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Wildfires increasingly affect ecological systems, rural livelihoods, infrastructure, and emergen-
cy-management capacity across Southeast Europe, yet national assessments often treat active-fire
detections and mapped burn scars as separate evidence streams. This study examined the spatial
distribution, intensity, and territorial consequences of open-space fires in Serbia during June-Au-
gust 2025 by integrating 5,233 NASA Fire Information for Resource Management System (FIRMS)
records with 269 burned-area features from the European Forest Fire Information System (EFFIS).
MODIS and VIIRS active-fire detections were filtered to retain nominal- and high-confidence ob-
servations and were combined with administrative boundaries in ArcGIS Pro. Spatial Join/Inter-
sect procedures assigned observations to municipalities, while Kernel Density Estimation with a
10-km search radius and Natural Breaks classification identified national and local concentration
patterns. The results showed marked spatial heterogeneity. Smederevo, Bor, KurSumlija, and Podu-
jevo formed the highest-frequency municipal group, whereas the largest burned-area classes were
concentrated primarily in the southern and southeastern municipalities of Zitorada, Kur§umlija,
PreSevo, and Leskovac. Density modeling identified two principal cores: a southern Toplica-P¢in-
ja concentration and an agricultural concentration around Smederevo, with secondary activity in
eastern Serbia. Fire radiative power patterns distinguished a frequent, lower-intensity agricultural
model from high-energy mountain-forest and mixed industrial-forest models. Integrating FIRMS
detections with EFFIS polygons provided a more complete interpretation than either source alone
by linking where intense thermal activity occurred with the spatial extent of subsequent land-cover
damage. The findings support differentiated prevention, satellite-based early warning, accessibility
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modeling, and intermunicipal data exchange. Because no direct statistical model of meteorological
variables was conducted, climatic explanations are interpreted as contextually plausible associations
rather than tested causal effects.
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wildfires; geographic information systems; remote sensing; NASA FIRMS; EFFIS; fire radiative pow-
er; burned area; spatial hotspots; Serbia.

1. Introduction

Wildfires are complex environmental hazards whose consequences extend beyond the immediate
combustion zone. They degrade forest and agricultural ecosystems, affect air quality and carbon
balances, threaten settlements and infrastructure, and place substantial demands on emergency ser-
vices. Their occurrence reflects the interaction of combustible vegetation, ignition processes, weather
conditions, land management, terrain, and the accessibility of affected areas. This interaction makes
wildfire risk inherently spatial: neighboring territories may experience very different incident fre-
quencies, fire intensities, and areas of damage during the same season.

Serbia has experienced recurrent periods of elevated wildfire activity, particularly during dry and
warm summers. Earlier national research identified significant relationships between meteoro-
logical conditions and forest-fire risk over the 2000-2017 period and emphasized the exposure of
southern and eastern regions during unfavorable summer conditions (ToSi¢ et al., 2019). Case-based
analyses also demonstrated that wildfire occurrence in Serbia varies according to vegetation, relief,
settlement structure, and human activity (Luki¢ et al., 2017). More recently, GIS-based susceptibil-
ity mapping has shown the value of combining multiple spatial criteria to identify areas in which
environmental and anthropogenic conditions support fire occurrence (Novkovic et al., 2021). These
findings establish a strong basis for analyzing the exceptional 2025 season, but they do not replace
an event-specific integration of satellite detections and mapped burned areas.

Satellite remote sensing provides two complementary perspectives on wildfire activity. Active-fire
products identify thermal anomalies at or near the time of satellite overpass. NASA’s Fire Infor-
mation for Resource Management System (FIRMS) distributes MODIS and VIIRS observations and
supports rapid access to the location, acquisition time, confidence, and fire radiative power (FRP)
of detections (Davies et al., 2009). By contrast, the European Forest Fire Information System (EFF-
IS) supports post-event characterization through mapped burned areas and harmonized European
fire information (San-Miguel-Ayanz et al., 2012). An active-fire point is not equivalent to an inde-
pendently verified incident, and a burned-area polygon is not a direct measurement of instantane-
ous fire intensity. Used together, however, the two sources can connect the concentration and energy
of thermal activity with the spatial footprint of land-cover damage.

This distinction is important for risk governance. A municipality may contain many low- or mod-
erate-energy detections associated with repeated agricultural burning but a comparatively small
mapped burn scar. Another municipality may record fewer detections while experiencing a large,
contiguous burn polygon in inaccessible mountain vegetation. Treating the number of points as a di-
rect measure of damage would therefore produce an incomplete assessment. Similarly, relying only
on burned-area polygons would provide limited information about the concentration and radiative
intensity of active fire behavior. A combined GIS framework is better suited to differentiating local
hazard profiles and supporting targeted prevention and response.

The summer of 2025 provides a relevant case for such integration. The working FIRMS and EFFIS
datasets recorded pronounced open-space fire activity across contrasting agricultural, mountain,
forest, and industrially modified landscapes. This evidence calls for a national spatial synthesis ca-
pable of moving from a simple detection inventory toward a typology of wildfire concentration,
intensity, and territorial damage.
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Accordingly, this study aimed to analyze wildfire hotspots and burned-area patterns in Serbia dur-
ing June-August 2025 by integrating NASA FIRMS active-fire detections and EFFIS burned-area
features in ArcGIS Pro. Three research questions guided the analysis: 1) How were active-fire de-
tections and mapped burned areas distributed across municipalities? 2) Which national and local
hotspot configurations were revealed by incident frequency, kernel density, FRP, and burned-area
geometry? 3) What additional analytical value was obtained by interpreting FIRMS and EFFIS ev-
idence together? The study contributes an integrated national snapshot of the 2025 season and a
comparative typology that distinguishes agricultural-lowland, mountain-forest, and mixed indus-
trial-natural fire environments. Climatic conditions are considered as contextual factors established
by prior research and operational reports; the study does not claim to statistically test a direct cli-
mate-fire relationship because no independent meteorological model was estimated.

