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Abstract

Understanding wildfire dynamics and their climatic and socio-economic drivers is essential for
effective fire management in Southeastern Europe. This study presents the first long-term assessment
of wildfire trends across different land-cover types in Bulgaria and the wider Balkan region using the
FireCCI51 burned area dataset (2001-2022). Burned area patterns were analyzed in relation to
temperature, relative humidity, precipitation, the Angstrom Index, and Vapor Pressure Deficit
(VPD). Croplands accounted for 96.4% of the total burned area (4.9 Mha), while wildfires in forests,
grasslands, shrublands, and wetlands represented 3.6%. A declining trend in burned area was
observed across all land-cover types, particularly in croplands and forests, likely linked to rural
depopulation, agricultural land abandonment, and reduced use of fire in land management. Burned
area correlated positively with temperature (r = 0.37-0.53) and VPD (r = 0.40-0.53), and negatively
with relative humidity (r=-0.48 to -0.55) and the Angstrom Index, confirming the role of atmospheric
dryness in fire occurrence. Fire activity peaked in August, coinciding with maximum VPD and
minimum Angstrom Index values. These findings highlight the combined influence of climatic
aridity and socio-economic change on fire regimes and underscore the value of long-term satellite
monitoring for adaptive fire management in the Balkans.

Keywords: wildfires; firecci51; land cover; vapor pressure deficit; Angstrom index

1. Introduction

Wildfires are among the most significant ecological disturbances shaping terrestrial ecosystems,
influencing vegetation composition, soil processes, and carbon cycling [1,2]. Their frequency and
severity are increasingly driven by the combined effects of climate change, land-use dynamics, and
socio-economic transformation [3,4]. Across Europe, particularly in the Mediterranean and Balkan
regions, prolonged droughts, heatwaves, and changing human activity patterns have intensified the
complexity of fire regimes [5,6].

Bulgaria, located in the southeastern part of the Balkan Peninsula, represents a climatic and
ecological transition zone between continental and Mediterranean influences. This diversity in
topography and climate results in highly variable vegetation and fire regimes. Historically, most
wildfires in the country have been human-induced [7], mainly associated with agricultural residue
burning, grazing management, and forestry operations. However, since the 1990s, Bulgaria has
undergone profound socio-economic transformations linked to rural depopulation, agricultural land
abandonment, and the restructuring of land ownership and management systems [8,9].

Bulgarian National Statistical Institute is having archives of population census from 1880 until
2021, when the last statistical information is published [10-12]. Based on these reports the Bulgarian
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population in 1985 is about 8,9 million people, whereas in 2021 is 6.519.789. This is a decrease of about
11% in comparison to the previous population census in 2011 [12]. These processes have led to a
reduction in intentional burning and fewer human ignitions, while simultaneously increasing the
extent of unmanaged vegetation and secondary forest regrowth. The combination of declining
agricultural activity and changing land use has significantly altered fire dynamics, particularly in
croplands and lowland forest areas [3,13]. At the same time, climate change has intensified the
environmental conditions conducive to wildfires [14]. Rising temperatures, increased vapor pressure
deficit (VPD), and prolonged summer droughts have decreased fuel moisture content and increased
fire danger across Southeastern Europe [4,15]. Understanding the interactions between these climatic
and socio-economic factors is therefore crucial for developing effective fire management and
adaptation strategies [16]. However, despite the growing availability of global satellite-based fire
datasets [17-19], long-term and spatially explicit analyses of wildfire activity in Bulgaria and the
broader Balkan region remain limited.

