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COMPARATIVE ANALYSIS OF DETECTED FIRES IN THE REPUBLIC
OF SERBIA AND NEIGHBOURING COUNTRIES (2012-2024)

Bojan KONATAR'*, Snezana KONATAR?, Jovana CVETKOVIC', Sabahudin
HADROVIC', Nenad SURJANAC', Jelena BOZOVIC', Goran CESLJAR'

Abstract: This study aims to provide an overview of fire occurrences in the Republic
of Serbia over the past twelve years and to compare these findings with those from
neighbouring countries. The analysis is based on data obtained from the online platform
Global Forest Watch, sourced from Copernicus Sentinel-2 and processed by the European
Space Agency (ESA). In comparison with the selected neighbouring countries, Serbia
demonstrates moderate to slightly above-average values in terms of the annual number of
fires, the total number of fires, and fire density per square kilometre. A significant proportion
of the fires detected by satellite imagery are associated with agricultural areas. The period
with the highest number of fire events is the fourth quarter of the year, which numerous
sources attribute to the burning of agricultural residues following the harvest. Beyond
providing numerical indicators of the fire situation in Serbia, this study also serves as a
foundation for more detailed analyses that may inform strategies for the prevention and
mitigation of fire spread into forests and forest land.

Keywords: fires, satellite fire detection, forest fires, fire occurrence density

KOMITAPATUBHA AHAJIN3A JETEKTOBAHUX ITOXKAPA Y PEITYBJININ
CPBUJHU U 3BEMJ/BAMA OKPYXEIbA Y IIEPUOAY 2012-2024. TOJJUHA

Izvod: Osaj pao uma 3a yuw oa npyscu npuxas nojase nodxcapa y npemxoonux 12
2oouna y Penyonuyu Cpouju xao u oa ypaou nopelere ca 3emmama okpyxcera. Y paoy cy
kopuwhenu nodayu oocmynuwu na online naam@popmu Global Forest Watch. Hzeop
nodamaxa 0obujen je 00 cmpane Copernicus Sentinel-2, a nooayu cajma cy obpahenu 00
cmpane Esponcke Csemupcke Aeenmyuje (European space agency ESA). V nopehery ca
3eMbaAMa OKpydicerba 3a Koje cy nooayu oopahenu Penybonuxa Cpbuja no 6pojy noxcapa na
HUBOY 200uUHe, YKYRHOM 6Opojy nojcapa Kao u 2ycmunu nodxcapa no km? uma cpedwe
8peOHOCMU UTU 8PEOHOCMU KOje Cy MAno U3Hao npoceka. Benuxu Opoj noocapa xoju je
€BUOEHMUPAH NymeM camenuma ee3yje ce yeraeHoM 3a N0bONPUSPeOHe NOSPUUHe, d NEPUOO
HACMAHKA NoJcapa ca Hajeehium opojem noscapa je uemepmu Keapmai uimo 6pojHu u3gopu
nomephyjy u 8e3yjy 3a namere nowbonpuspeoHux noepuiuta Hakow xcemee. 0O8aj pao ocum
wmo npyxca Hymepuuxe nokasamesme cmarea y Penyoruyu Cpouju ciyscu u kao ocHos 3a
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0emasbHUjy AHAIU3y Koja Modice 0a UMAa Ymuyaja Ha npeseHyujy U wuperse nojcapa Ha uyme
U WYMCKO 3eMmbutime.

Kibyune peun: noxxapu, caTeauTcKa JeTEKLHja oxapa, IIyMCKH M0XKapH, TyCTHHA
Hnoxapa

1. INTRODUCTION

The Forest Law of the Republic of Serbia (Article 47) strictly prohibits the
ignition of open fires within forests or on land situated less than 200 meters from the
forest boundary (Official Gazette of the Republic of Serbia, Nos. 30/2010, 93/2012,
89/2015, and 95/2018). Predicting fire spread represents a critical task for fire
management and mitigation, with satellite-derived data being an up-and-coming
source of information for these purposes (Shadrin et al., 2024).

