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High-quality daily climate parameters were prepared from 71 stations across Turkey for assessment of the
long-term changes in weather extremes from 1961 to 2016. Results of temperature extremes showed that
warm extremes had more significant trends than those found in cold extremes. Moreover, the growing
season length revealed significant negative trend recorded at local scale for all coastal stations. The results
of the precipitation extremes revealed decreasing trends in the number of precipitation days and the
volume of precipitation. Only, a small percentage of stations experienced significant increasing trends for
the average of total precipitation and very wet days, especially over the southeast coast of Black Sea.
Strong evidence for shorter periods of warming and shorter length of growing seasons, alongside a lesser
number of heavy rainfalls in the lowland region of coastal stations, are spatially more coherent for
extreme events than in the highlands and inland stations. Prolonged periods of high temperatures
increased for some of the coastal regions in Turkey over the last 50 yrs. Overall, the temperature extremes
are expected to change in favour of warm and short-lasting events, while the precipitation extremes are
expected to change towards a shorter duration and a higher intensity of rainfalls. Hence, higher content of
atmospheric humidity over coastal locations is expected to cause stronger rainfalls, especially for higher
latitudes.
Keywords. Climate trends; warm extremes; rainfall extremes; Turkey.

1. Introduction
Coping with weather extremes caused by climate
change has the highest attention of scientists (Shi
et al. 2016). Climate change might be an outcome of
changes in averages of meteorological parameters
and their features (IPCC 2007). At this point, these
changes in the average of climate may aAect the
weather extremes (De Lima et al. 2013; Casanueva
et al. 2014). Changes in weather extremes will have
more significant adverse impacts on any region
compared to the average of climate (Choi et al. 2009)
and will lead to severe human losses (Ebi and Bowen

2016; Zhang et al. 2017). From damaging droughts
to Coods and cold waves to heat waves (Lebel et al.
2016), there is no doubt that these extremes are of
substantial societal importance. In addition, the
main issue of climate change is concerning to
extremes of precipitation and temperature. The
weather extremes regarded as minimum and maximum of meteorological parameters (Vega and Rohli
2012). Since the mid to late 1980s, there has been an
intense and often emotional debate on this topic
(Klein-Tank et al. 2006).
Many studies have attempted to analyze the
spatial and temporal behaviour of changes in
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weather extreme. Since 1950, frequency of warm
extremes has been increased, while frequency of
cold extremes has been reduced, globally (IPCC
2013). Moreover, many researches have detected
increasing trends for temperature parameters in
various parts of the globe, regionally (e.g., Jones
and Moberg 2003; Hertig et al. 2010; Simolo et al.
2014; Abbasnia 2019). Some studies showed steady
increase in weather extremes in mid-latitudes
(Coumou and Robinson 2013) conducted by drying
trends (Hoerling et al. 2012). Besides, the length of
weather extremes have increased in Mediterranean
regions (Cid et al. 2016). In addition, a previous
study conducted by Zhang et al. (2005), revealed
that a main signal of climate change by increasing
the number of extreme events is happening in the
Middle East. In this interested study area, many
researchers found that a large number of temperature extremes, and rainfall extremes, have been
occurred in different patterns and frequencies
(Toros 2012; Coumou and Robinson 2013; Seneviratne et al. 2014). However, the consistency patterns for precipitation have been reported in
various parts, for instance in Europe (Madsen et al.
2014; Mathbout et al. 2017), the Middle East
(Rahimzadeh et al. 2009; Balling et al. 2016),
Central America (Aguilar et al. 2005), and Central
Asia (Klein-Tank et al. 2006). According to the
IPCC Fourth Assessment Report (IPCC 2007),
means and extremes in precipitation have generally
expected to decrease in the mid-latitudes (Sillman
et al. 2013; Mathbout et al. 2017) and especially
over the Mediterranean area, which is regarded as
the hotspot location under a changing climate
(Giorgi 2006).
Generally, there have been many attempts to
identify the variability of climatic extremes for different time scales and stations throughout Turkey
area (e.g., Kadioğlu 2000; Unal et al. 2012; Sensoy
€
2017; Duzenli et al. 2018). While,
et al. 2013; Oztopal
majority of these studies have been focused on seasonality, and the periodic behaviour of observed
data. It could not be enough for comprehensive
understanding of changes in weather extreme characteristics over the varied topography of Turkey. On
the other hand, any changes could have profound
impacts on nature and society. These changes in the
climate extreme occurrences can cause excessive
damage as a consequence of their vulnerability
against such forces and may, in turn, cause not just
loss of life, but also the loss of property resulting in a
negative economic eAect on a regional scale and even
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on the national scale. Therefore, the latest long-term
meteorological variables provide a real foundation
regarding the long-term changes and variabilities.
The objective of current study, thus, is to calculate
26 temperature and precipitation extreme indices
and compare their spatial-temporal occurrences
during an extended period of 1961–2016 for 71
meteorological stations with a significant observed
time series over Turkey.
2. Study area
Turkey is situated in a geographical location of
mid-latitude where there is a remarkable variety of
climates due to the exposure of slopes and coasts.
Turkey is bordered by three main water-resources
including; the Aegean Sea and the Mediterranean
Sea, Sea of Marmara, and the Black Sea. These
coastal areas have varying climates including the
Mediterranean climate, a transitional climate
between the Mediterranean and Oceanic climate, and
a temperate Oceanic climate. There is a significant
difference for the total precipitation between coastal
and inland stations. Moreover, the annual total
rainfall of 654 mm is determined by the distribution of
elevation in Turkey (Toros 2012). The highest
mountains are situated in the eastern region of Anatolia, where the elevation range reaches to 3000 m.
These eastern mountains, especially the mountains
near to the coastal area of the Black Sea, prevent
expansion of sea eAects to the interior area. Therefore, a continental climate dominates the central
Anatolian plateau and Turkey. With the abovementioned geographical factors, the Black Sea coast
receives the most considerable amount of precipitation by an yearly mean of 2500 mm. The lowest
temperatures have also occurred in the eastern
mountains, and thus, the highest amount of snowy
days occurred by an yearly rate of 120 days in these
regions (Sensoy et al. 2008). In contrast, the lowest
amount of snowy days occurred in the coastal areas,
especially in the coastal areas of the Mediterranean
Sea. In Bgure 1, the spatial distributions of precipitation and temperature have shown by a majority
of weather stations over the study area for an
observation period between 2000 and 2017.
3. Data and methodology
High-quality daily data of precipitation and
temperature at 71 synoptic stations across Turkey is obtained from the Meteorological

