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Abstract

Purpose: This study evaluates the ecological impacts of the 9 September 2020 forest fire in the Kaleboynu area of
Eskikonacik Neighborhood, Pozanti District, Adana Province, on the Cakit Stream micro-watershed, which partially
overlaps with Belemedik Nature Park. Using an integrated remote sensing approach, it assesses fire-induced changes in
burn severity, vegetation structure, and carbon storage capacity to support post-fire restoration planning in a protected
Mediterranean ecosystem.

Methods: The study was conducted within the 9,783.06-ha Cakit Stream micro-watershed. Cloud-free Sentinel-2A MSI
Level-2A imagery acquired before (05.09.2020) and after the fire (15.09.2020) was used to calculate the Normalized
Burn Ratio (NBR), Differenced NBR (dNBR), and Normalized Difference Vegetation Index (NDVI). Carbon storage
was estimated using a nonlinear regression model relating NDVI to pixel-level carbon content. Spatial analyses were
performed in ArcGIS 10.8.

Findings: dNBR analysis showed that 92.49% (9,049.16 ha) of the watershed remained unburned or unchanged, while
726.18 ha was affected to varying degrees. NDVI results revealed a decrease of 330.65 ha in dense vegetation areas and
a decrease of 96.09 ha in moderately vegetated areas, accompanied by a 426.74 ha increase in bare surfaces. Total
carbon storage declined from 105,465.71 tC to 105,450.25 tC, representing a loss of 15.46 tC (56.69 t COze), primarily
concentrated on forested slopes surrounding the Cakit Stream valley.

Conclusions: Although the wildfire affected only a limited portion of the watershed, it caused substantial biomass
losses, disrupted vegetation continuity, and reduced carbon storage capacity. The concentration of damage on steep
slopes indicates increased risks of erosion and surface runoff. Erosion control, restoration with pioneer and fire-adapted
native species, and long-term remote sensing monitoring are recommended to support ecosystem recovery, restore
habitat connectivity, and sustain ecosystem services.
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*

Belemedik orman yangininda yanik siddeti, bitki ortiisii bozulmasi ve karbon depolama kaybi: koruma alani yonetimi
ve yangin sonrasi iyilestirme acisindan c¢ikarilabilecek sonuclar

Ozet

Amag: Bu calisma, 9 Eyliil 2020 tarihinde Adana ili Pozanti ilgesi Eskikonacik Mahallesi Kaleboynu bolgesinde
meydana gelen orman yangininin, kismen Belemedik Doga Parki ile ortiisen Cakit Deresi mikro havzasi {izerindeki
ekolojik etkilerini degerlendirmektedir. Biitiinciil bir uzaktan algilama yaklasimiyla yangmin yanma siddeti, bitki ortiisii
yapist ve karbon depolama kapasitesi lizerindeki etkileri incelenerek koruma altindaki bir Akdeniz ekosisteminde
yangin sonrasi restorasyon planlamasina bilimsel katki saglanmas1 amaglanmaistir.

Yontem: Calisma, 9.783,06 ha biiyiikliigiindeki Cakit Deresi mikro havzasinda gerceklestirilmistir. Yangin Oncesi
(05.09.2020) ve sonrast (15.09.2020) donemlere ait bulutsuz Sentinel-2A MSI Seviye-2A goriintiileri kullanilarak

' Corresponding author: Tel.: +903882253091; Fax.: +903882254618; E-mail: baris.kahveci@ohu.edu.tr
All published content is licensed under CC BY 4.0; Received: 23.07.2026; Published: 15.09.2026; BioDiCon.ID. 1245-230726


http://www.biodicon.com/

Biological Diversity and Conservation — 19/ 3 (2026) 291

Normallestirilmis Yanma Orani (NBR), Farklilastirilmis NBR (dNBR) ve Normallestirilmis Fark Bitki Ortiisii Endeksi
(NDVI) hesaplanmistir. Karbon depolamasi, NDVI ile piksel basina karbon igerigi arasindaki iligkiye dayali dogrusal
olmayan regresyon modeliyle tahmin edilmistir. Tiim uzamsal analizler ArcGIS 10.8 ortaminda gerceklestirilmistir.
Bulgular: dNBR analizi, havzanin %92,49’unun (9.049,16 ha) yanmamis veya degismemis kaldigini, 725,92 ha’lik
alanin ise farkli siddet diizeylerinde etkilendigini gostermistir. NDVI sonuglari, 330,65 ha agag ortiisii ve 96,09 ha
cali/otlak vejetasyonu kaybr ile birlikte ¢iplak yiizeylerde 426,74 ha’lik artis oldugunu ortaya koymustur. Toplam
karbon depolama miktar1 105.465,71 tC’den 105.450,25 tC’ye diismiis, bu durum 15,46 tC (56,69 t COz¢) karbon
kaybina kargilik gelmistir.

Sonu¢: Yangin, havzanm smirlt bir boliimiinii etkilemis olsa da 6nemli biyokiitle kayiplarina neden olmus, bitki
ortiisiiniin siirekliligini bozmus ve karbon tutma kapasitesini azaltmistir. Ozellikle dik yamaglardaki hasar, erozyon ve
ylizey akist riskini artirmaktadir. Ekosistem iyilesmesini desteklemek amaciyla erozyon kontrolii, yangina uyumlu yerli
tiirlerle restorasyon ve uzun déonemli uzaktan algilama temelli izleme ¢alismalar1 6nerilmektedir.