Recent advances in Earth observation have made it possible to monitor burned areas consistently
over large spatial and temporal scales [18,19]. Among the most widely used datasets are the
FireCCI51 product developed under the European Space Agency’s Climate Change Initiative (CCI)
[19] and the MODIS MCD64A1 Collection 6 product developed by NASA [18]. FireCCI51 provides
global monthly burned area data at 250 m spatial resolution from 2001 onward, derived from MODIS
Terra surface reflectance data, and includes vegetation and land-cover information from the ESA CCI
Land Cover dataset. MODIS MCD64A1 C6, in turn, offers global burned area mapping at 500 m
resolution using data from both Terra and Aqua satellites, employing a hybrid algorithm that
integrates active fire detections and surface reflectance changes These products offer extensive
coverage spanning from 2000 to the present, making them valuable resources for examining both
historical and contemporary fire dynamics [20] and particularly valuable for regions like Bulgaria,
where ground-based fire statistics are often incomplete or inconsistent.

Integrating these satellite-based observations [21] with meteorological and socio-economic data
provides an opportunity to better understand the long-term relationships between fire activity,
climate variability, and human influence [4]. By examining temporal and spatial wildfire trends
across different land-cover types and relating them to indicators such as the Angstrom Index [22] and
VPD [23], this study contributes to the understanding of how climatic aridity and socio-economic
change jointly shape fire regimes in Bulgaria. This research represents the first comprehensive, long-
term analysis of wildfire dynamics across multiple land-cover types in Bulgaria and the Balkan
region, providing a baseline for future studies on fire-climate—society interactions and for the
development of regionally tailored fire management strategies.

2. Materials and Methods
2.1. Study Area

Bulgaria is located in Southeastern Europe, occupying the eastern part of the Balkan Peninsula
between latitudes 41°14'-44°13" N and longitudes 22°21'-28°37" E, covering an area of approximately
111,000 km? (Figure 2). The country exhibits diverse topographic and climatic conditions that strongly
influence vegetation patterns and wildfire regimes. The relief is characterized by a complex
combination of lowlands, plains, plateaus, and mountain ranges, including the Balkan Mountains
(Stara Planina), the Rhodope Mountains, and the Rila and Pirin massifs, which contain the highest
peaks in the region.

Bulgaria’s climate is transitional between continental and Mediterranean, with considerable
spatial variability. The northern regions experience a temperate-continental climate with cold winters
and hot summers, while southern areas are influenced by the Mediterranean climate, characterized
by mild, wet winters and hot, dry summers. The mean annual temperature ranges from 5-7°C in
mountainous areas to 12-13°C in the lowlands, and annual precipitation varies between 500-1,200
mm, depending on altitude and exposure.
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Vegetation cover reflects this climatic and topographic heterogeneity. Forests occupy around
38% of the national territory, dominated by broadleaf species such as Fagus sylvatica, Quercus spp.,
and Carpinus spp., and conifers such as Pinus sylvestris and Picea abies in higher elevations.
Grasslands, shrublands, and agricultural areas also constitute significant land cover types,
particularly in lowland and valley regions.

Wildfires are a recurrent disturbance in Bulgaria, primarily occurring during the dry summer
months. Fire activity varies geographically, being more frequent in southern and southwestern
regions where Mediterranean climatic influences prevail. Anthropogenic factors—such as land
abandonment, due to population decrease [10-12] (Figure 1), agricultural burning, and changes in
forest management—also contribute significantly to the ignition and spread of fires.

Population of Bulgaria According to Censuses (1880-2021)
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Figure 1. Bulgarian population chart based on the National Statistical Institute reports [10-12].

2.2. Land Cover

The FireCCI51 burned area product identifies burned regions based on the ESA Climate Change
Initiative (CCI) Land Cover classification system. The land cover characteristics of the study area
were evaluated using the same classification framework. The ESA CCI Land Cover (CCI-LC) project
provides consistent, global land cover maps at a spatial resolution of 300 meters, produced annually
for the period 1992-2015 [24]. The CCI-LC dataset includes 38 land cover classes worldwide, of which
24 are represented in Bulgaria as of 2015 (Figure 2, Table 1).
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Figure 2. The location and land cover types according to the ESA CCI Land Cover classification of the study site

24

(http://maps.elie.ucl.ac.be/CCI/viewer/index.html).

