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Abstract. The impact of the upper level (500 hPa) tele- last three decades (e.gan Loon and Rogerd 978 Rogers
connection between the North-Sea and the Caspian (NCP3nd van Loon1979 Wallace and Gutzler 1981, Rogers
on the temperature and precipitation regimes in the East1984 Barnston and Livezey1987 Lamb and Peppled 987,
ern Mediterranean (EM) have been studied and reported an@lowienka-Hensel199Q Rogers 199Q Hurrell, 1995 Wal-
an index (NCPI) that measures the normalized geopotentialace 200Q Stephenson et al200Q Ambaum et al. 2001,
heights’ differences between the two poles of this telecon-Wallace and Thompsg2002 Ostermeier et al2003 Pozo-
nection has been defined. Vazquez et a).2005 Gamiz-Fortis et aJ.2008a Gamiz-

In the present study, the impact of the NCP on the temperFortis et al, 2008h Turkes et al.2009. The use of telecon-
ature regime over the entire European continent is presentechections in atmospheric research is very helpful as it reduces
In particular, the correlation between temperature and theéhe dimensionality and the complexity of the atmosphere into
NCPI has been evaluated, on a monthly basis, over the emsne single (or few) modes and, therefore, is often used in sta-
tire Euro-Mediterranean domain for the 1948-2007 period.tistical downscaling.

The results highlight a significant positive correlation in the The most widely studied teleconnection affecting the
north-western area of the domain and a significant negativeEuro-Mediterranean climate is certainly the North Atlantic
correlation in the south-eastern one. These two poles wer@®scillation (NAO) which primarily affects the rainfall regime
also highlighted by comparing the temperature anomalies asin Western Europe and Northwestern Africa (evgn Loon
sociated with both phases of NCP. and Rogers1978 Rogers and van Logri979 Lamb and

The importance of this sort of NCP-induced temperaturePeppler 1987 Glowienka-Hensg1990. Other teleconnec-
bi-pole in the context of temperature variability over Eu- tions that affect parts of Europe are the Northern Annular
rope and the Mediterranean has been evaluated by applyinglode (NAM, e.g.,Wallace 200Q Wallace and Thompson
a Principal Component Analysis to the temperature datase002 Ostermeier et al2003, Arctic Oscillation (AO, e.g.,
The results showed that the temperature bi-pole is associateéimbaum et al.2001; Higgins et al, 2002, Southern Europe
with the second most important mode of temperature vari-North Atlantic (SENA, e.g.Kutiel and Kay 1992, Scandi-
ability over the domain, but if the analysis is restricted to the navian pattern (SCAND, e.gBarnston and Livezeyl987),
months associated to NCP (+) and NGP) (it becomes the  East Atlantic (EA), East Atlantic Western Russia (EAWR,
first mode with 29.2 % of associated variance. e.g.,Barnston and Livezey1987 Krichak et al, 2002 just
to mention a few. Most mentioned teleconnections are at
the surface level. However, upper level circulation plays a
major role on the temperature and precipitation regimes of
a certain region (e.gKutiel and Kay 1992. Kutiel et al,
|2002bsuggested that an upper level (500 hPa) teleconnection

Atmospheric teleconnections on global and/or regiona !
scales and their influence on temperature and/or precipita€ween the North Sea @10’ E/55’N) and the Caspian

tion regimes have been widely studied, especially during thd®0°—60" E/45°'N, NCP, hereafter) may have a crucial impact
on the temperature and precipitation regimes in the Eastern

Mediterranean (EM).

Correspondence tavl. Brunetti Kutiel and Benaroch(20023 defined an index which
BY

(m.brunetti@isac.cnr.it) calculated the normalized geopotential height differences

1 Introduction
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Fig. 1. Mean absolute geopotential heights (GPH) during NCP (+) in Jar{earMCP (+) in July(b); NCP (=) in January(c) and NCP ¢)
in July (d).

between these two poles. This index served to analyse thentire region despite its physiographic variability; above nor-
impact of the NCP on the precipitation, temperature andmal temperatures during the negative phase of the NCP and
SST regimes in the EMKutiel et al, 2002h Hatzaki et  below normal during its positive phase. However, the im-
al., 2007 Kostopoulou and Jone2007 Tatli, 2007, in pact of the NCP on the rainfall regime of that region, varies
the BalkansBrown and Petkovg2007), over the Black Sea from one place to another depending on the body of water
(Kazmin and Zatsepir2007), in Turkey Kutiel et al, 2005 (Mediterranean or Atlantic) affecting the area under consid-

Turkes et al. 2009, in Israel fFeldstein and Dayar?2008), eration. Therefore, it is expected that over the entire Euro-
in Egypt Hasaneay2004 and in Iran Ghasemiand Khalili ~ pean continent and the Mediterranean basin, with all its to-
2008ah), just to mention a few. pographic variety, latitudinal extent maritime or continental

locations, it will be difficult to point out the impact of the
NCP on the rainfall regime, but possible to detect its impact
on the temperature regime.

