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I ntroduction

Dear Readers and Colleagues,
It’s a great pleasure and honour to introduce the 27th edition of our newsletter ‘The European Forecaster’. The success of
a publication on a regular, yearly basis is only possible because of the excellent work of many colleagues. Therefore, we
would like express our gratitude to Meteo-France, in particular Mr. Bruno Gillet-Chaulet and his colleagues at the printing
department for publishing our newsletter. We would like to say thank you to Mr. Nicholas Roe of the Met Office, too, for
reviewing the incoming articles. Many thanks go to all the authors for submitting articles in the field of weather forecasting.
We kindly address our warmest appreciation to our Swiss colleague Mr. Andre-Charles Letestu for continuously updating the
WGCEF website; www.euroforecaster.org.
In February 2022 the political situation in Europe changed dramatically with the crucial attack of Ukraine by Russia. Within
the first days of this war, many NMSs were forced to issue potential trajectory charts for incidents occurring at Ukrainian
Atomic power plants to give advice to the state authorities in terms of nuclear safety. The involved NMSs reacted rapidly
and flexibly to this new situation and did a successful and important job. This showed the importance of the NMSs by providing relevant information and advice to civil protection and the public.
When looking back to weather phenomena in Europe during the last year we have observed again the dramatic impact of
climatic change on the actual weather. As weather patterns are more stable and longer lived, phenomena such as floods,
droughts or heat waves are occurring with great frequency and intensity in mid latitude regions. Last summer many forest
fires came to prominence, especially in the Mediterranean region, with a huge influence on the ecosystems of those affected places. During the autumn and winter season a distinct and steady westerly and north-westerly flow occurred over
many parts of Europe. As a consequence, these seasons were rather warm with many severe storms especially in Western
Europe and the northern parts of Central and Eastern Europe. In June 2022 a major heatwave took place in Portugal, Spain
and France. At the time of writing, in July, another heatwave is occurring on the Iberian Peninsula which will move further
north-eastward to have an impact on wide areas in Europe. In Austria the Sonnblick observatory (3109m above sea level)
has been, for the first time in July, free of snow cover (since snow depth records began 80 years ago).
Severe weather hazards have a strong impact on humans, infrastructure, vegetation and soil. Therefore weather forecasts
and warnings should be precise in location, time and intensity, thus minimizing or even preventing damages, saving lives
and reducing costs. This is one major, even the most important, goal of the weather forecasting community. Based on their
knowledge, expertise and experience forecasters are able to provide excellent and relevant advice to the stakeholders,
all kinds of weather affected costumers and the public by issuing impact-based weather and warning information. This
requires highly skilled and regularly trained forecasting staff, a good and stable IT-infrastructure, scientific exchange and
cooperation.
To maintain or even improve on the high quality of forecasting; cooperation and scientific exchange between the different
NMSs is crucial. This is one important goal of our working group: the WGCEF.
We have a lot of interesting articles in our newsletter covering the field of applied meteorology. The majority of the publications in this edition are about convective events at the extreme end of climatology. We hope that you will find this
newsletter interesting, enjoyable and informative.
Best regards,

Christian Csekits and Jos Diepeveen,
Chairpersons, WGCEF
The European Forecaster

3

A selection of updates from NMSs
(November 2021 online meeting)

AEMET (Juan Manuel Sancho)

DHMZ (Lovro Kalin)

Multi-model non-hydrostatic ensemble is in use
running on the new Cirrus supercomputer.
There has been a revision in staff positions
and forecasting products, resulting in a new catalogue.

6 new radars have been installed.
The Aladin ensemble system is now working.
A more comprehensive warning system commenced with 6 increased to 21 regions covered.
Ready for storm naming.
DHMZ has seen a ‘Brain Drain’ from its forecasting staff.

ARSO (Veronika Hladnik)
General and aviation forecast benches have now
been split.
Social media now features 2 weekly podcasts.
Some staff turnover has resulted in new, younger
forecasters joining the office.
There is now no budget for TV broadcasts.

DMI (Janne Rydhof Thor Hansen)

CHMI (Josef Hanzlik)

DWD (Robert Hausen)

The new building has become ready after a wait
of 8 Years.
A rare F4 Tornado affected some areas.

Devastating floods in July 2021 in the Ahr Valley
with more than 180 fatalities resulted in an optimisation of the forecast and advisory process as
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Other employees have now been hired with backgrounds other than meteorology.
A new forecasting office on the Faroe Isles has
opened, working office hours.

well as the crisis management element. Communication part of the system now needs further optimisation.
A new full Dual-Pol 250m resolution radar has
been installed at Borkum.
50% of shifts are now completed remotely following new ways established during the pandemic.

ECMWF (Tim Hewson)
Model updates in the last two years – some key
points:
Cycle 47r1 – 30 June 2020: CIN computation revised / corrected – values markedly reduced for
CAPE and CAPE-shear EFI and SOT use Max of
24 values per day, instead of 4 values per day.
New tropical cyclone wind attributes (quadrant-based) – in BUFR format messages. Model
and data assimilation improvements also.
Cycle 47r2 – 11 May 2021: ENSemble went from
91 to 137 vertical levels (now same as HRES) –
skill gains very clear.
Cycle 47r3 – 12 Oct 2021: New “moist physics”
package – many changes incorporated model
output for rainfall and cloud is noticeably different,
and is mostly more realistic. Gust and visibility
parametrisations improved – again some big, noticeable changes. Many new CAPE-related parameters introduced.
Upcoming model updates:
Cycle 48r1 – End of 2022 or start of 2023: Medium range ENS resolution increased to 9km, and
will then match the “HRES” with huge data volumes! Medium range ENS structure unchanged
– 51 members, to day 15, 2x per day (+ shorter
06/18UTC runs), extended Range forecasts structure will change completely with 101 members
will run at 36km resolution, from day 1 to day 45,
every day from a 00UTC data time. This will be
completely independent of ENS. Graphical web
products are very likely to remain as now – available only for 00UTC Mon and 00UTC Thu runs.
Re-forecasts: two sets will be created, one to support the medium range, at 9km resolution, one to
support the extended range, at 36km resolution.
These will run from 00Z Mon and 00Z Thu, as
now. New 4-layer snow scheme will be introduced
(but keeping in addition outputs equivalent to the
old 1-layer scheme) – some positive impacts expected, e.g. on snow-melt, 2m temperature. New
precipitation type “freezing drizzle” will be introduced – we hope to adjust graphical products accordingly.

Other news:
Nov 2021: 50 more chart options and enhanced
functionalities were added, part of the “emerging”
ECMWF Open Data policy.
In 2021 ECMWF officially became a “multi-site organisation” with headquarters remaining in Reading, UK (majority of workforce), the Data Centre
is located in Bologna, Italy (HPC facilities, with
supporting staff for those, plus some operational aspects) and a third site is in Bonn, Germany
(centre for most EU-funded activities, and a base
for some other staff).
Destination Earth (DestinE) soon to start: a major
EU project which includes creation of a “digital twin”
of the earth, including meteorological and other
components will provide a test-bed for very-highres (1-2km scale) operational global prediction.
Should deliver many benefits for ECMWF core activities, via EU funding
ECMWF’s DestinE activities will be based in Bonn.

FMI (Marjo Hoikkanen)
Remote work has become normal, except for aeronautical forecasting. This has been a silver lining from Covid.
Nordic Sig Weather Chart is now being issued.
An impact data base is being constructed to aid
advice.
A renewal of aeronautical met observations at
airports is in progress, necessary after FMI took
over the work which was handed over in a poor
condition.

HNMS (Panagiotis Giannopoulos)
A new dust tool from focusing on Athens has been
established.
The SE warnings group will also now consider
dust events.

IMGW (Piotr Manczak)
Now cooperating with the Government Centre for
Security.
Update to the measurements network including 2
Radars (NE and S).
Hybrid working has become normal due to less office space being available after it was sold.
Forecasters legal expense insurance has become necessary (following the fatal incident in 2017
which led to litigation of forecasters).
The European Forecaster
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Last summer large variability of precipitation, has
become more common.
4 casualties storm sadly occurred during Storm
Aurore.

Covid restrictions continued to affect operations
well into the late Autumn but a continuous presence in the office was maintained with appropriate safety measures in place.

IMS (Amit Savir)

Meteolux (Luca Mathias)

Started a high impact weather naming program,
similar to storm naming in other areas of Europe.
A “Whatsapp” group for SE Mediterranean NMS
has proved useful.
A New broadcasting studio was opened.
A “burning index forecast” in cooperation with the
national fire brigade service was initiated.

Lengthy government ministerial discussions regarding the status of Meteolux as the NMS of
Luxemburg have concluded that it is the official
MET authority although there would be no additional resources.
A new layer of middle management has been
created and 3 new forecasters recruited.
The new production system “MeteoFactory” developed by Météo-France International (MFI) has
increased the amount of automation.
An internal “tornado risk procedure” has been implemented following a request from the Commission for National Protection in 2019.
The effectiveness of the warning and crisis management system is ongoing. Meteolux is part
of the working group to develop a new system:
GouvAlert.
AWOS software has been implemented with RVR
“transmissometers” and “ceilometers” upgraded at
airports.

IPMA (Paula Leitão)
3 new forecasters have been welcomed.
A new radar was installed on the Azores.
The lightning detection network is now fully operational.
Working to improve wildfire and snow event forecasts.

Italian Meteorological Service
(Alessio Canessa)
Storm naming has now begun.

MeteoSwiss (André-Charles Letestu)
A new mobile weather app has been launched.

LHMT (Vida Raliene)
There has been a reorganisation of its staff structure and the centralisation of aeronautical forecasting to the HQ in Vilnius.
More use of social media.
The warning system has been adopted into Meteoalarm. The system has been redesigned to a
high res Harmonie (<1 km) which is used for severe weather situations.
Celebrated our 100 years anniversary.

LVGMC (Laura Krumina)
General, marine and aviation forecasters as well as
hydro-meteorologists are now all working together:
3 forecasters are working on the joint general, marine and aviation bench with 2 more in training.
3 more forecasters have just finished special training with 3 more to qualify soon. These forecasters will fill in gaps left by retiring forecasters.
6
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Météo-France (Bruno Gillet-Chaulet)
Record Rainfall amounts in the last year but it has
proved difficult to adjust thresholds in the forecasting process.
“Aurore”, one of the strongest windstorms ever
recorded in October in France, gusts underestimated.
Environmental Action Plan: 20% CO2 gas emission reduction to be achieved by Météo-France in
the next 5 years.
Models upcoming updates (2022), a revolution in
the Ensembles: members resolution will match
HR deterministic runs (PEARP&PEARO), new
products (lightning density).

Met Eireann (Liz Coleman)
3 day marine warnings are now available online.
Progressing with impact based forecasting.

Amber warnings for rain have been added: A
whole region affected by rain for most of the time
warrants a red warning.
Improved return values model reanalysis model
based Harmonie at 2, 10, 25 year event return
times. A notice board indicates when these values
have been exceeded.
Podcasts are being issued on social media.
Now involved in the Eumetnet storm naming
group.

Remote working remains common following the
pandemic, with 40 new meteorologists trained in
the year, mostly working from home.
Civil contingency forecasters were involved in the
G7 and COP26 meetings.
Defence forecasters closed their office in Afghanistan after 18 years of continuous operation.
Future of operational forecasting project continues
to deliver new aid including: Defence warnings software, online tactical decision aids, new layers including post-processing are available in the visual
weather mapping tool and improved thunderstorm
now-casting which was trialled over London.
Internal communication has switched to “Teams”.

OMSZ (Zsolt Pátkai)

ZAMG (Christian Csekits)

Open data policy (OBS model data).

