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Christian Csekits and Jos Diepeveen
Chairpersons WGCEF

Dear Readers and Colleagues,

It’s a great delight and honour to introduce the 24th edition of our newsletter "The European Forecaster". The 
success of a publication on a regular yearly basis is only possible due to the great work of many colleagues. 
Therefore we would like to express our deepest thanks to Mr. Bernard Roulet and his colleagues at Meteo 
France for printing the newsletter. Many thanks go to all the authors for submitting articles. We kindly 
address our warmest gratitude to Mrs. Stephanie Jameson and Mr. Nicholas Roe for reviewing the incoming 
articles. Last but not least, we want to thank Mr. Andre-Charles Letestu for updating our WGCEF website 
www.euroforecaster.org continuously.       

Looking back over the last twelve months, many severe weather events took place in Europe. During late 
spring and summer 2018 a strong and very stable anticyclone over Scandinavia caused a very dry and hot 
period, thus bringing drought and heat waves to many parts of Central, North-western and Northern Europe. 
For example big forest fires, low water levels in rivers and lakes, heat stress and crop failure occurred. 

In autumn 2018 intensive cyclogenesis over the Mediterranean Sea led to impressive rainfall rates with 
severe flooding and strong wind gusts over Italy, southern parts of Austria and on the Balkan Peninsula.

In January 2019 a persistent north-westerly and northerly flow brought long-lasting and extreme snowfall 
north of the Alps. Many streets and train lines were blocked, a lot of villages couldn’t be reached due to 
avalanches. Numerous power lines were broken because of the enormous amount of snow.     

As forecasters we are taking a leading role in supporting people, decision-makers and civil protection  
agencies in preparation for these severe weather events to minimise or even avoid damage to human 
life and infrastructure. To keep, or even improve, the high quality of forecasts cooperation and scientific  
exchange between the different NMSs is essential, which is one important goal of our working group.                

We had a very interesting and productive WGCEF meeting 2018 in Tel Aviv - a big thank you goes to  
Mrs. Alissa Razy, Mr. Amit Savir, Director-General Mr. Nir Stav and their colleagues for the warm and  
generous hospitality. 

We hope you find this newsletter enjoyable and informative. 

Best regards,



The European Forecaster6

Monday, 12th of November 

Session I ˝Introduction˝: 

* Welcome Address Director of IMS Nir Stav 

Nir Stav tells us about the history of IMS and the 
important role of Ben Gurion in establishing the 
weather service, particularly for aviation forecasting. 
Nowadays IMS is active in a wide range of sectors.

* Opening words (Christian, Jos)

* Welcome of the new WGCEF members (Jos and 
Christian)

* Agree agenda and review actions from last 
meeting (Jos and Christian) 

Minutes of 24th Annual Meeting  
of the Working Group on Co-operation Between 
European Forecasters (WGCEF)
Monday 12th – Tuesday 13th of November 2018

BY14 Hotel in Tel Aviv

By Christian Csekits, ZAMG (chair) and Jos Diepeveen KNMI (vice-chair)

List of Participants (in alphabetical order):

BLAAUBOER, Dick - Eumetnet
BRAININ, Evgeny - Israel Meteorological 
Service
CSEKITS, Christian - ZAMG/Austria
CUSACK, Evelyn - Met Éireann/Ireland 
DAVIDOFF, Oren - Israel Meteorological  
Service
DIEPEVEEN, Jos - KNMI/The Netherlands
HEWSON, Tim - ECMWF
HOIKKANEN, Marjo - FMI/Finland
JAMESON, Stephanie - UK Met Office/Great 
Britain
LETESTU, Andre-Charles - MeteoSwiss/ 
Switzerland
KALIN, Lovro - DHMZ/Meteorological and 
Hydrometeorological Service of Croatia