Figure 1. Geographical location of the study stations and spatial distribution of elevation, annual mean temperature, and precipitation amounts over Turkey.
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Table 1. Description of the weather extreme indices analyzed in present study.
ID

Name

FD0
SU25
ID0
TR20
TXx
TNx
TXn
TNn
TN10p
TX10p
TN90p
TX90p
WSDI
CSDI
DTR
GSL

Frost days
Summer days
Ice days
Tropical nights
Max Tmax
Max Tmin
Min Tmax
Min Tmin
Cool nights
Cool days
Warm nights
Warm days
Warm spell
Cold spell
Diurnal temperature range
Growing season length

RX1day
Rx5day
R10
R20
R30
CDD
CWD
R95p
R99p
PRCPT

Max 1-day precipitation
Max 5-day precipitation
Heavy precipitation days
Very heavy precipitation days
Extremely heavy precipitation days
Dry days
Wet days
Very wet days
Extremely wet days
Annual total precipitation

Definition

Unit

Number of days when daily Tmin \ 0°C
Number of days when daily Tmax [ 25°C
Number of days when daily Tmax \ 0°C
Number of days when daily Tmin [ 20°C
Maximum of daily Tmax
Maximum of daily Tmin
Minimum of daily Tmax
Minimum of daily Tmin
Daily Tmin \ 10th percentile
Daily Tmax \ 10th percentile
Daily Tmin [ 90th percentile
Daily Tmax [ 90th percentile
With at least 6 consecutive days when Tmax [ 90th percentile
With at least 6 consecutive days when Tmin \ 10th percentile
Mean difference between Tmax and Tmin
Annual (1st Jan to 31st Dec) count between the Brst span of
at least 6 days with TG [ 5°C and Brst span after July 1 of
6 days with TG \ 5°C
Annual amount of maximum 1-day PRCP
Annual amount of maximum 5 consecutive days PRCP
Count of days when PRCP [= 10 mm
Count of days when PRCP [= 20 mm
Count of days when PRCP [= 30 mm
Number of consecutive days with RR \ 1 mm
Number of consecutive days with RR [= 1 mm
Annual total PRCP when RR [ 95th percentile
Annual total PRCP when RR [ 99th percentile
Annual total PRCP on wet days (RR [= 1 mm)