During the Covid pandemic the office was successfully run with a minimum in office presence
and most forecasters working from home. An after
effect is a law that managers have to check the
3G of staff.
A new director has started: Andreas Schaffhauser.
Diversity has increased with the hiring of a female
forecaster.
The same forecasting system is now used for
all forecasting departments so they can act as
backups to each other.
Warning impacts and guidance now feature on the
warning pages.
Impact forecasts are now issued to insurance
companies and the national power grid.
New customers include the national motorway
company and municipal winter services, some receiving video conferences.
A new ZAMG App has been launched: “wetter.
zone”.

NMI (Geir Ottar Fagerlid
& Karen-Helen Doublet)

RMIB (Thomas Vanhamel)
Two new staff have been hired to help with the
increasing work load: e.g. Road agencies, media
channel, new clients.
Hybrid working is now normal with two shifts working from home.
A road model has become operational.
New radar products including Tornado Vortex
Detection (TVD) are now available.
Climate services have begun.

UKMO (Nicholas Roe)
Staff structural change, now all operational forecasters are in the same department: Business
Services.

The European Forecaster
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Chronicle of a forecast destined to fail:
A compilation of pitfalls for forecasters sailing between
Scylla and Charybdis
bruno.gillet-chaulet@meteo.fr
Note: All times are UTC. NMS: National Meteorological Service.

Introduction
and description of the situation
This article focuses on decision making in the domain of weather warnings. It describes a situation
in which all the difficulties that a forecaster may
encounter were brought together in a single event.
On Saturday 19 September 2020, an intense
Mediterranean Episode* affected a small area of
the Gard Department (a French administrative
division). A quasi-stationary retrograde regenerating convective system (V-shaped thunderstorm)
produced exceptional rainfall totals (100-year return period) over very short periods: more than
550 mm were recorded in twelve hours around the
village of Val-d'Aigoual
near Valleraugue. Most
of the precipitation was
focused during the period
4H/14H (figure 1).

The consequences were dramatic: run-off, mudflows, and historic flash-floods (figure 1c) which
led to 2 fatalities and considerable damage to
homes and infrastructure amounting to tens of millions of Euros. The red vigilance, the highest level
of the Météo-France warning (called the vigilance
system, which is carried out at the departmental
scale), issued for this event was considered to have
been issued too late by the authorities (figure 2)
and the forecasts provided were strongly criticised.
* The "Mediterranean Episodes" are intense rainstorm events affecting the regions bordering the Mediterranean Sea, occurring mainly
in autumn (figure 1a), they are a type of Heavy Precipitation Events
(HPE). They are known to be sudden and virulent. Their predictability
is sometimes, or even often, poor because they involve small-scale
convective elements in time and space. See the international research
programme HyMeX (Ducrocq and al, 2016) for more information.

▶ Figure 1: a) Typical synoptic

context favourable
to Mediterranean Episode (HPE)
over France. The intensity
of these features (accumulated
total precipitation)
strongly depends on
the following variables:
Wet bulb potential
temperature,
Wind (in the lower levels)
and CAPE;
b) 24 Hr accumulated
precipitation (radar, rain
gauges in millimetres)
and temporal evolution
of hourly precipitation
for 4 measuring stations on
Saturday 19 September 2020;
c) Temporal evolution
of river flows for some
reference stations on this day
compared to the last
remarkable floods.
8
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Will Lang
Chair, WGCEF
May 2016

▼ Figure 2: Successive vigilance watch maps issued for

this event. Dates of publication on the bottom left.
The meteorological vigilance concerns the parameters
Thunderstorms and Rain-Flooding (for accumulated
precipitation). The hydrological vigilance concerns the water
levels on sections of the rivers (flooding, right map).

The post-event feedback, from internal reports by
Météo-France, clearly indicates that such accumulated precipitation could not have been predicted
from the available numerical weather prediction
(NWP) models. However, what lessons can be
learnt from this situation? What improvements can
we expect in the near future? What advice should
be given to forecasters in charge of warnings?
This article, written as a chronicle, describes the
framework in place beforehand and then the real
time follow-up phase of this memorable event. It
highlights the questions that arise at each stage of
the decision-making process and proposes some
answers.

▼ Figure 3: 24 H accumulated precipitation (mm, same range
as in figure 1) on Saturday 19 September 2020. Successive
forecasts from the ECMWF deterministic model, EPS Quantile
90 (“Q90”), EPS “EFI” for the day of the event. "Base Time"
indicated at bottom right.

D-7 to D-1, the framework ahead
of the event
Several Days ahead
On a synoptic scale, conditions favourable for the
occurrence of a Mediterranean HPE were identified several days, at least 7, before the event
(figure 1a) with a significant potential. The study
of deterministic models, ensemble forecast EPS
products (probabilities, quantiles, Extreme Forecast Index -EFI-), and specific HPE diagnostics
showed a weak signal but it was enough to put
forecasters on alert (figure 3).
However, the location was rather focused over
the department of Hérault (figure 2) and the expected accumulated precipitation was still below
the orange threshold for the concerned regions,
namely:
- Over the plains: 80 mm in less than 3 hours or
120 mm in less than 24 hours
- Over relief: 120 mm in less than 3 hours or
200 mm in less than 24 hours

The European Forecaster
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Moreover, this was the first Mediterranean Episode
of the autumn season, occurring in a context of severe drought with river levels at their lowest. Therefore significant consequences were not expected.

“Drawing attention, without alarming!”
On Thursday afternoons, Météo-France routinely
presents the weather conditions for the next few
days, particularly for the upcoming weekend, to
the services in charge of civil protection. This enables these stakeholders to stand up an appropriate organisation if needed. On Thursday 17
September, the event was announced with accumulated precipitation around 150 mm in 24 hours.
This value was estimated as the most likely, or
closest, to what was expected, given the NWP
models available at that time. Unfortunately, it was
interpreted as not very important (compared to the
values measured during more remarkable Mediterranean Episodes) and therefore did not draw
the right level of attention from the authorities.
This raises the question of how to communicate
these situations well, i.e. make the audience receptive without alarming then too much when the
forecast is out of the comfort zone for the forecaster dealing with uncertainty. For example, don't
you think that users are too often demanding precise deterministic forecasts? That they tend to

over-interpret these data and put too much trust
in them? Is it preferential to better express uncertainty, even if it is unpleasant? Indeed, recent
studies in human neuroscience show that natural
cognitive mechanisms are in place to systematically reduce uncertainty (Bohler, 2021). For medium range forecasts (D-7 to D-2), Météo-France
offers a specific product that gives the probability of occurrence of a severe weather event (i.e.
which would require an orange or red level of vigilance, figure 4). The probability was high in this
case (70%), but it did not indicate the precipitation
intensity of the phenomenon. Is it necessary to
remind people that during any autumn Mediterranean Event where the potential is high, it is advisable to keep regularly informed of the evolution
of the situation, as elements of aggravation can
occur very quickly?

The Day before
At Météo-France, the day before is the deadline for
the meteorological vigilance procedure: the forecaster must establish the appropriate colour level
for the situation. This coincides with the time that
the fields are available for resolved convection as
well, thanks to small-scale non-hydrostatic convection-permitting models (AROME at Météo-France,
Seity and al, 2010). Figure 5 shows the successive deterministic forecasts of this model.



▲ Figure 4: Probabilistic forecast of the risk of occurrence of an orange or red vigilance level event. Production on Thursday 17
September 2020 (2 days before the event). A significant risk concerned the Languedoc-Roussillon region at D+2. The risk shifted
to the east the day after (D+3).
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Figure 5: 24 H accumulated precipitation (mm, same range as in figure 1) on Saturday 19 September 2020. Successive forecasts
from AROME model for the day of the event. "Base Time" indicated at bottom right.

These forecasts showed a strong variability. They
essentially targeted the Hérault department (at
least the oldest ones, in coherence with the larger
scale forecasts presented previously, figure 3).
They generally proposed surprisingly low precipitation; given the ingredients gathered in this situation, (figure 1a), lower than the orange vigilance
thresholds. The high quantiles (Q90, QMAX)
of the ensemble forecast based on the AROME
model (PEARO) available (but not shown) unfortunately did not give higher precipitation than the
highest proposed by the deterministic runs. None
of the ensemble members therefore allowed for a
more pessimistic scenario. The Expected Utility
(Gillet-Chaulet, 2020) could not therefore lead
to a correct decision in this case. The important
point to emphasize here is that the forecasters on
duty nevertheless opted for an orange vigilance
on the basis of the available forecasts (those up
to D-1 6H, figure 5, for the first vigilance watch
map of 18/09 14Hr, figure 2, issued for the event).
This decision making which deviated from the
NWP data, based on the experience of the forecasters, is reminiscent of many cases described
by Klein (1999) using the Recognition-Primed
Decision (RPD) Model. Even if the department is
not correctly targeted, as in this case which is a
problem in terms of false alarm and non-detec-

tion, it is considered that the vigilance is easier to
amend after the decision to issue an orange has
been taken both in terms of location and intensity
of the phenomenon. This is what occurred on the
following vigilance watch map (published on 19/09
04Hr, figure 2) based on the forecast runs D-1
12H, 18H and D 00H (figure 5). It can be noted
that the forecast run D-1 18H (figure 5) was the
closest to the reality. Unfortunately, the following
forecasts which were closer to the event's deadline became much less relevant! Moreover, such
an underestimation was unusual by the AROME
model. This behaviour was surprising.
Post-event experiments showed that this situation was exacerbated by sensitivity to calculation
conditions. Indeed, at that time, Météo-France
was preparing for the arrival of its new supercomputers (see: News and updates from a selection
of NMSs, The European Forecaster, Newsletter
of the WGCEF N°26, September 2021). A version
identical to the operational version of the AROME
model was tested in parallel on these computers;
a so-called 'mirror' version, same computer code,
same observations. Surprisingly, it gave very
different and better results than the operational
version (communication Pierre Brousseau,
CNRM/GMAP, figure 6). This type of chaotic

▲ Figure 6: An experiment on the sensitivity to computational conditions: the same model, with the same observations, was run in

operational mode ("OPER") and in mirror mode ("MIRROR") on two different computers. The forecasts are very different! Maximum
24 H accumulated precipitation (in mm) over 200 mm, top right. "Base Time" indicated at top left; Valid time: the day of event
(19 September 2020).
The European Forecaster
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behaviour, well known with the medium-range
forecasts, is less well known in the short-range, at
convective scale. However, the same causes are
at the origin of it.
This example therefore highlights, if that were
needed, that in some cases of intense, high impact convection the deterministic approach has
its limits. A high variability of successive forecasts should be a warning. Above all, the most
recent forecasts are not necessarily the best,
even if it is natural to give them more weight in
the warning process. This type of behaviour can
be found in many extreme weather situations. An
ensemble approach is therefore required. However, the availability of an efficient ensemble forecast at a convective scale still largely remains a
challenge.

D-day, the follow-up phase
of the event
Once the level of vigilance has been set, we enter the field of monitoring the situation. The task
consists of assessing its evolution and if necessary amending the products as soon as possible.
The operational organisation of the forecasting
services means that it is not necessarily the person who issued the warning who is in charge of the
monitoring. This has its advantages: It can avoid
certain cognitive biases such as confirmation bias
(Cadet and Chasseigne, 2009). It also has disadvantages: how can the memory of earlier, more
pessimistic forecasts be retained when the most
recent forecasts suggest that a false alarm is becoming likely, demobilising the new forecasters
attention? The handover between forecasters on
the arrival of a new team is therefore a 'key moment' at the start of this monitoring process.

