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This report is a part the work in EMULATE de-
liverable D11 (Assessment of the time-varying in-
fluence of SST and atmospheric circulation on Eu-
ropean surface temperature and precipitation pat-
terns) and D15 (Assessments of the influence of at-
mospheric circulation variations on the incidence of
extremes). In section 1 a short introduction is pre-
sented and in section 2 a brief description of the data
sets used in this study is given. In sections 3.2 and
3.3 in this report an analysis of how the atmospheric
circulation influences the incidence of extremes, is
presented. The analysis is based on correlations be-
tween the North Atlantic Oscillation (NAO) and var-
ious extreme indices of temperature and precipita-
tion, developed within the EMULATE project. In
section 3.4 the time-varying influence of the atmo-
spheric circulation on the temperature and precip-
itation indices is studied. The report is completed
with a conclusion in section 4.

1 Introduction

Recent climate model studies show that some types
of climate extremes are expected to be more fre-
quent in an atmosphere where the proportion of
green-house gases are significantly larger than in our
present. These have urged various studies of as-
sessments of changes and trends in climate extremes
based on observations in several locations around the
world.

The correlation between inter-annual variations
of the European tropospheric climate and the well-
known North Atlantic Oscillation (NAO) (Hurrell
et al., 2003) has been investigated in numerous stud-
ies. The NAO is one of the most prominent patterns
of atmospheric circulation variability. In the present
study certain time series of temperature and precip-

itation extreme indices and indices for mean condi-
tions for the twentieth century at up to 135 locations
(stations) in Europe have been correlated with the
NAO time series (derived from an EOF analysis of
pressure observations since 1880) and analyzed. 16
temperature indices and 9 precipitation indices are
chosen in this analysis which is done separately for
winter, spring, summer and autumn.

2 Data and methods

The analyzed temperature and precipitation indices
in this study were developed in EMULATE (deliv-
erable D9). The station data used and some of the
indices are discussed by Moberg et al. (2006). The
25 indices that are chosen for this analysis are given
in table 1. Indices for mean conditions are used to
get an overview of the correlation results and are
then compared with the correlation results using the
extreme indices. The extreme indices are mainly the
90th, 95th and 98th precentiles of the daily minimum
and maximum temperature as well as the daily to-
tal precipitation for each season and station. For
the temperature indices also the 2nd, 5th, 10th pre-
centiles are used. E.g. the time series of the 98th

precentile of the daily minimum temperature distri-
bution in the summer season can roughly be inter-
preted as the second warmest night temperature in
the summer for each year in the time series.

Traditionally the NAO index has been calculated
by taking the difference between the normalized sur-
face pressure at Iceland and Portugal or the Azores.
Since a pressure difference between two meteorolog-
ical stations does not capture the full variability of
the spatial surface pressure the utilization of empir-
ical orthogonal functions (EOF) is more appropri-
ate (Hurrell et al., 2003). In the present study the
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Index name Short description Unit

TN2P 2nd percentile of the daily minimum temperature ◦C
TN5P 5th percentile of the daily minimum temperature ◦C
TN10P 10th percentile of the daily minimum temperature ◦C
MEANTN Seasonal average of the daily minimum temperature ◦C
TN90P 90th percentile of the daily minimum temperature ◦C
TN95P 95th percentile of the daily minimum temperature ◦C
TN98P 98th percentile of the daily minimum temperature ◦C
TX2P 2nd percentile of the daily maximum temperature ◦C
TX5P 5th percentile of the daily maximum temperature ◦C
TX10P 10th percentile of the daily maximum temperature ◦C
MEANTX Seasonal average of the daily maximum temperature ◦C
TX90P 90th percentile of the daily maximum temperature ◦C
TX95P 95th percentile of the daily maximum temperature ◦C
TX98P 98th percentile of the daily maximum temperature ◦C
WSDI90 Total length of periods exceeding 6 days where the daily maximum temperature

