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ABSTRACT

Correlations of the North Atlantic Oscillation (NAO) with climate variables in Europe are strong in the north and the
south of Europe but there is a zone of statistically not significant correlations in between. This paper presents evidence
that the impact of NAO can be ascertained more clearly by decomposing it into its constituent centres of action (COA),
the Azores High (AZH) and the Icelandic Low (IL), each of which varies continuously in intensity as well as position.
Monthly values of intensity and latitude and longitude positions for each COA are estimated from sea level pressure
data. These are used to analyse their impact on interannual variations of winter precipitation and climate of Germany.
Correlation of NAO with winter precipitation is weak but statistically significant in north Germany and not significant
in south Germany. By separately calculating correlations with the AZH and the IL, it is found that the primary influence
on the interannual variations of winter precipitation and surface temperature over both north and south Germany is the
zonal migration of the IL. When the IL is situated east of its mean location, there is above normal precipitation and
warmer temperatures over Germany and in winters when the IL is situated west of its mean longitudinal position, drier
and colder conditions occur over Germany. The impact of this teleconnection is greater in north Germany than in the
south, presumably because of the mountainous topography in the south which hinders wind flow.
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1. Introduction opposite sign are found over regions of southern Europe. This
is illustrated in Fig. 1 which shows areas where winter (DJFM)
precipitation during 1981-2014 is correlated with the NAO with
statistically significance of 5%. There is a large zone between the
north and the south where the NAO does not yield statistically
significant relationships. This feature is seen also in Fig. 6e of
Qian et al. (2000) who correlated an NAO index with European
precipitation using data for (1911-1990). It is also seen in Fig.
2 of Wibig (1999) who obtained the NAO index as the principal
component of the first rotated EOF of 500 hPa geopotential height

and correlated with winter precipitation Europe for 1951-1990.

The North Atlantic Oscillation (NAO, Hurrell et al., 2001) is
a large-scale meridional oscillation of the atmospheric surface
pressure field between the Azores high (AZH) and the Icelan-
dic low (IL). It has been recognized as one of the major patters
of atmospheric variability in the Northern Hemisphere with a
strong impact on European climate (Lamb and Peppler, 1987;
Hurrell, 1995; Hurrell and van Loon, 1997; Rodo et al., 1997,
Esteban-Parra et al., 1998; Osborn et al., 1999; Visbeck et al.,
2001; Trigo et al., 2002). Also, in northern Africa, an influ-
ence of the NAO on the temperature (Rogers, 1997) and dust

storms (Moulin et al., 1987) has been reported. Garcia-Herrera
et al. (2006) noted that the strong 2004/05 drought in Iberia
was linked to the positive phase of NAO. Queralt et al. (2009)
reported that extreme precipitation as well as mean winter pre-
cipitation in Spain during 1997-2006 were related to the NAO.
More recently, Tosic et al. (2014) have demonstrated a relation-
ship between NAO and winter precipitation in Serbia.

In studies relating the NAO to European precipitation, strong
correlations are found in northern Europe, and correlations of the

*Corresponding author. e-mail: fahad.riaz@nu.edu.pk

As a result, possible relationships between the NAO climate in
regions of middle Europe have not been reported in the literature.

It can be seen in Fig. 1 that precipitation over a large part
of Germany is not correlated with the NAO. Analysis of the
impact of NAO on Germany’s climate has not been reported in
the literature.

