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Chapter 8
Turkey: Climate Variability, Extreme
Temperature, and Precipitation

Barbaros Gonencgil and Zahide Acar

Abstract Climate variability and climate change have significant impacts in many
areas of the world with different effects. It is generally accepted that changing cli-
mate variability and consequently changes in the intensity and frequency of extreme
climatic events may have strong effects on sensitive areas. The east of the
Mediterranean Basin in Turkey is one area where significant effects of climate vari-
ability may be experienced. Increases in extreme hot weather events and weak but
distinct decreasing tendencies in extreme cold weather events are worth noting.
Therefore, the increase in temperature, which has been rising since the early 2000s,
is also combined with decreases in very cold days. In addition, the decreasing ten-
dencies in total precipitation are accepted in many weather stations as important
signals of long-term drought. The increasing trend of consecutive dry days and the
decreasing trend of consecutive wet days can be considered as an indication that
severe precipitation events will be more pronounced in annual total precipitation.
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8.1 Introduction

Climate change is defined as trends in the direction of an increase or decrease in the
average or variability of climate elements globally over long time scales. Since cli-
mate change has become an important issue, doubts about the reliability of the data
used in the analysis have rightly increased. It is known that the changes and trends
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of many long-term climatological time series are not only caused by changes in
weather and climate.

The climate is variable in nature, and it is possible to see this variation in nature
on a spatial and temporal scale. A significant portion of this variability, such as year
to year or season to season, is only partially understood (Hare 1991; Smithers and
Smit 1997; Thornton et al. 2014). In addition to the natural cycle of climate, climate
change has strengthened due to the negative effects of human beings on the Earth’s
atmosphere. Nowadays, the increases in frequency and intensity of some natural
disasters can be accepted as an indicator of climate change.

Today’s rapidly increasing human activities lead to faster changes in the Earth’s
climate. The most significant parameter of the changes in climate relate to air tem-
peratures. With the increase in frequency and intensity of extreme weather events,
climate variability has increased to a greater extent.

Climate change in Turkey has long been one of the major issues related to cli-
mate studies. Turkey remains under the influence of different air masses in geo-
graphical location as winter and summer seasons. The seasonal differences due to
the geographical location increase with the effect of the geographical position.
Generally, Turkey is under the influence of a type of tropical airflow in summer,
while it is under the influence of winter polar air in winter. The air currents which
occur in Turkey are seen as the Siberian anticyclone, and as the polar front depres-
sion in winter, it develops under the influence of Azores anticyclone and under the
influence of low pressure from Basra which is an extension of the Monsoon low
pressure (Ering 1996; Erol 1999; Gonenggil 2008; Kocman 1993).

Depending on the characteristics of the general atmospheric circulation, Turkey
and the surrounding area are entirely dominated by tropical air masses in summer.
The western and northwestern regions of the region are occupied by marine air
masses (maritime tropical (mT)), while the southeast and southern regions by (con-
tinental tropic (cT)) air masses coming from the Atlantic. In summer, there are no
polar air masses in the Mediterranean Basin. Because Europe is in the north of the
field, it is hot in this season. Polar air masses to the north are less likely to be intro-
duced into the Mediterranean Basin in summer. In summer, atmospheric flows are
unsuitable for front and cyclone formation. According to previous studies, Turkey’s
total annual winter rainfall was generally increasing until the 1960s; however, since
the 1970s, decreasing trends have been identified. According to previous studies
conducted in the Mediterranean, Southeast Anatolia regions, and urban weather sta-
tions, significant warming trends in temperatures have been observed in more
densely areas (Acar and Gonenggil 2019; Acar et al. 2018; Deniz 2016; Erlat and
Tiirkes 2015; Gonenggil 2019; Gonenggil and Acar Deniz 2016).

When we examine the general country distribution of Turkey’s average tempera-
ture, lower temperatures latitudinally are observed in the northern parts than in the
southern parts. Similarly, lower averages are seen in the inner and eastern parts
where greater elevation is apparent. According to Mann-Kendall trend analysis, the
increasing trend is dominant in Turkey’s air temperatures (Kendall 1975; Mann
1945). These rising trends, which are particularly strong at minimum temperatures,
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are quite pronounced at average temperatures. Weather stations where significant
upward trends are weaker are generally seen in remote, rural stations in city centers.

