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In order to better understand climate variability, it is essential to address the underlying variability in the
atmospheric circulation. How does the circulation interact with the ocean or land surface? How is it affected
by external forcings? And what are the consequences for weather and climate? Addressing these questions is
important for both seasonal-to-interannual prediction (which relies on successfully reproducing variations in the
large-scale circulation) and for assessing present and future climate change (which alters atmospheric circulation).
The best way to learn is by analyzing the variability of past atmospheric circulation. The past 100 years are an
ideal period in this context as this period represents a range of forcings – natural and anthropogenic – and allows
different variability timescales including extremes to be addressed. Can we document and model past atmospheric
circulation variability? Do we understand the basic mechanisms that drive circulation variability on a large scale,
do we understand how these mechanisms interact and do we understand how they change in a changing climate in
the future?

These questions were discussed at the meeting “Variability of the global atmospheric circulation during the past
100 years” that took place on Monte Verità near Ascona (Ticino, Switzerland) from 15–20 July 2008. Seventy-five
scientists from European countries and from the USA, Japan, India, and China participated in this workshop. The
meeting consisted of sessions on circulation modes and midlatitude circulation, polar circulation and multidecadal
modes, El Niño/Southern Oscillation teleconnections, the tropical circulation, and climate extremes. In this issue
of the Meteorologische Zeitschrift, we publish selected contributions from this meeting.

A fundamental task remains to adequately document atmospheric variability within the instrumental period.
Reanalysis data form the most important basis of atmospheric circulation studies and have made this research
possible. Despite their tremendous success, one should not forget about their limitations, for instance with respect
to trend analysis (e.g., BENGTSSON et al., 2004a; GRANT et al., 2008). In this issue, TRENBERTH and FASULLO

show that different sets of observations and reanalyses differ in their large-scale energy flow even in the satellite
era. BRÖNNIMANN et al., (2009) compare different reanalyses data sets and other data with respect to large-scale
circulation variability back to 1900 and find a generally good agreement, but also some problematic differences
related to trends. Newly available data sets such as historical reanalyses (COMPO, G.P., J.S. WHITAKER,
P.D. SARDESHMUKH, N. MATSUI, R.J. ALLAN, X. YIN, B.E. GLEASON, R.S. VOSE, G. RUTLEDGE, P.
BESSEMOULIN, S. BRÖNNIMANN, M. BRUNET, R.I. CROUTHAMEL, A.N. GRANT, P.Y. GROISMAN, P.D.
JONES, M. KRUK, A.C. KRUGER, G.J. MARSHALL, M. MAUGERI, H.Y. MOK, Ø. NORDLI, T.F. ROSS, R.M.
TRIGO, X. WANG, S.D. WOODRUFF, S.J. WORLEY, 2009: The Twentieth Century Reanalysis Project, manuscript
in preparation, see also COMPO et al., 2006) and reconstructions now allow 3-dimensional atmospheric circulation
variability to be studied in detail back to the start of the 20th century (see BRÖNNIMANN et al., 2009).

The session on circulation variability modes and midlatitude circulation offered a critical look at the concept of
circulation modes. Are they useful only as statistical simplification? Or are there physical arguments behind what
we have defined to be these modes? While this question remained unsolved, it was argued that further progress in
any case requires bridging the gap between the timescales of weather and climate. This is also illustrated by two
contributions in this issue that address extremes in temperature, precipitation (JACOBEIT et al., 2009) and wind
storms (Vitolo et al., 2009). The two papers also address the question whether climate modes that characterize
seasonal to monthly variability are helpful also in the context of weather extremes (see also FOLLAND et al., 2009;
ULBRICH et al., 2009).