exceeds the 90th percentile in the 1961–1990 period
days

CSDI10 Total length of periods exceeding 6 days where the daily minimum temperature
is below the 10th percentile in the 1961–1990 period

days

PRECTOT Seasonal sum of total daily precipitation mm
PREC90P 90th percentile of the total daily precipitation mm
PREC95P 95th percentile of the total daily precipitation mm
PREC98P 98th percentile of the total daily precipitation mm
R90N Number of days where the daily total precipitation exceeds the 90th percentile

in the 1961–1990 period
days

R95N Number of days where the daily total precipitation exceeds the 95th percentile
in the 1961–1990 period

days

R98N Number of days where the daily total precipitation exceeds the 98th percentile
in the 1961–1990 period

days

SDII The average daily total precipitation on wet days (when the daily total precip-
itation exceeds 1 mm

mm

CDD Maximum number of consecutive dry days (when the daily total precipitation
is below 1 mm)

days

Table 1: List of indices analyzed in this study.

NAO index is defined as the principal component
(PC) time series of the leading EOF of the mean sea
level pressure (MSLP) in the Atlantic sector (20◦N–
70◦N and 90◦W–40◦E) during the period 1880–2003.
The MSLP data are taken from the EMSLP data set
(Ansell et al., 2006).

The EOF analysis is performed on spatially and
temporally varying daily averaged MSLP for each
season. This yields a PC time series with daily reso-
lution for each season. Seasonal averages of the daily
PC series are then calculated to obtain time series,
for each season, with annual resolution. For com-
parison the EOF analysis is also performed for sea-
sonally averaged MSLP, which directly leads to PC
series with annual resolution. Both these variants
of EOFs and PCs (i.e. based on daily and seasonal
correlation matrices, respectively) are used in this
study. The main focus, however, is on those based on

daily correlation matrices. The correlation between
the NAO index time series based on the pressure dif-
ference between Stykkishólmur on Iceland and Ponta
Delgada on the Azores, and the NAO index based on
the EOF analysis on daily values, during the period
1901–2000 is 0.71 for winter, 0.90 for spring, 0.25
for summer and 0.23 for autumn. The same analysis
made using the seasonal average for the EOF calcu-
lation gives a correlation of 0.84 for winter, 0.91 for
spring, 0.67 for summer and 0.85 for autumn. This
result suggests that variations on the diurnal time
scale is significant in summer and autumn since there
is a significant discrepancy between the correspond-
ing seasonally and daily based EOF correlations.

The analyzed period in this report is 1901 to 2000
for four seasons, where winter is defined as December
to February (DJF), spring as March to May (MAM),
summer as June to August (JJA) and autumn de-
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fined as September to November (SON). The tem-
perature and preciptation indices are available at up
to 135 stations located in Europe (and its vicinity).

Only time series with more than 15 years of data
per independent 20 year period is included in the
analysis. Correlation coefficients between the PCs
and the temperature and precipitation index series
with annual resolution are calculated using the Pear-
son linear correlation method. The statistical signif-
icance of correlations is assessed at the 1 % level,
taking the lag-1 serial correlation into account.

3 Results

Before the results of the correlations between the
NAO index and the indices for temperature and pre-
cipitation are analyzed it is of interest to study the
patterns of the leading MSLP EOF fields. This is
done in section 3.1. In section 3.2 the correlation
between the NAO and the temperature and precipi-
tation indices is studied focusing on the spatial dis-
tribution. A regional overview is presented in sec-
tion 3.3 and the temporal variance is studied in sec-
tion 3.4.