Day
Day
Day
Day
°C
°C
°C
°C
Day
Day
Day
Day
Day
Day
°C
Day

Organization of Turkey for the same observation
period of 1961–2016. First, regarding the great
importance of recorded time series, only the
stations with a rate of less than 10% missing
data were selected for assessments of observations of weather extremes. In addition, absolute
homogeneity of time series is assessed using an
R-based software, RHtestsV4, developed by
Wang and Feng (2013). This R-based program is
based on a two-phase regression model with a
linear trend throughout the whole period of
records. This absolute homogeneity test is
applied to detect change points or sudden shifts
for any climatic parameters during the study
period (for more details see, Wang and Feng
2013). Each outlier in the data stations was
manually validated using metadata information
for each station, or inhomogeneous data stations
were completely disregarded based on the taken
approach from the Expert Team (ET) on Climate Change Detection and Indices (ETCCDI)
(Peterson and Manton 2008). After the primary

mm
mm
Day
Day
Day
Day
Day
mm
mm
mm

checking of the database, the weather extremes
were extracted using of the RClimDex an
R-based software (Zhang and Yang 2004). In
this way, the RClimDex provides unique universal indices for identifying the extreme events
(table 1).
Moreover, RClimDex involves some quality
control steps for checking the data quality as
well as identifying of outliers. After these quality
control procedures, the RClimDex is run to
calculate extreme weather indices from the daily
data. Finally, the extracted time series of climate extremes are analyzed through trends and
slope trends based on the level of significance.
Thus, the slope of annual trends and the
statistical significance of these indices are calculated based on the non-parametric Mann–
Kendall (M–K) test. In detail, the Mann–
Kendall tests the alternative hypothesis of H1,
whose implying trend is present on the time
series. The main equation (1) of the M–K test is
given below:
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Table 2. The type of weather extreme trends categorized into six classes.
Symbol

Name

Definition

No trend

Showing no significant or insignificant trend

Increase

Showing a significant increasing trend

Temporary inc.

Showing insignificant increasing trend

Temporary decr.

Showing insignificant decreasing trend

Decrease

Showing a significant decreasing trend

Temporary inc. and decr.

Showing insignificant periodic increasing and
decreasing trends together

Xi ¼ f ðti Þ þ ei ;

ð1Þ

4. Results and discussion

where Xi is a data value of a time series model, f(t)
is a function implying continuous increasing or
decreasing trend in a time series, the residuals of ei
are taken from the same distribution with zero
means. Next, the trend gives positive or negative
values of Z. At Brst, the variance of S calculated
based on the following equation (2):
P
n ðn  1Þð2n þ 5Þ  m
i¼1 t ðt  1Þð2t þ 5Þ
;
VARðS Þ ¼
18
ð2Þ

In the present study, annual trend of the weather
extreme indices were applied by using the
Mann–Kendall trend test for a long-term period
from 1961 to 2016. In the following sections, the
spatial and temporal changes in frequency, intensity, and duration of these temperature and precipitation extremes were analyzed throughout the
study area and over the entire length of the study
period.

where t is the number of values in the i group, m is
the number of tied groups. Next, the values of S and
variance of S used to calculate the M–K test statistic
of Z, is given below in equation (3) (Z: a, b, c):

4.1 Temperature extremes

S 1
Z a ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ ;
VARðS Þ

if S [ 0;

Z b ¼ 0;

if S ¼ 0;

S þ1
Z c ¼ pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ ;
VARðS Þ

if S\0:

ð3Þ

In Bnal step, the results of trends for each
extracted indices were categorized into six classes
which are mentioned in table 2.

The results obtained from trend analysis of
temperature extremes (Bgure 2), revealed that the
intensity and frequency are increasing for warm
extremes; while for cold extremes, are decreasing
throughout Turkey area. The majority of trends
are significant at the 95% of conBdence interval. At
the global scale, previously reported evidence for
asymmetric warming trends in the late 20th century, with relatively more warming in the warm
tail than the cold tail of the temperature distribution (Easterling et al. 2000). Analysis of extreme
temperature trends for the majority of the stations
revealed that the temperature has significantly
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Summer days index

Warm days index

Tropical nights index

Warm nights index

Max - Tmax index

Max - Tmin index

Min - Tmax index

a

Min - Tmin index

Figure 2. The result of temperature trends during the whole period 1981–2016.
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Ice days index

Frost days index

Cool days index

Cool nights index

Warm spell duration index

Diurnal temperature range index

Cold spell duration index

b
Figure 2. (Continued.)