8.2 Extreme Temperature Events

Many studies about extreme temperatures using different thresholds have been carried
out in Turkey. The common result of these studies is that extreme temperature events
are increasing and extreme cold events are decreasing (Acar and Gonenggil 2019;
Erlat and Yavaslh 2009; Sensoy et al. 2008; Unal et al. 2012). Due to the increase in
extreme climatic events, severe events such as hot/cold air waves and dry periods/
extreme rainy periods are among the most studied subjects in the Mediterranean
Basin. The effects of heat waves and extreme events in Greece, Balkans, and Romania
in 2007 were investigated after the heat wave that caused a large number of deaths in
2003 in Western Europe and especially in France and its surroundings. Many research-
ers developed a set of indices for climate parameters in order to objectively evaluate
extreme climate events (Alexander et al. 2006; Ferndndez-Montes and Rodrigo 2012;
Frich et al. 2002; Klein Tank and Konnen 2003; Luterbacher et al. 2004). This index
is made by utilizing the array of considerations related to spatial and temporal distri-
butions of extreme temperatures in Turkey.

The study area covers the region bounded by 26°E—45°E longitude and
36°N—42°N latitude, which includes Turkey. Daily maximum and minimum tem-
perature and precipitation records were provided for 158 weather stations by the
Turkish State Meteorological Service for the period 1964-2014. According to the
Mann-Kendall test, a statistically significant upward trend in average temperature
was observed in almost all of these weather stations in Turkey (Fig. 8.1).
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Fig. 8.1 The spatial distribution precipitation and trend change of total precipitation based on
Mann-Kendall rank test
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Temperature indices used in the study can be evaluated in two groups. The first
group is to determine the frequency (Max > 25, Min > 20, Min < 0 °C, Max < 0 °C)
of indices of the specified threshold. The second group is the indices used to calcu-
late temperature changes (extreme temperature range). These indices, where the
effects of climate change can be observed, and the indices of daily temperatures
have been calculated. In this study, the indices applied for temperatures are listed in
Table 8.1.

8.2.1 Summer Days

The largest number of summer days is on the southeastern and southern coast of
Turkey. There was an average of 85-90 days of summer in these areas during the
1964-2014 periods. This number falls in the high plateau and mountainous area in
Turkey’s northeast to 55 days (Fig. 8.2). The number of summer day’s index was the
highest in 1998, 2001, 2003, 2006, and 2008. The lowest summer day’s indices
were 1967, 1968 1976, 1983, and 1984. Overall, the average number of summer
days decreased in the 1966-2014 periods from south to north. The highest number
of summer days could be observed in the Southeastern Anatolia Region and at
weather stations in southwest Turkey, while the lowest number of summer days is
recorded in Anatolia.

Table 8.1 Definitions of the temperature indices used in this study

Index | Descriptive name Definition

SU | Summer days Annual count of days when TX (daily maximum
temperature) > 25 °C

TN | Tropical night Annual count of days when TN (daily minimum
temperature) > 20 °C

FD Frosty days Annual count of days when TN (daily minimum
temperature) < 0 °C

1D Icy day Annual count of days when TX (daily maximum
temperature) < 0 °C

DTR | Daily temperature range | Monthly mean difference between TX and TN

R99p | Extreme humid days Annual total PRCP when RR > 99th percentile

RO95p | Very wet days Annual total PRCP when RR > 95th percentile

SDII | Simple daily intensity Total rainfall = total rain day per year

index

CDD | Consecutive dry days Maximum number of consecutive days with daily
precipitation <1 mm

CWD | Consecutive wet days Maximum number of consecutive days with daily
precipitation >1 mm
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Fig. 8.3 Spatial distribution of tropical night numbers

8.2.2 Tropical Nights

The average numbers of tropical night decreased for the 1964-2014 period, from
south to north (Fig. 8.3). The highest number of tropical night can be observed
around the Gulf of Iskenderun, while the lowest values are observed in Turkey’s
northeast with the Western Black Sea. Summer 2010 is the period with the greatest
extreme temperature anomalies. The fewest tropical nights were experienced in
1968, 1969, 1976, 1982, and 1984. While inter-year changes do occur, the highest
numbers of tropical nights have all been observed in the last 20 years.
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8.2.3 Frosty Days

The number of frosty days increases toward the east to the west of Turkey. The high-
est number of frosty days is recorded in Eastern Anatolia where the number of
frosty days reaches the highest values, especially in the north of Van (Fig. 8.4). The
shores of the Mediterranean and Aegean Sea and the surrounding area of Istanbul
are the areas with the lowest number of frosty days. Maritime effect and elevation
are the most important factors in the distribution of frosty days. The warming effect
of the sea can be seen throughout the coastal area. There is a significant spatial
change in the number of frosty days due to the effect of topography from the coast
to the inland areas. The maritime effect of the Aegean coastline reaches the inner
parts of the sea with the effect of topography.

