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Abstract

Teleconnection patterns are one of the key features to understanding high-

frequency natural climate variability. The North Sea-Caspian Pattern (NCP) was

identified as a middle tropospheric dipole and its hydroclimatological implica-

tions have been substantially restricted to the Eastern Mediterranean region.

Thus, the hydroclimatological influences of the NCP in the Euro-Mediterranean

region were investigated via a comparative approach with dominant tropo-

spheric teleconnections in the Eurasian region and synoptic features such as

ridge-trough positioning and strength. By using high-resolution ERA5 reanalysis

data, cross-correlations between indexes, anticorrelations at 500 hPa and

composite anomaly maps for seasonally representative months were produced

to understand the working mechanism of the NCP. Comparisons included the

East Atlantic/Western Russian (EAWR) pattern, a rotated principal component

analysis (RPCA) variant of NCP which utilizes pole-based representation. Analy-

sis revealed that the NCP was correlated well with the Mediterranean trough

displacement and with the strength of the East Asian trough. Climate anomalies

indicated by the NCP were greater and more spatially consistent compared to

other teleconnections. The NCP also showed higher contrasts of temperature

and precipitation than the EAWR based on the composite anomaly maps. In

conclusion, the NCP explained climate variability in all seasons linking remote

centres of action within Eurasia's east and west extremes.
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1 | INTRODUCTION

Climate variability is often investigated through telecon-
nections, also referred to as preferred modes of variability
(Ångström, 1935; Panagiotopoulos et al., 2002). Telecon-
nection patterns are commonly identified through the
correlation method and Rotated Principle Component

Analysis (RPCA) (Hatzaki et al., 2007; Nigam &
Baxter, 2015). The correlation method is more straightfor-
ward but involves a subjective routine of choosing the
poles of teleconnections, whereas the RPCA method is
more systematic. It does, however, also involve processes
that might affect the results of analyses, such as defining
the domain where eigenvectors are calculated.
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Barnston and Livezey (1987) studied the lower tropo-
sphere using the RPCA method to identify many of the
teleconnections frequently utilized in the Northern
Hemisphere, and demonstrated that the North Atlantic
Oscillation (NAO) is the most prominent one. The NAO
is a north–south pressure dipole located at the upstream
of the Euro-Mediterranean (EM) region (Hurrell
et al., 2003). It is observable yearlong and is asserted to
control most of the teleconnection patterns in the North-
ern Hemisphere (Barnston & Livezey, 1987). These char-
acteristics of the NAO have stimulated remarkable
attention. However, the NAO was not defined as the
most representative index in terms of hydro-
meteorological variability, specifically outside of winter
(Ionita, 2014; Ionita et al., 2020; Zhu et al., 2017). When
principal component analysis (PCA) is applied to sea
level pressure (SLP) data instead of 700 hPa, the Arctic
Oscillation (AO) pattern becomes the leading mode
(Thompson & Wallace, 1998). The AO is an annular
mode, which is roughly a superimposed pattern on the
NAO that has an extra pole over the Pacific (Ambaum
et al., 2001). Other useful teleconnections for indicating
low-frequency changes in the EM region are listed as the
East Atlantic (EA), the East Atlantic/Western Russia
(EAWR), the Polar/Eurasia (POLEUR), the Scandinavian
(SCAN), the Atlantic Multidecadal Oscillation (AMO)
(Gao et al., 2017), the Mediterranean Oscillation
(MO) (Criado-Aldeanueva & Soto-Navarro, 2020), and
the North Sea-Caspian Pattern (NCP) (Kutiel &
Benaroch, 2002).

The EAWR pattern, also referred to as the Eurasian
(Esbensen, 1984; Wallace & Gutzler, 1981) or Eurasian-2
pattern (Barnston & Livezey, 1987) in the earlier litera-
ture, was introduced as a tricentric lower troposphere
(700 hPa) teleconnection, identified by using RPCA. The
poles of the EAWR pattern are located between the UK
and Denmark, north of the Caspian Sea, and north of
Korea, where the pole at the Caspian Sea has an opposite
sign (Barnston & Livezey, 1987). Two poles of the NCP
proximate to two of the EAWR, which are positioned in
the west. The similarity between these two teleconnec-
tion patterns was already mentioned in the study that
identified the NCP (Kutiel & Benaroch, 2002); however,
neither the correlation between the time series of the
EAWR and the NCP patterns nor their indication of
anomalies in atmospheric fields has been explored
thoroughly.