Growing season length index
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increased, as represented by the indices of warm
days, summer days, tropical nights, and warm
nights. Hereof, the number of summer days shows a
statistically significant positive trend in 87% of all
stations. The average increase of summer days is
4.12 days per decade throughout the study area. In
addition, a significant increasing trend revealed for
warm days, and the highest positive of its trend
occurred for the majority of stations with a mean
rate of 1.4 days per decade. These Bndings agree
with those previously reported by Sensoy et al.
(2013), which only showed that the number of
summer and warm days increased, all over Turkey.
A significant increasing trend in warm nights are
evidenced by a rate of 1.6 days per decade for the
majority (87%) of the stations, especially on
the southern and western coasts. Moreover, all of
the study stations have showed a statistically significant positive trend based on the index of tropical nights. The average increase in the number of
tropical nights is 4.7 days per decade, with the
highest increase in its rate occurring for the coastal
stations. These results on the station scale of the
coastal regions can be linked to a hydrological cycle
characterized by the potential of atmospheric
moisture (Casanueva-Vicente et al. 2014). Furthermore, the studied coastal zone provides differences in landscape, the structure of land use and
the ecological situation compared to inland areas
(Drozdov et al. 1992). With this detail, a coastal
zone is a dynamic place, and its local geomorphology can inCuence how coastal processes operate during day and night. For instance, the onshore
breeze blows from a large body of water towards
the landmass and, as a result, it develops the heat
capacities of coastline in the night-time. The heat
capacity of water has a relationship with regulating
extremes in the environment (USGS 2019).
Therefore, this high heat capacity will tend to keep
high temperatures relatively stable from day to
night for coastal regions near the sea compared
to inland regions, while the temperature will tend
to decrease from day to night over inland regions.
Also, the annual number of warm spell duration
has decreased by a mean rate of 1 day per decade.
The number of cool days has significantly
decreased by 86% of all stations. In this respect,
majority of stations have recorded a significant
negative trend for the number of cool days by a
mean rate of 1.3 days per decade. The number of
ice days and frost days have showed no consistent
patterns at the studied station scales. However,
decreasing trends in the number of ice days and
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frost days calculated in 63% and 45% of all
stations, whereas 37% and 55% of the stations
located in the Anatolian Plateau exhibited a statistically non-significant trend (this is previously
reported by Sensoy et al. 2013). The number of cool
nights has revealed a significant decreasing trend
for the 85% of all studied stations. Moreover, the
decreases in cold spell duration are spatially consistent and statistically significant by a mean rate
of 2.8 days per decade.
Analyses of diurnal temperature range have
showed a mixed trend including both of positive
and negative behaviours within the study area.
Hereof, the analysis has showed a significant
increase of 30%, non-significant increase of 35% of
all studied stations, while 35% of them reported a
significant decreasing trend. The stations characterized by an increasing trend in the diurnal temperature range are mostly located in central,
eastern and northern parts of Turkey. However,
the diurnal temperature range has significantly
reduced in favour of positive values for the
Mediterranean coastal regions, including the
western and southern coasts. In addition, these
coastal regions have revealed positive trends for
warm extremes and negative trends for cold
extremes. These speciBc behaviours of coastal
regions could be characterized by low-elevation
allowing for the high temperature, as well as being
next to water bodies allowing for the high atmospheric humidity (Pal and Eltahir 2016). In this
way, one of the properties of coastal climate is
the low differences in diurnal temperature range
due to the existence of high humidity inside the
atmosphere of these areas (Toros et al. 2019).
There is also a general tendency for a decrease in
the range between the average annual maximum and
minimum temperatures. Thus, the daily maximum
and minimum temperatures have showed significant
positive trends for most of the stations, whereas some
of the stations reported no significant trends, especially for the minimum of these time series. In a previous study conducted by Balling et al. (2016), it is
showed that daytime maximum temperatures tend to
increase most rapidly in the regions of the Balkan
peninsula and Turkey. The long-term changes in
annual maximum and minimum values of daily
maximum temperatures, as well as daily minimum
temperatures, have showed a slight increasing trend
with a mean rate of 0.3, 0.22, 0.42 and 0.4°C per
decade, respectively. In this point, the significant
trends are more evident for the maximum values of
temperature indices than the minimum values. Thus,
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Dry days index