3.1 EOF patterns

The leading EOFs of the daily MSLP anomalies for
the four seasons explain 17 − 21 % of the variance
of the MSLP time series (compare with 26 − 36 %
for the EOF based on seasonally averaged data) in
the period 1880–2003 (Ansell et al., 2006). Fig. 1
shows the EOF patterns for each season both for
the seasonal (for comparison) and the daily aver-
aged MSLP data. These are the spatial fields of
the MSLP anomaly for the case when the NAO
index is positive. In winter, for the daily MSLP,
a stronger-than-average high pressure is dominat-
ing southern parts of Europe, centered around the
Azores, and a stronger-than-average low pressure is
dominating the northern parts centred over Scandi-
navia. This implies a stronger-than-average pressure
gradient between Scandinavia and the Azores which
gives rise to stronger-than-average north-west winds.
The high-pressure anomaly over the Iberian penin-
sula hampers cloud formation while the stronger-
than-average north-west winds over northern and
central Europe is associated with frontal passages
and cyclone tracks. The leading winter EOF for the
seasonally averaged MSLP is different to the daily-
MSLP case. The high-pressure anomaly is stronger
and extends over western and central Europe. The
low-pressure anomaly is weaker and is pushed farther
north. The resulting winds are more zonal.

In spring the pattern is essentially the same except
for that the high-pressure anomaly is moved farther
east for the daily-MSLP case and farther west for
the seasonal-MSLP case. The winds are essentially
westerly in both cases.

In summer, for the daily-MSLP case, the lead-
ing EOF pattern is fundamentally different from the
ones of winter and spring. It can be speculated
whether this configuration has the same physical
properties as the winter and spring patterns. Since
the leading EOF mode only explains around 20 % or
less of the variance it could be relevant to study the
patterns of the second or third EOF mode to see if
these are more similar to the leading EOF patterns
of winter and spring. A stronger-than-average high-
pressure system is dominating western and northern
pasts of Europe blocking cyclones from the region.
South of it and west of Iceland there is weak but
stronger-than-average low pressure. This pressure
configuration implies southerly winds over the north
Atlantic sector. The pattern for the seasonal-MSLP
case is very different from that of the case with daily
averaged data but is more similar to the patterns in
winter and spring.

For daily-MSLP-autumn pattern the winds are
still southerly over the north-eastern Atlantic proper
but the center of the high-pressure anomaly has
moved eastwards. The pressure gradient are now
more-or-less zonal implying southerly winds.

For periods with negative NAO index the situation
is inverse. The MSLP anomaly patterns are as Fig. 1
shows but multiplied by a factor of −1. In winter
the Iceland-Iberian pressure gradient is weaker than
average and more low-pressure tracks are therefore
crossing the Iberian peninsula. Note that the follow-
ing analysis will pertain to positive NAO conditions
if nothing else is stated.

Fig. 1 also shows the temporal variations of
the EOFs for both the daily-MSLP case and the
seasonal-MSLP case. As stated above the difference
between the two cases is significantly larger for sum-
mer and autumn than for winter and spring. Note
that the amplitude of the PC time series are largest
for winter and smallest for summer.

3.2 Correlation between NAO and

temperature and precipitation in-

dices

The correlation between the NAO index and the
seasonally averaged daily minimum temperature
(MEANTN) for all seasons are shown in Fig. 2. For
winter the correlation at individual stations varies
between −0.28 and 0.76. In central and eastern
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Fig. 1: The spatial and temporal pattern of the leading MSLP EOF fields for positive NAO conditions for winter
(DJF), spring (MAM), summer (JJA) and autumn (SON) calculated for the period 1880–2003. The upper row shows
the EOF patterns based on seasonally averaged MSLP and the middle row shows it for daily averaged MSLP. The
lower row shows the temporal variation of the two EOF based on seasonal (blue line) and daily (red line) averaged
MSLP, in the period 1901–2000. (Note that the sign of the EOF has been changed in order to obtain positive NAO
conditions for spring and summer for the seasonal-MSLP case and winter and spring for the daily-MSLP case.)
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Fig. 2: The correlation between the NAO index and the seasonally averaged daily minimum temperature (MEANTN)
for winter (DJF), spring (MAM), summer (JJA) and autumn (SON) for the period 1901 to 2000. Black dots indicate
where correlations are significant at the 1 % level.

parts of Europe the correlation is strong and pos-
itive (higher than 0.55) while it is weaker and often
negative on the Iberian peninsula. For most of the
stations the correlation is significant at the confi-
dence level of 1 %. However, on the Iberian penin-
sula, where the correlation is low it is not significant.

