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Abstract
Extreme weather events are experienced more frequently across the earth due to the effects of climate
change. The high frequency of extreme weather events increases vulnerability in sensitive areas. In the
Mediterranean Basin, which is one of the most sensitive areas, many countries have experienced wild�res
in recent years. Turkey is one of the countries where forest �res occur frequently in the Mediterranean
basin. Although the causes of the �re vary over the years, the problems caused by forest �res draw
attention every year. Since 1990, there have been many forest �res across the country and the most areal
losses caused by the Fires occurred in 1994, 2000 and 2008. The largest forest �res after these dates
occurred in the summer of 2021.

The area where Turkey is most sensitive to �re is the Mediterranean climate region. Most of the �res,
especially in this area, occur in an unnatural way such as negligence-accident, unsolved and intentional.
The control mechanism in the spatial expansion of �res mostly depends on atmospheric conditions.
Within the scope of the study, it was aimed to draw attention to the atmospheric conditions during the
period of wild�res in many parts of Turkey in the summer of 2021 for various reasons. According to the
calculations, the air temperatures before the start of the �re in the provinces of Antalya and Muğla are
above the long-term averages of the stations here. In addition, the effects of the heat wave were observed
at many stations before the �re.

Introduction
2021 has been one of the years in which extreme temperatures were seen over the Mediterranean Basin
(Kaynak). Turkey's Mediterranean coasts have also been affected by these extreme events, both due to
the impact of global climate change and the characteristic features of the Mediterranean climate.

Atmospheric disasters and the effects of these disasters are increasing every year. Today, atmospheric-
based disasters cause more loss of life and property in Turkey. For example, the number of disasters
experienced in 2020 was 321 earthquakes, 177 �oods, and �ash�oods and 270 storms, hail, extreme
winter conditions, etc. are caused by climate-related events (AFAD, 2021).

Atmospheric disasters are divided into two main groups meteorological and climatological disasters
(Kaynak). Extreme temperatures constitute an important part of climatological disasters. However, an
important form of climatological origin disasters is forest and wild�res. On the other hand, �res are a
great risk for climate zones with high sensitivity, such as the Mediterranean climate.

A wild�re is an uncontrolled �re that occurs in rural or virgin land. It is a type of �re that includes different
areas such as forest, scrub, bush, meadow, dwarf tree, and peat �re. It is a type of �re that affects large
areas and is not easy to stop and can spread rapidly under atmospheric conditions. It is a type of �re that
can easily break out under arid and semiarid climates and is mostly seen in Australia (Kaynak). However,
there is a potential to be seen in other arid, semiarid areas of the earth. Compared to previous years, the
south of Europe corresponds to the period after the 1970s, when wild�re frequency increased due to
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climate change and extreme events (Fernandes et al., 2010; Pausas and Fernandez-Munoz, 2012; Kovats
et al., 2014). Mega �res triggered by extreme weather events have caused record burning areas in some
Mediterranean countries in recent years. Most of these �res (approximately 55%) were caused by
deliberated actions by people (San-Miguel-Ayanz et al., 2013). Mega �re events pose great threats to rural
areas and their surroundings. Many researchers have also stated that atmospheric conditions had an
intentional �re effect on wild�re events in Portugal, Spain, Italy, and Greece in recent years across the
Mediterranean basin (Ex: San-Miguel-Ayanz et al., 2013; Vilar et al., 2009; Tedim et al.,2022; Baccui et al.,
2021). In addition, wild�res are an important threat to the forests of Turkey, as in many parts of the
Mediterranean Basin. Wild�res, which intensify in the summer months, seriously damage forest
ecosystems. According to the evaluations, 60% of our country's forest areas are located in areas that are
very sensitive to �re (Republic of Turkey Climate Change Action Plan 2011–2023, 2012; OGM, 2011;
Ülgen et al., 2020). In addition, it is expected that the increase in air temperatures in future climate
scenarios will increase the risk of a forest �re. In other words, increases in the length and severity of the
hot and dry period in Turkey may also trigger wild�res.

According to the data of the Republic of Turkey Ministry of Agriculture and Forestry, the total number of
wild�res is 114,941 in 83 years from 1937 to the end of 2020. It has been recorded that a total of
1 million 711,973 hectares of land were burned in these �res in Turkey. This value is approximately 15
hectares per �re. However, it is observed that both the number of �res and the amount of burned area per
�re have decreased towards the present day. As follows, a total of 90, 956 hectares of lands were burned
in 26, 311 wild�res between 2011 and 2020. According to these records, the average burned area per �re
has been 3.5 hectares in the last 10 years.