Wet days index

Very wet days index

Extremely wet days index

Heavy precipitation days index

Very heavy precipitation days index

Maximum 1-day precipitation index

Maximum 5-day precipitation index

Extremely heavy precipitation days index

Annual total precipitation days index

Figure 3. The result of precipitation trends during the whole period 1981–2016.
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results from the analysis of the daily temperature
range agree well with the previous results represented
for the maximum and minimum in both daily
maximum and minimum temperature indices.
Moreover, the growing season length index, which is
a measure of the annual number of days for the duration of the growing season, has revealed a significant
decrease of 28% of the studied stations. The growth
season length on the southern coastal region has been
more decreased compared to the northern coastal
region. Meanwhile, the length growth of agricultural
production has been almost stable on the non-coastal
stations. More than a half percent of the stations
showed a statistically non-significant trend, whereas
only 10% of the stations reported a statistically significant increasing trend. Therefore, the stations
characterized by the highest rate of decreasing trend
(0.5 days/decade) are located in the coastal area. As
already mentioned above, this kind of opposite behaviour of the coastal stations compared to other stations
might depend on their hydrological cycle and content
of atmospheric humidity, along with the local geographical factors of these areas (also suggested by Pal
and Eltahir 2016). In this regard, the climate characteristics of coastal climate cause the low differences in
diurnal temperature range by keeping high temperatures stable from day to night. Thus, this climate type
allows the agricultural production to achieve early
growth in the time-period. Moreover, a small percentage of the study stations revealed a significant
increase for the duration of the growing season, by a
range of 0.01–8 days per decade and all these stations
are located in the eastern interior parts of Turkey,
especially over the Eastern Plateau region.

4.2 Precipitation extremes
An important aspect of climate extremes relates to
excessive drought or wet periods. A recent analysis
by Dai et al. (1998) has showed increases in the
overall areas of the world aAected by either
drought or excessive wetness. The trend analysis of
precipitation extremes (Bgure 3), revealed that the
mixed negative and positive trends are observed for
dry-day and wet-day indices at some stations
throughout the Turkey area. Furthermore, it is
found that the annual number of consecutive dry
days showed no significant trends for 32% of
the stations from 1961 to 2016. Only 15% of the
stations, which revealed significantly negative
tendency, are inconsistently located in the West
Continental Central Anatolia, Continental Eastern
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and South-eastern Anatolia, and Black Sea regions
among all of the precipitation regions of Turkey
(conducted by T€
urkesß and Tatlı 2011). The spatial
consistency of these trends for the consecutive dry
days is very low. In contrast, the annual number of
consecutive wet days significantly decreased for a
majority (70%) of the stations throughout the
precipitation regions of Turkey by a mean rate of
0.04 days per decade. The result of a previous
study over Hungary has showed an increasing
trend in droughts, with a decrease in wet spells
(Szinell et al. 1998). Besides, for extremely wet
days, more than half percent of the stations
revealed statistically significant negative trends,
whereas a small percent of the stations showed
statistically significant increasing trends for the
very wet days during the study period. These
contrasting results on a station scale could be an
outcome of different local environmental factors, in
particular, topography, land cover, and geographical factors of the locations. The trend of annual
total precipitation has revealed a statistically significant positive trend over 14% of the stations
mostly located in the precipitation region of Black
Sea and a significant negative trend over 7% of the
stations mostly located in the precipitation region
of Mediterranean, while 79% of the studied stations
reported statistically non-significant trends for all
precipitation regions of Turkey. At a regional scale,
it concludes that the annual total precipitation
amount has tend to increase in the Semi-desert, the
Black Sea and East Anatolia Regions (also found
by Mathbout et al. 2017). Indeed, at stations with
an increasing annual amount of precipitation,
accompanied by increases in the annual number of
very wet days, it presents a signal of disproportionately large changes in the precipitation
extremes. Moreover, the trend analysis has statistically exhibited increasing trends for both total
amount of precipitation and very wet days. It
proves that rainfalls are expected to occur with
higher intensity in a shorter time scale throughout
the year. Hereof, decreases in rainy days year could
be resulted in strong rainfalls accompanied with
higher total amount of rainfall during a year.
Furthermore, the Bndings of a previous study
revealed that the portion of very wet extreme
occurrences contributing to the annual amount of
rainfall has significantly increased in the southwest
of Iran (Balling et al. 2016).
Both indices of the maximum 1-day and 5-day
precipitation have showed a rising trend for a small
percentage of stations (10 and 17%, respectively)
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during the whole sections of the study period. It
concludes that these significant positive trends
have happened for the stations, which are mostly
located on the northern coasts and central inland
areas throughout Turkey. However, analysis of
these indices has revealed no significant trend in
majority (*80%) of the total stations over the
precipitation regions of Turkey. Results from previous studies showed that the northern regions of
the Eastern Mediterranean have had the most
significant increasing trends for the maximum
5-day precipitation from 1971 and 2010 (Mathbout
et al. 2017). This conclusion also agrees with the
results of a previous study conducted by Ramos
and Martınez-Casasnovas (2006) for the western
part of Mediterranean.
Furthermore, trend analysis of heavy, very heavy,
and extremely heavy rainfalls has revealed a
decrease for the majority of the stations. The
decreases in the heavy, very heavy and extremely
heavy rainfalls have mostly observed for the inland
stations of the central part of the Anatolian Plateau
by a negative mean of decadal trend about 0.3 days.
Overall, what is significant in the trend of extreme
precipitation indices is that the total number of wet
days has significantly decreased whereas the annual
total precipitation amount has slightly increased for
some stations mostly located on the northeast coast
of the Black Sea. Regarding the wet extremes,
regional modelling results for Europe also show an
increased contribution of heavy precipitation to the
total annual amount and a decrease in the annual
number of wet days during the 21st century as a
response to greenhouse-gas-induced warming
(Moberg and Jones 2005). Therefore, the rainfall
events are expected to change towards stronger and
shorter events. IntensiBcation of heavy rainfalls
found over the northern coastal region, surrounded
by high mountains. Therefore, a significant difference was found when the indices compared between
coastal and inland stations. From our analysis, the
northern coastal regions of Turkey are expected to
occur a more vulnerable condition accompanied by
the risk of land degradation and Coods.