The over-all picture in winter with a positive clear
NAO correlation in central and eastern Europe and a
weak negative NAO correlation on the Iberian penin-
sula is as expected. The leading EOF pattern of
the MSLP anomaly (cf. Fig. 1, winter) shows that
for periods with positive NAO index, stronger-than-
average westerlies, associated frontal passages, pre-
vail the weather in the central and eastern Europe.
The winds brings latent and sensible heat implying
that the higher the NAO index is, the warmer central
and eastern Europe are. In south-western Europe,
on the other hand, where the correlation is negative,
the weather is dominated by a higher-than-average
pressure, implying less cloudiness, stronger outgoing
radiation and cooler nights, particular at winter con-
ditions. The MEANTN index mainly captures the
night temperature which is highly influenced by the
outgoing radiation leading to a negative correlation
with the NAO index, although it is rather weak.

The correlation pattern in spring shows positive
correlation almost everywhere. The correlations and
the associated significances are somewhat weaker
than in winter, particularly in eastern Europe. For
eastern Europe, the low-pressure anomaly seen in
winter, has in spring become weaker or is replaced
with a high-pressure anomaly. For most of the
stations the correlation in summer is not signifi-
cant. Only a few stations in western and southern
Europe have significant correlations. The summer

EOF suggests that the weather in north-western Eu-
rope is mainly dominated by a strong high-pressure
anomaly implying often cloud-free conditions. Such
conditions are expected to lead to warm summer
temperatures, particularly at day-time but maybe
not so warm night-time temperatures as cloud-free
conditions also imply a cooling due to strong out-
going radiation during nights. However, in autumn
the strong high-pressure anomaly located over east-
ern parts of Europe gives rise to an enhanced out-
going radiation and thus cooling during nocturnal
conditions which controls the MEANTN, which here
is strongly negative correlated to NAO.

The above analysis apply rather well to most of
the cold-percentile temperature indices (i.e. TN2P,
TN5P, TN10P, MEANTN, CSDI10, TX2P, TX5P
and TX10P). (The correlation maps for all indices
is in this study are presented in Fig. 7.) The
overall correlations are stronger and more signifi-
cant in winter than in other seasons. In spring
the correlations are still high but it is low in sum-
mer. In autumn there is a strong negative correla-
tion in eastern Europe. For the warm-percentile in-
dices (i.e. TN90P, TN95P, TN98P, TX90P, TX95P,
TX98P and WSDI90) the analysis is also rather
similar except for that the strong negative correla-
tion in eastern Europe in autumn associated with
the high-pressure anomaly does not exist here. In-
stead the correlations here are low and insignificant.
As stated above this is presumably because of that
the enhanced outgoing radiation for cloud-free high-
pressure conditions is more likely to occur in cold au-
tumn days rather than exceptionally warm autumn
days.

The result for the seasonally averaged daily max-
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Fig. 3: The correlation between the NAO index and PRECTOT for winter (DJF), spring (MAM), summer (JJA) and
autumn (SON) and PREC90P, PREC98P, R90N and CDD for winter (DJF). All results for the period 1901 to 2000.
Black dots indicate where correlations are significant at the 1 % level. Note, for CDD the correlations are plotted with
reversed sign.