2. Literature Review

Wildfire research increasingly treats risk as the interaction of hazard, exposure, vulnerability, and
response capacity rather than as a count of ignition points alone. In Serbia, Lukic et al. (2017) showed
that forest-fire occurrence and management are shaped by vegetation, terrain, human activity, and
the institutional setting, while ToSi¢ et al. (2019) demonstrated the importance of meteorological var-
iability for the national fire-weather context. GIS susceptibility work further established that remote
sensing, environmental criteria, infrastructure, and anthropogenic indicators can be integrated into
spatially explicit fire-risk assessments (Novkovic et al., 2021).

At the observational level, FIRMS and EFFIS provide complementary evidence. FIRMS distributes
MODIS and VIIRS active-fire detections and FRP attributes for near-real-time monitoring (Davies et
al., 2009), whereas EFFIS provides harmonized European information for detection, rapid damage
assessment, and mapped burned areas (San-Miguel-Ayanz et al., 2012). This distinction is funda-
mental: thermal detections describe satellite-observed activity at overpass time, while burn poly-
gons represent a post-fire spatial footprint. Integrating both avoids equating event frequency with
ecological damage.

Basic awareness of forest fires among children and young people may coexist with significant knowl-
edge gaps, indicating that map-based warning systems should be accompanied by age-appropriate
risk education (Cvetkovic¢ et al., 2018). Social resilience in Serbia also varies according to demo-
graphic and socioeconomic characteristics. Therefore, municipal fire maps should be interpreted in
relation to differences in social structure, capital, equity, and beliefs rather than treated as purely
biophysical products (Cvetkovi¢ & Sisovi¢, 2024). By positioning social identity as a potential predic-
tor of several dimensions of community disaster resilience, the MODERSI framework supports lo-
cally differentiated resilience assessments (Cvetkovi¢, 2023). This argument is further reinforced by
a comparative analysis of disaster-management systems in Southeast Europe, which identifies local
capacity, institutional coordination, public awareness, international partnerships, and early-warn-
ing capabilities as recurring determinants of system performance (Beli et al., 2025). Taken together,
these studies justify translating national hotspot surfaces into municipality-specific preparedness
and cooperation arrangements.

A holistic resilience perspective links the causes and cascading consequences of industrial hazards
with governance and recovery processes (Cvetkovic et al., 2024). Such an approach is particularly
relevant to Bor, where thermal anomalies occur within a mixed mining-industrial and forest envi-
ronment and must be screened against persistent technogenic heat sources. Religiosity and faith-
based networks can also influence risk perceptions and disaster-risk-reduction behaviour, suggest-
ing that seasonal wildfire communication may benefit from the involvement of trusted local insti-
tutions in rural communities (Cvetkovi¢, Romani¢, & Berisa, 2023). From a multidimensional and
actor-dependent understanding of disaster resilience, a hotspot map represents an evidence layer
for resilience planning rather than a measure of resilience in itself (Milenkovi¢ & Cvetkovi¢, 2025).
Particular attention must also be devoted to persons with disabilities, who frequently encounter
physical, informational, and institutional barriers during disasters. Accessible warnings, evacuation

143

International Journal of Disaster Risk Management ® Vol. 8 No. 2 e



Aleksandar Prodanov, Tin Lukié¢, Vladimir M. Cvetkovic

information, and inclusive participation should therefore be incorporated into every operational
application of the present maps (Jevtic et al., 2025). Strengthening first-responder capacities, prepar-
edness, interoperability, and cross-border cooperation is equally important for improving disaster
governance in the Western Balkans (Cvetkovi¢, 2025). Moreover, effective community-based dis-
aster risk reduction requires continuous public participation throughout preparedness, response,
recovery, monitoring, and learning (Cvetkovi¢ et al., 2025). Collectively, these contributions sup-
port a wildfire-governance model that integrates satellite intelligence with trained responders, local
knowledge, inclusive communication, and intermunicipal coordination.

Hanspal and Behera (2024), Jovicic¢ et al. (2024), and Akinwale et al. (2025) describe how GIS, remote
sensing, artificial intelligence, drones, mobile systems, and interoperable information can improve
situational awareness and disaster response. Rebouh et al. (2024) and Elkheir et al. (2025) show the
analytical value of integrating multi-source geospatial data with AHP, machine learning, and mul-
ti-criteria decision methods, while Ahmed and Islam (2025) demonstrate how GIS suitability models
can translate spatial evidence into emergency-location decisions.

The same literature stresses that technical models improve when they incorporate social and land-
scape context. Roy et al. (2025) convert community perceptions into quantifiable AHP-GIS risk
weights, and Joshi and Poudel (2025) use remote-sensing evidence of land-cover change to connect
landscape transformation with disaster vulnerability. For wildfire operations specifically, Tout et al.
(2024) evaluate road proximity and limitations in fire-affected terrain, while Molnar (2024) empha-
sizes systematic collaboration between professional and volunteer fire units. These findings directly
support the present emphasis on access, cross-boundary coordination, and differentiated municipal
response.

The security-studies literature broadens the interpretation of wildfire consequences beyond the
burned perimeter. Milenkovic (2025) places disaster resilience within an integrated institutional and
organizational system; Mancic (2025) treats climate change as a security challenge with implications
for critical infrastructure; and Jankovic et al. (2025) show that psychosocial support remains an un-
der-integrated component of emergency management. These perspectives justify interpreting the
2025 wildfire pattern as an environmental, infrastructural, institutional, and human-security issue
requiring both technical monitoring and recovery capacity.

Recent studies further emphasize that spatially differentiated risk needs to be interpreted along-
side preparedness, communication, and community resilience. Fire-specific risk reduction has been
synthesized by Cvetkovi¢, Proti¢, and Stefanovi¢ (2023), while social-network communication and
multimedia-based disaster education have been examined by Cvetkovi¢ and Nikoli¢ (2021) and Krn-
ji¢ and Cvetkovi¢ (2021). Evidence on environmental risk perception and resilience further demon-
strates municipal and regional heterogeneity in Serbia (Nikoli¢ et al., 2025; Cvetkovi¢, Milenkovi¢,
Basié, et al., 2026; Cvetkovié, Milenkovié¢, & Lukié, 2026; Cvetkovié, Milenkovié, Lukié¢, & Renner,
2026).