The classical explanation of the impact of the NAO on Euro-
pean climate invokes fluctuations in the relative strengths of the
Azores High and the Icelandic Low. i.e. a large difference in the

Tellus A: 2017. © 2017 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Citation: Tellus A: 2017, 69, 1406263, https:// doi.org/10.1080/16000870.2017.1406263


http://creativecommons.org/licenses/by/4.0/
mailto:fahad.riaz@nu.edu.pk
http://crossmark.crossref.org/dialog/?doi=10.1080/16000870.2017.1406263&domain=pdf

2 S. M. F. RIAZET AL.

: +
R N
P K
S

8

e g

+ fos
o

W 2B g

&3 SR i

o BE g e

12

Pl g 3

1O % o)

E‘}f‘ EXFLL

: AT :
10" W 0 10°E 20°E
Fig. 1. Correlation map of DJFM precipitation with NAO at 5%
significance level for the period from 1981 to 2014.

o

pressure between the High and the Low (a positive index year,
NAO+) leads to stronger westerlies turning northwards and,
consequently mild and wet winters in north Europe and drier
weather in the south. In contrast, when the index is negative
(NAO-), westerlies are suppressed, northern European areas
have cold dry winters because storms tracks shift southwards
towards the Mediterranean region. This brings increased pre-
cipitation to southern Europe and North Africa.

The commonly used NAO index is based on measurements
of the pressure difference between two fixed locations, Lis-
bon, Portugal (or Azores) and Stykkisholmur, Iceland (Hurrell,
1995). However, the Azores High and the Icelandic Low pres-
sure systems have extended structures that migrate considerably
on seasonal and interannual time scales. An alternate definition
of the NAO index is based on rotated EOF analysis of sea level
pressure (SLP) or geopotential heights over the North Atlantic
region. The first EOF pattern contains the largest variance, and
its principal component is designated as the NAO index (Barn-
ston and Livezey, 1987). In this definition also the relative po-
sitions of the Azores High and the Icelandic Low remain fixed.

Castro-Diez et al. (2002) investigated the relationship be-
tween the NAO and winter temperatures in southern Europe
during 1959-1997. By visual examination of SLP maps in dif-
ferent years, the authors noted that temperatures were sensitive
not only to the phase of the NAO, but also to the locations of the
NAO centres of action.

We propose that a better estimate of the influence of atmos-
pheric pressure fluctuations on European climate can be at-
tained through a quantitative assessment of the fluctuations in
the locations as well as pressures of these Centres of Action
(COA). Therefore, we consider the variations of the Azores

High and the Icelandic Low systems separately. The physical
significance for decomposing the NAO into the High and the
Low can be seen by considering the limitation imposed by the
traditional definition of the NAO index as the normalized dif-
ference between the pressure anomaly over Azores p,, and that
over Iceland p, . If a climate variable R(7) is correlated with
NAO, it means that there is a linear relation between them:

R = a(NAO) + b
=alp, = py| +b 1
=ap,,—ap, +b

This assumes that the contributions of pressure anomalies at
Azores and Iceland to R are equal and opposite. This is unlikely
to be correct for most locations.

If the Azores High and the Icelandic Low pressures are con-
sidered separately we let the data choose the coefficients

R=ap,—a,p; +b 2)

Depending on the location of the data R, one of the two pressure
centres is likely to make a greater contribution. For example, if
R is precipitation in the subtropics, the determining factor will
be the Azores High, and the Icelandic Low coefficient is likely
to be negligible. If on the other hand, R(f) is precipitation over
a northern location, then the coefficient of the Azores High will
be negligible. This example illustrates the physical reason why
considering the High and the Low separately (rather than their
difference index, the NAO) is likely to give a better physical
explanation.

Furthermore, the position of the AZH or IL can have higher
correlations than pressure of either of them, as is the case in this
paper where the longitude position of the IL is found to be the
dominant factor for the climate of Germany. Another example
is provided by the result that the latitude position of the Azores
High has a higher correlation with transport of Saharan dust to
the Atlantic than the NAO (Riemer et al., 2006). The variation
of the location of the centre of action is not considered in any
previous formulation of the NAO.

To model the pressures and locations of these COA we intro-
duce objective indices for the pressure, latitude and longitude
locations for both centres. Previously, application of this ap-
proach showed that the frequency of Greenland tip-jet events
is better related with the latitude position of the Icelandic Low
than with the NAO (Bakalian et al., 2007). Also, interannual
variations of summer rainfall in the Sahel region is related to
the longitudinal migration of the Azores High (Hameed and
Riemer, 2012) and winter precipitation in the Middle East is
impacted by pressure fluctuations of the Azores High (Igbal
et al., 2013).

