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Summary

Positive trend of the North Atlantic Oscillation (NAO)
during last several decades was also accompanied by a
positive trend of the East Atlantic Western Russia (EAWR)
pattern. Decline of the Mediterranean precipitation during
the period has also been noted. The precipitation decline
over the western part of the region has been linked to the
positive trend of the NAO. Explanation for the precipitation
decline over the eastern Mediterranean by the role of the
EAWR trend has also been suggested. An evaluation of the
hypothesis is performed in the current study. A methodol-
ogy for the determination of the characterizing typical
low troposphere circulation during wet-months large-scale
correlation-circulation patterns is suggested. The large-
scale circulation patterns for three target areas over the
northwestern, north-eastern, and southeastern Mediterra-
nean regions are constructed separately for the low and high
phase periods of the teleconnection regimes. According to
the results, the precipitation decline over the Mediterranean
region during the last several decades of the past century
may be explained by the positive trend of the EAWR, which
in its turn was induced by it that of the NAO. The
trends have lead to the changes in the typical for the wet
periods of the year low-troposphere circulation regimes
associated with a decline in the water vapor transport from
Atlantic.

1. Introduction

Weather processes over the Mediterranean region
are linked in many ways to those over Eurasia,

with its two prominent teleconnection patterns –
North Atlantic Oscillation (NAO) and East
Atlantic=West Russia (EAWR) (Barnston and
Livezey, 1987; Zorita et al., 1992; Jones et al.,
1997; Ulbrich et al., 1999; Ulbrich and Christoph,
1999; Panaginatopoulos et al., 2002; Ostermeier
et al., 2003). The NAO mode is associated with
the meridional oscillation in the sea level pres-
sure (SLP) having its centers of action located in
proximity to the Icelandic Low and Azores High
(e.g. van Loon and Rogers, 1978; Hurrell and van
Loon, 1997; Jones et al., 1997). Though NAO is
active throughout the year, it is most pronounced
during winter. Positive and negative periods of
the NAO are characterized by a specific orienta-
tion of the air-flows. During high NAO winters,
the westerlies onto Europe are to about 8 ms�1

stronger than those during negative NAO months
(Hurrell, 1995). A poleward shift of the zonal
storm-tracks during the positive NAO years
was demonstrated. Vectors of vertically integrated
moisture transport for the NAO high and low
winters also differ from each other. The differ-
ence contributes to quite substantial changes in
the weather conditions over west Europe as well
as over the northeastern and, especially, western
Mediterranean (WM) regions (Hurrell, 1995,
1996; Trigo et al., 2000, 2002b; Tan and Unal,
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2003). The NAO-positive periods are associated
with wetter than normal weather over west
Europe and drier than normal weather in the
Mediterranean region. NAO-negative winter peri-
ods are characterized by wetter than normal con-
ditions over the western, as well the northern
parts of the Mediterranean area.

The second prominent SLP anomaly system in
Europe – EAWR (Barnston and Livezey, 1987) –
also plays a significant role in determining the
weather processes over Europe. In winter, two
main anomaly centers, which are located over
the Caspian Sea and Western Europe, comprise
the EAWR. The EAWR positive and negative
periods are associated with specific orientation
of the air-flows. During the high EAWR winters,
the northerlies onto Europe are predominant over
the Baltic Sea area. The northerlies are directed
to the area located over and to the E of the
Mediterranean region. Positive (negative) phases
of the pattern are characterized by the negative
(positive) pressure anomalies throughout western
and the southwestern Russia, and the positive
(negative) pressure anomalies over north-western
Europe. During the negative EAWR phases, wet-
ter than normal weather conditions are often
observed over a large part of the Mediterranean
region. Conversely, during the EAWR positive
phases drier than normal conditions are often
found over a large part of the region.

2. European teleconnections
and the Mediterranean precipitation

Time variation of the running 6-year mean winter
(December–February, DJF) NAO and EAWR
index values during 1950–2000 is presented in
Figs. 1 and 2, respectively. The NAO and EAWR
indices values for the graphs are taken from the
NOAA Climate Prediction Center (CPC) website
http:==www.cpc.ncep.noaa.gov=data=teledoc=
nao.html as determined according to diagnostic
procedure for the identification of teleconnection
patterns using the Rotated Principal Component
Analysis – RPCA (Barnston and Livezey, 1987)
approach. The procedure isolates the primary tel-
econnection patterns for all months and allows
for time series of the amplitudes of the pat-
terns to be constructed. The RPCA technique is
being applied at the CPC to monthly mean
700-mb height anomalies. The analysis accounts
for variability in the structure and amplitude of
the teleconnection patterns associated with the
annual cycle of the extratropical atmospheric cir-
culation. It also allows for better continuity of the
time series from one month to the next, than if
the patterns were calculated based on the data for
each month independently. The RPCA procedure
is superior to grid-point-based analyses, typically
determined from one-point correlation maps, in
that the teleconnection pattern is identified based

Fig. 1. Time variations of run-
ning six-year DJF indices of the
NAO from 1950 to 2000

Fig. 2. Same as in Fig. 1 but for
EAWR
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on the entire flow field, and not just from height
anomalies at a few select locations.

