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Assessment of fire intensity in the Mersin-Silifke (2025) forest fires
using spectral indices and Sentinel-2 images’
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ABSTRACT

Rapid and accurate assessment of forest fire impactsis essential for post-fire rehabilitation processes. This study
examines the burn severity of the forest fires that occurred in Mersin-Silifke during the summer of 2025 using
Sentinel-2 satellite data and a multispectral index approach (dNBR, RBR, dSAVI). Difference maps obtained by
processing pre- and post-fire imagery were reclassified according to USGS standards, and spatial changes were
calculated. The fire affected a total of 7,933.64 hectares, with severity concentrated mainly in the low and
moderate-low classes. When index performances were compared, it was found that the dNBR and RBR indices
produced similar results, but the soil-corrected dSAVI index demonstrated higher sensitivity to biomass loss.
Indeed, while the RBR index could not detect the “Medium-High Intensity” class in the field at all, the soil-corrected
dSAVI index identified an area of 658.39 hectares (8.3%) in this class at the same site. dSAVI modeled fire intensity
more distinctly than dNBR and RBR, particularly in shrubland areas. In areas with sparse vegetation, rather than
relying on a single index, it is recommended to use different indices—such as dSAVI—that also take ground cover
into account.
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Mersin-Silifke (2025) orman yanginlarinda yanma siddetinin Sentinel-2
goriintiileri kullanilarak spektral indeksler ile degerlendirilmesi?

OZET

Ormanlari tehdit eden yanginlarin etkilerinin hizli ve dogru tespiti, yangin sonrasi rehabilitasyon suregleri i¢in hayati
onem tasimaktadir. Bu galismada, 2025 yili yazinda Mersin-Silifke'de meydana gelen orman yanginlarinin yanma
siddetleri Sentinel-2 uydu verileri ve goklu spektral indeks yaklasimi (dNBR, RBR, dSAVI) kullanilarak analiz
edilmesi amaclanmistir. Yangin oncesi ve sonrasi gortntilerin islenmesiyle elde edilen fark haritalar, USGS
standartlarina gore yeniden siniflandiriimis ve alansal degisimler hesaplanmistir. Analiz sonuglarina gore toplam
7933,64 hektarlik alanin yangindan etkilendigi ve yanma siddetinin agirlikli olarak “Dustk Siddet” ve “Orta-Distk
Siddet” siniflarinda yogunlastigi  belirlenmistir. indeks performanslarn karsilastirldiginda dNBR ve RBR
indekslerinin birbirine paralel sonuglar Urettigi, ancak toprak duzeltmeli dSAVI indeksinin biyokutle kaybina karsi
daha yuksek duyarlilik gosterdigi tespit edilmistir. Nitekim RBR indeksi sahada "Orta-Yiksek Siddet" sinifini hi¢
tespit edemezken, toprak dizeltmeli dSAVI indeksi ayni sahada 658,39 hektarlik (%8,3) bir alani bu sinifta
gostermistir. dSAVI 6zellikle makilerin bulundugu alanlarda dNBR ve RBR'ye kiyasla yanma siddetini daha belirgin
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bir sekilde modellemistir. Seyrek bitki ortiistine sahip sahalarda tek bir indekse bagl kalmak yerine, dSAVI gibi
toprak ortusunu de isin icerisine katan farkli indekslerin de kullanimi dnerilmektedir.

ANAHTAR KELIMELER
Yanma siddeti, SAVI, Maki, Akdeniz, Mersin.

Introduction

Forest fires are major disasters that threaten ecological balance. The frequency and intensity of
forest fires are increasing, partly due to the effects of global climate change (Giler & Kalkan,
2022, p. 97; Yildinm et al., 2023, p. 1468; Eyi & Bugdayci, 2024, p. 348, Yaman & Tun¢ Gormus,
2025, p. 316). These wildfires cause damage to natural ecosystems, destroy vegetation, and
disrupt soil structure (Galli & Ozdemir, 2025, p. 24). Furthermore, this situation paves the way
for secondary hazards such as erosion, landslides, and floods (Cigekli, 2024, p. 503; Calli &
Ozdemir, 2025, p. 24).

Damage assessment, planning, and rehabilitation efforts following forest fires are crucial for the
rapid restoration of burned areas (Karaca & Gulli, 2019, p. 1062; Saylan & Comert, 2019, p. 9;
Yiksel, 2022, p. 161). In this regard, Geographic Information Systems (GIS) and Remote Sensing
(RS) techniques are particularly preferred for their ability to provide accurate and reliable results
(Karaca & Gullt, 2019, p. 1063). In particular, satellite-based observation systems stand out as
an effective technique for identifying areas damaged by fires and measuring the characteristic
features and intensity of fires (Karaca & Gulli, 2019, p. 1063). In determining fire damage,
various spectral indices derived from satellite imagery are actively utilized (Chongo et al., 2007,
p. 82; Smith et al., 2007, p. 96; Tonbul, 2015, p. 10; Sabuncu & Ozener, 2019, p. 322; Polat & Kaya,
2021, p. 173; iban & Sahin, 2022, p. 488; Aksoy & Selim, 2024, p. 5).

Traditional ground-based damage assessment in burned areas is physically demanding, costly,
and time-consuming (Saylan & Comert, 2019, p. 9). Spectral indices, however, allow faster, more
economical, and highly accurate assessments (Saylan & Comert, 2019, p. 9; Karaca & GUllG,
2019, p. 1063). Spectral indices do more than delineate burned-area boundaries. These studies,
which identify areas of varying severity within the burned land, also provide a foundational basis
for determining areas susceptible to post-fire events such as erosion, landslides, and floods
(Venkatesh et al., 2020, p. 1; Celik, 2023, p. 289; Karadas & Altinkaya, 2025, p. 500). Additionally,
these analyses are crucial for understanding the forest ecosystem'’s recovery potential and for
properly prioritizing regeneration strategies (Saulino et al., 2020, p. 2).

A review of the literature reveals that the Difference Normalized Burn Ratio (ANBR), derived from
the Normalized Burn Ratio (NBR) (Key & Benson, 2006)—which typically focuses on biomass
loss—is commonly used for assessing forest fire damage (Escuin et al., 2008; Garcia-Llamas et
al,, 2019; Saulino et al., 2020; Veraverbeke & Hook, 2013). Additionally, since the dNBR is
insufficient for assessing fires in areas with sparse vegetation, the Relative Burn Rate Index
(RBR), which is also NBR-based (Parks et al., 2014), is preferred (Parks et al., 2018; Konkathi &
Shetty, 2019; Viedma et al,, 2020). The Difference Normalized Difference Vegetation Index
(dNDVI), derived from the Normalized Difference Vegetation Index (NDVI) (Rouse et al., 1973),
which measures plant health, is also frequently used (Escuin et al., 2008; Garcia-Llamas et al.,
2019). These indices, which focus on biomass loss and plant health, generally perform well
(Yilmaz et al, 2022, p. 84; Yiksel, 2022, p. 161; Kaynak, 2025, p. 177). However, in the
Mediterranean basin, where the study area is located, the land cover is not composed solely of
forests. These areas exhibit a patchy distribution, including forests, shrubs, bare soil, and rock
surfaces (Atalay, 1994, p. 192). In maquis-dominated areas, it becomes important to distinguish
how much of the spectral reflectance revealed after a fire is due to biomass loss and how much
is due to soil effects. In this context, indices such as the Differential Soil-Adjusted Vegetation
Index (dSAVI), derived from the Soil-Adjusted Vegetation Index (SAVI) (Huete, 1988) to minimize
soil effects, have gained prominence (Garcia-Llamas et al., 2019). However, studies on dSAVI
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remain limited in the literature. Therefore, this study aims to simultaneously test the
performance of the dSAVI index against dNBR and RBR specifically for the 2025 Silifke fires.
This study contributes to filling a data gap in the local literature and provides a spectral index
performance evaluation for Mediterranean basin lands with sparse vegetation.

The number of forest fires and the amount of land burned are increasing day by day, both in
Turkey and specifically in Mersin Province as shown in Tables 1 and 2, (Sahin & Sipahioglu, 2003;
Ertugrul, 2005, p. 47; Ozsahin, 2013, p. 6; Colak & Sunar, 2018, p. 311; Kahyaoglu et al., 2021, p.
165; Abay et al., 2022, p. 4, Sahan & Kaya, 2022, p. 6; Usta, 2023, p. 18). According to data from
the General Directorate of Forestry (OGM), a total of 80,896 fires occurred between 1988 and
2024, resulting in damage to 553,102 hectares of land. In 2021, burned area reached a historical
peak both nationwide (139,503 ha) and in Mersin Province (9,661 ha).

Table 1 Forest fire statistics by year across Turkey (1988-2024).

Number of  Burned Number of  Burned Number of  Burned
Years Fires Area Years Fires Area Years Fires Area

(Number)  (Hectare) (Number)  (Hectare) (Number)  (Hectare)
1988 1372 18210 2001 2631 7 394 2013 3755 11 456
1989 1633 13099 2002 1471 8514 2014 2149 3117
1990 1750 13742 2003 2177 6 644 2015 2150 3219
1991 1481 8081 2004 1762 4876 2016 3188 9156
1992 2117 12 232 2005 1530 2821 2017 2411 11993
1993 2 545 15393 2006 2227 7762 2018 2167 5644
1994 3239 30828 2007 2829 11 664 2019 2 688 11332
1995 1770 7676 2008 2135 29 749 2020 3399 20971
1996 1645 14922 2009 1793 4679 2021 2793 139 503
1997 1339 6317 2010 1861 3317 2022 2160 12 799
1998 1932 6 764 2011 1954 3612 2023 2579 15520
1999 2075 5804 2012 2 450 10 454 2024 3797 27 485
2000 2 353 26 353 2013 3755 11 456 Toplam 80896 553102

Source: OGM, 2026.

Table 2 Forest fires occurring in areas under the jurisdiction of the Mersin Regional Directorate (2004 —
2024).

Number of  Burned Number of  Burned Number of  Burned
Years Fires Area Years Fires Area Years Fires Area

(Number)  (Hectare) (Number)  (Hectare) (Number)  (Hectare)
2004 59 24 2012 75 505 2020 87 509
2005 48 14 2013 155 509 2021 89 9661
2006 50 29 2014 91 79 2022 99 2118
2007 128 1053 2015 80 282 2023 82 898
2008 93 5080 2016 107 198 2024 107 69
2009 60 80 2017 54 928 Toplam 1813 22686
2010 90 105 2018 71 70
2011 98 114 2019 90 361

Source: OGM, 2026.

