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Atmospheric circulation types in Marmara Region
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ABSTRACT: In this study, circulation types, their long-term mean occurrence frequencies and relationships with precipitation
are investigated for the region Marmara, which is the most populated, agriculturally developed and industrialized area in
Turkey. Automated Lamb Weather Types classification method is applied on NCEP/NCAR daily mean sea level pressure data
to determine the circulation types. Northeasterly (NE) and easterly (E) types are found to be the most frequent both on the
annual basis and during winter (DJF, the wettest season in the region). Circulation types with the highest rainfall potential,
namely the cyclonic (C) and the northerly (N), are among the least frequent; therefore they are not the dominant ‘rainfall
modes’. Instead, NE and E have the greatest contribution to the regionally averaged rainfall amount, although they do not have
the highest potential to create precipitation. This shows that Marmara Region receives a substantial amount of precipitation
from northerly and easterly maritime trajectories, implying a profound influence of the Black Sea on the rainfall regime in this
area. However, rainfall at the stations that are far away or less affected by the Black Sea (especially at the ones in the west)
occurs during types with a southerly component (S, SW and SE). Our results reveal that, in Marmara Region, the response of
precipitation to atmospheric circulation is rather complex and spatially inhomogeneous; in line with the complex topography
of the area. Therefore, water management policies should be adopted accordingly, taking all local characteristics into account.
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1. Introduction

The Marmara Region comprises the northwestern end
of Anatolia and the southeastern end of the Balkans:
two peninsulas separated by Dardanelles and Bosphorus
straits, and the Sea of Marmara (Figure 1). Located on
two continents, Asia and Europe, this unique area is the
most industrialized, agriculturally developed and popu-
lated geographical division in Turkey with a population
density of up to 2500 people per km2 in Istanbul, aver-
aging 300 people per km2 regionally (Turkish Institute of
Statistics (TIS), 2011). Parallel to its economic develop-
ment, the region continues to draw migration from other
regions in Turkey. This leads to an ever increasing demand
for water, while threatening the existing water resources
in the form of new and uncontrolled building activity over
water reservoirs (Maktav and Erbek, 2005). Thus, amount
and variability of precipitation play a key role in the man-
agement of limited water supply.

Numerous studies have been conducted concerning pre-
cipitation in and around Anatolian Peninsula. Some of
these deal with its spatial (Erinç, 1962; Türkeş, 1996; Ünal
et al., 2003) and temporal (Toros, 2012; Ünal et al., 2012)
variability, while others assess its variations in response to
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teleconnection patterns such as the North Atlantic Oscil-
lation (Cullen and deMenocal, 2000; Türkeş and Erlat,
2003), or the North Sea – Caspian Pattern (Krichak et al.,
2002; Kutiel et al., 2002); or to the hypothetical changes
in sea surface temperatures (Bozkurt and Şen, 2011). Erinç
and Sungur (1964) studied weather types in Istanbul by
classifying daily local observations such as temperature,
relative humidity, precipitation amount, wind speed and
direction. Except their work, either the types of synop-
tic circulation [or ‘circulation types’ (CTs hereafter)] in
Turkey or their relationship with precipitation was not
studied in detail.

CT methods have proven useful for characterizing the
influences of large-scale circulation on the surface climate
of a certain area (Huth et al., 2008; Dayan et al., 2012
and references therein). A database of CT classifications
has been compiled by Philipp et al. (2010), who divide all
available methods into two main categories according to
the ‘strategy’ of classification. In the first category of meth-
ods, the strategy is to ‘predefine’ a set of CTs before the
analysis, in order to classify each case within these types.
Predefinition of CTs can be done either purely subjec-
tively (e.g. Hess and Brezowsky, 1952; Lamb, 1972) or by
declaring quasi-objective borderlines between types in the
form of thresholds (e.g. Litynski, 1969; Jones et al., 1993;
Dittmann et al., 1995). The second category of methods,
which can be based on techniques such as principal com-
ponents (e.g. Huth, 1993), leader algorithm (e.g. Blair,
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Figure 1. (a) The 16 MSLP grid points used in the Lamb Weather Type analysis. Of the smaller (dashed) rectangles, the lower one covers the
Marmara Region; whereas the upper right and upper left show the areal extent of sea surface temperature and specific humidity data respectively,
which are described in Section 2.3. (b) Marmara Region and its topography, along with locations, names and mean annual precipitation values of

the meteorological stations used in the analysis. The size of each dot is proportionate with the mean annual precipitation.

