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SUMMARY 

On an example of the Zdolbuniv municipal solid waste dump (the Rivne region, Ukraine) 
shows the informativeness of using the proposed methodology for monitoring the 
temperature regimes of waste disposal facilities. The capabilities of the Google Earth Engine 
web platform were used, and the developed fire monitoring algorithm was implemented 
based on the use of a set of images from the Landsat-8 spacecraft. The values of the 
temperature of the earth's surface were calculated based on the data of the thermal channel 
Thermal Infrared (TIRS) 1, 10.6–11.19 μm. In the research area, four different types of 
objects on the earth's surface were studied: a landfill and a quarry of construction materials 
located nearby, a forest massif and agricultural land. It was established that during 2013-
2022, as of specific calendar dates, no significant temperature anomalies were recorded both 
at the landfill and at other objects adjacent to it. The maximum surface temperature at one of 
the sites of the landfill was found as of August 6, 2017, which reached a value of 38.1°C. 
Therefore, no significant fires due to spontaneous combustion of garbage at the Zdolbuniv 
facility, which would have occurred for a long time (several days) according to the data of 
space photography, have been recorded. 
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Introduction 
 
Landfills and dumps (authorized and illegal) of the municipal solid waste (MSW) acting as nature 
conservation facilities through landfill and dump disposal and biodegradation, are themselves sources 
of negative environmental and public health impact. Negative types of impact should include the 
removal of large areas of land for economic use for the long term, soil contamination and disturbance 
of their structure, pollution of air, groundwater and surface water, vegetation, increased fire risk and 
more (Bauer et al., 1998; Aluko et al., 2003; Abu-Zeid et al., 2004; Mor et al., 2006; Adeolu et al., 
2011; Bhalla et al., 2013; Azimov et al., 2018, 2019a,b, 2020; Sheviakina et al., 2019; Azimov and 
Shevchuk, 2020; Shevchuk et al., 2021; et al.). 
In particular, the increased fire risk of MSW storage facilities is due to the high probability of the 
existence of internal combustion (smoldering) processes of waste in the bodies of dumps sites and the 
occurrence of actual fires on their surfaces (Azimov and Shevchuk, 2020; Azimov et al., 2020). 
Atmospheric air pollution by toxic combustion products, their fall to the earth's surface outside the 
limits of waste storage because of being carried by the wind is the factor that has a negative 
environmental impact on the environment and the population, who lives nearby landfills and dumps. 
A significant number of dumps have been burning for decades, despite their periodic extinguishing. 
To ensure the proper quality of the environment and the health of population, it is necessary to 
eliminate the causes of fires in landfills and dumps sites and to control the activities to prevent them. 
One of such preventive measures are the use of space or aerial data in the infrared range of spectrum, 
based on the detection of thermal radiation of the surface and the objects placed on it, or data from 
specialized thermal imagers installed on the aircraft. The latter will help to fix the foci, areas of 
distribution of combustion, and subsequently – during their elimination. Therefore, these facilities can 
be used in the operation of MSW disposal landfills in general. 
 
Method and study area 
 
In order to develop the technique of remote monitoring the temperature of waste facilities, we chose 
the Zdolbuniv MSW dump, the Rivne region, Ukraine (Figure 1). As previously established 
(Shevchuk et al., 2021), over the past 20 years the sites area of this dump has almost tripled. 
Due to a large amount of data, Google Earth Engine was chosen as the main tool to implement the 
proposed method of thermal anomaly detection. As it is known, the main advantages of the chosen 
platform are fast processing, which is achieved by high computing power, as well as the availability 
of satellite data sets (Amani et al., 2020). 

 
Figure 1 The Zdolbuniv MSW dump area. Schematic map of the points location for observation 
temperature anomalies: 1 – dump site, 2 – forest massif, 3 – agricultural land, 4 – quarry. 

https://scholar.google.com.ua/citations?user=KBodWaJUnLsC&hl=uk&oi=sra
https://link.springer.com/article/10.1007/s00254-003-0895-x#auth-1
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WorldView-2 satellite image for 02.05.2021 is received from the Internet (https…) and used as an 
underlayer 

The algorithm of the developed method involves the use of Landsat-8 imagery of the "Surface 
Reflectance" processing level. The temperature value is calculated from the data of the thermal band 
Thermal Infrared (TIRS) 1, the wavelength of which is 10.6–11.19 μm, and the spatial resolution is 
100 m (U.S. Geological…, 2018). The images of this set are selected for the study period (from 2013 
to 2022), followed by masking of clouds, cloud shadows, and snow to cut off false temperature 
values. For this, the Landsat-8 bit mask stored in the QA_PIXEL channel was used. Bits 
corresponding to pixels with clouds, with their shadows, and with snow cover have values 3, 4, and 5, 
respectively. After the masking procedure, a scaling factor was applied in order to obtain valid values 
in each pixel of the image. For the thermal channel, this action involved multiplying the value in each 
pixel by a scale factor of 0.00341802 and adding an additional offset of 149.0 to it, according to 
(Cook et al., 2014). The obtained data contains the temperature in degrees Kelvin. Therefore, to 
convert these values into degrees Celsius, 273.15 should subtract each pixel value. 