The increase in forest fires, as evidenced by statistical data, poses a significant threat,
particularly in the Mediterranean and Aegean regions during the summer months (Ozsahin,
2013, p. 6; Karaca & Giillg, 2019, p. 1063; Abay et al., 2022, p. 4; Kolukirik et al., 2022, p. 560).
Mersin province, located in the Mediterranean Region, is also affected by these fires (Table 2),
(Duran, 2014, p. 38; Tonbul et al., 2016, p. 763; Avci & Boz, 2017, p. 160; iban & Sahin, 2022, p.
487; Sahin, 2022, p. 120; Yiksel, 2022, p. 161; Celik et al., 2023, p. 116; Olgun, 2024, p. 1). The
fires that occurred in the vicinity of the study area, particularly in 2021, are the most concrete
examples of this situation (Sahin, 2022; Celik et al., 2023). Sahin (2022) reports that three large-
scale fires occurred in 2021, one in Gulnar and two in Silifke. The forest fires that occurred in
Silifke on July 26 and August 13, 2025—the focus of this study—are also adjacent to the fire
areas in Silifke mentioned in Sahin’s (2022) study. This indicates that the region is highly prone
to fires. Drought and the accumulation of flammable material likely play significant roles.
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The study area is located in Silifke District, Mersin Province, southern Turkey, near the
Mediterranean Sea (Figure 1). The fire area covers approximately 7,933.64 hectares. To the east
of the area lie the city of Silifke and the Goksu River Delta; to the west is Mount Elmali; and to
the southwest is Mount Hayvan. Encircled by Hisar Mountain and Gedik Mountain to the north,
the study area is roughly situated south and east of Kirtil Mountain. The region is subject to the
influence of hot and dry summer seasons, a characteristic of the typical Mediterranean climate
(Atalay, 1994, p. 142). Additionally, the site is characterized by widespread Turkish pine (Pinus
brutia) forests and magquis (Atalay, 1994, p. 192). These climatic conditions and the dominant
vegetation cover make the site highly susceptible to wildfires.

—— District Boundaries
~— Streams

Figure 1 Map showing the location of the fire.

This study aimed to compare the performance of different spectral indices (dNBR, RBR, and
dSAVI) in mapping the fire severity of the 2025 Mersin-Silifke forest fires. Although the analyses
indicate that the fire generally fell into the “Low Intensity” and “Medium-Low Intensity” classes,
significant differences in sensitivity were observed among the indices. While dNBR and RBR
produced similar results, the soil-corrected dSAVI index was found to demonstrate higher
sensitivity in detecting biomass loss, particularly in areas where maquis vegetation and sparse
forest cover are prevalent. dSAVI classified a larger area as moderate-high severity than dNBR.
This finding highlights that in Mediterranean ecosystems with sporadic sparse vegetation, fire
damage assessment studies should not rely solely on a single index, and that complementary
indices such as dSAVI enhance the accuracy of analysis.

Method

This study focuses on the 2025 Silifke forest fires and uses European Space Agency (ESA)
Sentinel-2 MSI satellite images with less than 10% cloud cover to delineate the burned area. The
analysis utilized Level-2A surface reflectance data with atmospheric corrections applied.
Sentinel-2 images have different bands with spatial resolutions of 10 m and 20 m. To ensure
the integrity of the analysis, these bands were resampled to 10 m spatial resolution using the
“Nearest Neighbor” interpolation method.

In determining fire boundaries, expert-controlled visual interpretation and screen digitization
were chosen to prevent “mixed pixel” and “false positive” errors that could arise from automatic
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thresholding methods. This method aims to accurately distinguish topographic shadows and
dark-colored rock surfaces whose spectral reflectance could be confused with fire traces. For
this purpose, the 10-meter resolution bands of the Sentinel-2 MSI satellite and various
composites (B8A-B11-B12 and B4-B3-B2) were cross-checked and digitized. Although the
method carries the risk of subjectivity depending on the expert, it is considered more accurate
than automatic classification algorithms in complex terrain (Karaca & Gillii, 2019).

Fire scars were highlighted on false-color images generated using post-fire (August 15, 2025)
imagery and a combination of SWIR, NIR, and Red bands. Using these scars as a reference, a
study area polygon covering 7,933.64 hectares was created through digitization. All spectral
analyses were conducted within this mask.

In this study, a multi-index approach was adopted for mapping fire severity. First, ANBR was
used as the primary index. dNBR is based on NBR, which is a standard in international fire
severity analyses and shows a strong correlation with biomass loss (Key & Benson, 2006, p. 26).
Additionally, considering that the study area’s vegetation consists of dense forest areas, sparse
forest areas, and shrublands, the RBR and dSAVI indices were also included in the analysis. It is
known that RBR provides higher accuracy and better agreement with field data compared to
dNBR, particularly in areas where pre-fire vegetation density is low (Parks et al., 2014, p. 1837).
It was thus assumed that any loss of sensitivity in dNBR in sparse vegetation could be mitigated
by using RBR. Finally, it was considered to include dNDVI, another spectral index frequently used
to determine fire severity (Rouse et al, 1973). However, due to the sporadically sparse
vegetation structure in the field, the dSAVI index—calculated based on the Soil-Adjusted
Vegetation Index (SAVI) developed by Huete (1988) was included instead. SAVI was developed
to minimize the misleading effect of bare soil surfaces on spectral reflectance and to monitor
vegetation exclusively (Huete, 1988).

To determine the intensity of the fire, NBR and SAVI values derived from pre- and post-fire
imagery were used in this study. Change difference maps were calculated for all indices, and
comparisons were made using the resulting dNBR, RBR, and dSAVI data.

One of the spectral indices frequently used in fire studies is NBR (Karaca & Gullt, 2019; iban &
Sahin, 2022; Kaynak, 2025; Yaman & Tung¢ Gormus, 2025). NBR is calculated using a
combination of the NIR and SWIR bands (Key & Benson, 2006, p. 26).

NBR=NIR-SWIR / NIR+SWIR

dNBR was developed by calculating the difference between pre-fire and post-fire NBR values to
determine fire intensity. The dNBR has been used as a basis for determining the extent of
change caused by fire in the ecosystem and for classifying fire intensity (Key & Benson, 2006, p.
26).

dNBR=NBRpre_fire - NBRpost_fire

The RBR is an index based primarily on NBR and is derived using dNBR. The aim here is to
account for sparse vegetation cover as well (Parks et al., 2014, p. 1832).

RBR=dNBR / NBRpre_fire + 1,001

In this study, SAVI was used instead of NDVI and dNDVI because the terrain featured patchy,
sparse vegetation. Although SAVI is calculated similarly to NDVI, a soil correction factor (L) is
added to the formula. L takes values such as 0.25 for very dense, 0.5 for medium density, and 1
for bare land, depending on the density of the vegetation, and in this way, the reflection from the
soil is attempted to be eliminated (Huete, 1988, p. 301). However, Huete (1988) recommends
0.5 for areas where density is unknown or for moderately dense areas. In this study, L was also
setto 0.5.

SAVI = [(NIR- Red) / (NIR + Red + L)] x (T + L)
(L=0.5)
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Like dNBR, dSAVI was developed by calculating the difference between pre- and post-fire SAVI
values in order to quantify the damage caused by the fire to the vegetation.

dSAVI=SAVIpre_fire - SAVIpost_fire

The standard threshold values of the United States Geological Survey (USGS) (Key & Benson,
2006) were used to classify fire severity in the dNBR, RBR, and dSAVI images. Accordingly, the
derived index values were classified as “Unburned” (<0.10), “Low Severity” (0.10-0.27), “Low-
Moderate Intensity” (0.27-0.44), "Moderate-High Intensity” (0.44-0.66), and “High Intensity”
(>0.66).

To ensure that the pre- and post-fire NBR and SAVI images were not affected by parameters
such as water surfaces and deep shadows, a histogram stretching technique was applied to the
images. This allowed for a clearer observation of biological changes in the area in both the pre-
and post-fire images. In the final stage, the classified raster data were converted to vector
format, the area covered by each severity class was calculated in hectares, and proportional
distributions were analyzed.

An accuracy analysis was conducted to scientifically demonstrate the accuracy and field
reliability of the generated dNBR, RBR, and dSAVI fire severity maps. For this purpose, 100 fixed
points were generated through random sampling in a GIS environment. These same points are
fixed for dNBR, RBR, and dSAVI. For each analysis, attributes (Unburned, Low Intensity, Medium-
Low Intensity, Medium-High Intensity, and High Intensity) were defined based on the USGS
standards (Key & Benson, 2006) corresponding to the random points. These defined attributes
were individually examined and compared through expert interpretation of Sentinel-2 satellite
images and post-fire color composites, and error matrices were generated. Index performance
was evaluated using the obtained error matrices, and Overall Accuracy (Po) and the reliability
measure adjusted for chance, the Kappa Coefficient (Cohen’s Kappa-K), were calculated. The
calculated Kappa coefficients were interpreted according to the Landis and Koch (1977) scale.

Findings

A comparative analysis of pre- and post-fire images

Forest fires occurred in the study area on July 26, 2025, and August 13, 2025. To illustrate the
effects of both fires, Sentinel-2 images dated July 23, 2025 (pre-fire) and August 15, 2025 (post-
fire) were selected. The post-fire image was reprocessed in two ways: as a True Color original
image and as a False Color image, and the fire area was delineated accordingly (Figures 2 and
3). In Figure 2, fire-damage boundaries are clearly visible. In this image, which utilizes the SWIR
(Shortwave Infrared) band, healthy vegetation appears in bright green tones, while fire-affected
areas can be observed in dark brown and red tones depending on the intensity of the fire. These
areas, which also include patches of white, represent zones that were spared from burning due
to the nature of the fire (quarries, buildings, bare rock surfaces, etc.). Variations from red to dark
brown reflect differences in the site’s topographic structure, weather conditions at the time of
the fire, and the density of vegetation on the ground.