In the Republic of Serbia, forest fires are recognised as one of the most
severe disturbances to forest ecosystems and the most significant challenges to
sustainable  forest ~management practices (Brovkina et al, 2019).
In order to deepen the understanding of both the causes and the potential
consequences of fire events, this study conducts an analysis of data spanning the
period from 2012 to 2024, sourced from the Global Forest Watch platform.

By examining the current situation through data analysis, the underlying
causes of fires can be better understood, enabling adjustments to forest management
practices to help prevent fires. Forest trees absorb atmospheric carbon dioxide (CO-)
and store it within living biomass, dead organic matter, and soils, thereby
substantially contributing to the mitigation of climate change (Osman et al., 2023).

The devastating scale of forest fires is exemplified by the massive wildfire
event in eastern Siberia, where approximately 22 million hectares of forested land
were lost, as reported by the California Institute of Technology.
Given the above, it is crucial to monitor fire events that can threaten forests or lead
to large-scale destruction of forested areas.

2. MATERIAL AND METHODS

This study analyses data on fire occurrences in the Republic of Serbia for
the period 2012-2024, obtained from the Global Forest Watch platform.
The dataset includes nine countries Bosnia and Herzegovina, Bulgaria, Montenegro,
Croatia, the Czech Republic, Hungary, Romania, Slovenia, and the Republic of
Serbia and incorporates only those records with a high confidence level (>80% Cl).

All data were consolidated into a single file and subsequently analysed to
identify extreme values, fire occurrence frequency, and the locations of fires that
could potentially threaten forested areas in the Republic of Serbia.
The analysis was conducted across several categories: the number of fires per year,
the total number of fires over the entire observation period, fire counts for each
country annually and cumulatively, extreme values (maximum and minimum), and
fire density per square kilometre relative to each country's total area.
Corresponding graphs and a thematic map were generated to visually represent the
results.

Sustainable Forestry: Collection 91 (2025) 28



Analysis of detected fires in the Republic Of Serbia Konatar et al.

The analysis was performed using comparative analysis and descriptive
statistics, which is shown in the part related to the research results.

It is important to note that each recorded fire is associated with the exact
week of occurrence; using these data, calculations were performed to determine the
corresponding month and quarter, which served as the basis for further statistical
analysis.

3. RESULTS

During the observation period from 2012 to 2024, a total of 17,975 fires
were recorded across the nine countries analysed, based on data from the Global
Forest Watch platform. The highest number of fires was detected in Romania
(6,832), followed by Bulgaria (3,928) and the Republic of Serbia (2,422), while the
lowest number was recorded in the Czech  Republic (97).
The average number of fires detected over the past 12 years was 1,997.22, placing
the Republic of Serbia slightly above the regional average.

As shown in Figure 1, a decreasing trend in the number of recorded fires can
be observed from 2012 toward 2024, with the exception of 2017 and 2019, when an
increase in fire activity was registered, particularly in Romania and Bulgaria.
Map 1 illustrates the spatial distribution of fires across the countries, where lighter
shades indicate a lower number of fires, while darker shades represent higher values.
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Figure 1. Number of Recorded Fires by Year of Detection
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Moscapn
6823

Map 1. Distribution of Recorded Fires across Europe

In addition to the total number of fires, it is important to consider fire density
relative to the area of the selected countries. This approach reveals that although
Romania and Bulgaria lead in the total number of recorded fires, Montenegro has
the highest fire density, while the Czech Republic has the lowest. The average fire
density across these countries is 0.0256 fires per km?. The Republic of Serbia again
shows values slightly above the average, positioning it near the middle among the
observed countries.

Fire density relative to country area (km?)

Czech Republic (Czechia) 0,0012
Hungary 0,0049
Slovenia 0,0077
Croatia 0,0189
Republic of Serbia 0,0274
Romania 0,0286
Bulgaria 0,0354
Bosnia and Herzegovina 0,0386

Montenegro 0,0755

Figure 2. Fire Density Relative to Country Area

Maps 2 and 3 illustrate the periods from 1 September to 1 December in 2018
and 2019, respectively, which, according to the data, represent the intervals with the
highest number of fires recorded in the Republic of Serbia over the past 12 years.

Sustainable Forestry: Collection 91 (2025) 30



Analysis of detected fires in the Republic Of Serbia Konatar et al.

