07-Mar-2010 
IRS-P6 100/65 02-Mar-2011 
IRS-P6 100/65 25-Feb-2012 
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Table 2. Definition of the 25, topographic, vegetation, anthropogenic, bioclimatic variables 
used in MaxEnt modeling 
 
Code   Variable 
Aspect_fin       Aspect generated from GIS (degrees) 
BIO1   Annual mean temperature 
BIO2  Mean diurnal range (mean of monthly (maximum temperature – minimum 

temperature)) 
BIO3   Isothermality (BIO2/BIO7) (×100) 
BIO4   Temperature seasonality (standard deviation × 100) 
BIO5   Maximum temperature of warmest month 
BIO6   Minimum temperature of coldest month 
BIO7   Temperature annual range (BIO5 – BIO6) 
BIO8   Mean temperature of wettest quarter 
BIO9   Mean temperature of driest quarter 
BIO10   Mean temperature of warmest quarter 
BIO11   Mean temperature of coldest quarter 
BIO12   Annual precipitation 
BIO13   Precipitation of wettest month 
BIO14   Precipitation of driest month 
BIO15   Precipitation seasonality (coefficient of variation) 
BIO16   Precipitation of wettest quarter 
BIO17   Precipitation of driest quarter 
BIO18    Precipitation of warmest quarter 
BIO19   Precipitation of coldest quarter 
Elev_s             Elevation derived from SRTM 
NDVI_fin        Normalised Difference Vegetation Index (from LANDSAT data) 
Road                Road network 
Slope_fin1       Slope generated from GIS (degrees) 
Veg_fin           Forest type layer derived from LANDSAT data
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Figure 1: Spatial pattern of mean fire-rotation interval of the Sathyamangalam landscape 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 2: Temporal pattern of forest fires in the Sathyamangalam landscape 
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Figure 3: Histogram of size class distribution of fires in the Sathyamangalam landscape 
 
  

 



77 

 

Figure 4: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 1997 
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Figure 5: Fire map, fire susceptibility map and Jack-knife evaluations of predictor 
variables for 1998 
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Figure 6: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 1999 
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Figure 7: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables for 2000 
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Figure 8: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2001 
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Figure 9: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2002 
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Figure 10: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2003 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



84 

 

Figure 11: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2004  
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Figure 12: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2005 
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Figure 13: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2006 
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Figure 14: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2007 
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Figure 15: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2009 
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Figure 16: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2010 
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Figure 17: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2011 
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Figure 18: Fire map, fire susceptibility map and Jack-knife evaluations of predictor variables 
for 2012 
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Figure 19: Composite fire susceptibility map of Sathyamangalam landscape 
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Chapter 4 

Forest Management Plan 

A large proportion of forest area in India is under deciduous and tropical dry thorn 

ecosystems, it is reasonable to expect similar spatial patterns of fires in these other forests, 

active conservation measures will be required to obviate the negative effects of these short-

fire return intervals on the ecology of these forests.  A number of wild animals such as the 

Asian elephant and other large mammals inhabit these forests, the impacts of these recurrent 

fires on these animals is also important.  A more integrated conservation strategy of fire 

management in the landscape, with reference to sources of ignitions, and landscape 

characteristics, biodiversity monitoring, and local community involvement would mitigate 

the problem of fires in the Sathyamangalam landscape.  

Forest Fire Risk Zonation Mapping In Sathyamangalam Forest Division 

Forest fire risk zonation mapping for the entire forest area is prerequisite for preparing 

forest fire management plan for each range. We have identified forest areas in the 

Sathyamangalam landscape susceptible to fire (low, moderate, high), by taking into account, 

various factor that are influencing fire viz,. the fuel (forest type and NDVI), the topography 

(elevation, slope, and aspect), the anthropogenic factor (proximity to road network ), the 

environmental factors (bioclimatic layers.) for the entire forest area of the division. These 

maps are useful in delineating most to least vulnerable areas to fire and helpful for creating 

fire lines and combating the fire hazards. 

Thus a complex mix of climatic, topographic, forest fuel and anthropogenic factors 

are contributing to the occurrence of forest fires in the Sathyamangalam landscape.  However 

it must be mentioned that the climatic variables in several years of analysis, contribute 
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substantially to the occurrence of fire in the landscape.   Effective management of fires in the 

landscape should include several measures, an integrated approach wherein important 

climatic parameters such as diurnal temperature changes during the fire season; low rainfall 

both during and before the fire season, could provide valuable indicators of fire danger in the 

landscape.  Since the anthropogenic factor (proximity to roads) is also an important 

contributor to the fire susceptibility in the landscape, measures to inform people of the need 

to prevent these fires, would be very important.  Construction of fire watch towers especially 

at vantage points in the landscape could be important for mitigating the size of fires 

especially in the Bhavanisagar and Thalavadi ranges.  Here, in some years, fires have been 

extremely large (> 1000 ha), the combination of steep slopes, high elevations, and the 

climatic conditions makes fire a recurrent and large phenomenon in these parts of the 

Sathyamangalam landscape.   
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The Sathyamangalam landscape shares borders with the Mudumalai Tiger Reserve, the Bandipur Tiger Reserve 
on the West, and the Chamrajanagar and Kollegal forest divisions to the North.  The Sathyamangalam landscape, a 
crucial connecting link between the Western and Eastern Ghats, is home to large tracts of tropical deciduous forests 
and tropical dry thorn forests.  At higher elevations tropical high elevation evergreen forests and grasslands are also 
distributed.  Patches of evergreen forests are also distributed in moist areas of the landscape.  About 887 km2 of 
reserve forest in the landscape was declared a wildlife sanctuary in 2011.  Forest fires are almost annual disturbances 
in this landscape, however very little is known about the forest fire regime and its ecological effects.  A short term 
investigation (January 2012 – August 2012) on forest fires in the Sathyamangalam landscape was carried out by the 
Asian Nature Conservation Foundation (ANCF), Bangalore, at the request of the Tamil Nadu Forest Department.  
This study mapped the spatial pattern of fire-rotation intervals in the landscape, the temporal pattern of fires in the 
landscape, and the fire size distribution in the landscape.  Moreover, the study also assessed the structure, diversity, 
regeneration, and biomass of forests in the landscape.  This study modelled forest areas susceptible to fire using 
MaxEnt modelling framework and identified variables of importance for fire occurrences in the landscape.  This 
study makes recommendations regarding the mitigation of fires in the landscape.   

 

 

 

 

           

   


