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pressure difference (high zonality with higher pressure situated in the south) means
that great parts of Europe are affected by a vigorous flow of winds from the
westerly sector accompanied by high cyclonic activity and a maritime regime over
the northern half of Europe. Low zonality, on the other hand, is linked to a small
latitudinal pressure difference. If this gradient is reversed - for example higher
pressure over Iceland than over the Azores (see Moses et al., 1987) - we get a
meridional or even an easterly flow pattern with strong blocking of the westerlies
and large latitudinal excursions of subtropical and polar air masses. Thus, weake-
ned or absent westerly flow over Europe is typical for the low zonality mode
representing a continental regime over the northern half of Europe.

Thus, the intensity of the westerlies is a major indicator of the atmospheric
circulation and plays a key-role for the climate of Europe. To put the present
climatic situation into a long-term perspective it is therefore of great importance
to obtain reliable time series as long as possible. Investigations further back in
time, before the end of the nineteenth century, have to be concentrated to areas
that contain an adequate coverage of stations with long records of barometric
pressure. Europe is favoured in that respect, since a rather dense distribution of
meteorological stations already existed during the nineteenth century. This makes
it feasible to reconstruct a grid point pressure data set for a time period longer than
two hundred years covering Europe and the eastern part of the North Atlantic
Ocean (Jones et al., 1999). From these gridded data it is possible to calculate
monthly zonal indices for Europe from A.D. 1780 to get information about the
atmospheric circulation for a period well extending into the "Little Ice Age” lasting
from the 1560s to the 1850s (Flohn, 1993). Thus, the study period since 1780 goes
back to times without particular anthropogenic forcing of the climate system and
includes the transitionfrom the "Little Ice Age” to subsequently warmer conditions.
Time series of the zonal indices should indicate some circulation changes in this
climatic transition period.

In the second part of this paper, relationships between the zonal indices and long
European temperature time series will be investigated. For the recent century such
relationships have been established in various studies, for instance by Malberg and
Bokens (1997) concerning positive links between the NAO and Berlin winter
temperatures, or by Jonsson and Birring (1994) showing that the pressure differen-
ce between latitudes 45°N and 65 °N has a strong average correlation with southern
Scandinavian temperatures in winter (r=+0.7) and - with opposite sign - in
summer (r= -~0.6). As an important indication, however, the latter study using
running correlations also revealed non-stationary features of these long-term
average correlations. Similarly, Rogers (1985) concludes that the association
between indices of the European westerly wind strength and the mean winter
temperatures in southern Norway is not strictly consistent over time. These
phenomena might be linked to varying air mass characteristics (Corti et al., 1999)
or to frequency changes among different circulation patterns associated with a
particular mode of a zonal circulation index. The gridded SLP time series back
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to 1780 (Jones et al., 1999) make it possible to calculate running correlations
between zonal circulation indices and long European temperature time series over
roughly 200 years and to investigate the consistency of these well-known circula-
tion-climate relationships over this extended period of time. Thus, we will be able
to infer whether commonly used associations between zonal index modes and Euro-
pean temperatures are valid beyond the frame of our recent century or, in contrast,
are non-stationary and thus reflect conditions of particular sub-periods.

2. Data

The monthly mean grid point data of sea-level pressure reconstructed by Jones et
al. (1999) back to 1780 for the North-Atlantic-Europeanregion are based on homo-
genized long-term pressure time series from stations with the oldest instrumental
records in Europe. The reconstruction is based exclusively on series of measured
pressure. The data base starts in 1780 with 10 continuous series, including Lund
(Birring et al., 1999) and Barcelona (Rodriguez et al., submitted). In the 1820s
the network is increased to 20 stations, including the Reykjavik area and Gibraltar
(Jones et al., 1997), and finally it reaches a set of 51 stations at the middle of the
nineteenth century.