“a succession of pitfalls”
04H00: While the most recent numerical forecasts
showed decreasing accumulated precipitation
(see above, figure 5), the event seemed to be
starting, with already high rainfall intensities (figure 1b). The numerical predictions did not agree
with the observations and the now-casting products were therefore irrelevant. Have you ever encountered this type of situation? Doesn't the forecaster feel helpless or lost? On which foundation
should the forecast now be based? Who can claim
to make an accurate forecast in this context?
12
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05H00-06H30: Hourly intensities exceeded
50 mm. The onset of the event, which had been
set for 8 am, had to be brought forward. The production was amended accordingly, with total accumulated precipitation revised upwards (300 mm)
in view of those already observed (figure 1b).
Surprisingly, the civil security authorities were requesting information on the evolution of the situation for the next day, over regions located further
east, the forecast development area of the rainstorm activity. This request was disorienting as while
a legitimate concern was apparent among forecasters, the current situation was not drawing the right
level of attention. How to focus the required attention of the authorities to the current situation?
08H00: The flood forecasting services noted the
first reactions of the rivers which had been all
placed in green vigilance (they were almost dry
at that time, see above, figure 1c). Should the vigilance level have been raised to yellow? In fact,
everything was moving very fast. A flash flood occurred on the Gardon d'Anduze. The orange level
was required! A new vigilance watch map was therefore issued at 08H48 (not shown).
At the same time, questions appeared regarding
the values recorded by the Valleraugue’s rain
gauge located at the epicentre of the phenomenon. The rain gauge indicated values higher than
those of the rates given by the radars. This measuring device was not operated by Météo-France:
So were these data reliable? As open-source information, this was quickly picked up and quoted
on the social media networks: How could it be qualified by in real time? This type of situation, which
is fairly recent in the history of NMSs, may put the
latter in a difficult position when everyone now has
access to this type of doubtful information. An a
posteriori verification showed a systematic, but
weak, overestimation by 6% with this instrument.
09H00: On the meteorological side, the observed
accumulated rainfall was approaching red level
vigilance values. The national authorities were
contacted to ask for information about the impacts
on the ground. Indeed, this criterion is taken into
account in the decision to change to this colour.
At that moment there was no knowledge of any
particular intervention. At the end of the morning,
the first images of flooding appeared on social
networks. On the hydrological side, the level of
the Gardon de Saint-Jean was worrying. The flood
forecasting services were also considering a red
update.

10H00: Finally, a lull seemed to be taking shape.
Rainfall intensities were decreasing (figure 1b).
Could this have been the end of the episode? It
was decided to remain in orange vigilance. The
situation was serious enough for the meal break
to be shortened.
11H00-12H00: Everything accelerated. As the
rainy activity resumed, the emergency authorities
were furious with Météo-France, accused of having "underestimated" the event. The feedback
from the field was dramatic. One person was reported missing. Bridges were "washed away". The
switch to red vigilance at 12H05 was considered
to be very late in this context (figure 2).
This warning was reduced the next day, on Sunday 20 September at 1 am (local time). This episode of unusual magnitude finally came to an
end. The criticisms lasted a little longer. An evil
for a good, a few days later, the unforgettable
storm Alex occurred in the Alpes-Maritimes department (2 October 2020). The memory of the
Gard event helped the forecasters not to procrastinate: (thanks also to a better predictability) the
red vigilance was triggered right on time, with
congratulations!

Conclusion
The narrative of the convective episode of 19 September 2020 in Gard (France) provided a compilation of the pitfalls encountered by forecasters
in their warning exercise for severe weather. The
following difficulties were combined: the intensity
of the phenomenon escaped the NWP, both deterministic models and ensemble prediction systems,
with the simulations closest to the event being the
least accurate; now-casting products were of little
use, being too far from the observed reality; insufficiently mobilised civil security organisations due
to difficulties in communication (with a posteriori
reproaches for them not having been awakened
sufficiently!); rainfall observations considered dubious in real time, but widely disseminated as truth
on the social media; Lack of on-the-ground situational awareness (or even a misleading absence
of reports); a lull in precipitation at mid-episode
(giving the impression that the worst had passed);
extremely rapid but completely unexpected hydrological consequences due to a pre-existing
drought.

This sequence of events led to a crisis situation in
which the civil security authorities expressed their
dissatisfaction. Paradoxically, the forecasters on
duty felt that they had played their part and done
some good work given the difficulties encountered, in particular for issuing an orange warning
even though NWP forecasts did not reach the
orange warning thresholds.
Even if numerical weather prediction continues to
improve, it is likely that we, i.e. forecasters and
authorities, will still be confronted with this type
of event whose frequency could increase with climate change: similar situations may again escape
even the best models. In order to improve the
management of such events, some recommendations need to be sought.
Above all, it is useful to remember that these
events have a highly non-linear dynamic. The
consequences 'follow' a geometric progression,
going from benign to catastrophic in a very short
time, rather like the level of a river during a flash
flood (figure 1c). However, numerous psychological studies have shown that we, including 'seasoned experts', have difficulty conceiving this type
of explosive evolution (Bronner, 2021). We need
to be aware of this, increasingly so with the expected consequences of climate change!
Progress is of course to be sought in the
knowledge of these events, in particular the recognition of the cold pools which intervene in the
convection regime leading to persistence of these
violent storms. Better real-time qualification of
these convective systems is needed: such as radar products which give indications on wind shear
and could be very interesting for forecasters in
that domain. Pending long-term improvements in
numerical weather prediction, short-term improvements are to be sought systematically from the
list of difficulties above. Such improvements will
surely help to provide the precious minutes that
will save lives and mitigate damage during future
severe weather events.
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Chronology and aftermath of the flood disaster
in July 2021 in Western Germany
Franz Molé, Head of DWD Forecast and Advisory Centre, 01/07/2022

▲ River Ahr municipalities Schuld and Bad Neuenahr

Introduction
In mid-July 2021, the combination of heavy rainfall
embedded in continuous rainfall in western Germany and parts of Benelux led to a catastrophe
with a recurrence period of 500 years, resulting
in an unimaginable dimension of damage and an
incredible number of victims.
In this article, the causative large-scale weather
situation is briefly described and the warning management of the DWD from July 11 to 14 is presented chronologically. Finally, questions around
why the unprecedented, catastrophic effects could
not be minimized despite good forecasts and
warnings by meteorologists and hydrologists are
addressed and the lessons learned are discussed.

Large-scale weather situation
in mid-July 2021
The major weather situation “Low Central Europe”
(objective weather type classification TM [1]) typically in summer combined with very high values

(left and right bottom) July 2021

of precipitable water as well as above normal air
and water temperatures north- and eastwards of
the surface-low leading to a high risk of extreme
heavy rainfall.
During this period the worst-case scenario for
flood situations during summer season developed: Embedded heavy rainfall in continuous
rain!
Crucial for this was:
1. A long duration of the severe weather situation
due to an almost stationary high-altitude "Central European Low", which permanently pulled
in warm, humid airmasses from the Adriatic and
Mediterranean Seas as well as from the unusually warm "Mediterranean-Baltic Sea" (where water
temperatures were up to or above 25 °C).
2. Confluent flow over western Germany of very
humid, formerly thundery air masses.
3. Additional lifting above the central mountain
region.
The European Forecaster
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▲ Figure 1: reference distribution of “Low Central Europe” TM during summer left Pmsl-Isobars and PPW - right 500 hpa isohypses

and 500-1000hpa Thickness

Forecast and Warning chronology

Therefore, meteorologists decided to issue an official pre-warning through all channels:

Sunday 11/07/21
– Within the “Synoptic overview for precipitation” bulletin for hydrologists the development of
the extreme precipitation event was already predicted almost perfectly, just as it then occurred:
“from Tuesday to Thursday in western and southern parts widespread 50 to 100, regionally up to
200 mm”. Deterministic and Ensemble-Forecasts
including EFI are focusing on Wednesday and
western parts, where probabilities indicate that highest amounts could also fall within 12 to 18 hours.

• “Prewarning issued at 10:20 CEST of severe
heavy / continuous rain: Until Thursday morning
accumulations up to 200mm possible. Occurrence
and exact location still very uncertain”

– Weekly forecast weather hazards
• Bulletin distributed also via www.dwd.de:
“… On Wednesday from Saarland-Eifel to
NRW increased danger of thunderstorms due
to heavy continuous rain with well above 100 l/
sqm/24h”
• Forecast graphics are published within the fire
department information system FeWIS for civil
protection (Figure 3).
Monday 12/07/21
– Latest model forecasts reconfirmed the already
very good special forecasts issued on Sunday.

▶ Figure 2: Satellite, Radar and Lightning (red crosses),

14/07/2021, 17 CEST
Stationary 500hpa flow and confluence of extreme formerly
thundery airmasses at the Eifel
(blue circle: Ahr river catchment area)
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– Postings were also sent to social media platforms: Facebook Twitter…
– Theme of the day on the DWD website: Weather
calming? For the time being, no! https://www.dwd.
de/DE/wetter/thema_des_tages/2021/7/12.html
• Severe Weather Clips were posted to the Internet e.g. Youtube and DWD-App „Warnwetter“
(Figure 4)

▲ Figure 3: Probability forecast for continuous and heavy rain (top) and for thunderstorms (bottom) issued on Sunday July 11, 2021

been activated at DWD on only 6 occasions
and for different regions since installation of a
MoWaS bench at the forecast and advisory centre in
2018.

▲ Figure 4: Screenshot of the clip on YouTube:
https://www.youtube.com/watch?v=JGDyI4kyGt4

Tuesday 12/07/21
– Severe Weather Warning of Extremely Heavy
Continuous Rain warning was published, valid
from 09:40 CEST to 15/07/21 06 CEST: “Extremely heavy and intermittent rainfall is expected.
Rainfall amounts between 80 and 180 mm are
expected.”
– A Special Warning was sent to every possible
warning media outlet via the German warning
system MoWaS [2], as well as to all public broadcasters (Figure 5). This is only issued when we
fear a catastrophe. This warning has previously

Thursday 14/07/21 onwards
A shot across the bow happened in the surrounding of the City of Hagen (Westphalia) with 150200 mm within a few hours in the night of 14 July.
In the morning news on 15 July everyone could
see dramatic pictures and videos showing the local river Ruhr flowing through a factory. As the return period in fig. 6 indicates, there had developed
huge problems elsewhere in North Rhine-Westphalia ahead of the main event.
Ahead and during the peak of the extreme event
there were comparatively low consultation requests. We assumed that all actors, correctly assessing the seriousness of the situation, were engaged in the emergency management.
Of course, after 15 July there were countless enquiries from the affected regions. A hardly manageable amount of interviews requested by print,
radio, TV and press agencies, interest was even
international from as far away as the USA.
The European Forecaster
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▲ Figure 5: MoWaS warning issued Tuesday morning (left)

and update Wednesday morning.