In this paper, we use this approach to investigate interannual
variations of winter precipitation and temperature for Germany.
The results show that the winter climate of Germany is most di-
rectly related to the east-west migrations of the Icelandic Low.
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2. Data and methodology

In this paper, the interannual variations of precipitation and
temperature in the winter season (DJFM) is analysed separately
for north and south Germany because the north is primarily flat
and low and the south has mountains and hills with topograph-
ic features reaching up to 0.6 km. The analysis is carried out
for the region 48°N-55°N, 6°E~15°E, and we take the latitude
52.5°N as the boundary between north and south.

Monthly averaged data are used from which seasonal averag-
es are computed. The sources from where data were obtained
and their latitude/longitude resolution are listed in Table 1. We
have also used the NAO index which is available at Climate
Prediction Centre (CPC), National Centre of Environmental
Prediction (NCEP), USA.

In order to quantify the changes in the centres of action,
objective indices for the pressure, latitude, and longitude lo-
cations for the centres can be calculated using gridded SLP
data as described by Hameed et al. (1995) and Hameed and
Piontovski (2004). By examining the monthly SLP maps since
1948, the latitude-longitude domains over which each of the
pressure centres occurs were identified. The pressure index of
a COA is defined as an area-weighted pressure departure from
a threshold value over its domain (/, J). The pressure index is
thus a measure of the anomaly of atmospheric mass over the
sector (1, J). The location indices give pressure-weighted mean
latitudinal and longitudinal positions of the centre. The domain
(1, J) for the Azores High is 20-50°N, 70°W-10°E; and for the
Icelandic Low, it is 40-75°N, 90°W-20°E. Note that the do-
mains of the High and the Low overlap and the threshold that
separates them is 1014 mb. If the monthly averaged pressure in
a grid box is greater than 1014 mb, it is assigned to the Azores
High, and for a lower value to the Icelandic Low. The monthly
indices of the centres of action updated to 2017 are listed at the
website: https://you.stonybrook.edu/coaindices/.

To investigate possible impacts of NAO and its components
we have correlated the winter precipitation and temperature
with NAO and the three indices of Azores High and those of

Table 1. Data used, its sources and latitude/longitude resolution.

Data Source Resolution

Temperature Global Historical Climatology ~ 0.5° x 0.5°
Network (GHCN) v2

Temperature National Centre of Environ- 2.5°%x2.5°
mental Prediction (NCEP)

Precipitation Climate Research Unit (CRU), 0.5° x 0.5°
University of East Anglia

Precipitation National Centre of Environ- 1°x1°
mental Prediction (NCEP)

Sea Level Pressure National Centre of Environ- 2.5°x2.5°
mental Prediction (NCEP)

700 mb winds National Centre of Environ- 2.5°x2.5°

mental Prediction (NCEP)

Icelandic Low. More than one COA index is found to have
statistically significant correlations with temperature and pre-
cipitation in north and south Germany. In the next step, partial
correlations have been calculated with all the indices that have
significant correlation with precipitation and temperature of
north and south Germany separately, and thus identify the COA
variable with the strongest direct relationship with climate. The
partial correlation coefficients report the contribution from a
given COA index on precipitation while holding all other in-
dependent variables fixed. The partial correlation coefficients
were calculated as follows:

r -r_ T
ywxy VIWX VvIwy

rvwxy -
IRV IO @

where the first two subscripts of r, v and w, represent the two
variables (one independent, and one dependent) for which the
partial coefficient is calculated and the subscripts x, y and z rep-
resent those variables that are being held fixed. The partial cor-
relation coefficients for Iy and r, are calculated in an analo-

gous manner. A description of the partial correlation method is
given by Hamby (1994). Statistical significance of correlations
are tested at p < 0.05 level.

