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Introduction
During the 29th and 30th of October 2019, a dynamic trough deepened over Spain, then moved
towards the Western Mediterranean Sea and triggered a strong south-westerly flow over Central
Europe with very moist air masses. This pattern
generated extreme meteorological situations in
several countries, particularly France, Italy and
Austria where the respective National Meteorological Services issued a red vigilance for several weather warning parameters (especially for
wind and rain). This article highlights the details
and consequences of this unusual meteorological
event for these three countries.

France
From orange to red vigilance for Corsica
The analysis charts of geopotential height at
500 hPa from ECMWF from the 29th of October
00 UTC to the 30th of October 00 UTC (see figure
1) show the fast movement of a deep trough from
the Iberian Peninsula over Sardinia to Switzerland. This strong dynamic set-up led to the deepening of a low pressure in the Western Mediterranean Sea from the Balearic Islands to the Gulf

of Genoa. This low was named "Adrian" by MeteoFrance the day before as an orange vigilance for
winds was already in effect for Corsica.
Numerical models were in good agreement with
this scenario but differed on the path of the surface low and therefore on the localisation of the
strongest winds. On the morning of October 29,
it appeared that the ECMWF forecast fit better
with observations than the ARPEGE model, so
forecasters on shift decided to follow the ECMWF
track rather than the more southern track of ARPEGE. This choice led to much greater impacts
with stronger winds over Corsica and the vigilance
was upgraded to red.
Corsica is a very mountainous island and is often
affected by strong winds in a north-westerly flow;
in such a flow, strong winds occur with breaking
waves on both far ends of the island. However,
during the storm Adrian event, the strongest winds
with outstanding values (gusts more than 150 km/
hr) were forecast to hit the western coast, which is
much more populated and vulnerable.
Two other phenomena that increased vulnerability
during this event must be taken into account.

Figure 1: ECMWF analysis at 500 hPa on 29/10 00Z (left), 12Z (middle), 30/10 00Z (right)
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Figure 2: ECMWF MSLP, winds and gusts forecast at 29/10 12Z (left), 15Z (middle), 18Z (right) run 29/10/18 00 UTC

Observations and consequences
First, the squall line crossed the isle between
12 and 13 UTC with an impressive number of
lightning strikes and frequent gusts over 100 km/hr
(maximum gust was 141 km/hr between 11 and
12 UTC at Cap Sagro). At least three tornadoes
were reported: two EF1 at Aleria in the eastern
Figure 3: maximum surge forecast by AROME model. Notice
also the very high values on the northern Adriatic Sea, more
than 3 meters!

First the storm generated strong waves from the
south to south-east on the eastern coast of Corsica, and later from the southwest on the western
coast. These waves came with a significant storm
surge, 30 to 50 cm (see figure 3).
Secondly the cold front associated with the storm
was very unstable with a squall line structure. The
Significant Tornado Parameter (STP) calculated
from AROME reached such high values (figure 4)
that the high probability of a tornado was written
in plain language in forecast bulletins for the first
time.
The vigilance chart sent at 12.30 pm
turned the vigilance from orange to
red for winds over Corsica. But other
phenomena also required orange
vigilance: the coastal event and
heavy thunderstorms over Corsica
and snow over central part of mainland France. On the western part
of the trough, surface winds turned
northerly thus cooling the air mass,
whilst at low levels a southerly flow
still triggered a lot of moisture. The
result was a gradual lowering of the
height of snow fall with a very early
sticky snow event.
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Figure 4: Significant Tornado Parameter (STP) from AROME_IFS
forecast for 29th of October at 11 UTC.

Figure 5: vigilance chart sent by Meteo France at 12:30 local time.

an unprecedented decree, asking employers to let
their staff leave at 3 pm and asking shops to close
before 5 pm. Every half an hour, messages on local radio repeated the same message “Go home
and stay there”.
In contrast, the extent of damage was huge.
21,000 homes were without electricity, many roofs
were ripped off, several camping areas or residences were evacuated and some dikes were disrupted (Bastia, Erbeluga, Cargese). Ajaccio Bay
was particularly badly hit as ships in the harbour
were destroyed and thrown on the docks.