However, wild�res, which were seen in a large part of Turkey in August 2021, causing damage to much
larger areas, especially the rest of Muğla and Antalya Regional Directorates, reached the level of disaster
with the effect of meteorological features. The wild�re started on 28 July 2021 in Manavgat, Antalya, and
was brought under the control on 12 August 2021. In the "�restorm" that took place in many large and
small areas between 28 July and 12 August, 8 people died, thousands of hectares of the forest area were
burned, and many settlements were damaged. This "�restorm" ended on August 12, 2021, with the
extinguishing of the �re in the Köyceğiz, Muğla. However, forest �res between 28 July and 12 August
2021 were recorded as wild�res with the highest loss of area in the history of forest �res in Turkey.

Within the scope of this study, we aimed to examine the atmospheric conditions in the period when the
�res were effective. The heatwave and the wind characteristics that increase the intensity of the hot air
and the area of in�uence of the �re were evaluated in Muğla and Antalya provinces on 25 July and 15
August 2021. A total of 24688 hectares of forest area, the size of 34563 football �elds, was burned in 35
wild�res that broke out within the boundaries of Muğla Regional Directorate during the examination
dates. In the same period, a total of 304 hectares of forest area, the size of 425 football �elds, was
burned in 41 forest �res that broke out within the borders of Antalya regional directorate.

Data And Method
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In the scope of the study, the temperature and wind data of 63 meteorological stations were used in
Antalya and Muğla provinces (Figure 1). Buishand's, Von Neumann's, and Pettitt homogeneity tests were
applied for the daily temperatures of the stations with long-term data. In general, there is a signi�cant
increasing trend in the temperatures when the homogeneity noticeably deteriorates. The homogeneity of
station temperatures has changed inhomogeneity after the 1990s (Table 1).

In another part of the study, we focused on the evaluation of atmospheric conditions in wild�re areas in
2021. For this purpose, we evaluated hourly temperature, wind direction, and speed, Isparta rawinsonde
observations and meteorological maps (location, 700, 800, 500, hPa) between 25 July and 15 August
2021.

Table 1

homogeneity tests result of the stations with long-term data for the months of June, July and August
(Dark color indicates statistical signi�cance).
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Conrad and Pollak (1950) stated in their study that homogeneity, which is one of the main conditions in
climate-related scienti�c studies, can only be evaluated as homogeneous in the case of climate-related
changes. Since the inhomogeneity of the temperature data used in the study is related to the increasing
trends in the minimum and maximum temperatures, these stations were used in the analyzes in the
study.
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After the homogeneity tests, heatwaves were calculated in the long-term data of the stations. For this
purpose, long-term daily temperature data and hourly temperature data for 2021 were used in the 63
meteorology stations. Antalya and Muğla provinces are the areas where summer temperatures are high in
Turkey.

In heatwave studies, temperature data are usually ordered from largest to smallest, and evaluations are
made by considering the distribution of the extreme data in the relevant seasons. Threshold values
generally used in studies are 90% and 95% percentiles. The consecutive temperature data calculated
according to threshold values is the second most basic condition of heatwaves. If the calculated high
temperatures continue uninterruptedly for 5-6 days (90th percentile) or 3 days (95th percentile) according
to the determined threshold values, depending on the effective atmosphere circulation, the temperatures
increase for a long time or for a shorter time.

The heatwave index used in the study was determined as the days where the maximum temperature in
the hot season is at the 95th percentile and above, for 3 consecutive days and above (Xu. et al., 2013;
Tong et al., 2010; Basagaña et al., 2011). In the study, the threshold used for the heatwave is the 95th
percentile. In addition, in order for the high temperature to be considered a heatwave, it is required to
experience these high temperatures for at least 3 consecutive days. Only 14 of the stations used in this
context have long-term temperature data, while the data at some of the other stations are approximately
10-15 years. The short duration data of the stations were used to ensure homogeneity in the spatial
evaluation of the heatwave.

