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Purpose. To develop the automated processing technology of the low and medium spatial resolution multispectral satellite 

images, which provides increasing reliability and efficiency of determining the area of forest burnt. 
Methodology. We used the methods of assessment of the state of vegetation on the burnt area, a complex of different 

vegetation indices and satellite image classification methods. The method of fire-sites decoding included the following main 

steps: selection of the image showing the area before and after a fire and calculation of vegetation indices.

Findings. The efficient technology of automated estimation of the area affected by forest fires, using satellite imagery, has 

been suggested. The technique allows us to fulfill all the processing procedure by means of the web-service that provides cur-

rent and reliable data about the fire effects. Using the developed method we analyzed the multispectral images with low spa-

tial resolution from Terra and Aqua satellites (instrument MODIS) in order to identify areas and periods of active burning in 

the selected area (California). Then we processed the multispectral images with medium spatial resolution from Landsat 8 sat-

ellite (shooting device OLI) to define accurately the boundaries of the burnt areas and to calculate their size. The area of the 

forest burnt during the period from July 30 to August 12 in 2015 exceeds 41 477 ha. 
Originality. In contrast to the existing methods of determining the burned areas by means of satellite images and using the 

Differential Normalized Burn Index (dNBR), the proposed technology allows determining the areas burnt more accurately 

through independent determination of optimal binarization thresholds for each image. In addition, it is possible to analyze the 

temporal changes in the affected forest areas for long periods of observation, by using vector layers with attribute information. 

The essential advantage of the technique is the high degree of automation of the satellite images processing and the use of re-

mote sensing data, which are freely available on the Internet. 
Practical value. The developed technology allows creating a web service for regular space monitoring of the 

consequences of forest fires. The users of such a service may be state monitoring bodies, state and private insurance com-

panies, energy and oil refining companies, municipal services, private companies, farmers, TV and radio companies and other 

mass media, as well as population living close to the territories affected by forest fires.

Keywords: remote sensing, satellite monitoring, multispectral imagery, forest fires, spectral indexes, NBR, image pro-
cessing 
 

Introduction.†Every year around 400 thousand forest fi-

res occur in the world. They cause huge damage to the fores-

try destroying millions of hectares of forests, up to 0.5–1% of 

all forests on the Earth. Besides the direct damage, they pol-

lute the atmosphere with large amounts of carbon dioxide 

and combustion products. Forest fires are responsible for aro-

und 60% of all forest stand destroyed annually by all anthro-

pogenic and natural factors. Annually, from 10 to 20% of the 

area taken by fire gets into the category of burnt-out terri-

tories, and regarding the remaining part of this area, different 

levels of damage of forest stand are registered. Of all the fac-

tors killing forests, the most negative consequences for the 

biosphere are caused by forest fires. They do not only des-

troy the forest, but also, as a result of burning of huge mass 
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of organic substances, emit large quantities of carbon dioxide 

into the atmosphere, increasing the greenhouse effect. Forest 

fires also destroy stocked lumber, structures built in the fore-

sts, forest floor and undergrowth as well as stocks of hay and 

peat. Fires scare away or kill animals inhabiting forests, dec-

rease crops of berries and mushrooms, disrupt the water ba-

lance of territories and stipulate shoaling of rivers and ero-

sion of banks, decrease humus in soils. 
Statement of the research problem. Many papers have 

discussed the assessment of post-fire forest areas by using 

NBR (Normalized Burn Ratio) and difference NBR (dNBR) 

 The main problem of fighting forest fires is related to 

difficulty of their early detection on huge territories (espe-

cially in low populated places). To solve this problem, satel-

lite imaging has come into use recently, which, in compa-

rison with observations from the surface and patrolling, pro-

vides full coverage of the territory of forests. And the pos-
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sibility of frequent observations of the same territory from 

satellites makes this method more advantageous than any ot-

her, especially away from populated regions. For the remote 

detection and monitoring of active forest fires around the 

world there are special services which use data from the sa-

tellites Terra, Aqua (device MODIS) and NOAA (device 

AVHRR) providing every day multiple coverage of the whole 

land with low resolution images. Open access to these ima-

ges makes it possible to carry out up to date monitoring at 

much lower cost in comparison with patrolling and statio-

nary methods of detection. 

Evaluation of economic and environmental consequen-

ces of forest fires requires timely obtaining of unbiased data 

about the state of the damaged forestry, including informa-

tion about drying out and dry trees on those territories. This 

kind of data is currently obtained, as a rule, with the use of 

on the ground periodical inspections of pathology of trees. 

