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Abstract

Summer and tropical days are determined about the daily maximum air temperature values. Examining the annual numbers of summer
and tropical days is one of the methods to reveal changes and trends in air temperatures and therefore in climate on a global, regional
and local scale. This study aims to examine the long-term changes and trends of the annual numbers of summer and tropical days of
the Lakes District of Turkey, which is located in the transition zone between Mediterranean climate and Central Anatolia continental
climate between the period of 1969-2014 at 11 meteorological stations. Singular scanning method was used in the study. The results
suggest that the numbers of summer and tropical days changed within the years of the period examined. In the analyzed period, it has
been determined that the annual numbers of summer and tropical days and the annual numbers of tropical days change within years
and periods, and show an increase, and trend lines also indicate an increase. It was determined that the number of tropical days
showed a significant increase trend in all stations and in the average of the study area. Also, it has been determined that the annual
numbers of summer days generally decrease over the years and periods and the trend lines also indicate a decrease. The number of
summer days shows a decreasing trend that is not significant in Beysehir, Egirdir and Uluborlu stations, but significant in other stations
and in the average of the study area. The increasing trend in tropical days can be considered as a potential risk for human health and
activities and natural environment.
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INTRODUCTION

As it is known, the processes occurring in the atmosphere, which is one of the most important elements in the system of
the Earth, create weather events and climate. The most important factor that forms the weather events and climate is
air temperature (D6nmez, 1984). Depending on the shape and movements of the Earth and geographical factors, instant,
daily, seasonal and long-term changes in air temperatures can be seen on a global and local scale.

The changes in air temperature have important effects on living and inanimate environmental components on Earth.
Especially the effects of extreme air temperatures are very important. For this reason, since the second half of the 19th
century, when meteorological data was started to be recorded, scientific researches on air temperature on a global and
local scale increased rapidly. Among the most researched topics in this process, revealing long-term and simultaneous
conditions and changes in air temperatures and evaluating extreme air temperatures have taken an important place. The
number of scientific research on this subject has increased rapidly since the last quarter of the 20th century. These
research studies have created important literature over time. For example, it is stated that the number of publications
on climate change has been going up since the 1980s (IPCC, 2014).

Global research dealing with different aspects of the change in air temperatures and climate include Lafta and Lorenzen
(1995), Adams et al., (1998), Klein Tank and Kénnen (2003), Alexander et al., (2006), Christensen and Christensen (2007),
Kang et al., (2009), Hansen et al., (2010), Zhang et al., (2011), Hatfield and Prueger (2015), Caloiero (2017) can be counted.
Research on the Mediterranean basin on this subject can be given as examples of the research of Arseni- Papadimitriou
and Maheras (1991), Xoplaki et al. (2003), Kostopoulou and Jones (2005), Diffenbaugh et al. (2007), Alpert et al. (2008),
Giorgi and Lionello (2008), Hertig et al. (2010), Kuglitsch et al. (2010), Simolo et al. (2014). Research on Turkey on the
change in air temperatures and climate can be given as examples of the research of Turkes (1995), Turkes et al. (1995),
Tilrkes et al. (1996), Kadioglu (1997), Cicek (2000), Kadioglu et al. (2001), Tlrkes et al. (2002), Tirkes and Simer (2004);
Acar Deniz and Tirkes (2011), Toros (2012), Karabulut (2012), Acar Deniz (2013), Acar Deniz and Gonencggil (2015), Dogan
et al. (2015), Sutgibi (2015), Gonenggil and Acar Deniz (2016) and Bayer Altin and Barak (2017).

The Intergovernmental Panel on Climate Change (IPCC) is established by the World Meteorological Organization (WMO)
and the United Nations Environment Program (UNEP) to address the issue of climate change, which also includes changes
in air temperature on a global and local scale. Within this unit, the process is constantly being monitored, predictions
related to the emerging situation and future is put forward, information is provided to partners about the precautions to
be taken, and recommendations are made. The first report titled Climate Change, issued among the reports of the
Intergovernmental Panel on Climate Change (IPCC) was published in 1990 (IPCC, 2014). Especially after the 1980s,
attention is drawn to the increase in air temperatures worldwide. In this context, evaluations regarding heat waves that
cause the death of many people in a short time have an important place. For example, in the “Climate Change Third
Assessment Report” (AR3) published in 2001, the same unit highlighted the decrease in the incidence of extremely low
temperatures and the increase in the incidence of extremely high temperatures (Kadioglu, 2012).