In the last part of the study, forest �re areas were evaluated in Antalya and Muğla provinces. It is intended
to provide a standard for the display of forest �re observations. This data set is provided by NASA Near
Real-Time VNP14IMGTDL_NRT VIIRS 375 m Active Fire Detections. Therefore, data on forest �re areas in
Turkey were obtained from (Schroeder et. al., 2014).

Results
When the distribution of the �res that took place is examined according to the causes, 47% of the �res
were neglected, 32% were due to unknown reasons, 11% were natural and 10% were intentional 1997-
2020 in Turkey (OGM, 2020). Negligence, vandalism, and �res of unknown origin are the causes of �re
with the greatest spatial losses (Figure 2).

One of the most important reasons triggering the development of �res is the atmospheric conditions and
topographic features of the area. Forest areas often become vulnerable to �re due to atmospheric
conditions. Especially during heatwaves, more areas can be affected by the �re. In addition, wind
conditions have a great effect on increasing fragility depending on the topography. Foehn winds can
strengthen the development of �re by causing increased sensitivity in forest areas.

In recent years, Mediterranean Basin has experienced increases in extreme temperatures and heatwaves
(Stefanon et al., 2012; Erlat et al., 2021; Kuglitsch et al., 2010). Forest areas in the Mediterranean Basin
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have sensitivity and vulnerability to variations in atmospheric conditions.

Within the scope of the study, the temporal changes of the heatwaves were evaluated in the past years. In
addition, heatwaves and atmospheric conditions were explained at the time of the wild�res in 2021. For
this purpose, the surface and the upper atmosphere data were used in the study. 

Temporal Distributions of Heatwaves

An increasing trend is observed in the year-to-year distribution of heatwaves. This increasing trend is
similar to the increase in the summer night and day temperatures in Turkey and the Mediterranean basin.
Especially since 1995, there has been a signi�cant increase in the number of heatwaves in these areas.
The 2007-2008 years were the most heatwaves in Turkey. The highest number of heatwaves in both
provinces was experienced between 1998, 2007, 2008, and 2010. The maximum temperatures
experienced during this period are above 39-40°C in many stations (Figure 3a).

Heatwaves are most experienced in July and August. In the south of Turkey, Antalya and Muğla
experience at least 2 heatwaves each year. Their duration is between 3-4 days in some years and 5-7 days
in some years. The similarity of the changes in the heat waves from year to year in these two areas
displays that they developed under the in�uence of the same atmospheric circulation. However, due to the
spatial variability of topographic features in Muğla, it is seen that heatwaves do not cause long-term high
temperatures at every station (Figure 3b). Total heatwave events are experienced more in Antalya than in
Muğla and these heatwaves cause higher temperatures in Antalya (Figure 3c).

Heatwave in July - August 2021

The maximum temperatures in Antalya and Muğla provinces were calculated to be above the 95th
percentile as of July 26-27. Also, in most of the stations, these high temperatures are consecutive for 3
days or more. The high-temperature days were recorded before the start of the �res in the southern part of
Turkey. One of the most important factors increasing the effect size of the �re disaster is the heatwave
experienced synchronically (Figure 4).

The heatwave was experienced in all the stations around the southern part of Turkey, before the forest �re
that started in Manavgat on July 28. As of 28 July, high surface air temperatures affected the initial
conditions of the �re, and the �res, which broke out due to negligence, unknown, and vandalism, spread
rapidly in the regions. In addition, it is enunciable that the circulation of the upper atmosphere in the �re
areas has a great effect on the inadequacy of the forest �re interventions.

As of July 28, the development of a ridge from northern Africa to the Balkans and western Turkey is
evident. In the area where the ridge is effective, high-pressure conditions are effective on the surface
(Figure 5a). Subsidence air tends to heat adiabatically. A similar process continued in August and similar
circulation conditions were effective in both the surface and upper atmosphere in the same region. At
these levels, temperatures are also approximately -5 ℃. The hot air, which penetrated towards the south
of Europe, the Eastern Mediterranean, and Anatolia over Africa and the Arabian Peninsula, continued to
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strengthen its effect from time to time in mid-August (Figure 5b). Skew-T Log P diagram of Isparta
rawinsonde station was used to evaluate the synoptic conditions in the forest �re areas. Isparta station is
at 37.75° N latitude, 30.55° E longitude, and 997 meters elevation. According to the 00:00 observation on
28.07.2021, inversion developed at 705-700 hPa (3106-3178 m). The 705 hPa level (3106 m) is the
condensation level of the station. At this level, the water vapor in the atmosphere condenses into a water
droplet. However, the fact that the condensation level is so high can be explained by the low amount of
moisture in the atmosphere. The wind speed is approximately 30 knots (55.56 km/h) at 700 hPa.
Inversion was effective at 890-880 hPa (1095-1194 m) of Isparta station on 02.08.2021. The
condensation level on rising air is approximately 679 hPa (3400 m). At this time, the activity of hot air
masses that are weak in terms of moisture content, due to the effect of hot air intruding into the south of
Europe and Anatolia through northern Africa and the Arabian Peninsula. Inversions at lower levels caused
large-scale �re smoke to remain in the lower atmosphere in early August (Fig. 7a&b).

