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ABSTRACT

Blocking as an extreme event in European weather is addressed. A daily blocking index is
applied to analyses of daily geopotential height at 500 hPa from 1949 to 1995. In order to allow
for a reconstruction of these blocking time series back to 1880, daily SLP analyses are used to
extract similar indices, which are optimally correlated to those based on 500 hPa. Daily indices
are also determined for the geopotential height fields of 5 runs with the ECHAM3/T21 GCM,
driven by monthly means of observed SST and sea ice boundaries for the years 1950-1994.
These simulations differ only in their initial conditions, making it feasible to separate external
variance (induced by SST and sea ice boundaries) from the atmospheric, model generated,
internal variance. The index series reveal high variability both on time-scales of years to decades
and interannual. Time series of spatial means show poor correlations not only between observa-
tions and simulations but also among the single runs of the model. Together with an analysis-
of-variance (ANOVA) this leads to the conclusion, that Atlantic-European blocking is barely
influenced by SST and sea ice distribution. The blocking index time series from observations
is weak, yet significantly, negatively correlated to the NAO index time series favouring blocking

situations during weak NAO periods.

1. Introduction

Blocking characterizes an extreme situation of
European weather. In winter, when the phenom-
enon is most pronounced, it is most often linked
with dry and cold conditions over great parts of
Europe. Since a single block can persist for weeks,
even a few blocking highs can determine the
winter’s character. There is no generally accepted
definition of blocking due to the authors’ different
point of view. Probably the first and best known
is that of Rex (1950a, b), which is strictly based
on subjective criteria. He used several years of
daily geopotential height at 500 hPa supposing a
minimum block duration of 10 days and so mark-
ing the relevant time-scales to be established on
longer time-scales than the synoptic one. Since the
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1980s, numerous work has been done to investi-
gate the dynamical and statistical features of
blocking action: Austin (1980) examined the inter-
action between blocking and planetary waves,
while Treidl et al. (1981) identified and catalogized
blocking situations from more than 23000 maps
by hand.

Charney et al. (1981) compared barotropic
blocking theory to blocking events from daily
geopotential height observations. To use blocking
criteria in a simple and objective manner for the
long data series, they followed a suggestion of
Dole (1978, 1986), who found a blocking situation
had to be linked to a large geopotential height
anomaly at 500 hPa of sufficient duration. Liu
(1994), comparing the blocking criteria of Rex
and Dole, yet noted that such a simple definition
is not adequate.

Austin (1980) and Treidl et al. (1981) showed
that a typical block is connected with a high
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pressure area at 60°N and a low at 40°N. Using
this relation Lejends and Qkland (1983) applied
geopotential height difference between 40°N and
60°N to create a longitudinal blocking index. A
longitude /1 was considered as blocked, if the index
I(2) was less than zero regardless of the blocking
duration.

To quantify the ability of the model in repres-
enting blocking onset and maintainance Tibaldi
and Molteni (1990) made use of this index and
applied a modified version to 7 years of opera-
tional analysis and forecasts of the European
Centre for Medium-Range Weather Forecasts
(ECMWEF). In this study their index is used in a
slightly modified form (in the following called
TMI). The definition of blocking with the TMI is
outlined in Section 9.

In recent years, blocking analysis has been
extended to general circulation models (Sausen
et al., 1995; Lupo et al., 1997). Tibaldi et al. (1997)
applied TMI to 4 simulations of the ECHAM3
model with different horizontal resolutions and
climatological or observed SST. They stated that
all versions of the model underestimate the
blocking frequency. From the fact that an increase
of model resolution only (from T21 to T42)
improves the simulation of blocking in the
Atlantic-European area, while in the Pacific sector
in addition more realistic SST and sea ice bound-
aries are necessary for a simulation improvement
they supposed nonlinear internal dynamics to be
mostly the cause of Atlantic-European blocking.
D’Andrea et al. (1998) compared the ability of 15
general circulation models in simulating blocking
for the period 1979-1988 and found large differ-
ences in blocking simulation. Compared to
ECMWEF analyses of the same period all models
show the general tendency to underestimate both
blocking frequency and the average duration of
blocks. From their findings the ECHAM3 model
is able to reproduce Atlantic—European blocking
comparatively well.