8.2.4 Icy Days

Generally there is an increase from west to east in the number of icy days. Icy loca-
tions can be mostly seen in the East Anatolia Region, especially in the northeast of
Turkey. In these areas, approximately 60 days of winter are icy days (Fig. 8.5). In
the 1964-2014 period, there were almost no icy days at the Mediterranean coastal
belt and the Aegean coast weather stations.

Fig. 8.4 Spatial distribution of frost day numbers
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Fig. 8.6 Spatial distribution of extreme temperature range

8.2.5 Daily Temperature Range

The daily temperature range is calculated by taking the difference between the high-
est temperature and the lowest temperature observed in the same calendar year.
According to the analysis made for winter, 1972 (2.6 days), 1992 (2.7 days), 1976
(2.9 days), 1993 (4.2 days), and 1974 (4.6 days) were the years when the daily tem-
perature range was lowest. The daily temperature range is highest in the years 2010
(12.7 days), 1966 (12.3 days), 2013 (12.3 days), 2011 (12 days), and 1970
(11.4 days). From 1964 to 2014, the total number of winter days with extreme sea-
sonal temperature range decreased from east to west (Fig. 8.6). The highest extreme
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temperature ranges can be observed in Eastern and Southeastern Anatolia. In
addition, the daily temperature range in winter is highest in the interior. The most
decisive factor in this temperature index is terrestrial-marine. Extreme values are
seen less in winter extreme temperatures in coastal weather stations and surrounding
areas where marine effects are evident. In addition, extreme temperature differences
between hot and cold values are not as high as in the eastern part of Turkey.

8.3 Extreme Rain Events

Scarcity, drought, and low total annual precipitation, in the Mediterranean region
(Spain, Greece, Italy, Turkey etc.), are some of the most important climatic vari-
ables discussed by many researchers. Studies show that long-term drought events
occur in the Mediterranean Basin (Bordi et al. 2001; Livada and Assimakopoulos
2007; Vicente-Serrano and Lopez-Moreno 2005). Turkey experienced drought
events due to the lack of rainfall in general, especially in the period 1970-2000.
Annual total precipitation decreases and increases can be observed. The decreasing
tendencies are apparent in the Mediterranean and Aegean coasts, which generally
have the Mediterranean precipitation regime (Fig. 8.7).

Indices used for extreme rains are described in Table 8.1. Rain indices can be
evaluated in two groups. The first group is calculated to determine the percentage
(P < 99th) of values exceeding the percentage limit of the index used for precipita-
tion, to determine the frequency (P20 mm) of the index whose threshold was deter-
mined. The second group is the indices used to calculate precipitation change
(consecutive dry days).
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Fig. 8.7 The spatial distribution precipitation and trend change of total precipitation based on
Mann-Kendall rank test
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8.3.1 Extreme Humid Days

The extreme humid day index determines when seasonal rainfall is above average.
The extreme humid day index in winter is similar to the humid day index. The most
humid years were experienced in 1990 (4.9 days), 1969 (3.3 days), 2002 (3.1 days),
2013 (3 days), 1981 (3 days), 2004 (2.9 days), and 2010 (2.8 days). The weather
stations in the Black Sea coastal zone and the Tunceli-Bitlis belt in the Mentese
region of the Aegean region, north of the Southeastern Taurus Mountains, have the
highest humidity. Excessively humid days with precipitation have shown a down-
ward trend since the 1970s. 1973—-1974 correspond to a statistically significant dry
period. 1989 and 2014 were the years with the least number of extreme humid days,
while 1990 was the year with the highest number of humid days. In Southeastern
Anatolia, the Mediterranean, and Aegean regions, the number of extreme humid
days is lower than the average. These areas are influenced by the Mediterranean
precipitation regime. The area of influence of typical summer drought shows a sig-
nificant distribution in the distribution maps of extreme humid and humid days. The
highest summer extreme humid days are observed in Eastern Anatolia and Central
Anatolia Regions (Fig. 8.8).

8.3.2 Very Wet Days

It can be said that days with 20 mm and above of precipitation are often in areas
where the Mediterranean precipitation regime is seen. Very wet days in winter are
generally similar to extreme humid day index. Rainfall of 20 mm or more is observed
at the weather stations in the coastal Aegean region, the Mentese region, the
Mediterranean coastal zone, the Eastern Black Sea region (Rize and Hopa), and the
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Fig. 8.8 Spatial distribution of extreme humid day numbers
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Fig. 8.9 Spatial distribution of very wet day numbers

northern part of the Southeastern Taurus. The years 1967, 1969, 1978, 1981, 2002,
2004, and 2010 were the years when the most severe rainfall occurred and 1972,
1973, 1989, 2001, 2007, and 2014 the least. The number of days of rainfall of
20 mm or more shows a weak upward trend in most of the weather stations in the
Black Sea Region (except Hopa, Rize, and Inebolu) and Central Anatolia. In most
of the areas dominated by the Mediterranean precipitation regime, the trend toward
a decrease in very wet days is clear (Fig. 8.9).

