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Introduction:

In the evening of August 19, 2000, severe hail storms hit Berlin. Nickel to quarter-sized hail was widely
observed, in some places the hail stones reached even hen-egg to tennisball size, weighing more than 30 grams.
Traffic broke down in many parts of Berlin; the fire department declared a state of emergency just after the
severe weather had set in. In the areas affected, a lot of the foliage was ripped down from the trees and
significant damage was inflicted to cars and roofs as well as to glass structures. In Zehlendorf (southwest Berlin),
several residents had to be treated for head injuries. Strong straight-line winds caused further damage.

During that time, Europe was influenced by a weather pattern which favored the development of severe
thunderstorms.

In this report we wish to describe the weather situation that lead to the formation of supercells (part 1); a brief
overview of supercell structure and of the basic factors that favor supercell development is given in part 2. Part 3
summarizes observations made from the “Institute for Meteorology of the Free University of Berlin”.

1. Description of the Weather Situation
1.1 Synoptic-scale Setting (see appendix for charts)

In front of a pronounced long-wave trough over the eastern Atlantic Ocean, Central Europe was dominated by a
marked southwesterly current. The frontal zone associated with this trough, where winds in excess of 65 knots
were measured, reached from the Biskay across the Benelux countries and northern Germany to the Baltic states.
While north of this frontal boundary cool air masses were dominant, the Alpine regions, southeastern Germany
and Poland lay in the area of moist subtropical air (xS). Surface analyses show a frontal boundary which extends
from central Spain across southern France and the German “Mittelgebirge” to northern Poland. Along this fromnt
several wave cyclones developed, which moved rapidly to the northeast. In the Mediterranean regions, hot air
originating from the Sahara Desert (cT) was dominant. This air also reached the Balkans, setting new local
temperature records.

Generally, there was not much change of this situation in the period from August 16 to August 20, since the
eastern Atlantic long-wave trough hardly advanced eastward. So the above mentioned strong temperature
gradient - its crowding zone lay over Germany - could be maintained. Correspondingly, the wind increased
strongly with height and above 500 mb a strong jet stream was evident. This vertical change of wind speed and
direction is a general phenomenon in the atmosphere when a horizontal temperature gradient is present, and it is
called “thermal wind”. The subtropical air (xS) south of the frontal boundary was characterized by moderate to
high convective available potential energy. If this energy is released by upward motions within the troposphere,
in conjunction with vertical wind shear, complex and organized convective structures (MCSs, supercells) will be
likely to develop.

- 1.2 Development on August 19

A short-wave trough, which was located West of Ireland on Aug 19 at 00 UTC moved along the eastern edge of
the long wave to the northeast and its axis had reached the western Baltic Sea on August 20 at 00 UTC. To the
east of this trough the surface low-pressure system “Oktavia” tracked from the Biskay (August 18, 00 UTC) to
the eastern North Sea (August 20, 00 UTC) and was further deepening to below 1000 mb. On the morning of
August 19, maritime subtropical air (mS) entered northern Germany in the low~pressure system’s warm sector.




From the North Sea, the cold front associated with “Oktavia” advanced eastward and crossed northwestern
Germany until midday. Simultaneously, the short wave moved quickly to the northeast and apparently induced
further lift along the cold front. Owing to the wave cyclones over France along this frontal boundary, it did not
move much further to the south; towards the east, however, it was accelerated and crossed the area of Berlin in
the evening hours. Obviously, this fast eastward propagation was at least partly due to the thunderstorms which
occured along this front. So the cold front showes a distinct “bulge” to the east in the 18 UTC-surface analysis,
which is probably caused by thunderstorm outflow.

Before however, the subtropical air (xS) reached Berlin, as it had been integrated into the warm sector of
“Oktavia” by southerly winds. According to rawin -sonde data from Lindenberg (about 40 miles southeast of
Berlin), a well defined inversion was located at 775 mb in the morning hours. Until 12 UTC this inversion had
descended to 910 mb, and at 18 UTC the warm air had made its way to the surface. Apparently independent of
this, the tropopause height increased from 250 mb to 200 mb. Obviously, air of tropical origin had advanced at
high altitudes up to northeastern Germany. Several stable layers and veering mid- to upper-level winds, as well as
the fact that rawing-sonde data from Meiningen (located upstream) revealed a tropopause height at 200 mb
already at 12 UTC, suggest warm advection at high levels.

2. Supercells: Theory and Development

A supercell is an intense thunderstorm cell which has a single, rotating, quasi-steady updraft and which
significantly deviates in its motion from the mean tropospheric winds (usually to the right).

2.1. Wind Shear and Vorticity

Synoptic-scale weather patterns may favor currents, which exhibit great changes in wind speed and direction with
increasing height. Such a current is characterized by the presence of shear vorticity. To better understand this,
envision a weak southerly flow at low levels and a strong southerly flow at upper levels. An imaginary stick, that
has been put upright into this wind field, starts to rotate about an east-west axis. Parallel to this axis, the vorticity
vector points due west.

The vorticity vector’s magnitude is propertional to the stick’s rotation speed (i.e. to the magnitude of the vertical
shear). In addition, the stick moves with the mean current to the north and thus normal to the vorticity vector
(“crosswise vorticity™).

Further, we consider a flow pattern in which only wind direction changes with height, e.g. a southeasterly wind
near the surface and a southwesterly wind aloft (directional shear). Our imaginary stick now moves with the mean
wind due north. It is also rotating, with its upper tip moving to the east and its bottom moving to the west. Now
the vorticity vector is directed to the north, i.e. parallel to the stick’s direction of motion. Thus, the vorticity
vector and the “stick-motion vector” are parallel; this quality is called “streamwise vorticity”. Davies-Jones et al.
[1990] compare this to a perfectly spiralling football.

If the wind field is known, we can determine the vorticity vector. dv4/8z desribes the change of the horizontal
wind Vs as a function of the height. 6v/0z is called shear vector. As in the above examples, the vorticity vector is
expected to be directed normal to the shear vector as well as normal to the vertical z-axis. This is determined as
the cross product of the shear vector and the unit vector k.
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2.2 Rotation of Convective Cells

With the air entering a thunderstorm, the shear vorticity is transported into the updraft. It is necessary that the
horizontal shear vorticity vector has a large component parallel to the inflow vector. Then the air has streamwise
vorticity, which is necessary to have the vorticity located within the updraft. This is not the case when the
vorticity vector is normal to the inflow vector [e.g. Davies-Jones, 1984]. Since the cell itself is also moving, we
need to consider the air flowing into the cell from a storm-relative frame. Thus we introduce the storm-relative
winds as the vector difference of the environmental wind vector vh and the storm-motion vector c.
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