Traditionally blocking analysis is realized with
geopotential height data of the middle tropo-
sphere. Yet observations only reach back to the
mid-20th century. For the purpose of climate
diagnosis dealing with natural variability on time-
scales up to decades this is a rather short data
basis. Daily sea level pressure (SLP) analyses are
available since 1881 (Section 2) and are used in
this study to reconstruct the TMI for the whole
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time basis 1881-1995 (Section 3). SLP analyses
were first used for blocking studies by Lejends
(1995), who identified blocking situations of the
period 1899-1992. Following Elliot and Smith
(1949) he characterized blocking by large SLP
anomalies at 60°N. A blocking index obtained
from SLP data is not usual since the cause of
blocking is not settled at the surface and the
pressure systems behave inhomogeneously. A cer-
tain justification for his proposal was given by
Blackmon et al. (1979), who showed that vertical
correlations between SLP and geopotential height
at 500 hPa are high over the oceans. Hence
Lejends restricted his study to the Pacific Ocean
and the Atlantic Ocean including Europe up to
30°E. Comparing his results to those of Lejends
and Qkland (1983) he found a correlation of 0.7
for the time series of the frequency of blocking
during winter 1960—1992.

2. Data

Daily geopotential height analyses at 500 hPa
from the German Weather Service (DWD) are
available on northern hemispheric gridpoints
(5° x 10° lat./long.) since 1949 (Hense, 1986;
Michel, 1995). Originally manually derived, ana-
lyses since 1967 are a result of the routine objective
analysis scheme of the DWD (Kaestner, 1971). In
March 1989, 4-dimensional data assimilation was
introduced and since 1991 the ECMWF model
is used.

Daily SLP data were derived from different
sources (for details see Stein and Hense, 1994).
From December 1880 to November 1899 the grid
point values (5° x 10° lat./long.) were interpolated
from the Hoffmeyer maps (Hoffmeyer, 1880, 1883;
Koppen, 1884). During the first geophysical year
(August 1882 to August 1883) the Hoffmeyer maps
were replaced by similar maps made available
from the Meteorological Council, London
(Anonymous, 1887; van Bebber, 1888). The inter-
polation was done by Hofmann and Flohn (1955).

From December 1899 to June 1939, the
Historical Weather Maps, issued by the US
Weather Service, are used (Jenne, 1975). For the
period July 1939 to December 1939 data were
received from the Massachsetts Institute of
Technology (MIT). The dataset is often used in
climate studies and was exhaustively examined
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(Williams and Van Loon, 1976; Trenberth and
Paolino, 1980; Jones, 1987) showing no serious
data problems for the Atlantic-European area
south of 70°N.

For the years 1940 to 1948, the data sources
are not clear, but they obviously refer to the data
available at the UK Meteorological Office
(UKMO). Jones (1987) calls them Offenbach
0001 h charts and Glowienka (1987) historical
maps of the DWD. Yet there is evidence that the
origin of these charts is not Germany but the USA
or the UK, since Germany was not able to carry
out such extensive weather analyses in those years
(H. Flohn, personal communication). From
17 February 1945 to 23 February 1945 the data
miss completely. Williams and Van Loon (1976)
compared the UKMO SLP data 1940-1948 with
the SLP data from USA and found differences
mainly in mountaineous areas. Generally the years
of World War I and II must be carefully inter-
preted because of the lack of observations especi-
ally from ships (Woodruff et al., 1987).

Since 1949, daily SLP analyses are available
from the DWD. Grid point spacing and changes
in the analysis scheme are identical to the geo-
potential height data.