Also, studies further reinforce the operational relevance of GIS, accessibility analysis, communica-
tion, and multi-level response systems. GIS-based evacuation-center suitability and aerial-search
research illustrate the role of spatial decision support and sensor-informed operational planning
(Aninon & Oreta, 2026; Nilsen et al., 2026). Fire-protection effectiveness is also shaped by person-
nel capability, infrastructure-specific prevention, and institutional organization (Pimentel & Azuelo,
2026; Lazic¢ et al., 2026; Mokhele, 2024; Pandya, 2025). Communication and technology-enabled coor-
dination can strengthen warning, reporting, and distributed response (Yamah & Folorunsho, 2026;
Sacyaten, 2025; Ocal & Torun, 2025), while differential-risk frameworks caution against uniform
interventions across heterogeneous communities (Canete & Bifas, 2025).
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3. Materials and Methods

3.1. Study Area and Research Design

The study used a quantitative, cross-sectional geospatial design to examine open-space fire activity
across Serbia during June, July, and August 2025. The unit of territorial aggregation was the munic-
ipality. National administrative boundaries and local-government polygons were used as the com-
mon spatial framework for joining active-fire observations and burned-area features. The design
was descriptive and exploratory: it quantified and mapped spatial distributions, compared selected
high-value municipalities, and identified continuous concentration surfaces. It was not an experi-
mental design and did not support causal inference.

The territorial extent followed the administrative boundary dataset used in the source analysis.
Boundaries were obtained from the Republic Geodetic Authority’s register of spatial units (Republic
Geodetic Authority, 2025). All imported datasets were transformed into a common projected coordi-
nate reference system before spatial operations. The source project documented a UTM Zone 34N/
Gauss-Kruger working framework but did not preserve an EPSG identifier in the thesis text; this
metadata limitation is reported explicitly so that the maps are not presented as more reproducible
than the archived workflow permits.

3.2. Data Sources and Inclusion Criteria

Two satellite-derived datasets formed the empirical basis of the study. First, NASA FIRMS records
supplied geolocated active-fire detections from the Moderate Resolution Imaging Spectroradiome-
ter (MODIS; approximately 1-km nominal resolution) and the Visible Infrared Imaging Radiometer
Suite (VIIRS; approximately 375-m nominal resolution). FIRMS provides near-real-time records of
thermal anomalies and associated attributes, including FRP. The source analysis retained observa-
tions classified at nominal or high confidence and excluded lower-confidence records. After spatial
restriction to the study territory and summer period, the working FIRMS dataset contained 5,233
records.

Second, EFFIS supplied 269 burned-area features for the same temporal and territorial scope. These
polygon features were used to characterize the location and geometry of mapped land-cover dam-
age after fire occurrence. EFFIS products draw on European satellite monitoring and are analytically
distinct from the FIRMS point detections (San-Miguel-Ayanz et al., 2012). The number of FIRMS re-
cords therefore represents retained satellite detections rather than 5,233 independently verified fire
incidents, while the EFFIS feature count represents mapped burned-area objects rather than point
observations.

No media reports or narrative institutional summaries were merged as event observations. Interpre-
tation was grounded in the two satellite-derived datasets, verified peer-reviewed literature, and the
administrative boundary framework; this separation reduced the risk of double counting or treating
unverified reports as spatial records.

Table 1. Satellite-derived geospatial datasets used in the analysis.

Dataset Analytical object Records/features Period and nominal resolution

June-August 2025;

NASA FIRMS Active-fire detections 5,233 VIIRS 375 m and MODIS 1 km

June-August 2025;

EEFIS Burned-area polygons 269 satellite-derived mapped burn scars

Note: Counts refer to the working datasets reported in the source study. A FIRMS detection is not necessar-
ily a unique fire incident, and an EFFIS polygon is not a measure of instantaneous fire intensity.
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3.3. Literature Search and Source Verification

Relevant peer-reviewed literature was identified through a targeted narrative review focused on
wildfire risk, community resilience, disaster governance, GIS and remote sensing, emerging technol-
ogies, and emergency response. Sources were selected according to their direct thematic relevance
to the study objectives and the interpretation of the geospatial findings. Bibliographic information
and publication details were verified through publisher records and DOI metadata where available.
The literature review was used to provide the conceptual and operational context for interpreting
the results and was not intended as a systematic or exhaustive review.

3.4. Geoprocessing and Spatial Analysis

The geospatial workflow was implemented in ArcGIS Pro. FIRMS point records, EFFIS polygons, and
administrative boundaries were standardized to a common coordinate framework and checked for
spatial alignment. Spatial Join/Intersect procedures assigned each active-fire point and burned-area
polygon to the relevant municipality. Municipal summaries were then prepared for the number of
retained FIRMS records and the mapped burned-area measure contained in the source analysis.
Choropleth maps used Natural Breaks (Jenks) classification to group municipalities according to
observed value distributions.

Kernel Density Estimation (KDE) was applied to the active-fire point layer to identify continuous
concentrations that crossed municipal boundaries. A search radius (bandwidth) of 10,000 m was
used. The resulting raster was classified to distinguish areas with little or no concentration from pro-
gressively stronger hotspot cores. KDE values are relative density indicators within the fitted surface
and should not be interpreted as probabilities of future fire occurrence.

FRP attributes from FIRMS were displayed with graduated symbols to compare the spatial organ-
ization and radiative intensity of detections in Smederevo, Podujevo, KurSumlija, and Bor. These
municipalities represented contrasting high-frequency environments in the source results. EFFIS
polygons were examined for Zitorada, Kursumlija, Presevo, and Leskovac, which represented the
largest or most spatially distinctive burned-area patterns. Comparative map panels were used to
synthesize these local cases into broader types rather than to rank every municipality by a single
composite score.

The analytical sequence was therefore: temporal and confidence filtering; coordinate harmonization;
spatial assignment to municipalities; municipal aggregation; thematic mapping; KDE modeling;
FRP-based local comparison; burned-area geometry comparison; and interpretive regionalization.
No regression, inferential correlation, time-series model, or direct overlay with meteorological vari-
ables was performed. Accordingly, references to drought, heat, wind, vegetation dryness, or anthro-
pogenic ignition describe plausible contextual mechanisms supported by prior studies and reports,
not causal effects estimated in the present dataset.