1998) or optimization (e.g. Philipp et al., 2007), produce
‘derived’ CTs that are revealed (thus, ‘defined’) only after
the mentioned analyses. Automated Lamb Weather Types
(LWT) methodology (Jenkinson and Collison, 1977; Jones
et al., 1993) is of the first category. Using the ‘predefini-
tion’ strategy, it classifies daily mean sea level pressure
(MSLP) fields according to certain predefined thresholds
in flow direction, flow strength and vorticity; hence deter-
mining the CTs (see next section for details). In the inves-
tigation of the link between CTs and precipitation, LWT
has been used extensively and especially for continen-
tal Europe (e.g. Goodess and Palutikof, 1998; Trigo and
DaCamara, 2000; Linderson, 2001; Lorenzo et al., 2008;
Brisson et al., 2011).

Here we apply the LWT methodology to the Marmara
Region, in order to establish for the first time, a quantitative

linkage between CTs and precipitation in northwestern
Turkey. For this region, there are a number of complicating
factors in the relationship between precipitation and large
scale circulation. First of all, Turkey, compared to western
and continental Europe, is located relatively far from the
two semi-permanent pressure centres, namely the Azores
High and the Icelandic Low. Consequently, the country is
influenced not only by the North Atlantic climate, but also
by that of Asia, which is characterized by the activities of
Siberian High in winter and the Monsoon Low in summer.
Moreover, Marmara Region has a rather complex topog-
raphy, with water masses in the middle (Marmara Sea), to
the north and northeast (Black Sea), also to the southwest
(Aegean Sea) of it (Figure 1); all of which modify incom-
ing air masses. These air–sea interactions, along with the
mountainous terrain lead to various local responses to
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atmospheric CTs. Therefore, the goal of the current study
is to improve our understanding of the precipitation char-
acteristics and its spatial variability in Marmara Region, in
relation with CTs and in response to the complex topogra-
phy of the area.

In Section 2, a description of precipitation characteristics
of the study area, along with the data and the methods
used, are described. Results of the LWT analysis and
related discussion are presented in Section 3. The last part,
Section 4, is devoted to the summary and conclusions.

2. Data and methodology

2.1. Precipitation climate of the Marmara Region

To identify annual and seasonal precipitation characteris-
tics of the Marmara Region, daily rainfall data, from 22 sta-
tions (Figure 1) operated by the Turkish State Meteorolog-
ical Service, were used for the period of 1971–2010,when
availability of the data is the highest.

According to these rainfall data, Marmara Region is an
area of transition between summer-dry Mediterranean and
year-round-wet Black Sea precipitation regimes (Türkeş,
1996). In addition, its complex coastline and rugged topog-
raphy (with heights varying from sea level to the 2600-m
Mount Uludağ in SE) lead to a highly inhomogeneous spa-
tial distribution of rainfall (Figure 1). Stations located in
the south and west of the area exhibit a rather Mediter-
ranean type of annual precipitation distribution (Ünal
et al., 2003) with low amounts of rainfall in JJA; totalling,
for instance, an average of 36 mm in Bal𝚤kesir, and making
up 6% of the annual sum. On the other hand, stations in the
NE are remarkably wetter during summer months: Sakarya
receives an average of 165 mm JJA rain, equivalent to 20%
of its annual total. As shown in Figure 1, these differences
are well reflected in mean annual precipitation (MAP here-
after) values, which varies between 460 and 944 mm, with
the highest values observed at stations closer to the Black
Sea. This is also where the average number of rainy days
per year is the highest (not shown). The area around Bile-
cik and the interior part of the Trakya basin (NW of the
region Marmara – a major agricultural area), which both
have rain shadow character, have the lowest MAP values.
In all stations, 30–50% of MAP falls in DJF, with the high-
est percentage in southern stations (not shown). SON is the
second rainiest season. In MAM, precipitation is mainly
convective, resulting in a seasonal maximum at elevated
stations located inland, such as Keles. More details about
the precipitation climate of the region will be provided in
subsequent sections, highlighting its relation with CTs.