◀ Figure 6: Radar based return period for 72-hour precipita-

tion clearly showing the difference between observed local
event and the widespread area with more than a 100-year
event between 12-15/07/22 05:50 UTC [3]



We were well aware, that the main event was
yet to come during Wednesday afternoon and
night. Probably no one expected such unprecedented damage of an extreme event due to climate change with a return period of more than
400 years [4]. But we were as horrified as Prof.
Hannah Cloke [5] (who helped to set up EFAS)
that more than 180 victims were claimed despite
good forecasts and warnings from meteorologists
and hydrologists. So, what went wrong?
To answer this question parliamentary committees of enquiry were established in North
Rhine - Westphalia and Rhineland Palatinate
where up to 6 DWD representatives, including
the President Prof. Adrian, had to state our tasks
and responsibilities during the disaster as expert
witnesses.
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Lessons learned
In some places responsible authorities took timely
and appropriate action, but not everywhere. The
main reason for failure to act was a lack of understanding of what concrete impacts were being
threatened as a result of the warnings.
In particular, there was a lack of a common consultation between DWD forecasters, hydrologists of
the Flood Forecast Centers (FFC) and the federal
and state disaster control authorities of the (CP).
Besides distributing warnings to the public, FFCs
and CPs are only provided with warnings, data
and advice bilaterally by the DWD, whereas advisories to the public are issued by local authorities
(Figure 7).
In order to obtain a common understanding of the
imminent dangers of an upcoming severe weather
situations, video conferences are now increasingly
taking place between DWD, the federal coordination centre and the affected FFCs and state
authorities. Thus intensity, duration and peak of
phenomena, as well as the probability and spatial
spread of the event can be clarified. In addition, a
common level of knowledge about the expected
impact and the necessary preventive measures
are also achieved in this way.
A first common consultation has already taken
place, only 10 days after this disaster, when severe but isolated thunderstorms and flash floods
were possible again. The RLP crisis team therefore requested an on-site consultation near the
incredibly destroyed Bad Neuenahr to decide

whether the Ahr valley had to be evacuated. The
disaster control agencies set up an emergency
shelter for citizens and the population was warned
once again via social media and flyers that rainfall
amounts should mostly remain below the severe
weather warning threshold, according to the DWD.
"An exact localization of the hotspots will only be
possible - if at all - in the very short term," the police
and the crisis management team asked helpers
not to travel to the flooded area temporarily.
In order to be able to assess their own risk, however, all citizens must also know how high the
danger from extreme weather is in principle at
their own place of residence. DWD is therefore
working with partners from the federal and state
governments to set up a natural hazards portal
that offers such climatological and infrastructural information in a bundled and comprehensible
form.
Numerical weather forecast models are constantly
being improved and above all horizontally refined,
so too is precipitation detection in radar images
and heavy rainfall nowcasting. However, the lead
time and thus early warning can only be improved
slightly. It is all the more important that the information chains become faster and smoother.
Specifically, the DWD project called IVS-Unwetter, aims at closing gaps in the radar network,
improving radar-based forecasts and including
crowd-sourcing data. The inclusion of flood
centres in product generation (models and radar
methods) is also being pushed.
The SINFONY project has been in place since a
few years and aims to abandon the differences
between the results of radar-based nowcasting
and model-based short-term forecasts. Instead,
a sliding, uninterrupted "seamless" approach
is being pursued to deal with heavy rain events
with more lead time and higher forecast precision.
New, innovative visualization products will provide
better and more understandable products to forecasters, advisors, flood control centres, and emergency management.

▲ Figure 7: German communication chain

of the disaster risk management

We would like to take the opportunity to give special thanks for all the messages of condolence we
have received from our colleagues in the national
meteorological services and the WMO. Above all,
our thoughts are with the victims and those who
are still suffering.
The European Forecaster
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Squall-line and supercells with severe wind gusts
and hailstorms in Hungary on 1st August 2021
Kálmán Csirmaz (csirmaz.k@met.hu), Kornél Komjáti (komjati.k@met.hu),
Zsolt Pátkai (patkai.zs@met.hu) Hungarian Meteorological Service
This article is a shortened and translated version of an article published originally
on the HMS website

Introduction
Forecasting fast-evolving thunderstorms and thunderstorm systems can be challenging even today.
Numerical weather prediction models usually handle synoptic-scale processes well, nevertheless,
perturbations on a frontal system can disrupt the
movement of fronts. Such a situation occurred on
1st August 2021, when instead of a few thunderstorms (as forecasted some days earlier) a squallline swept through the eastern part of Hungary.
In addition, large hail fell from isolated supercells
over the Transdanubia. The reason behind the
changing weather situation can partly be found in
a perturbation, formed over the Iberian Peninsula,
which was quickly driven into Hungary by a strong
flow in the upper and mid-levels.

Meteorological background
During this period a cold front lay across almost the whole continent, stretching from Spain
to the Baltic states. Extremely warm and dry air
was lying south of the front while over northern
and western Europe a colder airmass shaped
the weather (Figure 1). The Carpathian Basin
belonged to the unstable warm sector (850 hPa
Theta-E 56-62 °C). Above the hot air, with varying moisture content, a colder airmass advected in from the west to increase instability. At both
500 hPa (30 m/s) and 850 hPa (12-14 m/s) a

▲ Figure 1: The early situation in Europe at 500 hPa (left)

and 850 hPa wet bulb potential temperature (right).

▲ Figure 2: Wind shear 0-2.5 km (left)

and SBCAPE 0-6 km (right).

jet core was detected. Models forecasted quite
high instability (2000 J/kg SBCAPE) and wind
shear (15-16 m/s between 0-2.5 km and 20-27
m/s between 0-6 km) (Figure 2). The wind shear
profile was favourable for squall line formation
since the vast majority of vertical wind shear was
concentrated in the lower 2-3 km. Above 2.5 km,
wind shear barely increased.

Chronology of weather events
and the impacts
One day before the violent events a well organized convective system developed on the Iberian
Peninsula section of the cold front. This perturbation moved quickly northeast (~25 m/s at 700hPa)
along the cold front with strong mid-level forcing
and by dawn it was located over Corsica. As a
result of the increasing instability due to diurnal
surface heating a strong quasi-linear thunderstorm system formed over Croatia at 09 UTC. The
significant line-perpendicular wind shear vector
was the dominating factor helping to maintain this
system.
Just before 12 UTC, relative moisture at 2 m was
slightly higher than forecasted which also contributed to the lifetime of the system. The estimated
inflow zone of the thunderstorms stretched to
1200-1300 m above the surface, where the forecasted mean relative humidity (50-55 %) could
The European Forecaster
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have been enough to feed thunderstorms, but similarly to the 2 m observations this layer had even
more observed moisture. This difference between
the actual state and the model simulation may explain why the ECMWF 00 UTC run did not expect
the system to enter Hungary. In reality, thunderstorms reached the southwestern border of Hungary at 11 UTC, producing 20.4 m/s wind gusts at
first. A red warning was issued for the southwestern counties (11:08 UTC) by the duty severe
weather forecaster.
After one and half hours, the convective system
crossed the river Danube and reached a drier
airmass. As seen on radar images, the thunderstorms began to decay, thus the red warning was
not issued to other counties. Another hour later,
the system passed over the river Tisza. For the
second time during the day the weather made an
unexpected turn. Along the southern flank, where
there were weaker radar returns, a 28.2 m/s gust
was measured close to the town Szeged and as a
result a red warning was issued (13:19 UTC) for
the eastern half of Hungary.
Significant differences showed up between the
expected environmental conditions and reality.
These differences can be related to the early hour

▲ Figure 3: Observed radar overlayed with 00 UTC
and 12 UTC ECMWF runs relative humidity.

▲ Figure 5: Radial wind speeds with rear inflow jet .highlighted.

events, when a convective system formed on the
warm conveyor belt located over the northern
counties. This system passed approximately 100150 km further south than was forecasted by the
ECMWF 00 UTC run, so it affected the counties in
the north and northeast. Precipitation dampened
the dry airmass underneath, therefore a significantly higher mean relative humidity, together with
more instability, was realized than was expected.
The ECMWF run at 12 UTC caught this phenomenon well, but the model run became available, as
usual, at around 18 UTC, well after the weather
events (Figure 3).
Significant instability accumulated in the afternoon, again coupled with high line-perpendicular wind shear contributing to the severity of the
system. The thunderstorm system later developed into a bow-echo. The surface-based wind
measurement network of HMS showed 33.6 m/s
(121 km/h) at Tiszavasvári and 32.5 m/s (117 km/h)
at Napkor (Figure 4). The strongest wind gusts occurred along the border of dry and wet airmasses.
However, it was not only the dry air to the south
that contributed to the windstorm; the radial wind
map (Figure 5) shows a strong rear inflow jet (RIJ)
which is a typical character of bow-echoes.
While the bow-echo travelled NE, the cold front
reached NW Transdanubia. The interesting thing
about the weather situation is that while ahead
of the cold front where a line of thunderstorms
caused serious damage, only isolated convec-

▲ Figure 4: Maximum wind speed recorded in the hour.
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*In 2018, Hungary put a nationwide hail suppression system into operation. Operators of the ground-based silver iodide generators send
hail reports from ca. 800 spots nationwide into HMS to collate information about hail size.

tion was present on the front. In contrast, the
situation was reversed from a hail forecasting
point of view. The bow-echo system produced
only small hail (pea size), even where the most
intense part of the system passed over some
hail observation points*. At the same time,
the frontal convection produced more and bigger hail (with two reports of walnut-size hail).
Frontal and pre-frontal thunderstorms showed no
significant difference in radar reflectivity and derived quantities (VIL, H45-H0). In the east, the
bow echo had somewhat higher values (H45-H0
~ 8 km, VIL 60), while values belonging to frontal
thunderstorms were lower (H45-H0 ~ 6 km, VIL
44). However, there was a significant difference
in their morphology. Thunderstorms associated
with the cold front showed strongly tilted reflectivity with remarkably weak echo regions (WER),
while in contrast, the bow echo showed a nearly
vertical reflectivity field (Figures 6-7). The notable
difference between hail size may have been due
to the fact that the higher buoyancy and nearly
vertical updraft in the bow echo quickly ejected
the hydrometeors through the ice-formation zone
into the anvil. In the frontal thunderstorms supercellular behaviour was present which, together
with the strongly forward-tilted cumulonimbus
clouds, could have resulted in significantly longer
hail trajectories and as a result considerable hail
size.

▲ Figure 6: Cross section of reflectivity through the bow echo.

Disaster management operation centres received
more than 1300 emergency calls. Damage occurred in many places, but the largest destruction
was caused by the bow echo in the northeast
counties. Storms left fallen trees, torn branches
and damaged roofs; lightning struck some houses
(Figure 8). Approximately 75,000 people in 140
settlements were left without electricity for various
periods of time. There were disruptions to rail traffic also.

Predictability
of the weather situation
The thunderstorm system ahead of the cold
front caused surprises and unexpected turns
throughout the day. An orange warning was issued a day before the events, but just 1-2 hours
before the squall line reached Hungary it became
clear that issuing a red warning would also be

▲ Figure 7: Cross section of reflectivity through thunderstorm.
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▲ Figure 8: Images captured during and after the event.

needed. The temporary weakening and strengthening of the storms caused further uncertainty. Humidity left by the morning thunderstorms
in the north was predicted only by the 12 UTC
ECMWF run, which became available too late,
i.e. after the squall line had left the country. Thus,
the duty forecaster relied largely upon his earlier

experience and intuition. Despite model outputs
loaded with a significant error, the text of the forecast warning issued in the morning mentioned
that in the afternoon thunderstorms may become organized into a squall line and that damaging wind gusts could be the primary source of
danger.

Sources used
https://www.met.hu/ismeret-tar/erdekessegek_tanulmanyok/index.php?
id=3140&hir=A_2021._augusztus_1-i_piros_fokozatu_helyzet_elemzese
https://www.met.hu/ismeret-tar/erdekessegek_tanulmanyok/index.php?
id=3077&hir=Messzirol_jott_vihar:_az_augusztus_1-i_zivataros_nap_meteorologiai_hattere
https://www.katasztrofavedelem.hu/29/hirek/254534/tobb-mint-ezerharomszaz-riasztas-a-vihar-miatt
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Devastating Tornado in South Moravia June 2021
Petr Münster
Czech Hydrometeorological Institute, Regional Forecasting Office Brno,
Kroftova 43, 616 67 Brno, petr.munster@chmi.cz

Abstract
Severe convective storms on a waving cold front hit
Central Europe in the late afternoon and evening of
Thursday, 24 June 2021. Storms were accompanied by dangerous weather phenomena in a large
part of the Czech Republic, in particular strong wind
gusts and large or very large hail. One of the supercells in Břeclav and Hodonín districts produced
a tornado at 17:14 UTC (19:14CEST). The tornado caused devastating damage to the landscape,
as well as to inhabited areas, with two hundred of
people injured and six people killed. The tornado
was classified as F4, one of the three most violent
tornadoes in 2021 around the world. A detailed investigation was immediately started to find information about all the causes and consequences.

north-west. On its forward side, tropical and humid
air accumulated in Czech territory, especially in
Moravia. Due to the strong high altitude flow, there
was significant vertical wind shear in the area of
the frontal boundary. On 24 June 2021, the maximum air temperature in the South Moravian Region reached 34 °C, and the dew point temperature was also significant at over 20 °C. A detailed
analysis of ground measurements from the stations
of the Czech, Slovak and Austrian meteorological
services revealed the presence and position of
the convergence line, which supported the occurrence of storms in Czech territory in the evening.
According to radar data, storms began to form after
12 UTC over the eastern Alps. In a southwesterly
flow, gradually intensifying storms reached the border of Austria and South Moravia before 16 UTC.

