Press Release, 14" November 2011:
Air pollution and volcanic ash cause more efficient freezing of

clouds
Scientists found strong contrasts in cloud properties between the northern and
southern hemisphere

Leipzig: In clouds of the northern hemisphere ice is formed at much higher
temperatures than in southern-hemispheric clouds. This conclusion was drawn
based on laser-aided measurements at Leibniz Institute for Tropospheric Research
(fT) in Leipzig, Germany, at Magellan University in Punta Arenas, Chile, at
Stellenbosch University in South Africa and during transatlantic cruises of the
German research vessel Polarstern. In a recent publication in the scientific journal
Geophysical Research Letters the authors state that their study documents the
relevance of aerosol particles for the formation of ice crystals in shallow cloud
layers in the northern hemisphere. The strong air pollution in the northern
hemisphere is suspected to contribute to the observed effect.

Also volcanic ash particles have a strong influence on the ice formation in clouds.
This finding was revealed in a second, collaborative study of IfT Leipzig and
Ludwig-Maximiliams University Munich, which used data from the eruption of the
Eyjafjallajokull volcano in Iceland in April 2010 and was recently published in the
scientific journal Journal of Geophysical Research.

To investigate the differences between the northern and southern hemisphere, scientists at
IfT Leipzig analyzed data from the cruises of the Polarstern to Antarctica and back in 2009
and 2010 and compared the findings with an already existing data set from Leipzig. During
the cruises to Punta Arenas in Chile and Kapstadt in South Africa they observed the
formation of clouds with laser. For that purpose a so-called LIDAR system developed at IfT
emits laser pulses at wavelengths of 355, 532, and 1064 nm which are than reflected back
to the LIDAR by particles suspended in atmosphere. From the rotation of the oscillation
direction of the reflected light, so-called depolarization, the phase state of the clouds can
be determined. The comparison of the collected data with the data set of Leipzig revealed
strong contrasts in the amount of ice-containing clouds.

Above central Europe 70 percent of all clouds contain ice already at temperatures of
above -18 degree Celsius. At these temperatures clouds above southern Chile and South
Africa form ice only in 20 and 35 percent of the cases, respectively. The reason for such a
contrast is most likely the larger amount and larger variety of aerosol particles, so-called
ice nuclei, in the northern hemisphere which are a basic requirement for the freezing of
cloud droplets at temperatures between -40 and O degree Celsius. These ice nuclei
typically consist of mineral dust, soot, or fine ash originating from the numerous deserts or
areas with forest fires, but also man-made air pollution from industry and biomass burning
activity are a possible source of ice nuclei. “Compared to the polluted atmosphere in the
northern hemisphere the air above Punta Arenas in the vicinity of Antarctica is virtually
clean. The largest city at the southern tip of America is located right within the Antarctic
deep-pressure belt. During most of the time of the year, the air comes from the west — right
from the Pacific Ocean”, explains Thomas Kanitz PhD, student at IfT.

It is well known that small aerosol particles are needed as nuclei for cloud droplet
condensation and ice crystal formation. Pure, particle-free cloud droplets would not freeze
before temperatures decrease to below -40 degree Celsius. This threshold temperature



can be significantly increased via contact of the cloud droplet with insoluble particles or
specific types of bacteria. However, it remains unclear to which extent ice formation is
influenced by these particles or by other meteorological processes, and whether global
climate models are capable of reproducing this effect. Related to this point is the question,
whether the formation of clouds and thus precipitation in regions with strong pollution
differs from the situation in less-polluted regions. In the midlatitudes of the northern
hemisphere the free troposphere between 2 and 12 kilometer height is strongly loaded
with aerosol particles stemming from man-made air pollution, desert dust and biomass
burning. In the southern midlatitudes these particles are mostly absent because the
surface area is dominated by oceans and comparably few regions with industry, forests, or
deserts.