2.2. Determining the CTs: Lamb weather types
methodology

Automated Lamb Weather Types (LWT) methodology
(Jenkinson and Collison, 1977; Jones et al., 1993) is based
on Lamb’s work (Lamb, 1972), who had developed a
subjective classification scheme of CTs influencing The
British Isles. In the objective (i.e. automated) version, sea
level pressure fields are used to determine the direction and

vorticity of geostrophic flow over a predetermined central
point. This is done by calculating six circulation parame-
ters and classifying them according to certain thresholds
(see below). As a result, 27 different CTs are defined, of
which eight are pure directional and two are vorticity types.
Sixteen of the 17 remaining CTs are the combination of
directional and vorticity types, hence they are named as
hybrid. One last CT is for the ‘unclassified’.

In the current application of the method, daily mean
MSLP values (averaged from the 6-hourly NCEP/NCAR
reanalysis data, Kalnay et al., 1996) on 16 grid points
(between 5∘W-55∘E and 30∘N-60∘N, Figure 1), centred
over Marmara Region and separated by 5∘ from each other,
are used to determine the daily CTs. Chosen period is
1971–2010, identical to that of precipitation data. The six
parameters, namely the westerly flow (WF), southerly flow
(SF), resultant flow (FF), westerly shear vorticity (WSV),
southerly shear vorticity (SSV) and total shear vorticity
(ZZ), are computed through the following formulae (Trigo
and DaCamara, 2000):
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Z = WSV + SSV (6)

where pi is the normalized daily mean MSLP value at
grid point i (Figure 1). Grid point values of each day
were normalized as it was done by Linderson (2001). The
latitude dependent coefficients in Equation (2), (4) and
(5) (Jones et al., 1993) are identical to those in Trigo and
DaCamara (2000), as the latitudes of 16 grid points used
are also identical. Finally, classification of CTs is done
according to the following criteria:

• Direction of a CT (N, NE, E, SE, S, SW, W or NW) is
determined by tan–1(WF/SF), adding 180∘ to the final
value if WF is positive. 45∘ is allocated for each sector.

• If |Z|<FF, i.e. if the magnitude of total shear vorticity is
less than the resultant flow, CT is one of the eight pure
directional types listed above.

• If |Z|> 2FF, i.e. if the magnitude of total shear vorticity
is much greater than the resultant flow, the CT is either
Cylonic or Anticyclonic.
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• If FF< |Z|< 2FF, the CT is one of the 16 hybrid types:
a combination of directional and vorticity types.

• If |Z| or FF< 6, then the CT is ‘unclassified’ (Demuzere
et al., 2009).

For practical purposes and the simplification of the anal-
ysis, each of the 16 hybrid types were incorporated, with a
weight of 0.5, into the corresponding pure directional and
vorticity types (Trigo and DaCamara, 2000). For example,
a day with a cyclonic-southwesterly (CSW) type (hybrid)
was counted as a 0.5 C (vorticity) and 0.5 SW (directional)
day. The very few (<1%) cases of ‘unclassified’ were also
disseminated among main types, as it was done by Trigo
and DaCamara (2000). Therefore only 10 main CTs were
retained.

