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1.  INTRODUCTION

Precipitation is a meteorological and climatological
element of great importance because it controls veg-
etation, agricultural production and water resources,
while extreme precipitation may be responsible for
floods leading to disasters, to significant infrastruc-
ture damage and sometimes to the loss of human
lives. The complexity of impacts resulting from ex -
treme precipitation events varies with their spatial
coherence, which depends on the atmospheric circu-
lation characteristics and the topography (Parker &
Abatzoglou 2016). The atmospheric circulation char-
acteristics that favour extreme precipitation are of
considerable interest, taking into account that a high
percentage of precipitation extremes is related to

cyclonicity. The percentage of cyclone-induced pre-
cipitation extremes exceeds 80% over some parts of
the globe, including the Mediterranean region (Pfahl
& Wernli 2012). In the Mediterranean region, the link
between extreme precipitation and atmospheric cir-
culation is important because the Mediterranean
basin is located in a sensitive transitional  climatic
zone between the subtropics and the westerlies, and
any possible changes in circulation could signifi-
cantly affect the frequency and intensity of pre -
cipitation extremes. Extreme precipitation in the
Mediterranean region and its connection to specific
atmospheric processes at various scales have been
examined during the last decade with the use of dif-
ferent approaches and techniques. Houssos et al.
(2008) found 9 main types of atmospheric circulation

© Inter-Research 2016 · www.int-res.com*Corresponding author: chlolis@uoi.gr

Atmospheric circulation characteristics favouring
extreme precipitation in Turkey

C. J. Lolis1,*, M. Türkeş2
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favouring extreme precipitation at 3 meteorological
stations in Greece using S-mode factor analysis and
k-means cluster analysis. Flaounas et al. (2013)
retrieved the space-time variability of precipitation
as well as its extremes in the Mediterranean region,
using both dynamical and statistical downscaling
methods over the 1989−2008 period. Nastos et al.
(2013) compared and analysed TRMM 3B42 satellite
precipitation extremes against the E-OBS project
high-resolution gridded precipitation dataset over
the Mediterranean region for the period 2000 to
2011, revealing considerable regional differences in
precipitation indices between the 2 datasets. Krichak
et al. (2014a) examined the relationship between the
frequency of extreme precipitation in the Euro-Medi-
terranean region and the main teleconnection pat-
terns (NAO, AO, EAWR SCAND, and ENSO) using
NCEP/NCAR reanalysis data and found statistically
significant correlation coefficients. Krichak et al.
(2014b) examined the role of humid tropical air
export in the formation of cold-season heavy precipi-
tation in the Mediterranean region and its linkage to
the multiyear trend in precipitation ex tremes. They
found that the linear trend (1979−2013) of the fre-
quency of humid days is consistent with the recent
changes in the precipitation character. Winschall et
al. (2014) investigated the significance of intensified
evaporation for Northwestern Mediterranean precip-
itation extremes and found that the convergence
from the background moisture reservoir is essential,
while anomalously intense surface evaporation is
required for the remote sources of the North Atlantic
and the European and African land surfaces. Toreti
et al. (2015) studied daily precipitation extremes over
the Mediterranean region and the associated upper-
level atmospheric dynamics, re vealing a high spatial
variability of extremes over the basin as a whole,
changes in temporal variability across the basin and
the influence of orographic lifting on the low-level
flow. Dayan et al. (2016) discussed the dynamic and
thermodynamic processes that favour heavy rainfall
over the Eastern and the Western Mediterranean,
taking into account published studies on extreme
precipitation events.

The Mediterranean type climate zones over the
various areas of the world are mainly dominated by
subtropical high-pressure cells of dynamical origin
(e.g. Azores High Pressure System over the mid-
north Atlantic for the ‘real’ Mediterranean climate
zone) during late spring, summer and early fall. Dur-
ing this period of the year, the adiabatic sinking of
relatively dry and stable air masses does not gener-
ally favour precipitation. Occasional local-scale pre-

cipitation events (including showers and thunder-
storms) are associated with thermal and orographic
factors. In contrast, during mid-late fall, winter and
early-mid spring, the polar jet-stream and the associ-
ated mid-latitude cyclones (i.e. frontal winter storms)
reach into the subtropical Mediterranean climate
zones, and the frontal low-pressure systems bring
high amounts of rainfall along with snow on the
mountains (Lolis et al. 2008, 2012, Türkeş 2010).

The Eastern Mediterranean region comprising
Tur key and other coastal countries is characterized
mainly by the dry and hot/very hot summer subtrop-
ical Mediterranean macroclimate being driven and
controlled by an unequivocal seasonal alteration
between the mid-latitude and the sub-tropical/
tropical pressure and wind systems (circulation pat-
terns) from winter to summer. As a result, there is
high seasonal variability in the precipitation regime
of the western and southern regions of Turkey
(Türkeş 1998, 2010). Consequently, the regions of
Turkey characterised by the dry summer subtropical
Mediterranean climate (e.g. İzmir, Aydın, Antalya,
Mer sin, etc.) receive more than half of their yearly
precipitation amounts during winter, late autumn
and early spring months (Türkeş 2003, Türkeş et al.
2016).