Table 1. The land cover (ESA CCI) classification of the study site.

Area
GC* Area (Ha)
Land Cover (%)
10 Cropland, rain fed 2.519.520 22,7
11 Cropland, rain fed, herbaceous cover 2.347.390 21,1
12 Cropland, rain fed, tree or shrub cover 22.767 0,2
20 Cropland, irrigated or post flooding 93.592 0,8
30 Mosaic cropland (>50%) / natural vegetation (<50%) 771.165 6,9
40 Mosaic natural vegetation (>50%) / cropland (<50%)) 501.082 4,5
60 ;1;1'1e; (yc;)ver, broadleaved, deciduous, closed to open 9991.320 26,9
o
61 Tree cover, broadleaved, deciduous, closed (>40%) 40.867 0,4
70 Treeocover, needle leaved, evergreen, closed to open 530 077 48
(>15%)
30 Treeocover, needle leaved, deciduous, closed to open 77 0,0
(>15%)
90 Tree cover, mixed leaf type (broadleaved and needle 307411 28
leaved)
100 Mosaic tree and shrub (>50%) / herbaceous cover (<50%) 367.783 3,3
110 Mosaic herbaceous cover (>50%) / tree and shrub (<50%) 1.928 0,0
120 Shrubland 21.870 0,2
122 Deciduous shrubland 78 0,0
130 Grassland 179.555 1,6
150 Sparse vegetation (tree, shrub, herbaceous cover) (<15%) 13.331 0,1
153 Sparse herbaceous cover (<15%) 35 0,0

Shrub or herbaceous cover, flooded,

180 fresh/saline/brackish water £944 01
190 Urban areas 225.647 2,0
200 Bare areas 46.281 04
201 Consolidated bare areas 8.871 0,1
202 Unconsolidated bare areas 41 0,0
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210 Water bodies 102.877 0,9
*GC: Grid code.

The land area of Bulgaria is about 11.1 million hectares and 56.3% Cropland (Grid code (GC): 10,
11, 12, 20, 30 and 40), 38.2% Forest (GC: 60, 61, 70, 80, 90 and 100), 1.8% Herbaceous vegetation
(Grassland) (GC: 110, 130, 150 and 153), 0.2% Shrubland (GC: 120 and 122), 0.1% Wetland (GC: 180)
and 3.5% Other Land cover (GC: 190, 200, 201, 202 and 210) (Figure 2, Table 1).

2.2. Burned Area Information

Wildfire activity across Bulgaria was analyzed using the FireCCI51 burned area (BA) product
[19], developed within the European Space Agency’s (ESA) Climate Change Initiative (CCI) program.
The FireCCI51 dataset provides consistent, long-term information on global burned areas for the
period 2001-2022, enabling detailed assessment of spatio-temporal fire dynamics. The product is
primarily based on MOD09GQ Collection 6 imagery acquired by the MODIS sensor onboard the
Terra satellite, which delivers daily surface reflectance data in the red (0.62-0.67 um) and near-
infrared (0.84-0.88 um) spectral bands at a 250 m spatial resolution.

Each burned pixel in the FireCCI51 dataset is accompanied by land cover information derived
from the CCI Land Cover (LC) products, allowing for the identification of affected vegetation and
land use types. The monthly BA pixel products were obtained from the Centre for Environmental
Data Analysis (CEDA) archive for each year between 2001 and 2022 [17]. For spatial analysis, all
monthly raster datasets were clipped to the administrative boundary of Bulgaria. The clipped rasters
were subsequently converted into polygon shapefiles, where burned area extent was quantified
based on the land cover grid codes.

In addition, the yearly burned area data for Bulgaria from the European Forest Fire Information
System (EFFIS) were downloaded [25] to compare with the FireCCI51 burned area dataset. The EFFIS
dataset covers the period 2006-2022. Burned area information for 2005 and earlier years was not
available in the EFFIS database [5].