3.5. Data Quality and Ethical Considerations

Several quality controls guided interpretation. We excluded lower-confidence FIRMS records ac-
cording to the source protocol, and used EFFIS polygons as a complementary damage layer rather
than to validate every FIRMS point. Nonetheless, satellite products remain sensitive to cloud cover,
overpass timing, sensor resolution, mixed pixels, small or short-duration fires, and repeated detec-
tion of the same event. Administrative aggregation can also obscure within-municipality variation
and can divide continuous fires that cross boundaries.

The study used publicly accessible geospatial products and institutional documents and did not
involve human participants, personal data, or animals. Institutional review board approval and in-
formed consent were therefore not applicable. Reproducibility would be strengthened by archiving
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the precise download dates, attribute filters, coordinate-system definition, ArcGIS Pro version, and
processing model with the final article.

4. Results
4.1. National Distribution of Active-Fire Detections

The 5,233 retained FIRMS records were distributed unevenly across the study territory. Most mu-
nicipalities fell into the lowest frequency class, with up to 15 detections. Against this broad low-fre-
quency background, four municipalities formed the highest mapped class, ranging from 180 to 376
detections: Smederevo in the central Danube area, Bor in eastern Serbia, and KurSumlija and Podu-
jevo in the south. The pattern was spatially fragmented rather than organized as a single continuous
national belt.

Smederevo appeared as a distinct central-northern concentration within an otherwise lower-fre-
quency surrounding area. Bor represented an eastern concentration, while Kursumlija and Podujevo
formed a more connected southern grouping. These contrasts show that high frequency occurred
in different geographic contexts and should not be interpreted as a uniform wildfire process or as a
direct measure of burned area.
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Figure 1. Number of retained active-fire detections by municipality in Serbia during June-August 2025.
Source: NASA FIRMS (2025), processed by the authors in ArcGIS Pro.
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4.2. Municipal Distribution of Mapped Burned Areas

The EFFIS layer revealed a different territorial pattern from the active-fire count map. Much of Vo-
jvodina and western Serbia fell within the lowest mapped burned-area class of 0-1 ha in the source
classification. The strongest concentration of larger values occurred in southern and southeastern
Serbia. Pre$evo, Zitorada, and Kur§umlija were prominent in the highest class of 26-42 ha, while
parts of eastern Serbia, including the broader Bor-Majdanpek zone, occupied the 9-25 ha class.

The difference between Figures 1 and 2 was analytically important. Municipalities with the greatest
number of thermal detections were not identical to those with the largest mapped burned-area val-
ues. High frequency and large land-cover damage therefore represented related but non-equivalent
dimensions of the 2025 season.
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Figure 2. Mapped burned-area values by municipality in Serbia during June-August 2025.
Source: EFFIS (2025), processed by the authors in ArcGIS Pro.
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4.3. Continuous Hotspot Density

KDE converted the discrete FIRMS detections into a continuous concentration surface and revealed
hotspot cores that extended beyond individual municipal boundaries. Two principal macro-cores
reached the highest source index value of approximately 0.7. The southern core covered the Topli-
ca-P¢inja area, particularly the connected territories of KurSumlija, Zitorada, and Podujevo. The
second principal core was centered on Smederevo and the surrounding Danube agricultural envi-
ronment.

Secondary, more diffuse concentrations appeared in eastern Serbia around Bor and in parts of west-
ern Serbia. Their lower intensity and broader spatial dispersion differentiated them from the com-
pact southern and Smederevo cores. The density surface therefore confirmed that national fire pres-
sure was concentrated in several geographically separated systems rather than evenly distributed
across Serbia.

Fire density in Serbia during the summer months of 2025
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Figure 3. Kernel density of retained active-fire detections in Serbia during June-August 2025,
using a 10-km search radius. Source: NASA FIRMS (2025), processed by the authors in ArcGIS Pro.
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4.4. Municipal FRP Case Studies

4.3.1. Smederevo: Agricultural-Lowland Pattern

Smederevo combined a very high detection frequency with a predominantly dispersed agricultur-
al-lowland pattern. The largest mapped FRP class reached approximately 100 MW. The densest
grouping occurred south of the urban core and near the bypass axis, with additional smaller detec-
tions distributed through the rural sectors of Ralja and Radinac and along transport corridors.

The concentration of many moderate-energy detections across cultivated land is spatially consistent
with recurring open burning and field-management activity, but the satellite layer does not verify
the ignition source of individual points. The map therefore identifies a priority area for seasonal
inspection and rapid local dispatch, not a causal attribution.
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Figure 4. Spatial distribution and fire radiative power of active-fire detections in Smederevo
during summer 2025. Source: NASA FIRMS (2025), processed by the authors in ArcGIS Pro.

4.3.2. Podujevo: Mountain-Border Pattern

Podujevo displayed a more compact and higher-energy pattern, with the mapped FRP scale reach-
ing approximately 300 MW. The strongest concentration appeared in the northern mountain sector
near Murgula and the administrative boundary. Additional detections extended linearly along the
R-126 corridor and in forest enclaves east of the principal transport axis.

Compared with Smederevo, the larger symbols and tighter border cluster indicate a different oper-
ational environment: fire activity was concentrated in mountain terrain where forest fuel continuity
and access constraints may have increased suppression difficulty. These mechanisms remain inter-
pretive because fuel load, slope, wind, and response time were not modeled directly.
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Figure 5. Spatial distribution and fire radiative power of active-fire detections in Podujevo during summer
2025. Source: NASA FIRMS (2025), processed by the authors in ArcGIS Pro.

4.3.3. Kursumlija: Extreme High-Energy Mountain Pattern

Kur$umlija contained the most extreme individual mapped FRP scale among the selected munic-
ipalities, reaching approximately 1,000 MW. The principal high-energy grouping lay northwest of
the urban settlement in the central-northern forest hinterland. A secondary series occurred in the
south near the administrative line toward Podujevo and along hilly-mountain ridges.

The coexistence of a central-northern high-energy cluster and a southern linear-border cluster in-
dicates both localized and cross-boundary operational challenges. The map supports continuous
satellite surveillance and accessibility analysis in the forested hinterland, while not establishing the
duration or cause of each detected event.
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Figure 6. Spatial distribution and fire radiative power of active-fire detections in Kursumlija during summer
2025. Source: NASA FIRMS (2025), processed by the authors in ArcGIS Pro.
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4.3.4. Bor: Mixed Industrial-Natural Pattern

Bor showed a polycentric configuration with FRP values up to approximately 200 MW. The densest
grouping occurred immediately south and southwest of the urban area near mining-industrial land
and supporting infrastructure. A second concentration appeared in the central-northern mountain
sector, while smaller detections followed eastern and southern rural and road corridors.