Anahtar kelimeler: Belemedik orman yangini; yanma siddeti; NDVI; bitki ortiisii bozulmasi; karbon depolamasi.
1. Introduction

The accurate and timely assessment of the ecological impacts of forest fires is critical for informing post-fire
restoration and resource management planning. Remote sensing techniques have been widely used for many years to
assess the impacts of wildfires. Early studies focused primarily on determining fire severity and mapping burned areas.
In this context, the NBR (Normalized Burn Ratio) and dNBR (Differenced Normalized Burn Ratio) indices are among
the most widely used methods for spatially characterizing wildfire effects. A similar approach has been adopted in
studies conducted in Turkey. Yilmaz et al. [1] assessed fire severity in conjunction with topographic factors using the
NDVI, NBR, and dNBR indices derived from Sentinel-2A imagery of the Hatay-Belen fire and demonstrated that areas
of high-severity burning were concentrated under specific elevation, slope, and aspect conditions. In a study conducted
in the Kozan district of Adana, Ibrahim et al. [2] used the ANDVI and dNBR indices to assess the effects of fire on
vegetation structure and ecological processes, emphasizing that remote sensing-based approaches are effective tools for
identifying post-fire environmental degradation.

In recent years, research has expanded beyond assessing fire severity to encompass the impacts of wildfires on
ecosystem functions and the carbon cycle. Forest ecosystems are among the most important terrestrial carbon sinks in
the global carbon cycle due to their capacity to store carbon over long periods within plant biomass and soil organic
carbon pools [3]. However, wildfires can substantially reduce carbon stocks through biomass combustion and
vegetation loss. Post-fire vegetation responses vary depending on factors such as species composition, soil properties,
climatic conditions, and fire severity [4]. Therefore, monitoring vegetation recovery and changes in carbon storage
capacity is essential for evaluating the long-term impacts of wildfires. Previous studies have shown that recovery in
temperate coniferous forests is generally slow, with burned areas recovering by only 30-44% after 5 years, 47-72%
after 10 years, and 54—77% after 13 years, while the proportion of fully recovered areas remains as low as 1-28% even
after 9—16 years [5].

The dynamics of vegetation regrowth following a fire play a decisive role in restoring carbon storage. A
synthesis study covering more than 150 fires in the western United States revealed that natural regeneration is limited,
particularly in low-elevation and arid forests, due to factors such as insufficient seed supply, water stress, and inter-
plant competition, and that in some areas, forests are at risk of transforming into shrubland or grassland ecosystems [6].
Similarly, a study conducted in Pinus sylvestris L. stands in the Mediterranean Basin indicated that regeneration density
decreased significantly in areas affected by high-intensity fires, and that slope, fire intensity, and distance from seed
trees were the key factors determining regeneration success [7]. This indicates that high-intensity fires not only reduce
existing carbon stocks but may also limit future carbon accumulation for many years [8].

Stands of Pinus brutia Ten., a species widely distributed in Turkey’s Mediterranean ecological region and well
adapted to fire regimes, provide important examples for understanding the effects of fire on the carbon cycle. Crown
fires in this species, which has a distribution area of approximately 5 million hectares, can result in tree mortality rates
reaching 80—100 percent, leading to significant losses in carbon stocks [9]. A study conducted in the Amanos
Mountains found that three years after a fire, organic matter decreased by 14.3%, total nitrogen by 22%, and soil water
saturation by 13.1%; conversely, available phosphorus increased by 71%, cation exchange capacity by 9.9%, and
exchangeable potassium by 37.1% [10]. The same study reported that above-ground phytomass increased significantly
over the three years, although the regrowth success of some species remained quite low. In a more recent study
conducted under semi-arid conditions in western Turkey, it was determined that the biomass increase of P. brutia
seedlings in post-fire areas was approximately 3.4 times lower than in unburned areas. That fire significantly limited the
growth performance of young individuals [11]. Research conducted following the 2017 Sapadere fire in Antalya also
showed that interventions such as salvage logging and road construction slowed vegetation recovery and led to
significantly lower recovery rates after five years [12]. These findings demonstrate that post-fire ecological recovery
depends not only on fire intensity but also on the management and restoration strategies implemented.
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Sannigrahi et al. [13] assessed the effects of forest fires across India on ecosystem productivity and carbon
emissions using burn indices and Light Use Efficiency (LUE) models. They found that Net Primary Production (NPP)
decreased with increasing fire intensity. In one of the few studies on this topic in Turkey, Eg¢i et al. [14] analyzed the
effects of the 2021 forest fires in Antalya on carbon storage capacity using the NDVI, ARVI, NBR, and NBR2 indices.
They reported an average carbon loss of 10.51% following the fires. No studies have been identified in the existing
literature that evaluate the effects of the Belemedik wildfire on burn severity and carbon storage capacity. Furthermore,
quantitative spatial assessments of post-fire ecosystem conditions in the region remain limited. This represents a
significant knowledge gap for understanding post-fire ecological processes and informing restoration planning.