Significant positive trends of the both NAO
and EAWR indices from early 1970s to about
1995 are evident in Figs. 1 and 2. According to
the figure the DJF period from 1958 to 1972 has
been characterized by relatively low index values
whereas the DJF period from 1979 to 1993 DJF
was characterized by high NAO and EAWR
values.

Also significant trends in the weather condi-
tions have been detected over the Mediterranean
region during the period. A number of authors
report a rainfall decrease (Trigo et al., 2000,
2002b; Alpert et al., 2003; Alpert, 2004). A
weakening of Mediterranean cyclones during
the same period has been demonstrated (Corte-
Real et al., 1995; Brunetti et al., 2001, 2002;
Hurrell and van Loon, 1997). Decrease in the
moisture content in the atmospheric masses due
to the northward shift of the storm-tracks during
the high NAO periods has been suggested as an
explanation of the decline in the winter-time pre-
cipitation over the WM (Trigo et al., 2000).
No explanation of the decrease in intensity of
the cyclones over the eastern- and southeastern
Mediterranean (EM) regions has been given.

Role of the both NAO and EAWR patterns in
controlling precipitation over the EM region has
also been demonstrated. Existence of a high
positive correlation between the height of the
smoothed 1000 hPa in Israel and NAO has been
noted by Ben-Gai et al. (2001). High negative
correlation between the NAO index and tem-
perature variations in Israel was also detected.
No dependency of precipitation in Israel on the
NAO has been revealed in this study however.
Extreme wet (dry) winter EM months were char-
acterized by the anomaly patterns, that have much
in common with those of the positive (negative)
EAWR phases (Krichak et al., 2000). Kutiel and
Benaroch (2002), Kutiel et al. (2002) and Paz et al.
(2003) also demonstrated a dependency between
the EM precipitation and a similar to the EAWR
dipole pattern with the center located over the east
Atlantic and the Caspian Sea areas. Zangvil et al.
(2003) suggested an indirect mechanism of the
dependency which is represented by an increased
frequency of occurrence of 500 hPa troughs ori-
ented from north-east to south-west during the
NAO positive months.

The changes in the WM precipitation regimes
have been linked to the positive trend of the NAO
(Trigo et al., 2000; Alpert et al., 2003). The nega-
tive precipitation trend over the eastern Mediter-
ranean region has been explained by the positive
EAWR trend. At the same time the EAWR po-
sitive periods have been found favorable for
an increased precipitation over the south-eastern
part of the EM (Krichak et al., 2002, 2004).

The recent past positive trends of the two
modes have been jointly contributing the weather
and climate developments over Europe. The aim
of the current study was to investigate the joint
contribution of the two annual modes in control-
ling the precipitation over the Mediterranean
region.

3. Methodology and data

Typical atmospheric circulation patterns that
characterize the wet periods over the Mediterra-
nean region are discussed in the study.

In accordance with Figs. 1 and 2 the 1958–
1972 and 1979–1993 periods have been chosen
to represent the typical low and high NAO and
EAWR regimes in the lower troposphere. Since
the winter rainfall accounts for about 60% of the
annual total over the northern (Trigo et al., 2000;
Trigo et al., 1999, 2002b), and for about 100%
(due the role of the summer Asian monsoon
effects here – over the southeastern Mediterra-
nean region (Alpert et al., 1990; Bedi et al.,
1976) the following analysis is restricted by the
December–February (DJF) period.

Three target areas located over the north-west
and north-east and south-east of the region (Fig. 3)
have been selected. The 07�–10� E; 44�–46� N
area in Fig. 3 represents the north-western Med-
iterranean region (NWM). The 37�–40�; 35�–37�

target area represents the north-eastern Mediter-
ranean region (NEM). The 35�–37� E; 31�–34� N
area represents the southeastern Mediterranean
region (SEM).

Data archives for the monthly precipitation
and lower tropospheric winds have been adapted
for the analysis. The gridded (0.5� lat-long)
monthly precipitation data over land available
from the Climatic Research Unit (CRU) Univer-
sity of East Anglia (New et al., 2000) for the
period from 1901 to 1998. The precipitation data
in the archive are those directly interpolated from
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terrestrial station observations. The data archive
is considered as the most advanced among those
currently existing datasets for climate applica-
tions. The wind data used are from the gridded
(2.5� lat-long) National Center for Environment
Prediction=National Center for Atmospheric
Research (NCEP=NCAR) Reanalysis Project
(Kalnay et al., 1996; Kistler et al., 2001). The
NNRP data are derived through a consistent
assimilation and forecast model procedure allow-
ing incorporation of all available observation
data. Usefulness of the data for the climate anal-
yses over the European region has been widely
proven (e.g. Trigo et al., 2002).