3. Results on interannual variations of
precipitation

Table 2a shows correlations of the DJFM precipitation of north-
ern and southern Germany with the NAO and the six COA
indices, Azores High pressure (AZPS), Azores High Latitude
(AZLT), Azores High Longitude (AZLN), Icelandic Low pres-
sure (ILPS), Icelandic Low latitude (ILLT) and Icelandic Low
Longitude (ILLN).

From the correlation coefficients, we find that north Germa-
ny precipitation is possibly influenced by the NAO, AZH pres-
sure and longitude and IL latitude and longitude. We should
comment however that the correlation coefficients reflect both
direct contributions of a COA index on precipitation and indi-
rect contributions from other COA indices which interact with
the given COA and precipitation. To isolate the effects of each
COA index, we computed partial correlation coefficients for the
significantly correlated COA indices and north Germany pre-
cipitation (Table 3).

As shown in Table 3, the partial correlation of IL longitude
and precipitation is the strongest and significant at 0.05 level.
Noticeably the partial correlation of NAO and precipitation is
nonsignificant because of NAO’s strong correlations with the
AZH and IL variables. Based on this information, we then con-
structed a linear regression model for north Germany DJFM
precipitation with IL longitude as the independent variable. We
have made the regression equation of standardized variables:

North Germany Precip = 0.64 (ILLN) 4)
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Table 2a. Correlation coefficients between precipitation of Northern and Southern Germany and COA indices and NAO.

CRU observed data NCEP/NCAR reanalysis
Variables North Germany precipitation ~ South Germany precipitation ~ North Germany precipitation ~ South Germany precipitation
AZPS_DIJFM 0.46* 0.28 0.45% 0.32
AZLT_DJFM 0.32 0.14 0.35% 0.29
AZLN_DJFM 0.44* 0.39* 0.45* 0.42%
ILPS_DJFM -0.32 -0.14 -0.29 -0.16
ILLT_DJFM 0.35% 0.12 0.36% 0.21
ILLN_DJFM 0.64* 0.52* 0.63* 0.55%
NAO_DJFM 0.48* 0.31 0.47* 0.35%

*Significance level is 5%.

Table 2b.  Correlation coefficients between mean temperature of Northern and Southern Germany and COA indices and NAO.

GHCN observed data NCEP/NCAR reanalysis

Variables North Germany temperature ~ South Germany temperature ~ North Germany temperature ~ South Germany temperature
AZPS_DJFM 0.68* 0.63* 0.67* 0.64*
AZLT_DJFM 0.48* 0.31 0.48* 0.26
AZLN_DJFM 0.37* 0.28 0.39* 0.25
ILPS_DJFM —0.69%* -0.71* -0.70%* —0.74%*
ILLT_DJFM 0.70* 0.59* 0.70* 0.55*
ILLN_DJFM 0.58%* 0.59%* 0.57* 0.59%*
NAO_DJFM 0.68* 0.65% 0.68* 0.64*

*Significance level is 5%.

Table 3. Partial correlation between DJFM rainfall of northern Ger-
many and the given variable by controlling all the other variables. The
five independent variables considered here are AZH pressure, AZH lon-
gitude, IL latitude, IL longitude and NAO.

Variables Partial correlations
AZPS 0.37*
AZLN 0.49*
ILLT -0.43%*
ILLN 0.62*
NAO -0.07

*Significance level is 5%.

Equation (4) explains 41% of the variance in precipitation during
1981-2014. Precipitation predicted by this equation is compared
with observed values in Fig. 2a. The regression correctly captures
the precipitation maxima in the years 1983, 1995, 1999, 2005 and
2008, and also the minima in 1985, 1991, 1996, 2003 and 2006.