5. Conclusion
This study looked at the long-term trends in
extreme climate indices across the uneven topography of Turkey. First, the trend results of the
temperature indices showed a general increase in
temperature extremes towards warmer and shorter

Page 11 of 13 95
length occurrences. Analysis of significant rising
trends in warm days, summer days, tropical nights
and warm nights revealed that the daily temperature is expected to be warmer for majority of the
stations. Alongside this, the number of ice days,
frost days, cool days and cool nights has significantly decreased for most of the stations during the
study period. Moreover, both indices of the warm
and cool spell durations have statistically shown
significant decreasing trends throughout the study
area. It could be a sign for reduction in duration of
weather extremes. Furthermore, the diurnal temperature range has revealed a positive trend for
most of the study stations, while this index showed
negative trends for most of the southern and
western coastal stations. It is evident that the difference between the minimum and maximum values of temperature has increased throughout the
study area, especially for the coastal stations.
Moreover, the annual count of days of growing
season length has revealed a significant negative
trend regionally for all of the coastal stations,
whereas only 10% of the study stations reported a
statistically significant increase. Generally, a significant difference is observed when the extreme
temperature indices are compared between coastal
and inland stations. This unusual behaviour of
coastal stations could be an outcome of hydrological cycle and location proximity to water
bodies (Pal and Eltahir 2016). On the other hand,
analyzing the results of the precipitation extremes
have revealed a general decreasing trend for all
extremely wet days, consecutive wet days, very
heavy precipitation and extremely heavy precipitation days. Besides this, it is concluded that the
annual number of consecutive dry days showed no
significant trend for 32% of the stations, although
the spatial coherence of these trends is low. The
result of a previous study over Hungary also
showed an increasing trend of droughts accompanied by decreases in wet spells (Szinell et al.
1998).
A small percentage of study stations have
significantly experienced an increasing trend in the
total amount of rainfall and maximum 1-day and
5-day rainfalls, especially over the northeast coast
of the Black Sea (also proved by Mathbout et al.
2017). Hereof, an increase in rain intensity could be
resulted from a decrease in wet days, while the
total amount of annual rainfall revealed a higher
increase. At this point, the increase in the intensity
of rainfall could be resulted from decreases in the
number of wet days, when the total amount of
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rainfall has increased. This result can be considered
as the Brst warning for this vulnerable and sensitive region. At the regional scale, there is strong
evidence for the shorter duration of warming and
growing season length alongside a lesser number
of heavy rainfalls in lowland regions of coastal
stations, which are spatially more coherent
for extreme indices compared to the highlands
and inland stations. Finally, the temperature
extremes are expected to occur toward warmer and
shorter-lasting events and the precipitation
extremes are expected to change towards shorterlasting and stronger rainfalls. These changes in the
temperature and precipitation regimes may have
brought regional-speciBc impacts on the natural
environment and ecosystems.
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