In the last 30-40 years, evaluations have been made regarding that extreme air temperatures have led to an increase in
human mortality in some zones, while in some regions increased air temperatures have led to a decrease in cold- related
deaths (IPCC, 2014). On the other hand, the emphasis is placed on assessments regarding the possible effects of the
increase in air temperatures on issues such as human health, air quality, vegetation efficiency, phenology, hydrological
systems, water resources and forest fires (Lafta and Lorenzen, 1995; Adams et al., 1998; Kang et al., 2009; Erlat and
Tirkes, 2013; Turkes and Altan, 2013; Hatfield and Prueger, 2015).

As mentioned above, intensive research is being conducted on the change in air temperatures and climate at a global,
regional, and local scale. In this context, one of the methods to reveal the change in air temperatures and climate is to
examine the long-term change in the number of summer and tropical days. The day when the maximum daily air
temperature is between 25°C and 30°C is called summer day (Ering, 1984; Erol, 1988; Erlat and Yavasli, 2009, Erlat and
Yavasli, 2011; Zhang et al., 2011; Erlat and Turkes, 2013; Aykir, 2017). The day, in which the daily maximum air
temperature exceeds 30°C, is named as a tropical day (Ering, 1984; Erol, 1988; Nastos and Matzarakis, 2008: 75; Erlat and
Yavasli, 2009; Erlat and Yavasli, 2011; Zhang et al., 2011; Erlat and Tirkes, 2013).

Summer and tropical days considered being hot and very hot days have important effects on the natural environment,
human life, and activities. For example, the increase of evaporation in summer and tropical days affects almost all living
beings, especially humans, by slowing down their lives, causing them distress and creating drying effects (Erol, 1988).
Especially tropical days considered to be very hot days have a negative impact on human health, especially for those who
are sensitive to high air temperatures due to metabolic problems and reduces climate comfort (Nastos and Matzarakis,
2008). In addition, due to the increasing need for cooling these days, electricity consumption increases, the probability
of forest fire is rising, drought becomes more pronounced, heavy rains and linked flooding can occur and significant losses
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in agricultural production may occur. One of the methods to predict, eliminates, or minimizes these incidents and a similar
effect is to examine the long-term variability and trends of summer and tropical days.

As mentioned above, researches including extremely high temperatures, summer, and tropical days on a global, regional,
and local scale have been conducted. However, it has been determined that research involving direct summer and
tropical days are limited. In the following, the results of some of the research covering the study area and its surroundings
and the period of approximately 1969-2014 are briefly mentioned.

In the studies related to the European and Mediterranean basins, it is stated that the annual number of summer days
increased when the air temperatures were seen at high values in the last quarter of the 20th century (Klein Tank and
Kénnen, 2003; Xoplaki et al., 2003; Kuglitsch et al., 2010; Erlat and Tirkes, 2013). In a survey conducted by the Lelievel
et al. (2012), in the Balkan Peninsula and Turkey have been found to increase the maximum air temperature values. A
study in the period of 1960-2006 concluded that heatwaves increased in the Eastern Mediterranean, including Turkey
(Kuglitsch et al. 2010). On the other hand, in a survey conducted by Erlat and Yavash (2011), in Turkey, have been found
to increase the air temperature values. In a study, it was determined that heatwaves were more severe in southwest
Anatolia including the study area between 1960 and 2006 (Kuglitsch et al., 2010). In another study, it was concluded that
the temperature regime changed significantly towards more temperate and warm conditions in Turkey, between 1985
and 2010, due to global warming (Turkes, 2013). It is observed that the number of hot days in Turkey has increased since
the 1990s in particular (Tlrkes, 2012). Acar et al. (2018) noted an increase in the frequency of hot and extremely hot days
as of 1966-2014 period. As can be seen, air temperatures in the south of Europe, the Mediterranean basin, and Turkey
have generally increased as of the 1969- 2014 period. This situation indicates that global warming is experienced in these
areas.

According to IPCC (2013), in parallel with the increasing air temperatures on a global scale, an increase in the annual
number of summer days is observed. For example, it is stated that the annual number of summer days has risen in Europe
in the last 30 years (Aykir, 2017). Erlat and Yavash (2011) stated that the number of summer days increased in the
southern regions of the European continent during the 1980-2010 period. In another study, particularly noted the
increase in the annual number of summer days in the Eastern Mediterranean (Giannakopoulos et al., 2009). The annual
number of summer days was determined to increase in researches on Turkey and covering the period of 1960- 2010
(Sensoy et al., 2008; Sensoy et al., 2013; Abbasnia and Toros, 2018). In a study covering the period 1950-2010, the annual
number of summer days in Turkey has been found to show a significant upward trend after 1975 (Erlat and Turkes, 2013).
In another study, it was concluded that there was a general decrease in the annual number of summer days in Turkey
(Acar Deniz, 2013). According to the results of the researches mentioned briefly southern Europe, the Mediterranean
basin, and in Turkey, the annual number of summer days is usually expressed as an increase in the 1969-2014 period.
However, it should be noted that the days defined as summer days in these studies generally cover tropical days. That is
the days when the daily maximum air temperatures exceed 25°C are described as summer days, and tropical days are
evaluated within the scope of summer days.