imum temperature (MEANTX, cf. Fig. 7) is overall
rather similar to that for MEANTN, but there are
some interesting differences. One such difference is
that the stations on the Iberian peninsula show no
negative correlations with NAO in winter, but in-
stead correlations for MEANTX are positive and sig-
nificant for most stations. The negative correlations
between MEANTN and NAO in winter is presum-
ably due to that the stronger outgoing radiation as-
sociated with the weak high-pressure anomaly influ-
ences nocturnal conditions but not the day-time con-
ditions since the sun is sufficiently hight to raise the
day-time temperatures. This analysis also applies
to the percentile indices for tmax and tmin data.
Another interesting feature in the temperature cor-
relation maps is seen for summer in north-western
Europe. The region around the North Sea shows
a strong positive correlation with summer-NAO for
MEANTX and for all high percentile temperature
indices (TN90P, TX90P, TN95P, TX95P, TN98P,
TX98P and WSDI90). These high percentile indices
are much stronger correlated to summer-NAO than
the corresponding low percentiles. The relationship
and differences between the temperature indices are
further discussed in the next section using the results

presented in Fig. 5.

The indices CSDI10 and WSDI90 are also tem-
perature indices. The cold spell duration index
(CSDI10) measures the total number of at least six
consecutive days with a minimum temperature be-
low the 10th percentile of the long-term (1961–1990)
minimum temperature. In other words: the total
length of cold spells. (Note that the correlations of
CSDI10 in Fig. 7 are presented with reversed sign
to aid visual comparison with the other temperature
indices.) The warm spell duration index (WSDI90)
is a similar index except that it is the maximum
temperature which should exceed the 90th percentile
of the long-term maximum temperature. The win-
ter and summer correlation patterns for CSDI10 is
very similar to those for the cold-percentile minimum
temperature indices (i.e. TN2P, TN5P, TN10P). For
spring and summer the correlation is low and not
significant except for some stations (e.g. in central
Europe). The conclusion of this is that for positive
NAO conditions in winter the cold periods in central
and north-western Europe are not as frequent as for
negative NAO conditions. Again, the physical inter-
pretation of this is that the prevailing low-pressure
anomaly inhibits cold weather. The correlation be-
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tween WSDI90 and the NAO is very similar to that
of TX90P as well as TX95P and TX98P except for
that the correlations are generally weaker in winter
and summer.

The correlation between the total seasonal precip-
itation (PRECTOT) and the NAO has similar spa-
tial pattern as the correlation between the temper-
ature indices and the NAO. For the northern Euro-
pean winter the correlation is significantly high (cf.
Fig. 3) which is associated with more-than-average
frequent low-pressure-system passages over northern
Europe due to the stronger-than-average westerlies
and Iceland-Iberian pressure gradient. In southern
Europe there is a significantly strong anti correla-
tion between the total precipitation and the NAO
due to the high pressure anomaly hampering cloud
formation and precipitation. The results are very
similar for the different precipitation indices. Fig. 7
shows results for all indices and Fig. 3 shows a se-
lection (PRECTOT, PREC90P, PREC95P, R90N,
R95N and CDD). It is interesting that an index
which measures the time-variations of a percentile
(e.g. PREC90P) is so similar to an index counting
the number of days when the precipitation exceeds
the long-term percentile (e.g. R90N). Also the CDD
index which is the length of the longest period of
dryness is firmly related to the other precipitation
indices. Their correlation patterns are very similar
but reversed. This analysis also applies to SDII (the
daily precipitation intensity on wet days) which cor-
relation patterns are similar to those of CDD except
that its correlation is lower and not as significant as
for CDD.

As regards the other seasons, we only mention here
that in the summer the correlation with PRECTOT
is fundamentally different for that in winter. In sum-
mer the correlation with precipitation is strong and
negative over western, central and northern Europe
due the stronger-than-average high pressure. This is
discussed more in the next section.

3.3 Regional average of the NAO cor-

relations

In the following analysis two regions in Europe have
been selected where the average correlation is calcu-
lated and presented for all indices. This allows an
overview of the indices and a simple way of com-
paring them with each other. This analysis also il-
luminates the difference between the regions. The
regions which are chosen are north-western Europe
and the Iberian peninsula (cf. Fig. 4). The later is
selected since it is a well defined region which is seen
in e.g. the winter MEANTN (cf. Fig. 2) and the win-
ter PRECTOT (cf. Fig. 3). One motive for chosing

Fig. 4: The stations in the two regions used in the anal-
ysis in section 3.3. The blue stations are in the north-
western european region and the red are in the Iberian
region.

north-western Europe is to study the summer pre-
cipitation which shows significant correlations with
NAO. This region is also of interest because of the
strong and significant correlations with NAO for the
high temperature indices. The two chosen regions
also show opposite signs of correlations for many of
the chosen indices (cf. Fig. 7).

