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 Forest fires have been more common in recent years and caused extensive damage. Not 
only settlements and natural life but also historical places and ancient cities are at risk 
of forest fires. This study discussed forest fires in Turkey in the summer of 2021. Forest 
fire risk classifications were determined using Landsat-8 images. The Normalized Burn 
Ratio (NBR) and Differenced Normalized Burn Ratio (dNBR) indices were used to assess 
the area impacted by fire and to create fire risk classes. Furthermore, the burned and 
unburned areas in different zones from the Amos ancient city in the Marmaris were 
calculated using remote sensing methods. Thus, areas that should be protected from the 
fire were determined in future studies for fire risk areas. 

 
 
 

1. INTRODUCTION  
 
Forest fires are becoming more frequent with 

increasing global warming worldwide (Hantson et 
al., 2016). Many forest fires occurred in the summer 
of 2021, and Turkey's total burned area reached 204, 
408 hectares (EFFIS, 2021). Forest fires have a 
natural effect on occurrences, can rejuvenate forests, 
and eliminate illnesses and other dangerous risks. 
On the other hand, they may negatively affect 
settlements and natural life (Daşdemir et al., 2021; 
Nuthammachot and Stratoulias, 2021). Forest fires 
pose a threat not only to natural vegetation and 
settlements but also to historical and archaeological 
sites (Dimitrakopoulos et al., 2002). 

Several studies focus on the conservation of 
National Park and ancient site regions. Portugal's 
Herdade da Contenda region is a national hunting 
area, and a conservation-integration plan was 
studied using remote sensing methods (Teodoro et 
al., 2015). Furthermore, to assist in the conservation 
plan, multi-criteria decisions and buffer zone 
management methods were applied to protected 
areas (Geneletti and Duren, 2008; Hjortsø et al., 
2006). On the other hand, forest fire risk zone 
mapping can create to understand the fire impact on 

natural and cultural heritage areas (Nikhil et al., 
2021). 

In the literature, there are many different fire 
detection studies using UA and GIS techniques. 
Previously implemented fire detection algorithms 
using remote sensing are generally developed and 
tuned for regional, continental, and global 
applications (Flasse and Ceccato, 1996). "Burn 
severity" is a term used to describe the physical, 
chemical, and biological alterations for the purpose 
of identifying the burned area after a fire (White et 
al., 1996). Furthermore, several techniques are used 
to create fire risk maps, including weighted 
registration, machine learning, deep learning, and 
frequency ratio (Javad et al., 2014; Tien Bui et al., 
2017; Stroppiana et al., 2021). On the other hand, the 
land surface temperature (LST) is related to burned 
areas based on the severity of the forest fire 
(Vlassova et. al., 2014). 

Several remote sensing methods are used to 
understand the forest fire severity. Some of these are 
based on multi-date change detection such as 
differenced Normalized Burn Ratio (dNBR), the soil-
adjusted vegetation index, and burned area index 
(Hall et al., 2008; Marino et. al., 2016; Smith et. al., 
2010). Forest fire risk and hazard maps are crucial 
for the environmental management of forest regions 
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and for establishing long-term strategic fire 
prevention plans (Akay and Şahin, 2019; Eugenio et 
al., 2016). Remote sensing methods enable the 
analysis, display, and presentation of fire severity 
and risk classification (Boer et al., 2008; Değerliyurt 
and Çabuk, 2015; Sandamali and Chathuranga, 
2021). 

The primary purpose of this study is to examine 
the impact of fire risk on the ancient city and its 
environment. In this study, forest fires covering the 
Aegean and Mediterranean regions of Turkey in 
2021 were discussed. The Amos ancient city in the 
Marmaris district was chosen as the study area since 
it is one of the most damaged areas by the fire. The 
fire around the ancient city of Amos started on 4 
August 2021 and was brought under control on 5 
August 2021 with the intervention of the fire brigade 
(Url-1, Url-2).  

In this study, dNBR, which is the most common 
remote sensing method, was used to determine fire 
severity and fire risk areas at different distances 
from the ancient city point were defined to assess the 
threat and risk of fire to the ancient city of Amos.  
Moreover, according to the forest fire severity map 
created in the study we tried to understand how 
much the ancient city was affected by the forest fire. 