The precipitation climatology, the drought events
and their spatial distribution, and the long-term vari-
ability, trends and changes in precipitation series
over Turkey have been comprehensively analysed
during the past (e.g. Türkeş 1998, 1999, 2003, 2013,
Türkeş & Tatlı 2009, 2011). Many studies have also
revealed that precipitation regime and year-to-year
and decadal precipitation variability in Turkey refer-
ring to the whole year except summer are associated
with the location, variation and activity of the atmos-
pheric disturbances mainly over the North Atlantic
and the greater Mediterranean regions (e.g. Türkeş
1998, 2014, Kutiel et al. 2001, Türkeş et al. 2002,
Türkeş & Erlat 2003, 2006, Tatlı & Türkeş 2008,
Türkeş & Altan 2014). The results of a very recent
study performed by Şahin et al. (2015) showed that
the displacement of the prevailing atmospheric
action centers located over the subtropical mid-east
Atlantic (i.e. Azores high-pressure system) and the
north-east Atlantic (i.e. Icelandic or mid-latitude
frontal low-pressure systems) northward and south-
ward, respectively, determine the predominance of
dry and wet conditions over the Mediterranean
Basin. In winter, the eddy fluxes originating from the
mid-Atlantic propagate over Europe providing wet
conditions in the Western and Central Europe, while
the contribution of eddies to the moisture budget
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weakens in summer months for the Mediterran-
ean Basin, mainly because of weaker and less
frequent frontal activity (Şahin et al. 2015). Dur-
ing summer, late spring and early autumn, sig-
nificant precipitation amounts in Turkey can be
associated only with local convective showers
and thunderstorms and local orographic rainfall
events over mountainous areas with suitable
exposure to prevailing humid air flows and/or
cy clonic weather systems. Extreme precipitation
events in summer are generally less frequent
than in winter. The Amonos Mountains parallel
to the east coast of the Gulf of Iskenderun, and
the Western Taurus Mountains parallel to the
Marmaris and Antalya Gulf coasts can be con-
sidered as a good example for this type of heavy
and extreme orographic rainfall event in Turkey
(Türkeş et al. 2016). In this respect, Table 1 dis-
plays the extreme rainfall amounts re corded at
3 meteorological stations in Turkey in the stan-
dard periods of time. Two of these meteorological
stations, Antalya and Marmaris, are located on the
western Mediterranean coastal belt of Turkey char-
acterised by a dry and very hot summer subtropical
Mediterranean climate (i.e. Csa type of the Köppen-
Geiger classification), whereas Hopa station is
located on the easternmost coast of the Eastern Black
Sea sub-region of Turkey and is characterized by a
humid temperate and rainy (in all seasons) climate
(i.e. Cfb type of the Köppen-Geiger classification)
(Türkeş 2010). The location of these stations are dis-
played on the map of precipitation re gions of Turkey

(Türkeş 1998) (Fig. 1). The strongest extreme rainfall
event ever recognized in the Mediterranean climate
region of Turkey associated with a frontal cyclonic
system was attributed to the winter storm of 10−11
November 1992, when 466.3 mm of precipitation
were recorded in a 24 h period at the Marmaris mete-
orological station at the southwest coast (Table 1).

In the present study, extreme precipitation in
Turkey is studied by applying a multivariate statisti-
cal methodology scheme involving a data reduction
and clustering procedure applied to several atmos-
pheric circulation parameters over the Mediterran-
ean region. This procedure includes the combined
use of the multivariate statistical methods factor
analysis and cluster analysis. The study aims at the
definition and the identification of extreme precipita-
tion events in Turkey and the revelation of the main
modes of atmospheric structure over Europe and the
Mediterranean that favour their occurrence. The
characteristics of atmospheric circulation before, dur-
ing and after the end of the extreme precipitation
events are examined along with their seasonality,
duration and spatial distribution.

2.  DATA AND METHODOLOGY

The data used in the present study are: (1) Daily pre-
cipitation at 70 climatological and synoptic meteoro-
logical stations in Turkey (Table 2, Fig. 2a) for the
period 1979 to 2011, obtained from the Turkish
 Meteorological Service (TMS; www. mgm. gov. tr/
veridegerlen dirme/ maksimum-yagisalar. aspx#sfU).
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Period          Amount          Location           Date of record 
                       (mm)                                           (d.mo.yr)

5 min              50.5                Hopa                 7.07.1988
10 min            60.6                Hopa                 7.07.1988
15 min            70.7                Hopa                 7.07.1988
30 min            90.9                Hopa                 7.07.1988
1 h                  131.0              Antalya              03.11.1995
2 h                  180.5              Antalya              04.11.1995
3 h                  230.9            Marmaris             11.12.1992
4 h                  332.3              Antalya              04.11.1995
5 h                  374.3              Antalya              04.11.1995
6 h                  390.3              Antalya              05.11.1995
8 h                  410.4              Antalya              06.11.1995
12 h                428.1              Antalya              07.11.1995
18 h                464.8            Marmaris         10.−11.11.1992
24 h                466.3            Marmaris         10.−11.11.1992

