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The Cold Spell of February 2012 in Switzerland.
André-Charles Letestu, Didier Ulrich

Introduction
During the first half of February 2012, a large part of
Europe was under the influence of very cold air originating from the Russian anticyclone. In
Switzerland, this cold spell was exceptionally long
and the wind chill was enhanced by very strong
winds. In term of duration, this event was the worst
in 30 years. At the French speaking regional centre
of MeteoSwiss, a cold spell warning was on trial
during the winter 2011-2012. After this cold event,
the social and health services gave very positive
feedback. Despite this very cold period, the
surfaces of only two lakes on the Swiss Plateau
froze entirely.

Synoptic Situation
During the second fortnight of January, a westerly
flow carried weather fronts from the Atlantic to
Switzerland. The last one was associated with cutoff low travelling from the North Sea to the Gulf of
Genoa. It produced snow down to the plains region
of Switzerland which remained in some places until
mid-February. From the beginning of February an
anticyclone (1060 hPa) situated in Russia, spread
towards Biscay generating arctic north-easterly
winds in Central Europe. Meanwhile a
depression developed over the
Mediterranean sea. Between the
Russian anticyclone and the
Mediterranean depression a strong
pressure gradient can be seen over
the Alps on the surface chart ( Fig. 1).

 Figure 1
Surface chart of the 4 February 2012 at 12z.

and the second cold waves. On the 850 hPa wind
chart (Fig. 2), a very strong easterly flow can be
seen in the north of the Alps. This wind is called the
'Bise' on the Swiss plateau. Fig. 3 shows the
temperature and 10 minute wind gusts at Geneva’s
airport between the 1st and the 15th February 2012;
the lowest temperatures were associated with
strong winds. The downstream flow of this wind
orientates northerly in the French Rhône valley
down to the Mediterranean sea, where it is called
the Mistral. The Swiss plateau is bordered to the
north by the Jura mountain range, and in the south

On the 850 hPa Temperature chart
(Fig. 2) an area of cold air can be seen
spreading from the Baltic Sea to
Switzerland, corresponding to the
first episode of cold weather. The
second episode, corresponding to an
area of temperature below -20°C over
Russia, reached Switzerland on the
13 th . The lowest temperatures at
850 hPa were attained on the 7th and  Figure 2: 10 minute mean temperature (above) and 10 minute wind gust (below)
the 11th during respectively the first recorded at Geneva airport between the first and the 15 February 2012.
th
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in Nyon (50 km from Geneva) while the daily
temperature was between -6° and +3°C.

Warnings

 Figure 3: ECMWF analysis of the 4th February 2012;

Since the wind gusts did not exceed 90 km/h, no
warnings were issued. However, during the winter
2011-2012, a forecast of “extreme cold” was on
trial for the Geneva Council. It consists of a daily
bulletin sent to the local health service. This forecast has been highly appreciated by the social
services and has been requested for the winter
2012-2013.

temperature and wind at 850 hPa. The red spot marks Geneva.

by the Alps. As the two mountain ranges get closer
towards Geneva, the Bise accelerates through the
Venturi effect. In the current example, the gusts
reached 84 km/h in Geneva (Fig. 3) on the 7 th,
whilst in Zurich, only 40 km/h were recorded.
Strong northeasterly winds are fairly common on
the Swiss Plateau, but for this wind to be associated
with cold temperatures for such a long period of
time is unusual. The last event of this sort
happened between the 8th and the 9th March 2010.
During these two days, the wind reached 96.1 km/h

 Figure 4: Example of “extreme cold”

The bulletin of the 26th January, one week prior to
the event is shown in Fig. 4. It consists of a text
describing and assessing the weather situation,
three curves showing the evolution of the maximum, minimum and mean daily temperature.
The criteria used are:
A: Maximum and minimum temperatures below
0°C; cold day
B: Maximum temperature below 0° and minimum
temperature between -5 and -10°C; very cold day
C: Maximum temperature below 0°C and minimum
temperature lower than -10°C; extreme cold

bulletins sent to health services, on the left and the right, before, respectively after the cold spell.
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Fig. 5 shows pictures taken on the
lake near Geneva. The ice on
objects comes from the spray of
the lake during strong wind events.
Since the cold temperatures associated with strong wind lasted two
weeks, the ice built to form big
crusts on trees, cars etc. Many
boats sank in the harbours due to
the weight of the ice.
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 Figure 5: Pictures taken on the side of Lake Geneva, the spray from the lake
froze on objects. Courtesy of Didier Ulrich.

The Freezing
of the Lakes
on the Swiss Plateau
Fig. 6 shows the spreading of the
ice sheet on the south western end
of the lake of Neuchâtel from a
MeteoSwiss webcam between the
3rd and the 12th February 2012. In
this case, the process of the formation of the ice sheet is different
compared to a cold calm radiative
situation. Here, the cold surface
has been moved to the south westerly end of the lake. The structure
of the ice was not smooth but
rugged with entangled blocks.
Hendricks-Franssen and Scherrer
(2008) studied the necessary
conditions causing the lakes on the
Swiss Plateau to freeze through
radiative processes. The lakes
studied are shown in Fig 7. Deep
lakes such as Lake Geneva are not
included, and only lakes situated
at low altitudes have been considered.