Although it can be assumed that the data quality
has been improved throughout the decades, homo-
geneity of the whole data set is considerably good.
Some homogenization was achieved by interpolat-
ing all charts on the same coarse grid. Moreover
blocking is a large scale phenomenon which is less
affected by improvements in observation covering
than, e.g., extreme low pressure events (Stein and
Hense 1994).

Simulation data (500 hPa geopotential height)
are from the atmospheric GCM ECHAM3
(Rockner et al., 1992) in the spectral resolution
T21. This corresponds to a Gaussian grid spacing
of 5.625° and is of the same order than the
observation grid. Romer (1996) generated 5 runs
for the years 1950 to 1994 forced by monthly
means of observed SST and sea ice boundaries.
The runs do not differ but for the starting condi-
tions making it feasible to separate the simulation
variance into SST induced (external) variance and
fully atmospheric (internal) variance.

SST and sea ice boundary data are provided by
the GISST (Global Ice and SST) dataset
(Bottomley et al., 1990; Parker et al., 1994). The
monthly observations of SST and sea ice boundar-

Tellus 52A (2000), 3

227

ies were interpolated on a 5° x 5° lat./long. grid
with a linear interpolation in time to obtain daily
forcing fields.

3. Reconstruction of Atlantic—European
blocking

The classical approach to analyse blocking is
to search for blocked situations in the geopotential
height field of the mid troposphere (e.g., the
500 hPa level). Daily observations of this para-
meter yet do not reach back further than for the
mid-20th century. In the following an attempt is
made to reconstruct Atlantic-European blocking
back to 1880 using the daily SLP data set
described in Section 2. In the first step a modified
TMI is applied to the analyses of the geopotential
height field at 500 hPa from 1949 to 1995. Then
similar indices for the SLP data are obtained from
a modified Lejends (1995) index. These new indices
are chosen in such a manner that the resulting
time series of the occurrence of blocked days from
both data sets are maximally correlated. Since
both indices are vector valued data (frequency of
blocking as a function of longitude), canonical
correlation analysis (CCA) is used. If the explained
variance of the CCA (Glahn, 1968) is high, the
new “SLP blocking index” is calculated for the
SLP analyses for the years 1881 to 1948. Assuming
that the CCA characteristics also apply for this
period TMI time series for the frequency of
blocked days from 500 hPa geopotential height
data can be reconstructed for SLP data for the
whole period.

TMI can be used here to search for blocking
situations in the geopotential height field at
500 hPa, if the different latitudinal resolution of
the ECMWF data in Tibaldi and Molteni (1990)
is considered (4° to 5° in the DWD dataset). So
A must be set to —5°,0°, 5° (see Section 9).

Following the idea of Lejends (1995) a “SLP
blocking index” is designed as follows: a longitude
/ 1s called blocked on a single day, if

Peon(% t) = Peorn(4, m) + x hPa. (1)

Deo-n refers to the time mean (1950-1994) of SLP
at 60°N for the month m (December, January,
February). x is a positive value and marks a
critical deviation, which is chosen under the con-
straint that the CCA between both index data sets
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leads to a maximum explained variance. The
explained variance of the CCA is defined as the
ratio of the variance from the TMI data set
constructed from the CCA by means of the SLP
analyses to the variance of the original TMI data
set. The highest explained variance of the CCA is
64% and is achieved for a critical deviation x of
8 hPa. A variety of other SLP index definitions
have been examined (e.g., by introducing a min-
imum duration), but in all cases the correlation
was smaller.

In comparison to the results of Lejends and
Jkland (1983), who used an index for the geo-
potential height at 500 hPa similar to the TMI,
Lejends (1995) found a correlation of 0.7 (corre-
sponding to an explained variance of 49%) in
winter for 1960-1992. Hence the index introduced
in this study is a substantial improvement if used
for reconstruction.
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The TMI time series can now be reconstructed
back to 1880 by means of daily SLP analyses
giving information about frequency and variability
of Atlantic-European blocking on a time basis of
115 winters. Fig. 1 shows the % of blocked winter
days (December 1880 to February 1995)
depending on the longitude (a) derived directly
from the SLP analyses using the “SLP blocking
index” and (b) derived from the reconstruction of
TMI by means of the SLP data (before 1949, for
the time period 1949-1995 the original TMI is
shown). A 10-year Gaussian filter is used to
smooth the time series.