All geospatial processing, including data extraction, overlay, and area calculations, was
performed in ArcGIS® 10.2 (ESRI, Redlands, CA, USA). The resulting datasets were used to derive
annual and multi-year statistics of burned area distribution and to explore its relationships with
climatic variables.

2.3. Climatic Data

Climate data were sourced from the Bulgarian State Meteorological Service, covering the period
from 2001 to 2022. The dataset comprises monthly records of air temperature (°C), relative humidity
(%), and rainfall (mm) from four representative stations located in Sliven, Sandanski, Lovech, and
Kurjali for the study area. For the analysis, average values across all stations were calculated. These
mean air temperature and relative humidity values were then used to compute the Angstrom index
and vapor pressure deficit (VPD).

The Angstrom Index is simple and uses only temperature and relative humidity in its
calculation. This index provides an indication of fire risk and danger potential [26,27]. The Angstrom
Index is calculated according to formula [22] (1).

R 27-T

=)+ [(F)] M

where:

I = Angstrom Index, R = Relative humidity (%) and T = Air Temperature (°C)

The interpretation of this index is:

>4.0 Fire occurrence unlikely,
40-25 Fire conditions unfavorable,
25-20 Fire conditions favorable,
<20 Fire occurrence very likely,
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The Angstrom Index is a widely used index in determining the relationship between long-term
meteorological data and wildfires Vapor pressure deficit (VPD) indicates the difference between the
saturation vapor pressure and the actual vapor pressure [28]. VPD (kPa) was calculated with the
equation below (2):

VPD =100 — (RH x 610.7 x 10{7>*D/@733+1)) @)

Where T is air temperature (°C) and RH is relative humidity (%). When VPD is high, it means
the air is very dry, which accelerates the evaporation of moisture from vegetation and soil [29]. This
dries out the forest fuels making them available for ignition[30,31]. High VPD can also lead to
increased water stress in plants, making them more prone to wilting. Furthermore, high VPD can
exacerbate fire conditions by increasing the rate at which fire spread once ignited [32].

2.3. Statistical Analysis

Correlation and regression analyses were undertaken to investigate the relationships between
climatic variables and burned area in different land cover types. Before the analyses, Shapiro-Wilk
normality test was conducted on all variables. All statistical analyses were performed using the
statistical software SPSS, Version 26.0 [33].

3. Results
3.1. Long-Term Temporal Trends in Climatic Variables in Bulgaria

The analysis of climatic variables in Bulgaria from 2001 to 2022 showed a gradual increase in
temperature over the study period (Figure 3a). The mean annual temperature rose from 13.3°C in
2001 to 14.1°C in 2022, while the mean maximum temperature increased from 19.3°C to 20.3°C.
Relative humidity values remained relatively stable, ranging between 48% and 52% (Figure 3a).

The Angstrom Index exhibited a slight decreasing trend, from approximately 3.9 in the early
2000s to 3.7 in recent years. The vapor pressure deficit (VPD) showed a slight increase after 2010,
reaching values above 0.9 kPa in most years and up to 1.0 kPa in some cases (Figure 3b). Annual
precipitation varied considerably among years, with a minimum of 408 mm in 2022 and a maximum
of 965 mm in 2014 (Figure 3c).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Temporal trends in climatic variables between 2001 and 2022 in the study area (air temperature (°C) -
Relative humidity (%) (a), Angstrom index - Vapor pressure deficit (kPa) (b) and precipitation (mm) (c)).

3.2. Long-Term Temporal Trends in Burned Area in Bulgaria

The FireCCI51 dataset analysis for the period 2001-2022 revealed that wildfires occurred across
five main land cover (LC) types: forest (LC: 60, 61, 70, 90, 100), grassland (LC: 130), shrubland (LC:
120), wetland (LC: 180), and cropland (LC: 10, 11, 12, 20, 30, 40). The total burned area was estimated
at 144,573.5 ha in forests (Figures 4b, 5b), 24,004.2 ha in grasslands (Figures 4c, 5d), 1,225.1 ha in
shrublands (Figures 4c, 5c), 492.4 ha in wetlands (Figures 4c, 5e), and 4,902,739.5 ha in croplands
(Figure 4a, 5a). Overall, the total burned area detected by FireCCI51 in Bulgaria between 2001 and
2022 was 4,902,739.5 ha, of which 96.38% occurred in croplands.