The interaction occurring between the East Atlantic
and West Pacific was characterized through eastward
propagating Rossby wave trains (Cheung et al., 2012; Gao
et al., 2017; Li et al., 2008; Lim, 2015). The North Sea is a
usual location for blocking events that limit moisture
advection into Europe and alter storm tracks (Lionello

et al., 2006). The Ural-Siberian region is another location
of frequent blocking events, with effects reaching the
west coast of the Pacific (He et al., 2017). The Ural block-
ing pattern observed in winter also forms due to eastward
propagating Rossby wave trains, and they have been
found to be significantly correlated with the AO (Cheung
et al., 2012). A strong connection between the strength of
the East Asian Trough (EAT) located in the western
Pacific and the east–west displacement of the Mediterra-
nean Trough (MedT) have been shown to cause varia-
tions in temperature and precipitation patterns over the
EM region in winter (Sen et al., 2019). The location cho-
sen to depict the strength of the EAT overlaps with the
eastern pole (north of Korea) of the EAWR pattern, and
the MedT displacement occurs somewhere between the
edges of Europe, that are somewhat represented by the
poles of both the EAWR pattern and the NCP. Displace-
ment of ridge-trough patterns in a region can signifi-
cantly control climate variability, particularly in the cold
season (Xoplaki et al., 2004).

Previous NCP studies have investigated its climate
implications in Greece, Turkey, Iran and Israel by utiliz-
ing weather station data (Ghasemi & Khalili, 2008;
Kutiel, 2011; Kutiel et al., 2002; Kutiel & Benaroch, 2002;
Kutiel & Türkeş, 2005; Tatli, 2007; Unal et al., 2012). One
study utilizing ERA40 re-analysis data revealed that the
NCP explains precipitation fluxes in Central and Western
Europe (Gündüz & Özsoy, 2005). Although a strong con-
nection was detected between the NCP and temperature
anomalies, the influence on precipitation was found to be
relatively weak in the Eastern Mediterranean and Asia
Minor regions. Therefore, subsequent NCP studies did
not investigate beyond these regions. Only recent studies
suggested that the NCP could be a good indicator of pre-
cipitation in the EM region, specifically in central and
northwest Europe (Ça�glar et al., 2021; He et al., 2022;
Müller-Plath et al., 2022). Even though the influence of
the NCP on precipitation has been neglected in a broader
region, its related pattern, the EAWR, was found to be a
good indicator of precipitation anomalies in Europe, the
Balkan Peninsula and the Scandinavian region in winter
(Ionita, 2014; Krichak et al., 2002). Teleconnections
research, including research on the EM region, largely
focuses on the cold season, which has the highest precipi-
tation and greatest variability in atmospheric fields
(Esbensen, 1984; Hurrell, 1995; Ionita, 2014; Krichak
et al., 2002; Krichak & Alpert, 2005a, 2005b;
Krown, 1966; Kutiel et al., 2002; Panagiotopoulos
et al., 2002; Sen et al., 2019; Wallace & Gutzler, 1981;
Xoplaki et al., 2004).

The present study aimed to investigate the capability
of the NCP in explaining climate variability in the EM
region compared with other teleconnection patterns and
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synoptic features influencing the region. Besides investi-
gations on limited geographical scope, understanding
regarding working mechanism of NCP is scarce. There-
fore, we aimed to examine the working mechanism of
the NCP and provide descriptions for its interactions,
impacts, and borders. We also evaluated different repre-
sentations of the NCP and EAWR pattern to understand
which one would be more suitable to indicate climate
variability more distinctively.