While Fig. 1a reveals an irregular distribution
of blocking occurence in time and space, spatial
distribution of blocks in Fig. 1b is in good agree-
ment with the findings of Lejends and Wkland
(1983) and Tibaldi and Molteni (1990). It must
be pointed out that the above described “SLP

(b)  percentage of blocked days DJF
filtered data 500 hPa (reconstructed)
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Fig. 1. Hovmoller diagram showing the % of blocked winter days (“SLP blocking index”), (a) from DWD SLP
analyses December 1880 to February 1995, (b) reconstructed TMI time series back to December 1880 (before 1949,
for the time period 1949—-1995 the original TMI time series are shown). The data are low pass filtered with a 10-year

Gaussian filter.
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blocking index” is nothing but a proxy to recon-
struct the TMI series in an optimal sense. The
CCA defines a transfer function which extracts
from the SLP index the relevant TMI structures.
Therefore the interpretation has to be focussed on
Fig. 1b. Maxima of blocking activity are found in
the first part of the 1960s, around 1930, and
around 1890. Lejends (1995) described the former
2 maximas and also refered to Makrogiannis et al.
(1982) who found anomalous high portions of
low-index situations for the period 1885-1900.
Very few blocks are observed or reconstructed for
the middle of the 1970s and especially in the late
1910s. Blocking activity is concentrated on the
area of 20°W to 30°E.

Fig. 2 shows the 2 time series which are obtained
by space averaging of the data sets from Fig. 1. In
addition non-filtered time series are drawn, show-
ing the relatively high interannual variability. The
correlation between the non-filtered time series is
0.92 corresponding to an explained variance of
84%. Variability on the time scale of years to
decades is also pronounced but no general trend
can be detected. The non-filtered time series show
a distinct minimum of blocking occurence in the
late 1980s which can not be fully resolved using
the low pass filtered data.

The longitudinal distribution of blocking fre-
quency obtained by time averaging is depicted in
Fig. 3. Correlation between both distributions
derived from different indices is 0.81 corresponding
to an explained variance of 65%. This means that

80 3 —— DWD SLP data
— 500 hPa data reconstructed from SLP data

percentage of blocked days (%)

0 T

T T T
1940 1960 1980

year

T
1880 1900 1920

Fig. 2. Spatial means of the % of blocked winter days
(DJF) December 1880 to February 1995 from DWD
SLP analyses: comparison between the “SLP blocking
index” time series and the TMI time series (reconstructed
before 1949). A 10-year Gaussian low pass filter is
applied to the dotted curves.
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Fig. 3. As Fig. 2, but longitudinal distributions of tem-
poral means.

the index matrices (Fig. 1) are in better temporal
than spatial accordance. Maximum blocking activ-
ity (of the reconstructed TMI) is found at 10°E,
where about 22% of all winter days are blocked.

4. Reconstruction quality control

An estimation of the reconstruction error can
be made by cross-validating the TMI time series
constructed from the CCA by means of the SLP
analyses (Efron and Tibshirani, 1993). The time
interval 1950-1994 was used as the time basis
common to both datasets. The cross-validation
estimator of the prediction error is then used to
create the Brier skill score

2
SFP

5
SCP

Bpep=1— (2)
where F stands for the forecast (or reconstruction),
C for the climatology, and P for the predictand
(the above TMI) and S? is the mean squared error.