2.3. Relation of CTs with precipitation

To link CTs with precipitation, we calculated daily mean
rainfall potentials at each station during each of the CTs
resulting from the LWT analysis. This was done sim-
ply by dividing the long-term cumulative precipitation
observed during a CT by the total number of days within
that CT. Seasonal and spatial variation of these poten-
tials were assessed in relation with large-scale circula-
tion and the topography of Marmara Region. Long-term
average seasonal/annual precipitation totals at each sta-
tion during each CT was also computed and examined.
In addition to these, interaction of the relatively warm
Black Sea with the advecting cold air during CTs with
northerly components was investigated, as this is known
to have an influence on precipitation (see Section 3).
For this purpose, monthly differences between Black
Sea SSTs and air temperature at 850 hPa level (T850)
was calculated and compared with local precipitation
amounts. Availability of upstream specific humidity was
also taken into account during the assessment. Daily SST
values covering the period of 1982–2010 were taken
from NOAA High Resolution SST data (provided by
the NOAA/OAR/ESRL PSD, Boulder, CO, USA, from
their Website at http://www.esrl.noaa.gov/psd, Reynolds
et al., 2007). As the MSLP values used for LWT analysis,
T850 and specific humidity data (on various levels) were
obtained from the NCEP/NCAR Reanalysis (Kalnay et al.,
1996).

3. Results and discussion

3.1. Synoptic analysis of CTs affecting Marmara
Region

We produced composite MSLP maps in order to under-
stand the spatial characteristics of different CTs and
their influence over Marmara Region, for the period of
1971–2010 (Figure 2). As described in the previous
section, only the ten main CTs (eight directional and two
vorticity types) were retained, by including the hybrid
types into the corresponding directional and vorticity CTs.

As a further simplification, these ten CTs can be sub-
jectively grouped into three broad categories according to

the spatial configuration of their large scale MSLP anoma-
lies. Category I consists of the types NE and E (Figure 3),
whose distinguishing synoptic features are a prominent
blocking high over Eastern Europe and a low centred in
the Middle East (Figure 2). Accordingly, at least slightly
positive MSLP anomalies are observed at the northern half
of the Mediterranean basin along with Marmara Region;
while MSLP over eastern Mediterranean Sea exhibits neg-
ative anomalies. Category II can be defined to include
the southerly CTs (SW, S, SE), all of which have a low
around Italy (Figure 2). MSLP around the Central Mediter-
ranean and Aegean seas take on negative anomaly values
during Category II patterns. It is again slightly negative
in the region Marmara, except for S pattern. The NW, N
and W patterns constitute the Category III, during which
a low is observed around the northern edge of the Black
Sea. This configuration leads to negative MSLP anoma-
lies over the Black Sea and the Marmara Region, except
for N pattern. The remaining two CTs are the cyclonic and
anticyclonic (vorticity) patterns, where a low and high are
located, respectively, very close to the region of Marmara.

In the subsequent sections of this study, in addition to the
subjective categorization made above, the ten CTs will be
assessed with respect to the character of air masses they
advect (i.e. maritime or continental). This is a very impor-
tant feature of CTs in terms of their precipitation potential
(Trigo and DaCamara, 2000; Brisson et al., 2011). How-
ever, a strict categorization of CTs according to the mar-
itime/continental flow distinction [such as the one made in
Brisson et al. (2011)] was avoided in this study, as it would
be problematic due to the complex topography of Marmara
Region.

3.2. Frequency of CTs and their significance
with respect to large-scale circulation

3.2.1. Annual averages

On an annual basis, almost one of every two days belongs
to Category I (i.e. NE or E). NE is the most frequently
observed throughout the year (29%), followed by the E
(20%) (Figure 4(a)). Category II CTs (S, SW and SE),
when combined, are the second most frequent (23%).
Category III CTs (N, W and NW) are rather infrequent.

3.2.2. December, January, February

In DJF, E and NE (Category I at Figure 3) are the
most common [20% and 18%, respectively (Figure 4(b)],
reflecting the dominant character of the blocking anticy-
clone centred over eastern Europe (Figure 2) in response
to continental cooling, similar to the formation of Siberian
High (Panagiotopoulos et al., 2005). However, the com-
bined frequency of E and NE are not as high as on an
annual basis (Figure 4(a)). This is due to the southerly
(Category II: S, SW and SE) CTs, characterized by a low
over Italy (Figure 2), becoming more frequent during DJF.
The Mediterranean Basin and its borderlands turn into an
area of cyclogenesis in this season (Trigo et al., 1999,
2002) leading to a general decrease of the MSLP in the
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Figure 2. Long term mean of normalized MSLP anomalies of each of the eight main directional and two vorticity CTs that affected Marmara Region
during the period 1971–2010. H and L mark the high and low pressure centers.

