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Abstract In this study, regional patterns of precipitation in
Marmara are described for the first time by means of Ward’s
hierarchical cluster analysis. Daily values of winter precipita-
tion data based on 19 meteorological stations were used for
the period from 1960 to 2012. Five clusters of coherent zones
were determined, namely Black Sea-Marmara, Black Sea,
Marmara, Thrace, and Aegean sub-regions. To investigate
the prevailing atmospheric circulation types (CTs) that cause
precipitation occurrence and intensity in these five different
rainfall sub-basins, objective Lamb weather type (LWT)
methodology was applied to National Centers of
Environmental Prediction (NCEP)/National Center for
Atmospheric Research (NCAR) reanalysis of daily mean sea
level pressure (MSLP) data. Precipitation occurrence sug-
gested that wet CTs (i.e. N, NE, NW, and C) offer a high
chance of precipitation in all sub-regions. For the eastern
(western) part of the region, the high probability of rainfall
occurrence is shown under the influence of E (SE, S, SW)
atmospheric CTs. In terms of precipitation intensity, N and C
CTs had the highest positive gradients in all the sub-basins of
the Marmara. In addition, although Marmara and Black Sea
sub-regions have the highest daily rainfall potential during NE
types, high daily rainfall totals are recorded in all sub-regions
except the Black Sea during NW types.

1 Introduction

One of the most significant issues in climate sciences is un-
derstanding the characteristics of rainfall and its spatio-
temporal variability in a region because of its social and eco-
nomic implications (Collier and Krzysztofowicz 2000 and
references therein). Accordingly, many researchers have
attempted to cluster rainfall regions (e.g. Fovell and Fovell
1993; Gong and Richman 1995), and their relationship with
large-scale circulations (e.g. Lopez-Bustins et al. 2008; Ning
and Bradley 2015) or circulation types (CTs) (e.g. Huth et al.
2008; Philipp et al. 2010) on defined regional, national or
global scales.

Numerous studies have endeavoured to classify climate
zones and atmospheric CTs of Turkey and its regions. In
terms of climate zones, Erinç (1984) qualitatively described
seven climate regions by taking into account climatic differ-
ences and the changes in the social and economic properties of
the country, which are still used for describing the classifica-
tions of climate regions. Türkeş (1996) quantitatively
characterised climate zones by applying a coefficient of vari-
ations to the two primary climatological variables (i.e. temper-
ature and precipitation). Subsequently, Ünal et al. (2003) in-
vestigated the climate regions of Turkey by using hierarchical
clustering techniques. They first compared five cluster
methods, including single, complete, centroid and average
linkage as well as Ward’s methodologies. They found that
Ward’s method gave better results and found seven different
climate zones and six precipitation regions. Türkeş and Tatli
(2011) identified eight consistent precipitation regime regions
for the Anatolian Peninsula using spectral clustering for inves-
tigating atmospheric and geographical controls.

Sönmez and Kömüşcü (2011) reclassified the rainfall re-
gions of Turkey by using non-hierarchical K-means method-
ology and the relationship between drier or wetter periods and
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the North Atlantic Oscillation (NAO). They found six rainfall
clusters, which included Aegean and Marmara regions in the
same cluster, and determined that temporally dry periods are
partially explained by NAO. Differently from previous stud-
ies, Sahin and Cigizoglu (2012), using the Ward’s and neuro-
fuzzy method, investigated the sub-climate and sub-regional
precipitation characteristics as well as main climate and pre-
cipitation regions together with the physical properties of the
regions. According to the results, Turkey is composed of sev-
en main precipitation climates and 16 sub-regional precipita-
tion climates.

In terms of atmospheric CTs, Baltacı et al. (2015) detected
composites and frequencies of CTs as well as their contribu-
tion to the seasonal daily mean precipitation for every station
in the Marmara region (NWTurkey). To this end, an objective
version of the Lamb weather type (LWT) methodology, which
is commonly described in the literature, was applied to
National Centers of Environmental Prediction (NCEP)/
National Center for Atmospheric Research (NCAR) reanaly-
sis of daily mean sea level pressure data (MSLP). They calcu-
lated the seasonal contribution of each CT to the daily precip-
itation amounts for 21 meteorological stations without consid-
ering the influence of CTs on sub-regional precipitation.