The current analysis was based on an evalua-
tion of typical circulation regimes that charac-
terize the low and high NAO-EAWR periods.
The following approach has been adapted for
the determination of the regimes. Normalized
indices of the precipitation over the target area
have been calculated. One-dimensional (Press
et al., 1997) correlations between the squared
(to allow a better fit to the Gaussian distribu-
tion) precipitation indices with the u and v wind
field components at 10 m height and 850 hPa
isobaric surface have been computed. The corre-
lations were calculated on detrended time series.
The fit of the data to the Gaussian distribution
was evaluated according to Kolmogorov-Smirnov
test (Press et al., 1997). Characterizing the low

and high NAO-EAWR wet EM periods circula-
tion patterns have been constructed based on
the correlations computed. The wind vectors
represent the magnitudes of the winds-precipita-
tion correlations obtained. The isolines and
shaded areas in the figures represent the corre-
lations and statistical significances (above 0.90)
of the dependencies between relative vorticity
at the corresponding surface and precipitation
respectively. It is worth noting here that the
directions of the typical atmospheric flows in
the patterns are reliable only over the areas
with sufficiently high level of statistical signifi-
cance. Over the rest of the areas the patterns
provide only approximate information on the
directions of the air-mass transport during the
wet periods over the target areas. Obtained cir-
culation patterns are discussed in the following
section.

4. Results

4.1 NWM

Circulation patterns that characterize atmospher-
ic circulation near surface (at 10 m height) during
the wet NWM periods are given in Fig. 4a, b for
the low and high phases of the two (NAO and
EAWR) modes respectively. The pattern present-
ing correlations between the wind components

Fig. 3. Positioning of the NWM
(7� E–10� E, 44� N–46� N), NEM
(35� E–37� E, 37� N–40� N) and
SEM (35� E–37� E, 31� N–34� N)
target areas
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at 10 h and the NWM precipitation reveals exis-
tence of a cyclonic center located over the east-
ern Atlantic during the wet periods over the
target area. The pattern repeats results the earlier
synoptic analyses for the region (Jansa et al.,
2000, 2001). A difference between the two pic-
tures (Fig. 4a, b) may be noted. On the pattern for
the low phase period (Fig. 4a) the vortex is

located about 500 km to the north-west of its
location during the high phase DJF’s (Fig. 4b).
Similar correlation-circulation patterns charac-
terize correlations between the NWM precipita-
tion and winds at 850 hPa (Fig. 5a, b). The
cyclone vortex over eastern Atlantic is also found
in the patterns. As in the case of the near surface
circulation patterns (Fig. 4a, b) on the 850 hPa

Fig. 4. Correlations between pre-
cipitation index over the NWM
target area and the u, v wind com-
ponentsat10 mheight,duringDJF
months for (a) low six-year mean
NAO=EAWR; (b) high six-year
mean NAO=EAWR
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patterns the vortex is found located much (about
1000 km) further to the east during the high tele-
connection phase (Fig. 5b) than during the low
phase (Fig. 5a). Large areas with statistically
significant correlations between the relative
vorticity and the DJF precipitation prove the
reliability of the obtained correlations. It may
be noted that the statistical significance of the

correlation dependencies in the area of the com-
posite Atlantic cyclone is higher (up to 0.7 on
Fig. 5a) on the patterns for the low phase than
on those for the high one. The fact may be
explained by the earlier noted (Corte-Real et al.,
1995; Brunetti et al., 2001, 2002; Hurrell and
van Loon, 1997) weakening of the cyclones dur-
ing the NAO high periods.

Fig. 5. Same as in Fig. 4 but for
the wind u, v components at
850 hPa surface
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4.2 NEM

Calculated at the 10 m height surface NEM DJF
circulation patterns are presented in Fig. 6a, b for
the low and high phase periods respectively.
According to the pictures, during the both tele-
connection regimes the wet NEM DJF periods
are characterized by the existence of a lower tro-
posphere counterclockwise circulation centered

over north of the EM region. A significant differ-
ence between the quite similar obtained patterns
for the low and high teleconnection regimes may
be noted. An air-mass inflow to the NEM area
from the eastern Atlantic may be noted in the
pattern for the low phase regime (Fig. 6a). On
the pattern for the high phase however almost
no inflow of the air-masses from the Atlantic is

Fig. 6. Same as in Fig. 4 but for
the NEM target area
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found in Fig. 6b. The pattern here is character-
ized by advection of the air-masses from central
Europe to the EM region.