Italy
Figure 6: maximum wind gusts on 29th of October 2018

coastal plain and at Tanneron on the French Riviera and an EF2 at Porto-Vecchio (South Corsica)
which travelled a distance of 15 km.
During the afternoon, as the low centre moved
closer to the isle, winds gradually increased on the
western coast. Maximum gusts occurred between
16 and 18 UTC then gradually decreased after
19 UTC as the low moved north of the isle. Amazingly high gusts were recorded on the western
coast, almost 190 km/hr in many places. Gusts
in the most populated town of Ajaccio reached
117 km/hr at the airport and 152 km/hr at Cape of
Parata. Furthermore, high seas and large waves
of more than 4 meters battered eastern and western coasts.
During this exceptional event, several people were
injured, but nobody died. Due to red vigilance, the
Authorities took several measures. All public services (schools, airport, maritime transports, etc.)
were closed in the afternoon. The prefecture took

The last days in October 2018 were identified by
some remarkable weather conditions over the
whole of Italy. This meteorological incident was
characterised by two different phases: an initial
one with strong destructive winds (somewhere
up to 80 kts/hr), sea state 7 (wave height 6-9 m)
and isolated rainfall/thunderstorms (along convergence lines with some tornado like winds; structures damaged, casualties from lightning and
fallen trees); a second phase with heavy and
continuous rainfalls, sometimes thundery, with an
enormous amount of rainfall within a short time
range. The first phase (27th of October to 2nd of
November) was caused by a very deep baric minimum northwest of Corsica. This led to severe
south-westerly winds across all Italian western
basins, leading to the development of convergence lines with thunderstorms and tornado like
winds (rain over assessed by ECMWF model and
spread). Meanwhile, winds blew south-easterly
across the Adriatic sea regions, producing storm
surge, in Venice for example, of up to 1.60 m,
which is significant in the Adriatic sea.

Figure 7: ECMWF analysis of geopotential height at 500 hPa and 850 hPa on 29th of October 00 UTC.
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Figure 7 shows the weather situation on October
29th, 00 UTC. At 500 and 850 hPa geopotential
height a deep elongated depression conveys cool
oceanic air masses down into the Saharan area
and Mediterranean basins, creating a minimum
near the Balearic islands, making it quite unstable
and kicking off a regime of south westerly winds
over Italy. Such a configuration was highlighted
by the ECMWF numerical model (see figure 8),
showing a tropopause anomaly becoming more
accentuated over the southern Tyrrhenian Sea.
The ECMWF-Sea model (see figure 9) also confirmed the baric minimum, producing strong winds
rotating from northwest to southwest, as well as
agitated sea basins during the day.
The expected rainfall amount (see figure 10) and
distribution in the first part of October 29th, looked
very severe, with this affecting all western sectors

and all Alpine areas. It is not easy justifying such
precipitation amounts with such strong winds, but
in this case, the action of the wind served to create
convergence lines.
By 12Z, the area of low pressure had progressed
towards western Italian coasts. The associated
baric gradient was enough to justify the intense
predicted winds (see figure 11). As well as this,
there was also a complex frontal structure associated with the depression, as will be clarified further on.
Figure 12 shows the observations network output
for lightning and RADAR. It shows that the amount
of rainfall, which was predicted by the model to
be well spread all over, was really concentrated
along convergence lines at low levels, with thunderstorms developing over the sea and along the
coastline, leading to casualties and damages.

Figure 8: ECMWF forecast Dynamic Tropopause (dam geop), Wind 300 hPa, Geopotential 500 hPa, 00 UTC run on 29th of October.

Figure 9: ECMWF WAM forecast Sea State (Douglas Scale), Wind at 10 m height, 00 UTC run on 29th of October.
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Figure 10: ECMWF forecast 6hr Accumulated Precipitations (mm), 00 UTC run on 29th of October.