Due to its intensity and duration, the tornado in
the south of Moravia is one of the most dangerous
meteorological phenomena that has occurred in
Europe to date. Therefore, special attention was
paid to it. After the first surveys, a preliminary report was issued a week after the event. The complete processing of a large amount of documentation materials, measurements and observations
related to this convective storm, as well as the
results of further cross-border cooperation, will be
included in relevant publications and articles. The
most important passages of the CHMI Summary
Report are summarized below.

During the storm development and movement
over Czech territory they diversely connected,
split, weakened or newly developed. The storm,
which later produced a tornado in Moravia, originally had a different trajectory. In front of the border with the Czech Republic, it developed into a
supercell, the rotation of which briefly changed
the direction of the advance to the east and before Mikulov it moved above Břeclav, from where
it continued to the northeast. A total of 4 storms
successively passed through the Břeclav and Hodonín regions from about 17 UTC to 23 UTC on
24 June 2021. Outside the tornado-affected area,
no other strong wind gusts were measured, the total precipitation for the whole episode was between
10 and 40 mm. A maximum total of 46.6 mm was
measured further north at the Žďánice station.

Meteorological conditions
on 24 June 2021

Vertical profiles
in the atmosphere

The weather in Central Europe from 19 to 25 June
2021 was influenced by a waving cold front, slowly
moving to the east, separating moist and unstable
air to the south-east from Atlantic air masses to the

The closest radiosonde measurements to the tornado were in the stations Prostějov and Vienna
at 12:00 UTC. Although soundings are not representative for a more accurate description of the
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real conditions in southern Moravia, data gave at
least a general overview over Moravia and Austria before the storm formation. More precise data
about the state of the atmosphere in the Břeclav
region and its surroundings had to be supplemented using a combination of numerical weather
prediction (NWP) models and available ground
measurements.
Model vertical atmospheric profiles (pseudosoundings) were calculated for 10 selected
points on the border of southern Moravia, Austria and Slovakia. We used NWP models ALADIN (CHMI), GFS (NOAA/NCEP) and AM model
(WRF12, Amper Meteo) of the 00:00 UTC and
12:00 UTC runs on 24 June. The forecasts used
were for the afternoon and evening from 12:00
to 18:00 UTC (with forecast periods from 0 to 18
hours). The following information is based on the
10 pseudosoundings and 2 observed radiosonde
soundings. Instability (MUCAPE) reached high to
extreme values over 5000 J·kg −1. The maxima
in western Slovakia and eastern Moravia were
much higher (sometimes up to twice) compared
to the values in northern Austria and the adjacent
area of southern Moravia. On the contrary, the
wind shear 0-6 km was higher in the western
part of the monitored area (Austria up to 25 m/s;
Slovakia around 20 m/s) later in the afternoon
at the time of the tornado, the values gradually
increased during the evening. The conditions in
the 0-1 km layer were assessed for the suitability of tornadogenesis, determined primarily by
the relative helicity and vertical wind shear. Both
of these quantities were rather low (below the
limits) around noon and into the afternoon and
did not increase until the evening. At 17:00 UTC,
the forecasted 0-1 km wind shear values were
up to 8 m/s in Austria and Slovakia. Later, the
0-1 km wind shear reached values of around 10
m/s in South Moravia. In the evening the relative
helicity increased to values around 100 m2/s2,
with large spatial differences of values reaching
low hundreds of m2/s2. However, the sensitivity
of the output values was significantly affected by
the numerical model used or the details of the
calculation. An indicative example of a vertical
atmospheric sounding profile (pseudosounding)
for Břeclav at 17:00 UTC using the ALADIN 00:00
UTC run can be seen in Figure 1.
▶ Figure 1: Model vertical profile of the atmosphere in Břeclav

at 17:00 UTC on 24 June 2021. The pink area indicates MUCAPE, the amount of energy available for the air parcel.
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Remote sensing of the storm
Satellite and radar measurements are used for
storm monitoring and nowcasting because of their
availability in near real time. By remote sensing
methods, various cloud top properties can be observed, such as the morphology, temperature field
and microphysical composition which can reveal
the internal structure of the storm and its intensity.
Significant indicators of storm severity are cold-U
or cold-ring features in Infra-Red Brightness Temperature (IR-BT) fields or above anvil ice plumes
(both usually accompanying supercell storms) and
overshooting tops, which are generated by stronger updrafts. During 24 June, many of these indicators were observed in Central Europe. However,
the tornadic storm itself over the Břeclav region
was not significant in the satellite images. The only
well-marked feature was the overshooting top. In
the period just before the tornado occurrence, a
static image from the NOAA-19 satellite revealed
a height of the overshooting top of about 1 to 2 km.
More information about the structure of storms
and some processes inside the cloud could be
obtained from radar data and from lightning detection systems. The tornado cannot be tracked
directly by radar measurements. This is due, on
one hand, to its smaller dimensions compared to
radar spatial resolution and, on the other hand, to
the fact that the tornado is situated below the base
of the storm cloud, which is usually less than 1 km
above the surface so even the lowest radar beam
detects targets above it. More detailed information
can be obtained about the storms themselves, especially the estimate of precipitation intensity, from

the profile of the maximum reflectivity, the movement speed and direction of the particles inside
the cloud. Thanks to the CELLTRACK nowcasting
system (Kyznarová and Novák, 2009), it is possible to determine the maximum expected size of
hail (MESH) and the history of the storm cell track,
together with the extrapolation of the movement
for individually identified cells.
The tornadic supercell storm in the Břeclav region was relatively large. Due to the mesocyclone
that formed on the southern edge of the supercell
storm, the Skalky radar signal was significantly attenuated, blocked by storms to the north. Less distorted data was shown by the SHMI radar in Malý
Javorník, with a direct view from the southeast on
the southern side of the supercell. Radar reflectivity and radial velocity data from the specialized
CHPL Doppler radar and similar data from SHMI
Malý Javorník radar measurements were adjusted
to provide subsequent evaluation. These data better confirmed the presence of a rotating mesocyclone using radial velocity data together with time
comparison of the individual radar observation
quality. The rotation of mesocyclones is indicated
in the images of radar reflectivity from both radars
(Figure 2). In the left part of Figure 3, the PseudoCAPPI 2 km from the data of the corrected reflectivity from the CHMI Skalky radar shows the hook
echo at the southern edge of the storm, or in vertical sections marked with the Bounded Weak Echo
Region (BWER), which are characteristic features
of mesocyclones.

Tornado damage assessment
The extent of the tornado phenomenon and the
amount of damage was determined by means
of ground and aerial surveys for approximately
1 week from 25 June. Thanks to the cooperation

▲ Figure 2: Radar reflectivity on 24 June at 17:20 UTC
in southern Moravia with the tornado track, based on aerial
survey of damage (red line). Data from the Skalky radar (CHMI),
elevation 0,3° (left) and the Mal Javorník radar (SHMI),
elevation 0,5° (right).

▲ Figure 3. Vertical cross section through the tornadic

supercell storm on 24 June 2021 at 16:55 UTC, on the borders
of Austria and the Czech Republic : (top right) operationally
available vertical cross section of corrected radar reflectivity
from the CHMI radar Skalky, (middle right) non-operational
vertical cross section of uncorrected radar reflectivity from the
CHMI radar Skalky, (bottom right) non-operational vertical
cross section of uncorrected radar reflectivity from the SHMI
radar Mal Javorník, (left) PseudoCAPPI 2km field of corrected
radar reflectivity from Skalky radar with depicted directions
of the vertical cross sections. Violet line shows the direction of
vertical cross sections from Skalky radar, pink line shows the
direction of vertical cross sections from Mal Javorník radar.
Arrows indicate the characteristics of the mesocyclone: hook
echo in the PseudoCAPPI 2 km field (left) and bounded weak
echo region in the vertical cross sections (right).

of experts in several teams from CHMI, SHMI,
AMS, ESSL, Amper Meteo, Faculty of Science at
Charles University and Meteopress we managed
to provide a large amount of documentation for
mapping the area damaged by the tornado. Damage assessment is usually used to determine
the intensity of the tornado. As part of the uniformity of damage determination and its more objective evaluation, a preliminary working version of
the ESSL manual was used, which sets out the
assessment of damage caused by tornadoes and
wind according to the International Fujita Scale
(IFS). This International Fujita Scale aims to adapt
the original Fujita Scale to construction conditions
outside the United States of America.
Based on the initial comparison of the damage from
aerial photographs, the locations of the affected
municipalities were selected, where the nature of
the damage corresponded to the greatest strength
of the tornado. The degree of damage to buildings,
the size of drifting objects, or damage to vegetation
were assessed directly in the field. In the villages
of Hrušky, Moravská Nová Ves, Mikulčice, Lužice
and Hodonín almost complete devastation was
recorded, including to relatively solidly constructed buildings in some cases. Light to medium
vehicles were moved over relatively long distances
or thrown around the villages, even larger vehicles
The European Forecaster
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did not avoid being moved. All sorts of debris became flying projectiles in the tornado and helped
to cause, or directly caused, the destruction of buildings, poles, pillars, trees and in addition posed a
significant danger to the residents. Furthermore,
along the tornado track there were heavily damaged buildings (approximately 200 out of about
1,200 affected were condemned for demolition),
farms and vineyards, a large part of the railway
in the Břeclav-Hodonín region, the high-voltage
network, forests and agricultural areas.
Based on the IFS, the most significant damages
actually correspond to the IF4 grade (resp. F4)
and it was not only a strong but even a destructive tornado. This means that the estimated maximum wind speed reached approximately 105 m/s
(i.e., 380 km/h). This speed is very approximate
and may differ from this mean by ± 31 m/s (i.e.,
110 km/h). This is the first such confirmed case
in Czech territory in modern history. Additionally,
by the duration and size of the affected area, the
tornado has overcome all documented cases so
far. From the information on the available photos and videos, in which the tornado was visible,
it was possible to determine more precisely the
time interval of its occurrence from 17:14 to 17:53
UTC or 39 minutes. The parameters of the tornado trajectory were obtained by accurate mapping.
By intersecting the damage trajectory curve the
track is 27.1 km long from the northeastern edge
of Břeclav and the southern part of Ratíškovice.
The width of the damage route is between 2.1 km
southwest of the village of Hrušky and 250 meters
in Hodonín in the Kapřiska industrial zone. The



▲ Figure 4: Map of the tornado damages in South Moravia
on June 24, 2021
Red dots - high voltage poles damage;
black line - tornadoe track; red area - tornado damage.
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▲ Figure 5: Damage caused by the tornado in Hru ky,
South Moravia on June 25, 2021.

area between the villages of Břeclav and Hrušky,
where less damage occurred, but in the range of
up to 2.1 km, is considered to be the place where
the tornado formed, probably in combination with
downbursts. A general view of the affected area
is shown in Figure 4. An aerial image representing the extent of damage in the part of the village
Hrušky is in Figure 5.