This pattern differs from both the agricultural dispersion of Smederevo and the compact bor-
der-mountain clusters of Podujevo and KurSumlija. Because thermal products can also detect
non-wildfire heat sources, the central industrial cluster requires comparison with industrial-source
inventories and verified incident logs before it is interpreted as open-space fire activity.
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Figure 7. Spatial distribution and fire radiative power of active-fire detections in Bor during summer 2025.
Source: NASA FIRMS (2025), processed by the authors in ArcGIS Pro.

4.4. Municipal Burned-Area Case Studies
4.4.1. Zitorada: Connected Southern Burn Scar

Zitorada contained a dominant, connected burned-area feature in the far south and southeast, ac-
companied by smaller polygons along the eastern municipal edge and near valley and local-road
corridors. The geometry distinguishes a major contiguous zone of land-cover damage from scattered
peripheral features.

The southern polygon connects the municipal pattern to the wider Toplica hotspot and indicates
that recovery planning should consider landscape continuity beyond the administrative boundary.
Smaller eastern polygons require more localized investigation of land cover, access, and verified
ignition records.
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Figure 8. EFFIS mapped burned-area polygons in Zitorada during summer 2025.
Source: EFFIS (2025), processed by the authors in ArcGIS Pro.

4.4.2. Kursumlija: Border, Central, and Eastern Burned Areas

Kursumlija combined three spatial components: dense and compact southern polygons along the
administrative line toward Podujevo; isolated medium-sized polygons northwest of the urban set-
tlement near the Toplica and Lukovska river hinterland; and smaller, linear or fragmented polygons
along eastern valleys and access routes.

This arrangement shows that the municipality experienced both large connected damage in difficult
terrain and dispersed burn scars closer to infrastructure. The mixture of geometries is consistent
with multiple fire environments and supports separate priorities for cross-boundary suppression
planning, road access, and ecological restoration.
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Figure 9. EFFIS mapped burned-area polygons in Kursumlija during summer 2025. Source: EFFIS (2025),
processed by the authors in ArcGIS Pro.

153

International Journal of Disaster Risk Management ® Vol. 8 No. 2 e



Aleksandar Prodanov, Tin Lukié¢, Vladimir M. Cvetkovic

4.4.3. Presevo: Eastern Border-Mountain Devastation

PreSevo displayed its largest continuous burned-area polygon in the eastern hilly-mountain belt
toward the state border. Several additional polygons occurred north of the urban settlement, while
smaller southeastern and infrastructure-adjacent features appeared near the A1/E-75 corridor.

The large eastern polygon indicates extensive connected land-cover damage, whereas the north-
ern and corridor features show a more fragmented component. Together, these features support
cross-border information exchange, targeted access planning, and restoration assessment, but they
do not, by themselves, identify the fire-spread mechanism or ignition source.
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Figure 10. EFFIS mapped burned-area polygons in PreSevo during summer 2025. Source: EFFIS (2025), pro-
cessed by the authors in ArcGIS Pro.

4.4.4. Leskovac: Fragmented Peripheral Mosaic

Leskovac showed the most fragmented burned-area mosaic among the four cases. The densest
grouping of smaller and medium-sized polygons lay in the northwest toward Bojnik, with elongated
features on the northern boundary toward Zitorada and GadZin Han. Additional smaller polygons
occurred along the eastern and southeastern margins near Vlasotince, Crna Trava, and parts of the
Al corridor.

Unlike the dominant continuous polygons in parts of Presevo and Zitorada, Leskovac’s spatial sig-
nature indicates numerous separate or sequential burned zones. This geometry increases the impor-
tance of rural surveillance, intermunicipal information exchange, and distributed access rather than
concentrating restoration and response resources in only one location.
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Figure 11. EFFIS mapped burned-area polygons in Leskovac during summer 2025.
Source: EFFIS (2025), processed by the authors in ArcGIS Pro.

4.5. Comparative FRP Synthesis

The four-panel FRP comparison confirms three contrasting spatial-intensity types. Smederevo rep-
resents frequent, dispersed, mostly moderate-energy detections in an agricultural-lowland setting.
Podujevo and KurSumlija form a border-mountain forest type, with compact clusters and higher
maximum FRP, including the extreme scale in Kursumlija. Bor represents a mixed technogenic-nat-
ural setting with an urban-industrial core, mountain detections, and peripheral road-linked activity.
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Figure 12. Comparative distribution and fire radiative power of active-fire detections in Smederevo,
Podujevo, KurSumlija, and Bor. Source: NASA FIRMS (2025), processed by the authors in ArcGIS Pro.
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The comparative map shows why municipal prevention cannot use a single operational template.
Agricultural inspection and rapid field response are most relevant to Smederevo; satellite early
warning, access analysis, and cross-boundary coordination are most relevant to the southern moun-
tain cases; and industrial-source screening must be added in Bor.

4.7. Comparative Burned-Area Synthesis

The four-panel EFFIS comparison regionalizes the largest mapped land-cover damage in southern
and southeastern Serbia. PreSevo and KurSumlija contain large, relatively continuous border-moun-
tain polygons; Leskovac displays a dense but fragmented northwestern and northern mosaic; and Zi-
torada combines a major southern polygon with smaller elongated features toward eastern corridors.