Correlations of south Germany DJFM precipitation with
the NAO and the COA indices are also shown in Table 2a. We
find that the precipitation has significant correlations with only
AZH longitude (» = 0.39) and IL longitude (r = 0.52). The par-
tial correlation with ILLN (r = 0.46) is significant while the
partial correlation of AZH longitude (» = 0.30) is not signifi-
cant. We can infer that the longitudinal movement of IL is the
primary influence on interannual variation of precipitation in
south Germany also. Results of a regression of south Germa-
ny’s precipitation with IL longitude as the independent variable
is shown in Fig. 2b. The regression explains only 27% of the
interannual variation of precipitation during 1981-2014, but
it correctly captures the maxima in precipitation in the years

1983, 1988, 1995, 1999 and 2008 and the precipitation minima
in 1985, 1991, 1996, 2003 and 2006. The regression model has
of standardized south Germany precipitation with standardized
ILLN is as follows:

South Germany Precip = 0.52 (ILLN) 5)

4. Results on interannual variations in
temperature

We have then correlated the DJFM mean temperature in north
Germany with NAO and COA indices as shown in Table 2b.
It is very interesting to note that the correlation is statistical-
ly significant for NAO and all six COA indices. It should be
checked which index reflects the direct contribution to the re-
gional temperature variability so to isolate the effect of mutual
correlations between NAO, AZH and IL indices we calculat-
ed partial correlations of the temperature with each index by
keeping all the other indices fixed. The results are shown in
Table 4, and indicate that the primary influence on interannu-
al variations of temperature in north Germany is IL longitude.
Figure 2c displays a comparison of observed temperature and
that explained by IL Longitude as the independent variable. The
regression correctly captures the maxima in temperature in the
winters of 1983, 1988, 1995, 1999 and 2008 and the minima
in the years 1985, 1991, 1996, 2003 and 2006. The regression
model of standardized north Germany winter temperature with
standardized ILLN explains 33% of the temperature variation
during 1981-2014 and the regression equation is:

North Germany Temp = 0.58 (ILLN) 6)
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Fig. 2. Time series comparison between (a) observed precipitation over north Germany and the regression model, (b) observed precipitation over

south Germany and the regression model, (c) observed temperature over north Germany and the regression model and (d) observed temperature over
south Germany and the regression model. In the regression models ILLN is taken as independent variable.

Table 4. Partial correlation between DJFM mean temperature of
northern Germany and the given variable by controlling all the other
variables. The seven independent variables considered here are AZH
pressure, AZH latitude, IL pressure, IL latitude, IL longitude and NAO.

Table 5. Partial correlation coefficients between mean DJFM temper-
ature of Southern Germany with a given variable. The five independent
variables considered here are AZH pressure, IL pressure, IL latitude, IL
longitude and NAO.

Variables Partial correlations Variables Partial correlations
AZPS 0.19 AZPS 0.13
AZLT -0.12 ILPS -0.46*
AZLN 0.13 ILLT 0.14

ILPS -0.27 ILLN 0.45%
ILLT 0.31 NAO -0.14

£
%\Ilidg _838 *Correlation is significant at the 0.05 level (2-tailed).

*Significance level is 5%

The same steps have been followed for south Germany tem-
perature. Correlations of the south Germany temperature with
NAO and COA indices, displayed in Table 2b, show significant
correlations with NAO, AZPS, ILPS, ILLT and ILLN. The com-
parison of South Germany temperature with regression model
by taking ILLN as independent variable is shown in Fig. 2d.
Results of partial correlation analysis are given in Table 5 show-
ing that only ILPS and ILLN remained significantly correlated.
ILPS and ILLN are mutually correlated with r = 0.25 which is
not statistically significant at 0.05 level; hence they can be used
together as independent variables in a regression equation for

south Germany’s temperature. The multiple regression equation
which explains 63% of the variability of south Germany winter
temperature during 1981-2014 is:

South Germany Temp = —0.57 (ILPS) + 0.38 (ILLN)  (7)