The remainder of the study is organized as 
follows. Section 2 presents the methodology, 
including the study area, the satellite data sources, 
and the description of the analysis indexes. Analyses 
are described in Section 4. Section 3 concludes the 
study. 

 
2. METHODOLOGY 
 
2.1. Study Area and Materials 

 
Marmaris is one of the districts of Muğla 

province. The area of the district is 963.73 km2; 80% 
is forestland, 5% is agricultural land, and a coastline 
of 451.72 km (Figure 1). Amos ancient city was 
selected as a study area (Figure 2). On the southwest 
side of contemporary Turunç, Marmaris, Amos is one 
of the Rhodian antiquities located on the Asarcık hill 
(Gürbüzer, 2021; Yaman, 2022). 

 

 
 
Figure 1. Study area 

Landsat-8 images were used as satellite images in 
this study. Landsat-8 images were obtained from 
USGS (United States Geological Survey) websites in 
2022 and has 11 bands with developed band 
combinations (Acharya and Yang, 2015). Two 
images were acquired, one from 2020 and the other 
from 2021 (Table 1). Moreover, ancient site point 
data was obtained from QGIS Open Street Map 
Plugin. According to Turkish news sources, the Amos 
ancient city was chosen for investigation since Amos 
was under the threat of forest fires (Url-2). 
 
Table 1. Dates of Landsat images 
 

Landsat Images Date 

LC08_L1TP_180034_20201224_02_T1 24.12.2020 

LC08_L1TP_180034_20210821_02_T1 21.08.2021 

 

 
 
Figure 2. Location of Amos Ancient City 
 
2.2. Method 

 
We focused on NBR and dNBR as indices to 

evaluate burned areas in satellite images. First, the 
radiometric correction was applied to bands of 
Landsat-8 images. NBR analysis was performed on 
the image to estimate the intensity of the burn 
severity areas from before and after forest fire 
images. NBR is calculated as a ratio between the 
near-infrared (NIR) and shortwave infrared (SWIR) 
values. Furthermore, dNBR observes changes 
between two dates (Stankova and Nedkov, 2015). 

 
𝑁𝐵𝑅 = (𝑁𝐼𝑅 − 𝑆𝑊𝐼𝑅) / (𝑁𝐼𝑅 + 𝑆𝑊𝐼𝑅)              (1) 
 
𝑑𝑁𝐵𝑅 = [𝑃𝑟𝑒 − 𝑓𝑖𝑟𝑒 𝑁𝐵𝑅 – 𝑃𝑜𝑠𝑡 − 𝑓𝑖𝑟𝑒 𝑁𝐵𝑅)      (2) 
 

For the Landsat 8 image, the NIR value 
corresponds to Band 5, while the SWIR value 
corresponds to Band 7 (Url-3). For Landsat 8: 

 
𝑁𝐵𝑅 = (𝐵𝑎𝑛𝑑 5– 𝐵𝑎𝑛𝑑 7) / (𝐵𝑎𝑛𝑑 + 𝐵𝑎𝑛𝑑 7)       (3) 

 
This study used Band 7 of Landsat-8, which 

detects the wavelength between 2100 and 2290 in 
the infrared region. On the other hand, Band 6 is at a 
lower wavelength and was not included in the study. 
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After the NBR analysis on Band 5 and Band 7 for the 
dates before and after the fire, dNBR analysis was 
applied to understand the burn severity of forests 
between the two dates. In a study of fire escape 
scenarios, the distances between the fire starting and 
end points were determined as 861 meters, 935 
meters and 1175 meters (Castro-Basurto et al., 
2021). Therefore, in this study, escape distances 
were determined approximately, to observe the fire 
threat to the Amos ancient city, 500 meters, 1 
kilometer, and 2 kilometers buffer zones were 
applied to the point of the ancient city. In this study, 
the effect of fire severity in the determined buffer 
zones based on the area was examined. Moreover, 
projection systems were defined as a UTM Zone 35 
in the QGIS. Figure 3 shows the methodology flow 
chart of the study. 

