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Abstract—Madhya Pradesh experiences forest fires frequently 

every year with a peak during the months of February to May 

and it is estimated that the proportion of forest areas prone to 

fires annually ranges from 50-60%. So, effective forest fire 

management is needed to mitigate these fires. Fire danger indices 

are an important tool for fire and land managers. Forest-fire 

danger-rating systems provide a framework for organizing and 

integrating scientific knowledge and operational experience, and 

they are a cornerstone of modern fire management. In this study, 

Canadian Fire weather index will be tested for the state Madhya 

Pradesh and validated with MODIS active fire hot spots. 

Canadian fire weather system is a numerical method for rating 

fire danger based on weather parameters viz. Air temperature, 

Relative Humidity, Wind speed and Rain fall. In this study, 

Automatic Weather Stations data of Madhya Pradesh has been 

downloaded from the Meteorological and Oceanographic 

Satellite Data Archival Centre (MOSDAC) website and 

generated continuous surface by using interpolation techniques 

in QGIS software. MODIS Enhanced Vegetation Index (EVI) has 

been used as a proxy for fuel availability in this study. Canadian 

fire weather index equations will be used to compute the fire 

danger over study area in QGIS software. MODIS TERRA and 

AQUA fire hot spots will be used for validating the results. 

Keywords—Forest fire, FWI, wind speed, Relative Humidity, 

Air Temperature, MOD14, MOD13A2. 

I.  INTRODUCTION 

Madhya Pradesh (MP), in its present form, came into existence 

on November 1, 2000, following its bifurcation and the 

creation of the new state of Chhattisgarh. The state spread 

across an area of 308,245 km2, and is the second largest state, 

constituting 9.4 % of the total geographical area of the country 

[1]. The state lies between 21°17'N and 26°52' latitude and 

74°08' and 82°49' E longitude and is bordered by Rajasthan, 

Uttar Pradesh, Chhattisgarh, Maharashtra and Gujarat states. 

The state experiences forest fires frequently every year with a 

peak during the months of February to April. In Madhya 

Pradesh, forest fires are the most prevalent increasing at a 

steady rate and are one of the major factor in the forest 

degradation process, although the extent of total damage is 

widely disputed. It is estimated that the proportion of forest 

areas prone to fires annually ranges from 50-60%. Historical 

fire episodes reveal that most of the forest types of Madhya 

Pradesh are prone to fire each year. The origin, nature, 

distribution and pattern of the fire episodes vary greatly in 

space and time across different climatologies, as observed by 

historic satellite-derived fire location information and ground-

based information. The following land use, land cover issues 

causes the forest fires in Madhya Pradesh state: Illegal logging 

activities in natural forest areas result in accidental burns,  

degrade the forest, by removing valuable tree species, opening 

up the canopy and encouraging the invasion of fire prone 

weeds and predisposing the forest to fire. Fires easily escape 

from intentional land clearing activities into the adjacent 

opened up forest areas. Topography also aids in this process. 

Fire danger is the resultant of ‘factors affecting the inception, 

spread and difficulty of control of fires and the damage they 

mailto:Sureshbabu.iiith@gmail.com
mailto:rcprasad@iiit.ac.in
mailto:arijitroy@iirs.gov.in


