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The stable high-pressure situation in Europe on 1 July 2015. Credit: Nasa
Worldview

In 2003, Europe experienced a record-breaking summer, and many
people feel that this summer is headed the same way. In the midst of this
heatwave, the scientific journal Nature Geoscience has published a study
that can help us to understand such extreme weather conditions. For
around two years, an ETH research team has analysed climate data from
all over the world in a bid to explain the driving force behind stable high-
pressure systems. It has long been known that extremely stable high-
pressure systems in the upper troposphere, that is five to ten kilometres
up into the atmosphere, can trigger summer heatwaves. Researchers have
termed these special high-pressure conditions 'blocking', since they
deflect low-pressure systems and, as a result, may lead to warm weather
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patterns. These patterns are around 2,000 kilometres in diameter and can
span across large swathes of Europe. They interrupt the typical westerly
flow from the North Atlantic, which would otherwise determine the
weather conditions in our region.

The opposite of sweating

While all research up to this point has attempted to explain blocking by
focussing on the circulation of air masses in the upper troposphere, the
Atmospheric Dynamics research team led by ETH professor Heini
Wernli has now proposed a new approach. "We show that the ascension
of air masses from the lower troposphere can also be a determining
factor in the formation and perpetuation of such systems," says Stephan
Pfahl, senior scientist in Wernli's team.

'Latent heat' plays an important role: clouds form in the ascending air
masses, water vapour condenses and releases so-called latent energy.
"That is the opposite of sweating, in which water evaporates and cools
the body," explains Pfahl. The resultant heating of the parcel of air can
lead to a further rise. The latent heat thus provides part of the force
needed for the air masses to rise.

Delayed process

In their analysis of meteorological data from the past 21 years, ETH
researchers have now discovered that in the three days before the air
masses reach the blocking region, up to 45 per cent of air masses are
heated through this process; in the week before this increases to as much
as 70 per cent. It is easy to understand this through changes in the 
weather: clouds or areas of bad weather form over the Atlantic and, a
few days later, the patterns appear over Europe with sunny weather.
"The process is thus always delayed; in the week before the blocking
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occurs, far more than half of the air masses undergo this latent heating
process," says ETH Professor Heini Wernli.

For 20 years, Wernli has specialised in the analysis of low-pressure
systems, in which latent heat has long been recognised as an essential
process. The research team has focussed on the phenomenon of blocking
for a good ten years. "At the beginning we were all curious as to why the
flow suddenly changed from westerly to another state," says Wernli. The
current study has combined the findings from the analysis of low-
pressure areas with those from the research into blocking.

Immense volumes of data analysed

The ETH Zurich research team analysed a huge set of data taken from
ground-measurements, balloons, aircraft and satellites from the
European Centre for Medium-Range Weather Forecasts in Reading, UK.
New data on wind, temperature, cloud formation and humidity was
received every six hours. Using trajectory calculations, Stephan Pfahl
evaluated the movement of individual parcels of air, which contribute to
the formation of blocking systems. More than 100 million trajectories
were analysed.

The new findings may also prove useful in other areas of climate
research. "There is more moisture in the air as the result of global
warming. This causes more latent heat to be released, which could also
lead to a change in the frequency of blocking weather conditions," says
Pfahl. "But that is still highly speculative; we need to conduct further
research into this." The weather forecast could conceivably benefit from
the new findings as well, since it often misses the moment at which the
blocking pattern forms or disintegrates, which can have a significant
impact on weather developments. It remains to be seen how well the
latent heat process can be reproduced in existing weather models.
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Blocking also causes high fog

But blocking is not exclusively a summer phenomenon: in the winter
months, blocking can cause the cold, high fog conditions with which we
are so familiar in the Swiss Plateau, but which also occur all the way
from the Po Valley in Italy up to northern Germany. "In other words, all
those weather conditions about which people always complain", laughs
Wernli - from extreme heat through to grey, cold winter weather.

  More information: Pfahl S, Schwierz C, Croci-Maspoli M, Grams
CM, Wernli H: Importance of latent heat release in ascending streams
for atmospheric blocking. Nature Geoscience, 20 July 2015, DOI:
10.1038/ngeo2487
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