The historical SLP data were reconstructed on a 5° latitude by 10° longitude
grid from 35 to 70°N and from 30°W to 40°E based on EQF-regression models
calibrated over the period 1936-1995 and verified for the period 1881-1935.
Explained variances reach above 90% around the central grid points, but decrease
towards the periphery, especially for the earliest period with few station pressure
series. Generally, explained variances are higher for the winter months than during
summer, and this is also true for peripherical regions since the estimation of grid
point values further away from available station data is favoured by the more
structured large-scale circulation during the winter season (Jones et al., 1999), This
reconstruction provides an appropriate data base to calculate some atmospheric
circulation indices (see section 3).

Temperature data for northern, western and central Europe were preferably taken
in an aggregated manner, only the northernmost part is represented by an individual
station, the Stockholm record (Moberg and Bergstrdm, 1997}, For western Europe
the well-known Central England Temperature time series is used (Manley, 1974;
Parker et al., 1992), and for Central Europe two (out of eight) thermal regions
have been selected from Beck (2000) each comprising several stations out of 72
temperature time series which were drawn from various sources (World Climate
Disc, 1992; Schénwiese and Rapp, 1997; several German Archives). Details about
the stations are included in Beck (2000) as well as results of Alexandersson-tests
for homogeneity and corrections of identified inhomogeneities. Thermal regions
finally have been determined by applying clustering techniques to the matrix of
pairwise correlations (Beck, 2000). The two selected regions in this context cover
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parts of southwestern and northeastern Central Europe, respectively, being
represented by the following stations:

Central European Region SW {centered around 49.5°N, 8°E): _
Aachen, Augsburg, Bamberg, Chalons, Karlsruhe, Langen, Lille, Miin-
chen, Strasbourg, Stuttgart, Trier, Uccle, Wiirzburg.

Central European Region NE (centered around 54°N, 16°E):
Copenhagen, Elblag, Gdansk, Kaliningrad, Koszalin, Rostock, Szczecin,
Stralsund, Sylt, Warszawa.

Thermal indices for these regions are defined by averaging the monthly normalized
temperature series from the corresponding stations, respectively.

Figure 1. Geographical extension of the historical monthly mean sea-level pressure grid of Jones
et al. {1999). Dotted lines show the geographical coordinate system and the grid boxes are indicated
as solid lines. Grid boxes used for calculating the various zonal indices are marked as follows:
dots - the overall Zonal Index (ZI};

open squares - the North Atlantic Oscillation Index (NAOI);

open circles - the Central European Zonal Index (CEZI).

Approximate locations of the regional temperature data are indicated with the following abbreviations:
CET - Central England temperature;

ST - Stockholm temperature;

CENE - temperature of Central European Region NE;

CESW - temperature of Central European Region SW.
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3. Methods

A simple index method of quantifying the strength of the mid-latitude westerlies
is to calculate monthly values of the pressure difference between two latitudinal
bands and hereby obtaining an overall zonal index for the whole longitudinal area
under consideration. High values of this zonal index correspond to a vigerous
westerly flow advecting maritime air masses over widespread regions of Europe
whereas low zonal index values coincide with a less maritime climate. Using the
historical SLP grid from Jones et al. (1999) we get an overall zonal index ZI for
the North-Atlantic-European region (30°W to 40°E); calculating ZI as the pressure
difference (hPa) between the latitudes 45°N and 65°N (see Fig. 1) implies that
conditions around the main branch of the westerlies will be considered in particu-
lar.

Since the whole North-Atlantic-European area includes significant geographical
variations with respect to land-sea distribution and to the important centres of
circulation it is necessary to consider regional indices, too. First of all, an index
approximating the North Atlantic Oscillation (NAOI) is important. Apart from
classical approaches to define a difference between normalized station pressure time
series in appropriate locations - e.g. Ponta Delgada/Akureyri (Rogers, 1984),
Lisbhon/Stykkisholmur (Hurrell, 1995) or Gibraltar/Reykjavik (Jones et al., 1997) -
there are several approaches based on SLP grid point values: e.g. by determining
the moving pressure maxima and minima (Michel et al., 1998) or by calculating
the first grid-based principal component representing the NAQ (Wanner et al.,
2000). Here we use fixed grid point averages of normalized SLP (see Fig. 1) to
remove random variations that would occur within single grid point series. Thus,
the NAQCI results from differences of normalized SLP averaged over the 4 grid
points 35°N/30°W, 35°N/20°W, 40°N/30°W, 40°N/20°W and 60°N/30°W,
60°N/20°W, 65°N/30°W, 65°N/ 20°W, respectively.