5. Composite diagrams

In this section, we examine evidence that regional circulations
of the atmosphere are consistent with the empirically deter-
mined relationships given above between the Icelandic Low and
interannual variations of winter temperature and precipitation in
Germany. For this purpose, we use the NCEP/NCAR Reanalysis
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monthly averaged fields of winds, temperature and sea level
pressure. Figure 3a shows the mean SLP distribution over the
north Atlantic during the DJFM season in 1981-2014. The Ice-
landic Low and the Azores High are clearly identified in Fig. 3a.
SLP less than 1000 hPa in the Icelandic Low is west of Iceland
near the south east of Greenland and the pressures exceeding
1020 hPa in the Azores High are over the ocean extending to
Iberia and Morocco. Figure 3b shows the mean SLP distribution
in the winters in which the IL was displaced east of its mean
position by more than one standard deviation which occurred

.. (b)
70°N

40°W

in 1983, 1994, 1995, 1998, 1999 and 2000. These are called
as IL E years in the following discussion. In Fig. 3b, we can
see that the region with pressures less than 1000 hPa is greatly
expanded to the east in comparison with the mean pressure dis-
tribution in Fig. 3a. Figure 3c shows the mean SLP distribution
in the winters in which the IL was displaced west of its mean
position by more than one standard deviation which occurred in
1985, 1987, 1991, 1996, 2003 and 2006. In these IL W winters
the area of pressures less than 1000 hPa in the IL is smaller
and shifted slightly to the west in comparison with the mean

m‘h»..

= 20 NO ) o o
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10° 20°E 40° W

995

1000

Fig. 3. Sea level distribution over north Atlantic (a) averaged for 1981-2014, (b) when Icelandic Low is situated to the east of its mean location
by more than one standard deviation and (c) when Icelandic Low is situated to the west of its mean location by more than one standard deviation.
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Fig. 4. (a) Climatological mean of Germany precipitation (in mm) from 1981 to 2010 and (b) difference of mean precipitation between IL E and IL

W winters.
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Fig. 5. (a) Climatological mean of DJFM air temperature (°C) from 1981 to 2010 and (b) difference of mean air temperature between IL E and IL

W winters.

(c)

distribution in Fig. 3a. Figure 3b and ¢ show concomitant chang-
es in the distribution of SLP in the subtropics which account for
the correlations between the IL and AZH, and result in corre-
lations between the AZH variables and Germany climate. But
as discussed earlier, the direct factor in interannual variations
of the climate of Germany is the east-west migration of the IL.

Figure 4a shows mean DJFM precipitation over Germany
for 1981-2010. Figure 4b shows the difference in precipitation
between IL E and IL W years. Increased precipitation is seen

6 8 10 12

Fig. 6. (a) Mean wind over western Europe at 700 mb height (1981-2010), (b) composite anomaly map for vector wind at 700 mb level when
Icelandic Low longitude is east of its mean value by one standard deviation and (c¢) composite anomaly map for vector wind at 700 mb level when
Icelandic Low longitude is west of its mean value by more than one standard deviation. Shading corresponds to the wind speed.

everywhere in the region; the largest difference >30 mm occurs
in the north-west and the smallest change is over southeast Ger-
many. Similarly, Fig. 5a shows the mean DJFM temperature
and Fig. 5b gives the difference in temperature between IL E
and IL W years. We can see that it is warmer everywhere in
Germany when the Icelandic Low is displaced towards east of
its mean position in comparison with when it is displaced to the
west; warming exceeds 3 °C over a large area of the country in
the north and the east.
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Fig. 7. (a) Difference in wind speeds for IL E years and IL W years and (b) difference in angles at each grid point for IL E years and IL W years.
Solid black line indicates the grid points where the angles are different at p < 0.05 level.
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Fig. 8. (a) Composite anomaly map for SLP in winters when the Icelandic Low is situated east of its mean longitude position by more than one
standard deviation and (b) composite anomaly map for SLP in winters when the Icelandic Low is situated west of its mean longitude position by
more than one standard deviation.

