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Climate science

The dynamics of temperature extremes

Changes in the occurrence of atmospheric circulation patterns are not well
understood. A study finds that these have been a big factor in observed changes in

regional temperature extremes during recent decades. See Letter P.XXX

Theodore G. Shepherd

The planet is unequivocally warming?, but the rate of warming varies in time and space.
Although such variations are not unexpected, and do not challenge our grasp of the physics
of global warming, understanding what drives them is crucial for predicting climate
conditions at the regional scale. On page XXX of this issue, Horton et al.2 use a new analytical
method to argue that, over many regions and seasons, changes in the occurrence of
atmospheric circulation patterns have been a substantial driver of the observed changes in
mid-latitude temperature extremes in the Northern Hemisphere over land for the past 35
years — increasing not only the likelihood of summertime heat waves in Europe, but also

(since 1990) the occurrence of cold wintertime temperature extremes across central Asia3.

Identifying changes in climate extremes at the regional scale is hampered by the
chaotic internal variability of the climate system, which adds a large degree of noise to the
climate-change signal. Climate variability is manifested in changes in the occurrence of
atmospheric circulation patterns, which can vary strongly from year to year, but can show
trends over multi-decadal periods too. Such variations are also reflected in many climate

extremes*. For example, European heat waves (Fig. 1) are more frequent when the



summertime jet stream is ‘blocked’ from taking its usual path across the North Atlantic,
because stagnant air over the continent can warm excessively through land-surface

feedbacks>.

On top of this internal variability, climate change is itself expected to lead to changes
in occurrence of atmospheric circulation patterns, although there is as yet little consensus
on what these changes will bel. Both internal variability and the circulation response to
climate change can lead to regional changes in temperature extremes that are larger or
smaller — or even opposite to — that expected from global warming over extended time

periodss.

To deal with the confounding effects of atmospheric circulation on changes in
temperature extremes, Horton et al. applied a ‘cluster’ analysis to geopotential height fields
— which map the heights needed to reach a given pressure, taking into account variations
of surface pressure and atmospheric density— at an altitude of about 5 km to identify
robust changes in the occurrence of circulation regimes. Their approach restricts the
analysis to years after 1979, the period when observations from meteorological satellites
improved the reliability of analysed changes in atmospheric circulation at mid-latitudes. But
it avoids previously voiced concerns about the dangers of using subjective measures of
atmospheric circulation’. The authors then partitioned observed changes in temperature
extremes into those associated with changes in the occurrence of circulation regimes
(dynamic changes), and those that have no such association (thermodynamic changes). This

kind of partitioning is a growing theme in climate sciences.



Horton and colleagues find that most regions have experienced a clear increase in
hot temperature extremes during summer since 1979. For roughly half those regions
(eastern North America, Europe and western Asia), the researchers identify a substantial
contribution to the observed trends (one-third to one-half) from the increased occurrence
of anti-cyclonic circulations, which are associated with atmospheric blocking. The
implication is that the tendency for increased summertime heat waves that can be expected
from global warming has been substantially enhanced in these regions over the past 35

years by circulation changes that make heat waves more likely.

Although global warming suggests that, in general, the likelihood of cold
temperature extremes should decrease, Horton et al. find an increase in wintertime cold
temperature extremes over central Asia since 1990 — the period over which the extent of
Arctic sea ice has rapidly declined. They attribute this increase primarily to the increased
occurrence of a circulation pattern associated with transport of cold Arctic air into central
Asia. Modelling studies® have suggested that such an altered circulation pattern is
attributable to declining sea-ice extent in the Barents and Kara seas. However, the authors
find no evidence of increased wintertime cold temperature extremes over North America,

despite the attention given to claims of such an increases3.

One concern with this study is that it is based on 35-year (and in some cases only
24-year) time series, which are quite short by climate standards. Horton and co-workers
performed an extensive analysis to determine the statistical significance of the trends, but
this establishes only that discernible changes occurred over the periods in question. As the
authors note, the identified circulation trends may just reflect multi-decadal natural

variability and cannot necessarily be associated with climate change. This is clearly an



important issue to resolve. Other climate extremes, such as droughts and flooding, may be

even more susceptible to circulation changes than are temperature extremes.

A better observational record of past changes in atmospheric circulation, over the
previous century and possibly over even longer timescales — e.g. from ships’ logbooks or
climate proxies — would help put the recent changes in context. A better understanding of
the mechanisms of climate variability is also needed to improve prediction capabilities.
Finally, a better physical understanding of the expected atmospheric circulation response to
climate change would provide hypotheses to test. In particular, can the most extreme
predictions of circulation changes be constrained or excluded by the observational record?
Unless progress is made on these fronts, we will continue to be surprised by deviations

from the thermodynamic expectations of global warming.
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Figure 1 | The European heat wave in 2003. Horton et al.2 report that this 2003 event
was part of a long-term trend towards more anti-cyclonic summertime circulation regimes

over Europe, which favour heat waves.