cause’ [2]. If any of these factors are absent, then there is no 

fire danger [3]. The various factors of fuels, weather, 

topography and risk are combined to assess the daily fire 

potential on an area. Fire Danger is usually expressed in 

numeric or adjective terms. Fire danger rating systems are 

used by fire and land management agencies to determine 

levels of preparedness, to issue public warnings, and to 

provide an appropriate scale for management, research, and 

law for fire related matters [3]. All these systems integrate 

weather variables to assess fire danger, calculated as a 

numerical index. Fire danger indices are an important tool for 

fire and land managers. Effective Forest-fire management is 

based on sound knowledge of the potential for ignition, 

behavior, difficulty of control, and impact of fire in a given 

situation. Forest-fire danger-rating systems provide a 

framework for organizing and integrating scientific knowledge 

and operational experience, and they are a cornerstone of 

modern fire management. Different fire danger rating systems 

have been using around the world, including the McArthur 

Forest Fire Danger Index (FFDI) [4] in the eastern parts of 

Australia, the Forest Fire Behavior Tables (FFBT, [5]), in 

Western Australia, the Fire Weather Index (FWI) [6], in 

Canada, the National Fire Danger Rating System [7] in the 

USA and the Nestrov Fire Danger Index System in the Russia 

[8]. In this study, Canadian fire weather index equations has 

been modified according to the Indian context and availability 

of data and tested for Madhya Pradesh state. 

 

II. STUDY AREA 

The forest area of the state is 94,689 km
2
 constituting 

30.72% of the geographical area of the state and 12.44% of the 

forest area of the country [9]. Forest area legally has been 

classified into "Reserved Forest, Protected Forest and 

Unclassified Forest", which constitute 61.7%, 37.4% and 0.9% 

of the forest area respectively. There are four important forest 

types viz. Tropical Moist, Tropical Dry, Tropical Thorn, 

Subtropical broad-leaved Hill forests. Based on species 

composition, there are three important forest formations 

namely Teak forest, Sal forest and miscellaneous forests. 

Bamboo bearing areas are widely distributed in the state. To 

obviate pressure on the natural forests, plantations have been 

undertaken in forest and non-forest areas to supplement the 

availability of fuel wood, small timber, fodder etc. 

 

Fig. 1. Study area. 

 

III.  DATASETS 

MODIS (Moderate Resolution Imaging Spectroradiometer) is 

one of the widely used satellite sensors for various global and 

regional studies since 1999. It is a key instrument aboard 

NASA’s Terra (EOS AM) and Aqua (EOS PM) satellites and 

will view the entire surface of the Earth every 1 or 2 days, 

making observations in 36 spectral bands, at moderate 

resolution from 250 m to 1 km [10]. MODIS product 

Vegetation Indices 16-Day L3 Global 1km (MOD13A2) 

provides vegetation indices for every 16 days at 1 km spatial 

resolution as a gridded level-3 product in the Sinusoidal 

projection. Meteorological data such as air temperature, 

relative humidity and wind speed have been downloaded from 

the website Meteorological and Oceanographic Satellite Data 

Archival Centre (MOSDAC) [11]. Active forest fire locations 

data (MOD14) has been downloaded from the FIRMS (Fire 

Information for Resource Management System) website [12] to 

estimate the accuracy of fire weather index over the state. 

 

 

 

 

TABLE I.   DATASETS 

S. No Name of 
Datasets 

Product 
ID 

Spatial 
Resolution 

Temporal 
Resolution 

Source 

1 Vegetation 
indices 

MOD13
A2 

1 km 16 LPDAAC 

2 Fire and 
Thermal 

Anomalies 

MOD14 1 km Daily FIRMS 



3 Air 
Temperature 

- - Daily MOSDAC 

4 Relative 
Humidity 

- - Daily MOSDAC 

5 Wind Speed - - Daily MOSDAC 

 

 

IV. METHODOLOGY 

 

The MODIS TERRA product MOD13A2 was downloaded 

from the LPDAAC website [13] during fire season of 2014 

and 2015 for the Madhya Pradesh state. The state covers in the 

two MODIS tiles i.e. h24v06, h25v06 and these .hdf files were 

converted into tiff format using MODIS Reprojection Tool 

software. Enhanced Vegetation Index (EVI) was extracted and 

clipped for the state using tool clipper in QGIS software. 

Weather parameters such as air temperature, relative humidity 

and wind speed for different Automatic Weather Stations 

(AWS) data have been downloaded from the MOSDAC 

website in CSV format. Raster was generated for each 

individual weather parameters using Inverse Distance 

Weighting (IDW) interpolation method for different time 

periods during 2014 and 2015 fire season of the state. 