Similar composite circulation patterns char-
acterize the 850 hPa wind-precipitation relation-
ships (Fig. 7a, b). During the both teleconnection
phases the averaged wet NEM periods are char-

acterized by the existence of a low troposphere
cyclone centered over the Black Sea. The main
difference between the two patterns may be indi-
cated – no inflow of the air masses from the
Atlantics characterizes the high phase pattern
(Fig. 7b) whereas the inflow does take place dur-
ing the low phase DJF’s (Fig. 7a).

Fig. 7. Same as in Fig. 5 but for
the NEM target area

8 S. O. Krichak and P. Alpert



4.3 SEM

Circulation patterns that characterize atmospheric
circulation near surface (at 10 m height) during
the wet SEM periods are given in Fig. 8a, b for
the low and high phases of the two (NAO and
EAWR) modes respectively. The patterns present-
ing correlations between the wind components at
10 h and the SEM precipitation reveal existence of

a cyclonic center located over the northeastern
Mediterranean during the wet periods over the
target area. The patterns illustrate a known fact
that the main part of the precipitation in the
SEM is associated with the activity of Cyprus
cyclones (Krichak et al., 2004). The near surface
circulation patterns in Fig. 8a, b are almost iden-
tical to each other. More noticeable differences

Fig. 8. Same as in Fig. 4, but for
the SEM target area
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may be found in the 850 hPa patterns obtained for
the years with the low and high teleconnection
phases (Fig. 9a, b) respectively. As in the case
of the 10 m patterns in Fig. 8a, b the 850 hPa
patterns reveal the role of the Cyprus cyclones
in the SEM precipitation. The typical air-flows
to NW of the cyclone however differ significantly
on the patterns. During the low phase DJF’s the

area of the origin of the arriving to the SEM air
masses is found located over the eastern Atlantic
(Fig. 9a). The direction of the typical air-flow is
different on the pattern for the high phase regime
(Fig. 9b). Almost no air masses from the Atlantic
are transported to the SEM. The northerly north-
easterly air-flow characterizes the air-mass trans-
port during the high-phase months.

Fig. 9. Same as in Fig. 5, but for
the SEM target area
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5. Discussion

In the current study we made an attempt to ana-
lyze joint contribution of the NAO and EAWR
positive trend in the determining that of precipi-
tation over the northwestern, northeastern and
southeastern Mediterranean regions. Rather then
estimating relationship between the NAO and
EAWR indices and precipitation over the regions
of our interest we have searched for predominant
atmospheric circulation patterns which character-
ize the periods with precipitation over specially
selected target areas during the winter periods
with high and low NAO and EAWR teleconnec-
tion regimes (phases). The correlations were used
for constructing correlation circulation patterns
typical for the periods with precipitation over
the target areas. Based on the results of our anal-
ysis, in this section we try to determine the indi-
vidual contribution of the two (NAO and EAWR)
regimes and their recent past positive trend to the
precipitation over the Mediterranean area.

With the help of the patterns obtained we ana-
lyzed the role of the large-scale atmospheric
dynamics in controlling monthly mean precipita-
tion over the Mediterranean area. Substantial dif-
ferences between the circulation patterns for wet
months during the high and low phases have been
detected. The wet periods over the northwestern
Mediterranean are associated with the lower tro-
posphere circulation conditions characterized by
a large-scale cyclone vortex positioned to the
NW of the target area. During the high phase
months the composite vortex is found positioned
much further to the southeast (inland) than in the
low phase case. The difference may be associated
with the stronger westerlies during the high
phase months. Consequently, the detected over
the NEM area precipitation decline during the
last several decades of the past century may be
explained by a decrease in the surface evapora-
tion in the individual cyclones due to the positive
NAO trend.

A different physical mechanism appears to be
linking the positive NAO-EAWR trend with the
precipitation decline over the NEM and SEM
regions. The low-phase wet DJF EM (both NEM
and SEM) months are characterized by the circu-
lation patterns with the north-westerly (i.e. from
Atlantics to the EM) air-flow in the lower tropo-
sphere. On the contrary, the high phase years are

characterized by the northeasterly air-flow in the
vicinity of the EM area. The increase of the role
of the continental (dry) air masses explains the
precipitation decline over the EM during the
positive phase periods.

The change in the air-flow direction on the
EM circulation patterns appears to be due to the
EAWR effects and not due to those of the NAO.
The precipitation decline over the EM during the
last several decades of the past century resulted
from the positive EAWR trend during the period.

Several explanations of the EAWR trend have
been suggested. The NAO and EAWR trends
could be a representation of more complex non-
linear interactions (Feldstein, 2000). The trend of
the EAWR could be caused by the positive trend
of the NAO, and the associated with it intensifi-
cation of the southern NAO center of action due
to the global warming effects (Visbeck et al.,
2001; Paeth et al., 1999). An eastward shift of
the southern NAO positive center (Ulbrich and
Christoph, 1999) could be playing a role in
the process. A contribution of the ENSO effects
has been assumed (Price et al., 1998; van
Oldenbrugh, 2003). In was suggested also, that
the trend could also be affected by a decline in
intensity and eastward shift of the Siberian anti-
cyclone (Panagiotopoulos et al., 2003).