According to the distribution of wind directions and speeds of 300hPa, the westerly winds continue to
�ow eastward as the Hadley cell in the north of Algeria in the west of the Mediterranean basin. Winds
blowing from the north of Libya to the northeast in the middle of the basin made a small wave from the
west of Turkey and continued its �ow towards the Caspian Sea. The speed of the wind, which is effective
at 300hPa, is between 1.6 and 31.6 m/sec. The wind speed is approximately 30 m/sec over Turkey
(Figure 8a).

According to Gönençgil (1993a), the foehn wind is not only a wind consisting of local conditions but
should be in a medium-scale atmospheric circulation that is affected by orographic conditions and
anticyclonic conditions of the upper atmosphere together. In Figures 5a and b, upper atmospheric
conditions that �t this description have evolved appropriately. In particular, the circulation conditions
mentioned in the Gönençgil (1990 and 1993b) studies show a signi�cant improvement at wind �ows of
700 hPa.

The pressure gradient between the effect of the monsoon circulation towards the Persian Gulf and the
high-pressure center on the Black Sea caused the wind speeds to strengthen in places over Turkey. The
�ow directions of surface winds are mostly of nature to carry the character of the direction in which they
blow (Figure 8b).

The speed of the northern sector wind, which is effective in the areas where the forest �res spread widely
between 28 July and 12 August, is generally between 5-8 m/sec. This wind sometimes played a role in
making �re interventions di�cult in areas where it was effective at approximately 18-29 km/h (Figure 8c).

According to Gönençgil (1993a and 1993b) studies, the fact that winds stay above 10 m/sec is the �rst
factor that prepares the blow-dry conditions. In addition, as mentioned in the same studies, when a
cyclone enters the �eld through the Mediterranean Sea or Basra, the blow dryer character gains speed. On
such days in Antalya and its surroundings, the prevailing wind directions in the ground and upper
atmosphere are northern sectors.
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It is also possible to see the strengthening gradient effect as etesian winds on the west coast of Turkey. In
addition, the �ows heading towards the Mediterranean Sea through Anatolia exceed the Taurus
mountains and cause foehn winds in the areas of the Mediterranean coastal belt.

Etesian winds partially weaken the effect of the heatwave in Western Anatolia. In the Mediterranean
coastal zone, especially around Antalya and Muğla, the blow-dry effect causes the hot air effect to
intensify.

Spatial Distribution of Wild�res and Wind Characteristics of the Area

The �res in 2021 can be considered as one of the �res that cause the most signi�cant losses in Turkey.
The �res started at different points simultaneously in the Manavgat district of Antalya on July 28. Fire
areas are visualized according to the start dates of �res. The �res started simultaneously at many
different points on the same day (Figure 9a). The reasons for the exit of the �res around Manavgat are
indicated as unknown (unknown), unidenti�ed (unidenti�ed �re-raising) according to the data of the
General Directorate of Forestry. The �rst starting points of the �res lasted until August 12, including large
forest areas around it (Figure 9b). Around Antalya, the �res that lasted for the �rst two weeks of August,
neglect, and carelessness at many points, and accidents (electrical lines) were experienced. Fires in
Muğla started on 29 July. Fires that started on the Bozburun Peninsula and on the mountainside of
Gölgeli (Figure 9c) In August, in addition to these areas, �res broke out in the forest scrub in the north of
Gökova Bay (Figure 9d). The �res that lasted for a long time were concentrated in certain areas as
visualized in the relevant maps in Figure 9. The fact that the �res could not be brought under control until
mid-August caused the ecosystem in this area to be completely lost.