Table 1. Extreme rainfall amounts at the meteorological sta-
tions Antalya, Marmaris and Hopa in the standard time peri-
ods (see www.mgm.gov.tr/veridegerlendirme/ maksimum-
yagisalar. aspx#sfU). The locations of these stations are
dis played on the map of Turkish precipitation regions (Fig. 1)
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Fig. 1. The precipitation regions of Turkey (Türkeş 1998) along with
the location of 3 meteorological stations characterized by extreme
precipitation amounts in the standard time periods given in Table 1.
Names and abbreviations of the regions: BLS: Black Sea; MRT:
 Marmara Transition; MED: Mediterranean; MEDT: Mediterranean
Transition; CMED: Continental Mediterranean; CCAN: Continental 
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The stations Hopa, Antalya and Marmaris (Table 1)
are not included in Table 2, as they are not used in the
analysis be cause of the many missing values in their
daily precipitation databases.

(2) 12:00 h UTC ERA-Interim 1° × 1° daily grid
point values (Deel et al. 2011) of 500 and 1000 hPa
standard pressure level geopotential heights (Z500

and Z1000), 500 hPa level relative vorticity (RV), 850
hPa level air temperature (T) and relative humidity
(RH), 925 hPa level divergence (DIV) and convective
available potential energy (CAPE) for the period
1979 to 2011 over the area defined by the 30° and
50° N  parallels and the 10° and 50° E meridians (small
do main). For Z500, Z1000 and T, a larger domain (25° to
60° N and 10° W to 50° E) is used only for the presen-
tation of the results.

At first, a quantitative approach for examining ex -
treme precipitation in Turkey is followed by defining
the following terms:

(1) An extreme precipitation day in Turkey (EPD) is
defined as the day with (i) at least 1 climatological/
meteorological station characterized by a precipita-
tion amount belonging to the highest 1% percentile
of the non-zero daily amounts and (ii) at least 7 sta-
tions (10% of the total number) characterized by a
precipitation value belonging to the highest 5% per-
centile. The latter ensures that EPD does not refer to
only 1 isolated extreme phenomenon but to at least 1
spatially extended one.

(2) An extreme precipitation event in Turkey (EPE) is
defined as a sequence of successive EPDs or a tempo-
rally isolated EPD. Thus, an EPE may consist of 1, 2 or
more EPDs, and the number of EPDs defines the dura-
tion of EPE. An EPE consisting of >1 EPDs may refer to
either a per sistent/stationary atmospheric disturbance
affecting the same region of Tur key for >1 d or a mov-
ing atmospheric disturbance affecting different re-
gions of Turkey during its passage across the country.

a/a   Station Name           Latitude (°N)      Longitude (°E)

1       Adana                           37.0500                35.3500
2       Adapazarı                     40.7675                30.3933
3       Afyonkarahisar            38.7381                30.5606
4       Akhisar                         38.9117                27.8233
5       Amasya                         40.6500                35.8500
6       Ankara                          39.9725                32.8639
7       Artvin                            41.1833                41.8167
8       Ayvalık                         39.3113                26.6861
9       Bandırma                      40.3314                27.9964
10     Bayburt                         40.2500                40.2333
11     Bilecik                           40.1414                29.9772
12     Boğazlıyan                    39.2000                35.2500
13     Bolu                               40.7331                31.6025
14     Bursa                             40.2308                29.0133
15     Ceylanpınar                  36.8406                40.0306
16     Çanakkale                    40.1411                26.3997
17     Çankırı                          40.6086                33.6103
18     Dikili                             39.0739                26.8881
19     Divriği                           39.3667                38.1167
20     Diyarbakır                    37.9000                40.2333
21     Edirne                           41.6767                26.5508
22     Edremit                         39.5886                27.0528
23     Elmalı                            36.7372                29.9125
24     Erciş                              39.3333                43.3500
25     Erzincan                       39.7500                39.5000
26     Erzurum                        39.9000                41.2833
27     Gazipaşa                       36.2667                32.3167
28     Gemerek                       39.1833                36.0667
29     Gökçeada                     40.1908                25.9078
30     Hınıs                              39.3667                41.7000
31     Iğdır                               39.9167                44.0500
32     Ilgın                               38.2833                31.9000
33     İnebolu                         41.9789                33.7639
34     İspir                               40.4833                41.0000
35     İzmir                              38.3950                27.2194

a/a   Station Name           Latitude (°N)      Longitude (°E)