Certainly, the North Atlantic Oscillation represents the major mechanism
governing the large-scale circulation variability in Europe {especially in winter),
but its area of determination covers the peripherical regions of the historical SLP
grid where the reconstruction quality is lower than in the central European region,
especially for the first decades before nearby station pressure time series become
available (Jones et al., 1999). Therefore, another zonal index has been defined {see
Fig. 1) as a specific indicator of the conditions above continental Europe, the
region of highest quality in SLP reconstruction. Again fixed grid point averages
of normalized SLP are used for this Central European Zonal Index (CEZI) related
to the same latitudinal bands as for NAOI (i.e. 35°N-40°N and 60°N-65°N) but
for the longitudinal section from 0° to 20°E.

Concerning correlations between these circulation indices and the four selected
temperature time series (Central England, Stockholm, southwestern and northeast-
ern Central Europe) we focus on the consistency of these relationships during the
period 1780-1995. We have used the non-parametric Spearman rank correlation
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coefficient to counteract incidental deviations from the normal distribution.
Correlations have been calculated for running time windows of 21 years with time
steps of one year giving time series of 196 correlation coefficients for each case
of circulation-temperature relationship. In addition to time series with seasonal
resolution (aggregations into the meteorological seasons: DJF, MAM, JJTA, SON),
running correlations on a monthly basis are calculated for each season comprising
samples of 63 months from the corresponding 21 seasons with time steps, in this
case, of 1 month resulting in time series of 586 correlation coefficients for each
case of circulation-temperature relationship.

4. Results
4.1 ZONAL INDICES

Fig. 2 shows the general structure of variation of the overall zonal index (ZI) for
the period 1780-1995 for all months of the year. Since this index is defined by
latitudinal pressure differences in absolute terms (hPa), seasonal contrasts are
distinctly identified: higher values during the cold season, lower ones within the
warmer period with regular minima centered around May when the overall pressure
gradient is weak over Europe. Since the 1960s, however, a certain tendency for
regular inclusion of early summer into the period of lowest ZI values seems to be
indicated. The consistency during summer (July and August) is striking as well
as the pronounced decadal-scale variability in January after the 1850s: from a
maximum in the late 1850s there is a decrease to a minimum about 1880 and an
increase to a second maximum in the 1910s, whereafter there is a decrease until
the 1940s and an increase again from the 1960s onwards.

The regional indices, NAOI and CEZI, are shown in Fig. 3 as explicit values
with seasonal resolution. In addition to seasonal anomalies and smoothed time
series, the normalized cumulative anomalies are included in Fig. 3 calculated as
the continuous sum of successive seasonal anomalies. Thus, sustainably decli-
ning/rising values in cumulative anomalies indicate the prevalence of negative/
positive seasonal anomalies, and major turning points in cumulative anomalies
indicate transitions between periods predominated by contrasting seasonal anoma-
lies, Therefore cumulative anomalies reveal decadal and interdecadal variations
particularly clear-cut as shown, for example, by Michel et al. (1998) analyzing
circulation time series since 1881.

The time series in Fig. 3 extended back to 1780 reveal marked differences be-
tween the periods before and after the mid-nineteenth century with some particular
contrasts between the seasons: thus, NAOI shows a period until the 1850s with
accumulating negative anomalies in winter whereas in summer positive anomalies
are prevailing until the 1870s. This is in contrast to the most recent evolution of
the last few decades with positive anomalies prevailing during winter and negative
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North Atlantic QOscillation index for Winter 1780-1995
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Figure 3. North Atlantic Oscillation Index (N AOI) and Central European Zonal Index (CEZI) derived
from gridded North-Atlantic-European sea-level pressure for the meteorological seasons 1780-1995.
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North Atlantic Oscillation Index for Summer 1780-1995

4.0
30

2.0

;-0 I LLHT' H\l L .