Some of the previous cluster analysis solutions revealed
that the Marmara and Aegean regions have the same precipi-
tation climate and are likely to be one cluster. However, be-
sides highly spatial and temporal rainfall variability between
these two regions, the spatial distribution of precipitation char-
acteristics of Marmara shows different behaviour. Non-
uniform spatial and temporal distribution of the rainfall in
Marmara and its sub-basins, which is the most populated re-
gion and the economic powerhouse of Turkey, influences the
infrastructure (e.g. flash floods), limited or unrestricted fresh
water storage in water basins, and the socioeconomic devel-
opment of the region and country. Therefore, more compre-
hensive studies for understanding the regional patterns of pre-
cipitation inMarmara are required and should also consider its
synoptic perspectives.

In addition to quantifying the intra-annual daily mean pre-
cipitation amounts for every CT at each station (Baltacı et al.,
2015), this study explores which CTs quantitatively cause
precipitation occurrence and intensity in the sub-basins of
the Marmara region. For this purpose, as a first step, Ward’s
method clustering technique was adapted to the winter precip-
itation records (wettest season) of 19 land-based meteorolog-
ical stations for the period from 1960 to 2012. In terms of CTs,
the LWTmethodology was used for the same period. CTs and
their contribution to the precipitation occurrences and their
amounts under each sub-basin were investigated using two
indices.

In Section 2, a description of the climatological and synop-
tic characteristics of the study area, along with the data and the
methods used, is provided. The results of the cluster and LWT

analysis are presented in Section 3. Section 4 provides
conclusions.

2 Data and methodology

2.1 Climatological and synoptic characteristics
of the Marmara region

The Marmara region exhibits the properties of a transition
climate between Black Sea and Mediterranean climates to-
gether with its own characteristics. Compared with the
Black Sea precipitation characteristics, lower rainfall values
are recorded for the whole year. Compared with the
Mediterranean precipitation regime, Marmara receives more
precipitation during the year. The region is surrounded by
water bodies (i.e. the Aegean Sea and the Black Sea in
Fig. 1), and the transfer of humidity from these seas by
atmospheric circulations plays a dominant role in all sea-
sons. The cyclones over Genoa and Iceland affect the re-
gion on particular time scales. When the Genoa low-
pressure centre (LPC) moves towards Marmara, more pre-
cipitation and humidity are transferred to the inner parts of
the region. In terms of Icelandic LPC, the cyclones move
from the Balkan Peninsula to the region and, while passing
over the Istranca Mountains, deposit their moisture over the
Balkan countries and bring dry air to the Marmara region.
In some summer months, a low Asiatic monsoon (Türkeş
and Tatlı 2011) extends from the south of the country to
the inner parts of the region and drier and hotter atmo-
spheric conditions together with daily maximum tempera-
ture peaks are observed. General wind directions are north-
northeast because of the activity of the pressure systems,
and therefore, the Black Sea plays a significant role in
determining the air-sea interactions and moisture transport.
The sea effect mechanism creates snowfall (extreme rain-
fall) events and threatens social life, causing economic
losses, especially in winter (fall) months. During the spring
and fall seasons, convectivity and its associated unpredicted
precipitation episodes appear in the land areas of the
Marmara region. A very mountainous area is located in
the south-southeast part of the region. A plateau basin is
positioned in the northwest of the region (Thrace basin)
with low altitudes (Table 1). High mountain borderlines
(i.e. Istranca and Mt Uludağ (2543 m)) cause rain shadows
over the particular sub-basins, and rapid urbanisation and
deforestation threaten the limited water basins of the region.
Moreover, the high variability of the cyclone frequencies
seen in the region, especially in the winter, the most sig-
nificant season for heavy rainfall, gives us a solid basis
from which to describe the spatio-temporal distribution of
the precipitation values, focusing on sub-regional
precipitation.
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2.2 Spatial and temporal precipitation variability

We focused on the spatial and temporal variability of winter
precipitation totals, vital for the sustainability of water man-
agement policies. In our study, we utilised all available long-

term climatological data, which registered at 19 homogenised
meteorological stations to better represent the region. Daily
precipitation values of winter months were provided by the
StateMeteorological Service of Turkey for the period between
1960 and 2012. In order to understand the spatial distribution

Fig. 1 TheMarmara region and meteorological stations used in this analysis, which are described in Table 1. The inset shows the location of the region
in Turkey