The current results provide explanations for
the predominance of positive EAWR situations
during the positive NAO periods. The following
consideration may be suggested. The periods
with the positive NAO regimes are characterized
by stronger southwesterly winds over the coastal
zone in the mid- and lower troposphere over the
NE Atlantic. The stronger southwesterly airflows
in their turn lead to more intense air mass trans-
port from the Atlantic area to the northeast.
Finally, the effect causes the development of
the EAWR type north-northeasterly flow over
Scandinavia and the Baltic Sea in the direction
of the EM region. In accordance with the expla-
nation suggested formation of positive EAWR
patterns may be considered as an indirect conse-
quence of intensification of the northern center of
action of the NAO pattern.

It is not known if the NAO are subject to an
increased greenhouse gas concentration induced
change and if the future climate will be charac-
terized by positive NAO and EAWR regimes
(Lionello et al., 2002; Paeth et al., 1999; Visbeck
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et al., 2001; Benedict et al., 2004; Feldstein,
2003; Franzke et al., 2004). The recent more than
30-y period of the positive trends of the both
patterns allows considering the possibility as a
highly realistic one. According to results of the
current analysis a further precipitation decline
over the both western and eastern parts of the
Mediterranean area will prevail in the case that
the high NAO conditions will be characterizing
the future climate over Europe.

Acknowledgments

The research was supported by German-Israeli research grant
(GLOWA – Jordan River) from the Israeli Ministry of
Science and Technology; and the German Bundesminister-
ium fuer Bildung und Forschung (BMBF) and EU DETECT
projects. The authors acknowledge the use of computer
resources from the Inter University Computation Center
(IUCC), Israel. Adapted in the study NAO teleconnection
index values were taken from the NOAA climate Prediction
Center (CPC) – website: http:==www.cpc.ncep.noaa.gov=
data=teledoc=nao.html. Used in the study data on the mean
monthly winds for the 1950–2000 are from the NCEP
NCAR Reanalysis archive with their website: http:==
www.cdc.noaa.gov=cdc=data.ncep.reanalysis.derived.html.
High-resolution (0.5� � 0.5�) data on terrestrial precipita-
tion from the Climate Prediction Center of the University
New Anglia, UK are also adapted. One of the authors (SOK)
greatly appreciates the help from G. J. van Oldenborgh in the
work with the Climate Explorer system of the Royal Dutch
Meteorological Institute (KNMI) http:==climexp.knmi.nl
(van Oldenborgh, 2003) as well as help and advices from
M. D. Karger and V. N. Kryjov.

References

Alpert P (2004) The water crisis in the E. Mediterranean – and
relation to global warming. In: Zereini F, Jaeschke W (eds)
Water in the Middle East and in North Africa. Resources,
Protection and Management. 9: Springer, pp 56–61

Alpert P, Abramsky R, Neeman B (1990) The prevailing
summer synoptic system in Israel – subtropical high, not
Persian trough. Israel J Earth Sciences 39(2–4): 93–102

Alpert P, Ben-Gai T, Baharad A, Benjamini Y, Yekutieli D,
Colacino M, Diodato L, Ramis C, Homar V, Romero R,
Michaelides S, Manes A (2003) The paradoxial increase of
Mediterranean extreme daily rainfall in spite of decrease in
total values. Geophys Res Lett 29(11): 31-1–31-4

Barnston A, Livezey RE (1987) Classification, seasonality
and persistence of low-frequency circulation patterns.
Mon Wea Rev 115: 1083–1126

Bedi HS, Datta RK, Krichak SO (1976) Numerical forecast
of summer monsoon flow pattern. Soviet Meteorology and
Hydrology, USA 5: 39–45

Benedict JJ, Lee S, Feldsten SB (2004) Synoptic view of the
North Atlantic Oscillation. J Atmos Sci 61(2): 121–144

Ben-Gai T, Bitan A, Manes A, Alpert P (1994) Long-term
changes in annual rainfall patterns in southern Israel.
Theor Appl Climatol 49: 59–67

Ben-Gai T, Bitan A, Manes A, Alpert P, Kushnir Y (2001)
Temperature and surface pressure anomalies in Israel and
the North Atlantic Oscillation. Theor Appl Climatol 69:
171–177

Brunetti M, Maugeri M, Nanni T (2001) Changes in total
precipitation, rainy days and extreme events in north-
eastern Italy. Int J Climatol 21: 861–871

Brunetti M, Maugeri M, Nanni T (2002) Atmospheric
circulation and precipitation in Italy for the last 50 years.
Int J Climatol 22(12): 1455–1471

Corte-Real J, Zhang Z, Wang X (1995) Large-scale circula-
tion regimes and surface climatic anomalies over the
Mediterranean. Int J Climatol 15: 1135–1150