Figure 11: ECMWF analysis of geopotential height at 500 and 850 hPa on 29th of October 12 UTC.

ECMWF WAM (see figure 13) shows how
widely Italy was affected by severe winds, and
associated rough seas. Very unusual tides were
reported widely across the Adriatic Sea, including
in the Venice area.
Analysis at 00Z on october 30th (see figure 14),
shows the north-eastward movement of the low
pressure minimum, and its associated severe
south-westerly winds. Dynamic tropopause anomalies over such regions (see figure 15) justify
the supply of IPV into the lower layers of the atmo
sphere, increasing air mass triggering.

In fact, from the 500 hPa and 850 hPa analysis at
12Z on October 30th (see figure 16) it is possible to
see the cold core moving away consequently leading to a south-westerly circulation and the orographic induced rainfall predicted by the model for
the beginning of the day (see figure 12).
From observations (see figure 18) it is possible to
perform a verification of the accumulated precipitation. This shows how the ECMWF numerical
model over assessed rainfall amounts over central
Italy during the afternoon of October 29th (Figure
10). It is also evident how precipitation amounts
The European Forecaster
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Figure 12: AM Observed Lightning lasting 5 minutes, 29th of October 14:55 UTC (above left), Italy radar SRI (mm/hr), 29th of October
14:40 UTC (above right): Terracina Tornado-like Wind in evidence.

Figure 13: ECMWF WAM forecast Sea State (Douglas Scale), Wind at 10 m height, 00 UTC run on 29th of October.

Figure 14: ECMWF analysis of geopotential height at 500 and 850 hPa on 30th of October 00 UTC
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were concentrated along low level convergence
lines.
Such an over-assessment also occurred during
the first part of the day on October 30. This behaviour is probably due to the model tendency to
spread amounts of rain, rather than detect real
main cores.
Despite all the possible warning procedures being

performed 32 casualties were reported during this
exceptional event (due to accidents as a result of
floods, fallen trees, lightning, tornado like winds,
rivers overflowing). Because a red vigilance was
issued, all public services (schools, airport, maritime transports, etc.) were closed by the responsible authorities. A significant amount of material damage was reported however, including the
destruction of roofs, structures, and a number of
Ligurian ports and coast roads.

Figure 15: ECMWF forecast Dynamic Tropopause (dam geop), Wind 300 hPa, Geopotential 500 hPa, 00 Z run 30/10

Figure 16: ECMWF analysis of geopotential height at 500 and 850 hPa on 30th of October 12 UTC.

Figure 17: ECMWF forecast 6hr Accumulated Precipitations (mm), 00 UTC run on 30th of October.
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Figure 18: ProCiv 12hr Observed Accumulated Precipitations (mm): 29th of October 00 to 12 UTC (above left), 29th of October 12UTC
to 30th of October 00 UTC (above right), 30th of October 00 to 12 UTC (below) (courtesy of data owner: Civil Protection Department).
Ucipsani mporae maiorer eperia il inctassus doloriosae commoluptia qui cust poreria nistius quaessitatem dolorio. Sectinum quibus

Figure 19: Surface weather charts for 27th (left), 28th (centre) and 29th (right) of October 2018 18 UTC.
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Figure 20: ECMWF forecast of the geopotential height at 500 hPa for 27th (left column), 28th (central column) and 29th of October
(right column) based on the 00 UTC run from 22nd of October (rows are representing cluster scenarios).

Figure 21: EFI (left: precipitation; right: wind speed) forecast for the 29th of October based on the ECMWF 00 UTC run from 22nd of
October
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Figure 22: ECMWF 6 hourly precipitation amount on 27th of October 2018 from 06 to 12 UTC based on 12 UTC run from 26th of October.