Table 1 Geographic coordinates, altitudes, and the DJF precipitation characteristics of the stations for the period from 1960 to 2012

Station name Latitude
(N)

Longitude
(E)

Altitude
(m)

DJF precipitation
(mm)

Contribution to MAP
(%)

DJF wet days
(>0 mm)

DJF thresholds
(mm)

Bandırma 40.35 27.97 58 299.3 41.6 46 49.0

Bursa 40.18 29.07 100 267.3 38.3 43 37.7

Çanakkale 40.15 26.42 6 271.5 44.1 35 47.8

Çınarcık 40.65 29.12 20 314.0 35.8 44 51.9

Çorlu 41.17 27.80 183 193.8 33.8 44 30.9

Edirne 41.67 26.57 51 185.3 31.4 36 36.5

Florya 40.98 28.75 36 255.0 39.3 46 32.0

İpsala 40.93 26.40 10 224.9 35.9 33 42.8

Keles 39.92 29.07 1063 295.0 39.2 44 40.8

Kireçburnu 41.17 29.04 58 312.7 37.7 51 35.5

Kırklareli 41.73 27.23 232 178.9 31.9 32 42.0

Kocaeli 40.78 29.93 76 277.2 34.3 50 35.2

Kumköy 41.25 29.03 30 298.1 36.7 47 41.2

Lüleburgaz 41.40 27.35 46 179.3 31.1 27 37.3

Malkara 40.90 26.92 283 248.6 36.1 34 41.1

Sakarya 40.78 30.42 31 275.5 32.9 46 31.2

Şile 41.18 29.61 31 300.0 35.5 49 42.0

Tekirdağ 40.98 27.55 4 206.6 35.3 35 37.5

Yalova 40.65 29.27 4 282.3 37.7 45 38.8
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of wintertime precipitation over the years, its average percent-
age contribution to mean annual precipitation (MAP), the av-
erage number of wet days and threshold values according to
the T10 method (Osborn et al. 2000; Burt and Ferranti 2012)
were extracted for 19 stations. The T10 threshold was defined
for each station separately, which is the daily rainfall amount
that corresponds to the top 10 % of ranked cumulative rainfall
for the reference period (1960–2012). It is shown in Table 1
that the lowest winter rainfall totals are recorded for the NW
part of the region, which is the agricultural basin (e.g.
Kırklareli, Lüleburgaz, Edirne). Highest winter rainfalls are
shown for seaside stations close to the Marmara Sea and the
Black Sea (e.g. Şile, Çınarcık, Kireçburnu). The percentage
contribution of winter (DJF) precipitation to theMAP changes
from 31.1 to 44.1 % in the Marmara stations. Every other day
produces rainfall located in the north and northeast part of the
studied area. Interestingly, although DJF rainfall totals are
minimal at Kırklareli, threshold values dropped to 42 mm.
This indicates that the magnitude of the daily precipitation is
higher than that of the neighbouring stations.

In order to understand the temporal behaviour of the winter
mean precipitation for the region, weighted averages of DJF
precipitation totals and their annual anomalies were calculated
using data for the 19 meteorological stations. As shown in
Fig. 2, the three driest periods occurred during 1972, 1989,
and 1992, respectively. On the other hand, the three wettest
periods occurred in 1963, 1981, and 2010, respectively.
According to the 10-year moving average, a sharp decrease
in DJF precipitation can be observed during the late 1970s,
followed by an increasing trend in the 1980s. From the late
1990s to today, an increasing trend of precipitation can be
observed in the region.

2.3 Atmospheric circulation classifications

In order to determine the synoptic classifications, an objective
version of the LWT (Jenkinson and Collison 1977; Jones et al.
1993) methodology was applied to the daily MSLP data de-
rived by NCEP/NCAR reanalysis (Kalnay et al. 1996) for
1960 to 2012. As a result of the calculation of flow and vor-
ticity terms of the method, 27 different CTs were identified: 8
directional (north (N), northeast (NE), east (E), southeast (SE),
south (S), southwest (SW), west (W), northwest (NW)), 16
hybrid (combination of directional and non-directional types),
and 3 pure types (cyclonic (C), anticyclonic, and unclassified
(U)). The grid resolution and location and the indices’ formu-
las were adapted from Baltacı et al. (2015).