Figure 6a shows the mean wind at 700 mb level over Western The impact of zonal displacement of the Icelandic Low on
Europe when averaged over the DJFM season for 1981-2010. wind distribution can be seen in Fig. 6b and c. Figure 6b shows
The winds are westerly with speeds of 7-8 m/s over north Ger- the wind anomalies for IL E years. Westerlies are seen to be

many, and 5-6 m/s over south Germany. enhanced over Germany, with anomalies of 3 to 3.5 m/s in the
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Fig. 9. Student’s t-test for difference in SLP at each grid point for IL E
years and IL W years. Solid black line indicates the grid points where
the angles are different at p < 0.05 level.

north, and weakening to between 2 and 2.5 m/s in the south.
The stronger westerlies bring greater than normal amount of
moisture and warmth from the Atlantic, thus contributing to
greater than normal precipitation and warmer than normal tem-
peratures over Germany when the IL is situated east of its mean
position. The effect is smaller over south Germany than over the
north because of the barrier to wind flow in the south offered by
topography. Figure 6¢ shows the opposite case, i.e. wind anom-
alies for IL W years. Wind anomalies are now from the east,
about 4 m/s in the north, and weakening to nearly 2 m/s in the
south. Easterly wind anomalies indicate a smaller contribution
of moisture and warmth from the Atlantic to conditions over
Germany and greater influence of the dry and cold air masses
from Asia. Again, the effect is smaller over south Germany than
over the north. A Student’s t-test was done to check where the
difference in the winds is statistically different between IL E
and IL W years. The results for the difference in wind speeds
are shown in Fig. 7a where the solid line separates regions with
p < 0.05. The wind speed difference is statistically different
everywhere north of approximately 45°N and in a region in the
southwest of the figure. Figure 7b displays results of the #-test
for differences in wind direction between IL E and IL W win-
ters. The difference in wind direction is statistically significant
with p < 0.05 for most of west Europe except south of about
42°N and a region in the north east.

The wind anomaly distributions seen in Figure 6b and c can
be understood by examining how the pressure distribution in
this region is affected by longitudinal displacement of the Ice-
landic Low. Figure 8a shows the composite SLP anomalies in
the winters when the IL was displaced eastward of its mean
position by more than one standard deviation. A large anom-
alous low with values of 4-5 mb at its centre is situated over
Scandinavia and the Norwegian sea, driving westerly wind

anomalies over most of north Europe including Germany. The
opposite case of composite SLP anomalies when IL is displaced
west of its mean position by more than one standard deviation
is shown on Fig. 8b. A large anomalous high pressure centre
with values of 7 mb at its centre is centred over Scandinavia,
driving easterly wind anomalies over most of northern Europe
including Germany as seen in Fig. 6¢. The results for the t-test
to check for the statistical significance of differences in SLP
pressures are shown in Fig. 9. The SLP differences are signifi-
cant with p < 0.05 over a large section of the north Atlantic east
of Greenland, and over north-west Europe, and also over a belt
extending south-eastwards from 40°N—60°N in the west

6. Conclusions

Correlations of NAO with climate variables in Europe show
strong correlations in north and south Europe with a zone of
weak correlations in between. This paper posits that greater in-
formation about the role of NAO can be obtained by separately
considering its components, the Azores High and the Icelandic
Low, each of which is an extended feature, fluctuates in intensi-
ty and also its latitudinal and longitudinal locations.

Correlation of NAO with winter precipitation is weak but
statistically significant in north Germany and not significant in
south Germany. By considering the interannual fluctuations in
the intensities and positions of the Azores High and the Icelan-
dic Low, this paper has shown that the primary influence on
the interannual variations of winter precipitation and surface
temperature over both north and south Germany is the zonal
migration of the Icelandic Low. In winters when the IL is situat-
ed east of its mean location, there is above normal precipitation
and warmer temperatures over Germany, and opposite anoma-
lies are experienced in winters when the IL is situated west of
its mean longitudinal position. The impact of this teleconnec-
tion is greater in north Germany than in the south, presumably
because of barriers to wind flow by the high topography in the
south.

Further work is needed in understanding how the position of
the Icelandic Low guides the synoptic scale storms that domi-
nate fluctuation of weather in north and south Germany.
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