In connection with the cross-validation tech-
nique the Brier skill score is a measure of the skill
of the specification model (here the reconstruction
model) and should be one for a perfect reconstruc-
tion. If the reconstruction is verified over time at
a fixed location the mean squared error SZp is
given by the time mean of the squared anomalies:

Stp=(F —P)*. (3)

If the reconstruction is verified across space at a
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fixed time (t) the mean squared error is given by:

Sip=<(F{=P))*), (4)
F/=F,—C, (5
P/=P,—C, (6)

where { ) represents the spatial mean and ' indi-
cate the anomalies.

Furthermore, the Murphy—Epstein decomposi-
tion of the Brier skill score is carried out (Von
Storch and Zwiers, 1998), which may be expressed
as:

A*— B*— C?+D?

1+ D? ’ ()

BFCP =

where

A% = ptp, (8)

2 2
BZ=<pFP—“i> =<(b—1>—"i>, 9)
op op
o (P-FY

op ’
pr= ()
op )’

F

(10)

(11)

(12)

The first term A% is the squared correlation
coefficient pyp and measures the phase error of
the reconstruction. B2 is a measure of the ampli-
tude error such that B? is one and b is zero for a
perfect reconstruction. C? is a measure for the
systematic error and is greater than zero if there
is any bias. In general, C? should be small in
relation to the normalization D2

The cross-validated estimation of the prediction
error as well as the skill score and the terms of
the Murphy—Epstein decomposition are presented
in Fig. 4. The results are shown as verifications of
the TMI reconstruction in time and space, respect-
ively. Values of the prediction error generally are
in the order of 10 to 20% of the index % values
except for single winters (1965/66, 1979/80) and
for blocking events at 60°E. The latter result
suggests that the assumptions leading to the
blocking index are not relevant for this region.
Therefore, this longitude will not be discussed
further. The Brier skill score of the reconstruction
is mostly larger than 0.5 indicating a better than
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climatology reconstruction. The term A% of the
Murphy-Epstein decomposition corresponds to
correlation coefficients of more than 0.8 except for
the years 1950/51, 1959/60, and 1965/66 where the
reconstruction leads to considerable phase errors.
The amplitude errors must be analysed more
carefully. There are several years (mainly before
1980) in which the term B2 is high coinciding with
a low b implying a substantial amplitude error for
these years. While in most cases the prediction
error is due to both the phase and amplitude
error, the prediction error in 1965/66 is almost
completely an amplitude error. Considering the
dependance on longitude both phase and ampli-
tude error are smallest near the region of max-
imum blocking occurence. The terms C? and D?
(not shown) are extremely small implying there is
almost no bias produced by the reconstruction.

Summarizing the above findings a reasonable
TMI blocking reconstruction using SLP analyses
is possible with an error of about 10 to 20% of
the original TMI frequency % values.

5. Comparison with model simulations

Blocking situations substantially influence the
weather and modify atmospheric flow patterns
over large areas of the Northern Hemisphere.
Forecasts as well as climate models should be able
to simulate the frequency and position of blocks
realistically. In the following, the modified TMI
(sector 3) is applied to 5 runs with the atmospheric
GCM ECHAM3/T21, which are driven by
monthly means of observed SST and sea ice
boundaries for the years 1950-1994 (Romer,
1996). The simulated data were interpolated on a
5% x 10° lat./long. grid before use. Fig. 5 shows the
% of blocked days in the whole area (70°W-60°E)
for the winter months (DJF) 1950 to 1994 in
comparison to the DWD geopotential height ana-
lyses. For reasons of simplicity, only the ensemble
mean of the 5 runs is plotted, the shaded area
marks the range between the simulations. It is
striking that the DWD analyses reveal distinctly
more blocks than the simulations. Indeed the
modelled blocking frequency is only about half of
the analysed values. This is likely to be a funda-
mental problem of the spatial resolution of climate
models. Boer et al. (1992) compared 14 atmo-
spheric GCM and found an increasing meridional
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cross validation: square root of mean squared error
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Fig. 4. Murphy-Epstein decomposition of the Brier skill score produced by the cross-validated prediction error.
(a)—(c): verification in time. (a) Square root of the cross-validated mean squared prediction error of the TMI recon-
struction. (b) Brier skill score and term A2 of the Murphy-Epstein decomposition. (c) Term B? and b of the Murphy—
Epstein decomposition. (d)—(f) As in (a)—(c) but verification in space.
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Fig. 5. Spatial means of the % of blocked winter days
(DJF) January 1950 to December 1994 from 500 hPa
geopotential height data: comparison between DWD
analyses and 5 runs with the ECHAM3/T21 model.