These shapes add operational information beyond municipal totals. Continuous polygons identify
broad restoration and erosion-control zones, while fragmented patterns call for distributed field ver-
ification and multiple local restoration sites. Their alignment with administrative boundaries also
shows where damage assessment and recovery require intermunicipal or cross-border coordination.
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Figure 13. Comparative geometry of EFFIS mapped burned-area polygons in Zitorada, Kursumlija,
Leskovac, and Presevo during summer 2025. Source: EFFIS (2025), processed by the authors in ArcGIS Pro.
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4.6. Synthesis of Spatial Fire-Hazard Types

To synthesize the national and municipal patterns identified through active-fire frequency, kernel
density, FRP, and burned-area geometry, the observed spatial configurations were grouped into
three principal interpretive fire-hazard types (Table 2). The typology distinguishes an agricultur-
al-lowland pattern, characterized by frequent but spatially dispersed detections and generally lower
FRP values; a mountain-forest pattern, associated with compact or border-linked hotspots, high-
er-energy detections, and larger or more continuous burned-area polygons; and a mixed industri-
al-natural pattern, in which urban-industrial thermal clusters coexist with fire activity in surround-
ing mountain and forest environments. These types do not represent verified ignition mechanisms
or mutually exclusive causal categories. Rather, they provide an operational synthesis of the domi-
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nant spatial signatures observed during the 2025 fire season and indicate why prevention, monitor-
ing, accessibility planning, and response strategies should be adapted to different territorial settings.

Table 2. Interpretive typology of the principal spatial fire patterns identified in the 2025 dataset.

Type Representative areas Observed spatial evidence Operational relevance

High detection frequency; dis- Field surveillance; resi-

Agricultural-low-  Smederevo and the Dan- persed points; FRP below the  due-burning enforcement;

and ube agricultural zone mountain-case maxima rapid local dispatch
Kur$umlija, Podujevo, = Compact or border-linked Satellite warning; access and
Mountain-forest Presevo, Zitorada, and hotspots; high FRP; larger or  fire-road models; aerial and
parts of Leskovac connected burn polygons intermunicipal coordination
Urban-industrial and moun- Inteerated industrial
Mixed industri- Bor and its mountain tain clusters; intermedi- .g b df ’
al-natural hinterland ate-to-high FRP; polycentric peri-urban, and forest mon-

. itorin
distribution J

Note: The typology is an interpretive synthesis of mapped frequency, FRP, density, and burned-area
geometry. It is not a causal classification and does not assign a verified ignition source to individual
detections.

5. Discussion
5.1. Main Findings and Scientific Interpretation

The integrated analysis demonstrated that the summer 2025 fire pattern in Serbia cannot be rep-
resented adequately by a single indicator. FIRMS frequency identified municipalities with repeat-
ed thermal activity; FRP differentiated the radiative intensity of those detections; KDE exposed
cross-boundary concentration cores; and EFFIS polygons represented the spatial footprint of
mapped land-cover damage. The strongest analytical result was therefore not simply the location of
high values, but the mismatch and complementarity among these measures.

The national pattern broadly agreed with earlier research that identified southern and eastern Serbia
as recurrently vulnerable during adverse summer conditions (ToSi¢ et al., 2019; Luki¢ et al., 2017).
The 2025 dataset added event-specific detail by isolating a southern macro-core spanning Topli-
ca-Pcinja territories and by distinguishing it from the separate Smederevo concentration. The south
was characterized by high-energy local cases and larger or connected burned-area features, while
Smederevo combined high detection frequency with a predominantly agricultural spatial pattern.
These observations refine a simple north-south risk narrative: elevated activity appeared in multiple
landscapes, but its meaning differed by terrain and land use.

The results also complement GIS-based susceptibility research in Serbia. Multi-criteria susceptibility
mapping identifies territories in which combinations of environmental and anthropogenic condi-
tions may favor fire occurrence (Novkovic et al., 2021). The present analysis instead described where
satellite evidence was concentrated during a specific season. Susceptibility and observed activity
should not be treated as interchangeable, but comparison between them can strengthen future val-
idation. Areas that are both structurally susceptible and repeatedly active warrant particular atten-
tion in preparedness planning.

5.2. Explanatory Context and Alternative Interpretations

The agricultural-lowland pattern is consistent with an anthropogenic context in which open burning,
field management, and transport access can generate numerous spatially dispersed thermal anoma-
lies. This interpretation is plausible for Smederevo because the point pattern follows an intensively
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used lowland landscape and contains many detections without the extreme FRP scale observed in
KurSumlija. Nevertheless, satellite data alone cannot identify the ignition source of an individual
record. Industrial heat sources, false positives, repeated overpasses, and multiple observations of
the same event must also be considered. The typology therefore describes spatial evidence and op-
erational hypotheses, not verified causes.

The mountain-forest pattern combined high local FRP, compact hotspot groupings, and large or
connected burned-area polygons. Dense or dehydrated woody biomass can sustain higher-energy
fire behavior, while steep or inaccessible terrain can delay ground access and containment. Earlier
Serbian studies emphasized the relevance of vegetation, terrain, and meteorological variables to fire
risk (Lukic¢ et al., 2017; Tosi¢ et al., 2019), and road-based wildfire research shows that proximity
alone does not guarantee effective suppression access (Tout et al., 2024). Even so, the present study
did not directly model biomass, slope, wind, temperature, soil moisture, or response time. These
mechanisms remain well-founded interpretations that require explicit testing in future multivaria-
ble models.

Bor represented an important boundary case. Its central and peripheral clusters occurred near both
mining-industrial land and forested mountain areas. Thermal-anomaly products can detect heat
sources that are not wildfires, and industrial environments therefore require careful quality con-
trol. At the same time, the surrounding vegetation and mountain terrain are genuinely exposed to
open-space fire. Integrating land-cover masks, industrial heat-source inventories, incident logs, and
higher-resolution imagery would help separate persistent technogenic anomalies from fire events in
future analyses.

5.3. Added Value of Integrating FIRMS and EFFIS

FIRMS and EFFIS answered different questions. FIRMS supported rapid identification of where
and when satellites detected anomalous heat and how much radiative power was associated with
a record (Davies et al., 2009). EFFIS supported post-event interpretation of the geometry and extent
of burned land within a harmonized European information environment (San-Miguel-Ayanz et al.,
2012). The two products differed in spatial object, timing, sensor basis, and analytical purpose. Their
integration therefore increased interpretive depth but did not convert one source into a direct vali-
dation of the other.

This complementarity was visible in the municipal comparisons. Smederevo’s high point frequency
did not correspond to the same type of large, continuous burned-area pattern mapped in parts of
southern Serbia. Conversely, PreSevo and Zitorada were prominent in the burned-area layer even
though they were not the principal national examples in the highest FIRMS frequency class. Deci-
sion-makers relying only on point counts could overestimate recurring low-area activity relative to
severe land-cover damage; decision-makers relying only on burn scars could overlook frequently
recurring thermal events with implications for enforcement, air quality, and local response.