To enable dNBR and RBR analyses of the study area, NBR was calculated for pre- and post-fire
conditions (Figures 4 and 5). Values ranged from -0.2 to 0.6 across the study area. Yellow and
green tones dominate before the fire (Figure 4). This indicates that the vegetation is healthy
across the study area. In contrast, post-fire images show significant radiometric change
(Figures 4 and 5). A comparison of the images reveals that biomass loss has occurred across
most of the site. The southwest part of the site stands out as the area least affected by this
situation (Figures 4 and 5).
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Figure 2 Post-fire (August 15, 2025) True Color Figure 3 Post-fire (August 15, 2025) false-color

image.

image.
7 B O
: ‘ 'f;/"/’// -1 W | A ¥ ; .l /

Legend:
NBR Pre-Fire

g High: 0,6

Legend:
NBR Post-Fire

- High : 0,6

-0 - 02
N§

0 4 Km

Figure 4 Results of the NBR analysis prior to the fire  Figure 5 Results of the NBR analysis following the
(July 23, 2025). fire (August 15, 2025).

To perform a dSAVI analysis of the fire area, pre- and post-fire SAVI images of the site were
obtained (Figures 6 and 7). Values ranged from 0 to 0.8. Overall, the results are consistent with
those from the NBR analysis of the images. In these images, where the ground cover is being
cleared, significant vegetation loss is observed, except for the southwestern part of the site

(Figures 4 and 5). However, vegetation appears more vibrant in the pre-fire SAVI images than
inthe NBR images (Figures 4 and 6).
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Figure 6 SAVI analysis results prior to the fire (July ~ Figure 7 Results of the SAVI analysis following the
23,2025). fire (August 15, 2025).

Based on the evaluations conducted, vegetation loss can be clearly distinguished both in
changes observed in raw satellite imagery and in analyses of the NBR and SAVI indices. This
indicates not only the spatial disappearance of vegetation but also fundamental changes in the
wavelengths reflected to the satellite’s sensors. Indeed, the high reflectance exhibited by healthy
vegetation in the NIR band has shown a sudden drop following the fire due to changes in
chlorophyll. Conversely, the reflectance of the burned trunks, ash, and exposed bare soil in the
SWIR band has reached maximum levels. These index analyses lead to two important
conclusions. First, this sharp visual distinction caused by vegetation loss minimized the margin
of error in the subsequent expert-controlled visual interpretation and digitization process,
ensuring the fire boundary was delineated with high accuracy. Additionally, the difference in
spectral sensitivity between NBR and SAVI resulted in the dSAVI index producing a higher Overall
Accuracy (87%) and Kappa value (0.801) compared to RBR and dNBR in the accuracy analysis.
This is because the SAVI-based analysis clearly distinguish how much of the spectral
reflectance was due to actual vegetation loss and how much was due to the ground-backscatter
effect from the maquis understory.

Spatial distribution and statistical analysis of fire severity classes

Pre-fire and post-fire satellite images of the study area were used to generate dNBR, RBR, and
dSAVI images (Figures 8, 9, and 10). The dNBR data, created by subtracting the pre-fire NBR
image from the post-fire NBR image, was reclassified according to USGS standards (Key &
Benson, 2006). The analysis revealed that four of the classes obtainable according to these
standards were present in the study area (Figure 8). In Figure 8, the “Low Intensity” class is
prevalent across most of the study area. The extensive green areas covering the southwestern
part of the site represent “Unburned” areas. These areas, scattered throughout the site, are
particularly located within the fire scar boundaries shown in Figure 3. However, according to the
dNBR analysis results, these areas are thought to represent zones that were bypassed by the
fire—where the fire could not progress—due to factors such as quarries, buildings, and bare rock
surfaces. In contrast, some areas show significant biomass loss. These are the areas
represented by “Medium-Low Intensity” and “Medium-High Intensity” on the site. It is observed
that the areas represented by “Moderate-Low Intensity” and colored orange are concentrated
primarily on valley slopes and in the northern sections where topographic slope increases. The
red-colored areas representing the “Moderate-High Intensity” class, however, cover a very
limited area. These areas are distributed across a narrow zone, particularly in the northwestern
part of the site (Figure 8).
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Figure 8 Results of the dNBR analysis of the fire site.

Itis observed that the results of RBR, which takes vegetation density in dNBR into account more
carefully, largely align with dNBR in the field (Figure 9). However, there are three classes here
according to USGS standards. In Figure 9, the “Medium—High Intensity” class is not present. The
RBR analysis did not identify this class. According to Figure 9, the classes covering the largest
areas in the field are “Unburned” and “Low Intensity.” While “Unburned” areas show parallels with
the dNBR map, areas with “Medium-Low Intensity” indicate regions where the impact of the fire
has increased to some extent. These areas are also concentrated in the northwestern part of
the site (Figure 9).

Despite the sensitivity demonstrated by dNBR and RBR in detecting fire damage in the region,
the dSAVI analysis—which attempts to eliminate soil effects—yields very different result (Figure
10). Upon examining the dSAVI results map, it is observed that the “Moderate-High Intensity”
category, which occupies a limited area in dNBR and is not detected at all in RBR, covers a much
larger area. Additionally, dSAVI has captured “High Severity” areas that were not detected in
other analyses. While the “Moderate-High Severity” burned areas are distributed primarily in the
northern and northwestern parts of the site, the “High Severity” burned areas are concentrated
in a narrow zone in the northwestern part of the terrain. These areas indicate that high fire
intensity, particularly in regions where valley systems with increasing slope gradients are
concentrated. Areas represented by “Moderate-High Intensity” and “High Intensity” generally
concentrate in areas where the topography becomes rugged (Figure 10).
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Figure 9 Results of the RBR analysis of the fire area.

The dSAVI result map shows higher values for fire intensity compared to dNBR and RBR. Since
dSAVI attempts to minimize ground reflectance, it is believed to better represent the maquis and
sparse forest areas within the study area.

A total area of 7,933.64 hectares was affected by fires (Table 3). An examination of the results
from the dNBR, RBR, and dSAVI analyses reveals that the largest area affected by fires was
concentrated in the “Low Intensity” class. According to dNBR, 49.9% of the area falls into this
class, 52.7% according to RBR, and 40.3% according to the dSAVI index. This suggests that
although the fires spread over a wide area, its intensity was low. However, upon closer
examination of the indices, it is observed that in the “Medium-High Intensity” class, the dNBR
covers only 17.34 ha (0.2%), and this class is entirely absent in RBR. In contrast, the same class
covers 658.39 ha (8.3%) in the dSAVI analysis. Furthermore, although it does not cover a very
large area in the field, the dSAVI analysis reveals that 17.32 ha (0.2%) falls within the “High
Intensity” class. Overall, INBR and RBR are influenced by reflections from the ground cover in
areas covered by maquis and sparse forests. This actually gives the impression that areas with
higher intensity are included within the “Low Intensity” and “Unburned” categories by these
indices. In contrast, the soil correction factor included in the dSAVI index—set at “0.5" in this
study—resolves this issue. Consequently, “Unburned” areas have the lowest dSAVI value (27.5%)
(Table 3).
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Figure 10 Results of the dSAVI analysis of the fire area.
Table 3 Spatial distributions of the fire area based on dNBR, RBR, and dSAVI analyses.

Fire Intensity Class dNBR dNBR o dSAVI dSAVI
(ha) (%) RBR (ha) RBR (%) (ha) (%)
Unburned (<0,10) 304733 384 339636 42,8 2179,75 27,5
Low Intensity (0,10-0,27) 3955,18 49,9 417727 52,7 3201,18 40,3
Moderate-Low Intensity (0,27-0,44) 913,79 11,5 360,01 45 1877 23,7
Moderate to High Intensity (0,44-0,66 17,34 0,2 (Yok) 0 658,39 8,3
High Intensity (>0,66) (Yok) 0 (Yok) 0 17,32 0,2
Total Burned Area (ha) 7933,64 100 7933,64 100 7933,64 100

Overall, dNBR and RBR indices were insufficient for resolving the variable vegetation structure
in the study area and, consequently, underestimated the extent of damage. In contrast, dSAVI
identifies the “Moderate-High Severity” class—which RBR fails to detect at all—over a significant
area of 658.39 ha. In the Mediterranean region’s terrain conditions, where vegetation density
varies, eliminating soil effects has a critical impact on the accuracy of the analysis.

The data and statistical results obtained also reveal the ecological and socio-economic impacts
of the fire in the region. The analysis found that a large portion of the fire-affected area burned
at “Low Intensity” and "“Medium-Low Intensity” levels, indicating that the maquis and Turkish pine
communities were not completely destroyed. Accordingly, it would be more appropriate for
OGM teams to allow the ecosystem to regenerate on its own in low-damage areas rather than
undertaking costly reforestation and regeneration efforts in the field. This approach ensures the
efficient use of public resources and enables the prediction of where and within what timeframe
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forest-dependent activities, such as beekeeping, can be revived by the local population.
Additionally, the methodological and statistical outputs obtained in this study will serve as a
reference for future research. In particular, the high success of the soil-corrected dSAVI index in
severity classification suggests that it may be preferred in future studies.

Statistical performance of fire severity indices

Analyses at checkpoints were used to calculate and compare the overall accuracy and Kappa
coefficients of dNBR, RBR, and dSAVI (Table 4).

Table 4 Results of the accuracy analysis of combustion intensity data.

Index Overall Accuracy (%) Kappa Coefficient(K)  Level of Adaptation (Landis & Koch, 1977)

dNBR 82 0,678 Substantial
RBR 84 0,706 Substantial
dSAVI 87 0,801 Almost Perfect

dNBR achieved an overall accuracy of 82% and a Kappa coefficient of 0.678, indicating a level
of agreement classified as “Substantial Agreement” according to the Landis and Koch (1977)
reliability scale. Accordingly, the Kappa value is slightly lower than overall accuracy. This is
believed to be directly related to the spectral weakness the index exhibits in sparse maquis
areas. The dNBR algorithm was negatively affected by the bare soil reflectance exposed after
the fire and classified many maquis pixels that had actually sustained low-intensity damage as
“Unburned.”

In the relative RBR index, which accounts for pre-fire vegetation density, the overall accuracy
increased to 84% and the Kappa value rose to 0.706. The RBR showed only limited improvement
compared to dNBR. Nevertheless, the index performance did not reach the level of “Substantial
Agreement” (Landis and Koch, 1977, p. 165). However, the RBR correctly classified some pixels
that the dNBR had mistakenly identified as ‘Unburned’ into the “Low Intensity” class.

The most robust index in the study was dSAVI. In addition to achieving an overall accuracy of
87%, dSAVI reached the "Almost Perfect” threshold (Landis and Koch, 1977, p. 165) with a Kappa
coefficient of 0.801. This superiority of dSAVI stems from its ability to account for the noise
generated by areas with sparse vegetation cover in Mediterranean ecosystems. The realistic
distribution among classes ensured that the Kappa coefficient reached its highest and most
reliable level.