2 | DATA AND METHOD

Except for those readily available in the Climate Predic-
tion Center (CPC), indexes of interest were calculated
using the European Center for Medium-Range Forecast
(ECMWF) ERA5 re-analysis data. Monthly 2-meter tem-
perature, precipitation, and 500 hPa geopotential height
from the same data set were used for the assessment of
climate variability. ERA5 replaces the ERA-Interim re-
analysis project, improving the horizontal resolution
from 80 to 31 km. It is available for download on
0.25� × 0.25� grids and covers the entire period from 1950
to the present (Bell et al., 2021; Hersbach et al., 2020).
Our research area (EM) is bounded by 20�W–60�E longi-
tudes, and 25�–75�N latitudes that cover Europe, western
Asia, the Mediterranean Sea and North Africa.

The NCP index makes use of the standardized
monthly mean 500 hPa height differences between the
North Sea (0�–10�E, 55�N) and Caspian (50�–60�E, 45�N)
to indicate climate anomalies (Kutiel & Benaroch, 2002).
To understand the working mechanism of the NCP and
the way it represents Euro-Mediterranean climate devia-
tions, we calculated the trough displacement index (TDI)
(Sen et al., 2019), which is an attempt to digitize the east–
west displacement of Mediterranean Trough (TDI_MedT)
by z500 height differences between the points located at
39�N, 10�E and 39�N, 50�E. We also calculated the
trough intensity indexes (TII) using z500 mean thickness
between 20�–45�E and 30�–50�N for MedT (TII_MedT)
and between 125�–145�E and 30�–45�N for East Asian
Trough (TII_EAT) (Sen et al., 2019). All of the indices
were calculated by using averages and standard devia-
tions from 1981 to 2010 for each month to compare the
NCP index with other available indexes. MO was assessed
using various methods: representations calculated using
stations located at the west and east sides of the Mediter-
ranean, and the PCA of SLP (Criado-Aldeanueva & Soto-
Navarro, 2013, 2020). We utilized the original definition
of MO that uses 500 hPa anomalies between Algiers and
Cairo (Conte et al., 1989).

The monthly teleconnection indices of the AO, the
NAO and the EAWR pattern were obtained from the

CPC (https://www.cpc.ncep.noaa.gov). The CPC utilizes
the RPCA method described by Barnston and Livezey
(1987) to calculate teleconnection indexes; instead of
700 hPa, the CPC uses 500 hPa field of NCEP-NCAR re-
analysis (Kalnay et al., 1996; Kistler et al., 2001) in the
Northern Hemisphere (20�–90�N) (Climate Prediction
Center Internet Team, 2008). The CPC also provides stan-
dardized climate indexes using averages and standard
deviations of the 1981–2010 period.

The correlation coefficients of z500 height were calcu-
lated to investigate the location and strength of depen-
dency between these centres of action with the associated
teleconnection indices. This analysis covered a larger
domain to include interactions occurring on the sus-
pected full extent of the NCP, for example, interactions
occurring at the Pacific coast of Asia, which were digi-
tized via TII_EAT.

It should be noted that not all teleconnection indexes
in this study were calculated using the same re-analysis
data, which can cause differences in index values. To
assess data sensitivity, we calculated the NCP using both
NCEP-NCAR and ERA5 re-analysis data. The Pearson
correlation coefficient between these two NCP indexes
was r = 0.996, and the coefficient of determination was
R2 = 0.992, which indicated that using different data
sources had a negligible effect on results. The agreement
between two versions of the NCP dramatically increases
after 1975, which is the start of the satellite era (not
shown).

We also applied the Kolmogorov–Smirnoff (KS) test
for temperature and precipitation data grouped by
phases. KS is a nonparametric test to check whether the
distributions of two samples are significantly different.
We chose a nonparametric test because the distributions
of parameters were location specific, and we were work-
ing on a broad region. Differences between positive (+)
and negative (−) years were tested. We carried out a com-
posite analysis of z500 height, temperature and precipita-
tion fields according to standardized scores of
teleconnection indexes. Standardized scores zi were clas-
sified into three groups; zi ≥0.5 were regarded as positive
(+), zi ≤ −0.5 as negative (−) and zi < j0.5j as neutral (N).