36     Kahramanmaraş           37.6000                36.9333
37     Karaman                       37.2000                33.2167
38     Karapınar                      37.7167                33.5333
39     Kars                               40.6167                43.1000
40     Kayseri                          38.7000                35.4833
41     Keban                           38.8000                38.7500
42     Keles                             39.9153                29.2311
43     Kırşehir                         39.1636                34.1561
44     Kilis                               36.7167                37.0833
45     Konya                            37.8686                32.4714
46     Kütahya                        39.4172                29.9889
47     Malatya                         38.3500                38.2167
48     Manavgat                     36.7894                31.4411
49     Manisa                          38.6153                27.4047
50     Merzifon                       40.8333                35.4500
51     Muğla                           37.2097                28.3669
52     Muş                               38.6833                41.4833
53     Ordu                              40.9828                37.8989
54     Ödemiş                         38.2158                27.9642
55     Rize                               41.0394                40.5111
56     Samanda                      36.0833                35.9667
57     Samsun                         41.3436                36.2550
58     Sarıkamı                      40.3333                42.5667
59     Sarıyer                          41.1464                29.0556
60     Siirt                                37.9167                42.0000
61     Silifke                            36.3833                33.9333
62     Sivas                              39.7497                37.0208
63     Şanlıurfa                       37.1667                38.7833
64     Şile                                41.1686                29.6003
65     Tefenni                          37.3161                29.7792
66     Tekirda                         40.9586                27.4964
67     Tunceli                          39.1167                39.5500
68     Uşak                              38.6714                29.4039
69     Van                                38.4667                43.3500
70     Zonguldak                    41.4492                31.7783

Table 2. The 70 climatological and meteorological stations of Turkey
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Next, a dimensionality reduction process is carried
out with the application of S-mode factor analysis
(FA) with varimax rotation to Z500, Z1000 and T for the
day before (D−1), the first day (D) and the day follow-
ing the end (END) of the EPEs found. These 3 days
are se lec ted, taking into account that, in general, for
an EPE consisting of >1 EPD, the patterns of the

atmospheric para meters for the rest of
the EPDs (be tween D and END)
resemble the patterns of D day in the
case of a stationary atmospheric dis-
turbance, while they present interme-
diate characteristics be tween the pat-
terns of D and END days in the case of
a moving (usually from west to east)
atmospheric disturbance. FA is a
dimensionality reduction technique
that ex pres ses a group of p variables
X1, X2,   …, Xp in terms of a smaller
number of new orthogonal variables
in order to reveal the relation between
the original p ones (Jolliffe 1986,
Manly 1986). Each of the initial p vari-
ables can be written as a linear func-
tion of the m (m < p) new ones (the fac-
tors), i.e. Xi = ai1F1 + ai2F2 + … + aimFm +
ei, where F1, F2, …, Fm are the factors,
ai1, ai2, …, aim are the factor loadings
which are in fact the correlation coef-
ficients between the initial variables
and the factors, and ei is the specificity
that expresses the part of Xi variance
not explained by the m factors. FA is a
technique similar to empirical ortho -
gonal functions (EOF) and principal
component analysis (PCA), which
have also been used in climate studies
during the last decade (e.g. García-
Serrano et al. 2011, Rousi et al. 2015).
FA would be essentially equivalent to
PCA if the ei terms in the FA model
(the variability not explained by the
factors) can be assumed to have the
same variance (e.g. Manly 1986). The
decision about the number (m) of
 factors is taken using one of the ap -
propriate statistical tests (Overland
& Preisendorfer 1982, Jolliffe 1986). In
the present work, SCREE plot is used
for the selection of m (Cattell 1952).
According to this criterion, m must be
the number of points that deviate from
a straight line in a plot of the eigenval-

ues of the correlation matrix of the p initial parame-
ters, ordered from the highest to the lowest one.
There are various modes of FA depending on the
physical hypostasis of the data matrix lines and
columns (e.g. time or space). In the present work,
S-mode is used. In S-mode FA, lines and columns
of the data matrix correspond to time and space,
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Fig. 2. (a) The geographical locations of the 70 climatological and meteorological
stations (numbers correspond to the row numbers of Table 2) and the patterns of
(b) the mean annual precipitation (mm) and (c) the top 1% daily precipitation 

threshold (mm)
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respectively (Richman 1986). The rotation of the axes
is a widely used process resulting in better discrimi-
nation among the initial variables. There are various
types of rotation. In the present work, we use vari-
max rotation, which keeps the factors uncorrelated
(Richman 1986).

In the next step, the EPEs are classified into clus-
ters with characteristic evolution (D−1, D, END) of
Z500, Z1000 and T patterns, by applying k-means clus-
ter analysis (CA) on the factor scores time series. CA
is a clustering technique that classifies observations
into objectively defined distinct and homogeneous
clusters (Sharma 1995). Decisions about the measure
of similarity, the type of clustering procedure (hierar-
chical or a non-hierarchical) and the number of clus-
ters have to be made. In the case of the present work,
the measure of similarity is selected to be the squared 

Euclidean distance , where xik and 

xjk are the values of the kth variable for the i th and
the j th cases, respectively. The type of clustering pro-
cedure is selected to be the k-means technique of the
non-hierarchical approach. This technique allows
the continuous rearrangement of the observations in
new clusters and optimizes the final classification
(Davis & Walker 1992, Kalkstein et al. 1996). The
decision about the number of clusters is taken using
the distortion test introduced by Sugar & James
(2003), which is based on the distortion, a quantity
that expresses the average distance between the ob -
servations and the cluster centres.