Erlat and Yavasli (2011) stated that the annual number of tropical days increased in the southern regions of the European
continent in the period of 1980-2010. The annual number of tropical days in Greece has been determined to increase
between 1976 and 2000 (Nastos and Matzarakis, 2008). Erlat and Turkes (2013) stated that the annual number of tropical
days in Turkey was determined to show a significant upward trend after 1975. In another study, it was found that the
annual number of tropical days has increased significantly throughout Turkey since 1990 (Kadioglu, 2012). A study
conducted by Acar Deniz (2013) concluded that there is a tendency towards an increase in tropical days in Turkey. Erlat
and Turkes (2017) stated that the annual number of tropical days in Turkey has reached the conclusion that demonstrates
a strong upward trend after 1985. As it is seen, the annual number of tropical days in the south of Europe, the
Mediterranean basin, and Turkey in the 1969-2014 period have generally increased. This suggests that global warming is
clearly occurring in these areas.

It is determined that the number of annual summer and tropical days tends to increase in the Aegean Region, which is
very close to the study area (Erlat and Yavasli, 2009). A study covering the 1939-2008 period also noted a significant
increase in the annual number of summer and tropical days in the Aegean Region (Erlat and Yavasl, 2011). In a study
covering the Adana Sub-Region, which is also close to the study area, it was determined that the annual number of
summer and tropical days showed positive anomaly values between 1993 and 2014 (Bayer Altin and Barak, 2017). In a
study covering Beysehir and Seydisehir stations included in the scope of this study, the total annual number of summer
and tropical days in these two stations as of 1972-2011 period significant level increase trend has been identified (Kilig,
2016). In the study conducted by Aykir (2017), a significant downward trend in the number of annual summer days in
Isparta was determined. As can be seen, the study area and its surroundings were emphasized that the annual numbers
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of summer and tropical days and the annual number of tropical days have been increased. In only one study, the
downward trend in the number of annual summer days in Isparta was noted.

As can be seen, research studies have been conducted on various scales, including the study area and its surroundings,
including the annual number of summer and tropical days. However, there is no extensive research on the number of
summer and tropical days in the Lakes District of Turkey. Therefore, this is considered as an important study in terms of
eliminating the deficiency that has emerged.

This study aims to examine the long-term changes and trends of the annual number of summer and tropical days at the
Lakes District of Turkey in the 1969-2014 period. In this sense, the question of "How did the long-term changes and trends
the annual number of summer and tropical days at the Lakes District of Turkey evolve during the 1969-2014 period?" will
be tried to be answered. In this regard, two sub-questions are determined. These are stated as “How did the long-term
changes and trends the annual numbers of summer days at the Lakes District of Turkey evolve during the 1969-2014
period?" and “How did the long-term changes and trends the annual numbers of tropical days at the Lakes District of
Turkey evolve during the 1969-2014 period?"

LOCATION OF THE STUDY AREA

The study area also covers the Lakes District of Turkey, is located within the borders of Antalya Sub-Region, the
Mediterranean geographical region of Turkey. The study area is a transition area between the Mediterranean, Aegean,
and Central Anatolia geographical regions (Figure 1). This area has large and small lakes, especially Beysehir, Egirdir,
Burdur, and Acigol. The name of the Lakes District of Turkey also comes from these lakes. The study area includes Isparta
and Burdur provincial centers, as well as settlements located within the borders of Isparta, Burdur, Antalya, Konya, and
Afyonkarahisar provinces. This study is limited to 11 meteorological stations selected from the Lakes District of Turkey.
The location of the stations is shown in Figure 1.
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Figure 1: Location of the Study Area (taken and modified from Guiglt, 2015)
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DATA AND METHODS

Data

This study is limited to the daily maximum air temperature data sets between the period of 1969-2014 of 11
meteorological stations selected from the Lakes District of Turkey (Some properties of meteorological stations are shown
in Table 1). Data sets are provided by the General Directorate of Meteorology. Even though geographically they are
located close to each other, the elevation values of the stations and the geographical characteristics of the sites in which
they are located differ. For example, Beysehir, Burdur, and Egirdir are located on the edge of lakes called by their names,
others on the plains. The station with the lowest elevation is Egirdir (920 m) and the highest station is Tefenni (1142 m)
(Table 1).