We used National Center for Atmospheric Research
(NCAR) Command Language (NCL) software for com-
posite analysis and mapping, as well as the kolsm2_n
function for the KS test (The NCAR Command
Language, 2019). Pearson cross-correlation matrices of
monthly climate indexes, seasonal subsets of monthly cli-
mate indexes, and their statistical significance levels were
calculated using the R software ggpairs package
(Schloerke et al., 2021) (i.e., December, January and
February cross-correlations were calculated through time
steps 1950-12, 1951-01, 1951-02, 1951-12, …, 2018-12,
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2019-01, 2019-02, 2019-12). Hereafter, seasons are abbre-
viated as followed: DJF—December, January, February;
MAM—March, April, May; JJA—June, July, August;
SON—September, October, November.

Teleconnections are often described as opposite
signed anomalies in pressure fields. To capture that

feature, Kutiel and Benaroch (2002) utilized an anticor-
relation analysis on a coarser resolution gridded re-
analysis data. Similarly, we re-gridded ERA5 data to an
N9 resolution Gaussian grid using first order conserva-
tive mapping via Climate Data Operators (CDO)
(Schulzweida, 2022). Grid points with statistically

FIGURE 1 Pearson cross-correlations between the standardized monthly teleconnection indices and the monthly correlations of the

seasonal subsets. Corr, Correlation; DJF, December–February; JJA, June–August; MAM, March–May; SON, September–November; NCP,

North Sea-Caspian pattern; TDI_MedT, Mediterranean Trough Displacement Index; MO, Mediterranean Oscillation; TII_EAT,

Mediterranean Trough Intensity Index; CPC, Climate Prediction Center; CPC_EAWR, East Atlantic/Western Russian Index obtained from

CPC; CPC_AO, Arctic Oscillation Index obtained from CPC; CPC_NAO, North Atlantic Oscillation Index obtained from CPC [Colour figure

can be viewed at wileyonlinelibrary.com]
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significant (p < 0.05) negative correlations based on
NCL's rtest were then connected with lines (The NCAR
Command Language, 2019). Results were plotted with
Arc Pro 2.9 software using graduated symbols and grad-
uated colour visualization methods based on correla-
tion coefficients.

3 | RESULTS AND DISCUSSION

3.1 | Cross-correlations between indexes

A cross-correlation analysis was conducted to investigate
to what extent the NCP was related to other chosen
indexes in the region. Results of the monthly and sea-
sonal subsets of monthly correlations were given in
Figure 1. The NCP had the highest correlation coeffi-
cients with the EAWR pattern for monthly and seasonal
subsets, which indicates that these teleconnections are
similar. The NCP and TDI_MedT were significantly cor-
related when scores were highest, in winter, decreasing
in MAM and SON, and uncorrelated in JJA. The EAWR
pattern was also significantly correlated with TDI_MedT.
Although overall scores were lower compared to the
NCP-TDI_MedT scores, the EAWR had weak but signifi-
cant correlations with TDI_MedT in JJA. The relation-
ship between NCP or TDI_MedT and TII_EAT was
moderate and significant in the cold half of the year.

The east to west shift of hydroclimatological variables
in the EM was also attributed to MO in the earlier stud-
ies. Correlations between NCP and MO were weaker
than those between NCP and TDI_MedT, but still statisti-
cally significant. This suggests that the NCP was more
strongly coupled to trough positioning within EM rather
than MO. The MO-TDI_MedT relationship was strongest
among all others and consistent in all seasons, which
suggests that while studying longitudinal oscillations
within the EM, the role of TDI_MedT should be closely
investigated.

The NCP–AO relationship was statistically significant
for all seasons with the highest r value for winter. This
was where the NCP and EAWR pattern differ the most,
since the EAWR pattern was only correlated with the AO
in DJF. Therefore, we can conclude that as the NCP was
more sensitive to the AO, it has also been affected by the
number and amplitude of Rossby waves.