Feldstein SB (2000) The timescale, power-spectra, and
climate noise properties of teleconnection patterns. J Clim
13: 4430–4400

Feldstein SB (2003) The dynamics of NAO teleconnection
pattern growth and decay. Quart J Roy Meteor Soc
129(589): 901–924, Part C

Franzke C, Lee S, Feldstein SB (2004) Is the North Atlantic
Oscillation a breaking wave? J Atmos Sci 61(2): 145–160

Hurrell JW (1995) Decadal trends in the North Atlantic
Oscillation: Regional temperatures and precipitation.
Science 269: 676–679

Hurrell JW (1996) Influence of variations in extratropical
wintertime teleconnections on Northern Hemisphere tem-
perature. Geophys Res Lett 23(6): 665–668

Hurrell JW, Van Loon H (1997) Decadal variations in
climate associated with the North Atlantic Oscillation.
Climatic Change 36: 301–326

Jansa A, Genoves A, Garcia-Moya JA (2000) Western
Mediterranean cyclones and heavy rain. Part I: Numerical
experiment concerning the Piedmont flood case. Meteorol
Appl 7(4): 323–333

Jansa A, Genoves A, Picornell MA, Campins J, Riosalido R,
Carretero O (2001) Western Mediterranean cyclones and
heavy rain. Part 2: Statistical approach. Meteorol Appl
8(1): 43–56

Jones PD, Jonsson T, Wheeler D (1997) Extension to the
North Atlantic Oscillation using early instrumental pres-
sure observations from Gibraltar and South-West Iceland.
Int J Climatol 17: 1433–1450

Kalnay E, Kanamitsu M, Kistler R, Collins W, Deaven D,
Gandin LS, Iredell M, Saha S, White G, Woolen J, Zhu Y,
Chelliah M, Ebisuzaki M, Higgins W, Janowiak J, Mo KC,
Ropelewsky C, Wang J, Leetma A, Reynolds R, Jenne R,
Joseph D (1996) The NCEP=NCAR 40-year Reanalysis
Project. Bull Amer Meteor Soc 77: 437–471

Kistler R, Collins W, Saha S, White G, Woolen J, Kalnay E,
Chelliah M, Ebusisuzaki W, Kanamitsu M, Kousky V, van
den Doll H, Jenke R, Fiorino M (2001) The NCEP-NCAR
50-year Reanalysis: Monthly Means CD-ROM and
Documentation. Bull Amer Meteor Soc 82: 247–267

Krichak SO, Alpert P, Krishnamurti TN (1997a) Interaction
of topography and tropospheric flow – A possible gen-
erator for the Red Sea Trough? Meteorol Atmos Phys
63(3–4): 149–158

12 S. O. Krichak and P. Alpert



Krichak SO, Alpert P, Krishnamurti TN (1997b) Red Sea
Trough=Cyclone development – Numerical investigation.
Meteorol Atmos Phys 63(3–4): 159–170

Krichak SO, Tsidulko M, Alpert P (2000) Monthly synoptic
patterns associated with wet=dry Eastern Mediterranean
conditions. Theor Appl Climatol 65: 215–229

Krichak SO, Kishcha P, Alpert P (2002) Decadal trends of
main Eurasian oscillations and the Mediterranean precip-
itation. Theor Appl Climatol 72: 209–220

Krichak SO, Alpert P (2004) Decadal trends in the East-
Atlantic West Russia pattern and the Mediterranean pre-
cipitation. Int J Climatol 9: 9–9 (accepted)

Krichak SO, Alpert P, Dayan M (2004) The role of at-
mospheric processes associated with Hurricane Olga in
the December 2001 floods in Israel. J Hydrometeorol 9:
9–9 (accepted)

Kutiel H, Benaroch Y (2002) North Sea-Caspian Pattern
(NCP) – an upper level atmospheric teleconnection affect-
ing the Eastern Mediterranean: Identification and defini-
tion. Theor Appl Climatol 71: 17–28

Kutiel H, Maheras P, Turkes M, Paz S (2002) North Sea
Caspian Pattern (NCP) – an upper level atmospheric
teleconnection affecting the eastern Mediterranean –
Implications on the regional climate. Theor Appl Climatol
72(3–4): 173–192

Lionello P, Dalan F, Elvini E (2002) Cyclones in the
Mediterranean region: the present and the doubled CO2

climate scenarios. Clim Res 22(2): 147–159
New M, Hulme M, Jones P (1999) Representing twentieth-

century space-time climate variability. Part I: Develop-
ment of a 1961–90 mean monthly terrestrial climatology.
J Clim 12: 829–856

New M, Hulme M, Jones P (2000) Representing twentieth-
century space-time climate variability. Part II: Develop-
ment of 1901–1996 monthly grids of terrestrial surface
climate. J Clim 13(13): 2217–2238