LAINE, Mikko - FMI/Finland
PALJAK, Taimi - Estonian Weather Service
PATERSON, Laura - UK Met Office/Great 
Britain
PATKAI , Zsolt - OMSZ/Hungary
RAZY, Alissa - Israel Meteorological Service
REY, Jaime - AEMET/Spain
ROULET, Bernard - Meteo-France
SANDEV, Marjan - Czech Hydrometeorologi-
cal Institute
SAVIR, Amit - Israel Meteorological Service
SKELBAEK, Michael - DMI/Denmark
STAV, Nir - Director of Israel Meteorological 
Service
TROISI, Antonio - Italian Meteorological  
Service
VANHAMEL, Thomas - RMI/Belgium
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Session II ˝Updates since the last  

meeting˝: 

* Round table: participants introduce themselves 
and give an update on new developments within 
their NMSs (5 minutes each)

Cristian Csekits/ZAMG

• ZAMG are participating in the ARISTOTLE II 
Project which delivers multi-hazard information to 
the ERCC (Emergency Response Coordination 
Centre); Start: November 2018.

• INCA: forecast data from AROME (instead of 
ALARO) from end of 2018 onwards

• New thunderstorm guidance bulletin for internal 
users (maybe presentation for 2019).

• Projected restructuring of one shift (more inter-
national weather forecasts or more activities on 
social media; more details in 2019).

Evelyn Cusack (MET EIREANN)

• 12 members Ensemble high-resolution (2.5km) 
has become operational. Model is 54 hour and en-
sembles are 36 hours.

• We are hiring 8 meteorologists - interview panel 
took place in July, but no one has arrived yet! 

• We are setting up a Flood Forecasting Center. 
Hiring 6 hydromets (3 so far).

• Monthly forecaster/NWP’ers meeting….very 
useful. Sometimes lively. Older forecasters resis-
ting ensembles! (ECMWF course in February).

Jos Diepeveen (KNMI)

• Major KNMI project: development of a new web-
based Met. Work Station: Geoweb. Other Euro-
pean NMS's are also interested.

• KNMI received extra funding from the ministry 
this year to keep basic services on a proper level, 
with possibility for development to an Early War-
ning System. However, budget-planning for 2019 
is still difficult.

• On the 8th of March, International Women's Day, 
we had a completely female operational shift.

Tim Hewson (ECMWF)

• New seasonal forecast system SEAS5 went live 
in Nov 2017

– Higher resolution (32km from 80km, ocean 
0.25 from 1, sea ice model)
– More recent reference period for anoma-
lies, to help address non-stationarity (climate 
change) issues.

• New Model cycle 45r1 went live in Jun 2018

– Improved physics, better rainfall near coasts 
in “warm rain” situations
– Lightning flash density forecasts included
– HRES now coupled to ocean, so SST changes 
according to overlying weather.

• Migration work for the relocation of the next 
ECMWF supercomputer in Bologna is gathering 
pace…

• New Web-based Forecast User Guide released 
in May 2018 – unrestricted access. 

• ENS and HRES Vertical Profiles are now avai-
lable in ecCharts.

• “Weather Cloud” initiative started.

Robert  Hausen (DWD)

• Issue of warnings for west Germany switched from 
Offenbach to the regional office in Essen. Regio-
nal expertise across the whole of Germany is now 
under control/guidance of supervisor/lead forecas-
ter in Offenbach.

• Fusion of aviation and general weather forecas-
ting in Essen, looking to prove a similar concept 
for Berlin and Munich.  

• The forecasting headquarters in Offenbach will 
now focus more on international activities and is-
sue of user-orientated products (focus on severe 
weather events).

• After a successful period of evaluation, ICON-
EPS went operational in early 2018.  

Veronika Hladnik (EARS)
• New web page www.vreme.si with hourly fore-
cast which is nice for use for smart phones.

• Internal project for new subjective products for 
special groups of users is in progress.

• Small group starting to produce audio and/or 
video recordings.

Lovro Kalin (DHMZ)
• Small group starting to produce audio and/or video 
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recordings. fully employed, some still on appren-
tice), age structure changed - generation shift.

• Still problems with infrastructure (operational 
room, inadequate facilities)

– refurbishment needed, new building expected 
in 2022.

• IBL VW visualisation is fully operational, whilst 
forecast production is currently in progress - ex-
pected fully in Spring 2019.