In conclusion, dNBR and RBR tend to underestimate fire intensity in fire-affected areas of the
Mediterranean basin, while the dSAVI index achieves the highest classification quality and land
cover accuracy.

Conclusions and recommendations

This study comparatively analyzed burn intensities of the forest fires in Mersin-Silifke on July 26
and August 13, 2025, were analyzed comparatively using Sentinel-2 MSI satellite data and
various spectral indices, including dNBR, RBR, and dSAVI. The findings reveal that the selection
of indices has a critical impact on the accuracy of fire damage assessment studies in the
Mediterranean basin.

Pre- and post-fire NBR and SAVI analyses were conducted, dNBR, RBR, and dSAVI analyses were
conducted, and the results were reclassified according to USGS standards (Key & Benson,
2006). A total of 7,933.64 hectares was affected by the fire. Although the “Low Intensity” class
predominates across the study area, the differences between the indices are notable. dNBR and
RBR applied to the site yield similar results. However, fire intensity was underestimated,
particularly in areas with maquis and sparse forest cover. Across all indices, the areas most
affected by the fire are concentrated in the “Low Intensity” class. In the study area, 49.9% of the
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area falls into this class in dNBR, 52.7% in RBR, and 40.3% in dSAVI. Areas classified as
“Moderate-High Intensity” according to dNBR and RBR are quite limited in the study area. In
contrast, dSAVI—which aims to eliminate soil reflectance—identified a 658.39-hectare
("Medium-High Intensity”) area and a 17.32 ha (“High Intensity”) area in regions classified as
“Low Intensity” or “Unburned” by the other indices. The changes in rugged valley areas where
topographic slope increases are particularly noteworthy.

The overall accuracy percentages and Kappa coefficients for the dNBR, RBR, and dSAVI indices
were calculated. Accordingly, dNBR achieved 82% overall accuracy and a Kappa of 0.678, RBR
84% and 0.706, and dSAVI 87% and 0.801. This demonstrates that dSAVI performs better in
areas with sparse vegetation.

In wildfires across the Mediterranean basin, the use of indices such as dNBR and RBR—which
focus solely on chlorophyll loss—can lead to misleading results due to varying vegetation
density and terrain conditions. Therefore, to improve the accuracy of damage assessment
studies and to plan rehabilitation processes more effectively, it is important to include indices
such as dSAVI, which account for soil effects, in these studies.

The findings of these analyses yield strategies that are directly applicable to forest fire
management, planning, and emergency rehabilitation efforts. Mapping the vast majority of the
fire-affected area as having low or moderate-to-low damage intensity using a high-accuracy
index such as dSAVI provides OGM teams with a decision-support mechanism. These data
suggest that, rather than relying on costly and artificial interventions like reforestation, priority
should be given to natural regeneration methods by trusting the area’s ecological memory. This
approach will not only reduce planting costs and prevent the waste of public resources but also
allow for the spatial planning of where and at what pace vital forestry activities—such as
beekeeping—can be revived by local communities.
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TURKGE SURUM

Girig

Orman yanginlari dinyanin dogal dengesini tehdit eden onemli afetlerdir. GUnumuzde orman
yanginlarinin sikligi ve siddeti kiresel iklim degisikliginin de etkisiyle giderek artmaktadir (Gler
& Kalkan, 2022, s. 97; Yildirnm vd., 2023, s. 1468; Eyi & Bugdayci, 2024, s. 348; Yaman & Tunc¢
Gormdus, 2025, s. 316). Artan bu yanginlar dogal ekosistemlerde tahribata yol agmakta, bitki
ortusiini yok etmekte ve toprak yapisini bozmaktadir (Calli & Ozdemir, 2025, s. 24). Ayrica bu
durum erozyon, heyelan ve tagkin gibi baska 6nemli afetlere de zemin hazirlamaktadir (Cicekli,
2024, s. 503; Calli & Ozdemir, 2025, s. 24).

Orman yanginlarindan sonra vyapilan hasar tespiti, yeniden planlama ve rehabilitasyon
calismalari yanan arazilerin hizlica geri kazandiriimasi adina oldukga 6nemlidir (Karaca & Guilld,
2019, s. 1062; Saylan & Gomert, 2019, s. 9; Yiksel, 2022, s. 161). Bu konuda 6zellikle Cografi
Bilgi Sistemleri (CBS) ve Uzaktan Algilama (UA) teknikleri hassas ve guvenilir sonuglar vermesi
acisindan tercih edilmektedir (Karaca & Gilli, 2019, s. 1063). Ozellikle uydu tabanl gézlem
sistemleri ile yangin sonrasi hasar goren alanlarin tespiti, yanginlarin karakteristik 6zellikleri ve
siddetinin dl¢llmesinde etkili bir teknik olarak one ¢ikmaktadir (Karaca & Giilli, 2019, s. 1063).
Yangin hasarinin belirlenmesinde, uydu gorunttlerinden turetilen cesitli spektral indeksler aktif
olarak kullanilmaktadir (Chongo vd., 2007, s. 82; Smith vd., 2007, s. 96; Tonbul, 2015, s. 10;
Sabuncu & Ozener, 2019, s. 322; Polat & Kaya, 2021, s. 173; iban & Sahin, 2022, s. 488; Aksoy &
Selim, 2024, s. 5).

Yanmis alanlarda hasar tespiti igin geleneksel yontemlerle yersel olgimler yapmak fiziksel
agidan zor, maliyetli ve zaman alicidir (Saylan & Comert, 2019, s. 9). Spektral indekslerin
kullanilmasi ise ¢ok daha hizli, ekonomik ve yuksek dogrulukta veri Uretimini mumkin
kilmaktadir (Saylan & Comert, 2019, s. 9; Karaca & Gilld, 2019, s. 1063). Spektral indekslerle elde
edilen sonuglar yalnizca yanan alanin sinirlarinin ¢izilmesinden ibaret degildir. Yanan arazideki
farkl siddet alanlarinin tespit edildigi bu calismalar, sahada yangin sonrasi yasanabilecek
erozyon, heyelan ve taskin gibi olaylara hassas alanlarin belirlenmesi igin de temel altlik
olusturmaktadir (Venkatesh vd., 2020, s. 1; Celik, 2023, s.289; Karadas & Altinkaya, 2025, s. 500).
Ayrica bu analizler, orman ekosisteminin kendini toparlama potansiyelinin anlasiimasi ve
genglestirme stratejilerinin dogru onceliklendirilmesi igin de dnemlidir (Saulino vd., 2020, s. 2).

Literatlrdeki ¢alismalar degerlendirildiginde orman yanginlarinin hasar tespitinde genellikle
biyokditle kaybina odaklanan Normalize Edilmis Yanma Orani indeksi'nden (NBR) (Key & Benson,
2006) Uretilen Fark Normalize Edilmis Yanma Orani (dNBR) kullanildigi gordlir (Escuin vd., 2008;
Garcia-Llamas vd., 2019; Saulino vd., 2020; Veraverbeke & Hook, 2013). Ayrica dNBR’nin yeterli
olmadigi, seyrek bitki orttistinin yaygin oldugu sahalardaki yanginlar degerlendirmek icin yine
NBR tabanli Goreceli Yanma Orani indeksi (RBR) (Parks vd., 2014) de tercih edilmektedir (Parks
vd., 2018; Konkathi & Shetty, 2019; Viedma vd., 2020). Bitki saghgini 6lgen Normalize Fark Bitki
Ortlist indeksi'nden (NDVI) (Rouse vd., 1973) Uretilen Fark Normalize Fark Bitki Ortlist indeksi
(dNDVI) de sikga kullaniimaktadir (Escuin vd., 2008; Garcia-Llamas vd., 2019). Biyokdtle kaybina
ve bitki sagligina odaklanan bu indeksler genel olarak iyi performans vermektedirler (Yilmaz vd.,
2022, s. 84; Yiksel, 2022, s. 161; Kaynak, 2025, s. 177). Ancak galisma sahasinin da icinde yer
aldigl Akdeniz havzasi arazilerinde ylzey ortusd yalnizca ormanlardan olusmamaktadir. Bu
araziler ormanlar, calilar, ¢giplak toprak ve kaya yuzeylerinin de yer aldigi yer yer seyreklesen bir
ozellik gostermektedir (Atalay, 1994, s. 192). Bu noktada 0zellikle makilerin baskin oldugu
sahalarda, yanma sonrasi acgiga ¢ikan spektral yansimanin ne kadarinin biyokutle kaybindan ne
kadarinin ise zemin etkisinden kaynaklandiginin ayristirimasi énemli hale gelmektedir. Bu
noktada zemin etkisini minimize eden Toprak Ayarli Bitki Ortiist indeksi'nden (SAVI) (Huete,
1088) Uretilen Fark Toprak Ayarli Bitki Ortlsl indeksi (dSAVI) gibi indekslerin 6ne ciktigi
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gortlmektedir (Garcia-Llamas vd., 2019). Ancak dSAVI ile ilgili galismalarin literattrde sinirli
sayida oldugu gozlenmistir. Bu sebeple bu ¢alismada 2025 Silifke yanginlari 6zelinde dSAVI
indeksinin performansinin dNBR ve RBR ile es zamanli test edilmesi amaclanmistir. Bu galisma
ile hem yerel literattrdeki veri boslugunun doldurulmasina katki saglanmis hem de seyrek bitki
ortlslne sahip Akdeniz havzasi arazileri igin bir spektral indeks performans degerlendirmesi
yapimistir.

Hem Tdlrkiye'de hem de Mersin ili 6zelinde yasanan orman yanginlarinin sayisi ve yanan alan
miktari gin gectikce artmaktadir (Tablo 1 ve 2), (Sahin & Sipahioglu, 2003; Ertugrul, 2005, s. 47;
Ozsahin, 2013, s. 6; Colak & Sunar, 2018, s. 311; Kahyaoglu vd., 2021, s. 165; Abay vd., 2022, s.
4; Sahan & Kaya, 2022, s. 6; Usta, 2023, s. 18). Orman Genel Mudurligd (OGM) verilerine gore,
1988-2024 yillar arasinda toplam 80.896 adet yangin meydana gelmis ve bu yanginlarda
553.102 hektar alan zarar gormustir. Ozellikle 2021 yill hem Tiirkiye genelinde (139.503 ha) hem
de Mersin ilinde (9.661 ha) yanan alan miktari agisindan tarihsel bir zirveyi temsil etmektedir.