Discussion and conclusion
Current work by foreign authors shows that tornadoes occur in Central Europe with about four
times smaller frequency and duration of convective storms compared to the central part of the
USA. Strong tornadoes (F2, F3) are less frequent
in Central Europe than in the USA, but tornadoes
(F4, F5) occur only with a frequency about 17
times smaller in area and duration of the storm
than in the USA (Taszarek et al., 2020). In 2021,
the tornado in southern Moravia was one of the
four strongest in the category of destructive tornadoes. According to the number of tornado
victims in 2021, Czechia ranked just behind the
USA and China. Nevertheless, tornadoes are one
of the less common dangerous phenomena in
convective storms in Central Europe. However, on
average, several tornadoes occur in Czech territory every year, whereas the occurrence of supercell
storms, which can be accompanied by tornadoes,
is in the order of tens per year in the Czech Republic. A strong tornado occurs several times in
a decade, sometimes including very strong ones
(EF3). Therefore, there is a need to spread awareness among the population about strong convective storms and their dangerous phenomena. The

summary report also includes recommendations
on how to behave when spotting a tornado, inspired by foreign sources.
The formation of a tornado requires the right combination of many parameters and processes in
the atmosphere in the right proportions and sequences. Many of the parameters are variable in

time and space, making the unambiguous prediction of a tornado unattainable. The presence of a
supercell storm is necessary for the formation of
strong tornadoes, but only a small part of supercell storms can produce a tornado. In any case,
convective storms and their development can be
monitored relatively well and we do our best to improve nowcasting capabilities to warn on time.

Thanks
This article was created thanks to joint work on the Summary Report for the Evaluation of the Tornado
in South Moravia on June 24, 2021, which involved thirty experts from CHMI, SHMI, AMS, ESSL, Amper
Meteo, Faculty of Science, Charles University, Meteopress, VUT and ZAMG.
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A method of comparing past historical events
with deterministic and ensemble forecasts
of future extreme events for the benefit
of users understanding
karine.maynard@meteo.fr, fabrice.guillemot@meteo.fr

Introduction
Forecasting and early warning systems are important investments to protect lives, properties and
livelihood. Forecasts and warnings normally focus
on physical event characteristics, such as magnitude, spatial extent, and duration of the impending
event.
However, users frequently express the request
to be able to compare these forecast events with
those that occurred in the past, in particular those
that have marked the memory. Will the next storm
be more violent than the previous one, more extensive than the last historic storm? In other words, is
it possible to "situate" the predicted event in the
"climatology" of past events, allowing everyone
to understand the issues in relation to known and
shared references?
This article aims to describe this "new" way of
presenting the forecast. It focuses on two types of
high-impact events: Atlantic storms and Mediterranean Heavy Precipitation Events (HPE).

Storms
Storms, associated with very mobile low pressure
systems in the Atlantic, or quasi-stationary ones in
the Mediterranean, are among the climatic extremes with the most serious consequences for our
societies. Due to the combination of their effects
(strong winds, wave action and marine submersion, intense rains) and the spatial extension of
the affected areas, the damage caused is frequently significant, both in terms of human lives
and economic or environmental costs. The Lothar and Martin storms of December 1999 alone
caused 92 victims in mainland France and more
than 15 billion euros in damage (source: prim.
net). Storm Xynthia in February 2010 severely affected several regions including the Atlantic coast
and led to changes in risk prevention in that area.
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The repeated storms of winter 2014 or those of
winter 2017, including storm Zeus in spring, reminded us in France, and other countries of northern Europe, of our vulnerability to these types of
events and the difficulties in protecting ourselves
against them, despite the increasing performance
of weather forecasts. In Europe several National Meteorological Services (NMS) provide warnings to help mitigate these vulnerabilities. Wind
warnings are often based on thresholds of wind
speed and gusts, in France these are issued on
a vigilance level. These thresholds differ among
the NMS, as do the lead times that range between
one and several days ahead. There is an argument for a unified European warning system to aid
mutual understanding.
Several approaches have been developed to estimate the impacts associated with extratropical
windstorms (Klawa & Ulbrich, 2003; Welker et
al., 2016). Impact models are typically based on
empirical data. They relate the impact to the peak
wind or wind gusts during the passage of a storm
but may include other meteorological factors such
as storm duration. These models are commonly
applied to station observations, reanalysis data
sets, or climate model data.
Klawa and Ulbrich (2003) introduced the storm
severity index (SSI), a popular insurance industry socioeconomic loss model. It is based on the
cubed wind gusts (V3) to account for the wind's
destructive power and uses only values exceeding
the local 98th percentile. This threshold was found
to account for the local vulnerability of infrastructure and buildings to wind gusts. Although impact
models have been widely applied to long data sets
for the past and future from reanalysis and climate
model projections, they have rarely been combined with Numerical Weather Prediction (NWP)
models to create impact forecasts. However, a
few recent studies have emphasized the potential

of this approach. Based on a 20-year homogeneous data set of ensemble forecasts, Pantillon
et al. (2017) showed that the SSI of severe European windstorms can be predicted with confidence
up to 2–4 days in advance.

Mediterranean Floods
Disastrous flash-floods are much more frequent in
some parts of the Mediterranean region than in the
rest of Europe (Llassat et al., 2010). The nature
of the relief surrounding the warm Mediterranean
Sea makes the areas near the coast particularly
prone to active orographically enhanced convective features. In addition, population growth is particularly high along the Mediterranean coasts, leading to a rapid increase in urban settlements and
populations exposed to flooding.
An example of the orographic forcing by the relief is the phenomenon observed regularly in the
Cévennes. The relief of the Cévennes slopes quite
steeply from the interior down to the sea. When
a sea breeze (S-SE winds), establishes itself
from the Mediterranean towards the Cévennes, it
brings a mass of hot and humid air, which, when
lifted by the relief, cools and condenses a large
part of the high available water content. The resulting persistent rains on the exposed slopes of the
Cévennes relief can last for several consecutive
days and the depth of water collected becomes
considerable in cumulative value, even if the intensity of the rains remains moderate during the
episode (Figure 1).
The flood regimes and the types of dominant flood
generating rainfall events vary significantly along
the coasts of the Mediterranean Sea (Llasat,
2016). Damaging floods are mainly produced by:
• Short-lived (often less than 1 hour) strongly
convective intense precipitation events (up to 180
mm/h in only 5 minutes) but limited total rainfall
amounts (generally less than 100 mm). Such
events have a limited areal extent (typically less
than 100 km²). A typical example of such flash
floods is the catastrophic flood that occurred in Algiers in November 2001.
• Mesoscale convective systems can produce stationary rain lasting several hours leading to rainfall amounts exceeding 200 mm in a few hours. In
France, up to 700 mm of rainfall within 12 hours
was locally recorded during floods in the Aude region in November 1999 and in the Gard region in
September 2002. The areal extent of such events

▲ Figure 1: The map shows the number of cases where more

than 200 mm of water were measured in 24 hours, at the
department level (French administrative unit). Of course,
there is a clear preponderance of Cévennes relief areas (Some
sub-regions of the Mediterranean area, Liguria, CévennesVivarais, appear to be exposed to floods whose magnitudes
are comparable to world records). On the other hand, it is
observed that heavy precipitation over short periods of time
can occur outside and even far away from this area.

ranges from several hundred to several thousand
km². These events mainly occur in autumn and affect the north-western coast of the Mediterranean
Sea. The flash floods that occurred in the Var region of France in June 2010 belong to this category.
• On some occasions, heavy and sustained rainfall may be part of a large scale perturbation lasting several days. In such cases, extreme rainfall
accumulation may be observed locally: 1,500 mm
over four days and a record of close to 1,000 mm
in 24 hours in October 1940 in the eastern Pyrenees in France (Sources http://pluiesextremes.
meteo.fr). These events cover a large area.
The elaboration of products contributing to the
understanding of extreme hydro-meteorological
phenomena and methods for prevention and reduction of risk adapted for use by forecasters is
introduced here.
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Identification and characterization
of Storms at mid-latitudes
One of the difficulties stems from the lack of a reference database of past historical storms with which
to a) qualify recent storm events to and b) quantify
a territory’s exposure to hazard.
The ANTHEMIS action (Analyse des Tempêtes
Historiques Et Mise en ligne sur un Site internet)
carried out at Météo-France from 2012 to 2016
(Soubeyroux et al., 2014) aimed to consolidate
and enrich all the information available on storms
in mainland France and share them on a website
open to the public from December 2016 (tempetes.
meteofrance.fr). This site is based in particular on
the application of a new method of spatialization
of the gusts from a geo-statistical approach combining anemometric observations and a regression
model established on the parameters of the relief
and the analyses of the AROME fine-mesh NWP.
A model reanalyses of AROME was carried out on
a daily time step between 2000 and 2009, as well
as on the stormy days identified between 1980 and
1999, and has thus made it possible to analyse
more than 300 storm events in France since 1980
and to characterize them using different severity indicators applicable at any scale: national, regional,
departmental and local. The advantage of this tool

and this database is also its availability in real time
for the characterization and qualification of events.
Storm severity indices are also defined to characterize the destructive power of events and to be able
to compare them with each other. The Storm Severity Index (SSI) (Pinto et al., 2012) has the advantage of being calculable at hourly time steps and at
all spatial scales:
SSI= Σ A ΣD V3
where V is the maximum local hourly speed of the
storm wind (V = 0 if V <100 km / h or V < percentile
98), A is the surface of the storm, and D the duration of the storm. The SSI index allows to characterize the severity of an event.
Another index called SSIs and derived from the
SSI index was also defined to globally estimate the
severity of a storm without taking into account its
duration, which is not always known. It is based exclusively on the relative surfaces (expressed in %)
of areas affected by gusts greater than 100, 120,
140 and 160 km/h:
SSIs=(S160*1603+(S140-S160)*1403+
(S120-S140)*1203+(S100-S120)*1003)/1603
where S160 is the surface affected during the storm
by winds above 160 km/h (and so on for S140,



▲ Figure 2: Severity of the 40 stronger storms over France from 1980 to June 2017 according to the SSIs index.
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S120, S100). The index is bounded between 0
and 100, and represents the percentage of the
territory affected by winds having a destructive
power equivalent to that of a wind of 160 km/h.
The correlation with the SSI index over the period after 1995 is 0.94, also confirming the good
consistency of these two definitions. This index
will be used in the rest of this article.
A storm event is qualified as :
Exceptional, for an SSIs index greater than 12
Strong, for an SSIs index between 4 and 12
Moderate, for an SSIs index less than 4
Figure 2 presents the 40 most severe storms observed in France since 1980 with the SSIs index,
unsurprisingly placing Lothar and Martin in the first
two places while Xynthia ranks 7th.

We obtained a list of 17 events from 1997 onwards. A classification of these events was defined
with the forecasters according to three criteria
explaining the damage caused by the floods (surface, total accumulation and intensity). The intensity index considers the product of rainfall intensity
over 3 periods: 1h (RR1), 3h (RR3), 6 h (RR6) with
the following formula:
Intensity index = (RR1*RR3*RR6)1/3
A summary graphic (Figure 3) has been built to
compare all events together. The multi-dimensional representation is based on bubble plots, synthesizing these characteristics in a comprehensible and accessible manner for forecasters and
other stakeholders.

The Storm Severity Index (SSIs) is a tool designed to assist NMS operational forecasters in
maintaining situational awareness of the possible
significance of winter weather related impacts.
It is also intended to enhance communication
to external partners, media and the general public of the expected severity (potential societal
impacts) and its spatial distribution due to winter
weather.

Identification and characterization
of Extreme Mediterranean HPE
The aim of the approach to select extreme events
was to achieve a reduced number of historic Mediterranean HPE where rainfall was more than
150 mm of rainfall in 24 hours. For the construction of this database, we considered the hourly
Météo-France COMEPHORE precipitation data
from 1997 onwards (Tabary, 2007). These data
sets are measurement reanalyses edited by the
Météo-France. They have a 1 km² spatial resolution and consist of radar rainfall measurements,
calibrated to fit the data from surface precipitation
gauges. The criteria taken into account at the 1km
resolution are:
• global data on the event: maximum amount of
rainfall in 24 hours and the surface area (km²) of
the event above the 150 mm threshold.
• maximum of rainfall intensity on several time
steps: 1h, 3h and 6h

▲ Figure 3: “Bubble” representation of the precipitation

extreme events in the Mediterranean France in terms of
amount of precipitation in 24 hours (X axis), intensity (Y axis)
and surface affected (size of the bubble). The date of each
event is indicated on the bubble. A colour code is used for
each Mediterranean regions (light blue = Gard, dark blue =
Alpes maritimes, red = Corse, orange = Hérault, dark green =
Var, light green = Aude, Cyan = Cévenol.