– new products (tailored, automated end pro-
ducts, tailored diagnostic/forecasting parame-
ters).

• Warnings improvements (more elements, cold 
waves introduced this winter, demand for County 
based warnings, automation, impact based, 
thresholds improvements...).

• New web page meteo.hr

• Forecasters communicate via Slack, though still 
await the use of other social networks. 

Mikko Laine (FMI)
• Regular, twice a month, verification meetings 
between meteorologists, model developers and 
post-processing method developers. Also we have 
nominated one meteorologist to work as contact 
person between model developers and forecas-
ters. In addition some of our forecasters are more 
engaged with the post-processing method deve-
lopment. In both cases above worktime is shared 
between development and forecasting units. 

• We have integrated crowdsourcing app to our 
weather app. We are collecting weather ob-
servations from citizens (e.g. precipitation, ice 
thickness, snow depth, hail, slippery pedestrian 
weather). Meteorologists can monitor these ob-
servations directly from our meteorological works-
tation (SmartMet). 

• Tailored products for our customers: weather 
chat, Webex briefings (virtual meeting) e.g. for ice 
breakers & pilots and electricity companies. 

• We have increased our activity in social media. 
We have reorganised our shifts to get more time 
for social media tasks: regular tweets in Twitter, 
weather related videos in YouTube. We can also 
create weather videos directly from our worksta-
tion.

• The aviation weather unit has launched a tool 

developed in FMI to ease the production of Signi-
ficant Weather Charts together with SMHI in Swe-
den.

• We have started to use Slack as in-house chat 
and team message platform. Aviation unit is using 
Slack to communicate (SWC, Sigmets) with other 
Scandinavian and Baltic aviation units.

• Since last autumn, aviation forecasters have been 
participating in weather meetings in Helsinki Airport 
operations center, together with airport stakehol-
ders, to help plan actions to mitigate the effects of 
high-impact snowfalls and thunderstorms. 

• The FMI is participating in the ARISTOTLE (All 
Risk Integrated System TOwards Trans-bounda-
ry hoListic Early-warning) Project which delivers 
multi-hazard information to the ERCC (Emergen-
cy Response Coordination Centre). As a backup 
leader of the weather hazard group after UKMO, 
we are also leading the group ten weeks per year.

• The FMI is leading the PECASUS (Pan-Euro-
pean Consortium for Aviation Space weather User 
Services) consortium, which is aiming to provide 
information on space weather that has the po-
tential to affect communications, navigation and 
health of passengers and crew.

• We are starting to collect a database of impacts 
of severe weather events to further increase the 
accuracy of impact based warnings.

Andre Charles Letestu (Meteoswiss)

• A new law has been approved by Parliament, 
which applies from the 1st January 2019. One of 
the main aims of this is to strongly reduce the price 
of observed and forecast data.

• A new project has been launched which is aimed 
at developing a concept to communicate probabi-
listic forecasts to the public. A number of products 
now include probabilities, especially on the web-
site and in the App.

• MeteoSwiss have published documents about 
climatic scenarios in Switzerland (CH2018) and 
their resulting probable effects on tourism, eco-
nomy, agriculture, civil protection and welfare; 
events have been organized in various locations 
in Switzerland. Several products are currently pro-
duced manually, but it is planned to produce these 
automatically using data4web. This is a forecast 
data base computed using model data, and input 
from the forecaster.
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‒ Programme of voluntary redundancies.

• What this means for forecasting – Making ope-
rational work more efficient, developing tools to 
cope with future NWP, object/event approach, 
ways of working, reducing unsociable hours, im-
proved visualisation.

• Meanwhile, we continue to face resourcing 
challenges.

• Science changes – recent PS41, MOGREPS UK 
hourly cycling being trialled.

• Climate updates – WSSP China, ARRCC Pro-
gramme with Dfid, IPCC contributions, CSSP Bra-
zil.

• Contract changes – roads, Heathrow, M&S, 
Gatwick, new Beta Website.

Amit Savir (IMS)

• Automatic weather station on one ship.