Tablo 1 Tirkiye genelinde yillara gore orman yangini istatistikleri (1988-2024)

Yangin Yanan Yangin Yanan Yangin Yanan
Yillar Sayisi Alan Yillar Sayisi Alan Yillar Sayisi Alan

(Adet) (Hektar) (Adet) (Hektar) (Adet) (Hektar)
1988 1372 18210 2001 2631 7394 2013 3755 11 456
1989 1633 13099 2002 1471 8514 2014 2149 3117
1990 1750 13742 2003 2177 6 644 2015 2150 3219
1991 1481 8 081 2004 1762 4876 2016 3188 9156
1992 2117 12232 2005 1530 2821 2017 2411 11993
1993 2 545 15393 2006 2227 7762 2018 2167 5644
1994 3239 30828 2007 2829 11 664 2019 2 688 11332
1995 1770 7676 2008 2135 29749 2020 3399 20971
1996 1645 14922 2009 1793 4679 2021 2793 139 503
1997 1339 6317 2010 1861 3317 2022 2160 12799
1998 1932 6764 2011 1954 3612 2023 2579 15520
1999 2075 5804 2012 2450 10 454 2024 3797 27 485
2000 2353 26 353 2013 3755 11 456 Toplam 80896 553102

Kaynak: OGM, 2026.

Tablo 2 Mersin Bolge Midurligi'ne tabi alanlarda meydana gelen orman yanginlari (2004-2024)

Yangin Yanan Yangin Yanan Yangin Yanan
Yillar Sayisl Alan Yillar Sayisl Alan Yillar Sayisl Alan

(Adet) (Hektar) (Adet) (Hektar) (Adet) (Hektar)
2004 59 24 2012 75 505 2020 87 509
2005 48 14 2013 155 509 2021 89 9661
2006 50 29 2014 91 79 2022 99 2118
2007 128 1053 2015 80 282 2023 82 898
2008 93 5080 2016 107 198 2024 107 69
2009 60 80 2017 54 928 Toplam 1813 22686
2010 90 105 2018 71 70
2011 98 114 2019 90 361

Kaynak: OGM, 2026.

Istatistiksel verilerin de ortaya koydugu orman yanginlarindaki artis, yaz aylarinda ozellikle
Akdeniz ve Ege bolgeleri igin blyiik tehlike olusturmaktadir (Ozsahin, 2013, s. 6; Karaca & Guill(,
2019, s. 1063; Abay vd., 2022, s. 4; Kolukirik vd., 2022, s. 560). Akdeniz Bolgesi'nde yer alan
Mersin ili de bu yanginlardan payina diseni almaktadir (Tablo 2), (Duran, 2014, s. 38; Tonbul vd.,
2016, s. 763; Avcl & Boz, 2017, s. 160; iban & Sahin, 2022, s. 487; Sahin, 2022, s. 120; Yiksel,
2022, s. 161; Celik vd., 2023, s. 116; Olgun, 2024, s.1). Ozellikle 2021 yilinda saha gevresinde
meydana gelen yanginlar bu durumun en somut 6rnegidir (Sahin, 2022; Celik vd., 2023). Sahin
(2022), 2021 yilinda biri Gllnar'da ve ikisi Silifke'de olmak Uzere (¢ afet boyutunda yangin
meydana geldigini bildirmektedir. Bu ¢alismaya konu olan 26 Temmuz ve 13 Agustos 2025
tarihlerinde Silifke'de meydana gelen orman yanginlari da Sahin’in (2022) galismasinda belirtilen
Silifke'deki yangin alanlarina komsudur. Bu durum yorenin yanginlara olduk¢a musait bir alan
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oldugunu gostermektedir. Bunda sahadaki kuraklik ve birikmis yanici madde yukinun etkili
oldugu dusuntlmektedir.

Calisma alani, Turkiye'nin guneyinde, Akdeniz Bdlgesi'nde yer alan Mersin ilinin Silifke ilgesi
sinirlari igerisinde Akdeniz'e yakin bir sahada yer almaktadir (Gorsel 1). Yanginlarin yasandigi bu
saha yapilan hesaplamalara gore yaklasik 7933,64 ha'dir. Sahanin dogusunda Silifke sehri ve
Goksu Nehri Deltasi, batisinda Elmali Dagi, guneybatisinda ise Hayvan Dadi yer almaktadir.
Kuzeyden Hisar Dagi ve Gedik Dagi ile ¢cevrelenmis ¢alisma alani kabaca Kirtil Dagi'nin giney ve
dogusunda konumlanmistir. Bolge, tipik Akdeniz ikliminin karakteristigi olan sicak ve kurak yaz
mevsimlerinin etkisi altindadir (Atalay, 1994, s. 142). Ayrica sahada Kizilgam (Pinus brutia)
ormanlari ve makiler yaygindir (Atalay, 1994, s. 192). Bu klimatolojik kosullar ve hakim
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Gorsel 1 Yangin alaninin lokasyon haritasi.

Bu calisma ile 2025 Mersin-Silifke orman yanginlarinin yangin siddeti haritalamasinda farkli
spektral indekslerin (dNBR, RBR ve dSAVI) performanslari karsilastiriimaya galisiimistir. Yapilan
analizler yanginin genel olarak “Dustk Siddet” ve “Orta-Dusuk Siddet” siniflarinda seyrettigini
gosterse de indeksler arasinda belirgin duyarlilik farklari tespit edilmistir. ANBR ve RBR indeksleri
birbirine paralel sonuglar dretirken, toprak duzeltmeli dSAVI indeksinin ozellikle maki
formasyonunun ve seyrek orman ortustnun yayilis gosterdigi alanlarda biyokutle kaybini tespit
etmede daha yuksek hassasiyet gosterdigi tespit edilmistir. Ayrica dSAVI'nin dNBR'ye gore daha
genis bir alani “Orta-Yuksek Siddet” sinifinda modelledigi gortlmustur. Bu bulgu yer yer seyrek
bitki ortustine sahip olan Akdeniz ekosistemlerinde, yangin hasar tespit galismalarinda tek bir
indekse bagl kalinmamasi gerektigini ve dSAVI gibi tamamlayici indekslerin analiz dogrulugunu
artirdigini ortaya koymaktadir.

Yontem

2025 yilinda Silifke'de art arda meydana gelen orman yanginlarini konu alan bu ¢calismada yanan
alanin tespiti icin yangin oncesini temsilen 23 Temmuz 2025 ve yangin sonrasini temsilen 15
Agustos 2025 tarihli, bulutluluk orani %10'un altinda olan Avrupa Uzay Ajansi'na (ESA) ait
Sentinel-2 MSI uydu goruntuleri kullaniimistir. Analizlerde, atmosferik dizeltmesi yapilimis
Seviye-2A (Level-2A) ylzey yansima verileri kullanilmistir. Sentinel-2 gortntdlerinin 10 m ve 20
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m mekansal ¢ozundrlige sahip farkli bantlari bulunmaktadir. Analiz butunligunt saglamak
amaciyla "Nearest Neighbor" enterpolasyon yontemi kullanilarak bu bantlar 10 m mekansal
¢Ozunurlukte yeniden orneklenmistir.

Yangin sinirlarinin belirlenmesinde, otomatik esik degerleme yontemlerinin yaratabilecegi
"karisik piksel" (mixed pixel) ve "yanlis pozitif" (false positive) hatalarini onlemek amaciyla uzman
kontrollt gorsel yorumlama ve ekrandan sayisallastirma yontemi tercih edilmistir. Bu yontemle
spektral yansimasi yangin izleriyle karistirilabilecek olan topografik golgeler, koyu renkli kayag
ylUzeylerinin dogru ayirt edilmesi amaclanmistir. Bu amacla Sentinel-2 MSI uydusunun 10 m
¢OzUNnUrlUkIU bantlar ve farkli kompozitler (B8A-B11-B12 ve B4-B3-B2) kullanilarak capraz
kontrole tabi tutulmus ve sayisallastiriimistir. Her ne kadar yontem uzmana bagli subjektiflik riski
tasisa da karmasik arazi dokusunda otomatik siniflama algoritmalarina gore daha ytksek bir
dogruluk verdigi dustintlmektedir (Karaca & Giillt, 2019).

Bu amacla yangin sonrasi (15 Agustos 2025) goriintdler ile SWIR-NIR-Red bant kombinasyonlari
kullanilarak olusturulan False Color goruntuler Uzerinde yangin izi belirginlestirilmistir. Bu izler
referans alinarak sayisallastirma islemi gercgeklestirilmis ve toplam 7933,64 hektarlik calisma
alani  poligonu  dretilmistir.  Tum  spektral analizler bu maske sinirlart icerisinde
gerceklestiriimigtir.

Bu calismada yangin siddetinin haritalanmasinda coklu indeks yaklasimi benimsenmistir. ilk
olarak uluslararasi literatirde yanma siddeti analizlerinde standart kabul edilen ve biyokiditle
kaybi ile glicll korelasyon gosteren (Key & Benson, 2006, s. 26) NBR temel alinarak hesaplanan
dNBR temel indeks olarak kullaniimistir. Ayrica calisma sahasindaki bitki ortisinin yogun
orman alanlari, seyrek orman alanlari ve makilerden olustugu dikkate alinarak RBR ve dSAVI
indeksleri de analize dahil edilmistir. RBR indeksinin ozellikle yangin oncesi bitki ortusu
yogunlugunun dusuk oldugu alanlarda dNBR'ye gore daha yuksek dogruluk ve saha verileriyle
daha ylksek uyum sadladigini bilinmektedir (Parks vd., 2014, s. 1837). Bu sekilde seyrek
vejetasyonda dNBR'de olusabilecek hassasiyet kaybinin RBR ile giderilecedi varsayllmistir. Son
olarak calismaya yanma siddetini tespit etmede siklikla kullanilan bir diger spektral indeks olan
NDVI (Rouse vd., 1973) temelli dNDVI'nin eklenmesi distndlmdstir. Ancak sahadaki yer yer
seyreklesen bitki ortlsi yapisi sebebi ile Huete (1988) tarafindan gelistirilen Toprak Ayarli Bitki
Ortlist indeksi (SAVI) temel alinarak hesaplanan dSAVI indeksi eklenmistir. SAVI ¢iplak toprak
ylUzeyinin spektral yansima Uzerindeki yaniltici etkisini minimize etmek ve sadece vejetasyonu
izleyebilmek icin gelistirilmistir (Huete, 1988).