All cited studies were focused on the EM and its surround-
ings as this region was the initial focal point of the NG®Ri{
tiel and Benaroch2002a Kutiel et al, 20020. However, as
the poles of the NCP are located further north, it is expected The purposes of the present study are, therefore, to evalu-
that its impact will spread out over a much wider region and@te the temperature anomalies associated with both phases of
may affect even the entire European continent and the whol&e NCP, their areal extent within the European continent, the
Mediterranean basin. Mediterranean basin and the Middle East (ME). To achieve

this goal, the geopotential heights’ departures in each of the

The regional circulation, together with local characteris- yhases will be calculated and the anomalous circulation re-
tics such as topography, sea-land interactions, orientationgted to them will be evaluated.

slope, etc., affects both the temperature and precipitation

regimes in a certain location. However, while temperature

anomalies are characterised by a higher spatial coherence,

being mostly affected by large scale circulation, precipita-2 Data and methods

tion is affected a great deal by local conditions and charac-

terised by a shorter decorrelation distantadr et al, 2007, Daily gridded geopotential heights at the 500hPa level
Brunetti et al, 2009. Kutiel et al. (2002 illustrated how, (Z500), from NCEP/NCAR re-analysi&élnay et al, 2009
even in a limited region such as the EM, the NCP has a simwith a 25° x 2.5° resolution in the region delimited by
ilar impact on the temperature anomaly distribution of the 15.0° W-65.0 E longitude and 300N-60.0' N latitude
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Fig. 2. Same as Fig. 1, but for mean geopotential heights departures.

were used for the period 1948—-2007 converted into monthly3 Results and discussion
averages.
For the same period, the® x 5.0° resolution gridded 3.1 Z500 fields analysis and Z500 fields departures
global monthly temperature anomalies dataset (relative to the
1961-1990 period) of the Climate Research UBitohan et ~ To understand which is the atmospheric circulation associ-
al., 2006 was used to study temperature anomalies in rela-2ted to NCP (+) and NCP+) and then to interpret the cor-
tion to the NCP. responding temperature anomaly fields, the months charac-
The NCP index (NCPI) and the positive and negative terised by NCP (+) and NCP+) have been selected and the
phases were calculated and defined for every month of th@.SSOCiated Z500 fields (bOth in absolute terms and as anoma-
analysis period according to the formula proposedkiby  lies) have been averaged and plotted (Figs. 1 and 2).
tiel and Benaroch(20023 with two slight modifications: During the negative phase, NCP), the Z500 is lower
The geopotential height of each pole was calculated at @®ver the North Sea and higher over the Caspian (Fig. 2c, d)
2.5° x 2.5° resolution instead of 10° x 10.0° as inKutiel ~ and vice versa during NCP (+) (Fig. 2a, b). Therefore, the
and Benaroclf20023. anomaly circulation related to NCP-{ is counterclockwise
e —— ~ around the North Sea and clockwise around the Caspian re-
Xi =Z;(0.0°,2.5°,5.0°,7.5°, 10.0° E;550° N) sulting in an increased southerly (or southwesterly) circula-

—Z;(50.0°,525°,55.0°,57.5°,60.0° E; 45.0° N) tion in all the region between the North Sea and the Caspian.
(wherei indicates the time step) and then these values werd he Opposite is true during the NCP (+), when the same re-
standardized as follows: gion is under an increased northerly (or northeasterly) circu-

lation (Fig. 2a, b). However, the regions beyond these two

NCP};, = Xi—X poles, i.e., west of the North Sea and east of the Caspian are
o under opposite circulation conditions. In these regions the

The negative phase NCP) and the positive phase NCP (+) anomaly circulation is mainly northerly during NCR)and

were defined when: mainly southerly during NCP (+). Therefore, one should ex-

NCPl; < —1.0 and NCPJ > 1.0, respectively (instead of pect that during the same phase of the NCP, under the same
+0.5 standard deviation as originally defined, to restrict theanomalous conditions, the impact on the temperature will be
analysis to the most severe cases). The total number of cas@pposite in different parts of the study area.
of NCP (=) and NCP (+) are 243 over a total of 720 monthly It should be made clear that the anomaly circulation refers
values, corresponding to about 33 %. to the change of the circulation and does not imply that this is
All the following analyses are performed on a monthly ba- the real circulation. For example, a northerly anomaly circu-
sis, even when seasonal results are presented (the analysidagion may be due to an increase in northerly circulation or to
restricted to the months belonging to the season in questiona decrease in southerly circulation (as it is clear by comparing
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Fig. 3. Correlation coefficients between temperature and NCPI for all cases, in December-January-Kahriradyine-July-Augustb);
only for INCP]| > 1.0, in December-January-Februgp) and in June-July-Augugtl). Squares’ sizes are relative to the significance level
(large squares; < 0.01; medium squareg, < 0.05; small squareg; > 0.1).