For most of the cross-correlations examined, the
observed relationships get weaker in transition seasons
and become the weakest in summer. Decay in correlation
might be attributed to the northward shift and weaken-
ing of the Mediterranean trough. In summer, the Hadley
cell in the Northern Hemisphere shifts northward, and

the high-pressure zone under the descending branch
causes increased blocking occurrences and less trough
formations in the Mediterranean. Using fixed geographi-
cal poles for dynamical features with seasonal spatial
deviation might have caused misrepresentations. In some
cases, it is uncertain whether the relationship is absent,
or if the index fails to represent the process.

Poles of TDI_MedT were chosen to represent a migra-
tion in the east–west direction specifically in winter (Sen
et al., 2019). To examine this further, the first three EOFs
were calculated by using the seasonal mean z500 of DJF
for the region 25�–55�N, 0�–60�E. The percentages of the
explained variations were found to be 38.2%, 26.5% and
12.7% in EOF1, EOF2 and EOF3, respectively (Figure S1,
Supporting Information). The loading patterns (eigenvec-
tors) were in agreement with those in Sen et al. (2019).
As the EOF1 loading pattern was interpreted as an indi-
cator of trough displacement, the correlation of PC1 of
MedT time series (PC1_MedT) with the NCP was
checked to see whether the NCP has any capability to
indicate the Mediterranean Trough migration. The corre-
lation was −0.877 (it should be noted sign is arbitrary in
EOF analysis) for NCP, which was as good as that found
between PC1_MedT and TDI_MedT (−0.867; the cross-
correlation results of NCP, TDI_MedT and the first three
PC's are given in Figure S2). This demonstrates further
evidence that the NCP is a good indicator of the trough
displacement in the east–west direction during the winter
season.

3.2 | Correlation of indexes with middle
troposphere

Correlation analyses were performed to highlight centres
of action represented by indexes, specifically to see simi-
larities, differences and possible interactions among NCP,
TDI_MedT, TII_EAT, EAWR, AO and NAO in different
seasons (Figure 2).

The NCP and EAWR patterns had the highest agree-
ment. The eastern pole of EAWR also appeared on NCP,
and in fact, NCP had higher correlation scores at the
Pacific coast, although it was calculated using data from
the North Sea and the Caspian poles only. In contrast,
TII_EAT in winter (Figure 2j) was able to capture the
east–west dipole within EM, despite being calculated
using a single pole located at the west Pacific coast. Cor-
relation patterns were remarkably similar in January for
all indexes except for NAO (Figure 2). Centres of action
belonging to the NCP or EAWR located over the North
Sea and the Caspian were fairly stable throughout the
year, but the pole at the Pacific coast moved westward in
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warmer seasons. When the poles of NCP and EAWR
were compared, we observed that they are remarkably
similar in terms of positioning, but the NCP was more
sensitive to the pole located at the North Sea, and the
Caspian pole of EAWR was positioned slightly north-
ward. Loading patterns derived using PCA are expected
to represent seasonal migration of “centre of actions,”
because they are built to explain maximum variance
(Hurrell & Deser, 2010). As we hardly saw any difference
in the positioning of the poles of EAWR centred around
the North Sea and the Caspian in different months of the
year, it could be said that the NCP is very representative
despite using fixed poles.

TII_EAT and TDI_MedT are only expected to be rep-
resentative in winter since they utilize fixed poles to cal-
culate seasonally varying centres of action. The NAO and
AO patterns have a good fit between themselves specifi-
cally in the Atlantic sector where we see the north–south
dipole clearly. That dipole pattern is prominent in winter,
affects west of Europe, becomes less dominant in October
and April, and is the weakest in July. While correlations
associated with the AO are similar to the NAO over the
Atlantic, the AO also has a good fit with other indexes in
winter, specifically with TDI_MedT and TII_EAT over
the EM. This similarity fades through the summer. These
results suggest that the EAWR and NCP are in fact the
same teleconnection, and NCP has a much broader
extent than previously demonstrated.

3.3 | Composite differences

Composite differences of temperature and precipitation
for the indexes being investigated are given in Figures 4
and 5, respectively. Only positive phases of indexes
(z ≥ 0.5) are shown. Plots associated with the negative
phases of temperature (Figure S5) and precipitation
(Figure S6) composites are provided in the supporting
material. Composites of z500 and z500 anomaly fields were
overlaid to give a better insight about the working mech-
anism and hydroclimatological impacts of indexes
(Figures 3 and S4).