The forest fire that occurred in 2020 in the Kaleboynu area of the Eskikonacik neighborhood in Pozanti
district, Adana—which threatened forested areas within the Cakit Stream micro-watershed as well as the Belemedik
neighborhood and the surroundings of Belemedik Nature Park—highlighted the region’s vulnerability to fires and the
importance of monitoring post-fire ecological changes. However, comprehensive studies of the fire’s effects on
vegetation structure, burn severity, and carbon storage capacity are limited. Therefore, this study examines the effects of
the Belemedik forest fire that occurred in the Cakit Stream micro-watershed using Sentinel-2 satellite data; while
quantifying fire intensity using the NBR and dNBR indices, it simultaneously evaluates NDVI-based vegetation
changes and variations in carbon storage. Thus, the study analyzes not only the fire’s effects on burned areas but also its
consequences for ecosystem productivity, vegetation integrity, and carbon storage capacity through a holistic approach.
Furthermore, by identifying areas affected by the fire to varying degrees, the study provides a scientific basis for
erosion control, habitat improvement, reforestation, and restoration efforts. The presence of Belemedik Nature Park—
one of the region’s key protected areas within the study area—makes post-fire ecological changes particularly
significant from a protected-area perspective. In this regard, the study not only contributes to understanding ecological
processes in the Cakit Stream micro-watershed but also provides important insights for protecting sensitive ecosystems
in and around Belemedik Nature Park, as well as for post-fire restoration planning in Mediterranean forest ecosystems.

2. Material and method
2.1. Materials

The study area is located in the Cakit Stream micro-watershed within the boundaries of the Pozanti district of
Adana Province and extends between approximately 37°14'40"-37°26'50" N latitude and 34°50'10"-34°5920" E
longitude. The watershed covers a total area of 9,783.06 ha (Figure 1). Within the watershed boundaries lie the areas
affected by the Belemedik Forest Fire, which occurred on September 9, 2020, in the Kaleboynu area of the Eskikonacik
neighborhood, part of the Pozant1 district of Adana Province, as well as a significant portion of the Belemedik Nature
Park, which was established on December 2, 2014, and is one of the region’s important protected areas [15]. Because
the fire-affected areas are in proximity to the protected area boundaries, the Cakit Stream micro-watershed is a suitable
study area for assessing post-fire vegetation changes, fire intensity, and changes in carbon storage capacity. The basin’s
primary natural resource values consist of the Cakit Stream, the rocky ecosystems surrounding Akdag, and the widely
distributed forest ecosystems. Topographic and hydrological characteristics play a decisive role in shaping the area’s
habitat diversity and ecological processes. In particular, elevation differences, geomorphological diversity, and water
availability facilitate the development of diverse plant communities and habitat types [15].

Biotope mapping studies conducted in Belemedik Nature Park have revealed that forest biotopes constitute the
dominant ecosystem component of the area. In contrast, shrubland and grassland biotopes play important roles in
conserving biological diversity and maintaining ecosystem heterogeneity. Furthermore, it has been determined that the
freshwater ecosystems developing along the Cakit Stream are among the habitats with high conservation priority due to
their high ecological sensitivity and unique habitat characteristics [16].

The study area consists largely of Mediterranean maquis vegetation and coniferous forest ecosystems. Quercus
coccifera L. stands out as the dominant species in the maquis vegetation; it is accompanied by woody taxa such as
Laurus nobilis L., Olea europaea L., Pistacia lentiscus L., Melia azedarach L., Juniperus communis L., and Styrax
officinalis L. Coniferous forests, on the other hand, are primarily represented by Pinus brutia Ten., Pinus nigra subsp.
pallasiana (Lamb.) Holmboe, Cedrus libani A.Rich., Juniperus excelsa M.Bieb., and Abies cilicica (Antoine &
Kotschy). In contrast, the hygrophytic vegetation developing along the banks of the Cakit Stream and in other moist
habitats is characterized by plant communities dominated by riparian species such as Salix alba L., Alnus glutinosa
subsp. antitaurica Yalt., Platanus ovientalis L., Tamarix smyrnensis Bunge, Nerium oleander L., and Populus nigra L.
The alpine zone of the study area, above 2,000 m, is characterized by plant communities dominated by species such as
Acantholimon acerosum (Willd.) Boiss., Astragalus condensatus Ledeb., A. schizopterus Boiss., Sedum album L.,
Verbascum antitauricum Hub.-Mor., and Xeranthemum inapertum (L.) Mill., which are adapted to high elevations.
Alpine meadow vegetation, in which Globularia trichosantha Fisch. & C.A. Mey. and Stachys pumila Banks & Sol. are
characteristic components, which are also observed in this zone. Furthermore, the presence of taxa endemic to Turkey—
such as Alnus glutinosa subsp. antitaurica Yalt., Astragalus schizopterus Boiss., Centaurea ptosimopappoides
Wagenitz, Cyclamen cilicium Boiss. & Heldr., and Verbascum antitauricum Hub.-Mor.—which occur within the study
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area, further enhance the area’s floristic importance. Due to its habitat diversity, rich vegetation, and endemic taxa, the
study area is a significant ecological site with high conservation value for protecting Eastern Mediterranean forest
ecosystems, sustaining biological diversity, and supporting ecosystem services [16, 17].
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Figure 1. Geographical location of the Cakit Stream micro-basin in Adana Province, Tiirkiye
2.2. Datasets

In this study, various raster and vector datasets were used to determine pre- and post-fire vegetation changes,
fire severity, and differences in carbon storage capacity (Table 1). Sentinel-2A MSI Level-2A images from the pre-fire
(September 5, 2020) and post-fire (September 15, 2020) periods were obtained from the Copernicus Data Space
Ecosystem and used in NBR, dNBR, and NDVI analyses. Sentinel-2 Level-2A products provide atmospherically
corrected surface reflectance data and consist of bands with spatial resolutions of 10 m, 20 m, and 60 m. To minimize
the impact of spatial resolution differences across bands and improve the accuracy of NBR, dNBR, and NDVT analyses,
all bands were resampled to a 10 m spatial resolution.