Table 1: Some Properties of Meteorological Stations Selected from the Lakes District of Turkey
Meteorological Data Latitude Longitude Elevation (m) Average air temperature (°C) (1969-
station period °) ) (above sea 2014 period)
level)
Korkuteli ;g?i_ 37,0565 30,1910 1017 12,6
Tefenni ;gii' 37,3161 29,7792 1142 11,9
Seydisehir ;g?i' 37,4267 31,8490 1129 11,9
Beysehir ;g?i_ 37,6777 31,7463 1141 10,9
Burdur ;gii_ 37,7220 30,2940 957 13,3
Isparta ;g?i' 37,7848 30,5679 997 12,2
Egirdir ;gii_ 37,8377 30,8720 920 12,7
Dinar ;gii- 38,0598 30,1531 864 12,9
Uluborlu ;gii- 38,0860 30,4582 1025 11,8
Senirkent ;gii- 38,1047 30,1910 959 12,6
Yalvag ;gii- 38,2830 31,1778 1096 11,3
METHODS

As it is aimed at this study to examine the long-term changes and trends in the annual number of summer and tropical
days during the 1969-2014 period at the Lakes District of Turkey, the general screening model is used as the most suitable
research model. The general screening model is one of the screening models that aim to describe a situation that exists
in the past or still as it exists (Karasar, 2004). In this model, single or relational screening could be done (Karasar, 2004).
In this study, a single screening model was used.

Within the scope of this research, the first stage of the meteorological stations in the study area was determined within
the framework of the research question and sub-questions. The daily maximum air temperature data sets of these
stations were provided by the General Directorate of Meteorology. In the second stage, the daily maximum air
temperature data sets were checked, and 11 meteorological stations were selected covering the period of 1969-2014
and representing the general climatic characteristics of the study area. The locations of the stations are shown in Figure
1; some of them are shown in Table 1. In the third stage, the annual number of summer and tropical days of each
meteorological station was determined. These data were transferred to tables using the Microsoft Excel 2010 program.
At this stage, the annual number of summer and tropical days was processed into tables for each station and as the study
area average. In addition, the annual numbers of summer and tropical days were detected in five periods. The data
obtained in the fourth stage were transferred to the graphs. 5-year averages and trend lines were also shown in the
graphs showing the number of annual summer and tropical days of each station. Mann-Kendall trend test was applied
for the trend of annual numbers of summer days and tropical days. In the final stage, the results obtained were discussed
with the results of other studies. The results of this research are presented below according to the research question and
sub-questions.
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RESULTS AND DISCUSSIONS

General Climatic Characteristics of the Study Area

The study area isin the transition climate zone between the Mediterranean climate and the Central Anatolian continental
climate in terms of geographical location (Atalay, 2010). Weather events and climate conditions of the Lakes District of
Turkey is under the effect of general atmospheric circulation and weather systems affecting Turkey, as well as the
district's physical geographical features (Erlat and Turkes, 2013). The study area is affected by different air masses
throughout the year. It is affected by tropical and polar air masses from September/October to March/April. It is affected
by tropical air masses in the summer period. Depending on this, air temperatures vary by months and days. For example,
in the periods when the effectiveness of the Azores anticyclone increases, warm weather conditions generally occur (Erlat
and Turkes, 2013).

During the 1969-2014 period, the annual average of air temperatures by selected meteorological stations from the Lakes
District of Turkey show variations from 10,9°C (Beysehir) and 13,3°C (Burdur) (Table 1). At any station, the monthly
average air temperature value does not go below 0°C and does not exceed 25°C. As well as throughout Turkey, monthly
average air temperature values are lower in winter months, whereas it has higher values in summer months (Figure 2).
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Figure 2: Monthly Average Air Temperature Values of the Meteorological Stations Selected from the Lakes District of Turkey
between the Period of 1969-2014

Monthly average air temperatures ranged from 21,1°C (Beysehir) to 23,2°C (Senirkent) in the summer season, when there
is a high probability of appearing in summer and tropical days as of 1969-2014 period. In other words, monthly average
air temperatures do not exceed 25°C in the summer season (Figure 2). On the other hand, monthly average air
temperatures in the summer season showed values between 19°C (Beysehir-June) and 24,8°C (Burdur-July) for the 1969-
2014 period. Average temperature values ranged from 22,3°C (Beysehir) to 24,8°C (Burdur) in July, where the highest air
temperatures were observed during the year (Figure 2). Accordingly, the type of temperature regime, which is called
continental transition type, is seen in the study area.