Deviations in temperature indicated by NCP were
attributed to 500 hPa anomaly circulations (Brunetti &
Kutiel, 2011; Kutiel et al., 2002). We interpret this to be
more of an advection of energy and moisture modifica-
tion process. As the Mediterranean Trough is situated far-
ther east the NCP, TDI_MedT, TII_EAT and EAWR
indexes went into a positive phase, the Atlantic and adja-
cent regions experience more southwesterly flows leading
to warmer temperatures, whereas Asia Minor and its sur-
rounding regions experience more northwesterly flows
resulting in cooler temperatures in the positive phase of
the NCP (Figure 3). The Mediterranean Trough displace-
ment index presents similar temperature anomaly pat-
terns to those produced by the NCP(+); however, its
dipole anomaly pattern is much closer to the Mediterra-
nean, especially on the western side of the region.

FIGURE 2 Correlation maps of indexes with z500 field for seasonal representative months [Colour figure can be viewed at

wileyonlinelibrary.com]
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Although being located far away and in the downstream
of our domain, TII_EAT was able to indicate an east–
west dipole in the EM similar to the NCP, EAWR and
AO in January (Figures 3j and S4j). The NCP composite
anomalies show variations in strength but the patterns
were similar in January, April, July and October. The
contrast was at its peak in January, becoming slightly
lower in July. These seasonal variations were visible in
both temperature and precipitation composites.

The positive phase of TII_EAT reveals similar but
weaker temperature anomaly patterns to those of both
NCP and TDI_MedT, especially in October and January.
It does not show, however, any significant influence on
the EM climate variability in April and July. A very simi-
lar pattern to the NCP was observed on 500 hPa anoma-
lies of the EAWR(+) but with higher contrast at the
Caspian side, whereas the NCP(+) was more distinctive
at the North Sea pole (Figure 3). Therefore, temperature

FIGURE 3 Composite means of monthly mean 500 hPa thickness patterns corresponding to positive phases in the months of October,

January, April and July. Continuous black lines indicate climatology and dashed lines indicate mean geopotential in the positive phase

[Colour figure can be viewed at wileyonlinelibrary.com]
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anomalies indicated by EAWR(+) were greater along the
Ural-Siberian region compared to those of the NCP
(Figure 4). The temperature variability depicted by the
positive mode of AO resembles that of the NCP(+) in
January, but the warming in northern Europe was more
pronounced, while the cooling in Asia Minor was weaker
than those of the NCP(+). The negative phase of the AO
in winter was more similar to the NCP pattern than it
was in the positive phase. In the negative phase, the

zonal contrast weakens and the meridional dipole over
EM becomes more distinct. Compared to the AO(+) as
well as the NCP(+) in January, the NAO(+) does not
show a significant cooling anomaly across the Mediterra-
nean side of the region, but it does produce a similar
warming anomaly along with northern Europe. The text-
book definition of the NAO impacts were only apparent
in January. In the other months, z500, precipitation, and
temperature composites show smaller contrasts due to

FIGURE 4 Composite mean differences from monthly temperature climatology corresponding to positive phases in months October,

January, April and July. Hatching shows areas where distributions of temperature involved with positive and negative phases are not

significantly different according to the KS test [Colour figure can be viewed at wileyonlinelibrary.com]
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the NAO scores. The NCP, on the other hand, had spa-
tially consistent anomaly patterns in the seasonally repre-
sentative months of the year. Therefore, it could be said
that the NCP is a competent teleconnection pattern that
explains the hydroclimatological variability over the EM
region in all seasons, seeming more robust than the
others.

Brunetti and Kutiel (2011) asserted that the NCP had
contradicting indications of precipitation anomalies in

different locations; therefore, it was not a suitable index
for EM. Here, this was only true when we focused on a
limited geographical extent. For instance, in Turkey, we
see that the NCP(+) had opposite signals for precipitation
in different months (Figure 5a–d). However, when we
compared NCP to other indexes frequently examined,
such as the EAWR pattern, AO and NAO, it was clear
that NCP was better able to discriminate for precipitation
in the EM. This result is consistent with the findings of

FIGURE 5 Composite relative differences from monthly precipitation climatology corresponding to positive phases in months October,

January, April and July. Hatching shows areas where distributions of precipitation involved with positive and negative phases are not

significantly different according to the KS test [Colour figure can be viewed at wileyonlinelibrary.com]

4656 ÇAĞLAR ET AL.