Yanma siddetinin tespiti icin calisma kapsaminda yangin dncesi ve sonrasi gorunttlerden elde
edilen NBR ve SAVI degerleri kullaniimistir. Tum indeksler icin degisim fark haritalar
hesaplanmis ve sonugta dNBR, RBR ve dSAVI verilerine ulasilarak karsilastirmalari yapiimistir.

Yangin galismalarinda siklikla kullanilan spektral indekslerden biri NBR'dir (Karaca & Guilld, 2019;
Iban & Sahin, 2022; Kaynak, 2025; Yaman & Tung Gormus, 2025). NBR, NIR ve SWIR bantlarinin
kombinasyonu ile hesaplanmaktadir (Key & Benson, 2006, s. 26).

NBR=NIR-SWIR / NIR+SWIR

Yangin siddetini belirlemek icin yangin oncesi ve sonrasi NBR degerlerinin farki alinarak dNBR
indeksi olusturulmustur. dNBR, yanginin ekosistemde yarattigi degisimin derecesini belirlemede
ve yanma siddetini siniflandirmada temel alinmistir (Key & Benson, 2006, s. 26).

dNBR=NBRyangin_cncesi - NBRyangin_sonrasi

RBR, temel olarak NBR uzerine kurulmus bir indekstir ve dNBR kullanilarak Uretilmektedir.
Burada amac seyrek vejetasyon ortistint de hesaba katabilmektir (Parks vd., 2014, s. 1832).

RBR=dNBR / NBRyangin_oncesi + 1,001

GCalismada NDVI ve dNDVI yerine arazinin yer yer seyrek bitki ortlstine sahne olmasi sebebi ile
SAVI indeksi kullaniimistir. SAVI, NDVI'ya benzer sekilde hesaplanmakla birlikte formule bir
toprak dizeltme faktord (L) eklenmektedir. L bitki ortistintin yogunluguna gore 0,25 gok yodun,
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0,5 orta yogun ve 1 ciplak arazi gibi degerler alir ve bu sekilde topraktan gelen yansima ortadan
kaldiriimaya galisilir (Huete, 1988, s. 301). Ancak Huete (1988) yogunlugun tam bilinmedigi veya
orta derecede yogun alanlar igin 0,5 kullaniimasini onerir. Bu c¢alismada da L=0,5 olarak
alinmistir.

SAVI = [(NIR-Red) / (NIR + Red + L) x (T +L)
(Burada L = 0,5 alinmistir)

dNBR indeksinde oldugu gibi, yanginin bitki ortisu Uzerindeki tahribatini netlestirmek amaciyla
yangin oncesi ve sonrasl SAVI degerleri arasindaki fark hesaplanarak dSAVI indeksi
olusturulmustur.

dSAVI=SAVlyangin_oncesi — SAVlyangin_sonrasi

Elde edilen dNBR, RBR ve dSAVI goruntulerinin yanma siddet siniflarinin belirlenmesinde, United
States Geological Survey'in (USGS) standart esik degerleri (Key & Benson, 2006) kullaniimistir.
Buna gore elde edilen indeks verileri “Yanmamis” (<0.10), “Distk Siddet” (0.10-0.27), “Orta-
Dlstk Siddet” (0.27-0.44), “Orta-Yiksek Siddet” (0.44-0.66) ve "Yiksek Siddet” (>0.66) olmak
Uzere 5 siddet sinifina ayinimistir.

Yangin oncesi ve sonrasi NBR ve SAVI goruntulerinin su yuzeyleri ve derin golgeler gibi
parametrelerden etkilenmemesini saglamak amaciyla goruntilere histogram germe
(stretching) teknigi uygulanmistir. Boylece oncesi ve sonrasi goriintilerde sahadaki biyolojik
degisiklik daha net izlenebilmistir. Son asamada siniflandirilan raster veriler vektor formatina
donusturtlmdus, her bir siddet sinifinin kapladigi alan hektar cinsinden hesaplanmis ve oransal
dagilimlari analiz edilmistir.

Uretilen dNBR, RBR ve dSAVI yanma siddeti haritalarinin dogrulugunu ve sahadaki gvenilirligini
bilimsel olarak ortaya koyabilmek amaciyla bir dogruluk analizi yapilmistir. Bu amacgla CBS
ortaminda rasgele ornekleme yapilarak 100 adet sabit nokta Uretilmistir. Bu noktalar dNBR, RBR
ve dSAVI icin sabittir. Her bir analiz igin rasgele noktalara karsilik gelen USGS standartlari (Key
& Benson, 2006) baz alinarak dretilen 6znitelikler (Yanmamis, Disilk Siddet, Orta-Dislk Siddet,
Orta-Yilksek Siddet ve Yiksek Siddet) tanimlanmistir. Tanimlanan bu 6znitelikler Sentinel-2 uydu
goruntuleri ve yangin sonrasi renk kompozitleri Uzerinden uzman yorumuyla tek tek incelenerek
karsilastinimis ve hata matrisleri dretilmistir. Elde edilen hata matrisleri Uzerinden indekslerin
performanslari degerlendirilmis ve Genel Dogruluk (Overall Accuracy- Po) ve sans faktoriinden
arindirimis  guvenilirlik olgltd olan Kappa Katsayisi (Cohen's Kappa- K) hesaplanmistir.
Hesaplanan Kappa katsayilarinin istatistiksel anlamliligi ise Landis ve Koch (1977) skalasina
gore yorumlanmistir.

Bulgular

Yangin Oncesi ve Sonrasi Goriintiilerin Kargilagtirmal Analizi

Calisma alaninda 26 Temmuz 2025 ve 13 AJustos 2025 tarihlerinde art arda orman yanginlari
meydana gelmistir. iki yanginin da sonuclarini net bir sekilde gostermesi adina yangin éncesini
temsilen 23 Temmuz 2025 ve yangin sonrasini temsilen de 15 Agustos 2025 tarihli Sentinel -2
goruntdleri tercih edilmistir. Eldeki yangin sonrasi gorinti Dodal Renkli (True Color) orijinal
goriintl ve Yanls Renkli (False Color) gorintt olmak Uzere iki sekilde yeniden dizenlenmis ve
yangin alani buna gore sinirlandinimistir (Gorsel 2 ve 3). Ozellikle Gorsel 2 incelendiginde
yanginin meydana getirdigi tahribatin sinirlari net olarak ayirt edilebilmektedir. SWIR (Kisa Dalga
Kizilotesi) bandin kullanildigi bu gortinttide saglkli bitki ortlist parlak yesil tonlarda izlenirken,
yangindan etkilenen alanlar yanginin siddetine gore koyu kahverengi ve kizil tonlarda
izlenebilmektedir. Yer yer beyaz alanlarin da aralarinda bulundugu bu alanlar yanginin dogasi
geregi yanmadan atlanan sahalari (tas ocaklari, binalar, ciplak kaya ylzeyleri vs.) temsil
etmektedir. Ayrica kizildan koyu kahverengiye degisen tonlar da sahadaki topografik yapinin,
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yangin anindaki hava olaylarinin ve sahadaki bitki ortisd yogunlugunun farklilagsmasi ile
iliskilendirilebilir.

Gorsel 2 Yangin sonrasi (15 Adustos 2025) True Gorsel 3 Yangin sonrasi (15 Agustos 2025) False
Color goruntu. Color goruntu.

Calisma alanina ait dNBR ve RBR analizlerinin yapilabilmesi igin sahanin yangin oncesi ve
sonrasi NBR analizleri yapilmistir (Gorsel 4 ve 5). Analiz sonucunda sahada -0,2 ile 0,6 aralijinda
degerlere ulasildigl gozlenmektedir. Buna gore yangin oncesinde sari ve yesil tonlar baskin
gorinmektedir (Gorsel 4). Bu durum calisma sahasinin genelinde vejetasyonun saglikli oldugunu
gostermektedir. Buna karsin yangin sonrasi goruntulerle karsilastirildiinda sahada onemli bir
radyometrik degisim oldugu gozlenmektedir (Gorsel 4 ve 5). Gorintiler karsilastirildiginda
sahanin hemen genelinde biyokUtle kaybinin yasandigl goze carpar. Sahanin guneybatisi bu
durumdan en az etkilenen alan olarak 6ne ¢ikmaktadir (Gorsel 4 ve 5).

Aciklamalar: ] Aciklamalar:

NBR Yangin Oncesi NBR Yangin Sonrasi

wo High: 0,6 wem High:0,6

—_— Low :-0,2 — Low :-0,2
N N

0 4Km 0 4Km

—— —

Gorsel 4 Yangin oncesi (23 Temmuz 2025) NBR  Gérsel 5 Yangin sonrasi (15 Agustos 2025) NBR
analizi sonucu. analizi sonucu.

Yangin alaninin dSAVI analizinin yapilabilmesi igin sahanin yangin oncesi ve sonrasi SAVI
goruntuleri elde edilmistir (Gorsel 6 ve 7). Analiz sonucunda sahada 0O ile 0,8 araliinda degerler
elde edilmistir. Genel olarak gorunttlerin NBR analizlerindeki ile paralellik gosterdigi
gorulmektedir. Toprak ortisunin bertaraf edilmeye calisildi§i bu goruntilerde de sahanin
glineybatisi bir kenara birakilirsa blyik bir bitki ortiisi kaybi oldugu gozlenir (Gorsel 4 ve 5).
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Ancak burada yangin oncesi goruntulerde bitki ortisinin NBR'a oranla daha canli oldugu da
dikkati cekmektedir (Gorsel 4 ve 6).

Aciklamalar:
SAVI Yangin Oncesi

 Aciklamalar:
| SAVI Yangin Sonrasi

woom High:08 we High: 0.8
/’ w0 //" o
g N 3 N

- K

// 0 4Km
— ——

Gorsel 6 Yangin oncesi (23 Temmuz 2025) SAVI  Gorsel 7 Yangin sonrasi (15 Adustos 2025) SAVI
analizi sonucu. analizi sonucu.