Changes in the Annual Number of Summer and Tropical Days (1969-2014 Period)

The average annual number of summer and tropical days was determined as 115,2 days at Lakes District of Turkey. The
annual number of summer and tropical days ranged from 96,7 days (Beysehir) to 128,7 days (Burdur) (Table 2). This result
coincides with the result of the research conducted by Erlat and Yavasli (2009) that the number of summer days and
tropical days varies according to the stations in the Aegean Region. On the other hand, these values are above the average
of the study area in Beysehir, Egirdir, Isparta, Seydisehir, and Uluborlu (Figure 1; Table 2). The annual number of summer
and tropical days numbers are below the average of the study area in Burdur, Dinar, Korkuteli, Senirkent, Tefenni and
Yalvag (located in the west of the study area) (Figure 1; Table 2). Accordingly, it can be said that the annual number of
summer and tropical days is higher in the western part of the study area.

Table 2: The Annual Number of Summer and Tropical Days in Meteorological Stations Selected from the Lakes District of Turkey
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between the Period of 1969-2014
Annual The Highest Th:nl'::;TSt Annual The Highest The Lowest
Meteorological Annual Average Average Annual Number of Average Annual Number Annual
N Number of Summer Number of Number of Number of A Number of
station . Summer . of Tropical .
and Tropical Days Summer Summer Days Tropical Tropical Days
Days and Days and Year
Days and Year Days and Year
Year
Beysehir 96,7 71,6 97-1994 46-1986 25,1 52-2007 4-1976
Burdur 128,7 62,5 92-1976 26-2008 66,2 104-2008 27-1976
Dinar 126,5 64,7 93-1976 33-2008 61,8 96-2008 23-1976
Egirdir 97,4 67,5 92-1984 36-2014 27,4 60-2008 5-1983
Isparta 114,5 68,3 94-1973 44-2008 46,2 79-2001 14-1983
Korkuteli 126,3 66,8 103-1984 37-2012 59,5 106-2012 20-1983
Senirkent 117,6 64,9 85-1997 34-2008 52,9 95-2012 18-1971
Seydisehir 110,5 67,5 92-1984 36-2014 43 72-2010 11-1983
Tefenni 116,7 66 87-1973 39-2011 50,7 90-2012 16-1983
Uluborlu 106,4 68,8 95-2003 45-2008 37,7 69-2008 13-1983
Yalvag 126,4 65,1 96-1976 34-2008 61,3 95-2008 23-1976
Average of
study area 115,2 66,7 87,9-1984 43,8-2008 48,3 80,2-2008 17,5-1983

Five periods have been determined at selected meteorology stations to demonstrate the status of summer and tropical
days in certain periods (Figure 3). Accordingly, although the duration varies, the total duration of summer days and
tropical days generally increased (at all stations in the period 1980-2009) (Figure 3).
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Figure 3: The Annual Numbers of Summer and Tropical Days According to Certain Periods in Meteorological Stations Selected
from the Lakes District of Turkey between the Period of 1969-2014

In the meteorological stations selected from the study area, 5 periods were determined in order to reveal the situation
of the annual number of summer and tropical days in certain periods. These periods were determined as the 1970-1979
(Period A), 1980-1989 (Period B), 1990-1999 (Period C), 2000-2009 (Period D) and 2010-2014 (Period E) (Figure 3).

Accordingly, the annual number of summer and tropical days has increased in general (in all stations between the period
of 1980-1989 and 2000-2009) although it changes according to the periods at the Lakes District of Turkey varied (Figure
3). This result coincides with the result of the research conducted by IPCC (2013) that the number of summer days
increased in parallel with the increase in air temperatures on a global scale (Aykir, 2017); with the result of the research
conducted by Erlat and Yavasli (2011) that the annual summer and tropical day numbers has increased in the southern
regions of the European continent during the last 30 years; with the result of the research conducted by Erlat and Tirkes
(2013) that after the summer of 1975 as well as an overall upward trend in the annual number of summer days and
tropical days; with the result of the research conducted by Erlat and Yavasli (2009) that there is an upward trend in the
annual number of summer and tropical days in Aegean Region; with the result of the research conducted by Altin and
Barak (2017) that the annual number of summer and tropical days shows positive anomaly values in Adana during 1993-
2014; with the result of the research conducted by Kili¢c (2016) that there is a statistically significant upward trend in the
number of the annual total summer and tropical days in Beysehir and Seydisehir during the period of 1972-2011.