Table 1. Spatial datasets and details

Dataset Data Type Source Format Date
Sentinel-2A MSI Level-2A Image Raster (10x10m) Copernicus Data Space Ecosystem JP2 05.09.2020
Sentinel-2A MSI Level-2A Image Raster (10x10m) Copernicus Data Space Ecosystem JP2 15.09.2020
Digital Elevation Model (DEM) Raster (25x25m) Copernicus Land Monitoring Service GeoTIFF | 2018
Road, waterway, and building data Vector OpenStreetMap Shapefile | 2025
Province and district boundaries Vector Harita Genel Miidiirligii Shapefile | 2025

Digital Elevation Model (DEM) data were used in the topographic analyses, and elevation data provided by the
Copernicus Land Monitoring Service were utilized to determine watershed boundaries and conduct spatial analyses. In
addition, road, stream, and building data were obtained from OpenStreetMap, while provincial and district boundaries
were obtained from the General Directorate of Mapping. All spatial datasets were processed and analyzed using ArcGIS
10.8 software. To ensure the datasets could be used within a common coordinate system, they were transformed to the
WGS 1984 UTM Zone 36N (EPSG:32636) projection system and prepared for analysis.

Burn Severity, Vegetation Degradation, and Carbon Storage Loss in the Belemedik Forest Fire: Implications for Protected Area Management and
Post-Fire Restoration
Nuriye Ebru YILDIZ, Baris KAHVECI, Tiilay EZER



294 Biological Diversity and Conservation — 19/ 3 (2026)

2.3. Methods

The study's methodological approach comprises four main stages (Figure 2). In the first stage, NBR analyses
were conducted using Sentinel-2A images from the pre- and post-fire periods to determine burn severity. In the second
stage, vegetation changes were identified through NDVI analyses. In the third stage, pre- and post-fire carbon storage
amounts were calculated using vegetation indices. In the final stage, the results were evaluated holistically, the effects
of the fire on the ecosystem were discussed, and recommendations were made regarding suitable plant species for post-
fire restoration efforts.

To determine the effects of the fire on vegetation and the severity of burning, the Normalized Burn Ratio
(NBR) and Differenced Normalized Burn Ratio (AINBR) indices were used. NBR is a widely used remote sensing index
for distinguishing between burned and unburned areas by utilizing spectral differences between the near-infrared (NIR)
and shortwave infrared (SWIR) bands. While healthy vegetation exhibits high reflectance in the NIR band and low
reflectance in the SWIR band, these spectral characteristics change after a fire due to damage to the vegetation cover,
resulting in significant decreases in NBR values [18, 19].

Calculation of the Normalized Burn Ratio (NBR) for
Pre-fire and Post-fire Periods

}

Calculation of the Normalized Difference Vegetation Index
(NDVI) for Pre-fire and Post-fire Periods

)

Calculation of Carbon Storage for
Pre-fire and Post-fire Periods

!

Discussion & Conclusion

Figure 2. Methodological steps of the study

The NBR index was calculated using the formula given in Equation 1. Since Sentinel-2A MSI Level-2A
images were used in this study, data from Band 8 and Band 12, which represent the NIR and SWIR bands, were used
(Equation 2). To address inconsistencies across bands with different spatial resolutions, the Band 12 data were
resampled to 10 m resolution and used in the analyses.

NBR = (NIR - SWIR) / (NIR + SWIR) (1)
NBR = (Band 8 - Band 12) / (Band 8 + Band 12) )

The dNBR index was calculated to compare pre- and post-fire conditions. dNBR is obtained by taking the
difference between the pre-fire NBR value and the post-fire NBR value and is calculated as shown in Equation 3. An
increase in dNBR values indicates an increase in the fire’s impact on vegetation and in burn severity. For this reason,
dNBR is a reliable method widely used to assess the ecological impacts of forest fires and to establish burn severity
classes [18].

dNBR = NBRpre — NBRpost 3)

Using the dNBR values obtained in this study, burn severity classes were established, and the spatial impacts
of the 2020 Belemedik Forest Fire on the Cakit Stream micro-watershed were assessed. In the equations, NIR denotes
the near-infrared band; SWIR denotes the short-wave infrared band; NBR pre represents the pre-fire NBR value; and
NBR_post represents the post-fire NBR value.

The Normalized Difference Vegetation Index (NDVI) was used to determine changes in vegetation density
(Equation 4) [19]. The near-infrared band (Band 8) and the red band (Band 4) from Sentinel-2A images were used in
the NDVI calculations (Equation 5) [20]. Healthy and dense vegetation produces high NDVI values, while sparse or
damaged vegetation exhibits lower NDVI values.

NDVI = (NIR - R)/ (NIR + R) 4
NDVI = (Band 8§ - Band 4) / (Band 8 + Band 4) (5)
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Carbon storage was estimated using the methodology proposed by Myeong et al. [21]. This approach enables
the quantification of vegetation carbon storage on a unit-area basis. Within the scope of the method, a regression
equation was developed using NDVI as the independent variable and carbon storage (kgC/pixel) as the dependent
variable (Equation 6). In the equation, a (107.2) and b (0.0194) are the constants obtained from the nonlinear regression
[21]. Finally, the total carbon storage potential (in metric tons) was calculated using the Zonal Statistics tool in ArcGIS.