© 2014 Royal Meteorological Society Int. J. Climatol. (2014)



H. BALTACI et al.

Figure 3. Subjective re-categorization of the circulation types resulting
from Lamb Weather Types analysis.

region. Therefore, the total frequency of all southerly CTs
increases to 35%, (Figure 4(b)), which is 12% higher com-
pared to their annual average of 23%. The anticyclonic (A)
pattern, during which the Anatolian peninsula is the cen-
tre of the high pressure anomaly, is the fifth most frequent
(10%) after E, NE, S and SW. Finally, the cyclonic (C) type
is the second least frequent pattern after NW.

3.2.3. June, July, August

During JJA, geostrophic flow over the region of Marmara
is predominantly of the Category I: Types NE and E make
up 69% of all CTs (Figure 4(d)), with the NE pattern
observed every other day (51%). Both NE and E feature
a low pressure anomaly over the Middle East (Figure 2);
clearly representing the dry, thermal surface low pressure
forming in this area during JJA, which is an extension
of the Asian monsoon (Maheras et al., 1999; Ziv et al.,
2004; Ferranti and Viterbo, 2006; Garcia-Serrano et al.,
2013). Under the influence of especially the NE pattern,
the Marmara Region, particularly its northern and eastern
parts, are invaded by moist and relatively cool air from the
Black Sea, therefore it is mostly spared from excessive
heat. The third most frequent CT of the JJA period is
the type C (9%), arising due to Anatolian peninsula itself
turning into an area of thermal low at times, as an extension
of the thermal low in the Middle East.

3.2.4. SON and MAM

The frequency distribution of CTs for the transition
seasons is a blend of DJF and JJA, NE and E again

being the two most frequent in both SON and MAM
(Figure 4(c)–(e)). The other three most frequent patterns,
namely A, S and SW, have percentages close to their
annual averages.

3.3. Relationship between CTs and precipitation

3.3.1. Daily potentials

3.3.1.1. Cyclonic (C) and Category III (N, NW, W): Wet
CTs: Mean daily precipitation amounts accompanied by
each CT are presented in Figure 5. The Cyclonic (C) type
is distinguishable from the others as being the wettest on
average, with a regional mean value of 3.8 mm day–1. High
rainfall potentials during DJF (6.5 mm day–1, Figure S1)
and SON (6.6 mm day–1, Figure S4) can be seen as a
footprint of the Mediterranean low pressure systems (Trigo
et al., 1999, 2002). Greatest rainfall values are observed in
the north and west of the region, as this is the cold and wet
side of the surface low (Figure 2). Relatively low cyclonic
rainfall in the two extreme southeastern stations (Bilecik
and Bozüyük) is also a result of continentality and rain
shadow character of this particular area (Figure 1), both of
which operate during other CTs as well, making the two
stations the driest of the region.

The high interseasonal variability of the rainfall rate
associated with the Cyclonic CT is also worth mentioning.
While it is by far the wettest of DJF and SON; it is only
the third wettest in MAM (3.6 mm day–1, Figure S2)
and is relatively dry in JJA (1.2 mm day–1, Figure S3).
This contrasting behaviour can be explained by the dry
character of the thermal lows, which form over Anatolia
during warmer times of the year, along with other parts of
the Eastern Mediterranean region as an extension of the
Asian summer monsoon (Maheras et al., 1999; Ziv et al.,
2004; Ferranti and Viterbo, 2006; Garcia-Serrano et al.,
2013).

After the Cyclonic, Category III CTs (N, NW and W)
have the highest daily rainfall potential (Figure 5). These
CTs are often associated with cold fronts and cyclone
cold sectors over Marmara Region, as they all feature a
low pressure anomaly centred near the northern edge of
the Black Sea (Figure 2). Of these three CTs, type N
divides the region into two (as east and west) with regard to
precipitation intensity, the eastern half becoming wetter on
the annual average (Figure 5). This is not only because the
eastern stations are closest to the cyclone centre during N
(Figure 2), but is also a consequence of maritime advection
which occurs from the full north-south fetch of the Black
Sea towards the eastern half of the region. As a result, N is
the wettest of Category III CTs and the second wettest of
all types. The east-west precipitation discrepancy during
N is especially obvious in SON and DJF (Figures S4 and
S1), with the eastern stations becoming remarkably wetter
than they are in other seasons. This implies a particularly
enhanced moisture transport from the Black Sea during
these seasons, an aspect that will further be elaborated in
the next section.