Austria
Weather Situation
During the end of October 2018, arctic air was moving southward over Scandinavia and western Europe into the western Mediterranean Sea. There,
a big low was formed which then propagated
north-eastward to the Balkan Peninsula during the
following days. With the south-westerly flow, moist
air was transported to southern parts of Austria,
thus causing heavy precipitation in these areas on
27th of October and during the night afterwards.
Another low was generated in the Gulf of Genoa
on 28th of October. This low moved northwards to
Switzerland on 29th of October. Again, with this second wave, intense precipitation occurred across
northern parts of Italy and southern parts of Austria. A strong gradient in the pressure field led to
strong wind gusts during the night of the 29th to
30th of October.

Mid to Long-Range Forecast
On the 22nd of October the ECMWF ensemble
system predicted a deep low over the Iberian
Peninsula and a distinct high over Eastern Europe
for 29th of October 2018. Therefore a southerly to
south-westerly flow over the Alps was generated;
this can be seen in all 4 cluster scenarios of the
ECMWF probabilistic system for this time period
(figure 20). The Extreme Forecast Index (EFI)
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showed a distinct signal for high precipitation
amounts, as well as for strong wind gusts in this
area, some 7 days before the event (see figure
21).
Thinking conceptually the duty forecasters at the
Austrian Meteorological Service estimated an extremely critical weather situation. Very moist air
from the Mediterranean Sea was expected to propagate northwards to the Alps before being forced
to rise upward at the mountain chain, thus enhancing rain amounts. Moreover the pressure gradient at all levels was very strong and high wind
gusts could be expected. This assumption was
confirmed by the ECMWF ensemble forecasts.

Short-Range Forecast
The ECMWF model predicted 6 hourly rain rates
of 30 mm for nearly two days for the first rain event
for northern parts of Italy and southern parts of
Austria, with totals of 200 to 250 mm of rain for this
region. As an example, forecast ECMWF precipitation amounts are shown for one time interval in
figure 22, though forecast charts for the other time
ranges looked similar.
The forecast total precipitation amounts for the
second low were similar to those during the first
low, but rainfall was concentrated over a shorter
period of 24 hours (see figure 23). Thus higher
rain rates were predicted for the latter situation.

Figure 23: ECMWF 6 hourly precipitation amounts on 29th of October 2018 12 to 18 UTC (top left), 18 to 00 UTC on 30th of October
(top right), on 30th of October from 00 to 06 UTC (bottom left) and from 06 to 12 UTC (bottom right) based on 00 UTC run from 29th
of October.

It’s worth mentioning that the forecasts for areas
with the highest precipitation amounts, northern
parts of Italy and southern parts of Austria, were
similar for both situations.
The forecast total sum of precipitation for southern
parts of Austria from 27th to 30th of October 2018
varied between 400 mm in the American model
GFS and 500 mm in the German global model
ICON, whilst ECMWF was predicting 450 mm.
With regards to the wind speed forecast, ECMWF was showing wind gusts between 100 and
140 km/hr for the typical Föhn valleys north of the
Alps. However, there was also a distinct maximum
in the night from 29th to 30th of October in and to
the south of the Alps, with gusts between 100
and 160 km/hr. This was associated with strong
dynamics due to the fast movement of the deep
low on 29th and 30th of October. Strong upward
motion and a distinct drop in temperature was also
responsible for the formation of thunderstorms.
This led to local enhancement in precipitation and
wind speed.