Overlaying the forecasts onto
historical plots
Here, we intend to propose an original graphical
representation of both observed (as previously defined) and forecast events, in their multi-dimensional aspects. Uncertainty is taken into account with
a multi-model and ensemble approach.
The SSIs and intensity index (previously described), amount of rainfall in 24 hours and the surface
possibly affected (km²) of a forecast event (above
the 150 mm threshold), are calculated with both
The European Forecaster
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AROME-France and AROME-IFS deterministic
models, and each of the 16 individual members
of the convection-permitting ensemble prediction
system (EPS) (PEARO).
• AROME-France is a small scale NWP model,
operational at Météo-France since 2008. The current operational configuration is run with a 1.3 km
horizontal resolution and 90 vertical levels and the
analysis step is performed with an hourly 3D-Var
scheme that assimilates a comprehensive set of
observations (Brousseau et al., 2016). AROMEFrance uses the French global model ARPEGE
forecasts as boundary conditions. AROME was
designed to improve short range forecasts of severe events such as intense Mediterranean HPE,
severe storms, fog, urban heat during heat waves.
• AROME-IFS performs a dynamical adaptation of
the global European model IFS.

AROME-France, with a synoptical context leading
to an enabling environment (Figure 4, 5 and 6).
The first Mediterranean episodes of the season can
be very destructive in September and anticipating
them is always a delicate challenge.

▲ Figure 4: Synoptical context. Cyclonic south-westerly flow

in altitude with a tropopause-anomaly on the left. Warm air
in the lower levels, with south-easterly Mediterranean flow
converging, on the right.

• To complement the AROME deterministic forecasts, an EPS based on the AROME-France model (PEARO) has been running pre-operationally
at Météo-France since 2016. In its present configuration, PEARO is a 16 member ensemble that is
run with a 2.5 km horizontal resolution and 90 vertical levels to provide Day+1 lead-time forecasts
four times a day, at 3, 9, 15 and 21 H UTC.
Ensemble prediction is helpful in forecasting the
risk of damage due to extreme weather events:
it can be used to attach a level of confidence to a
single deterministic forecast and to estimate the
probability of occurrence of any event. This latter
aspect is particularly important in case of severe
weather events. Several storms and extreme rainfall events were replayed with the PEARO and
AROME model and both systems enable us to
restore the most typical historical Atlantic storms
and extreme HPE in the Mediterranean area.
These multi-model representations, improved by
using four quantiles (Q25, Q50, Q75, Q90) of the
PEARO distribution, allows forecasters to classify
predicted events versus historical episodes.

▲ Figure 5: Satellite-infra-red images; observed on the left,

IFS-forecast 4 days before (84H) on the right with more than
300mm. The very realistic shape, and the strong precipitations
signal, especially rare for a global model, were alarming.
The problem was to estimate the reliability of that scenario
and comunicate on it in a reasonable way.

Examples: 2 Mediterranean HPE,
and 2 Atlantic storms
Mediterranean HPE

▲ Figure 6: AROME-France at 15h suggesting more than

Case Study 1 08/09/2021:
The risk of being impacted by a stationary convective system was identified with several days lead
time by deterministic models, i.e AROME-IFS and

300mm accumulation, strong wind shear, helicity near
500m2/s2, and more than 55mm of precipitable water
content. With the open-data policy, that kind of information
is free to access on the internet. This fact doesn’t facilitate
communication. But most of all it’s not easy for a forecaster
to resist to such a scenario a few hours before the event.
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However the classical deterministic multi-model
approach, mixing 3 successive runs of AROMEIFS, gave on the contrary a decreasing trend signal encouraging forecasters not to follow the
most pessimistic option.
It was decided to warn civil protection of the
possibility of an increase in vigilance level from
orange to red during the night. In fact 130 mm was
reached 200 km away from the zone of concern.
Thus the decision to remain on an orange vigilance was correct. In this case indicators within the
high-resolution-ensembles were of some value
(Figure 7).

▲ Figure 8: Top, synoptical context with a southern flow

advecting high temperatures in the lower levels (sea-surface
temperature around 27°C and wet-bulb potential temperature
around 22°C). No influence from aloft (top right).
Bottom left, infra-red satellite « V » shape (-70 degrees),
on the right nearly 80000 lightning strikes.

▲ Figure 7: historical Mediterranean HPE in colour, EPS-PEARO
runs and quantiles in grey, with the two reference
deterministic runs AROME-France and AROME-IFS in blue
and red. We clearly see a signal given by the ensemble out
of the region occupied by the major Mediterranean HPE.

This “new” experimental tool is a good combination
of both deterministic and probabilistic signals. But
before being accepted by all forecasters, it has to
be tested long enough, with an appropriate pedagogy in place.
Case study 2 14/09/2021 :
The risk of having another a stationary episode
was again identified in the Mediterranean zones
within some deterministic models, a few days after the precedent case (which was judged a false
alarm). (Figure 8).
During the night before the event, high resolution models began to propose alarming precipitation signals of more than 200mm. AROME-

▲ Figure 9: Observation on the left with 276mm in 6H,

anAROME-France (Base Time 00H UTC) on the right forecasting
more than 400mm...

France (Base Time 00H UTC) was giving 400mm
(Figure 9). There was a yellow vigilance in place,
with the option to increase directly to red in the
morning. Remembering the precedent event forecasters hardly trusted in such an extreme scenario. The spread in space, time and intensity was
still very important (Figure 10).
According to the new way of visualising forecasts
versus historical HPE (Figure 11), we could say
that that the subjective probability of occurrence
of an episode close to the historical ones reaches
50%, whereas classical probabilities of having
more than 200mm on a grid point were, like most
of the time, very low between 6 to 13% (i.e. forecast by only one run out of 2).
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concerning geographical area vs wind strength
considerations. Please note that more than 50 %
of the ensemble is plotted as a storm. Such a level of probability for extreme events with a sting-jet
phenomenon is a strong signal.

▲ Figure 10: Satellite-Pictures-Forecast, two successive
EPS-PEARO, Base Time 13/09/21-21H UTC on the left,
14/09/21-03H UTC on the right. The « oldest » EPS
is not very useful in terms of localisation and especially
for the risk of occurrence. The latest ensemble shows
a good reliability in terms of occurrence of having a signature
for severe convection: more than 50 % of the runs show it,
on the same geographical zone, with the same shape.
But this most recent EPS was available around 09H,
when the mesoscale convective system was setting up
in the radar and satellite observations (too late then
for anticipation).

▲ Figure 12: on the left mean-sea-level pressure/wind in

altitude/850hpa wet-bulb potential-temperature 21h/forecast of
the IFS run base time 01/10/21-00H UTC, on the right ANASYG
graphical representation valid 02/10/21-00H UTC showing a lefthand position from the jet, a cold frontal fracture, and a warm
front with a T-bone structure.

▲ Figure 13: Deterministic multi-model approach/meansea-level pressure of ARP/IFS/UK/GFS, 72h before the event
on the left, 24h before on the right. The spread is really
important at 72h, less at 24h, with some differences still
existing in position.

▲ Figure 11: The EPS-PEARO 21H UTC signal proposed nearly

half of the runs in the region of the historical HPE, from Q75 to
Q100 and with 2 reference deterministic runs, AROME-France
in blue (in top of diagram with more than 300mm
of intensity) and AROME-IFS in red close to the Q75.

Atlantic storms
The storm “Alex” case study 01/10/2020:
Typical situation illustrating the Shapiro-Keyser
model, with an explosive cyclogenesis leading to a
“sting-jet” phenomenon (Figure 12).
Mixing classical multi-model approach (Figure 13),
ensemble “post-stamps” visualization (not shown)
and the new kind of graphical products designed
for storm severity (Figure 14) enabled the chiefforecaster to build an explanation about uncertainty,
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▲ Figure 14: This diagram shows that the Storm Severity Index

is not very high compared with historical events, mainly
because of the fact that the sting-jet is only concerning a
restricted area. But in terms of intensity of the gusts reaching
more than 130/150 km/h, indicates a red vigilance is required.

The “Aurore” storm case study 20/10/2021:
Another case of very intense cyclogenesis event
was identified (Figure 15, 16, and 17). But instead
of waiting for the latest deterministic model, or even

the latest probabilities from the more recent EPS,
it was found that looking at the trend of successive
ensembles and “new” visualization seems to be
more informative (Figure 18).

▲ Figure 15: Mesoscale structure similar to a coma-cloud developing into a cyclogenesis giving both a narrow band of cold front
and a back-bent warm front, generating two episodes of stormy wind.

◀ Figure 16: The multi-model approach was not

easy to interpret, with IFS/ICON/GFS versus ARP/
UK close to a fifty-fifty signal. The French ARP
global model and AROME-France proposed quite
a large zone with a pressure gradient stronger
and a mean wind of 30 knots whereas IFS
wasn’t so alarming. We were also informed by
E. Cusack, Head of Forecasting Division
Met Éireann, of a scenario giving 158 km/h
on the French coast with the HARMONIE model
09H UTC run.

◀ Figure 17: On the left, 20/10/21-03H UTC-EPS

(IFS) probabilities to exceed the threshold
of 100 km/h for the narrow band of the cold
front, 19H lead-time forecast. On the right, gusts
connected to a back-bent warm front a few hours
later, 22H lead-time forecast. We can see that
these low probabilities are around 10 % for Paris
(green zone), unable to reach 20 % or 30 %
(yellow and orange zones) which are likely
on the coasts. Postage-stamps for gusts
illustrated quite a marked variation in time,
space and intensity.

▲ Figure 18: Three successive ensembles, 3H, 9H and 15H UTC from the left to the right, to visualise the trend of an increasing
signal. Even if we cannot distinguish the contribution due to the surface impacted by the intensity of the wind, it’s clear that during
the day the risk is increasing.
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In terms of action for the vigilance process, it
would have been appropriate to either increase
from orange to red, or, more accurately, to extend
the area impacted by expanding the number of
departments involved. Unfortunately, this did not
occur. In fact, this graphical production, still experimental, wasn’t available at the right moment due
to informatics problems! Maybe next time such an
uncertainty will find a solution with that efficient
new tool, mixing in a convenient way deterministic and ensemble data, compared to historical
events

Conclusions
Severe or high-impact weather events occur on
a wide range of scales in space and time, from
tropical cyclone, extra-tropical cyclone, monsoon,
winter storms and other large-scale systems,
to smaller scale systems such as local severe
storms, orographic precipitation, thunderstorms
and tornados. Ensemble Prediction Systems are a
powerful tool in predicting severe weather events.
For impact-based warnings systems the EPS may
be used to help estimate the probability of weather
hazards when assigning a risk value.
We have thus developed products to classify simulated events versus historical events. For this,
several Atlantic windstorms and Mediterranean
HPE were identified in the period 1997-2020 from
different observations and model re-analysis. The
identification of potentially damaging events was
based on the intensity, duration and spatial distribution. As the range of severity of events was
in good agreement between the real and forecast
events, with realistic SSIs or intensity criteria forecast values. Models can be used to estimate the
severity of a potential event and to characterize
it in relation to historical extreme events. These
new graphic products showed the possibility of
providing guidance in forecasting the occurrence
of severe weather.
Classification methods are an important component of storm and rainfall risk communication. Studies show that people generally have difficulty understanding low probabilities, and that responses
to risk communication can be mediated by the way
they are presented. Besides communicating risk,
storm or rainfall hazard warnings should explain
uncertainty of predictions, adding another layer of
complexity to the interpretation. Several attempts
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to improve storm and Mediterranean HPE risk
communication have been documented, including
proposals for, and the implementation of, alternative forecast graphics.
To conclude on practical aspects of the forecasting
process, through the medium of these new tools:
Forecasting uncertainty is most of the time considered first through a "multi-model" approach, taking into account synoptic and convective scale
model outputs. This subset of model solutions is
often called a poor-man-ensemble. Ensembles
provide plenty of relevant information: not only
classical probabilities, quantiles and meteograms,
but also more subjective visualisations like postage-stamps or spaghetti plots, easy to interpret
by forecasters.
Graphical products comparing both deterministic and ensemble forecasts with historical events
are a powerful tool. Not only for the forecasters,
but also for our users, for instance civil protection agencies. Comparing forecast with historical
events is a way to translate our technical information on uncertainty into memories related to our
clients' practices.
Experience remains crucial for the forecasters to
be convinced themselves. Pedagogy is required
to convince the decisions-makers. The best way
to clarify a complex meteorological situation is
probably to dare sharing our information on uncertainty as clearly as possible for as Seneca said in
his letters to Lucillius XVII (104,26):
« Non quia difficila sunt non audemus, sed quia
non audemus difficilia sunt »
or “not because things are difficult we do not dare,
but because we do not dare, things are difficult”
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Educating and training of forecasters
at the UK Met Office
steven.callaghan@metoffice.gov.uk