Because of high labour intensity and limited accessibility of 

remote areas, such inspections cover only an insignificant 

part of the forest area damaged by fires. This encourages de-

velopment of alternative methods for evaluation of the state 

of the forests damaged by fires with the use of satellite imag-

ing. For evaluation of aftermath of forest fires, data from the 

Landsat, SPOT, IRS and RapidEye providing periodical global 

or regional coverage with medium and high resolution imag-

es are used. But the use of high spatial resolution images re-

quires the use of complex processing methods [7]. 
Objectives. The main objective is to develop an automa-

ted processing technology of the low and medium spatial 

resolution multispectral satellite images, which provides in-

creasing reliability and efficiency of determining the area of 

forest burnt. 
The input data. Below are the results of monitoring of 

the consequences of forest fires which occurred in July-Au-

gust, 2015 on a selected territory of California based on pub-

licly available low and medium resolution satellite images. 

To determine locations of seats of fire and dynamics of mo-

tion of the flame front, images from satellites Terra and Aqua 

were used (imagine device MODIS), which have the field of 

view of the optical system 110° wide and provide survey im-

aging of the whole surface of the Earth twice a day (the 

width of the strip of the imaging is 2330 km). 

The spectroradiometer MODIS has 36 spectral channels 

of visible and infrared bands which are tuned to the windows 

of transparency of the Earth atmosphere. The radiometric re-

solution of the source images is 12 bits, which makes it pos-

sible to observe different natural objects and solve a wide 

range of scientific and applied problems. For more detailed 

analysis of the consequences of the fire images from the sa-

tellite Landsat 8 were used (imaging devices OLI and TIRS); 

it has 11 spectral channels of visible and infrared bands in the 

windows of transparency of the Earth atmosphere (table 1). 

Methodology. We use the methods of assessing the state 

of vegetation on the burnt area, applied in a complex differ-

rent form vegetation indices and satellite image classification 

methods. The method of decoding burnt included the follo-

wing main steps: the image selection for the period before 

and after the fighting fixed and the calculation of vegetation 

indices. The burned area classification is a technology using 

remotely sensed data to assess the severity of fire damage to 

vegetated areas developed by the US Forest Service and US 

Geological Survey. It is premised on the contrast in near in-

frared (NIR) and mid infrared (MIR) reflectance between pre-

fire vegetated surfaces and post-fire denuded surfaces. Inde-

xed image NBR (Normalized Burn Ratio) makes it possible 

to determine a burnt-out place in a satellite image with the 

use of spectral channels of the near IR (NIR) and short wave-

length IR (SWIR) bands according to the formula NBR = (NIR 

– SWIR) / (NIR + SWIR). This formula uses the significant dif-

ference in reflection coefficients (albedo) in spectral channels 

of NIR and SWIR bands, corresponding to the healthy forest 

and to burnt-out territories: 

- in the NIR band the healthy forest has a higher albedo; 

- in the SWIR band the burnt-out forest has a higher albe-

do. 
 

Table 1 
Spectral channels of Landsat 8 

 
Spectral channels Wave lengths Resolution Device 

Channel 1 – Shores and 

aerosols  
0.433 - 0.453 m 30 m 

OLI 

Channel 2 – Blue 0.450 - 0.515 m 30 m 

Channel 3 – Green 0.525 - 0.600 m 30 m 

Channel 4 – Red 0.630 - 0.680 m 30 m 

Channel 5 – Near IR 0.845 - 0.885 m 30 m 

Channel 6 – Short 

wavelength IR 
1.560 - 1.660 m 30 m 

Channel 7 – Short 

wavelength IR 
2.100 - 2.300 m 30 m 

Channel 8 – Panchromatic 0.500 - 0.680 m 15 m 

Channel 9 – Cirri clouds 1.360 - 1.390 m 30 m 

Channel 10 - Far IR 10.30 - 11.30 m 100 m 
TIRS 

Channel 11 - Far IR 11.50 - 12.50 m 100 m 

 

For the quantitative evaluation of the consequences of the 

forest fire on a selected territory in July-August, 2015, pro-

cessing of images from the satellite Landsat 8 was perfor-

med, which included the following stages: 

- preliminary operations (selection of the area of interest, 

search for an image by date, check of its quality); 

- spectral synthesis in natural colours and artificial co-

lours of heat channels; 

- creation of the indexed NBR image; 

- threshold binarization of the indexed image;  

- morphological filtering of the binary image;  

- vectorization of the binary image and calculation of 

characteristics (the area of burnt-out patches); 

- visualization of the changes on the map and export of 

the vector layer into a kml-file. 