3 Results and discussion

3.1 Regional patterns of precipitation in Marmara

We preferred Ward’s methodology for detecting sub-regional
precipitation of Marmara, as it is both widely used and is
actually the most suitable method (Ünal et al. 2003) for de-
scribing the climate regions of Turkey. To standardise the
winter precipitation values based on 19 meteorological sta-
tions, zero mean and unit variance were used. The dissimilar-
ity was measured by Euclidean distance. As a result of the
clustering solutions, five clusters were considered sufficient
for our region, even though the objective method for identify-
ing the number of clusters to be retained was not universally
accepted (Fig. 3 and Table 2).

Later, to obtain statistical information for each rainfall clus-
ter, a box-whisker plot of the clusters was devised (Fig. 4),
where the central mark on each box is the median, the edges of
the box are the 25th and 75th percentiles, and the dashed lines
extending to the most extreme data are the whiskers. For each
box, the outliers and the means are plotted with Bο^ and B+^
symbols, respectively. Cluster A includes four stations and
shows similar characteristics to the Black Sea and Marmara
Sea regions. This sub-region has the highest average DJF
rainfall (308 mm). Maximum DJF precipitation occurred dur-
ing 1981 with 780 mm. In cluster B, two stations indicate
Black Sea region rainfall properties; the winter rainfall aver-
age increased to 277 mm. For cluster C, four of five stations
are located close to the Sea of Marmara and present a typical
Marmara precipitation climate (Fig. 3). The second highest
winter precipitation is observed in this cluster with 282 mm
(Fig. 4). In terms of cluster D, five land-based stations located
NWof Marmara have the lowest winter average precipitation
total of 193 mm (Figs. 3 and 4). This sub-region is known as
the Thrace basin and has great importance in terms of agricul-
tural production (e.g. rice and sunflowers). Three stations in
the west part of the Marmara region are separated from the

Fig. 2 Winter (DJF) precipitation anomalies of Marmara for the period
from 1960 to 2012. Dashed lines indicate the 10-year moving average

566 Baltacı H. et al.



Thrace basin and typically present an Aegean rainfall climate.
In this cluster, E, the average winter precipitation is 257 mm.

3.2 Atmospheric circulation classifications

The most frequent atmospheric CTs were investigated for the
Marmara region. As shown in Table 3, 93 % of the winter
mean frequencies of CTs relates to the eight directional and
two vorticity types (C and A). For this reason, the long-term
winter composites of 10 CTs (out of 27) were taken into ac-
count (Fig. 5). Despite the low frequency of northerly types
(N), maximum daily precipitation amounts are recorded in the
A, B, and C clusters. This N type is the second wettest type
after cyclonic (C) patterns for D and E sub-regions (Table 3)
because there is no humidity transfer for the D and E regions
(Fig. 5). The rainfall contribution to the winter total is between
5 and 7 % for the eastern parts of the region (A, B, and C), but
the ratio decreases 3 % in the cluster E sub-basin. In north-
easterly (NE) cases (the second most frequent CT over
Marmara), the maximum daily precipitation values are

observed close to the Black Sea stations (cluster B), followed
by clusters A and C with values of 6.68 and 5.84 mm/day,
respectively. Percentage contribution to the winter rainfall of
NE types are 34.74, 28.02, 26.71, 14.47, and 14.09 % in B, A,
C, D, and E sub-regions, respectively. In this type, the region
is under the influence of a high-pressure centre (HPC) located
over eastern Europe and a low-pressure centre (LPC) located
over Cyprus; hence, NE types bring humidity from the semi-
closed water body called the Black Sea (Fig. 5). In the most
frequent CTs (easterly (E) types), although the sub-regions
have low daily precipitation values, the percentage addition
to winter rainfall total changes from 19.75 to 28.28 % for the
D and A clusters, respectively. The position of HPC over the
Balkan Peninsula and clockwise rotation result in easterly pat-
terns in Marmara (Fig. 5). The flows move over Marmara and
more winter rainfall records are observed in the Thrace basin
and the Aegean region (clusters D and E in Table 3). Both the
daily rainfall intensity and the average number of rainfalls
decrease during the active southeasterly (SE) and southerly
(S) patterns (Table 3). In these cases, as a consequence of