A practical integrated monitoring system should therefore preserve the distinction between detec-
tion, incident, intensity, and damage. An operational dashboard could display confidence-filtered
active-fire points and FRP in near real time, then append validated incident records and EFFIS burn
polygons as they become available. Such a structure would support both immediate response and
post-season learning without collapsing heterogeneous evidence into a misleading single count.

5.4. Implications for Risk Reduction and Emergency Management

The differentiated spatial patterns imply differentiated interventions. In agricultural-lowland areas,
prevention should emphasize seasonal communication, inspection, enforcement of open-burning
restrictions, and rapid dispatch to recurring corridors. Because detections are dispersed, broad mu-
nicipal coverage and local reporting may be more effective than concentrating resources at a small
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number of forest lookout points. Risk education should address the documented gap between gener-
al wildfire awareness and practical knowledge among younger populations (Cvetkovi¢ et al., 2018).

In southern and southeastern mountain areas, early satellite warning should be combined with ac-
cessibility analysis. ArcGIS network models can identify travel-time constraints, alternative access
routes, water points, and locations where fire roads or pre-positioned resources would reduce re-
sponse delays. Large or border-linked burn polygons also show why municipal planning should
not end at administrative boundaries. Shared geospatial layers, common symbology, interoperable
data standards, and procedures for requesting aerial support would improve coordination across
affected territories (Cvetkovi¢, 2025; Molnar, 2024).

For Bor and other mixed industrial-natural environments, fire monitoring should be integrated
with industrial safety and land-restoration information. Persistent heat signatures require screening
against known industrial sources, while peri-urban vegetation and degraded land around mining
facilities require targeted prevention. This integrated framing is consistent with the holistic resil-
ience approach to technological hazards developed by Cvetkovi¢ et al. (2024).

At the national level, the results support moving from static annual summaries toward a repro-
ducible seasonal geospatial workflow. The process could be institutionalized through scheduled
FIRMS acquisition, confidence filtering, automated assignment to municipalities, KDE updates,
alert thresholds, linkage with incident-management records, and post-fire reconciliation with EFF-
IS. Implementation should combine interoperable technology (Hanspal & Behera, 2024; Jovicic et al.,
2024), community participation (Cvetkovic et al., 2025), inclusive warning design (Jevti¢ et al., 2025),
and integrated institutional governance (Milenkovi¢, 2025).

Based on the spatial patterns identified in the 2025 dataset, Table 3 summarizes the principal recom-
mendations for strengthening wildfire prevention, preparedness, response, and post-fire recovery in
Serbia. The proposed measures are differentiated by the dominant fire-hazard environments iden-
tified in the analysis and emphasize integrating satellite monitoring, GIS-based decision support,
local prevention, operational accessibility, interinstitutional coordination, and post-fire assessment.

Table 3. Recommendations for strengthening wildfire risk reduction and fire-protection capacities in Serbia
based on the spatial patterns identified in the 2025 dataset.

Priority spatial  Expected operational

Strategic area Identified need Recommended measures
context benefit

Establish systematic near-re-
al-time monitoring of NASA

Rapid identification FIRMS detections; define National level, with  Earlier detection,

Early detection . - priority to southern, faster verification, and
. of emerging fire municipal alert thresholds based . N
and warning - southeastern,and ~ improved situational
activity on confidence, FRP, and hotspot .
o eastern Serbia awareness
density; integrate subsequent
EFFIS burn mapping.

Strengthen seasonal field

inspections, enforcement of

restrictions on open and residue . ventable agricultural
. L Danube agricultural

burning, targeted public infor- Jone fires and faster local

mation campaigns, and rapid intervention

reporting mechanisms

Numerous dis-
persed thermal
detections in agri-
cultural-lowland
environments

Reduction of pre-
Agricultural-fire Smederevo and the

prevention

Increase satellite surveillance

High-energy fires during high-risk periods; intro-

. Kur$umlija, Podu-  Earlier detection of
Mountain and

. and compact or jevo, Presevo, Zi- fires in remote terrain
forest surveil- duce lookout, camera, drone, . . .
connected hotspot . torada, and similar  and improved initial
lance . and remote-sensing support .
configurations mountain areas response

where operationally feasible
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Emergency ac-
cessibility

Pre-positioning
of resources

Intermunicipal
and cross-bound-
ary coordination

Aerial firefighting
support

Industrial-nat-
ural interface
management

Vegetation and
fuel management

Public education
and community
participation

Inclusive warning
and evacuation

Post-fire damage
assessment and
recovery

Integrated na-
tional fire-infor-
mation system

Difficult access to
fires in mountain-
ous and forested
terrain

Concentration

of high-energy
activity in recurrent
hotspot areas

Hotspots and burn
scars extend across
administrative
boundaries

Large and high-en-
ergy fires may
exceed local
ground-response
capacity

Potential coexis-
tence of wildfire
and persistent tech-
nogenic thermal
sources

Potential continu-
ity of combustible
vegetation around
recurrent hotspot
zones

Need for stronger
prevention be-
havior and locally
informed prepared-
ness

Potential informa-
tional and physical
barriers affecting
vulnerable popula-
tions

Continuous and
fragmented burn
scars require
different recovery
approaches.

Fragmentation
between detection,
incident, intensity,
and damage infor-
mation

Develop GIS-based road

and travel-time models; map
alternative access routes, fire
roads, water points, and suitable
locations for pre-positioned
resources

Use historical FIRMS, KDE,
FRP, and burned-area data to
identify locations for temporary
seasonal positioning of vehicles,
crews, water tanks, and other
response capacities

Establish shared geospatial
layers, harmonized operational
maps, common reporting proce-
dures, interoperable communi-
cation, and predefined mutu-
al-assistance arrangements
Define spatial and operational
criteria for requesting helicop-
ters or other aerial support and
identify suitable water-supply
and staging locations in advance
Cross-check satellite thermal
anomalies against industrial
heat-source inventories and ver-
ified incident records; integrate
industrial safety and vegeta-
tion-management information
Prioritize vegetation manage-
ment, fuel reduction, firebreak
maintenance, and clearance
around critical access routes and
exposed infrastructure.
Conduct seasonal education
campaigns; involve schools,
rural communities, volunteer
organizations, and trusted local
institutions; promote communi-
ty reporting of fires

Ensure accessible warning for-
mats, evacuation information,
and preparedness procedures
for persons with disabilities and
other vulnerable groups.
Integrate EFFIS polygons with
field verification; prioritize ero-
sion control, ecosystem resto-
ration, infrastructure inspection,
and rehabilitation according to
burn-scar geometry.