The above methodology scheme, i.e. the applica-
tion of a dimensionality reduction method prior to the
clustering process, has been adopted by many
researchers in climate studies (see e.g. McGregor &
Bamzelis 1995, Lolis 2007). A similar approach to the
one of the present work has been followed by Dafis et
al. (2016) for snowfall in northwestern Greece. The
selection of the circulation parameters has been
made taking into account that Z500 and Z1000 patterns
can describe the main circulation characteristics of
the middle and the lower troposphere (near the sur-
face) respectively, T and RV patterns provide infor-
mation about the temperature and humidity charac-
teristics of the lower troposphere significantly
connected to precipitation formation (e.g. fronts and
low-level cloudiness), RV and DIV are significant
parameters related to the upward air movement
leading to cloud formation and precipitation, and
CAPE expresses the available potential energy in the
case of upward air movement connected to the
degree of static instability. The analysis includes at
the first stages (FA and CA) only Z500, Z1000 and T and

not the rest of the parameters (RV, RH, etc.) because
of their strong dependence on local geographical and
relief factors, making their spatial distribution com-
plicated and the data reduction very difficult, with a
small amount of variance explained by a large num-
ber of components. Alternatively, the mean patterns
of these parameters are plotted after the classifica-
tion procedure along with the patterns of Z500, Z1000

and T for each cluster, revealing the general charac-
teristics of their spatial distribution associated with
extreme precipitation in Turkey. It is noted that the
analysis is applied to Z500, Z1000 and T values of the
small domain, while the mean patterns of these
parameters are presented for the large domain. This
selection is made taking into account that although
the classification procedure aims to reveal and
 highlight differences close to the area under study
(Turkey), the presented patterns aim at also featuring
the main characteristics of the large-scale atmo -
spheric circulation over a broader area over Europe
and the Mediterranean.

3.  RESULTS AND DISCUSSION

The patterns of the mean annual precipitation and
the top 1% daily precipitation threshold are pre-
sented in Fig. 2b,c. According to these patterns, high
annual amounts exceeding 700 mm are shown over
the southwestern and northern areas of Turkey,
while high daily top 1% thresholds (above 40 mm)
occur along and near the coasts. In contrast, low pre-
cipitation amounts and thresholds appear over the
continental areas, away from the sea (Fig. 2b,c).
According to the definitions of EPD and EPE pre-
sented in the previous section, 425 EPDs and 326
EPEs were found for Turkey. The intra-annual and
inter-annual variation of EPDs and the duration of
EPEs are shown in Fig. 3a−c. EPDs were most fre-
quent during autumn and early winter, with their
maximum frequency appearing in November (Fig.
3a). In contrast, very few EPDs were found during the
high-summer months July and August. The inter-
annual variation of EPDs does not show any statisti-
cally significant (95% confidence level) linear trend,
while their yearly number ranged from 5 to 20 (Fig.
3b). Also, the duration of most EPEs is 1 d only, and
there were no EPEs with duration longer than 4 d
(Fig. 3c).

The application of FA on the Z500, Z1000 and T grid
point data for D−1, D and END days results in 6 fac-
tors accounting for 87% of the total variance for each
of the 3 days (D−1, D, END), and the application of

D x xij ik jk
k

p

∑ ( )= −
=

2 2

1
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CA on the 18 (3 days × 6 factors) factor scores time
series leads to 7 clusters. As has already been men-
tioned in the previous section, the number of factors
and the number of clusters were selected using a
SCREE plot for the D day case (Fig. 4a) and distortion
test (Fig. 4b), respectively. According to the SCREE
plot, the optimum number of the retained factors is 6,
as the number of points clearly deviating from the
rest is 6. Similar SCREE plots were found for the
other 2 days D−1 and END (not shown). In the distor-
tion test plot, among the cluster numbers ranging
between 1 and 13, the highest jump value appears for
number 7. Other numbers of factors and clusters
were also tested, but according to the physical hypo -
stasis of the results, the above numbers indicated by
the 2 tests were the most appropriate. Also, there is

no need to examine a higher number of clusters
(above 13) because for numbers <13 (e.g. 10, 11, or
12), the differences among the clusters were not rec-
ognizable from a physical point of view. For each one
of the 7 clusters, the durations of the EPEs are pre-
sented in Fig. 5, the intra-annual (month to month)
variations of their number are shown in Fig. 6, and
the mean EPD precipitation patterns constructed
from the station data using Kriging interpolation
method appear in Fig. 7. Also, the mean D−1, D and
END patterns of Z500, Z1000, T, RV, RH, DIV and CAPE
are presented for the 7 clusters in Fig. 8 and
Figs. S1−S6 in the Supplement (www. int-res. com/
 articles/ suppl/ c071 p139 _ supp.   pdf), showing the evo-
lution of atmospheric circulation structure before, in
the beginning and after the end of the EPEs. The
mean precipitation patterns in Fig. 7 reveal signifi-
cant differences in the spatial distribution of precipi-
tation among the 7 clusters, although FA and CA
have not been applied to precipitation but to atmos-
pheric circulation data. The differences in circulation
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associated with the location and the trajectories of
the various synoptic disturbances are responsible for
different precipitation patterns in Turkey because of
the corresponding differences in the areas of upward
air movement and the wind direction near the sur-
face. Wind direction is a significant parameter for
precipitation formation because it is connected to the
humidity of the lower troposphere affected also by
the windward or leeward character of the various
sub-regions.