Carbon Storage (kgC/Pixel) = a x eNPVIxb) ©)
3. Results
3.1. Normalized Burn Ratio (NBR)

Maps showing pre-fire (NBR_Pre), post-fire (NBR_Post), and the difference in burn severity (INBR) reveal
the spatial effects of the Belemedik forest fire on the vegetation structure within the study area (Figure 3). During the
pre-fire period, a large portion of the study area fell into the medium and low vegetation density classes, which together
accounted for 63.99% of the total area (Table 2). In particular, the forested areas along the Cakit Stream valley and the
natural vegetation areas around Belemedik are characterized by high NBR values, indicating continuous vegetation
cover in the study area (Figure 3a). Prior to the fire, the medium vegetation density class covered the largest area at
3,531.54 ha (36.10%), followed by the vegetation-free/open surface class at 3,261.23 ha (33.33%) and the low
vegetation density class at 2,728.91 ha (27.89%). Areas with high vegetation density, on the other hand, covered only
57.23 ha (0.59%).
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Figure 3. (a) Pre-fire Normalized Burn Ratio (NBR_Pre), (b) Post-fire Normalized Burn Ratio (NBR_Post), and (c)
Differenced Normalized Burn Ratio (INBR) showing the spatial distribution of burn severity in the Belemedik
wildfire area

An analysis of NBR distributions for the post-fire period reveals that the vegetation-free/open surface class
constitutes the largest portion of the study area, at 36.24% (Figure 3b) (Table 3). This class covers 3,545.09 ha and
represents areas where the fire damaged vegetation cover and reduced biomass. The medium vegetation density class
covers 3,164.16 ha (32.34%), while the low vegetation density class covers 2,570.57 ha (26.27%). In contrast, the water
surface/intense burn scar class, covering 422.63 ha (4.32%), represents the areas most severely affected by the fire. The
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increase in the total area of vegetation-free surfaces and the prevalence of the intense burn scar class following the fire
indicate that vegetation cover integrity was disrupted in the study area and that significant losses of living biomass
occurred.

A comparison of NBR classes before and after the fire reveals that the fire had a particularly marked effect on
vegetation cover (Table 4). Whilst there was an increase of 283.86 ha (2.91 percent) in the vegetation-free/open surface
class and 218.48 ha (2.23 percent) in the water surface/intense burn scar class, there were decreases of 158.34 ha (1.62
percent) and 367.38 ha (3.76 percent) in the low and medium vegetation density classes, respectively. The fact that the
greatest loss occurred in the medium vegetation density class indicates that the fire substantially affected forested areas
with high biomass. This change suggests that, in the post-fire period, living vegetation was partially replaced by bare
ground and burnt areas.

The dNBR map shows that the effects of the fire were not evenly distributed across the study area but were
concentrated in specific regions (Figure 3c). The fire severity was particularly concentrated on the forested slopes
surrounding the Cakit Stream Valley and on the sloping areas to the north and north-west of the Belemedik settlement.
According to the dNBR results, 92.49 percent (9,049.16 ha) of the study area falls into the unburned or unchanged
class, whilst low-intensity burnt areas cover 507.09 ha (5.18 percent), areas with low-to-moderate burn severity cover
156.46 ha (1.60 percent) and areas with moderate-to-high burn severity cover 62.37 ha (0.64 percent) (Table 5). Thus,
the total area affected by fire across different severity levels was calculated to be 726.18 ha. The total area of the
regrowth classes, however, remained at just 7.72 ha (0.08 percent).

Table 2. Spatial distributions of NBR classes for the pre-fire period (NBR Pre)

NBR Value | Class Interpretation Area (ha) | Area (%)
<.0.10 Water surface / severe burn | Water, shade or a severely burnt surface 204.15 2,00
mark
-0.10-0.10 | Unvegetated/bare surface Bare ground, settlement or low biomass 3261,23 33,33
0.10—-0.20 | Low vegetation density Sparse vegetation 272891 27,89
0.20-0.40 | Medium vegetation density | Medium-density vegetation 3531,54 36,10
0.40—0.60 | High vegetation density Dense and healthy vegetation 57,23 0,59
Total 9783,06 100,00

Table 3. Spatial distributions of NBR classes for the post-fire period (NBR Post)

NBR Value | Class Interpretation Area (ha) | Area (%)
<-0.10 Water surface / severe burn Water, shade or a severely burnt surface 422,63 4,32
mark

-0.10-0.10 | Unvegetated/bare surface Bare ground, settlement or low biomass 3545,09 36,24
0.10-0.20 Low vegetation density Sparse vegetation 2570,57 26,27
0.20 - 0.40 Medium vegetation density | Medium-density vegetation 3164,16 32,34
0.40 — 0.60 High vegetation density Dense and healthy vegetation 80,61 0,82
Total 9783,06 100,00

Although the approximately 726 ha directly affected by the fire represents only a small proportion of the total
study area, it indicates significant ecological losses to the region’s forest ecosystems. It is evident that, particularly in
areas affected by moderate and moderate-to-severe fire intensity, vegetation cover has been severely damaged, the soil
surface exposed, and habitat integrity compromised.

