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SUMMARY 

Based on remote sensing data, the area of Turkey where a large-scale fire occurred in the 
summer of 2021 was studied, as well as the area of Australia, where fires are also a big problem. 

Satellite observations are very important in assessing the spread of forest fires, identifying their 
sources, analyzing the development of smoke from fires, fires, identifying the risk of fires, 
assessing losses and more. 
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Introduction. Emergencies and natural disasters are the biggest problems of mankind today, so prompt 
and high-quality monitoring of their occurrence and spread is extremely important. 
One of the most dangerous phenomena that threatens environmental safety and affects ecosystems, 
causing huge damage is forest fires. Forest fires in modern nature management are assessed as an 
exogenous local catastrophic factor that causes the transformation of natural ecosystems. Every year, 
forest fires result in the death of hundreds of thousands of hectares of forest and a huge number of 
animals and birds, the release into the atmosphere of tens of thousands of tons of combustion products, 
changes in vegetation, water and wind erosion. As an example, we can cite the data of the portal Global 
Forest Watch (World Forest Watch), only in the Amazon rainforest the number of forest fires in 2020 
increased by 52% compared to the average data for the past decade, and 24% compared to the previous 
three years . It is also reported that the seasons of forest fires began to last about 20% longer than in the 
1970s, and they became more intense. (Zatserkovnyi et al., 2019) 
According to the World Forest Guard, 75% of forest fires are the result of arson, and together they have 
already emitted carbon dioxide, the equivalent of the annual carbon emissions of all EU member states 
in one year. 
It is noted that forest fires and climate change are interrelated, as warmer and drier weather, together 
with the development of land for agricultural and forestry needs, are ideal conditions for forest fires in 
the world. (Babiy, Hrytskiv, 2007) 
Effective monitoring can be ensured with the help of geographic information systems (GIS), Earth 
remote sensing (REM) and Global Position System (GPS) technologies. In addition to direct monitoring, 
the urgent task is to alert the population and early prevention of the most natural and man-made disasters 
is determined by the rapid detection of sources of ignition or arson. 
Satellite observations are very important in assessing the spread of forest fires, identifying their 
sources, analyzing the development of smoke from fires, fires, identifying the risk of fires, assessing 
losses and more. However, in order to solve the complex problem of registration, display and forecasting 
of possible directions and volumes of forest fires, it is necessary to form a strategy of complex monitoring 
with the use of remote sensing materials. This was the main purpose of this study (Zatserkovnyi et al., 2019). 
Methods of investigation. We will analyze the possibilities of using remote sensing data for forest fire 
monitoring using GIS and digital remote sensing methods, assess the benefits and possibilities of using 
remote sensing data to detect forest fires and assess their impact on the ecosystem on monitoring data 
from Turkey and Australia. 
An approach based on the comparison of space images of the study area in the usual color (RGB) and 
infrared ranges can be an effective method of occurrence and spread of forest fires. Maps created from 
images in the optical range can determine the smoky area and wind direction. In the infrared range, 
areas with a temperature higher than the ambient temperature are well deciphered. Based on the 
comparison of the results of image analysis in both ranges, it is possible to estimate the area where the 
fire occurred, determine the power of the fire, the front of its movement, potentially dangerous for the 
occupation of the territory and so on. You can use different software and GIS to compare images. ESR 
and ENVI (Software Solution) ArcGIS software were used in this study (Zatserkovny et al., 2016). 
Initial and geological data. Forest fires in Turkey are an annual phenomenon, but 2021 was a record 
year. In May 2021, the highest air temperature in the last 50 years was recorded. In the second half of 
July 2021, the air temperature rose, in some regions the temperature maximum was exceeded by 12°C, 
and the air temperature north of Istanbul rose to 36°C with long-term daily temperatures around 27°C. 
The first forest fires broke out in the area of Manavgat, in the province of Antalya, where the air 
temperature reached about 37°C (99°F). Areas of several Turkish provinces (Antalya, Mugla, Mersin, 
Adana and Osmaniye) affected by severe natural fires have been declared disaster zones. Due to the 
growing number of fires and forest areas affected by Turkey's natural ecosystem in 2021, the state of 
emergency has become nationwide (Mozgovoy, Vasiliev, 2016). 
A satellite image of the province of Antalya taken by the spacecraft Sentinel-2 L2A as of 04.08.2021 is 
presented on Figure 1. The fire broke out in four places in the resort of Manavgat. The flames approached 
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the settlements. The flame quickly spread over a large area under the action of the wind. This was 
facilitated by dry and windy weather. 

The most dangerous situation is in the resort areas of Antalya 
and Marmaris in the province of Mugla, where urgently had 
to evacuate tourists and residents of nearby areas, where 
some villages burned to the ground. 
The fire affected almost the entire territory of Turkey, but 
prevailed in the southern part of the territory. There were 
human casualties. Thousands were evacuated and the fire 
spread to seven regions of the country. 
By July 31, the Turkish government had taken control of 88 
forest fires. By August 1, 107 forest fires had been brought 
under control. 

Sentinel-2 images for 15.07.2021 (before the fire), 30.07.2021 and 04.07.2021 (during the fire), as well 
as 13.09.2021 (after the fires) were used to monitor the areas affected by the fires. The analysis was 
performed using ArcGIS software. Initially, pre-processing of images was performed, which aimed to 
prepare the obtained remote sensing data for further analysis and thematic interpretation (Figure 2). 