Fires occurring in forest, grassland, wetland, and shrubland land cover types were classified as
“wildfires” in this study. These accounted for a total of 3.62% of all burned areas (Figure 5f). The
proportional distribution among these land cover types was 81.50% in forests, 13.52% in grasslands,
0.28% in shrublands, and 4.69% in wetlands. The trends in the burned area indicated that there was
a decrease across all land cover types from 2001 to 2022, especially in croplands (Figure 5a) and
forested areas (Figure 5b). A peak in the burned area of forested lands was observed in 2007 (Figure
4b), corresponding to an increase in wildfires (Figure 4d).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Temporal trends in burned area across different land cover types based on FireCCI51 data: Cropland
(a), Forest (b), Grassland, Shrubland, and Wetland (c) — and trends in wildfires derived from EFFIS burned area
information (d). Note that EFFIS provides burned area data starting from 2006.

The wildfire dataset was also compared with the burned area information provided by EFFIS
for Bulgaria, available since 2006. The results indicated that the wildfire data were strongly correlated
with the EFFIS burned area information for the period 2006-2022 (r = 0.851, p < 0.01) (Figure 4d).
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Figure 5. FireCCI51 burned areas across land cover types in Bulgaria (Cropland (a), Forest (b), Shrubland (c),
Grassland (e), Wetland (f) and Wildfires (f) from 2001 to 2020. Wildfires indicate that total burned area in in

forest, grassland, wetland, and shrubland land cover types.

3.3. Long-Term Relationship Between Fire Activity and Climatic Variables

The correlation analysis revealed statistically significant relations between climatic variables and
burned area across different land-cover types (p < 0.01; Figure 6). Among the climatic parameters,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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temperature, maximum temperature, and vapor pressure deficit (VPD) exhibited strong positive
correlations with burned area across most vegetation types, whereas relative humidity showed
negative associations. Precipitation was weakly related to burned area.

Burned area in cropland was positively correlated with temperature (p = 0.51), maximum
temperature (p = 0.52), and VPD (p = 0.53), and negatively correlated with relative humidity (p =
—0.55) and the Angstrom index (p = -0.54). Similar relationships were observed for burned area in
forest (p = 0.36) with temperature and (p = 0.38) with maximum temperature, p = —0.48 with relative
humidity. In grassland (p = 0.43) with temperature, (p = -0.46) for VPD and (p = —0.55) with relative
humidity. Shrubland and wetland showed weaker but still significant positive correlations with
thermal and dryness indicators (p = 0.20-0.31), suggesting that these ecosystems are less responsive
to interannual climatic variability in fire conditions.

The composite “Wildfires” variable —representing the sum of burned area excluding cropland —
displayed positive correlations with temperature (p = 0.36), maximum temperature (p = 0.39), and
VPD (p = 0.40), and negative correlations with relative humidity (p =—0.48) and the Angstrom index
(p = -0.41). These findings indicate that higher atmospheric dryness and temperature extremes are
the significant drivers of fire extent across natural vegetation types.

Overall, the results demonstrate that wildfire activity across all vegetation types, including
cropland, is closely linked to variations in temperature and vapor pressure deficit, while being
inversely related to relative humidity. The strength and consistency of these correlations confirm that
interannual fluctuations in atmospheric dryness are a dominant control on burned area distribution
across the region’s major land-cover types.
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Figure 6. The results present the correlations between monthly mean climatic variables and the FireCCI51
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burned area data for different land-cover types during the period 2001-2022.