 Figure 6: MeteoSwiss webcam of Yverdon at the south-western end of Lake
Neuchâtel. Pictures taken between the 3rd and the 12th February 2012. The ice sheet
is building due to cold temperature and to the wind perpendicular to the coast. The
two top pictures have not the same view as the two bottom pictures. The trees on
the rectangle allows comparison between the four pictures.

The data used for this study covered a period from
1901 and 2006 and included the temperature
measured by the MeteoSwiss network. The observations of the ice on the lake were recorded by individuals such as fishermen, ice hockey clubs and
newspapers.
Despite the intensity of the cold spell, only the
smaller lakes of the Swiss plateau froze entirely in
February 2012. No compact ice sheet has been
observed on the big lakes, except for the harbours
and ends of the lakes such as the lake of Neuchâtel
shown in Fig 6.
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 Figure 7:
The geographical setting of the 11 pre-alpine Swiss lakes from
which ice cover information has been analysed. Also shown are
the meteorological stations of MeteoSwiss (grey dots) from
which daily 2 m temperature have been used to calculate NDD.
From Hendricks-Franssen and Scherrer (2008),
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About 20 glacial lakes of more than 1 square kilometre can be found on the Swiss Plateau and most
of them situated between altitudes of 400 and 500
m amsl. It is only during the hardest winters that
some them freeze whilst the deepest never do, since
the water contained in the lake represents a huge
pool of heat.
Process
A convenient approximation to predict the freezing
of lakes is the sum of negative degree day (NDD)
defined as:
NDD =

∑

30apr
k=1oct

ϑi if (ϑi ) < 0

where ϑi is the daily average temperature.
For lakes to freeze, the necessary condition is that
its entire volume of water reaches 4°C which corresponds to the maximum density of water.
When the surface temperature cools due to radiative process and reaches 4°C, it tends to sink bringing deeper water to the surface and so on until the
entire water content of the lake reaches 4°C. At this
stage only, the surface water can freeze. From this,
it is obvious that deep lakes would be harder to
freeze than shallow lakes. Moreover, since the average temperature on the Swiss Plateau was normally
slightly above 0°C for the winter months, during the
20th century, it is clear that the freezing of lakes is a
rather rare phenomenon.
Many studies (Pfister (1984), Magnusson et al
(2000), Palecki and Barry (1986)) describe scientific methods to forecast the formation of the ice field
on the lakes of the Swiss Plateau. A method, used
by Hendricks-Franssen and Scherrer (2008),
consisted of adding the average daily negative
temperature during the winter season (NDD) for a
representative weather station and the lake studied. Each lake has an NDD threshold above which
the lake has a good chance to freeze.

 Figure 8: The probability of freezing for lake of Greifen as a
function of the sum of negative degree days NDD measured at a
nearby meteorological station (grey fit). Plotted are also the raw
binary data (vertical dashes: 0, no freezing; 1, freezing of the lake)
and the sum of NDD for a 50% probability of freezing (vertical
dashed line). From Hendricks-Franssen and Scherrer (2008)
zontal axis, the probability of freezing on the vertical axis, 1 for freezing and 0 for no freezing. The
vertical ticks on the 0 and 1 probability line correspond to the observations of respectively the nonfreezing and the freezing with their corresponding
NDD. The NDD value for the freezing of the lake is
set at a probability of 50%.
The NDD is calculated using the temperature of a
representative weather station from the MeteoSwiss
network.
This method allows us to predict the freezing of the
lakes and inversely, it could be used to assess the
harshness of the past climate using only the observation of the freezing of lakes when temperatures
were not systematically measured.
A cold winter is a necessary but not sufficient condition for the freezing of lakes, for example, the lake
temperature during the autumn months; when the
temperature of Lake Zurich is still higher than 25° at
the beginning of September, there is a small chance
that the lake will freeze the following winter. After a
cold summer, the lake is more likely to freeze.
By plotting the average depth of the lake versus the
necessary NDD to freeze it (Fig 9) an almost linear
relation is found. The discrepancies are due to the
lake properties and also that the reference station

Hendricks-Franssen and Scherrer (2008) used a
binomial logistic regression to determine this
threshold. The probability of freezing is shown in
Fig 8 for the lake of Greiffensee. The sum of the
negative degree days (NDD) is shown on the hori Figure 9
The sum of October–April negative degree days (NDD) needed to
observe a complete lake freezing with a probability of 50% as a
function of the average lake depth (in m) for nine pre-alpine Swiss
lakes. From Hendricks-Franssen and Scherrer (2008).
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