Cluster 1 (53 EPEs) is the cluster with the highest
number of EPEs lasting for >2 d (5 EPEs). Also, 15 of
the 53 EPEs last for >1 d (Fig. 5). Extreme precipita-
tion of Cluster 1 prevails mainly from November to
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February, while its maximum frequency appears in
December (Fig. 6a), when the mid-latitude cyclones
originating over the northeast Atlantic and the
frontal low-pressure systems originating over the
Mediterranean become most frequent and intense
(Türkeş 1998, 2010). Mean daily precipitation peaks
over southwest Anatolia, exceeding 35 mm (Fig. 7a).
The mean patterns of the atmospheric parameters
during D−1, D and END days are shown in Fig. 8.
According to Fig. 8, the EPEs classified in Cluster 1
are connected to a west to east moving atmospheric
disturbance causing significant positive vorticity
advection, low level convergence and high instability
and humidity levels over the western and especially
the south-western part of the country. During D−1
day, a large-scale trough at the 500 hPa level cover-
ing central Europe and the central Mediterranean,
and a surface low-pressure system over the mid-
northern Mediterranean basin, the Aegean Sea and
the Balkans are shown, causing warm ad vection over

the south-eastern Aegean and high convergence
(negative DIV values), relative humidity and CAPE
values along the western coasts of Turkey. The sur-
face flow over the western coasts of Turkey is south-
westerly transferring very humid surface air masses
from the central Mediterranean and the Aegean Sea.
On D day, the 500 hPa level trough axis is over the
Aegean Sea and the Balkans with the maximum vor-
ticity values over the south-eastern Aegean and the
south-western Anatolia regions, while the surface
low-pressure system presents 2 centres, the first one
over the Black Sea and the second one over the
Aegean Sea and western Anatolia. The area of warm
advection moves slightly eastward, while high con-
vergence and RH zones ap pear over the high-precip-
itation area of southwest Turkey. On END day, the
main disturbance moves eastwards and weakens,
while another one appears over the Adriatic Sea.
Convergence, RH and CAPE decrease over the area
of high precipitation, favouring the end of the event.
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Cluster 2 (43 EPEs) is generally characterized by
short duration (Fig. 5). It is frequent during the cold
period of the year, and its maximum frequency is
shown in March (Fig. 6b). Daily precipitation is high
mainly along the southern coasts of the country,
where both frontal and orographic clouds and rain-
fall dominate (Fig. 7b). According to the mean pat-
terns of synoptic-scale weather conditions related
with the atmospheric parameters during D−1, D and
END days (Fig. S1), a well-organized atmospheric
disturbance over the southern Balkans moves from
west to east affecting southern Turkey. The southern
displacement of the trajectories of the low-pressure
centre and the positive vorticity, convergence and
instability maxima relative to the ones of Cluster 1
justify the corresponding displacement of the high-
precipitation zone from the western–southwestern to
the southern areas of Turkey. On D−1 day, the
depression is located over the southern Aegean Sea,
the mid-northern Mediterranean basin and the
south-western Anatolia region, and on D day, it
moves eastward affecting mainly the southern
regions of the country. The positive vorticity center
over the southern Aegean is also intensified and
moves eastward, while cold advection is shown over
the same area. RH and CAPE values are high, while
a convergence zone (negative DIV values) appears
mainly along the Mediterranean coasts of Turkey. An
EPE ends when the whole system and the corre -
sponding positive vorticity and convergence areas
weaken and move eastward toward the Middle East.
RH values remain relatively high over the eastern
part of the country and may be responsible for the
retention of lower surface temperatures, stratiform
clouds and weak to moderate precipitation there.

Cluster 3 (38 EPEs) can also be characterized as a
cold period cluster (Fig. 6c). The corresponding EPEs
last mainly for 1 d (27 EPEs), while this cluster also
contains 9 and 2 EPEs that last for 2 and 3 d, respec-
tively (Fig. 5). Precipitation is generally high over the
west of the country, with a zone of >20 mm appear-
ing in western Anatolia (Fig. 7c). According to the
synoptic-scale patterns of atmospheric parameters
(Fig. S2), a west to east moving atmospheric distur-
bance associated with the westerly upper air flow
that affects the whole country is evident. The surface
low-pressure system with an evident surface trough
toward the central Mediterranean covers the Aegean
Sea, the mid-northern Mediterranean basin, the west
Black Sea and north-west Turkey on D−1 day and the
central Anatolia, the central Black Sea and the Medi-
terranean regions of Turkey on D day. Positive vortic-
ity is transferred mainly along the southern coasts,

while convergence is highest over the western part of
the country during D−1 day, and presents positive
values (negative DIV values) over most of the country
on D day. RH is high during both D−1 and END days,
exceeding 80% over a large area. CAPE is high over
the whole country on D−1 day, while on D day, high
values are confined mainly over the eastern part.
EPE ends due to the eastward movement and weak-
ening of the upper air and surface systems during
END day, while convergence, RH and CAPE values
decrease significantly.