                              
                             а) 15.07.2021                                                   b) 30.07.2021 

Figure 2 Satellite images of the Antalya Sentinel-2 zone in natural colors. 
 

Results of investigations. In the course of the study, the spectral indices were calculated: 
1)NDVI - index of normalized difference of vegetation, which uses the channel of the near infrared zone 
(NIR) and red channels in its formula: 

                                                    NDVI = (NIR - RED) / (NIR + RED)                                        (1) 
Healthy vegetation (chlorophyll) reflects more near-infrared and green light than other wavelengths. But 
it absorbs more red and blue light. That is why our eyes perceive vegetation as green. 
This index can be used to assess vegetation affected by drought (Figure 3). This makes it possible to 
conduct an effective state of vegetation and make appropriate management decisions. 
2) NDWI - normalized index of the difference in water, which reflects the moisture content in plants 
and soil and is determined by analogy with NDVI:  

                                                        NDWI = (NIR-SWIR / NIR + SWIR)                                         (2) 
NIR - near infrared range with wavelengths in the range of 0.841 - 0.876 мm; 
SWIR - part of the range with wavelengths in the range of 1.628-1.652 мm. 
NDWI is dimensionless and ranges from -1 to +1, depending on the content of hardwoods, as well as 
the type of vegetation and cover. High values of NDWI (blue color) correspond to the high water content 
in the plant and the coverage of a high proportion of plants. Low NDWI values (red) correspond to low 
vegetation content and low vegetation cover. During periods of water stress, the NDWI will decrease. 
The NDWI index for fire risk assessment is used to determine the available moisture in vegetation. 
Higher NDWI values indicate sufficient moisture, while lower values indicate water deficiency. As 
shown on Figure 4, the amount of moisture in the vegetation is insufficient. (ArcGIS Pro: Index Gallery) 
Monitoring was also carried out based on the comparison of space images of the study area in the normal 
color range (RGB) and when changing these parameters to study the state of forest cover as of 

 
Figure 1 Satellite image of the 
Antalya zone Sentinel-2 L2A as of 
04.08.2021. 
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13.09.2021 (Figure 5). From these images, the smoky area and wind direction were determined in the 
optical range (ArcGIS Pro: Index Gallery). 

                                             
а) 15.07.2021                                            b) 30.07.2021 

Figure 3 Index of normalized vegetation difference according to Sentinel-2 satellite images. 

                                           
а) 15.07.2021                                             b) 30.07.2021 

Figure 4 Determination of the normalized index of the difference in water from satellite images Sentinel-2. 

                                        
a) natural colors                        b) change the parameters of RGB colors 

Figure 5 State of forest cover as of 13.09.2021 based on Sentinel-2 images. 
 

Now you can see that the 
image has become lighter 
and light pink cells have 
appeared in the forest 
cover, all areas that have 
dried up due to the 
affected trees. 
The forest cover of the 
north coast of New Wales 
was also monitored from 

September to January 2019-2020 (Figure 6).  
To study the forest cover of this area, Landsat 8 images from different time periods were used. The first 
picture was taken on September 3, 2019. The second - 25.01.2020. 
To visualize the spatio-temporal changes in this area, Landsat images of 8 different years were selected. The 
first is December 13, 2018, the second is December 15, 2019. This made it possible to estimate the changes 
in the territory during the year. A combination of channels 7,5,3 (Figure 7, Figure 8) and channels 7,6,4 
(Figure 9) was used to visualize the fire. Analyzing these images, you can see how the area has changed in 
2019. Forest fires are marked in red. It covers a large area, which in 2018 was covered with vegetation. 

 
Figure 6 Coordinates and locations of the study area. 
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Figure 7 Combination of 
channels 7,5,3 according to the 
Landsat 8 space image, 
13.12.2018. 

Figure 8 Combination of channels 
7,5,3 according to the Landsat 8 
space image, 15.12.2019. 

Figure 9 Combination of 
channels 7,6,4 according to 
the space image Landsat 8, 
15.12.2019. 

 

The combination of channels 7,6,4 (Figure 9) gives an image close to natural colors, but at the same 
time allows you to analyze the state of the atmosphere and smoke. Vegetation is reflected in shades of 
dark and light green, urban areas look white, green-blue and crimson, soil, sand and minerals can be 
different colors. Hot spots (such as calderas of volcanoes and fires) look red or yellow. 
This image can also more accurately determine the boundaries of the fire, to detect a large cloud of 
smoke, the spread of which is caused by fire. The use of GPS technology allows you to more accurately 
locate fires (Lazorenko-Hevel et al., 2020). 
Recommendations and conclusions. The conducted works testify to the possibility of using remote 
sensing to solve such tasks as forest fire monitoring. As a result of the work performed on the processing 
of DDZ with the use of GIS identified areas that were affected by fires. NDVI and NDWI spectral 
indices are calculated (Gerasimenko et al., 2021). The use of remote sensing data allows to quickly 
obtain information and solve problems of the forestry complex. These data can be used for accounting 
and inventory of forests, creating maps, obtaining tax characteristics. The undeniable advantages of 
remote sensing space methods are in forest monitoring and tracking the possibility of occurrence and 
presence of forest fires. 
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