circulation for an increasing horizontal resolution.
Tibaldi et al. (1997) analysed blocking in a 10-year
ECHAM3 GAGO (Global Atmosphere/Global
Ocean) run and found far more realistic blocking
frequencies in the Atlantic—European sector if the
horizontal resolution was increased from T21 to
T42.

The longitudinal distribution of blocking fre-
quency is plotted in Fig. 6 on the basis of the 40
winters common to both the DWD and the
ECHAMa3 data. Again the analyses show far more
blocks than the simulations. The maximum of
blocking activity is shifted about 10° to the east
for the simulations (see also D’Andrea et al., 1998).
Variance between the runs is comparatively small.

The interannual variability in all time series is
high and correlations are poor — both between
DWD analyses and model simulations and from
run to run (not shown). This indicates that the
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Fig. 6. As Fig. 4, but longitudinal distributions of tem-
poral means.
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frequency of Atlantic-European blocking in winter
is barely influenced by variations of SST and sea
ice conditions. To further elucidate this suggestion
an analysis-of-variance (ANOVA) was carried out.
With the help of this statistical method the total
variance of a variable in time and realization can
be split into an internal (“chaotic”) and an external
(forced by SST an sea ice covering) portion
(Rowell et al., 1995). The external variance deter-
mined by this factor reaches only about 2% of
the whole variance and is not significant. Hence
winter time Atlantic-European blocking seems to
be more determined by the internal variability of
the atmosphere which is in turn governed by
nonlinear processes (Frederiksen, 1986).

6. Connection with the NAO

The North Atlantic Oscillation (NAO) is known
as a synchronous northward (southward) shifting
of the Icelandic Low and the Azores High together
with a strengthening (weakening) of the pressure
centers. This pressure see saw which was first
described by Defant (1924) is found all over the
year, but is most pronounced in winter, when it
explains more than one third of the SLP variance
in this area (Cayan, 1992). It is common practice
that a NAO index is established by building
pressure differences between normalized pressure
anomalies of Ponta Delgadas (Azores) and
Akureyri (Iceland). This index was first introduced
by Walker (1924) and Walker and Bliss (1932). In
this study the NAO index is defined alternatively
as the first EOF of the correlation matrix from
the 4 time series consisting of the position and the
central pressure of Icelandic Low and Azores High
(Glowienka, 1985; Glowienka-Hense, 1987).

High NAO index situations are linked with a
strong pressure gradient between Icelandic Low
and Azores High and hence with zonal circulation
while meridional circulation patterns are favoured
during low index situations. As blocking is part
of a meandering, meridional circulation type over
the northern hemisphere, it can be assumed that
there is a negative correlation between any
blocking index and the NAO index, at least in the
winter months.

Correlation of the TMI and NAO index time
series for winter (December to February) 1880/81
to 1994/95 shows a correlation coefficient of —0.42
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correlation coefficients TMI vs. SLP anomalies
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Fig. 7. Correlation map resulting from correlation of
TMI and SLP anomalies time series on gridpoints DJF
1880/81 to 1994/95. The contour interval is 0.1.
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Fig. 8. Cross-spectral analysis: coherence of the TMI
blocking time series and the NAO index time series for
winter (DJF) 1880/81 to 1993/94.

with a 99% confidence interval of (—0.60, —0.21)
and is thus relatively weak, but nevertheless signi-
ficant. This supports the assumption that blocking
activity intensifies during weak NAO episodes and
vice versa. Correlating the TMI time series with
the time series of SLP anomalies on each gridpoint
results in a correlation map which is similar to
the NAO pattern (Fig. 7). The maximal correla-
tion is achieved for 10°W, 60°N with a positive
correlation coefficient of 0.79.