Yapilan degerlendirmeler sonucunda gerek ham uydu gorunttlerindeki degisimlerde gerekse
NBR ve SAVI indekslerinin analizlerinde, vejetasyon kaybi net bir sekilde ayirt edilebilmektedir.
Bu durum, sadece alansal bir bitki yok olusunu degil, uydunun algilayicilarina yansiyan dalga
boylarindaki koklu degisiklikleri gostermektedir. Nitekim saglikli bitki ortGstnun NIR bandinda
gosterdigi yuksek yansima, yangin sonrasinda klorofil degisikligi ile ani bir dists gostermistir.
Tam aksi olarak yanan govde, kil ve aciga cikan giplak topragin SWIR bandindaki yansimasi
maksimum seviyeye ulasmistir. indeks analizlerindeki bu net tablo, galismayi iki 6Gnemli sonuca
gotirmektedir. Oncelikle vejetasyon kaybinin yarattigi bu keskin gorintd, sonraki asamada
gerceklestirilen uzman kontrollu gorsel yorumlama ve sayisallastirma isleminde hata payini
minimize ederek yangin sinirinin yuksek dogrulukta cizilmesini saglamistir. Bunun yani sira NBR
ve SAVI'deki spektral duyarlilik farki, dogruluk analizi asamasinda dSAVI indeksinin RBR ve
dNBR'ye gore daha ylksek bir Genel Dogruluk (%87) ve Kappa degeri (0,801) Uretmesini
saglamigtir. Zira SAVI tabanli analiz, spektral yansimanin ne kadarinin gercek vejetasyon
kaybindan ne kadarinin ise maki altindan parlayan zemin etkisinden kaynaklandigini net olarak
ayristirabilmistir.

Yanma Siddeti Siniflarinin Alansal Dagilimi ve istatistiksel Degerlendirme

Calisma alanina ait yangin oncesi ve yangin sonrasi uydu gorintuleri kullanilarak dNBR, RBR ve
dSAVI gorintilerine ulasiimistir (Gorsel 8, 9 ve 10). Yangin oncesi NBR ve yangin sonrasi NBR
goruntulerinin farki alinarak olusturulan dNBR verisi USGS standartlarina (Key & Benson, 2006)
gore yeniden siniflandirilmistir. Analiz sonucunda bu standartlara gore elde edilmesi mimkin
olan siniflardan 4'line galisma alaninda karsilik bulunmustur (Gorsel 8). Gorsel 8 incelendiginde
galisma alaninin blyuk bir boltimunde “Dusuk Siddet” sinifinin yayilis gosterdigi gorultr. Sahanin
guneybatisinda genis alan kaplayan yesil alanlar ise “Yanmamis” alanlari temsil etmektedir. Yer
yer sahanin hemen her yerine yayllmis olan bu araziler 6zellikle Gorsel 3'te yangin izi sinirlari
icinde kalmaktadirlar. Ancak dNBR analiz sonuglarina gore buralar tas ocaklari, binalar, ciplak
kaya yuzeylerivs. sebebiile yangin sirasinda atlanan, yanginin ilerleyemedigi alanlari temsil ettigi
dusunulmektedir. Buna karsin sahada biyokutle kaybinin onemli miktarlara ulastigr alanlar da yer
almaktadir. Bunlar sahadaki “Orta-Dusuk Siddet” ve “Orta-Yiksek Siddet” ile temsil edilen
alanlardir. “Orta-Dusuk Siddet’le temsil edilen ve turuncu renk ile temsil edilen sahalarin daha
cok vadi yamaglarinda ve topografik egimin arttigi kuzey kesimlerde yogunlastigi gordldr. “Orta-
Yiksek Siddet” sinifi temsil eden kirmizi renkli sahalar ise oldukga sinirli bir alana sahiptir. Bu
araziler sahanin ozellikle kuzeybatisindaki dar bir alanda yayilis gostermektedir (Gorsel 8).
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Aciklamalar:

dNBR

- Yanmamig

[ ] posik Siddet
[ orta-Dustk Siddet
I orta-uksek Siddet

Gorsel 8 Yangin alaninin dNBR analizi sonucu.

dNBR'deki vejetasyon yogunlugunun daha dikkatle ele alindigi RBR indeksinin sonuglarinin da
sahada blyuk Olglide dNBR ile ortistigl gozlenmektedir (Gorsel 9). Ancak burada USGS
standartlarina gore 3 sinif yer almaktadir. Gorsel 9 dikkatli incelendiginde “Orta-Yiksek Siddet”
sinifinin bu haritada yer almadigi gorulur. RBR analizi bu sinifi tespit etmemistir. Gorsel 9'a gore
sahada en genis alan kaplayan siniflar “Yanmamisg” ve “Dustk Siddet” siniflaridir. “Yanmamis”
alanlar dNBR haritasi ile paralellik gosterirken, “Orta-Dusuk Siddet’e sahip alanlar yangin
etkisinin kismen arttigi bolgeleri isaret etmektedir. Bu alanlar da sahada kuzeybati kesimde
yogunlasmaktadir (Gorsel 9).

dNBR ve RBR indekslerinin bolgede yangin hasarini tespit etmede gosterdikleri hassasiyete
karsin toprak etkisinin ortadan kaldirlmaya calisildigi dSAVI analizinde gok farkli bir sonug
ortaya ¢cikmaktadir (Gorsel 10). dSAVI sonug haritasi incelendiginde dNBR'de sinirli yer kaplayan
ve RBR'de ise hi¢ tespit edilemeyen “Orta -Ylksek Siddet’in daha genis yer kapladigi
gozlenmektedir. Ayrica dSAVI diger analizlerde tespit edilemeyen “Yiksek Siddet” alanlarini da
yakalamistir. “Orta-Yuksek Siddet” ile yanan alanlar sahanin ozellikle kuzey ve kuzeybati
kesimlerinde yayilis gosterirken “Yiksek Siddet” yanmaya ugrayan sahalar arazinin kuzeybati
kesiminde dar bir alanda dikkati geker. Bu araziler yanma siddetinin 6zellikle egim degerleri artan
vadi sistemlerinin yogunlastigi alanlarda yuksek degerlere ulastigini gostermektedir. “Orta-
Yiksek Siddet” ve “Yiksek Siddet” ile temsil edilen alanlar genel olarak topografyanin arizali bir
hal aldi§i alanlarda yogunlagmaktadir (Gorsel 10).
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Aciklamalar:

RBR

- Yanmamis

[ ] pusuk Siddet
[ orta-Dusuk Siddet

Gorsel 9 Yangin alaninin RBR analizi sonucu.

dSAVI sonu¢ haritasi dNBR ve RBR'ye gore yanma siddetlerini daha ytksek degerlerle ortaya
koymaktadir. Topraktan yansimanin engellenmeye calisildigi dSAVI'de galisma sahasindaki
maki ve seyrek orman alanlarinin daha iyi temsil edildigi dusunutlmektedir.

Analiz sonuglarina gore toplam 7933,64 hektarlk alanin yanginlara sahne oldugu
gozlenmektedir (Tablo 3). dNBR, RBR ve dSAVI analizlerine ait sonuglar incelendiginde
yanginlarda en genis etki alaninin “Dusuk Siddet” sinifinda yogunlastigi goralir. dNBR indeksine
gore sahanin %49,9'u, RBR indeksine gore %52,7'si ve dSAVI indeksine gore ise %40,3'l bu sinifta
yer almaktadir. Buna gore yanginlar sahada genis bir alana yayllmasina ragmen siddetin dusuk
oldugunu dusundurtmektedir. Ancak indeksler daha detayli incelendiginde ozellikle “Orta-YUlksek
Siddet” sinifinda dNBR'nin sadece 17,34 ha (%0,2) kapladigi, RBR indeksinde ise sinifin hig
bulunmadigi gortlmektedir. Ayni sinif dSAVI'de 658,39 ha (%8,3) alan kapladigi gozlenmektedir.
Dahasi sahada ¢ok genis yer kaplamasa da dSAVI analizinde 17,32 ha (%0,2) alanin "Yiksek
Siddet” sinifinda yer aldigi gozlenmektedir. TUm bu veriler bir arada degerlendirildiginde dNBR
ve RBR indekslerinin maki ve seyrek ormanla kapli alanlarda toprak ortlisinden gelen
yansimadan etkilendikleri gozlenmektedir. Bu da aslinda siddeti daha yuksek sahalarin bu
indekslerce “Dusuk Siddet” ve “Yanmamis” alanlar igerisinde dahil edildigi izlenimini vermektedir.
Buna karsin dSAVI indeksinde yer alan ve bu ¢alismada “0,5" olarak alinan toprak duzeltme
faktorintn bu problemi ortadan kaldirdigi dusuntlmektedir. Buna bagli olarak “Yanmamis”
arazilerin dSAVI'de en distk (%27,5) ¢iktigi gozlenir (Tablo 3).
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Gorsel 10 Yangin alaninin dSAVI analizi sonucu.

Tablo 3 Yangin alaninin dNBR, RBR ve dSAVI analizlerine gore alansal dagilimlari.

Yanma Siddet Sinifi dNBR (ha) dNBR(%) RBR(ha) RBR(%)  dSAVI(ha)  dSAVI (%)
Yanmamis (<0,10) 3047,33 38,4 3396,36 42,8 2179,75 27,5
Distik Siddet (0,10-0,27) 395518 499 417727 52,7 3201,18 40,3
Orta-Diiglik Siddet (0,27-0,44) 913,79 11,5 360,01 4,5 1877 23,7
Orta-Yiksek Siddet (0,44-0,66 17,34 0,2 (Yok) 0 658,39 8,3
Yiksek Siddet (>0,66) (Yok) 0 (Yok) 0 17,32 0,2
Toplam Yanan Alan (ha) 7933,64 100 7933,64 100 7933,64 100

TUm istatistiksel veriler ve mekansal analizler bir arada yorumlandiginda dNBR ve RBR
indekslerinin ¢alisma sahasindaki yogunlugu degisken vejetasyon yapisini gozmekte yetersiz
kaldigi ve buna bagli olarak hasari oldugundan dustk tahmin ettigi gozlenmistir. Buna karsin
dSAVI ozellikle RBR'nin hi¢ tespit edemedigi “Orta-Yuksek Siddet” sinifini 658,39 ha gibi onemli
bir buyukltkte ortaya cikarmaktadir. Akdeniz'in vejetasyon yogunlugu degisken olan arazi
sartlarinda toprak etkisini elimine etmenin analiz dogrulugu Uzerinde kritik etkisi bulunmaktadir.