• AMDAR data: start in December 2018 (El-Al car-
rier).

• New website coming in early 2019 (in Hebrew, 
Arabic and English language).

Zsolt Patkai (OMSZ)

• A country-wide hail protection system was started 
in May 2018:

– HMS offers special meteorological forecasts: 
hail probability maps. (0-30%: yellow, 30-60%: 
orange, >60%: red).
– 5 new colleagues were hired for this task.
– Hail protection period: 1. May - 30. September.

• New social media role was started in September 
2018:

– Working hours: 8-18 h.
– Responsibilities:

 • Making a daily weather forecast video on 
YouTube. All the graphics and images are made 
with our visualisation system. Flexible: one may 
decide how many and what type of graphics to 
use.
 •Posting weather information on HMS 
Facebook. Both domestic and worldwide weather 
news.
 • Replying to Facebook messages related 
to forecasts.
 • Serving TV channels who want to make 
reports on the weather.

• A MeteoSwiss twitter channel will be launched 
on the 1st March. There will be one for each lan-
guage. At least one tweet a day should be sent. 

• Continuous snow measurement (every 10 mi-
nutes) will soon be available on the MeteoSwiss 
automatic measurement network. A test is current-
ly in progress at Geneva airport.

• Two projects concerning the future of COSMO 
models have started or about to start. ModInterim 
began early 2018 and will finished late 2020.The 
goal is to produce an ensemble model from the 
analysis to 5 days with a horizontal resolution in-
creasing seamlessly from 1.1 to 2.2 km. New ob-
servations will be added into the assimilation sche-
me and a new scheme (KENDA) will be applied. 
The second project, called ICON-22 will start mid-
2019 and will finish late 2022. It will replace the 
COSMO models by a new version calculated on 
an icosahedral grid developed by the DWD.

• A post processing project (PostprocVeri) has just 
started - its aim is to establish probabilistic and 
spatial postprocessing for several parameters on 
all weather prediction time scales, taking into ac-
count all available observations and models. Out-
put will be automatic and seamless in time.

Taimi Paljak (EMHI)

• The meteorological and hydrological Network is 
automated, with only 3 stations providing manual 
observations.

• Close co-operation with civil protection authori-
ties (thresholds of warnings, further development 
of service).

• Development of HARMONIE with resolution 2.5 
km.

• Development of road model. 

• Use of SENTINEL data for ice chart on the plat-
form QGIS.

• Meteorological Workstation SMARTMET – im-
plementation of which comes under the framework 
of the CESAR project.  

Laura Paterson (MetOffice)

• New CE, Prof Penelope Endersby and Chair, 
Rob Woodward, appointed.

• Large scale transformation and efficiency project 
underway

– Large scale infrastructure updates
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• After 10 years without, a 30% pay rise is expec-
ted for staff next year. However there may be a 
possible reduction of staff in 2019. 

Vida Raliene (LHMS)

• Re-organisation has been taking place since 20th 
March 2018 (with the reduction of staff and full au-
tomation of meteorological stations). Fortunately, 
the best specialists did not leave the LHMS. Staff 
were moved to work in a newly created Research 
and Development department.

• General weather, marine and hydro forecasters 
were joined into one unit in 2018, so we learn:

– to work together (physically in one room, ad-
justing to new areas of job)
– to use reduced amounts of information about 
weather phenomena (as we now have no ob-
servers in meteostations, no volunteer institu-
tion).

• Reduction of staff leads to reduced possibilities 
for external training, especially where training is 
required to use the classroom.

• Weather and hydro forecasters are unused to a 
lot of regulations (bureaucratic problems) asso-
ciated with aeronautical weather services.

• No new forecasting methods or tools were in-
troduced, just videoconferences between remote 
units. Introduction of videoconferences with main 
customers (Fire and Rescue Department, Com-
mand and Coordination board, Situation coordina-
tion division).

Jaime Rey (AEMET)

• CAP 1.2 became operational on 18th of June 
2018 at national level, but due to visualisation pro-
blems, it is still not visible in Meteoalarm.