Fig. 3 The five clusters of the
Marmara region according to
Ward’s method. The cluster letters
are explained in Table 2

Table 2 Clustering results of winter precipitation records based on 19 meteorological stations together with their sub-regional names for the period
from 1960 to 2012

Cluster letter No. of stations and their names Definition

A 4 (Kireçburnu, Kumköy, Şile, and Çınarcık) Marmara and Black Sea regions

B 2 (Kocaeli and Sakarya) Black Sea region

C 5 (Bursa, Yalova, Keles, Bandırma, and Florya) Marmara region

D 5 (Edirne, Kırklareli, Lüleburgaz, Çorlu, and Tekirdağ) Thrace region

E 3 (Çanakkale, İpsala, and Malkara) Aegean region
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the Genoa LPC and HPC over the north of the Caspian Sea,
the flows move throughout the eastern Mediterranean and
leave precipitation before reaching the Taurus mountains,
which divide the Mediterranean coastal region of southern
Turkey from the central Anatolian plateau. Therefore, the
areas behind the mountains have a rain shadow character
(Fig. 5). When the HPC shifts south of the Caspian Sea, the
pattern turns into southwesterly (SW) types, and the impact of
the Genoa LPC can be seen in the region. Humidity is trans-
ferred throughout the western Mediterranean to the Marmara
region without any geographic obstacles such as mountains.
Every 10th CT occurs in this type. The highest daily rainfall
total applies to the D and E clusters. Average numbers of
westerly types increase up to 13.69 %, and the contribution
to winter rainfall is at its maximum in the western parts of the

region. Similar synoptic conditions, like N cases, are shown
during northwesterly (NW) patterns. Compared with N types,
the NW patterns bring partly dry air from the Balkan coun-
tries, and hence, lower daily precipitation values are recorded
in the whole of Marmara. In cyclonic (C) types (the fifth most
frequent CT), an LPC is located over Marmara, daily rainfall
total increases to 7.18 and 9.34 mm and is the wettest CT for
the D and E clusters, respectively. During anticyclonic (A)
types, an HPC is located over Marmara and has the lowest
daily rainfall potential of all sub-regions.

3.3 Precipitation occurrence and amount

Precipitation occurrence of each CT is derived from the daily
rainfall totals. A wet day is defined when the daily total pre-
cipitation is greater than or equal to 1 mm. In the study, the
probability of having a wet day for each CT and cluster was
analysed. As seen in Fig. 6, the wettest days are shown as N,
NE, NW, and C types. In terms of N patterns, the highest
probability of having a wet day was observed in the north
and northeast part of the region. The probability ratio de-
creases to 57 % west and northwest of the Marmara region.
In NE cases, the chance of having wet days is much more
distinct between north-northeast and west-northwest areas of
the region. In spite of the low frequencies of NW types, 70 %
of the patterns result in a wet day in clusters A, B, and C. In
cyclonic conditions, observed frequencies of wet days are al-
most 70 % in the four clusters (except cluster B).

Although N, NE, NW, and C types result in a high proba-
bility of rainy conditions in winter months, their frequencies
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Fig. 4 Box-plot of theWard’s method clusters for the 1960–2012 period.
Cluster letters are explained in Table 2

Table 3 Winter (DJF) mean frequencies of CTs and their contribution to the daily mean precipitation amounts (mm day−1) and to total precipitation
(%) for the defined five clusters during the period from 1960 to 2012