Elde edilen veriler ve istatistiksel sonuglar yanginin bolgedeki ekolojik ve sosyo-ekonomik
etkilerini de ortaya koymaktadir. Analizlerde yangindan etkilenen sahanin buyuk bolimdnun
'Dustk Siddet' ve 'Orta-Dusuk Siddet' siddette yandiginin tespit edilmesi maki ve kizilgam
topluluklarinin tamamen yok olmadiklarini gostermektedir. Buna gore OGM ekiplerinin sahada
maliyetli olan yeniden dikim ile genglestirme yerine, dusuk hasarli alanlarda ekosistemin kendi
kendini yenilemesini beklemesi daha dogru olacaktir. Bu durum hem kamu kaynaklarinin verimli
kullaniimasini saglamakta, hem de baolge halkinin aricilik gibi ormana bagimli faaliyetlerinin hangi
lokasyonlarda ve ne kadar surede tekrar canlandirilabileceginin  ongorulebilmesini
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saglamaktadir. Ayrica bu calismada elde edilen metodolojik ve istatistiksel ¢iktilar, gelecek
arastirmalar agisindan referans olacaktir. Ozellikle toprak diizeltmeli dSAVI indeksinin sinifsal
ayrimda gosterdigi yuksek basari, gelecek calismalarda yontem olarak tercih edilebilecegini
gostermektedir.

Yanma siddeti indekslerinin istatistiksel performanslarinin degerlendirilmesi

Kontrol noktalar Uzerinden gerceklestirilen sorgulamalar sonucunda, dNBR, RBR ve dSAVI
indekslerinin genel dogruluk ytzdeleri ve Kappa katsayilar hesaplanarak karsilastirmali olarak
analiz edilmistir (Tablo 4).

Tablo 4 Yanma siddeti verilerinin dogruluk analizi sonuglari.

Indeks Genel Dogruluk (%) Kappa Katsayisi (K) ~ Uyum Duzeyi (Landis & Koch, 1977)
dNBR 82 0,678 Qnemli Derecede Uyum (Substantial)
RBR 84 0,706 Onemli Derecede Uyum (Substantial)
dSAVI 87 0,801 Mikemmel Uyum (Almost Perfect)

Elde edilen bulgulara gore, dNBR indeksi %82 genel dogruluk ve 0,678 Kappa katsayisi ile Landis
ve Koch (1977) glvenilirlik skalasina gore "Onemli Derecede Uyum" olarak kabul edilen uyum
duzeyine girdigi gordlur. Buna gore Kappa degeri genel dogruluga oranla biraz dusukttr. Bu
durumun indeksin seyrek maki alanlarinda gosterdigi spektral zafiyetle dogrudan iliskili oldugu
dusunulmektedir. ANBR algoritmasi yangin sonrasi agiga ¢ikan ciplak toprak yansimasindan
olumsuz etkilenmis ve aslinda dusuk siddette hasar gormus birgok maki pikselini "Yanmamis'
olarak siniflandirmistir.

Yangin oncesi vejetasyon gurliginud hesaba katan goreli RBR indeksinde ise genel dogruluk
%84'e ve Kappa degeri ise 0,706'ya yukselmistir. RBR, dNBR'a kiyasla sinirli bir iyilesme
gostermistir. Buna ragmen indeks performansi "Onemli Derecede Uyum" (Landis ve Koch, 1977,
s. 165) Uzerine gikamamistir. Ancak RBR, dNBR'In "Yanmamis" sanarak kacirdidi bazi pikselleri
"'Dustik Siddet" sinifina dogru sekilde dahil etmistir.

Calismanin en kararli indeksi dSAVI olmustur. dSAVI, %87 genel dogruluk degerine ulasmasinin
yani sira, 0,801 Kappa katsayisi ile "Mikemmel Uyum" (Almost Perfect) sinirini (Landis ve Koch,
1977, s. 165) yakalamistir. dSAVI'nin elde ettigi bu Ustinlik, Akdeniz ekosistemlerindeki seyrek
bitki ortistne sahip alanlarin yarattigi gurtltdyt dikkate almasindan kaynaklanmistir. Siniflar
arasindaki gercege yakin dagihm Kappa katsayisinin en yuksek ve guvenilir seviyeye ulasmasini
saglamistir.

Sonuc olarak, Akdeniz havzasindaki yangin sahalarinda dNBR ve RBR indekslerinin yanma
siddetini eksik tahmin etme egiliminde oldudu, en yuksek siniflandirma kalitesini ve arazi
uyumunu ise dSAVI indeksinin yakaladigr gordlmastur.

Sonug ve oneriler

Bu ¢alismada 26 Temmuz ve 13 Agustos 2025 tarihlerinde Mersin-Silifke'de yan yana meydana
gelen orman yanginlarinin yanma siddetleri Sentinel-2 MSI uydu verileri ve farkl spektral
indeksler olan dNBR, RBR ve dSAVI karsilastirmali olarak analiz edilmigtir. Elde edilen bulgular
Akdeniz havzasinda yangin hasar tespit galismalarinda indeks seciminin dogruluk dzerinde kritik
etkiye sahip oldugunu ortaya koymustur.

Calisma alaninin yangin oncesi ve sonrasi NBR ve SAVI analizleri degerlendirilerek, dNBR, RBR
ve dSAVI analizleri yapilmis ve sonug verileri USGS standartlarina (Key & Benson, 2006) gore
yeniden siniflandinimistir. Analiz sonuclarina gore toplam 7933,64 hektarlik alanin yangindan
etkilendigi belirlenmistir. Calisma sahasinin genelinde "Dusuk Siddet" sinifinin baskin oldugu
gorulse de indeksler arasindaki farklar dikkat ¢ekicidir. Sahaya uygulanan dNBR ve RBR
indeksleri birbirine yakin sonuglara sahiptir. Ancak bu analizlere gore ozellikle maki ve seyrek
orman ortusune sahip alanlarda yanma siddeti oldugundan daha dustk tahmin edilmistir. TUm



5 ODUSOBIAD

indekslerde yangindan en fazla etkilenen alanlarin “Dlstk Siddet” sinifinda yogdunlastig
gortlmektedir. Sahanin dNBR'de %49,9'u, RBR'de %52,7'si ve dSAVI'de ise %40,3'l bu sinifa dahil
edilmistir. Sahada dNBR ve RBR’ye gore "Orta-Yiksek Siddet" sinifa sahip alanlar oldukca
sinirhdir. Buna karsin toprak yansimasini ortadan kaldirmayi amaglayan dSAVI diger indekslerin
'Dustk Siddet" veya "Yanmamis" olarak siniflandirdii alanlarda 658,39 hektarlik (%8,3) bir "Orta-
Yuksek Siddet" ve 17,32 hektarlik (%0,2) bir “Yiksek Siddet” alani tespit etmistir. Ozellikle
topografik egimin arttigi arizali vadi alanlarindaki deg@isim dikkat cekicidir.

dNBR, RBR ve dSAVI indekslerinin genel dogruluk yizdeleri ve Kappa katsayilari hesaplanmistir.
Buna gore dNBR indeksi %82 genel dogruluk ve 0,678 Kappa katsayisi, RBR indeksi %84 genel
dogruluk ve 0,706 Kappa degeri ve dSAVI ise %87 genel dogruluk ve 0,801 Kappa katsayisina
ulasmistir. Bu durum dSAVI'nin seyrek bitki ortiistine sahip alanlarda daha iyi performans
verdigini kanitlamaktadir.

Akdeniz havzasindaki yanginlarda vejetasyon yogunlugu degisken arazi sartlarinda sadece
klorofil kaybina odaklanan dNBR ve RBR gibi indekslerin tek basina kullanimi yaniltici sonuglar
dogurabilmektedir. Bu nedenle hasar tespit calismalarinin dogrulugunu artirmak ve
rehabilitasyon sureclerini daha saglikli planlayabilmek adina, zemin etkisini dikkate alan dSAVI
gibi indekslerin de ¢alismalara dahil edilmesi onemlidir.

Analizlerin ortaya koydugu sonugclar orman yangini yonetimi, planlama ve acil rehabilitasyon
calismalari agisindan dogrudan uygulanabilir stratejiler Uretmektedir. Yangindan etkilenen
sahanin ¢ok buyuk bir kisminin disuk ve orta-disuk siddette hasar gordigunun dSAVI gibi
yUksek dogruluklu bir indeksle haritalanmasi, OGM ekiplerine karar destek mekanizmasi
sunmaktadir. Bu veri yuksek maliyetli ve yapay bir mtdahale olan yeniden dikim yerine, sahanin
ekolojik hafizasina guvenilerek dogal genclestirme yontemlerinin onceliklendiriimesi gerektigini
onermektedir. Boylece hem dikim maliyetleri dusurulerek kamu kaynaklar bosa harcanmayacak
hem de vyerel halkin aricilik gibi hayati ormancilik faaliyetlerinin nerelerde ve ne hizla
canlandirilabilecedi mekansal olarak planlanabilecektir.

Cikar catismasi beyani

Cikar ¢catigmasi

Yazarlar, bu galismada sunulan arastirmay: etkileyebilecek herhangi bir bilinen finansal ¢ikar,
kurumsal baglanti ya da kisisel iliski bulunmadigini beyan eder.

Finansman
Bu arastirma icin dis finansman destegi alinmamistir.
Yazar katkilan

ilter Kutlu HATIPOGLU: Kavramsallagtirma; Yontem; Dogrulama; Denetim; Yazim—gozden
gecirme ve duzenleme; Arastirma/Inceleme; Veri duzenleme; Bigimsel analiz; Ozgun taslak
yazimi; Gorsellestirme.

TUm yazarlar makalenin yayimlanan son halini okumus ve onaylamistir.
Veri erigilebilirligi

Veriler, makul talep Uzerine sorumlu yazardan temin edilebilir.

Etik kurul onayi ve katilimci onami

Etik kurul onayina gerek yoktur.

Yapay zeka (YZ) araglarinin kullanimi

Yazarlar, bu makalenin hazirlanmasi strecinde yapay zeka destekli araglarin kullanimina iligkin
beyani asagidaki sekilde sunar: dil duzenleme, yazim/bigimlendirme destegi kullanilmadi. Yapay
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zeka araglari, ampirik verilerin Uretilmesi/degistiriimesi, analiz sonuglarinin olusturulmasi veya
calismanin temel bulgularinin ve sonuglarinin sekillendirilmesi amaciyla kullanilmamistir. Yapay
zeka ciktilan yazarlar tarafindan kontrol edilmis ve dogrulanmistir; icerigin butunldgu, 6zgunlugu
ve dogruluguna iliskin sorumluluk tamamen yazarlara aittir.
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