To study the difference between north-western Eu-
rope and the Iberian peninsula, the regional average
of the correlations between the NAO and each tem-
perature and precipitation index is calculated and
the result is presented in Fig. 5. In this figure the
indices are grouped. The indices based on the daily
minimum temperature are shown to the left. On
their right side are the daily maximum temperature
indices, then precipitation indices are placed on the
right-hand side of the diagram.

It is evident that the magnitude of the corre-
lation between the NAO and the temperature in-
dices is generally weaker for the Iberian penin-
sula than for the north-western Europe. Note that
most of the correlation for the Iberian peninsula
are insignificant. Exceptions are winter values for
TX2P, TX5P, TX10P, MEANTX, TX90P as well
as PRECTOT, PREC90P, PREC95P, PREC98P,
R90N, R95N, R98N and CDD. It is also clear that
the winter correlations are stronger than the correla-
tions for the other seasons. Exceptions to this are the
indices PRECTOT, PREC90P and R90N for north-
western Europe, where the summer correlations are
slightly stronger or nearly equal to those for winter.
It is also notable that the magnitude of the winter
correlations for temperatures in north-western Eu-
rope are strongest for the two indices for mean con-
ditions (MEANTX and MEANTN) and decreases
when going to the extreme cold and warm tails of
the distributions.

7



−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

−
C

S
D

I10
T

N
2P

T
N

5P
T

N
10P

M
E

A
N

T
N

T
N

90P
T

N
95P

T
N

98P
T

X
2P

T
X

5P
T

X
10P

M
E

A
N

T
X

T
X

90P
T

X
95P

T
X

98P
W

S
D

I90
P

R
E

C
T

O
T

P
R

E
C

90P
P

R
E

C
95P

P
R

E
C

98P
R

90N
R

95N
R

98N
S

D
II

−
C

D
D

Mean correlations in Iberian peninsula

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

−
C

S
D

I10
T

N
2P

T
N

5P
T

N
10P

M
E

A
N

T
N

T
N

90P
T

N
95P

T
N

98P
T

X
2P

T
X

5P
T

X
10P

M
E

A
N

T
X

T
X

90P
T

X
95P

T
X

98P
W

S
D

I90
P

R
E

C
T

O
T

P
R

E
C

90P
P

R
E

C
95P

P
R

E
C

98P
R

90N
R

95N
R

98N
S

D
II

−
C

D
D

Mean correlations in North−west Europe

Fig. 5: The mean correlations in two regions (cf. Fig. 4) between the NAO index and all indices analyzed (cf. table 1)
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the period 1901 to 2000. The horizontal dashed lines indicate the levels for 1 %-significance for serially uncorrelated
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Fig. 6: The time evolution of the correlations between NAO and selected indices for selected seasons for stations in
north-western Europe (NWE) and on the Iberian peninsula (IbP), calculated in a running 31-year window in the period
1901-2000. This yields correlation data in the period 1916-1985. The thin colored lines represent the correlations for
each individual station in the region and the heavy black line is their average.

3.4 Temporal variation of the NAO

correlations

Hitherto the focus has been on the spatial distribu-
tion of the correlations between the NAO and the
temperature and precipitation indices. In the fol-
lowing investigation the temporal variation at inter-
annual time scale will be studied. Fig. 8–15 show
the variations of the 31-years correlation between
the NAO and all indices for individual stations in
the north-western Europe and the Iberian penin-
sula regions and their average in the period 1916
to 1985. For most of the indices the time varia-
tion is small and insignificant. However, for some
of the indices there are interesting changes during
the 20th century. Fig. 6 shows four for those in-
dices. For TN2P in north-west Europe in spring (and
also for the other low-percentile temperature indices,
cf. Fig. 10) the correlation with NAO has decreased
from just above 0.5 to just above zero during the first
25 years of the period (around 1916–1940). This is
the only significant variation for spring temperatures
for the regional average correlation in north-western
Europe.