 

 
 

Figure 3. Methodology flow chart 
 
3. RESULTS AND DISCUSSION 

 
The burn severity indices values were classified 

as shown in Table 2. Severity indices are based on 
previous studies (Giddey et al., 2022; Konkathi and 
Shetty, 2019). The result shows the fire intensity 
map after applying the NBR and dNBR analyzes. 
Moreover, the area with high and severe burn areas 
are close to the Amos ancient city (Figure 4). 
 
Table 2. Classified Burn and Unburn Areas 
 

Severity Level Values 
Unburn Area <0.099 
Low Burn Area 0.1-0.27 
Moderate Burn Area 0.27-0.54 
High Burn Area 0.54-072 
Severe Burn Area >0.72 

 
In Marmaris, there are 67.53 km2 of unburned 

land, 345.28 km2 of low burn, 326.30 km2 of 
moderate burn, 54.74 km2 of high burn, and 38.66 

km2 of severe burn. Distance buffers of 500 meters, 
1 kilometer, and 2 kilometers were applied to the 
unburn and burn areas of the ancient city (Figure 5). 

 

 
 
Figure 4. The dNBR results 
 

 
 
Figure 5. Buffer zones of Amos ancient city 
 

The severe burn area of 500 meters from the 
Amos ancient city is 0.02 km2, which is 0.05% of the 
Marmaris severe burn area. At a distance of 1 
kilometer, the severe burn area is %0.18 of the 
district's severe burned area. Moreover, at a distance 
of 2 kilometers, the severe burn area is %1.26 of the 
Marmaris severe burned area. 2 kilometers from the 
Amos ancient city, the burn areas are respectively 
low burn area (2.3 km2), moderate burn area (1.7 
km2), high burn area (1.04 km2) and severe burn 
area (0.49 km2). Furthermore, the Amos ancient 
city's unburn area is 0.6 km2 in 2 kilometers. 

According to the dNBR result, which is the 
difference between pre-fire and post-fire areas, 
there are different burn ratio classes at different 
distances to the Amos ancient city. While the area of 
the severe burn area zone of 1-kilometer distance to 
the ancient city is fewer, the area of the severe burn 
area zone of 2 kilometers distance to the ancient city 
is increasing. However, in the area zone of 500 
meters and 1 kilometer, the moderate burn area is 
more than other classes (Table 3). 
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Table 3. Burn and unburn areas of buffers of the 
Amos ancient city 

 
Landsat 
Images 

In 500 
meters 

In 1 
kilometer 

In 2 
kilometers 

Unburn 
area(km2) 

0.01 0.15 0.6 

Low burn 
area (km2) 

0.05 0.61 2.3 

Moderate 
burn area 
(km2) 

0.14 0.42 1.7 

High burn 
area (km2) 

0.01 0.16 1.04 

Severe 
burn area 
(km2) 

0.02 0.07 0.49 

 

 
 

Figure 6. False color band combination 
 
The false color band combination was applied to 
observe the vegetation change in the burned areas 
(Figure 6). Accordingly, 5-4-2 Bands were selected 
for Landsat 8. As a result, vegetation decreased in the 
severe burned forest area. 

 
4. CONCLUSIONS  

 
Previous studies focused on fire management in 

ancient cities and national parks (Humphrey et al., 
2021; Roos et al., 2021).  Moreover, forest fire 
severity and forest fire susceptibility studies were 
implemented for national parks using remote 
sensing methods (Gigović, 2019; Rozario, 2018). 

However, there are no comprehensive studies in 
the literature that analyze the effects of forest fires 
on ancient cities with remote sensing methods. The 
study aims to determine the fire risk areas of the 
ancient city and its environment in Turkey in the 
summer of 2021 forest fires. Furthermore, forest risk 
areas were evaluated from Amos ancient city at 
different distances. According to this, severe burn 
areas increased by 2 kilometers from the Amos 
ancient city. 

This study evaluated the impact using remote 
sensing and GIS methods. Moreover, conservation 
management can be created by calculating the 

burned areas and evaluating the situation around the 
ancient city. 

The limitation of the study is that there is no 
data on the borders of Amos ancient city, so the fire 
risk zones were calculated by measuring the buffer 
from the point. On the other hand, this study can 
benefit future forest fire management and long-term 
strategic fire prevention plans. 
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