Type NW is somewhat similar to N in terms of the
spatial distribution and regionally averaged amount of
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(a)

(b) (c)

(d) (e)

Figure 4. Mean frequencies (in %) of the ten main CTs during the period of 1971–2010. Hybrid types were merged into pure directional and vorticity
types as described in the text.

precipitation, though with a less obvious east-west dif-
ference. As the geostrophic wind gradually shifts to west
for types NW and W, moisture transport from the Black
and Marmara seas diminishes due to a shortening of fetch
distances over the Black Sea. Consequently, type W has
no obvious east-west difference and types N and NW are
much wetter than W in SON and DJF when moisture trans-
port from Black Sea is more effective. Finally, slightly
higher precipitation potentials of Category III CTs in SON
compared to those in DJF probably owe to the higher val-
ues of upstream humidity in SON (Table 1).

3.3.1.2. Category I (NE and E): the sea-effect
mechanism: Following the Cylonic and Category III
CTs, NE has the greatest daily rainfall potential on the
annual basis, while type E is the driest of all CTs after
the type Anticyclonic. During DJF, NE is the third wettest
(Figure S1), with its regional average (4.5 mm day–1)
almost as high as that of N, when even type E is the fifth
wettest (2.5 mm day–1).

As it can be observed in Figure 2, NE and E feature a
blocking high centred over Eastern Europe. This should
lead to generally dry conditions in the region of Mar-
mara, where the MSLP anomaly is also positive. How-
ever, the Black Sea is large enough to create ‘sea-effect’
precipitation for its borderlands (Erinç, 1962; K𝚤ndap,
2010; Bozkurt and Şen, 2011; Göktürk et al., 2011) in

the absence of a nearby synoptic low. The NE pattern is
particularly favourable for sea-effect precipitation in Mar-
mara Region, as the northeasterly winds find the longest
fetch distance over the Black Sea to pick up humidity.
Consequently, compared to the western half, type NE is
remarkably wetter in the eastern half of the region, with
the maximum rates observed at the northeastern locations
close to the Black Sea (Figure 5 and Figures S1–S4). This
is also true for type N (one of the cold sector, Category
III CTs explained in the previous section), in which the
east-west precipitation discrepancy is very similar to the
one in NE.

Further analyses were done in order to demonstrate the
role of sea-effect mechanism in Marmara Region. The pri-
mary factor for the formation and intensity of sea-effect
precipitation is known to be the temperature difference
between sea surface and the air at 850 hPa level (Holroyd,
1971; Niziol, 1987; Steenburgh et al., 2000). Accordingly,
as the SST – T850 difference becomes higher, convec-
tive instability and the chance of precipitation increase.
Monthly variation of this parameter (SST – T850) over
southwestern Black Sea during types N, NE and E indi-
cates a maximum in November and December (Figure 6),
followed by the other 4 months in DJF and SON. This is
clearly reflected in the large daily precipitation potentials
of NE during these seasons in the eastern half of Marmara
Region (Figure S1 and S4). Moreover, during NE days,
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Figure 5. Long term (1971–2010) mean of daily precipitation for each circulation type for the whole year. Size of the dots vary according to the
precipitation rate. The top–right ‘average’ values are the spatial averages.

Table 1. Average specific humidity (g kg–1) at pressure levels (mb) during type NW (1971–2010) at the NW of Marmara Region
(see Figure 1 for the areal extent)

Season 1000 925 850 700 600 500

DJF 4.49 3.47 2.49 1.39 0.88 0.71
MAM 7.36 5.68 4.17 2.14 1.19 1.00
JJA 10.72 8.35 6.53 3.50 1.91 1.54
SON 7.40 5.88 4.46 2.37 1.32 1.16

monthly average SST – T850 difference is strongly corre-
lated to two precipitation metrics for the eastern stations.
One of them is the monthly ratio of wet NE days to all NE
days (Figure S5(a)), while the other is the monthly aver-
age of daily precipitation amount during NE days (Figure
S5(b)). This obvious east-west contrast is a clear indicator

of the role of the Black Sea in the precipitation regime in
the region.