Table 4. Spatial comparison of NBR classes before and after the fire

NBR Value Class NBR _Pre (ha) | NBR Post (ha) AArea (ha) | AArea (%)

<-0.10 Water surface / severe 204,15 422,63 +218,48 +2,23
burn mark

-0.10-10.10 Unvegetated/bare surface 3261,23 3545,09 +283,86 +2,91

0.10-0.20 Low vegetation density 2728,91 2570,57 —158,34 -1,62

0.20-0.40 Medium vegetation 3531,54 3164,16 -367,38 3,76
density

0.40-0.60 High vegetation density 57,23 80,61 +23,37 +0,23

Total 9783,06 9783,06 0,00 0,00
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Table 5. Spatial distributions of burn severity and regrowth classes determined on the basis of dNBR values

dNBR Value Explanation Area (ha) Area (%)

<-0.25 High Regrowth 0,22 0,00
-0.25--0.10 Low Regrowth 7,50 0,08
-0.10-0.10 Unburnt / Unchanged 9049,16 92,49
0.10-0.27 Low Intensity 507,09 5,18
0.27-0.44 Moderate-Low Intensity 156,46 1,60
0.44 - 0.66 Moderate to High Intensity 62,37 0,64
> 0.66 High Intensity 0,26 0,00
Total 9783,06 100,00

3.2. Normalized Difference Vegetation Index (NDVI)

The NDVI results clearly demonstrate the effects of the fire on vegetation density (Figure 4). While
approximately half (47.49 percent) of the study area was represented by the tree class prior to the fire, this proportion
fell to 44.12 percent following the fire (Table 6). In contrast, the proportion of rock, sand and bare soil increased from
23.61 percent to 27.97 percent.
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Figure 4. Spatial distribution of (a) pre-fire NDVI (NDVI_Pre), (b) post-fire NDVI (NDVI_Post), and (c) Delta NDVI
(ANDVI), illustrating vegetation loss and post-fire changes in vegetation density within the Belemedik wildfire

arca

Following the fire, there was a total reduction of 330.65 ha in tree cover. These losses largely correspond to the
areas identified in the NBR analyses as having been burnt to a moderate or moderate-to-high degree. Furthermore, the
shrub and grassland category showed a reduction of 96.09 ha. Conversely, the increase of 426.74 ha in bare surfaces
indicates that the vegetation cover was significantly damaged in the post-fire period and that the surface protection

function has been weakened.
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An examination of the ANDVI map reveals that the most pronounced negative changes occurred in the areas of
dense vegetation surrounding the Cakit Stream valley and on the forested slopes affected by the fire. It is evident that
there have been significant reductions in green vegetation cover in these areas and that living biomass has suffered
considerable damage. In particular, the loss of 330.65 ha in the tree class does not merely signify a reduction in
vegetation cover; it also indicates significant losses in habitat quality, microclimate regulation capacity and soil
protection functions.

The expansion of bare surfaces and the decline in vegetation density in the post-fire period indicate that the
region has become more vulnerable to secondary degradation processes. In particular, the loss of vegetation cover on
sloping terrain poses a significant environmental risk, as it can accelerate erosion following rainfall.

Table 6. Spatial distributions and changes in NDVI classes during the pre-fire (NDVI_Pre) and post-fire (NDVI_Post)

eriods
NDVF Class NDVI_PRE | NDVI_PRE | NDVI_POST | NDVI_POST | AArea
Value Area (ha) Area (%) Area (ha) Area (%) (ha)
-1-0.2 Rock, sand and bare 2309,50 23,61 2736,24 27,97 +426,74
0.2-0.3 | Scrub and grassland 2826,79 28,90 2730,70 27,91 -96,09
>0.3 Trees 4646,77 47,49 4316,12 44,12 | —330,65
Total 9783,06 100,00 9783,06 100,00

3.3. Carbon Storage

Carbon storage maps generated before and after the fire illustrate its impact on ecosystem carbon stocks
(Figure 5). Whilst the total carbon storage in the study area was calculated as 105,465,710.53 kgC (105,465.71 tC) prior
to the fire, this value decreased to 105,450,247.88 kgC (105,450.25 tC) following the fire (Table 7).

A total loss of 15,462.65 kgC (15.46 tC) in carbon storage occurred. An analysis of the spatial distribution of
carbon loss reveals that losses are concentrated in burnt areas, where significant reductions in vegetation were observed
in the NBR and NDVI analyses. In particular, there were marked reductions in carbon storage capacity in the forested
areas surrounding the Cakit Stream valley and on the slopes directly affected by the fire.
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Figure 5. Comparison of pre-fire carbon storage (Carbon Pre), post-fire carbon storage (Carbon Post), and carbon
storage change (AC) maps, indicating the spatial patterns of carbon loss and post-fire alterations in ecosystem
carbon storage across the Belemedik wildfire arca

Table 7. Comparison of pre-fire and post-fire total carbon storage and associated carbon storage change (AC) in the
Belemedik wildfire area

Carbon Storage (Pre) Carbon Storage (Post) Carbon Storage Change (AC) Change (%)
105,465,710.53 kgC 105,450,247.88 kgC -15,462.65 kgC -0.015
105,465.71 tC 105,450.25 tC -15.46 tC -0.015

Although carbon loss appears to be limited to 0.015 percent across the entire study area, this is because the fire
affected only certain sections. Indeed, dNBR analyses indicate that approximately 726 ha were affected by the fire to
varying degrees.

4. Conclusions and discussion

NBR and dNBR analyses have shown that the Belemedik fire did not affect the entire study area, but caused
significant ecological degradation in the areas it did affect. According to the dNBR results, an area of 726.18 ha (7.42
percent) was affected by the fire to varying degrees of severity, with most burnt areas falling into the low- and medium-
severity categories. These results are consistent with the findings reported by Yilmaz et al. [1], and Ibrahim et al. [2],
who noted that Sentinel-2-based NBR and dNBR analyses successfully reveal the effects of fires in Mediterranean
forest ecosystems. However, the concentration of burnt areas in the Belemedik fire, particularly on forested slopes that
run along the Cakit Stream Valley, highlights the decisive role of topography in fire behavior. This supports the
findings of Yilmaz et al. [1], who noted that fire severity was concentrated under specific elevation and slope
conditions.