 10970088, 2023, 10, D
ow

nloaded from
 https://rm

ets.onlinelibrary.w
iley.com

/doi/10.1002/joc.8108 by T
est, W

iley O
nline L

ibrary on [17/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com


He et al. (2022), who showed that the NCP explains the
drought pattern over the EM region better than the NAO.
Here, negative precipitation anomalies indicated by the
NCP(+) in Western and Central Europe moved north-
ward from winter to summer. Northward retreating of
centres of action from winter to summer were demon-
strated via interannual standard deviations of monthly
z500 fields (Figure S3), where higher deviations in z500
fields were expected to highlight centres of action.

Both NCP and EAWR presented similar contrasts
demonstrated by composite anomalies, but due to being
calculated by different methods, they presented some dif-
ferences as well. Most obviously, NCP was more sensitive
to deviations over the North Sea pole (Figures 2, 3 and
S4). The North Sea was located at the upstream of the
continent; therefore, limited moisture flux and sup-
pressed cloud formation were significantly better repre-
sented due to high-pressure occurrences. As well as being

FIGURE 6 Monthly maps of

anti-correlations at z500 field for

(a) October, (b) January, (c) April,

(d) July as described in Kutiel and

Benaroch (2002) where lines

connect grid points with statistically

significant negative correlations

[Colour figure can be viewed at

wileyonlinelibrary.com]
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a hotspot for blocking events, the North Sea also experi-
enced an increased number of those events specifically in
April (Ionita et al., 2020). Apart from the complete for-
mation of the wave train pattern, the NCP might be influ-
enced by standalone blocking formations at the vicinity
of North Sea since the pole-based method was less sensi-
tive to the pattern, but more to the anomalies in the spec-
ified locations. Using RPCA and self-organizing maps
(SOM) methods, Rousi et al. (2015) identified the kind of
anomaly patterns which we suspect were signalling
blocking events occurring over the North Sea. More to
the point, the anticorrelation was not present between
the North Sea and the Caspian Sea in summer
(Figure 6d). July composites of z500 appeared more like a
single anomaly centre over the North Sea rather than a
dipole in the EM (Figures 3d and S4d). Similarly, Hatzaki
et al. (2007) found that the NCP was not visible in sum-
mertime. However, precipitation anomalies (Figure 5a–d)
indicated by the NCP were present in every month of the
year (Ça�glar et al., 2021; Müller-Plath et al., 2022). Here,
the amplitude of geopotential height differences indicated
by the NCP was larger in all months compared to the
other indexes being inspected, and the spatial pattern of
anomalies were more consistent in each month of the
year (Figures 2, 3 and S4).

3.4 | Anticorrelation analysis

Anticorrelation analysis is another method to identify
centres of action. By this analysis we reproduced the
identification method of the NCP (Figure 6) used by
Kutiel and Benaroch (2002). The period and re-analysis
data in this study were different than in the original
study, so sensitivity to these attributes were assessed.
Although it was not mentioned in Kutiel and Benar-
och's (2002) study, we think their anticorrelation figure
was demonstrated for the month of December. We used
a slightly different visualization technique, but we
think both studies presented similar results (Figure S7).
It was also demonstrated that centres of action are not
stationary in terms of strength and positioning
throughout the year. As mentioned earlier, the dipole
pattern between the North Sea and the Caspian is not
present in July, and strongest in January. Nonstationar-
ity might not be limited to seasons but could also
appear due to climate change. A study showed that
there are interdecadal changes in positioning and mag-
nitude of poles in loading patterns used for calculating
PCs of the NAO in the last century (Vicente-Serrano &
L�opez-Moreno, 2008). It was shown that another dipole
pattern, namely the Eastern Mediterranean Pattern
(EMP), shifts towards northeast for �10� under a fossil