| '15 |}”|1 -: l! ll |

‘ITHHU‘H.|THH|TIHIIIH‘HHHHI'I TTT \'I!I!IHI‘IIIIHHHI |-IHHIH

o

1.0 ‘
2.0

] seasongl anomalies
-3.0 normalized cumulative anomalies

------- smoothed time series (Gauss-filter period 10 years)

A0 T T T T T 7T T [ [ T T T T T T T1
1780 1800 1820 1840 1860 1830 1800 1920 1940 1960 1930

Central European Zonal Index for Summer 1780-1995

30
20
10 ‘ ‘
0.0 |||It | rlu I»I H J
Ul 'HII' L F ﬁ 1 i
10 i)
20 —
| 11 ] seasonal anomalies
3.0 normalized cumulative anomalies
------- smoothed time series (Gaussilter period 10 years)
JcsR N T S O O S e S O Y S I B B

1780 1800 1820 1840 1860 1880 1800 1920 1940 1960 1980

Figure 3. (Continued)



228

JUCUNDUS JACOBEIT ET AL.

North Atlantic Oscillation Index for Spring 1780-1995
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North Atlantic Oscillation Index for Autumn 1780-1995
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Concerning the extent to which the circulation indices have increased during
the most recent period in winter it should be stressed that only for the very short
period since 1989 the indices based on gridded data are significantly higher than
in the earlier periods with positive seasonal anomalies. Since this short period has
not continued during the last years (Jones et al., 1997) it cannot define an ex-
traordinary interval in terms of major periods in cumulative anomalies (Fig. 3).

For the transitional seasons we get declining tendencies in cumulative anomalies
at some time during the nineteenth century, i.e. periods of variable length with
prevailingly negative seasonal anomalies, most distinctly for NAOI in spring during
the second half of the nineteenth century, more oscillatory for CEZI in spring,
and generally less marked during antumn. Opposite developments (accumulating
positive seasonal anomalies) within the twentieth century again are differing in
detail: concentrated to the first decades for NAOI in spring, more elongated but
oscillatory for CEZI in spring, lasting until the 1960s for NAQOI in autumn, and
just starting at this time for CEZI in autumn.

As a main result, however, the hundred years preceding the time when previ-
ously available data sets are starting, indicate modified conditions in atmospheric
circulation compared to the modern century, affecting all seasons in a different
way. This might be important for the transition from the "Little Ice Age” to the
subsequent period as will be discussed in chapter 5.

4.2 RUNNING CORRELATIONS WITH TEMPERATURE

Comparisons between different zonal indices in the last chapter have indicated that
there might be major instationarities in circulation-climate relationships. This is
verified by running correlations between zonal indices and various European
temperature time series.

First we look at the overall zonal index, ZI, and its running correlations with
temperature for all months of the year (Fig. 4). As a distinct result we get no
persistence over time of correlation coefficients within one and the same class, for
alf included regions (Central England, Stockholm, southwestern and northeastern
Central Europe) and at every time during the year (note that each class of coef-
ficients has a range of values of 0.2). The longest interval with variations confined
within one class occurs for Stockholm during February extending from the 1830s
to the 1940s. But even this example includes differences in correlation coefficients
of up to more than 0.6 considering the whole period from 1780 to 1995. Remarka-
bly, even during winter, coefficients may drop to low values. During the decades
around 1880 there is a widespread shift of the seasonal correlation structure: the
high correlations during winter persist during spring, and the usually low correla-
tions during summer are replaced by higher ones (resembling spring conditions)
during these decades.
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To resolve variations in circulation-temperature relationships explicitly (i.e.
without any classification) Fig. 5 gives selected time series of running correlation
coefficients related to the regionally defined indices NAOI and CEZI. Examples
are confined to the winter season and to two particular cases from summertime.
Due to the effect that seasonal integration may differ between circulation and
temperature indices their correlation coefficients sometimes may vary differently
comparing monthly and seasonal resolution of the same selected case.