The situation is different on the Iberian peninsula
(still for the spring, cf. Fig. 11) where it is the high-
percentile indices which show a temporal variation
of the correlation with NAO. In the beginning of
the period between 1916 and 1935 it increases from
above zero to around 0.3. Then it decreases fairly
much to around -0.2 until around 1965, and thus
changes sign. Between 1965 and 1980 the correlation
get positive again and increases to around 0.2. The
last period the variations are modest. Nore that the
variations for these high-percentile indices is within

the limits of insignificance.

In autumn there are some interesting changes in
correlation for the stations in north-western Europe
(cf. Fig. 14). For MEANTX (and also for the high-
percentile maximum temperature indices) the corre-
lation is constant until 1935 and then increases dras-
tically in a few years. It then varies a bit to 1950
and then decreases with around 0.5 to 1980. How-
ever, for the precipitation indices the variations are
different compared to temperature. There is a clear
trend in the time series for the correlation. It goes
from significant negative correlations to zero corre-
lations. On the Iberian peninsula the variability of
correlations in autumn is small.

In winter it is only the maximum temperature in-
dices and most of the precipitation indices for the
Iberian peninsula which show a significant temporal
variation (cf. Fig. 9). The maximum temperature
indices have a positive trend with a increase of the
correlation with NAO of about 0.5. The precipita-
tion indices have a corresponding negative trend. In
summer the temporal variations generally are small.

Comparing the temperature indices with the pre-
cipitation indices there is a difference in the spread
of the station running correlations (cf. Fig. 6). The
variance between stations are small for the temper-
ature indices and significantly larger for the precipi-
tation indices.

4 Conclusions

In this study the correlations between the NAO and
temperature and precipitation indices for all sea-
sons have been analyzed. The NAO index is here
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defined as the leading EOF of the daily MSLP. A
clear NAO signal in winter was found for all the in-
dices. In the other seasons the correlation is gen-
erally weaker. For the temperature indices the cor-
relation in winter is strong and positive due to a
prevailing low-pressure anomaly in greater parts of
Europe except on the Iberian peninsula where it is
significantly weaker due to a high-pressure anomaly.
The summer correlations are mainly low and not
significant but for stations in western and north-
ern Europe the correlation is positive and significant
for the mean minimum and maximum temperature
and the high-percentile temperature indices. In au-
tumn there is strong correlation between NAO and
the mean minimum and maximum temperature as
well as the low-percentile temperature indices, asso-
ciated to the strong high-pressure anomaly which for
nocturnal conditions implies enhanced outgoing ra-
diation and cooling. However, this feature does not
exist for the high-percentile temperature indices.

In winter there is a strong positive and signifi-
cant correlation between NAO and precipitation in-
dices in western, central, northern and eastern Eu-
rope due to more-than-average cyclone tracks while
it is negative for southern Europe due to higher-
than average pressure suppressing cloud formation
and precipitation. However, the situation in summer
is almost reversed. The correlation with precipita-
tion is strong and negative over western, central and
northern Europe due the stronger-than-average high
pressure. An interesting result is that the indices
which measure the time-variations of a percentile
(e.g. PREC90P) have similar correlation results as
the indices which count the number of days when the
precipitation exceeds the long-term percentile (e.g.
R90N).