3.4. Monthly Wildfire Activity Across Land Cover Types

The monthly distribution of burned areas showed significant correlations between vapor
pressure deficit (VPD), Angstrom index, and burned area across cropland (Figure 7a), forest (Figure
7b), grassland (Figure 7c), shrubland (Figure 7d), and all wildfires combined (Figure 7f), with the
exception of wetlands (Figure 7e). Fires primarily occurred from June to November in cropland,
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forest, shrubland, and grassland land cover types, with peak burned area observed in August (Figure
7a—d), coinciding with the highest VPD values.

Across all land cover types, burned area was positively correlated with VPD, indicating that
drier conditions consistently promote fire activity. Conversely, all variables showed negative
correlations with the Angstrom index, suggesting that increased solar radiation and clearer skies—
typically associated with lower humidity —may suppress fire spread or coincide with favorable
burning conditions. In forest areas, secondary peaks in burned area were visible in March and
November (Figure 7b), while in wetlands, the highest burned area occurred in March (Figure 7e).
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Figure 7. Monthly distribution of mean vapor pressure deficit (VPD), Angstrom index, and burned area in
cropland (a), forest (b), grassland (c), shrubland (d), wetland (e), and all wildfires (f) based on FireCCI51 data in
Bulgaria during the study period (r = correlation coefficient).

The majority of burned area in the FireCCI51 dataset was attributed to cropland fires (Figure 5a).
Fires in croplands typically began in June and continued through November, a pattern associated
with harvesting periods in different regions. Overall, the results highlight August as the critical
month for fire risk and emphasize the importance of VPD and Angstrom index as key indicators of
wildfire dynamics.

4. Discussion

The present study demonstrates that wildfire activity in Bulgaria between 2001 and 2022 has
been shaped by the combined effects of climate variability and socio-economic transformation.
Despite rising temperatures and increasing vapor pressure deficit (VPD), the total burned area—
particularly in croplands and forests—has shown a steady decline, which can be affected by the
uneven economic development of the state regions and depopulated areas with lower economic
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wealth [34]. This finding aligns with evidence from other parts of Eastern and Southeastern Europe,
suggesting that human-induced changes in land use and rural demography strongly influence fire
occurrence [35-37].

The use of the FireCCI51 burned area product provided consistent, high-resolution information
on fire distribution across multiple land-cover types [19]. Its 250 m resolution and integration of ESA
CCI Land Cover data make it particularly suitable for landscape-level analysis of agricultural and
forest fires. Comparison with the European Forest Fire Information System (EFFIS) dataset revealed
a strong correlation (r = 0.851, p < 0.01), confirming the reliability of FireCCI51 for regional
applications.

Previous studies have demonstrated strong agreement between FireCCI51 and MODIS
MCD64A1 C6 data at global and continental scales [19,38]. While MCD64A1 C6 offers broader
temporal consistency and dual-sensor coverage (Terra + Aqua), FireCCI51 provides enhanced burned
area detection in heterogeneous landscapes typical of Bulgaria and similar to north Greece [20].
Future analyses combining both datasets could improve the accuracy of regional burned area
estimates and capture smaller agricultural fires that often go undetected by coarser-resolution
products.

4.1. Long-Term Burned Area Trends in Bulgaria

The declining burned area observed in Bulgaria reflects significant socio-economic
transformations since the 1990s [10-12] (Figure 1). Following the transition from state-managed
agriculture to a market economy, extensive rural depopulation and land abandonment occurred,
especially in mountainous and marginal regions [8,9]. These changes led to a reduction in agricultural
burning —a primary ignition source—and a decline in human activity in fire-prone rural landscapes.
Consequently, the frequency of small- to medium-scale fires decreased even as climatic conditions
became more conducive to fire spread.