Cluster 4 (45 EPEs) is an autumn one as the cor -
responding EPEs appear mainly in October and
November (Fig. 6d). Most EPEs last for 1 or 2 d, while
there are 2 EPEs that last for 3 d and only 1 EPE that
lasts for 4 d (Fig. 5). The EPEs of Cluster 4 are associ-
ated with a generally westerly upper air flow at the
eastern side of an upper level trough prevailing over
the regions of Eastern Europe, the Balkans and the
Aegean Sea, as was generally the case for the previ-
ous clusters, but in this case, the areas of Turkey that
are mostly affected are the northern ones (Fig. 7d,
see Fig. S3 in the supplement). This pattern is due to
the fact that the surface flow over the region is north-
easterly, causing orographic rainfall superimposed
on frontal rainfall, and the associated high humidity
zone is over the northern windward parts of Turkey,
particularly along the Black Sea coasts (e.g. Türkeş
1998, Kutiel et al. 2001, Türkeş et al. 2002, Türkeş &
Erlat 2006), where a humid-temperate climate and
rainfall regime prevail (Türkeş 2010, Iyigün et al.
2013). Specifically, atmospheric circulation during
D−1 day is characterized by the presence of a wide-
spread high-pressure system over Europe and a
depression over the south-eastern Aegean and the
south-western coasts of Turkey. Both systems move
eastward during D day, forming a north-easterly flow
over almost the whole country except the south-
eastern Anatolia region, enhancing the baroclinicity,
especially along the northern coasts. A high CAPE
zone appears over Turkey moving eastward, but the
highest values are shown over the Eastern Mediter-
ranean basin, east of Cyprus. On END day, the de -
pression weakens, as do the pressure gradient and
the corresponding north-easterly flow over Turkey.
High RH values still appear over the north-eastern
part of the country, which may be responsible for
stratiform cloudiness and weak to moderate precipi-
tation there.

Cluster 5 (44 EPEs) comprises EPEs that appear
from October to May, and their maximum frequency
is in November (Fig. 6e). The duration of the EPEs is
1 or 2 d, and in this case, there are no EPEs with dura-
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tion >2 d (Fig. 5). The areas of Turkey that are mostly
affected are the northern coasts, but high precipita-
tion is also shown over the south-central parts of the
country (Fig. 7e). The synoptic-scale atmospheric
conditions associated with the EPEs of Cluster 5 show
a west to east movement of an upper atmospheric
trough at the 500 hPa standard pressure level along
with a cold front (Fig. S4). The strong north-easterly
flow and the negative air temperatures associated
with the cold advection appearing on D day imply
that the precipitation form in the northern parts of
the country may be snow, at least in the high-altitude
areas. Positive vorticity advection is very high over
almost the whole country, while there is a very high
relative humidity zone moving eastward along the
northern coasts between D−1 and D days. Conver-
gence is also shown over most areas for both D−1 and
D days, while a high CAPE area moves across the
country from D−1 to D day. The existence of the high-
precipitation zone over south-central Turkey appear-
ing in Fig. 7e can be attributed mainly to dynamic
factors and specifically to the fact that this area is
very close to the maxima of positive vorticity and
convergence. The EPE ends when the upper air
trough moves eastward, the north-easterly flow over
Turkey weakens, and convergence, relative humid-
ity, vorticity and instability values decrease signifi-
cantly. Clusters 4 and 5 are the clusters with the
highest percentage of EPEs lasting for >1 d. This is
possibly due to the fact that in both clusters, orogra-
phy plays an important role in precipitation of the
northern areas, even when the magnitude of the
main dynamic factors has been reduced (e.g. on the
second day of the EPEs). The very cold air masses
passing over the relatively warm surface of the Black
Sea may cause significant amounts of orographic
precipitation in the northern windward areas, taking
advantage of the high vertical temperature and rela-
tive humidity gradients in the lowest tropospheric
layers and the associated high convective instability.

Cluster 6 (69 EPEs) can be characterized as the
warm period cluster, as the corresponding EPEs
appear mainly from April to October (Fig. 6f). In this
cluster, 54 of 69 EPEs last for 1 d, 14 of them last for
2 d, only 1 of them last for 3 d, and there are no EPEs
with duration longer than 3 d (Fig 5). Mean daily pre-
cipitation is relatively evenly distributed over the
whole country, not presenting any remarkable spa-
tial maxima or minima (Fig. 7f). The atmospheric cir-
culation characteristics favouring the EPEs of Cluster
6 are presented in Fig. S5, revealing the typical syn-
optic conditions being responsible for extreme pre-
cipitation during the warm period of the year in the