In this regard, it shows that the days in which air temperatures exceeding 25°C are higher in almost every period. The
number of days of air temperatures exceeding 25°C has increased almost every period in the study area as the 1969-
2014 period (Figure 3). It can be said that this situation is parallel to the change in air temperatures in the Mediterranean
basin in the 1969-2014 period. The change in summer and tropical days by years is also related to the increase in air
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temperatures in the study area and anomalies in atmospheric circulation. For example, during periods when continental
tropical air masses originating from northern Africa are introduced into the study area over the Mediterranean Sea, the
daily maximum air temperatures rise and, accordingly, total numbers of summer day and tropical days are increasing.

Changes in the Annual Number of Summer Days (1969-2014 Period)

As of the selected meteorological stations, the average number of summer days at the Lakes District of Turkey was
calculated as 66,7 days for the 1969-2014 period. The annual average number of summer days showed values ranging
from 62,5 days (Burdur) to 71,6 days (Beysehir) according to stations (Table 2). There are no spatially significant changes
in the annual number of summer days. Annual numbers of summer days are higher than the average of the study areain
Beysehir, Egirdir, Isparta, Korkuteli, Seydisehir, and Uluborlu; lower than the average of the study area in Burdur, Dinar,
Senirkent, Tefenni and Yalvag (Table 2). On the other hand, the annual average number of summer days showed a
decrease in general from 1970-1979 to the 1980-1989 period, increased in 1990-1999, and then decreased in general
(Figure 4).
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Figure 4: The Annual Numbers of Summer Days According to Certain Periods at Meteorological Stations Selected from the
Lakes District of Turkey between the Period of 1969-2014

Looking at the trend line, it can be seen that it extends above the average in the period of 1969-1990 and below the
average in the period of 1990-2014 (Figure 5). The trend line of the annual average number of summer days is shaped in
the direction of decrease at the Lakes District of Turkey (Figure 5). According to the average of the study area, it is
determined that the number of summer days shows a significant decrease trend (Kendall’s tau value: -0,350; p value:
0,001).
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Figure 5: Trend in the annual number of summer days in the period 1969-2014 according to the average of 11 stations in the
study area

This result coincides with the result of the research conducted by Acar Deniz (2013)’s stating that there is a general
downward trend in the annual numbers of summer days in the western half of Turkey; with the result of the research
conducted by Aykir (2017)’s stating that has seen a significant decline in annual summer days numbers in Isparta. On the
other hand, this result differs from the result of the research conducted by IPCC (2013)’s stating that the increasing air
temperature also causes an increase in the annual number of summer days at a global scale and in the European scale
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the annual number of summer days has increases for the last 30 years (Aykir, 2017); the result of the research conducted
by Abbasnia and Toros (2018)’s stating that the annual numbers of summer days increased in Turkey from the year 1960
to the year 2010; the result of the research conducted by Giannakopoulos et al. (2009)’s stating that highlighted the
increase in the annual number of summer days in the eastern part of the Mediterranean; the result of the research
conducted by Sensoy et al. (2008)’s, by Sensoy et al. (2013)’s and by Abbasnia and Toros (2018)’s stating that in the 1960-
2010 period to increase the annual number of summer days in Turkey; the result of the research conducted by Erlat and
Turkes (2013)’s stating that a significant increase in the annual number of summer days tend after 1975 in Turkey. This
difference is thought due to the inclusion of tropical days in the number of summer days in related studies.

Looking at the trend line, it can be seen that it extends above the average in the period of 1969-1990 and below the
average in the period of 1990-2014 (Figure 5). As mentioned above, the study area is located in the transition zone
between the Mediterranean climate and Central Anatolia continental climate. The average elevation of meteorological
stations selected from the study area is 1022 m. For this reason, especially in the summer, when the continental tropical
air mass is effective, the study area gets warmer during the daytime. This shows that the air temperatures measured
during the daytime increase even more in the study area. This suggests that the air temperatures measured during the
day in the study area are even higher. Accordingly, it could be stated that the possibility of experiencing tropical days is
higher in the days of summer. Therefore, the probability of a tropical day rises in the days described as a summer day.
The fact that the number of summer days tends to show a decrease in the study area (especially in the summer) shows
that the air temperature rises rapidly throughout the day and rapidly reaches the tropical day values from the summer
day values.