fuel developed future scenario for the end of the cen-
tury (Hatzaki et al., 2009). Rousi et al. (2015) demon-
strated that NCP as well as NAO in winter will be more
prominent at the end of the century. Similarly, the Ural
region is expected to experience more blocking events
in future (He et al., 2017). The effect of climate change
on NCP needs to be further investigated. Specifically, in
order to identify possible effect of climate change trig-
gered shifts in the positioning of centres of action,
anticorrelation analysis should be repeated in higher
resolution and for periods like recent past (1991–2020),
distant past (1951–1980) and for periods in between.
This is important because pole based calculated NCP is
sensitive to positioning of centres.

The EM has been under the influence of various cen-
tres of action that control moisture advection into the
continent (Batibeniz et al., 2020). Bozkurt et al. (2021)
showed that a blocking system over the south of the Cas-
pian Sea accompanied by the Mediterranean trough posi-
tioned over the Balkan region initiates atmospheric rivers
which cause up to 2 mm�day−1 precipitation anomalies
in the headwaters section of Mesopotamia. The tails of
these atmospheric rivers might extend as far as western
tropical Africa. In these circumstances, it might be unre-
alistic to expect any teleconnection to successfully indi-
cate rainfall anomalies in broad regions throughout the
year. An earlier study (Sen et al., 2011), which was also
related to the study of Bozkurt et al. (2021), was able to
explain the anomalous snowmelt and precipitation
events over the headwaters region of the Euphrates and
Tigris basin through the changes in NCP. As shown in
the same study, NAO did not show any signal to explain
these anomalous events. Later, Sen et al. (2019) showed
that these events are related to the position and ampli-
tude of the Mediterranean trough. The present study
demonstrated that NCP was also a good indicator of the
Mediterranean trough positioning as there was a statisti-
cally significant relationship between NCP and
TDI_MedT.

4 | CONCLUSIONS

This study presents a comprehensive evaluation of the
NCP, in comparison with other indexes, in explaining cli-
mate variability over the EM region using long-term
high-resolution data of ERA5 reanalysis. The major con-
tributions of the study are as follows:

• The NCP has relatively consistent spatial patterns
throughout the year compared to other teleconnections
being evaluated, although a small northerly shift from
winter to summer is present. A northward retreat and
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weakening of the Mediterranean Trough in summer
explain contradicting signals of precipitation and tem-
perature anomalies over Asia Minor and the Balkan
Peninsula.

• The NCP is another representation of an EAWR tele-
connection. The representation of the NCP is simpler
than the RPCA-derived EAWR pattern, despite this, it
explains variability better over the EM region.

• The NCP is useful for depicting not just temperature,
but also precipitation anomalies in central, western,
and northwestern parts of Europe.

• The NCP works on a much broader region than previ-
ously anticipated. In addition to the poles over the
North Sea and the Caspian, it also has a third pole
roughly at the north of China.

• Composite anomaly maps of temperature, precipita-
tion, and z500 fields provide a high-resolution reference
for the hydroclimatological impacts of key teleconnec-
tions in the EM.

It should be emphasized that the Mediterranean trough
plays an important role in the climate variability of the
Euro-Mediterranean region through its location, amplitude
and strength. Further, the teleconnection patterns that are
able to tackle these characteristics provide more informa-
tion about the fluctuations in the climate of the region.
Most of the teleconnection patterns seem to capture these
features in the cold half of the year when the trough is also
active over the southern parts of the region. When it
retreats northwards and weakens, however, the teleconnec-
tions that only detect fluctuations in atmospheric fields
over the Mediterranean latitudes fail to indicate climate
deviations in the warm half of the year. The NCP, having
one pole in the higher latitudes differs from these in that it
is able to successfully detect warm season variability over
the Euro-Mediterranean region as well. We used the name
NCP since we followed the definition of calculation
described in Kutiel et al. (2002), it addresses the centre of
actions that are more persistent, and it has been well recog-
nized. However, we think the early naming of the Eurasian
was also appropriate for highlighting the broader geo-
graphic extent of the pattern.
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