A cross-spectral analysis of the TMI and NAO
time series (Fig. 8) reveals a significant coherence
on the 99% significance level with a phase shift of
180° for periods from 5 to 8 years (maximum
coherence at a period of about 6 years: 0.42). This
means linkage between blocking occurence and
NAO takes place favourably on these time-scales.

7. Conclusion

A longitudinal blocking index basing on daily
SLP gridpoint data in the Atlantic—-European area
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was introduced by means of a canonical correla-
tion analysis with a TMI data set from observed
geopotential height analyses of the 500 hPa level
for 1949 to 1995. These new index time series
could then be successfully reconstructed back to
1880 leading to the longest estimate of wintertime
Atlantic-European blocking occurence known yet.
Maxima of blocking activity are found in the first
half of the 1960s, around 1930, and around 1890.
Few blocking episodes occur in the middle of the
1970s and in the late 1910s. Blocking activity is
concentrated on longitudes from 20°W to 30°E.
The interannual variability as well as the variabil-
ity on time-scales of years to decades is high. The
reconstruction error was assessed by computing
the Murphy-Epstein decomposition of the skill
score produced by cross-validation. Both the
phase and amplitude error are small except for
single years and at 60°E. No bias is generated
from the reconstruction. A reasonable reconstruc-
tion of blocking frequency using SLP data is
possible with an error of 10 to 20% of the original
(TMI) % values.

TMI was also applied to simulations of the
geopotential height field with the ECHAM3/T21
atmospheric GCM. 5 runs driven by monthly
means of observed SST and sea ice conditions
were analysed in comparison to the observational
data. In the model simulations only about half of
the number of blocked days were counted, while
spatial distributions coincide well. Time series of
spatial means show low correlations between
simulations and analyses as well as from run to
run. An ANOVA led to an external variance
portion (induced by SST and sea ice variations)
of only 2% of the whole variance. These facts lead
to the conclusion that blocking activity is hardly
influenced by SST and sea ice boundaries. The
phenomenon is obviously governed by the internal
variability of the atmosphere generated by nonlin-
ear processes.

The spatial mean of the reconstructed blocking
index time series is weakly, but sigificantly, nega-
tively correlated with the NAO index time series.
The correlation map resulting from correlating
TMI with SLP anomalies on gridpoints resembles
the NAO pattern. Blocking situations are favoured
during weak NAO episodes, when pressure gradi-
ents are weak and circulation types are meridional.
A cross-spectral analysis of the 2 time series reveals



234

that the dominant time scales of coherence are
found in the periods from 5 to 8 years.
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9. Appendix A

Blocking definition with the TMI

The definition of blocking from daily geopoten-
tial height fields used in this study has been set
up by Tibaldi and Molteni (1990) who themselves
used a modified blocking index from Lejends and
Okland (1983). They introduced latitudinal

O. STEIN

geopotential height differences:

GHGS = (Z($o) — Z(9s)/(do — ds), (A1)
GHGN = (Z(¢n) — Z(h0))/(9x — o), (A2)
with

dn=80°N+A,

$o = 60°N + A, (A3)
ds=40°N + A,

with A= —4°,0°, 4°.

A longitude A is defined as blocked on a single
day if at least one A fulfills both of the following
criteria:

GHGS >0 (A4)
and
GHGN < 10 m/°(lat.). (A5)

The second criterium was introduced to exclude
situations with a far southward shifted jet zone,
yet not describing blocks. With this definition time
series of daily blocking indices TMI (1) can be
obtained.

For the use in this study, the blocking definition
of Tibaldi and Molteni (1990) was slightly modi-
fied: according to the resolution of the grid point
data A was changed to A= —5° 0°,5°.
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