CTs %day A B C D E

mm/day % tot P mm/day % tot P mm/day % tot P mm/day % tot P mm/day % tot P

N 1.63 11.49 5.50 11.47 6.10 11.84 6.19 5.13 3.91 5.83 3.33

NE 14.28 6.68 28.02 7.46 34.74 5.84 26.71 2.17 14.47 2.81 14.09

E 29.58 3.26 28.28 2.75 26.57 2.48 23.48 1.43 19.75 2.27 23.60

SE 3.91 1.55 1.78 0.97 1.23 1.38 1.73 1.79 3.27 3.00 4.12

S 3.30 1.78 1.73 1.53 1.65 1.86 1.97 2.02 3.11 2.69 3.11

SW 9.99 1.08 3.17 0.71 2.33 1.25 4.00 2.11 9.85 3.08 10.79

W 13.69 2.22 8.91 1.82 8.13 2.43 10.67 2.18 13.98 2.35 11.30

NW 1.86 6.39 3.49 4.78 2.90 6.84 4.08 5.06 4.40 5.24 3.42

C 4.58 6.83 9.18 4.18 6.24 7.18 10.54 7.18 15.37 9.34 14.99

A 8.13 1.26 3.01 1.48 3.92 1.12 2.93 0.46 1.74 0.54 1.55

�Fig. 5 Long-term wintertime daily mean sea level pressure (MSLP)
composites of each of the eight main directional and two vorticity CTs
during the period from 1960 to 2012. The red rectangle indicates the
Marmara region. H and L mark the high and low-pressure centres,
respectively
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(22.5 % in Table 3) and their contribution to total rainfall
(average 43.5 % in Table 3) cannot give enough detailed in-
formation to explain the rainfall characteristics of the region.
Therefore, we explored the chances of rainfall occurrence and
intensity during each CT and cluster by using two index
calculations.

3.4 Spatial variability of precipitation

Two indices were defined and applied to the Iberian rain-
fall to determine the role of each CT in precipitation oc-
currence and amount (Goodess and Jones 2002). Brisson
et al. (2011) also applied these indices to the limited num-
ber of stations to characterise different precipitation re-
gions in Belgium. The first index was termed the

normalised relative occurrence of rainy days (by the ratio
PROBct/PROBtot) and the formula is as follows:

PROBct

PROBtot
¼ Nwetct

N ct
⋅
N tot

Nwettot
; ð1Þ

where Nwetct and Nct are the total number of wet days
(≥1 mm) and total number of days within the CT. Ntot

and Nwettot are as the total number of days and the total
number of wet days within the entire period (53 years).

The second index was used to describe positive or negative
anomalies based on the intensity of precipitation during CT,
which was termed normalised relative daily intensity of
(PRECct/PRECtot) and can be written as follows:

PRECct

PRECtot
¼ TARct

Nwetct
⋅
Nwettot

TARtot
; ð2Þ

where TARctis the total accumulation of rain during the wet
days of a specific CT, Nwetct is the total number of wet days
within the CT, Nwettot is the total number of wet days, and
TARtot is the total accumulation of rain during the wet days
of the 53-year period.

If index values of PROBct/PROBtot were higher (lower)
than 1, this implied a positive (negative) anomaly, which
causes a high (low) chance of precipitation occurrence com-
pared with the average of all CTs. An index PRECct/PRECtot

higher (lower) than 1 indicated that the intensity of rainfall on
a wet day is larger (smaller) than the average intensity on a wet
day during the entire period.

According to the results for the normalised relative occur-
rence of rainy days (PROBct/PROBtot), wet CTs (N, NE, NW,
and C) indicate a high chance of precipitation in all sub-
regions of the Marmara (Fig. 7a). On the other hand, southerly
components of the patterns (i.e. SE, S, and SW) have a high
chance of rainy days appearing in the western parts of the
region (clusters D and E). In addition, in E types, the high

Fig. 6 The probability of having a wet day for the directional and two
vorticity CTs for the five sub-basins (cluster letters A, B, C, D, and E)

Fig. 7 a The normalised relative
occurrence of rainy days per CT
(PROBct/PROBtot) and b the
normalised relative daily intensity
of precipitation per CT (PRECct/
PRECtot) for each cluster and CT.
Circle, square, triangle, plus, and
multiplication signsmark the sub-
regional precipitation marked by
cluster letters A, B, C, D, and E,
respectively.
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chance of wet days is more evident in the east of the region
(clusters A and B) compared with the other clusters. The low-
est precipitation occurrence of rainy days is shown during the
A patterns in the whole of Marmara.

Based on the PRECct/PRECtot results, the highest precipita-
tion intensity gradients occur during the N and C types in the
whole domain (Fig. 7b). For NE cases, the high rainfall inten-
sity of wet days is shown in theMarmara-Black Sea, Black Sea,
and Marmara sub-basins (i.e. A, B, and C clusters) of the stud-
ied area. During NW types, high rainfall magnitude affects all
Marmara except the stations close to the Black Sea (cluster B).