The maps reveal that the majority of fires were concentrated in the Autonomous
Province of Vojvodina, as well as along the A1 motorway.

Map 2. Fire Incidents adjusted Map for the Period 1 September — 1 December
2018

Map 3. Fire Incidents adjusted Map for the Period 1 September — I December
2019
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As the majority of fires were concentrated in the territory of the Autonomous
Province of Vojvodina, and given that the Global Forest Watch platform recorded
these fires in the fourth quarter of both 2018 and 2019, it can be assumed that they
were primarily caused by the burning of agricultural land following harvest. Another
fire event clearly observable on Map 2 is along the A1 motorway, which may be
attributed to human activity. The fire incident, along with numerous others, was
documented in newspaper articles from 2019 and 2023, which consistently
emphasised the need to refrain from burning crop residues and agricultural land
during the autumn period after harvest operations.

Figure 3. A1 Motorway, 10 October 2023.
Photo:
https.//x.com/i/status/1711474713732489482

Figure 4. E75 Motorway, 9 October 2023. Figure 5. Mala Kamenica near
Photo: Negotin, 29 August 2024.
https.//x.com/i/status/1711819491460423939 Photo: Bojan Konatar

Ve B TGRS oe e | :

Figure 6. Burning of land near the Figure 7. Burning of land near the

forest edge, Sjenica, 11 April 2025. forest edge, Sjenica, 11 April 2025.
Photo: Bojan Konatar Photo: Bojan Konatar
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4. DISCUSSION

The primary focus of the analysis is on the territory of the Republic of
Serbia, while data from the other countries are used for comparative purposes and to
encourage further research on this topic.

As previously stated, the Forest Law prohibits the use of open fires within
200 metres of the forest edge. This regulation aims to protect natural resources, flora
and fauna, property, and human lives. Open fires near forests pose a significant risk,
particularly under adverse meteorological conditions such as prolonged drought, low
humidity, or strong winds. According to a 2020 WWF report titled Fires, Forests
and the Future, human activity—either intentional or accidental—was estimated to
be responsible for 75% of open fires globally. In Europe, approximately 95% of fires
are caused by human negligence, compared to 84% in the United States. The report
also highlights that the slash and burn method, often used to prepare land for
agricultural purposes, frequently escapes control. Fire-favourable weather
conditions—high temperatures, low humidity, and strong winds—have become
increasingly common, fuelling wildfires worldwide. Such conditions are associated
with the most dangerous types of fires (Jolly et al., 2015).

A study conducted across Europe, including Estonia, Finland, Latvia,
Lithuania, Sweden, Bulgaria, Germany, Poland, Romania, Slovenia, Slovakia,
Switzerland, France, Greece, Italy, Portugal, and Spain, found that for 79.33% of
recorded fires the cause was known. Of these, 4.17% were attributed to natural
causes, 7.97% to accidental causes, 45.83% to human negligence, and 42% to
deliberate actions.

In 2017, Portugal experienced a record-breaking wildfire that burned
approximately 500,000 hectares (Turco, 2019), of which 213,633 hectares were
forested areas (San-Miguel-Ayanz et al., 2017). Unprecedented weather conditions,
including strong winds that contributed to the formation of Hurricane Ophelia and
extremely low relative humidity, facilitated the rapid spread of fires (San-Miguel-
Ayanz et al., 2017).

Numerous studies have demonstrated that wildfires significantly affect
human health through the emission of smoke during burning events. Consequences
include increased concentrations of nitrogen, phosphorus, and dissolved organic
carbon in the environment. In addition, noticeable changes occur in plant species
composition, geology, topography, water bodies, and lakes near burned areas (Bolan
et al., 2025).

5. CONCLUSIONS

The results of this study indicate that, although the Republic of Serbia
records a relatively high number of wildfires annually compared to the other
analysed countries, it does not represent an extreme case. Instead, it ranks near the
middle among the observed countries. The concentration of fires in specific regions
and periods suggests cyclical patterns, highlighting areas that should be prioritised
during the development of strategic planning documents. Prolonged periods of
extremely high temperatures, a lack of precipitation, and strong winds create optimal
conditions for wildfire spread, underscoring the need for special attention to regions
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with higher fire occurrence rates. The observed positive trend of decreasing wildfire
detection over the years, despite noticeable climate change effects, reflects the
success of efforts and methods implemented over the past twelve or more years.