When the NBR and dNBR analyses were evaluated together, it was concluded that the Belemedik fire caused
significant biomass losses, particularly in forested areas along the Cakit Stream Valley, and significantly altered the
vegetation structure within the study area. The increase in the vegetation-free/open surface class and areas with intense
burn scars during the post-fire period indicates a decline in living biomass and a disruption in vegetation cover
continuity.

NDVI analyses have revealed the effects of the fire on vegetation density in greater detail. Following the fire, a
reduction of approximately 331 ha was observed in the tree class and approximately 96 ha in the shrub and grassland
classes, whilst an increase of approximately 427 ha was identified in bare ground areas. In particular, the fact that the
areas where negative changes were concentrated on the ANDVI map largely coincide with areas of moderate and
moderate-to-high burn severity in the dNBR analyses confirms that the fire caused direct vegetation loss. These results
are consistent with the findings of vegetation degradation identified by Ibrahim et al. [2] in their AINDVI and dNBR
analyses of the Kozan fire.

The expansion of bare surfaces and the decline in vegetation density in the post-fire period indicate that the
region has become more vulnerable to secondary degradation processes. In particular, the loss of vegetation cover on
sloping terrain poses a significant environmental risk, as it can accelerate erosion following rainfall. With the loss of
vegetation, an increase in surface runoff, accelerated soil loss, and increased sediment transport are expected. This
situation leads to significant environmental impacts, including increased erosion, accelerated surface runoff, and a
decline in ecosystem services during the post-fire period. In particular, the loss of vegetation on the steep slopes along
the Cakit Stream Valley is likely to temporarily weaken regulatory ecosystem services, such as water regulation, soil
conservation, and habitat provision.

Carbon storage analyses have shown that the fire had limited but spatially distinct effects on carbon stocks
across the study area. A loss of approximately 15.46 tonnes of carbon was calculated in the total carbon storage, which
corresponds to a reduction of only 0.015 percent across the entire study area. Although this percentage may appear low
at first glance, it is because the fire affected only a specific section of the study area. An analysis of the spatial
distribution of carbon losses reveals that these losses are concentrated in areas where NBR and NDVI analyses
identified significant vegetation loss. This concentration of carbon losses in these areas indicates that the fire caused
significant local-scale disruptions to living biomass stocks and, consequently, to the carbon storage function. Although
the fire resulted in limited carbon loss across the study area, it reduced carbon storage capacity and declined ecosystem
services within the affected forest ecosystems. One limitation of the carbon storage assessment is that the regression
model proposed by Myeong et al. [21] was originally developed using urban forest data from Syracuse, New York,
USA. Although the model provides a practical approach to estimating spatial variations in carbon storage from remotely
sensed NDVI data, uncertainties may arise when applied to Mediterranean forest and maquis ecosystems, which are
characterized by different species composition, vegetation structure, biomass distribution, and environmental
conditions. Therefore, the carbon storage values presented in this study should be interpreted as approximate estimates
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that primarily reflect the relative changes in carbon storage associated with wildfire impacts rather than absolute carbon
stocks. Future studies integrating field-based biomass measurements and region-specific carbon models would improve
the accuracy and regional applicability of carbon storage assessments.

Carbon storage analyses also reveal that the carbon losses from the fire correspond to greenhouse gas
emissions with significant implications for climate change. The loss of approximately 15.46 tonnes of carbon calculated
for the study area around Belemedik Nature Park was calculated as 56.69 tonnes of CO:e using the stoichiometric
conversion factor of 44/12 = 3.667, as recommended by the Intergovernmental Panel on Climate Change (IPCC) for
national greenhouse gas inventories and based on the complete oxidation of elemental carbon [22]. This conversion is
also consistent with the reporting standards of the United Nations Framework Convention on Climate Change under the
Kyoto Protocol [22].

Applying the preferred Social Cost of Carbon estimate of US$185 per tCO: proposed by Rennert et al. [23], the
carbon loss associated with the wildfire corresponds to an estimated societal damage of approximately US$10,488.
Although the amount of carbon released was relatively modest, the estimated social damages demonstrate that wildfire
impacts extend beyond immediate ecological degradation by generating long-term climate-related costs. These findings
underline the importance of effective wildfire prevention, rapid response, and post-fire restoration for reducing future
societal damages associated with greenhouse gas emissions.

The findings indicate that the Belemedik wildfire resulted in a measurable reduction in carbon storage,
consistent with previous studies documenting post-fire carbon stock losses in forest ecosystems [14]. The relatively low
total carbon loss estimated for the study area can be attributed to the fire affecting only a limited portion of the
watershed and to the spatial restriction of areas subjected to high-severity burning. Nevertheless, carbon losses within
burned forest patches may have long-term ecological implications by reducing biomass availability and potentially
diminishing the ecosystem's future carbon storage capacity.