Warnings issued
ZAMG operates an impact-based severe weather
warning system where the first assessment of
the warning level is based on climatological
thresholds. Rare weather events warrant a higher
warning level than those that happen more often.
This concept has some limitations, for example, it
does not take into account the weather conditions
days or weeks before the event or the time and
location of the event. Consider two rain events
with similar rain amounts occurring one after the
other, with a short break of one day in between.
A climatological-based system will give the same
warning level for both events. However, from an
impact-based point of view, the second one will
be more dangerous as the soil is saturated and
the river levels are already high, due to the rain
a few days before. Therefore at ZAMG the colour
of the warning level given by the climatological
thresholds can be changed by the forecaster depending on the impact and likelihood of the event.
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First weather warnings with low warning levels
(often yellow, sometimes amber) can be issued
five days before the event, as the likelihood of
such severe events is rather low. Moving nearer
in time towards the severe weather situation, the
warning level will be modified depending on the
confidence, intensity and impact of the hazard.
For the severe weather conditions during the
last days of October 2018 the duty forecasters
at ZAMG issued yellow warnings for strong wind
gusts in and to the north of the Alps and yellow
precipitation warnings for southern parts of Austria
five days prior to the event. One day later, when
the likelihood of the second rain event increased,
an orange warning was issued for rain. As the
model forecasts from various models were rather
stable in predicting the weather conditions ZAMG
published a red alert for precipitation in the eastern parts of Tyrol and in the south-western parts
of Carinthia three days in advance (see figure 24,
left picture). The ZAMG forecasting office expected 200 to 250 mm of rain for many parts of the
warning area (yellow and amber alert) with up to
600 mm in south-western parts (red alert).
The warning level for wind gusts was increased
to red one day before the event (see figure 24,

right picture). ZAMG duty forecasters predicted wind gusts with an intensity between 80 and
110 km/hr for most parts of the country (yellow
and orange). In the Alps and in some districts in
southern parts of Austria we predicted wind gusts
up to 130 km/hr (red alert).

Observations and Impact
To verify the issued warnings we have to compare
them with data from the observation network and
reported impacts. The observation network 24
hour rainfall totals are shown in figure 25.
We measured 200 mm of rainfall within 24 hrs for
3 days (see yellow areas in figure 25). The whole
precipitation event lasted 78 hours, with the highest observed rainfall amount of 640 mm in South-Western Carinthia, near the border with Italy.
In many parts of Austria, wind gusts between 80
and 110 km/hr were reported. In some valleys
south of the Alps, wind gusts up to 150 km/h were
observed. On the top of the mountains the wind
gusts were, of course, even stronger.
The timing, location and intensity of the precipitation and wind warnings issued by ZAMG were
pretty good.

Figure 24: Severe weather warnings for rain (left) and wind gusts (right) issued by the ZAMG duty forecasters. Rain warnings were
valid from 27th to 30th of October, wind warnings for the night from 29th to 30th of October 2018

Figure 25: Observed precipitation amounts from 27th to 28th of October (left), from 28th to 29th of October (centre) and from 29th to
30th of October (right), each from 06 to 06 UTC.
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Figure 26: Flood at the river Gail (South-Western Carinthia, left picture) and storm-cut trees (right picture).

The damage was quite significant (see figure 26) floods, landslides, fallen trees and destroyed roofs
were reported.
ZAMG issued red warnings rather early and the
severity of the weather situation was well communicated to the civil protection agencies and public,
so people were able to take action to prevent damage. For example, the storage lakes of water
power plants in the rivers were completely depleted days before the heavy rain came. The civil
protection, fire brigade and army units cooperated
perfectly. As a result, luckily nobody was killed in
Austria during this severe weather period and the
damage was not as widespread as suspected.

Issuing severe weather warnings with a good lead
time, and accurate location and intensity, and the
communication of impacts to the public can save
life and prevent damage. This is the most relevant
duty of National Meteorological and Hydrological
Services.

Conclusion
Bad weather knows no borders, as illustrated by
the situation during the last days of October 2018.
Naming a storm is a way of focusing public attention to a dangerous situation and this name can
also be used by other National Meteorological
Services for vigilance or warnings concerning parameters other than winds. Meteoalarm is a very
useful platform for National Meteorological Services to exchange information about vigilance or
warnings in Europe. Some direct exchanges also
already take place between different groups of
countries regarding storm naming or the issue of
orange/red warnings. Promoting these exchanges
has been one goal of the Working Group on
Cooperation between European Forecasters
(WGCEF) in the past and continues to be so in
the future.
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