Acknowledgment: This study was carried out under the Agreement on realization and
funding of scientific reserach activity of scientific researcc organizations in 2025 funded by
Ministry of Science, Technological Developement and Innovation. No. 451-03-136/20255-
03/200027.

REFERENCES

Shadrin D., Illaronova S., Gubanov F., Evteeva K., Mironenko M., Levchunets 1., Belousov
T., Burnaev E. (2024). Wildfire spreading prediction using multimodal data and deep neural
network approach. Scientific reports, 14(1), 2606. doi:10.1038/s41598-024-52821-x

Brovkina O., Stojanovi¢ M., Milanovi¢ S., Latypov 1., Markovi¢ N., Cienciala E.(2020).
Monitoring of post-fire forest scars in Serbia based on satellite Sentinel-2 data. Geomatics,
Natural Hazards and Risk, 11(1), 2315-2339. doi:10.1080/19475705.2020.1836037

Jolly M., Cochrane M., Freeborn P., Holden Z., Brown T., Williamson G., Bowman D.
(2015). Climate-induced variations in global wildfire danger from 1979 to 2013. Nature
communications, 6:7537. doi:10.1038/ncomms8537

Ganteaume A., Camia A., Jappiot M., San Miguel-Ayanz J., Long-Fournel M., Lampin C.
(2013). A Review of the Main Driving Factors of Forest Fire Ignition Over Europe.
Environmental Management, 51 (3), 651 - 662. d0i.10.1007/s00267-012-9961-z

San-Miguel-Ayanz, J., Oom, D., Artes, T., Viegas, D.X., Fernandes, P., Faivre, N., Freire,
S., Moore, P., Rego, F., Castellnou, M. (2020) Forest fires in Portugal in 2017. Publications
Office of the European Union, ISBN 978-92-76-18182-8, doi:10.2760/571085, JRC114026

Bolan S., Sharma S., Mukherjee S., Gomez Isaza D. F., Rodgers E. M., Zhou P., Hou D.,
Scordo F., Chandra S., Siddique K., Bolan N. (2025). Wildfires under changing climate, and
their environmental and health impact., J Soils Sediments. doi.org/10.1007/s11368-025-
04020-y

Brovkina, O., Stojanovi¢, M., Milanovi¢, S., Latypov, 1., Markovi¢, N., & Cienciala, E.
(2020). Monitoring of post-fire forest scars in Serbia based on satellite Sentinel-2 data.
Geomatics, Natural Hazards and Risk, 11(1), 2315-2339
doi.10.1080/19475705.2020.1836037

Marco Turco, Sonia Jerez, Sofia Augusto, Patricia Tarin-Carrasco, Nuno Ratola, Pedro
Jiménez-Guerrero & Ricardo M. Trigo (2019) Climate drivers of the 2017 devastating fires
in Portugal. Scientific Reports 9, 13886 doi.10.1038/s41598-019-50281-2

WWF, BCG. (2020). Fires, forests and the future: A crisis raging out of control? Evan
Jeffries and Catherine Perry, www.swim2birds.co.uk

2024.03.15. Global forest watch. https://www.globalforestwatch.org/
2024.03.12. https://www.jpl.nasa.gov/images/pia04341-smoke-from-siberian-taiga-fires/
Image-Smoke from Siberian Taiga Fires, 2023

Sustainable Forestry: Collection 91 (2025) 34



Analysis of detected fires in the Republic Of Serbia Konatar et al.