In post-fire ecosystem restoration, strategies must be developed with the region’s natural vegetation
composition and ecological conditions in mind. In particular, on sloping hillsides affected by moderate- to high-
intensity fires, it is important to use pioneer species that grow rapidly and can cover the soil quickly to reduce the risk of
erosion. Given that the study area is situated in the Mediterranean—Taurus transition zone and considering the ecological
characteristics of this region that are compatible with its fire regime, species naturally occurring in the area such as
Quercus coccifera L., Cistus creticus L., Erica manipuliflora Salisb., Spartium junceum L., Pistacia lentiscus L.,
Pistacia terebinthus L. subsp. palaestina and Myrtus communis L., which play an active role in the early stages of post-
fire secondary succession and demonstrate successful regeneration strategies through coppicing or seed banks—should
be prioritized in restoration and ecological rehabilitation programs. The use of these taxa can not only accelerate the re-
establishment of vegetation cover but also make significant contributions to soil stabilization, erosion control, and the
restoration of ecosystem functions.

The natural regeneration of Pinus brutia, a characteristic species of Mediterranean ecosystems, relies solely on
sexual reproduction via seeds, a process supported by various fire-adapted traits. The species possesses weak serotinous
(or semi-serotinous) cones that open after a fire, allowing a significant proportion of viable seeds to disperse rapidly.
The fact that the seeds exhibit little dormancy allows them to germinate throughout the rainy season once suitable
environmental conditions arise. Furthermore, thanks to the high drought tolerance of P. brutia seedlings, their survival
prospects are quite high once established. Consequently, it has been observed in numerous studies that post-fire
seedling densities are at a level sufficient to ensure the successful natural regeneration of the majority of burnt stands. In
some cases, a seedling bank may develop and persist following a fire; this structure acts as an additional mechanism
that enhances regeneration success and makes a significant contribution to the post-fire resilience of Pinus brutia forest
ecosystems [24]. By contrast, post-fire natural regeneration is generally slower in fire-sensitive conifer species such as
Abies cilicica, Cedrus libani, and Pinus nigra. The recovery of these forest ecosystems depends on fire severity, the
availability of nearby seed sources, and local topographic and climatic conditions. Where natural regeneration is
insufficient, restoration measures using native species are essential to accelerate ecosystem recovery and re-establish
forest functions [25]. In the Cakit Stream Valley, supporting natural regeneration while prioritizing afforestation with
native species would help improve habitat connectivity, conserve biodiversity, and restore long-term carbon storage
capacity.

This study assessed the effects of the Belemedik forest fire on fire severity, vegetation loss and carbon storage
using a holistic approach based on Sentinel-2 remote sensing methods. The results revealed that 92.49 percent of the
study area was classified as unburned or unaffected, whilst approximately 726 ha were affected by the fire to varying
degrees of severity. It was determined that the effects of the fire were particularly concentrated in forested areas
extending along the Cakit Stream Valley and on steep slopes.

NBR and dNBR analyses showed that the fire caused significant losses of living biomass and disrupted the
integrity of vegetation cover. NDVI analyses revealed a reduction of approximately 331 ha in tree cover and
approximately 96 ha in shrub and grassland areas. Conversely, there was an increase of approximately 427 ha of bare
ground, and the surface protection function weakened significantly in the post-fire period.

Carbon storage analyses calculated a total carbon loss of 15.46 tonnes C. Although this loss appears low
relative to the total study area, the concentration of carbon losses in forested areas directly affected by the fire indicates
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that significant local-scale disruptions have occurred to the ecosystem’s carbon storage and sequestration functions.
This situation demonstrates that fires affect not only vegetation structure but also key ecosystem services, particularly
those related to climate regulation.

The research findings indicate that, in the post-fire period, areas affected by fires of moderate and moderate-to-
high intensity, in particular, should be prioritized for intervention in erosion control, habitat restoration, and
reforestation. Specifically, ensuring rapid vegetation restoration on steep slopes is critical to reducing soil loss and
restoring carbon storage capacity. The dNBR analysis identified moderate and moderate-to-high severity burn zones as
the most affected areas, while NDVI results revealed substantial reductions in dense vegetation cover and an expansion
of bare surfaces. These changes, together with the observed decrease in carbon storage, highlight the need to prioritize
restoration efforts in severely affected areas. In this context, restoration practices supported by pioneer species, the
monitoring of natural regeneration, and the implementation of long-term remote-sensing-based monitoring programs are
recommended. The selection of restoration species should consider not only burn severity but also slope conditions, soil
characteristics, water availability, ecological tolerance, and the natural post-fire regeneration capacity of native species.
Therefore, priority should be given to locally adapted, fire-resilient species compatible with the study area's
environmental conditions.

This study has several limitations that should be considered when interpreting the results. First, the NDVI-
based vegetation classes represent differences in vegetation density rather than direct land-cover types; therefore, the
results should be interpreted as changes in vegetation condition rather than precise changes in specific vegetation
classes. Second, carbon storage estimates were derived using the model proposed by Myeong et al. (2006), which was
originally developed for urban forest environments. Although the model provides a practical approach to spatial
comparisons of carbon storage, uncertainties may arise when applied to Mediterranean forest ecosystems with varying
vegetation structures and ecological characteristics. Third, the assessment was based entirely on remotely sensed data
and did not include field-based validation or an independent accuracy assessment. Therefore, the findings should be
interpreted within the limitations of satellite-based analyses.

In conclusion, this study has quantitatively and spatially characterized, based on the available literature, the
ecological impacts of the Belemedik forest fire. This joint assessment of fire severity, vegetation degradation, and
changes in carbon storage has provided a scientific basis for post-fire restoration and sustainable ecosystem
management efforts in the region. Furthermore, the findings provide significant contributions to post-fire monitoring
and restoration planning in Mediterranean forest ecosystems.
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