3.5 Rainfall magnitude categories

To explore the CTs that cause intense precipitation (see
Section 3.3), we comprehensively analysed the daily intensity
of precipitation during particular CTs. For this reason, the
classification of daily rainfall magnitude (PRCP) in previous
works was adopted (Osborn et al. 2000; Osborn and Hulme
2002; Gallego et al. 2006). We constructed five categories of
rainfall magnitude: no rain, light rain (0mm< PRCP < 3mm),
moderate rain (3 mm < PRCP < 9 mm), intense rain
(9 mm < PRCP < 21 mm), and very intense rain (>21 mm).
Percentage contributions of N and C CTs to the rainfall mag-
nitude were analysed for five clusters. As one can see from
Fig. 8a, every other day of the northerly types produced in-
tense and very intense precipitation in the A, B, and C clusters.
The distribution of the moderate and intense episodes was
nearly the same in the B and C clusters. In the D and E, daily
precipitation totals above 9 mm are evident in almost 22 and
26 % of the all-N patterns. In terms of cyclonic conditions
(Fig. 8b), D and E sub-regions are more sensitive to the pre-
cipitation than the other three cluster zones. Very intense ep-
isodes are more common in the E sub-basins. Many flash
floods occur during the activity of C types in this sub-basin.
After transfer of more humidity and precipitation to the
Aegean side of the region, the numbers of very intense

episodes decrease in the Thrace basin. Because of the distance
of the cyclone centre from the north and northeast of the re-
gion, the frequencies of the intense and very intense episodes
decrease compared with the other basins.

4 Summary and conclusions

In this paper, we first identified the regional patterns of pre-
cipitation in Marmara (NW Turkey) by applying the Ward’s
method clustering technique to the daily winter precipitation
amounts. Then, we extracted the long-term composites and
frequencies of atmospheric CTs and explored their contribu-
tion to daily precipitation intensity for each cluster. To identify
atmospheric CTs, we used automated LWT methodology in
the daily mean NCEP/NCAR reanalysis of sea level pressure
data for the period from 1960 to 2012. Later, two indices (i.e.
normalised relative occurrence of rainy days (PROBct/
PROBtot) and normalised relative daily amount of precipita-
tion (PRECct/PRECtot)) were applied to all cluster solutions to
investigate the influence of CTs on the occurrence and inten-
sity of precipitation.

As a consequence of the Ward’s method, the region was
divided into five main sub-regional precipitation climates:
Marmara-Black Sea, Black Sea, Marmara, Thrace, and
Aegean (cluster letters A, B, C, D, and E, respectively).
According to the CTs results, N, NE, NW and cyclonic (C)
patterns have the highest probability that rainfall will occur in
the whole Marmara region. These types were also defined as
the wet CTs by Baltacı et al. (2015). Additionally, PROBct/
PROBtot results indicate that whereas the eastern part of the
region concludes with precipitation during E days, western
basins have rainy days during the southerly components of
the patterns (S, SE, and SW).

By analysing the distribution of average precipitation in-
tensity for each CT, it was found that the highest probability of
extreme precipitation is during N and cyclonic CTs in all
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Fig. 8 Percentage contribution of
a N and b C synoptic weather
types to the winter categories of
precipitation (see Section 3.4) for
five clusters.
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cluster zones. As explained by Baltacı et al. (2015), type N
divides the region into two parts (as east and west) with regard
to precipitation intensity, and the eastern stations become re-
markably wetter than others. However, the precipitation inten-
sity index showed that west sub-regions (clusters D and E)
also have the highest precipitation intensity gradients duringN
cases. This can be explained by intense moisture transport
from the Marmara Sea. On the other hand, we found that the
highest daily rainfall totals occur in the N, NW, and cyclonic
(C) types in clusters D and E. During C types, almost 37 % of
the daily precipitation intensities are greater than 9 mm/day in
these clusters, which make affected sub-regions more sensi-
tive to the flash flood events. Concerning eastern clusters,
although the influence of NE type on rainfall magnitude is
more significant, NW patterns show high precipitation inten-
sities in all clusters of the region, except the Black Sea.

Any spatio-temporal changes in wintertime rainfall vari-
ability affect the sustainability of water management policies
as well as the socioeconomic development of the region.
Therefore, it is necessary to conduct more comprehensive
studies based on similar sub-regional precipitation and the
contribution of CTs to the different precipitation climates of
sub-basins. This study is a first step in analysing the relation-
ship between CTs and their impacts on similar precipitation
climates in Marmara.
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