Looking at the four cases relating the temperature time series described above
to the NAOI series for winter (Fig. 5) we get considerable ranges of correlation
coefficients varying around the mean values for the whole period 1780-1995 (0.57,
0.64, 0.57, 0.58 with monthly resolution and 0.67, 0.66, 0.63, 0.58 with seasonal
resolution for Stockholm, Central England, Central European regions NE and SW,
respectively). Particularly important is the distinct result of profoundly lower
correlations at the beginning of the twentieth century compared with both recent
as well as former times during the last two centuries. The drop in correlation
coefficients around the turn from the nineteenth to the twentieth centuries is most
pronounced for Central England based on seasonal resolution. For southwestern
Central Europe the decline in correlation levels already set in from the 1820s
onwards whereas the northernregions (NE Central Europe, Stockholm) experienced
a first period of lower correlations during the first half of the nineteenth century
before recovered values from the second half of the century again dropped to the
lower levels mentioned above. With monthly resolution the amplitudes of variation
are considerably smaller; thus, declines in correlation coefficients do not reach the
lower limit for 95% statistical significance (approximately at r=0.25), but still we
get major variations reaching absolute differences in correlation coefficients of
more than 0.5 for southwestern Central Europe. This region as well as Central
England furthermore attain a second minimum around 1950 intervening within the
modern period of higher correlation levels.

Correlations with CEZI only are given for the Central European regions since
the other regions are located to the west (Central England) or in the northern
periphery (Stockholm). For the whole period 1780-1995 correlation coefficients
based on monthly and seasonally resolved data are 0.76 and 0.80 for the NE region
and 0.66 and 0.67 for the SW region, respectively, thus reaching higher levels
than the corresponding cases with NAOI mentioned above. But looking at the
running correlations (Fig. 5) we get again distinctly varying values with lowest
correlation coefficients at the beginning of the twentieth century. In this case,
however, they do not result from a continuous decline because the 1890s - in
contrast to the correlations with NAQI - appear as an intervening period of
recovered values. In general, correlations with CEZI are varying more oscillatory,

Figure 5. {Next two pages) Running correlations between circulation indices (NAOI, CEZI) and
regional temperature time series (Stockhoim, Central England, Central European Regions NE and
SW). See text for calculation modes of running monthly and seasonal correlations.
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especially for monthly resolution with several minima during the 1830s, 1880s,
1910s and 1960s and alternating maxima around 1860, during the 1890s, 1940s
and 1980s.

Correlations for the summer season generally are weaker and often statistically
insignificant. Therefore only two examples implying major variations over time
are included in Fig. 5. It is particularly noteworthy that, in contrast to the modern
conditions with low correlation coefficients between NAOI and central European
temperature, this relationship was positive for the greater part of the nineteenth
century (95 % statistical significance is reached with r>0.25 on the monthly scale
and r> (.44 on the seasonal scale). This was partly due to zonal ridges of high
pressure (i.e. high values in NAOI and central European summer ternperatures)
which were more important for the atmospheric circulation in the former period
than during the recent century (Jacobeit et al., 1998). The *continental” index CEZI
actually gives negative correlations with central European summer temperatures
(at least for the northern region} but this relationship dropped to insignificant values
during the first decades of the analyzed period and between 1870 and 1890. Thus,
circulation-climate relationships do not necessarily remain stationary if periods of
investigation are extended further into the historical past.

5. Discussion

The mass reduction of many European glaciers since the mid-nineteenth century,
often referred to as the end of the "Little Ice Age" (e.g. Flohn, 1993), should be
reflected in some atmospheric circulation changes since there exists a general
coupling between circulation and the glacier mass balance {Pohjola and Rogers,
1997). For recent boundary conditions, for example, the net mass balance in the
European Alps is favoured by westerlies, troughs and depressions increasing
accumulation in winter, but reducing ablation in summer (Fitzharris, 1998). Of
course, these conditions may not occur simultaneously in winter and summer, and
particular large-scale weather types during spring and autumn also influence the
mass balance of glaciers as already shown by Hoinkes {1968). Furthermore, the
response of indi-vidual glaciers is even more complicated and does not only depend
on variables linked to atmospheric circulation (temperature, precipitation and
cloudiness) but also on glacier geometry and location (Oerlemans, 1994; Oerlemans
et al., 1998) together with topography, altitude and response time (Kuhn et al.,
1985).