2024.03.11. https://www.blic.rs/vesti/beograd/jezive-scene-duz-autoputa-kroz-srbiju-bukte-
pozari-zbog-zapaljene-strnjike/rsphyzy
2024.03.10.https://www.sd.rs/vesti/drustvo/nasa-otkila-srbija-prva-u-evropi-po-broju-
pozara-2019-10-28

Sl. glasnik RS, br. 30/2010, 93/2012, 89/2015 1 95/2018, Zakon o Sumama

COMPARATIVE ANALYSIS OF DETECTED FIRES IN THE REPUBLIC OF
SERBIA AND NEIGHBOURING COUNTRIES (2012-2024)

Bojan KONATAR, Snezana KONATAR, Jovana CVETKOVIC, Sabahudin HADROVIC,
Nenad SURJANAC, Jelena BOZOVIC, Goran CESLJAR

Summary

This research aims to analyze the occurrence of fires in the Republic of Serbia in
the period 2012-2024 using data from the online platform Global Forest Watch. The focus of
the research is the temporal and spatial distribution of fire occurrence in the Republic of
Serbia and a comparison of the results with eight other European countries. The analysis
showed 17,975 recorded fires, of which 2,422 fires were detected in Serbia, which ranks it in
the middle of the analyzed countries in terms of the number and density of fires per square
kilometer. The largest number of fires was detected in the period 2018 and 2019 in the third
and fourth quarters, the fires were mostly concentrated in the part of the AP Vojvodina and
along the Al highway. The data analysis determined that there are indications of seasonal
and regional fires, and the attached maps show which critical areas are. The text draws
attention to the importance of the human factor as the main cause of fires and the need to
comply with regulations, legal prohibitions on lighting fires near forests, and the importance
of preventive planning and management of forest resources, especially in conditions of
climate change and long-term dry periods without rainy days.

KOMITAPATUBHA AHAJIN3A JETEKTOBAHUX ITOXKAPA Y PEITYBJININ
CPBUJHU U 3BEMJ/BAMA OKPYXEIbA Y IIEPUOAY 2012-2024. TOJJUHA

Bojan KONATAR, Snezana KONATAR, Jovana CVETKOVIC, Sabahudin HADROVIC,
Nenad SURJANAC, Jelena BOZOVIC, Goran CESLJAR

Pe3zume

OBo HcTpaKMBabhE 3a [TJb UMa J1a aHAIU3Hpa 1ojaBy noxapa y Pemy6uinu Cpouju
y iepuoxy 2012-2024. ronuHa kopuctehu momatke online mrargopme Global Forest Watch.
@Doxyc HCTpakMBama je BPEMEHCKa W MPOCTOpHA NHCTpHOyHHWja I0jaBe IIoXKapa Yy
Penry6ummmn CpOmju u mopel)erse pesynraTta ca ocaMm JApYrux 3emasba EBpore. Ananmsa je
nokasana 17.975 eBuneHTUpaHMX Moxkapa oj yera 2.422 mokapa KOju Cy JETEKTOBaHH Y
Cp0Owuju, mTo je 1o 6pojy ¥ ryCTHHH MOXKapa Mo KBaJpaTHOM KMJIOMETPY CBPCTaBa y CpEANHY
aHamu3upaHux 3emasba. HajBehu Opoj mokapa merekToBaH je y mepuomy 2018 u 2019.
rojuHe y Tpehem 1 ueTBpTOM KBapTaiy, nokapy cy HajBehuM JIeJI0M KOHIEHTPUCAHH Y eIy
AIl BojBogmne u nyx ayromyta Al. AHanmu3oM mojataka je yTBphHEHO nda TOoCToje
MHIMKAIMje Ce30HCKUX U PETHOHAIHUX M0Kapa a Ha MPUI0KEHUM MaraMa ce MOXKe BUIIETH
KOja Cy KpHUTHYHa To/pydja. Y TeKcTy ce ckpehe maxkma Ha 3Hauaj JbYJCKOT (akTopa Kao
TJIaBHOM Y3pOYHHKA I10jaBe IOXKapa M MoTpebda 3a IOIITOBamEM IIPONHCa, 3aKOHCKUX
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3abpaHa najbera BaTpe y OJIM3MHU LIyMa ¥ 3Hauyaj NPEBEHTUBHOT IJIAHUPabha U yIPaBJbamba
IIYMCKHM pECypCHMa, IIOCEOHO Y yCIOBMMA KIMMATCKUX MIPOMEHA M IYrOTPajHUX CYIIHUX
nepro/ia 0e3 KUITHUX JaHa.
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