Ostermeier GM, Wallace JM (2003) Trends in the North
Atlantic Oscillation-Northern Hemisphere annular mode
during the twentieth century. J Clim 16(2): 336–341

Paeth H, Hense A, Glowienska-Hense R, Voss R, Cubasch U
(1999) The North Atlantic Oscillation as an indicator for
greenhouse-gas induced regional climate change. Clim
Dynamics 15: 953–960

Panagiotopoulos F, Shahgedanova M, Stephenson DB
(2002) A review of Northern Hemisphere winter-time
teleconnection patterns. In: Boutron C (ed) European
Research Course on Atmospheres (ERCA) – vol 5.
J Phys IV 12: 1027–1047, EDP Sciences, France

Panagiotopoulos F, Shahgedanova M, Hannachi A,
Stephenson DB (2003) Observed trends and teleconnec-
tions of the Siberian high: a rapidly declining centre of
action. J Clim (Submitted)

Paz SH, Tourre YM, Planton S (2003) North Africa – West
Asia (NAWA) sea-level pressure patterns and their linkages

with the Eastern Mediterranean (EM) climate. Geophys
Res Lett 30(19): 1999, doi.:10.1029=2003GL017862

Press WH, Teukolsky SA, Vetterling WT, Flannery BP
(1997) Numerical Recipes: The Art of Scientific Comput-
ing in C, 2nd edn. Cambridge University Press, 935 p

Price C, Stone L, Huppert A, Rajagopalan B, Alpert P (1998)
A possible link between El Nino and precipitation in
Israel. Geophys Res Lett 25: 3963–3966

Tan E, Unal YS (2003) Impact of NAO to winter precipita-
tion and temperature variability over Turkey. Geophys Res
Abstracts 5: 00626

Trigo IF, Davies TD, Bigg GR (1999) Objective climatology
of cyclones in the Mediterranean region. J Clim 12:
1685–1696

Trigo IF, Davies TD, Bigg GR (2000) Decline in Mediter-
ranean rainfall caused by weakening of Mediterranean
cyclones. Geophys Res Lett 27: 2913–2916

Trigo IF, Bigg GR, Davies TD (2002a) Climatology of
cyclogenesys mechanisms in the Mediterranean. Mon
Wea Rev 130: 549–649

Trigo RM, Osborn TJ, Corte-Real J (2002b) The North
Atlantic Oscillation influence on Europe: climate impacts
and associated physical mechanisms. Clim Res 20: 9–17

Ulbrich U, Christoph M (1999) A shift of the NAO and
increasing storm track activity over Europe due to anthro-
pogenic greenhouse gas forcing. Clim Dyn 15: 551–559

Ulbrich U, Christoph M, Pinto JG, Corte-Real J (1999)
Dependence of winter precipitation over Portugal on
NAO and baroclinic wave activity. Int J Climatol 19:
379–390

Van Loon H, Rogers JC (1978) The seesaw in winter
temperatures between Greenland and northern Europe.
Part I. General description. Mon Wea Rev 106: 296–310

Van Oldenbrugh GJ (2003) To what extent have ENSO
forecast models breached the spring barrier? Geophys
Res Abstracts 5: 02803, EGS2003

Visbeck M, Hurrell JW, Polvani L, Cullen HM (2001) The
North Atlantic Oscillation: past, present and future. Proc
Natl Acad Sci USA 98(23): 12877

Zangvil A, Karas S, Sasson A (2003) Connection between
eastern mediterranean seasonal mean 500 hPa height and
sea-level pressure patterns and the spatial rainfall distri-
bution over Israel. Int J Climatol 23(13): 1567–1576

Zorita E, Kharin V, von Storch H (1992) The atmospheric
circulation and sea surface temperature in the north
Atlantic area in winter: their interaction and relevance
to Iberian precipitation. J Clim 5: 1097–1108

Authors’ address: Simon O. Krichak (e-mail: shimon@
cyclone.tau.ac.il), Pinhas Alpert, Department of Geophysics
and Planetary Sciences, Raymond and Beverly Sackler
Faculty of Exact Sciences, Tel Aviv University, Ramat Aviv,
Tel Aviv, 69978, Israel.

Signatures of the NAO in the atmospheric circulation 13



Dear Author,

The goal of our new, more rapid publication procedures is to publish your paper online as quickly as possible. The
assigning of a DOI (digital object identifier) at this stage means that the work is fully citeable much earlier than has
previously been the case. Please note that final pagination will be added only when articles have been assigned to a
printed issue. With respect to the quality of figures in the electronic version, please note that the printed version will
be of the usual high quality. For a list of all papers published online so far, please refer to the following web-site
(your paper will be added to this list after final correction):

http://link.springer.de/link/service/journals/00704/tocs.htm



Offprint Order

Journal:  Theoretical and Applied Climatology   MS No.:  0/119         First Author: S. O. Krichak

We will supply the corresponding author with one free copy of the relevant issue.
The order of offprints against payment must be sent in when returning the corrected proofs.
The prices quoted are valid only for authors ordering offprints for their private use.
Please write clearly in capital letters!