However, abandoned lands undergoing secondary succession may accumulate fine and woody
fuels over time, potentially increasing the risk of larger and more intense fires under extreme drought
events [3]. This duality highlights the complex interplay between human withdrawal and ecological
fuel buildup, an emerging challenge across the Balkans and Eastern Europe. Since 2016 in Bulgarian
statistics every year extreme fire events started to occur regularly in the summer season [39,40].

The findings in this study underscore the importance of incorporating socio-economic indicators
(e.g., population density, agricultural activity, land abandonment rates) into future fire models to
better capture the human—climate interactions driving fire regimes. Effective wildfire management in
Bulgaria and the Balkans will depend on strategies that address both climatic aridity and the
consequences of rural depopulation, including fuel accumulation and landscape homogenization.

4.2. Climatic Drivers and Seasonal Patterns

The results indicate that long-term climate trends are important for wildfire dynamics in Balkan
landscapes. The correlations between burned area, temperature, and VPD —along with the negative
relationships with relative humidity and the Angstrém Index—confirm that atmospheric dryness
remains the primary climatic driver of wildfire activity in Bulgaria (Figure 6). Higher VPD is
associated with increased fire activity and similar results were obtained in different landscapes
[4,30,31].

Seasonal analysis showed that fire occurrence peaks in August, coinciding with maximum VPD
and minimum Angstrom Index values, typical of Mediterranean—continental transition climates
(Figure 7). The presence of secondary peaks in March and November, especially in forest ecosystems,
suggests continuing agricultural or prescribed burning practices during transitional seasons. The
forested areas in Bulgaria are predominantly covered by broadleaved deciduous trees (Table 1). Fires
within these land cover types can occur during autumn and winter (Figure 7b). During the summer
months, the presence of green herbaceous and woody vegetation in the understory and sub-canopy
layers of forests reduces the amount of dry combustible material, while higher relative humidity
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contributes to greater fuel moisture content [29,41]. However, as autumn approaches, the leaves of
deciduous trees dry and fall, and the herbaceous plants on the forest floor also desiccate, resulting in
an accumulation of dead combustible material [26].

During autumn and winter, the occurrence of foehn winds can further increase air temperature
and decrease relative humidity, leading to the rapid drying of forest floor fuels and an elevated fire
risk. Due to the short duration of foehn wind events, fires tend to occur within a brief period of time
(typically 3-5 days). Considering that the values used in the analyses are based on monthly averages,
the discrepancies observed in the graphs (Figures 7b and 7f) are therefore understandable. To achieve
a more accurate interpretation of this relationship, the use of weekly average meteorological data
would be necessary.

5. Conclusions

This study provides the first comprehensive assessment of wildfire dynamics and their climatic
and socio-economic drivers in Bulgaria using the FireCCI51 burned area dataset for the period 2001-
2022. The analysis revealed a significant decline in total burned area across all land-cover types,
particularly in croplands and forests. This underscores the critical influence of socio-economic
factors—especially rural depopulation, agricultural land abandonment, and reduced use of fire in
land management—on shaping contemporary fire regimes in Bulgaria and the wider Balkan region.
However, intense and big fire occurrences are increasing especially in the coniferous areas.

Fire activity showed strong positive correlations with temperature and negative correlations
with relative humidity, highlighting atmospheric dryness as a dominant climatic control on fire
occurrence. Peak fire activity was observed in August, coinciding with the driest and hottest period
of the year.

The agreement between FireCCI51 and EFFIS datasets confirms the reliability of satellite-derived
burned area information for long-term fire monitoring in Southeastern Europe. These findings
emphasize the importance of integrating remote sensing data with climatic and socio-economic
indicators to better understand the coupled human—climate dynamics influencing regional fire
regimes.

Future research should focus on combining multiple burned area products with spatially explicit
socio-economic datasets to assess how demographic shifts, land-use changes, and agricultural
transitions interact with climate-induced aridity to alter fire risk. The results provide a foundation
for developing adaptive, data-driven fire management strategies that address both environmental
and societal dimensions of wildfire risk in Bulgaria and the broader Balkan landscape.
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