Fig. 1a—d with Fig. 2a—d). In both cases, the impact on tem-tive correlation area is confined to a few grid cells in the
perature departure is expected to be the same. As one of tifar north-western part of the domain. In summer (i.e., con-
goals of the present study is to analyse how changes in circusidering JJA in the correlation analysis), on the contrary, the
lations relate to the phases of the NCP influence temperatureegatively correlated area is limited to the eastern part of the
departures and not the temperature themselves, the use bbx: part of Greece, Turkey, Caspian sea and Volga basin,
anomalous circulation is the most appropriate approach.  while the positively correlated ones are extend southward
to the northern coast of the Mediterranean basin (Fig. 3b),
3.2 Temperature-NCPI correlation i.e., there is a clear shift towards the south-east of the edge

) ) between positive and negative correlated areas.
The correlation (Pearson correlation) between temperature aytumn and spring (figures not shown) present similar

and the NCPI has been evaluated, on a monthly basis, ov&fatterns of transition between the most extreme cases of win-
the whole Euro-Mediterranean domain for the 1948—2007ier and summer. If we consider only the monthly values cor-

period. Monthly data anomalies of DJF were analysed t0-regponding to NCP (+) and NCP-J conditions, the results

gether for the winter and of JJA for the summer, to improve gre even clearer with an increase in the correlation (Fig. 3c,
the robustness of the statistical sample of data and avoig).

changes due to the insufficient number of cases, that may af-
fect correlation when considering only the values associate .3 Temperature anomalies associated with NCP (+)
with NCP (+) and NCP ). and NCP (-)
The results highlight a significant positive correlation in
the north-western area of the domain and a significant nega©n the light of these results, we would expect temperature
tive correlation in the south-eastern one (Fig. 3). anomalies of an opposite sign in the two areas characterised
Interesting differences between summer and winterby opposite correlation and a change from positive to nega-
months are clearly evident by comparing Fig. 3a, b. In wintertive (and vice versa) for those months with NCP (+) and those
(correlation considering DJF is shown in Fig. 3a) there is awith NCP (=). In fact, if we plot on a map the mean temper-
large area, covering the whole eastern Mediterranean basimture anomaly field obtained averaging the temperature fields
the Black Sea, the Caspian Sea and northward to the Volgaorresponding to the months associated to NCP (+) and that
basin, characterised by negative correlation, while the posebtained averaging the temperature fields corresponding to
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Fig. 4. Same as Fig. 2, but for mean temperature departures.

the months associated to NCP)( the change from positive (PCA) has been applied to the temperature anomalies dataset
to negative anomaly and vice versa is clear (Fig. 4). on the study domain to verify if it is represented by one of
The origin of these anomalies are easily understandabl¢he leading Empirical Orthogonal Functions (EOFs) and, if
comparing Fig. 4 with Fig. 2. In January, as an example,yes, its associated fraction of variance.
during NCP (+) conditions, there is a northerly anomaly cir- Applying a PCA to the monthly temperature anomalies
culation in the region between the North Sea and the Caspiarfataset, the major part of the variance (up to 61.9 %) is ex-
crossing over the Black Sea and down up to Turkey (Fig. 2a)plained by the first 3 components. As it can be seen from
in the same month (January during NCP (+) conditions) tem-Fig. 5, the first component that takes into account 26.7 % of
perature anomalies are negative over the same area, with thibe total variance is representative of temperature variabil-
strongest negative anomalies over the Black Sea (Fig. 4ajty over Europe as a whole, the second and third components
By the other end, in the same month (January) but duringepresent a north-west/south-east and a north-east/south-west
NCP (-) conditions, the anomaly circulation is southerly bipolar pattern, respectively, the former explaining 20.5 % of
(Fig. 2c) over the same area (indicating a stronger southerlyhe total variance and the latter 14.7 %.
component or a weaker northerly one in the absolute circu- The association of the second EOF with the NCP is imme-
lation) and this is the cause of a strong positive temperatureliately clear, being the two areas of the dipole those charac-
anomaly (Fig. 4c). terised by opposite correlation with respect to the NCPI and
Over the British Isles and the North Sea, the anomaly cir-opposite temperature anomalies in association to NCP (+)
culation in both phases of the NCP, is opposite to that overand NCP ) conditions.
the Black Sea, Turkey and the ME (Fig. 2a, c) and, therefore, In fact, if we restrict the PCA only to the monthly temper-
temperature departures are accordingly opposite, i.e., abovature anomalies associated to NCP (+) and NER e ob-
normal during NCP (+) and below normal during NCP)(  tain the same three temperature patters, but differently ranked

(Fig. 4a, c). as it is evident from Fig. 6. Now, the north-west/south-east
pattern (i.e., that associated to NCP) is the most important
3.4 Principal Component Analysis and explains 29.2 % of the total variance, while the second

one (corresponding to the first EOF in the previous analy-
To understand the importance of this bipolar temperaturesis) explains only 21.3 % of the total variance. Together with
pattern in the context of temperature variability over the the third EOF (15.5 %), the explained variance by these three
Euro-Mediterranean region, a Principal Component Analysiscomponents sums to 66 %.
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Fig. 5. The three obtained EOF and their explained variance, for all cases.
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Fig. 6. Same as Fig. 5, but only foNCPI| > 1.0.
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