It is interesting that the Ticino region (where the meeting took place) plays a key role in the history of the
concept of variability modes (see LUTERBACHER et al., 2008, for the following). In 1913, Felix EXNER, an
Austrian Meteorologist, analysed the correlation between air pressure at Lugano and that at many other stations in
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Figure 1: (a): Map of the correlation between monthly anomalies of air pressure at Lugano and approx. 50 other station series (from EXNER,

1913; see LUTERBACHER et al. 2008). (b) Time series of winter averages (Dec.–Feb.) of pressure (black) and temperature (grey) in Lugano,

Ticino, Switzerland, since 1900 from MeteoSwiss. (c) Palm trees (Trachycarpus fortunei) in a deciduous forest have become a common

sight in Ticino (photo taken near Selduno, Ticino, by Dionea SA, Locarno).

the northern hemisphere (Fig. 1a). He found a strong anticorrelation with the Arctic region and concluded that the
pressure anomaly at Lugano can be used for characterizing the polar pressure and hence the general circulation of
the atmosphere (see also KODERA and KURODA, 2004). The time series of winter-average air pressure at Lugano
is shown in Fig. 1b, together with corresponding temperature averages. Note the strong positive pressure trend
between the 1960s and the 1990s that has reversed since and mirrors a corresponding trend in the North Atlantic
Oscillation index (BRÖNNIMANN et al., 2009). Which forcings act upon the circulation in the North Atlantic
region? In recent years, the “top-down” path from the stratosphere to the troposphere has been highlighted (e.g.,
BALDWIN and DUNKERTON, 2001). It was speculated whether the stratosphere might be an important source for
seasonal predictability (BALDWIN et al., 2003) and the question arised whether a well-reproduced stratosphere
is necessary for obtaining a reliable medium to long-range forecasts. These questions were also addressed at the
meeting, including the coupling of stratosphere and troposphere during the past 100 years (FISCHER et al., 2008).
The “bottom-up” path, i.e., the effect of the Atlantic Ocean on atmospheric circulation also has received much
attention as it might promote decadal predictability. In this issue, LATIF et al. address the role of internal and
external variability of the North Atlantic in a climate model on different time scales and discuss the consequences
of their results for decadal predictability.

The Atlantic Ocean might also have played an important role for the strong decadal climate variations in the
early 20th century (ZHANG et al., 2007) , particularly in the Arctic (WOOD and OVERLAND, in press; see also
BENGTSSON et al., 2004b; POLYAKOF et al., 2003, 2009). GRANT et al. (2009) address the Arctic warming from
1910 to 1945 and find that the warming was related to extreme atmospheric circulation anomalies. The recent
Arctic warming, in contrast, shows clear evidence for surface-based amplification (SERREZE et al., 2009), though
circulation also plays a role.
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Several presentations addressed the tropical circulation, especially El Niño-Southern Oscillation (ENSO) and
its teleconnections. They showed that the teleconnections among the tropical oceans as well as between the tropics
and the extratropics are still not fully understood (e.g., BLADÉ et al., 2008). The contribution by WANG et al.
(2009) reviews our current understanding of the teleconnections of the tropical Atlantic with the Indian Ocean and
the tropical Pacific. ZHOU et al. (2009) provide a review of the variability of the East Asian summer monsoon.
Understanding these circulation systems is particularly important also because climate change affects the tropical
Pacific (VECCHI et al., 2008), which may also alter the teleconnections to other parts of the globe. The Indian
monsoon seems to have “lost” its relation to ENSO in recent decades (KRISHNA-KUMAR et al., 1999) due to its
sensitivity to the spatial signature of El Niño events in the tropical Pacific (KRISHNA-KUMAR et al., 2006). There
is little evidence for changing teleconnections of ENSO to the extra tropics in the past (STERL et al., 2007), but
model results suggest a future strengthening of the effects in the North Atlantic sector (MÜLLER and RÖCKNER,
2008).

What will the future be like at Monte Verità? An excursion during the meeting showed how heat-loving
invasive plants have spread at and near Monte Verità in the past decades (Fig. 1c), when winter temperatures
were rising particularly rapidly (Fig. 1b; note that the last part of that warming, unlike the earlier variations, was
not accompanied by changes in the simple circulation index). Climate change is ‘at work’ and alters the landscape.

The meeting showed that analyzing variability and trends in atmospheric circulation contributes towards a better
understanding of the climate system – a necessary requirement for its prediction. Further work is needed on the data
side, including data rescue and development of historical reanalyses. Moreover, it is necessary to confront models
with observations in a rigorous way, and improved operational data assimilation is needed for model initialization
and prediction. In this endeavor, atmospheric circulation serves as a specific diagnostic and its variability over
the past 100 years requires continued attention. We hope that this special issue of the Meteorologische Zeitschrift
contributes towards this aim.
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