8.3.3 Simple Precipitation Intensity Index

The precipitation intensity index gives the average precipitation on rainy days. The
highest values for the distribution of winter precipitation intensity are observed in
the Mediterranean coastal belt; the highest rainfall in the area in the west of Turkey
can be seen in Rize and Hope weather stations (Fig. 8.10). Simple precipitation
intensity in Turkey ranges from 4 to 24 mm. Weather stations in the Mediterranean
coastal zone show significant regionality with a simple precipitation intensity index.
Since the annual rainfall rates for the inner parts are also low, the rainfall intensity
in these areas varies between 4 and 7 mm. The reason for the low simple precipita-
tion intensity index may be that precipitation does not fall in the form of rainfall in
northeast and eastern part of Turkey. In recent years, simple precipitation intensity
index includes a trend toward increasing throughout Turkey. After the significant
dry stretch from 1971 to 1974, a significant increase in precipitation intensity series
can be seen. Although there was an increase, the precipitation index has started to
show values above the average since 2010.
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Fig. 8.11 Spatial distribution of consecutive dry day index

8.3.4 Consecutive Dry Days

Consecutive dry days are the days when the precipitation is <1 mm for each weather
station and 5 consecutive days are less than 1 mm. The number of consecutive dry
days throughout the winter season is between 2.4 and 5.6 days. The number of con-
secutive dry days is highest in stations found in northeastern of Turkey and
Southeastern Anatolia Region and behind the Mediterranean coast. There is an
overall upward trend in consecutive dry days in Turkey (Fig. 8.11). A significant
upward trend is also observed in the western part of Southeastern Anatolia,
especially in the interior areas where terrestrial effects are clear.
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Fig. 8.12 Spatial distribution of consecutive humid day index

8.3.5 Consecutive Humid Days

Consecutive humid days are defined as the number of days in which the precipita-
tion is >1 mm and rainfall is greater than or equal to 1 mm for at least 5 consecutive
days. The number of consecutive wet winter days in Turkey generally ranges from
0.3 to 3.8. The area with the highest number of consecutive humid days is the
Western Black Sea Division of the Marmara Region and the Black Sea Region
(Fig. 8.12). This can be explained by the development aspects of depressions that
are effective during the winter season. The air masses that are effective over the
Balkans are first affected by the north of the Marmara Region and the Western Black
Sea. The low number of consecutive humid days in the eastern and eastern parts is
related to the snow fall. Turkey has an overall downward trend for consecutive
humid days outside of the inner regions.

8.4 Results

The studies show differences in temperature which indicate significant change,
especially since the 1990s. According to this assessment, the tendency toward an
increase in hot days and a decrease in the number of cold days is noteworthy. These
trends have become evident for summer days since the 1990s. The rise in tropical
nights has become apparent after the last 5 years of summer days. No significant
reduction in frosty and icy days is evident in the last 10 years. This study parallels
the studies in the Eastern Mediterranean Basin. Temperature variability and fre-
quencies of extreme events coincide with studies for the Eastern Mediterranean
Basin. Although this situation is in parallel with global climate change processes, it
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is necessary to take into account the city heat island effect of the meteorological
weather stations, especially in the city, in this increase. For example, the upward
trend in summer night temperatures or, in other words, summer minimums is an
important indicator of the said city heat island effect.

Similar trends are observed in precipitation extremes. Extremely humid days
display a weak downward trend in most weather stations in winter. The number of
days of rainfall of 20 mm or more shows a weak upward movement in most weather
stations in the Black Sea Region (except Hopa, Rize, and inebolu) and Central
Anatolia. In most of the areas dominated by the Mediterranean precipitation regime,
a downward trend in very strong precipitation amounts is evident. Trends in the
precipitation intensity index are generally increasing.

Consecutive dry days show an overall upward movement in Turkey. A significant
upward trend is demonstrated in the western part of Southeastern Anatolia, espe-
cially in the interior areas where terrestrial effects are clear. Successive humid days
have an overall downward movement outside of the Turkish inland. Accordingly,
variability and extreme changes in temperature and rainfall experienced in Turkey
are similar to work done on a regional scale. The area impacted alongside the force
of extreme weather events with anthropogenic factors and processes like urbaniza-
tion and the destruction of natural areas is one of the most important threats we face.
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