The years with the highest and lowest annual number of summer days are shown in Table 2. According to the selected
meteorological stations, the years with the highest annual number of summer days was observed in Tefenni and Isparta
in 1973; in Burdur, Dinar, Egirdir, and Yalvag in 1976; in Egirdir and Korkuteli in 1984; in Beysehir in 1994; in Senirkent in
1997 and in Uluborlu in 2003 (Table 2). 1986 in Beysehir; 2008 in Burdur, Dinar, Isparta, Senirkent, Yalvag, and Uluborlu;
2011 in Tefenni; 2012 in Korkuteli; 2014 in Egirdir and Seydisehir are reported as the years, in which the lowest annual
number of the summer days is observed (Table 2). As can be seen, variability is observed in the years when the annual
number of summer days is the highest and the lowest. In this variability, it can be said that the geographical location of
each station and anomalies in atmospheric circulation are effective.

The annual number of summer days by years during 1969-2014, the average of the 1969-2014 period, 5-year running
average, and trend lines of selected 11 meteorological stations from the study area are separately shown in Figure 6.
Accordingly, it could be seen that the number of summer days in all stations varies and decreases within years, and trend
lines are shaped in the direction of a decrease in all stations. However, it is determined that the downward trend in
Beysehir (Figure 6a: Kendall’s tau value: -0,126; p value: 0,225), in Egirdir (Figure 6d: Kendall’s tau value: --0,202; p value:
0,051)) and in Uluborlu (Figure 6j: Kendall’s tau value: -0,163; p value: 0,116) is not significant. A significant downward
trend has been detected at other stations.

In parallel with the change in atmospheric circulation and global and regional temperatures affecting the study area in
the annual number of summer days was determined a decrease in almost all stations in 1975, 1977, 1980, 1986, 1990,
1996, 1998, 2000, 2005, 2006, 2008 and 2014; an increase in almost all stations was determined in 1976, 1979, 1984,
1987, 1992, 1997, 1999, 2001, 2003, 2007, 2009 and 2013 (Figure 6).
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Figure 6 (6a, 6b, 6c, 6d): Trends in the Annual Number of Summer Days Between the Period of 1969-2014 for 11 Meteorological
Stations in the Study Area
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Changes in the Annual Number of Tropical Days (1969-2014)

At the Lakes District of Turkey, the average annual number of tropical days of 11 meteorological stations was calculated as
48,3 days. The annual number of tropical days showed variations from 25,1 days (Beysehir) to 66,2 days (Burdur) according
to the stations (Table 2). There are changes in the annual number of tropical days related to the geographical location of each
station. On the other hand, the number of tropical days increased from 1970-1979 to 2000-2014 in the study area in general
(Figure 7).

The years with the highest and lowest annual number of tropical days are shown in Table 2. The years with the highest annual
number of tropical days were determined as 2001 in Isparta, 2007 in Beysehir, 2008 in Burdur, Dinar, Egirdir, Uluborlu and
Yalvag, 2010 in Seydisehir, 2012 in Korkuteli, Senirkent and Tefenni (Table 2). The lowest annual numbers of tropical days
were determined as 1971 in Senirkent, 1976 in Beysehir, Burdur, Dinar and Yalvag, 1983 in Egirdir, Isparta, Korkuteli,
Seydisehir, Tefenni and Uluborlu (Table 2). As can be seen, the years in which the annual number of tropical days was the
highest and lowest varied in the study area. It can be said that the geographical location of each station, urban heat island
formations, and anomalies in the atmospheric circulation are effective in this change.
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Figure 7: The Annual Numbers of Tropical Days According to Certain Periods of 11 Meteorological Stations for the Period 1969-2014
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The trend line of the annual average number of tropical days is shaped in the direction of an increase in the Lakes District of
Turkey (Figure 8). Looking at the trend line, it can be seen that it extends below the average in the period 1969-1990 and
above the average in the period 1990-2014. According to the average of the study area, the number of tropical days showed
a significant increase trend (Kendall’s tau value: 0,580; p value: < 0,0001).
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Figure 8: Trend in the Annual Number of Tropical Days in the Period 1969-2014 According to the Average of 11 Stations in the
Study Area

This result coincides with the result of the research conducted by Kadioglu (2012) ’s statement that the annual number of
tropical days has increased significantly since 1990 across Turkey; with the result of the research conducted by Acar Deniz
(2013) ’s statement that there is a trend towards an increase in the number of tropical days in Turkey; with the result of the
research conducted by Erlat and Turkes (2013) ’s statement that in the annual number of tropical days in Turkey has shown a
significant upward trend after 1975; with the result of the research conducted by Erlat and Tirkes (2017) ’s statement that
the annual number of tropical days showed a strong upward trend after 1985 in Turkey. On the other hand, this indicates
that air temperatures in the study area increase rapidly during the day, especially during summer, as stated in the evaluation
section on the number of summer days, so the specific day changes rapidly from summer to tropical day. This is especially
evident in summer when the continental tropical air mass is effective.