Mediterranean. The Z1000 patterns are similar to the
corresponding climatic patterns of the warm period
of the year, characterized by the presence of the ther-
mal low associated with the western and north-
western (mainly surface-based) extension of the
South Asia monsoonal low and the anticyclonic con-
ditions over Europe and the western and central
Mediterranean (e.g. Türkeş & Erlat 2006, Lolis et al.
2008, Erlat & Türkeş 2013, Şahin et al. 2015, etc.).
The Z500 patterns show a west to east movement of a
trough over the Eastern Mediterranean affecting the
whole country. On D−1 day, a spatially extended
 vorticity maximum covers the southern Balkans,
Western Turkey and the Eastern Mediterranean Sea,
centred over the southwest coasts of Turkey. This
maximum moves eastward during D day, covering
the whole country and centred over the Cyprus
region. The upper air trough and the intense land
warming prevailing during the warm period of the
year favour instability conditions appearing in CAPE
patterns, especially on D−1 day over the eastern part
of the country. Finally, low-level convergence and
high relative humidity values prevail mainly on D−1
and D days, especially over the northern part of the
country. The EPEs end with the weakening and the
eastward movement of the upper air disturbance and
the associated decrease of static instability. It has to
be noted that Cluster 6 represents warm season
events, but the filtering process of EPEs does not
allow for meso scale convective events (those that
either occur on a sub-daily scale or are not wide-
spread). Such meso scale events are probably associ-
ated with atmospheric circulation characteristics sim-
ilar to those of Cluster 6, taking into account that the
combination of the upper air trough shown in Fig. S5
and the intense land warming can be responsible for
mesoscale convective events during the warm sea-
son, especially over the continental and mountainous
regions.

Cluster 7 (34 EPEs) is another cluster of the cold
period, as all the corresponding EPEs appear during
the period October to March, except one of them
which appears in June (Fig. 6g). Thirty of the 34 EPEs
last for 1 d only, while the rest of them last for 2 d
(Fig. 5). The precipitation pattern of Cluster 7 shows
that the highest amounts appear over the Eastern
Mediterranean sub-region and the south-eastern
Anatolia region, with daily values exceeding 20 mm
over a small mountainous district (east segment of
the south-eastern Taurus Mountains) (Fig. 7g). The
synoptic conditions associated with Cluster 7 show a
deep upper air trough with a strong geopotential
height gradient over Turkey during D−1 day and an
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upper air low formed during D day, while in the
lower troposphere, the Turkish area is under the in -
fluence of the combination between an anticyclone
centred over the Balkans and a low-pressure system
over the Cyprus, Syria and south-eastern Anatolia
regions (Fig. S6). This combination is responsible for
the north-easterly flow and the associated cold ad -
vection leading to negative 850 hPa pressure level air
temperatures over the northern part of the country.
Relative vorticity increases significantly over the
south-eastern part of the country, where instability is
high because of the presence of the upper low-
pressure system centre and the associated cold air
mass, low level convergence prevails, and the high-
est daily precipitation amounts are shown. The EPEs
end with the eastward displacement and the weak-
ening of the disturbance leading to corresponding
changes to all the significant atmospheric parameters
over the region.

4.  CONCLUSIONS

Extreme precipitation in Turkey and the associated
atmospheric circulation characteristics are examined,
and the results lead to the following conclusions:

(1) According to the intra-annual variation of the
number of extreme precipitation events, these events
are mainly concentrated during late autumn and
early winter, while only a few events appear during
the warm period of the year from June to September.

(2) According to the inter-annual variation of the
number of the events, there is no statistically signifi-
cant trend of their number during the period under
study.

(3) The duration of the events is relatively short
with most of the events lasting for 1 d only, while
there is no event with duration longer than 4 d.

(4) The application of FA and CA on atmospheric
circulation data led to 7 modes of atmospheric circu-
lation evolution favouring the occurrence of extreme
precipitation in Turkey. According to the general fea-
tures of these modes, the synoptic conditions that
favour the occurrence of the events are characterized
mainly by the west to east movement of strong large-
scale upper atmospheric troughs and deep surface
low-pressure systems associated with significant pos-
itive vorticity advection, high relative humidity over
the lower troposphere, and convergence and high in-
stability zones over specific sub-regions of the coun-
try. In most cases of extreme events, the presence of a
surface low-pressure system over the Eastern Medi-
terranean basin south of Turkey, particularly over the

Cyprus region, is one of the dominant characteristics
of the prevailing atmospheric circulation.

(5) It has been found that 6 of the 7 modes of circula-
tion evolution prevail mainly during the cold period of
the year, while only 1 mode prevails during the warm
period. Considering the 6 clusters of the cold period, 3
of them refer to the eastern/south-western part of the
country, 2 of them refer mainly to the northern coastal
areas, and 1 of them corresponds to the eastern conti-
nental area. The differences among the precipitation
patterns can be attributed to the locations and the tra-
jectories of the vorticity, convergence, humidity and
instability maxima and the ef fect of orographic lifting
depending on the surface flow direction. The warm
period cluster is characterized by a relatively uniform
precipitation pattern be cause precipitation is mainly a
result of convection due to the land warming and high
static instability, which are relatively uniform over the
country when cold upper air masses do minate over a
large area.

(6) Finally, the Mediterranean depressions play the
most important role in the occurrence of extreme
precipitation events during the cold period of the
year. In contrast, in summer, low upper air tempera-
tures and high static instability associated with the
land warming and the presence of upper air distur-
bances are the main causes.

The results of the present work reveal the sub-
regions of Turkey that are mostly affected by specific
evolution types of atmospheric circulation patterns,
and therefore, these results can be useful for extreme
precipitation forecasting in Turkey. The forecaster
can take into account these results along with the
outputs of the numerical models, because the fore-
cast uncertainty based on the unavoidable uncer-
tainty of the numerical model outputs can be partly
reduced by using a statistical tool based on real
extreme precipitation data over a long time period.
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