Also volcanic eruptions can influence ice formation in clouds. During the eruption of the
Eyjafjollajokull volcano in Iceland in April 2010 the scientists at Leipzig studied the effect of
the volcanic ash on cloud glaciation with two LIDAR systems located at Leipzig and at
Maisach, close to Munich, Germany. “When there is volcanic ash in the atmosphere, ice
can obviously form at relatively high temperatures as soon as enough humidity is
available”, reports Dr. Patric Seifert, scientist at IfT. Without volcanic ash, ice is usually
formed only at temperatures below -25 degree Celsius.

Tilo Arnhold
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Links:
Worldwide observations with the portable Raman lidar systems (Polly)

http://polly.tropos.de/lidar/index.php
Lidar Research Network EARLINET:
http://www.earlinet.org/

Expedition ANT-XXVI/1 of Polarstern:



http://www.earlinet.org/
http://polly.tropos.de/lidar/index.php
http://lidar.tropos.de/en/instruments/polly.html
http://www.agu.org/pubs/crossref/2011/2011JD015702.shtml
http://www.agu.org/pubs/crossref/2011/2011GL048532.shtml

http://www.awi.de/de/infrastruktur/schiffe/polarstern/wochenberichte/alle_expeditionen/ant
_xxvi/ant_xxvi1/

Expedition ANT-XXVI/4 of Polarstern:
http://www.awi.de/de/infrastruktur/schiffe/polarstern/wochenberichte/alle_expeditionen/ant
_Xxxvi/ant_xxvi4/

Expedition ANT-XXVII/1 of Polarstern:
http://www.awi.de/de/infrastruktur/schiffe/polarstern/wochenberichte/alle_expeditionen/ant
_xxvii/ant_xxvii2/

Figures/Photographs:

XVl
05/17152010

‘Punta

Arenaé

80°W 40°W 0° 40°0

Fig. 1: Locations of the places and cruise routes from which data for the studies at IfT were
collected. Source: Thomas Kanitz/IfT

Fig. 2: Measurement of several LIDAR systems at Leibniz Institute for Tropospheric
Research Leipzig, Germany. Visible are the building of the IfT and the green laser pulses

emitted into the atmosphere by the lidar. Source: IfT
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Fig. 3: Frequency of ice-containing clouds as a function of the temperature at cloud top,
which is usually the coldest temperature of a cloud, for Punta Arenas, Stellenbosch, and
Leipzig. Leipzig shows much more ice-containing clouds at temperatures above -25
degree Celsius than the two southern-hemispheric stations. Source: Thomas Kanitz/IfT

Fig. 4: Summit of the icelandic volcano Eyjafjallajokull which stopped air traffic above after
its eruption in April 2010. Relics of the dark-gray ash are visible. Photo: Tilo Arnhold/IfT



Abb. 5: Ash at the summit of the Fimmvdrduhals. The neighbor of the icelandic volcano
Eyjafjallajokull erupted already one month earlier in March 2010. The course of its eruption
was however much less dramatic than the one of the Eyjafjallajokull that caused the
shutdown of European airspace in April 2010 Photo: Tilo Arnhold/IfT

The Leibniz Institute for Tropospheric Research is a member of the Leibniz Association.
They are currently 87 research institutes and service facilities for research and two
associate members. The Leibniz-Institute ranges from the natural sciences, engineering
and environmental sciences to economic, social and space sciences to the humanities.
Leibniz Institutes work for society relevant strategic issues and themes. They use different
types of research as basic, upper-and application-oriented research. They create the next
great importance to scientific research services and knowledge transfer in the direction of
politics, science, business and the public. They maintain close cooperation with
universities, industry and other partners at home and abroad. The external review process
of the Leibniz Association sets standards. Each Leibniz Institute has a mission of national
importance. Federal and state governments encourage the institutes of the Leibniz
Association joined forces. The Leibniz Institute employs about 16,800 employees, of which
about 7,800 scientists, including another 3,300 young scientists. The total budget of the
Institute is more than 1.4 billion euros, the third-party funds amount to about € 330 million
per year.

http://www.leibniz-gemeinschaft.de