 
Results 
 
For the purpose to test the developed method, four different types of objects were selected as 

monitoring points, namely an active dump and a newly created quarry as anthropogenic territories, 
also a forest area and agricultural land as natural territories. (Figure 1). After the temperature values at 
each point of the study area for a given period (10 years) are obtained, a graph is build to show the 
course of the temperature (Figures 2, 3). Further, those data that are abnormally high can be attributed 
to fires at a given point. First of all, this applies to subsurface fires in relation to the dump site, which 
are presumably caused by smoldering processes, exothermic oxidation reactions of the MSW. After 
all, it is known that thermal decomposition of fuel material and its partial combustion are 
characterized by temperatures of 500–800°С, and the zone of final combustion of fuel decomposition 
products is characterized by maximum temperatures reaching 900–1500°С. 

 
Figure 2 The graph of temperature comparison of the Zdolbuniv MSW dump and neighboring forest 
massif for 2013-2022. 1 – the Zdolbuniv dump, 2 – forest massif 

 
The generalized results of our research are presented in the form of two graphs. The first of them 
(Figure 2) shows the time series of the surface temperature in the form of a column histogram 
according to the data of the Landsat-8 thermal channel for two different types of surface, namely: the 
surface of the dump itself and the surface of the forest area closest to it. In general, the obtained 
results indicate that no significant temperature anomalies were recorded at the dump. The registered 
maximum temperature was 38.1°C on a hot day on August 6, 2017. From this, it can be concluded 
that there were no significant fires due to spontaneous combustion of garbage at the Zdolbuniv facility 
during 2013-2022. In parallel with this, the graph shows that the maximum temperature on the surface 
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of the dump is generally higher than the temperature recorded above the forest cover, where the 
maximum does not exceed 36.3°С. 

 
Figure 3 The graph of changes in the temperature of the surface of the components of the 
environment within the limits the Zdolbuniv MSW dump and adjacent areas during 2013-2022.  
1 – The Zdolbuniv dump, 2 – forest massif, 3 – agricultural land, 4 – quarry 
 
The second graph is presented in the form of a dot diagram (Figure 3). It is no less visual and 
informative than the previous one and shows the same data, but in the form of a cloud of points. 
However, it additionally presents monitoring data of changes in surface temperature within one of the 
agricultural lands and a quarry of building materials, located next to the investigated site of the 
Zdolbunivsky solid waste dump. From the analysis of this graph, it follows that the temperature peaks 
on the agricultural land are mostly higher than on the dump, but not significantly. They reach a 
maximum of 42°C (as of August 6, 2017). Thus, the obtained data prove that there were no fires 
within the boundaries of both the Zdolbunivsky solid waste dump and the agricultural lands adjacent 
to it during the studied period of 10 years. At least this applies to the specific four points of 
monitoring observations in the considered territory. 
 
Conclusions 
 
Therefore, the application of the developed algorithm of the fire monitoring technique based on the 
use of a set of thermal channel images obtained from the Landsat-8 spacecraft showed its 
informativeness and effectiveness in the study of temperature changes of different land covers. The 
implementation of the appropriate methodology on the example of the territory of the Zdolbuniv 
MSW dump and adjacent areas with a natural and anthropogenically altered landscape (forest massif, 
agricultural land, construction materials quarry) made it possible to establish that during 2013-2022, 
as of certain calendar dates no significant temperature anomalies were registered at any of the 
specified objects. On one of the sites of the dump, the maximum surface temperature (38.1°C) was 
found on August 6, 2017, which was characterized by hot weather. Therefore, no significant fires due 
to spontaneous combustion of garbage at the Zdolbuniv facility, which would have occurred for a 
long time (several days, taking into account the periodicity of the Landsat-8 satellite imagery) 
according to the data of remote studies, were recorded. 
The obtained results can confirm compliance with the technology of storage, accumulation and 
storage of MSW on the territory of the Zdolbuniv dump by utilities and other services involved in its 
operation. Responsible waste management within the dump during the 10-year period 2013-2022 
allowed preventing and avoiding environmentally dangerous emergencies associated with significant 
fires due to self-ignition of garbage. 
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