Based upon this background no immediate relationships between glacier mass
balance and zonal circulation indices can be inferred. However, zonal indices are
indicating particular states of the atmosphere which might be ditfering in frequency
between different climatic periods. Thus, without a direct link to glacier behaviour,
the "Little Tce Age” and the subsequent period of warming might be distinguished
by different prevailing circulation modes indicated in the time series of cumulative
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anomalies of an appropriate zonal circulation index. In fact, the NAOI calculations
(Fig. 3) based on gridded SLP reconstructed back to 1780 do reveal distinct
circulation changes within the nineteenth century: during winter an extended
accumulation of negative anomalies until the 1850s was replaced by prevailing
positive anomalies afterwards, in contrast to that, positive anomalies in NAQOI
accumulated during summer until the 1870s subsequently changing to an opposite
evolution. Thus, the different turning points in cumulative anomalies indicate, in
terms of circulation modes, the transition period between the "Little Ice Age” and
the following warming period, a transition that started in winter during the 1850s
and concluded in summer some 20 years later.

No distinct preference for negative anomalies, however, is indicated for the
Central European Zonal Index (CEZI) during the historical winter seasons until
the 1850s - thus it cannot be excluded that the prevailing low-index mode in NAOI
during this time might be due to the lower performance in SLP grid reconstruction
for marginal areas, especially during the first decades since 1780. This uncertainty
in the early part of the reconstruction highlights the need to elaborate further high
quality station time-series covering the earliest part of the period, particularly
stations in the periphery of the North-Atlantic-European region. On the other hand,
low values in NAOI during winter still are indicated after the 1820s when station
pressure time series from Reykjavik and Gibraltar have entered the network for
SLP grid reconstruction (Jones et al., 1999). Furthermore, marked differences
between NAOI and CEZI also do occur for later periods with enhanced data bases,
e.g. the time-lagging turning points to prevailing negative anomalies in winter
during the twentieth century or the period with cumulating negative anomalies in
NAOI during summer around the turn from the nineteenth to the twentieth centuries
which is com-pletely missing within the corresponding CEZI series. Due to
different circulation patterns different modes in NAQI and CEZI may in fact be
linked with each other, e.g. high-index conditions above the Atlantic with continen-
tal blocking patterns decreasing CEZI values to intermediate or even negative
levels. Thus, the correlation coefficient between NAOI and CEZI being 0.68 during
winter for the whole period 1780-1995 sometimes drops to significantly lower
values, e.g. around 0.2 for running 21-year periods at the beginning of the twen-
tieth century when lower values in the circulation-temperature relationships (see
below) also hint at intervening changes in circulation patterns. For the end of the
"Little Ice Age" we conclude in general that the NAOI most probably preferred
below-average values in winter linked with greater variability in CEZI including
patterns of mixed circulation type (transitional between zonal and meridional types).
For'the summer season both indices preferred above-average values even some
decades beyond the mid-nineteenth century thus indicating an extended period of
transitionbetween the different seasonal circulation modes characterizing the "Little
Ice Age" and the subsequent climatic period in Europe.

The second part of the investigation focussed on circulation-temperature rela-
tionships. Considering the seasonal cycle in the overall zonal index (ZI)-temperatu-
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re correlations (Fig. 4) we get a distinct climatic zonation: in the more continental
regions of central Sweden (represented by Stockholm) and northeastern Central
Europe (CENE, see Fig. 1) there is a large seasonal cycle in the correlations
(positive during winter and negative during summer). In the maritime climate of
Central England this seasonality is less distinct, even though there is an indication
of an increased seasonal cycle after about 1920. The seasonal ZI-temperature cycle
of southwestern Central Enrope (CESW) has similar characteristics as the maritime
Central England region,

This climatic zonation is due to particular geographical circumstances. Thus,
during situations with influx of continental air from the east, Central England
mostly retains relatively maritime conditions - apart from distinct anomaly periods
like the Late Maunder Minimum at the end of the seventeenth century - because
of the North Sea. The much smaller Baltic Sea cannot produce a similar trans-
formation of the air mass thus rendering Sweden a more continental climate. This
is particularly pronounced during winters when the Baltic sea-ice is extended to
the south. These geographical circumstances produce a ZI-temperature correlation
pattern that is similar for Stockholm and the northeastern Central European region
(CENE). The southwestern Central European region (CESW), however, is more
similar to Central England than to the Central European northeasterly region
despite the fact that there is no large water body to the east of this region that
would modify the continental air mass.