The wind direction and speed information of the meteorology stations in the �re area between 28 July
and 12 August are shown in Figure 7 together with the topographic characteristics of the area. The speed,
direction, and frequency of the wind are the most important parameters that affect the climatological
characteristics of the environment during the heatwave period. The local wind conditions have increased
the effects of the heatwave. According to the wind roses, the stations are generally under the in�uence of
the northerly circulation during the �re period.

The fact that the daily maximum wind speeds are above 10 m/sec is a factor that prepares the Foehn.
For example, on July 29, when the forest �res continued, the speed of the northerly wind was 8.2 m/sec in
Antalya and 12.1 m/sec at Antalya Akseki station (Figure 10).

Between 28 July and 5 August 2021, 21 forest �res were experienced in Antalya province and 14 forest
�res were experienced in Muğla. The �res in the region lasted until August 12, 2021. Between 28 July and
12 August, 425 football �elds (304 hectares) and 34563 football �elds (24688 hectares) were burned in
Antalya and Muğla, respectively. During the �re period, the heatwave and the increase in the speed of the
wind (foehn wind) have made it di�cult to �ght at �re sites. At the same time, these areas have also
made them vulnerable to forest �res caused by negligence, unknown, and vandalism.
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Conclusion And Discussion
Forest �res occurred in many parts of Turkey for different reasons between 28 July and 12 August 2021.
Most of the �res took place in the provinces of Antalya and Muğla. Within the scope of the study,
atmospheric conditions were evaluated during the �res caused by negligence, unknown, and vandalism.
For this reason, it was focused on the areas of responsibility of Muğla and Antalya Regional Directorates
of Forestry. In this context, temperature and wind data of 63 meteorology stations and upper atmosphere
observations were examined and evaluated.

Homogeneity tests were applied for the temperature data of the stations in the study area in the past
periods. The temperature variability/trends of the stations were evaluated from the recording period to the
present. The inhomogeneity of the temperatures was due to the change in the 1990s. After the 1990s, the
inhomogeneity of temperatures is strongly related to the increasing warming trends.

In addition, hourly temperature, pressure, wind direction, and speed data as well as meteorological maps
(surface, 700 hPa, 800 hPa, and 500 hPa) were evaluated within the scope of the study between 25 July
and 15 August 2021. The upper atmospheric �ow was mapped during the forest �re period. Heatwaves at
the stations were calculated in the long-term period.

According to an assessment by the authorities of Turkey, 34563 sizes of football �elds were burned in
forest areas within the borders of Mugla Regional Directorate. In the same period, a forest area the size of
425 football �elds was burned within the borders of Antalya regional directorate.

One of the most important factors causing the development of wild�res and the disruption of the
intervention is the heatwave experienced in Antalya and Muğla provinces. At the time of the forest �re, the
region is generally dominated by warm air masses. According to the data from Isparta rawinsonde
station, the lack of moisture in the air masses at the time of the start of �res caused an increase in the
in�uence of the �re. At the same time, the northernly air�ow was �owing through Turkey towards the
Basra low pressure. This northerly air�ow caused a foehn wind around Muğla and Antalya. The heatwave
and strong foehn wind caused increased sensitivity to �re in this area. Atmospheric conditions during the
�res caused severe loss of forest areas and biodiversity in these areas.
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Figure 1

Geographical distribution of the stations used in the study and the location of the study area.
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Figure 2

Total output according to cause of �re and burning forest area in 1997-2020
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Figure 3

Distribution of heatwaves in Muğla and Antalya provinces by years.
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Figure 4

The distribution of the maximum temperatures above the 95th percentile in the stations on 25 July and
15 August 2021 (The black line is the date of the �re that started in Manavgat).
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Figure 5

Contour and isotherm at 00:00 GMT surface and 500 hPa level as a) 28.07.2021 & b) 02.08.2021.
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Figure 6

Skew-T Log P diagrams of Isparta rawinsonde station on a) 28.07.2021 and b) 02.08.2021.
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Figure 7

Wind directions and speeds at a)300hPa and b)700hPa c) 10m levels between on 28 July and 12 August
2021.
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Figure 8

Geographical distribution of �res by �re acquired date a) Antalya Province in July, b) Antalya Province in
August, c) Mugla Province in July, d) Mugla Province in August.
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Figure 9

Wind roses of the stations in the study area during the �re period.