In this study the regional averaged correlation
for two regions (i.e. north-western Europe and the
Iberian peninsula) is analyzed for all indices. It
is evident that the regional average correlations in
north-western Europe are strongest in winter. Al-
most all indices have positive and significant cor-
relations. In winter the regional averaged correla-
tions are strongest for the MEANTN, MEANTX and
PRECTOT, respectively, and is weaker for the cor-
responding extreme indices. For the Iberian penin-
sula the regional averaged correlations are mainly
insignificant except for the low-percentile and mean
maximum temperature indices in winter and most
precipitation indices in winter (except for SDII).
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Fig. 7: The correlation between the NAO index and all indices analyzed (cf. table 1) in this study for winter
(DJF), spring (MAM), summer (JJA) and autumn (SON) during the period 1901 to 2000. Black dots indicate where
correlations are significant at the 1 % level. Note that for CSDI10 and CDD the correlations are plotted with reversed
sign, in contrast to the legend.
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Fig. 7: Continued.
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Fig. 7: Continued.
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Fig. 7: Continued.
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Fig. 7: Continued.

15



PRECTOT, spring PRECTOT, summer PRECTOT, autumnPRECTOT, winter

r ≤ −0.55
−0.55 < r ≤ −0.45
−0.45 < r ≤ −0.35
−0.35 < r ≤ −0.25 −0.25 < r ≤ −0.15

−0.15 < r ≤ −0.05

−0.05 < r < 0.05

0.05 ≤ r < 0.15
0.15 ≤ r < 0.25 0.25 ≤ r < 0.35

0.35 ≤ r < 0.45
0.45 ≤ r < 0.55
r ≥ 0.55

R90N, spring R90N, summer R90N, autumnR90N, winter

R95N, spring R95N, summer R95N, autumnR95N, winter

R98N, spring R98N, summer R98N, autumnR98N, winter

Fig. 7: Continued.
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Fig. 7: Continued. Note that for CDD the correlations are plotted with reversed sign, in contrast to the legend.
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Fig. 8: The time evolution of the winter correlations between NAO and selected indices for stations in north-western
Europe (NWE), calculated in a running 31-year window in the period 1901-2000. This yields correlation data in the
period 1916-1985. The thin colored lines represent the correlations for each individual station in the region and the
heavy black line is their average. Note that the time series for CSDI10 and CDD are plotted with reversed sign.18
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Fig. 9: As Fig. 8 but winter correlations for stations on the Iberian peninsula (IbP).
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Fig. 10: As Fig. 8 but spring correlations for stations in north-western Europe (NWE).

20



−0.5

0

0.5

−CSDI10, MAM, IbP TN2P, MAM, IbP TN5P, MAM, IbP TN10P, MAM, IbP MEANTN, MAM, IbP

−0.5

0

0.5

TN90P, MAM, IbP TN95P, MAM, IbP TN98P, MAM, IbP TX2P, MAM, IbP TX5P, MAM, IbP

−0.5

0

0.5

TX10P, MAM, IbP MEANTX, MAM, IbP TX90P, MAM, IbP TX95P, MAM, IbP TX98P, MAM, IbP

−0.5

0

0.5

WSDI90, MAM, IbPPRECTOT, MAM, IbPPREC90P, MAM, IbPPREC95P, MAM, IbPPREC98P, MAM, IbP

1920 1940 1960 1980

−0.5

0

0.5

R90N, MAM, IbP

1920 1940 1960 1980

R95N, MAM, IbP

1920 1940 1960 1980

R98N, MAM, IbP

1920 1940 1960 1980

SDII, MAM, IbP

1920 1940 1960 1980

−CDD, MAM, IbP

Fig. 11: As Fig. 8 but spring correlations for stations on the Iberian peninsula (IbP).
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Fig. 12: As Fig. 8 but summer correlations for stations in north-western Europe (NWE).
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Fig. 13: As Fig. 8 but summer correlations for stations on the Iberian peninsula (IbP).
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Fig. 14: As Fig. 8 but autumn correlations for stations in north-western Europe (NWE).
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Fig. 15: As Fig. 8 but autumn correlations for stations on the Iberian peninsula (IbP).
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