The Fire Weather Index (FWI) was calculated starting with 

values for wind speed, W (km h-1), fuel moisture, M(%), and 

fuel availability A. First, response functions to wind, f (W) and 

moisture, f (M) were calculated from the equations (1) and (2) 

[6]. 

Wind speed factor   𝒇 𝑾 = 𝒆𝟎.𝟎𝟓𝟎𝟑𝟗×𝑾  (1)         

 

 Fuel moisture factor 

𝒇 𝑴 = 𝟗𝟏.𝟗 × 𝒆 −𝟎.𝟏𝟑𝟖𝟔×𝑴 ∙  𝟏 +
𝑴𝟓.𝟑𝟏

𝟒.𝟗𝟑×𝟏𝟎𝟕
  (2) 

 

Moisture content (M) has been computed from the equation 

(3) [14] 

𝑴 = 𝟏𝟎 − 𝟎.𝟐𝟓 ×  𝑻 − 𝑯  (3)     

 

Initial Spread Index was computed from wind speed factor and 

fuel moisture factor using the following equation (4) 

𝑹 = 𝟎.𝟐𝟎𝟖 × 𝒇 𝑾 × 𝒇 𝑴   (4)                                      

The initial spread index is multiplied by fuel availability to 

give an intermediate quantity, the ‘B-scale’ FWI 

𝑩 = 𝟒 × 𝑹 × 𝑨    (5)   

 

Where ‘W’ is the Wind Speed, ‘M’ is the Moisture content 

and ‘A’ is the Fuel availability. Enhanced Vegetation Index 

(EVI) was used as a proxy for fuel availability. These 

calculations were carried out using tool Raster calculator in 

QGIS software.  

 

V. RESULTS AND DISCUSSION 

 

The final FWI images were then classified in to 5 fire danger 

classes viz. No fire, Low, Moderate, High and Very high fire 

danger. Resultant fire danger images were shown in the 

following figure overlaid with active forest fire locations 

(MOD14) to estimate the accuracy of the Canadian Fire 

Weather Index over the study area. 

Accuracy was estimated based on number of fire locations fell 

in five fire danger classes by assuming that fires fell in very 

high and high danger classes were identified as exactly 

identified and fires fell in No fire, Low and Moderate classes 

were as un- identified by the index. The accuracy per each day 

was computed by using the equation (6). 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦  % = 

𝐴𝑐𝑡𝑖𝑣𝑒  𝑓𝑖𝑟𝑒𝑠  𝑓𝑒𝑙𝑙  𝑖𝑛  𝐻𝑖𝑔  𝑎𝑛𝑑  𝑣𝑒𝑟𝑦  𝑖𝑔  𝑓𝑖𝑟𝑒  𝑑𝑎𝑛𝑔𝑒𝑟  𝑐𝑙𝑎𝑠𝑠𝑒𝑠

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑎𝑐𝑡𝑖𝑣𝑒  𝑓𝑖𝑟𝑒  𝑝𝑜𝑖𝑛𝑡𝑠  𝑜𝑛  𝑡𝑎𝑡  𝑑𝑎𝑦
   

(6) 

Computed accuracy ranged from a minimum of 80% to 

maximum of 92% and overall accuracy estimated was 85%. 

Thus, Canadian fire weather index was adapted for the state 

Madhya Pradesh



 

Fig. 2.  Fire weather index images overlaid with active forest fire location.



 

VI. CONCLUSION 

 

This study shows the adaptation of Canadian fire 

weather index for the state Madhya Pradesh by 

using the ground based Automatic Weather station 

data and MODIS vegetation index product. 

Enhanced Vegetation Index was used as a proxy for 

fuel availability in this study and results were 

showing that an accuracy of 85% that means 

Canadian Fire Weather Index was successfully 

adapted for the state Madhya Pradesh. 
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