(Author’s signature)

Copyright Transfer
Statement

The copyright to this article is hereby transferred to Springer (for US Government employees: to the extent transferable),
effective if and when the article is accepted for publication. The copyright transfer covers the exclusive rights to reproduce
and distribute the article, including reprints, photographic reproductions, microform, electronic database, videodiscs, or
any other reproductions of similar nature, and translations.
However, the authors reserve:
1. All proprietary rights other than copyrights, such as patent rights.
2. The right to use all or part of this article in future works of their own and to grant or refuse permission to third 

parties to republish all or part of the article or translations thereof. To republish whole articles, such third parties 
must obtain written permission from Springer as well. However, Springer may grant rights concerning journal 
issues as a whole.

To be signed by at least one of the authors who agrees to inform the others, if any.

V.A.T. registration number: _______________________________

have to add 10% V.A.T. to the list prices.

Prices include carriage charges (surface mail). Prices are subject to change without notice.

Please state your V.A.T. registration number if applicable. Otherwise we

(In all separate correspondence concerning this order please quote the Journal’s title, MS No., and First Author.)

Price list for offprints*

*Customers in foreign EU countries:

Signature: _______________________________________________

(Purchase Order No.)    ________________________________________ (Date/Signature of author)    ______________________________________________

(Address)

(Name of person or institution)

Payment will be made by:

Offprints should be sent to:
(Name of person or institution)

(Address)

When you order offprints against payment, you are entitled to receive in addition a pdf file of your article for 
your own personal use. As this pdf file is sent to you by e-mail, please insert the e-mail address here:

I hereby order against payment

50 100 200 300 400 offprints

N
E

W

Please bill me (please do not pay for offprints before receipt of invoice!)

Please charge my credit card Eurocard / Mastercard American Express

Visa Diners Club

No.: Valid until:

50 Copies 100 Copies 200 Copies 300 Copies 400 Copies

EUR EUR EUR EUR EUR
1–8 296,– 348,– 482,– 598,– 722,–

9–16 384,– 436,– 626,– 806,– 998,–
17–24 462,– 512,– 742,– 972,– 1198,–
25–32 512,– 564,– 844,– 1098,– 1408,–

Pages
(Figs. incl./excl.)

P
le

as
e 

re
tu

rn
 y

o
u

r 
o

rd
er

 f
o

rm
 t

o
:

S
p

ri
n

g
er

W
ie

n
N

ew
Yo

rk
,P

ro
du

ct
io

n 
D

ep
ar

tm
en

t,
S

ac
h

se
n

p
la

tz
 4

-6
,P

.O
.B

ox
 8

9,
12

01
 W

ie
n

,A
u

st
ri

a





33,3% cheaper for you . . .

As an author of Springer Wien New York you are now entitled to receive a 33,3% price reduction on the list price of
all books published by the Springer group. For your order please use this order form. Orders have to be sent directly
to Springer Wien New York.

Als Autor=in von Springer Wien New York erhalten Sie 33,3% Rabatt auf den Ladenpreis der gesamten
Buchproduktion der Springer-Gruppe. Bitte bestellen Sie mit diesem Bestellschien. Ihre Bestellung senden Sie
bitte ausschließlich an Springer Wien New York.

For detailed informations about titles published by Springer Wien New York please search our homepage.
N€aahere Informationen €uuber das Programm von Springer Wien New York finden Sie auf unserer Homepage.
www.springer.at

Order Form=Bestellschein
Springer Wien New York, Order Department, Sachsenplatz 4–6, P. O. Box 89, 1201 Wien, Austria,
Fax þ43-1-330 24 26
Springer Wien New York, Auslieferung, Sachsenplatz 4–6, Postfach 89, 1201 Wien, €OOsterreich,
Fax þ43-1-330 24 26

I order herewith=Ich bestelle hiermit:

copy=ies ISBN Author Title
Expl. ISBN Autor Titel
______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

______________________________________________________________________________________________________

Please copy this order form for your next orders. Bitte kopieren Sie diesen Bestellschein fur Ihre weiteren Bestellungen.

� Please bill me=Bitte liefern Sie gegen Rechnung

� Please charge my credit card=Bitte belasten Sie meine Kreditkarte

� VISA � MASTERCARD � AMEX � DINERS

Card No.=Karten-Nr. ______________________________ Expiry date=G€uultig bis_____________

NAME=NAME __________________________________________________________________

ADDRESS=ADRESSE __________________________________________________________________

_________________________________________________________________

DATE=DATUM __________________________________________________________________

SIGNATURE=UNTERSCHRIFT __________________________________________________________________