For satellite images processing our own software modu-

les in the language IDL were used. 
Research results. Using the developed technology mul-

tispectral images with low spatial resolution from Terra and 

Aqua satellites (instrument MODIS) were analyzed in order 

to identify areas and periods of active burning in the selected 

area (California). Then multispectral images with medium 

spatial resolution from Landsat 8 satellite (shooting device 

OLI) were made to accurately define the boundaries of the 

burnt areas and the calculation of their areas. 
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Fig.  show the dynamics of development of the forest 

fire on the selected territory in July-August, 2015, according 

to the data of the satellites Terra and Aqua (imaging device 

MODIS). Fig. 5, 6 show aftermath of the forest fire on the se-

lected territory in July-August 2015 according to the data 

from the satellite Landsat 8 (imaging device OLI). Fig. 7, 8 

show the results of the main stages of processing of an image 

taken by the satellite Landsat 8 on 19 August 2015. 

 

 
 

Fig. 1. The start of a forest fire (low resolution operational data) 
 

The area of the burnt-out forest in the period from July 

30 to August 12 exceeds 41 477 hectares acc. to data from 

Landsat 8.

The distinguishing feature of this technology is to split 

the search and processing into the stages: 

- a more precise definition of the burning period of the 

low resolution operational data; 

- a more precise definition of determining the area of 

burned areas on a periodic medium resolution data; 

- formation of vector layers burnt with attribute informa-

tion for each image ; 

- analysis of the temporal changes in the affected are-

as by using only vector layers with attribute information 

(i.e. without the need for processing raster data). 

In contrast to the known methods for determining  

the area of burned areas on satellite images at different 

times using the Differential Normalized Burn Index 

(dNBR), the pro-posed technology allows determining 

more accurately the areas burnt through independent de-

termination of optimal binarization thresholds for each 

image. In addition, it is possible to analyze the temporal 

changes in the affected forest areas for long periods of 

observation, by using vector layers with attribute infor-

mation. 

The essential advantage of the technique is the high de-

gree of automation of the satellite images processing and the 

use of remote sensing data which are freely available on the 

Internet. 

Practical significance. The developed technology allows 

you to create a web service for regular space monitoring of 

consequences of forest fires on its basis. The users of such a 

service may be: 

- state monitoring bodies (fire-fighting, forestry, environ-

mental services etc.); 

- state and private insurance companies (unbiased evalu-

ation of the scale and heaviness of the consequences, as well 

as evaluation of the real loss); 

- energy and oil refining companies (evaluation of the 

possible influence of forest fires on electric power lines, gas 

and oil pipelines, etc.); 

- municipal services, private companies, farmers (mea-

sures to restore the infrastructure objects); 

- TV and radio companies and other mass media (propa-

ganda of prevention of fires); 

- population living close to the territories affected by for-

est fires (obtaining objective and trustworthy information as 

for the scales and seriousness of the consequences of the for-

est fires). 
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and Aqua 

Imaging device 
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Spectrum 

 
channels 1-4-3 
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Spectrum 
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Fig. 2. Continuing forest fire (low resolution operational data) 
 
 

 
 

Fig. 3. Completion of a forest fire (low resolution operational data)  
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Fig. 4. Forest fire results (comparison of the low resolution operational data) 
 

  
 

Fig. 5. State before a forest fire (medium resolution perio-
dical data) 

 
Fig. 6. State after a forest fire (medium resolution periodi-

cal data) 

Conclusions. An efficient technology of automated esti-

mate of the area affected by forest fires, using satellite ima-

gery has been suggested. The technology allows realizing all 

the processing procedures such as a web service that provide 

current and reliable data of the fires aftermath. 

Further research will be associated with advancing the 

proposed technique one step further for more detailed 

analysis of individual sections of the burnt areas using sat-

ellite imagery and super resolution methods of object pro-

cessing. 
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           Determination  
             of the area  
           of burnt-out  
             territories 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
      The area of the burnt-out  
      forest in the period from 
         July 30 to August 12   
        2015 exceeds 41 477  
        hectares acc.to data 
     from Landsat 8 (imaging 
             device OLI) 

 

 
Fig. 7. Satellite image processing results (medium re-

solution periodical data) 

 
Fig. 8. The imposition of a vector layer on a digital map 
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