Although the daily precipitation potentials for type E are
remarkably lower than those for NE, interseasonal varia-
tion of precipitation is very similar to that of NE. It shows
a DJF–SON–MAM–JJA maximum–minimum sequence

© 2014 Royal Meteorological Society Int. J. Climatol. (2014)
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Figure 6. Long-term (1982–2010) monthly means of differences
between SSTs and the 850 hPa temperature over the Black Sea (see
Figure 1 for the areal extent) during selected CTs. Standard deviations

are shown only for NE, to avoid confusion.

and implies a similar dependence of wet conditions on the
sea-effect mechanism. Wettest stations during type E are
located on the immediate Black Sea coast, the only loca-
tion where easterly winds advect maritime air.

3.3.1.3. Category II (SW, S and SE): wet western
Marmara: At times of Category II CTs (SW, S and SE),
geostrophic wind over Marmara Region has a southerly
component owing to the negative MSLP anomaly centred
around Italy (Figure 2). After A and E, these CTs have the
least regionally averaged potential to create precipitation,
as nearby Black Sea is now eliminated from being a
moisture source. Nevertheless, SW and SE provide some
stations in the western part of the Marmara Region with
a significant amount of rainfall (up to 6 mm day–1 in
Malkara) during SON and DJF. These two patterns, SW
and SE, have a much more negative MSLP anomaly
around Italy compared to S. Therefore they lead to a
negative MSLP anomaly in western Marmara, and in turn,
to more precipitation during SON and DJF associated
with depressions. SST – T850 parameter during SW is
too low to trigger sea-effect mechanism over Aegean Sea
(Figure 6).

3.3.2. Contributions to precipitation

In Figure 7, the long-term (1971–2010) mean percentage
contributions of the ten main CTs (after including the
hybrid ones as described in Section 2.2) to the regionally
averaged precipitation in Marmara Region during each
season are shown.

3.3.2.1. Regional averages: Pursuant to their high over-
all frequency (Figure 4), the NE and E patterns (Category I)
are the dominant weather types during wet days (Figure 7),
although they do not have the highest rainfall potential for
most stations in Marmara Region (Figure 5). On average,

Figure 7. Long-term (1971–2010) mean contribution (as percentage to
each seasonal total) of each of the ten main CTs to the regionally

averaged precipitation.

45% of the annual, 46% of DJF and SON precipitation
(Figure 7) occur during NE or E. The Category II patterns
(SW, S and SE) supply 17% of annual and 22% of DJF
precipitation amounts, owing to their relatively high fre-
quency during winter. Despite their high rainfall potential,
Category III CTs (N, W and NW) and the cyclonic (C) type
provide only 24% of the annual and 20% of DJF precipi-
tation.

3.3.2.2. East–west contrast: sea-effect Versus
depressional: If the Marmara stations are analysed
individually in terms of CT contributions to rainfall, the
difference between east and west are as clear as for their
rainfall potentials. Figure 8 compares K𝚤rklareli (a western
station) with Sakarya (an eastern one). The contrast is
most obvious in the contribution of Category II (southerly)
CTs. As K𝚤rklareli is much closer to the Mediterranean
low pressure anomaly of Category II, it receives almost
40% of its DJF precipitation during CTs with a southerly
component. On the other hand, more than 60% of DJF
precipitation in Sakarya is supplied by Category I (NE and
E), again, reflecting the dominance of the local influence
of the Black Sea.

4. Summary and conclusions

In this paper, we first classified the atmospheric CTs that
influence Marmara Region (NW Turkey) by applying the
automated Lamb Weather Type methodology on daily
mean NCEP/NCAR reanalysis sea level pressure data.
Then, we investigated the long-term mean relationship
between these CTs and the precipitation characteristics for
Marmara Region for the period of 1971–2010. We have
utilized station precipitation data from Marmara Region,
supplied by the Turkish State Meteorological Service.