Further investigations have identified significant instationarities in correlations
between circulation indices and temperature time series for both monthly and sea-
sonal resolution of the corresponding samples from 1780 onwards (Fig. 5). Similar
results (not shown here) are obtained for spring and autumn and for various time-
scales in running correlations (e.g. for three or four instead of two decades as
moving time windows). These instationarities point to the fact that both positive
and negative modes of circulation index variations are including different circula-
tion patterns with quite different effects on Central European climate: for example,
positive modes of the NAO are not only related to westerly flow types with above-
average winter temperatures in Central Europe, but sometimes also to mixed circu-
lation types with Central European high pressure systems leading to below-average
winter temperatures due to long-wave radiation losses. On the other hand, even
weak zonal flow above the North Atantic (i.e. negative mode of the NAQO) some-
times is related to persistent westerly advection towards Central Europe with quite
warm conditions during winter. Schmutz and Wanner (1998) also give examples
of circulation patterns with unexpected regional temperatures in terms of different
modes of the NAO. Thus, if changes of circulation patterns within a particular
index mode do occur, correlations between this circulation index and regional
temperatures may not remain persistent over time - the NAOI being an indicator
of the state of the climate system in the North Atlantic area must not be used as
a stable indicator for surrounding regional climates like in Central Europe as well
as these climates are not qualified as proxy indicators for North Atlantic circulation
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modes on multi-decadal time-scales. In general, the European climate is more
complex than can be captured by a simple circulation index like the NAOI.

Major shifts in circulation-temperature relationships have been identified for both
winter and summer conditions, During summer changes occurred between the nine-
teenth and the twentieth centuries from positive to near-zero correlations between
NAOI and southwestern Central European temperatures, from near-zero to negative
correlations between CEZI and northeastern Central European temperatures. This
might be due, at least in part, to the above-mentioned decrease in zonal high
pressure ridges for summer. During winter the varying levels of correlations
between circulation indices and European temperatures reveal a major event
common to all particular cases under consideration: the marked decline in correla-
tions around the turn from the nineteenth to the twentieth centuries leading to
significantly lower values in the circulation-temperature relationships at the
beginning of this century. Additionally, the northern regions (NE Central Europe,
Stockholm) experienced a first period of lower correlations with NAOI during the
first half of the nineteenth century, the southwestern regions (Central England,
SW Central Europe) a second minimum period around 1950, Most important seems
to be the former period around the last turn of centuries, since similar declines
in correlations for this time have been reported from other regions, t00, e.g. from
the eastern Alpine region (Bohm et al., 1998) or from the Greenland area based
on oxygen isotope data from ice cores (Steig and Barlow, 1998). Especially the
1890s are particularly striking in terms of circulation dynamics since running
correlations with temperature develop differently around this time with increasing
values (for an intervening period) in relation to CEZI while correlations with NAOI
already decline towards their minimum level.

In order to understand these instationarities in circulation-climate relationships
further investigations have to be directed towards the guestion whether there are
significant redistributions among basic circulation patterns within particular index
modes between different periods of high and of low correlations with regional
European temperatures. Selecting periods of high, of low, and of rapidly changing
correlations according to Fig. 5 will allow to investigate whether major NAO
modes are dominated by different circulation patterns during these selected pe-
riods. Since this kind of variability is operating on decadal to centennial time scales
periods covered by objectively reconstructed SLP data are required extending as
far as possible into the historical past including sections of the "Little Ice Age"
which additionally offer an extended range of natural variability in climate,
circulation and their relationships. Thus, historical and dynamic climatology are
linked by reconstructing past climates and simultaneously investigating atmospheric
circulations over periods of several centuries thereby ensuring results that are valid
not only for a few decades with limited range in variability.
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