Develop an operational GIS
dashboard integrating FIRMS,
FRP, KDE, official incident
records, municipal resources,
accessibility data, and EFFIS
burned-area products.

Southern and south-
eastern mountain
areas

Recurrent hotspot
municipalities

Toplica-P¢inja and
other border-linked
hotspot areas

High-FRP moun-
tain-forest environ-
ments

Bor and similar
mining-industrial
environments

Forest, mountain,
and peri-urban
areas

Agricultural and
rural municipalities
nationally

All municipalities

Zitorada,
Kur$umlija, Presevo,
Leskovac, and other
affected areas

National level

Reduced response
time and improved
deployment of fire-
fighting resources

Faster initial attack
and more efficient
allocation of limited
resources

Faster coordination
and more effective
management of fires
crossing administra-
tive boundaries

More timely escala-
tion of suppression
operations

Reduction of false
alarms and better
distinction between
industrial heat signa-
tures and open-space
fires

Lower probability of
rapid fire spread and
improved suppression
access

Improved prevention
behavior, earlier re-
porting, and stronger
community prepared-
ness

More inclusive and
equitable emergency
response

More targeted recov-
ery and restoration
measures

Unified operational
picture supporting
prevention, response,
and post-season eval-
uation
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o . Conduct annual municipal and
Limited systematic . . .
Post-season national reviews comparing

) use of accumulated . e
evaluation and . . detections, verified incidents, re-
. geospatial evidence .
learning . sponse times, FRP, burned areas,
for future planning .
and operational outcomes

Evidence-based
National and mu-  adjustment of pre-
nicipal levels paredness plans and

resource allocation

Note: Recommendations are derived from the spatial patterns observed in the 2025 dataset and the operation-
al implications discussed in this study. They should be treated as risk-reduction and preparedness priorities
rather than as evidence of verified ignition causes. Implementation priorities should be refined using official
incident records, local response capacities, accessibility data, land-cover information, and multi-year fire ob-
servations

5.5. Limitations

The study has several limitations. First, MODIS and VIIRS differ in nominal spatial resolution and
overpass characteristics. Small, brief, obscured, or low-temperature fires may be missed, whereas a
long-duration event may be detected more than once. The 5,233 FIRMS records must therefore not
be read as 5,233 unique incidents. Second, confidence filtering reduces some uncertainty but does
not eliminate false positives, particularly near industrial heat sources.

Third, EFFIS burned-area products and FIRMS active-fire points differ in timing and spatial rep-
resentation. A direct one-to-one correspondence should not be expected. The reported EFFIS feature
count also does not by itself indicate the total severity of ecological damage. Fourth, municipal ag-
gregation introduces the modifiable areal unit problem and can conceal within-municipality clusters
or split continuous fires across boundaries.

Fifth, the analysis covered one summer season. It could identify the geography of an important ep-
isode but could not determine whether the observed configurations were stable across years. Sixth,
no independent meteorological dataset was incorporated, and no statistical climate-fire model was
estimated. Heatwaves, drought, wind, and vegetation dryness are plausible contextual explana-
tions supported by earlier studies, but the present results cannot confirm their magnitude or causal
contribution. Finally, the archived thesis text did not preserve the exact ArcGIS Pro version, EPSG
identifier, download timestamps, or complete geoprocessing log, which limits exact computational
replication.

5.6. Directions for Future Research

Future work should extend the analysis across multiple fire seasons and combine detections with
temperature, precipitation, wind, soil moisture, vegetation, land cover, slope, road access, and ver-
ified ignition-source data. A spatiotemporal panel or event-based model could test which factors
predict detection frequency, FRP, and burned-area extent while accounting for repeated observa-
tions and municipal differences. Linking satellite products to official incident identifiers would also
permit evaluation of detection sensitivity and false-positive rates.

Higher-resolution Sentinel or commercial imagery could improve burn-scar delineation and distin-
guish agricultural plots from forest damage. Network analysis should quantify emergency access
to southern mountain hotspots. At the same time, scenario modeling could evaluate where new fire
roads, water points, cameras, or pre-positioned units would most reduce response time. Finally, the
interpretive typology developed here should be tested against independent years and regions before
being used as a formal classification system.
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6. Conclusions

This study integrated 5,233 confidence-filtered NASA FIRMS active-fire detections and 269 EFF-
IS burned-area features to characterize the spatial structure of open-space fires in Serbia during
June-August 2025. The analysis showed pronounced national heterogeneity. High active-fire fre-
quency occurred in Smederevo, Bor, KurSumlija, and Podujevo. At the same time, the strongest
mapped burned-area values were concentrated mainly in southern and southeastern municipalities,
including Zitorada, Kurumlija, Presevo, and Leskovac. KDE further isolated a major southern con-
centration and a separate agricultural core around Smederevo.

The principal scientific contribution is the integrated interpretation of detection frequency, contin-
uous density, FRP, and burned-area geometry. This combination distinguished a dispersed agri-
cultural-lowland pattern, a high-energy mountain-forest pattern, and a mixed industrial-natural
pattern. The typology helps explain why a single national indicator cannot represent both recurring
thermal activity and severe land-cover damage.

The findings support differentiated prevention and response: inspection and rapid local interven-
tion in agricultural zones; satellite early warning, accessibility modeling, and cross-boundary coor-
dination in mountain areas; and integrated industrial and vegetation monitoring around Bor. The
results should nevertheless be interpreted within the limits of satellite resolution, repeated detec-
tions, administrative aggregation, a single-season design, and the absence of a direct meteorological
model. Future multiyear, multivariable research should test the stability and drivers of the mapped
patterns. Integrating near-real-time detection with post-fire damage mapping offers a practical foun-
dation for more spatially targeted wildfire risk reduction in Serbia.
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