The resulting ten main CTs can be further classi-
fied – subjectively – in three main groups, according
to the configuration of their large scale MSLP anomaly
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Figure 8. Long-term (1971–2010) mean contribution (as percentage to
each seasonal total) of each of the ten main CTs to the precipitation at
stations (a) K𝚤rklareli (western station) and (b) Sakarya (eastern station).

distribution: Category I (NE, E), Category II (SW, S,
SE) and Category III (W, NW, N). Cyclonic (C) and
Anticyclonic (A) patterns are the remaining two of those
ten CTs (Figure 3). Category I types (NE and E), featuring
a centre of high pressure anomaly at Eastern Europe and
a low in the Middle East (Figure 2) are the most dominant
throughout the year. They are followed by Category II (S,
SW and SE), which are characterized by a low around
Italy and do reach their highest frequency in Marmara
Region during DJF.

C and N (types associated with nearby cyclones and cold
fronts respectively) have the most rainfall potential when
regional averages are considered, both annually and during
DJF (Figures 5 and S1). However, they are two of the
least frequently observed, therefore their contribution to
long-term totals are rather low. NE and E (Category I) are
potentially the rainiest in the northeastern stations due to
the local effects of the Black Sea through the sea-effect
mechanism; while SW, SE and S (Category III) patterns
have more rainfall potential than NE and E in western
stations, as these are closer to the cyclonic activity in
the greater Mediterranean area. Accordingly, there is a
broad east-west contrast in the dominant rainfall modes;
i.e. NE and E dominate the rainy days of the eastern
and central Marmara; while S, SW and SE supply more
precipitation to an area confined to the extreme west,
especially during DJF.

Marmara Region is an area of transition between
summer-dry Mediterranean and year-round wet, oceanic
Black Sea climate zones. In a similar fashion, the impact

of weather types on precipitation appears to alter as one
goes from the more Mediterranean-influenced southwest
to the Black Sea controlled zone of northeast. In other
words, the relationship between large-scale circulation
and the precipitation climate of this region is not spatially
uniform. Thus, anticipated changes in future large-scale
atmospheric circulation on the region cannot be expected
to have similar effects over the precipitation climate
of the entire area; which should definitely be a point
of consideration in determining the water management
policies.
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Supporting Information

The following supporting information is available as part
of the online article:
Figure S1. For DJF (winter), long-term (1971–2010)
mean of daily precipitation for each circulation type. Font
colour of each CT is consistent with the categorization in
Figure 3. Colour and size of the dots vary according to the
precipitation rate. The top-right ‘average’ values are the
spatial averages.
Figure S2. For MAM (spring), long-term (1971–2010)
mean of daily precipitation for each circulation type. Font
colour of each CT is consistent with the categorization in
Figure 3. Colour and size of the dots vary according to the
precipitation rate. The top-right ‘average’ values are the
spatial averages.
Figure S3. For JJA (summer), long-term (1971–2010)
mean of daily precipitation for each circulation type. Font
colour of each CT is consistent with the categorization in
Figure 3. Colour and size of the dots vary according to the
precipitation rate. The top-right ‘average’ values are the
spatial averages.
Figure S4. For SON (fall), long-term (1971–2010) mean
of daily precipitation for each circulation type. Font colour
of each CT is consistent with the categorization in Figure 3.
Colour and size of the dots vary according to the precip-
itation rate. The top-right ‘average’ values are the spatial
averages.
Figure S5. Pearson’s correlation coefficients (r) between
monthly average SST – 850 hPa temperature differ-
ence over the Black Sea during type NE and (a)
monthly ratio of wet NE days to all NE days, (b)
monthly average of daily precipitation amount during
NE days. Correlations greater than 0.14 are statisti-
cally significant at the 0.99 confidence level according
to Student’s t-test. The period is 1982–2010. See
Figure 1 for the areal extent of SST and 850 hPa
temperature.
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