The job of weather forecasting is continually evolving in line with improvements to science, technology, and the needs of society. A forecaster
from even 20 years ago, even having a sound
knowledge of meteorology, would be shocked at
the volume and quality of data available today, the
technology used, and how we try to communicate
uncertainty, risk, and impacts. How can we equip
the forecasters of today with the knowledge and
skills needed, and keep those knowledge and
skills relevant in a rapidly changing world?
In an ideal world this would be trivial. There might
be a steady supply of meteorology graduates from
university programmes tailored to the needs of
operational meteorology. Forecasters would have
plenty of time, both on-shift and off-shift, to learn
and to develop. Institutions would have the capability and capacity to produce high quality training
to meet their needs.
However, the reality is somewhat different. Rather
than bemoan the lack of time, money, and people
though, we need to adopt approaches that work
within these constraints. Going further, we can use
these challenges to our advantage:
Having too few meteorology graduates to recruit
means having to train our own. At the Met Office
we have for many years recruited graduates in
mathematics, the physical sciences, engineering, and geography and trained them in-house.
This brings valuable diversity of experience and
thought and enables their meteorological education to be tailored to the needs of the operational
meteorologist.
A lack of time to attend courses means we need to
be cleverer at continuous development. Learning
in the flow of work, micro-learning, performance
support, and community-based learning are in
many ways much more effective than off-the-job
course-based learning, as well as fitting within the
real-world constraints.
1- (World Meteorological Organization, 2015)
2- (World Meteorological Organization, 2019)
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Not having in-house capacity or capability means
having to work with others with similar needs.
Whether this is initial education, or continuous development, or peer-to-peer learning across organisational or national boundaries, the benefits to
collaboration are potentially huge.
Below I describe how we at the Met Office approach these challenges, and work to transform
our weather and climate education and training
provision. What we do is not perfect, but it’s only
by sharing our working that we can learn from
each other and grow. My hope is to generate dialogue on these subjects between forecasters and
trainers in NMSs across Europe and beyond.

Foundation training
Our Operational Meteorology Foundation Course
(OMFC) serves three purposes:
1. Induct new graduates into a career in the Met
Office, helping them to transition from education to
being professionals in the workplace.
2. Provide the grounding in meteorology and related science necessary to perform as a new forecaster and as the basis for further learning through
their career. This is aligned to the WMO basic instruction package for meteorologists (BIP-M)1.
3. Give people the knowledge and skills needed to
work as aviation forecasters as described by the
AMF competency framework2.
We attempt to be rigorous in this education, but at
the same time take a pragmatic approach. While
a university might put emphasis on the derivation
of results from first principles, or solving quantitative problems, we emphasise building an intuitive
understanding of atmospheric science and the
ability to solve real-world forecasting problems.
Mathematics is used, as the lingua-franca of meteorology, to describe concepts and results but our
training and assessment try to build up and draw
out peoples’ thinking and application.

The OMFC has traditionally been face-to-face and
around 20 weeks in duration, followed by a period
of on-the-job consolidation. We moved to using
Microsoft Teams during the COVID pandemic
and are now working towards a hybrid approach.
While this transformation will take several years
to complete, our aspiration is this we will bring
people together in-person to work on problems
and the more practical elements but give more
freedom in the teaching through self-led activities,
Teams lessons, pre-recorded video lessons, and
more. This will allow people to access the training
no matter where in the country they live or work, or
what childcare or other responsibilities they have,
or simply to learn when and how works best for
them. It will also allow those with prior experience
or greater aptitude to progress more quickly.
In addition to training our own staff, we usually welcome a small number from other NMSs in
NW Europe or further afield too, so typically each
course will have between 20 and 30 students.
Most of our trainers spend half their time working
as operational forecasters, thus brining current
operational practice into the training. We also
have a core of full-time trainers and learning technologists providing continuity and expertise. Having qualified and competent trainers is important,
so at a bare minimum they access a 3-day basic
teaching course at a local college. We also encourage trainer CPD, or further study up to post-graduate teaching qualifications. We take our trainer’s
expected competencies and processes from two
great guides which WMO publish, and which are
must-reads for those interested in training: (World Meteorological Organization, 2018) and (World
Meteorological Organization, 2013).

Taking a different approach
Training alone does not work, and people waste
too much time and resource on ineffective training. That’s a difficult, and perhaps odd, thing
for someone involved in training to say, so I shall
clarify.
Firstly, we need to use training to tackle those problems that training might reasonably be expected
to solve. If it’s a necessary skill that someone does
not currently have then training is absolutely the
answer. If the problem is lack of knowledge, then
training might help, but job aids or easier access

to information might work too. Many workplace
performance gaps arise from cultural issues, or
ineffective tools, or lack of motivation, or a range
of other factors which training can’t directly fix. So,
as training professionals, we need to work with
management in our organisations to diagnose
performance gaps and design effective solutions,
rather than just taking orders for courses.
Secondly work needs to be done both to prepare
people for training and to support them afterwards:
• It must be obvious both to the individual and their
managers how the thing learnt in the training will
be applied on the job – and the manager must encourage participation. If not, then low motivation
will result in shallow learning.
• There must be encouragement, and opportunities, to apply the thing learnt on the job. Peers and
managers must help to apply and embed the learning, and not to revert to old or less effective ways.
If not, then the new knowledge or skill will simply
be forgotten.
Thirdly, the training itself must be relevant, well
organised, pitched at the right level, and it must
be accessible. Short, focused training available on
demand is far better than having to wait a year to
attend a course which might include a whole lot
of learning you don’t need. But whichever format
is used, learning needs to be active and effortful. Memories are made by doing things, solving
problems, and retrieving those memories. This
means that activities, challenging test questions,
discussions with others, etc work far more effectively than passively listening to a lecture or reading in a passive superficial way.
Lastly, we must remember that development of
professionals is very different to educating young
people. Adult professionals have a great deal of
prior knowledge and experience which new learning needs to interact with, and they are motivated
by gaining competence. They have, sometimes
strong, opinions on the things which are important, useful, or interesting to them, and as social
animals proving their competence to others and
engaging with others’ experiences and thoughts
are highly motivating3. Simply trying to teach a
one-size-fits-all lesson without acknowledging
these motivators or utilising social constructs will
not work.
3- (Lopez-Garrido, 2021)
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The social aspect
Practitioners in any field are often best placed to
drive innovation through identification of problems
or better ways of working. They also have a great
deal of knowledge of how the organisation works
and how to approach those difficult aspects of
the job that they’ve experienced first-hand. Some
organisations, however, often ignore these facts
and impose change top-down or insist that learning must happen courses so it can be controlled
and recorded. The results are typically apathetic
workers and lower performance.
High-performing organisations have long seen the
benefits of community-based learning. Empowering
individuals and teams to come together to share
knowledge, discuss tricky problems, and come up
with workable solutions brings enormous benefits.
It’s motivating, builds networks, and allows the best
ideas to more quickly be widely adopted.
At the Met Office, we have a growing network of
Communities of Practice4 (CoP) to bring together
people with common interests and who do similar work, so that they can learn together and from
each other. Each of our professions (e.g., operational meteorology, research science, finance,
HR, project management) has or will have a CoP,
and some of these are already thriving with great
results for individuals. While CoPs are non-hierarchical in nature, there does need to be a leadership group to organise meetings, encourage
people to share, and to build a sense of community – this is particularly important when the
community is geographically dispersed or work
shifts.

Collaboration and cooperation
We, at the UKMO, used to think we could do things
be ourselves and we are probably just about big
enough to do that. However, there are enormous
potential benefits to be had from working with
others with similar education and training challenges. Not only can it be more efficient to share resources and effort, but it means you can tap into
a larger body of experts – both subject-matter experts and training experts.
Across Europe there are several successful
training collaborations, most facilitated by the
Eumetcal programme. These include annual
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programmes such as DACH, SEEMET, Nordic
course, etc, as well as smaller bi-lateral and adhoc arrangements.
The Met Office has a bi-lateral relationship with the
Australian Bureau of Meteorology and are starting
to work on resources we both need to create. This
shows that, in the modern age, distance or time
zones do not matter. If you have common needs
or interests, and have a similar philosophy, you
can make valuable connections.
It’s not always easy to pick up training materials
designed for one country and use them in another. There are language and geography issues
(a case study from one’s own country is more
engaging that one from elsewhere), as well as
differences in techniques, data displays, etc to
overcome. As discussed during the WMO Symposium on education and training (SYMET-14) in
2021, we need to consciously design resources
for re-use. This means being able to separate the
general concepts from specific illustrations and
examples for ease of localisation, thinking about
the language we use so that translation is easier,
and more.
But the key message is that sharing is good, and
we need to do more of it. Making training materials or other resources available to the community without fear that they are not the best, will
help others and inspire further sharing which
may help you. The WGCEF is a great forum in
which to exchange ideas across European forecasters, and I encourage you to consider
how you can better help each other to share
your knowledge and best practice. We can all
learn a great deal from talking to others doing
similar roles, or better still spending time working with them. All it takes is the will and some
effort.

About the author
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the Met Office College where he is the Professional Effectiveness Lead within the Met Office
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people across the Met Office to develop greater
performance through learning and development,
4- (Wenger, 2013)

including by provision of training but also the
facilitation of effective social and experiential learning. He chairs the EUMETNET working group
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lead author of a major revision to the BIP-M on
behalf of WMO, which should be published during
2023.

References
Lopez-Garrido, G. (2021, Jan 4). Self-Determination Theory and Motivation. Retrieved from Simply
Psychology:
https://www.simplypsychology.org/self-determination-theory.html
Wenger, E. (2013, Oct 6). Communities of practice, a brief introduction. Retrieved from wenger-trayner.
com:
https://wenger-trayner.com/wp-content/uploads/2013/10/06-Brief-introduction-to-communities-ofpractice.pdf
World Meteorological Organization. (2013). Guidelines for Trainers in Meteorological, Hydrological and
Climate Services (WMO-No. 1114). Geneva: WMO
World Meteorological Organization. (2015). Guide to the Implementation of Education and Training
Standards in Meteorology and Hydrology. (WMO-No. 1083). Geneva: WMO
World Meteorological Organization. (2018). Guide to Competency. (WMO-No. 1205).
Geneva: WMO. Retrieved from https://library.wmo.int/?lvl=notice_display&id=20181
World Meteorological Organization. (2019). Compendium of WMO Competency Frameworks. (WMONo. 1209). Geneva: WMO.
Retrieved from https://library.wmo.int/index.php?lvl=notice_display&id=21607
Eumetcal programme: https://eumetcal.eu/en/ui#/
SYMET-14:
https://public.wmo.int/en/events/meetings/14th-wmo-symposium-education-and-training-quadrennialmeeting-of-directors-of-wmo

The European Forecaster

43