The annual number of tropical days by years between 1969 and 2014, the average of 1969-2014 period, 5-year running
average, and trend lines of selected 11 meteorological stations from the study area are separately shown in Figure 9.
Accordingly, it could be seen that the annual number of tropical days in all stations varies and increases within years, and
trend lines are shaped in the direction of an increase in all stations. It is clearly seen from the formulas on the figures that
the increase is evident (Figure 9). On the other hand, it was determined that the number of tropical days showed a
significant increase trend in all stations (Kendall's tau values range from 0,423 (Isparta) to 0,647 (Senirkent). P value was
determined as < 0,0001 in all stations.
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Figure 9 (9a, 9b, 9¢, 9d). Trends in the annual number of tropical days in the period 1969-2014 for 11 meteorological
stations in the study area
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Continuation of Figure 9 (9i, 9j, 9k)

In parallel with the changes in atmospheric circulation and global and regional temperatures affecting the study area, the
annual number of tropical days decreased in almost all stations in 1976, 1979, 1983, 1992, 1997, 1999, 2002, 2009, and 2011
(Figure 9). However, for the same reasons, the annual number of tropical days increased in almost all stations in 1977, 1986,
1994, 1998, 2001, 2008, and 2012 (Figure 9).

CONCLUSIONS

In this study, the long-term changes and trends of the annual number of summer and tropical days between the period
of 1969-2014 in the Lakes District of Turkey by using the data of daily maximum air temperature of the selected 11
meteorological stations are examined. The study area, where the transition climate between the Mediterranean climate
and Central Anatolia continental climate is effective, has a continental transition type temperature regime.

Summer and tropical days at the Lakes District of Turkey are often seen in summer months when the field is under the
influence of tropical air masses. In summer, air temperatures rise rapidly during the daytime. It usually increases above
30°C on days when it exceeds 25°C. Accordingly, the days covered by the summer day are likely to turn into tropical days.
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The average annual number of summer and tropical days was determined as 115,2 days at the Lakes District of Turkey.
This value ranges from 96,7 days (Beysehir) to 128,7 days (Burdur) according to meteorological stations. In this study, it
was determined that the annual number of summer and tropical days at the Lakes District of Turkey was generally
increased in the 1980-2009 period in all stations. The trend line of the average number of summer and tropical days is
shaped in the direction of an increase in the study area.

The annual number of summer days ranges from 62,5 days (Burdur) to 71,6 days (Beysehir) and the average of the study
area was calculated as 66,7 days. As the selected meteorological stations the annual number of summer days is different.
It can be said that the geographical location of each station and anomalies in the atmospheric circulation is effective in
this difference. The number of summer days in the study area decreased in the 1980-2014 period in general. The trend
line of summer day numbers is also shaped in the direction of a decrease in all stations. The number of summer days
shows a decreasing trend that is not significant in Beysehir, Egirdir and Uluborlu stations, but significant in other stations
and in the average of the study area.

In parallel with the change in atmospheric circulation and global and regional temperatures affecting the study area in
annual number of summer days was determined a decrease in almost all stations in 1975, 1977, 1980, 1986, 1990, 1996,
1998, 2000, 2005, 2006, 2008 and 2014; increase in almost all stations in 1976, 1979, 1984, 1987, 1992, 1997, 1999, 2001,
2003, 2007, 2009 and 2013.

As of the 1969-2014 period, the average annual number of tropical days was calculated as 48,3 days at the Lakes District
of Turkey. The annual number of tropical days ranged from 66,2 days (Burdur) to 25,1 days (Beysehir) according to
meteorological stations. It can be said that the geographical location of each station and anomalies in the atmospheric
circulation is effective in this difference. On the other hand, the annual number of tropical days in all meteorological
stations in the study area has generally increased and trend lines are shaped in the direction of increase in the 1969-2014
period. It was determined that the number of tropical days showed a significant increase trend in all stations and in the
average of the study area.

In parallel with the change in atmospheric circulation and global and regional temperatures affecting the study area in
the annual number of tropical days was determined a decrease in almost all stations in 1976, 1979, 1983, 1992, 1997,
1999, 2002, 2009 and 2011; increase in almost all stations was determined in 1977, 1986, 1994, 1998, 2001, 2008 and
2012.

As a result, the annual number of summer days declined at the Lakes District of Turkey for the period 1969-2014. The
annual number of tropical days and the annual number of summer and tropical days have increased. These results
indicate an increase in the maximum daily air temperature in the study area.
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