• Storm Naming season 1 was a success. Sea-
son 2 just started with “Adrian”, named by Mé-
téo-France.

• TTwo important meetings related to forecasting 
were held in the last couple of months:

– 6th National Symposium on Forecasting. 17 – 
19 September.
‒ HARMONIE-Users Workshop.  6 – 7 No-
vember.

Bernard Roulet (Meteo France)

• Climatology

– All databases migrated from ORACLE to 
PostgreSQL
‒ Implementation of a management tool for cli-
mate archives.

• Observations

– New radar mosaic SERVAL : all software 
treatments available at T+2mn

‒ New radar band C Doppler double polarisa-
tion at Ajaccio/ Alata, 780 m western coast of 
Corsica.

• Models 

– AROME overseas (Lesser Antilles, La Reu-
nion-Indian Ocean, New-Caledonia and Po-
lynesia-Pacific Ocean) could be extended up to 
72 hours.

‒ Ensemble assimilation has been implemented 
in AROME and PE AROME.

‒ Developments for coupling AROME and 
ocean model are ongoing.

• Production 

– Work in progress to build an automatic pro-
duction line of fields from D to D+14 under pro-
babilistic form.

• Vigilance 

– Two red events

	  Snow 28/02/18 Herault

	  Heavy rainfall 15/10/18

– Work in progress for producing an impact 
based rain-flooding vigilance (working group 
Regional Forecasters-Hydrologists).

‒ Developments start on new software to allow 
vigilance over smaller areas (infra-departemen-
tal).

• Super Computer

‒ Renewal process initiated: answers from ma-
nufacturers expected by March 2019.

‒ Expected target is a 5 multiplication factor but 
perhaps only 4.

‒ Implementation target : before the end of 
2020.
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Marjan Sandev (CHMI)

• New application Alert Editor for issuing of meteo-
rological, hydrological and air pollution warnings 
(within software Visual Weather f.

• New warning web pages.

• Changes at distribution warnings - CAP to FRS 
CR.

• Mobile application (Android, IOS).

• Media department for the whole CHMI (from 
September 2018).

• Work on all social networks now comes under 
‘one roof’ (facebook, twitter, you tube).

• A new concept of employee training is being de-
veloped within the CHMI - the MOODLE system 
will be the main tool for training.

• A new supercomputer for model Aladin, from Fe-
bruary 2019 with horizontal resolutions of 2.4 km.

• Work continues on the project of “Prevention of 
security risks caused by extreme meteorological 
phenomena - their specification and innovation of 
forecasting and warning systems with respect to 
climate change”.

• After six years of preparation, a new Central 
Forecasting Office will be built (from December 
2018).

Michael Skelbaek (DMI)

• Extra budget funds.

• Model shift and new models introduced.

• New staff, app & homepage.

• Twitter Award.

• We are moving!

Thomas Vanhammel (RMIB)

• New products and developments

‒ Road forecasting model implemented (ope-
rational test phase this winter, operational fore-
casting next year).

‒ Automation of warning verification (develop-
ment phase)

‒ “forecast database”: forecasters choose the 
“model of the day” that will feed all our outgoing 
products (development phase).

‒ Astronomical product (short term forecast of 
clouds: structure, type, total amount; transpa-
rency of the atmosphere; “seeing-index” based 
on turbulence) (development phase).

‒ Co-operation with regional hydrological agen-
cies (drought index, QPE and other radar/preci-
pitation products) (semi-operational phase).

• General news concerning the weather office

– Space weather formations held.
‒ New head of department: David Dehenauw 
replaces Fabian Debal.
‒ Open door days held in September 2018.

Session II "Updates since the last meeting":
* Discussion of the 23rd WGCEF Newsletter 
(Bernard)

* WGCEF website and social media report (Andre-
Charles)

• EUMETNET Update (Dick)
Dick gives us an interesting overview of all EU-
METNET activities. Details can be viewed in his 
presentation.

• EUMETNET Task Team on Storm- 
Naming Update (Evelyn)
The west and southwest storm-naming groups 
have made quite a lot of progress over the last 
year, with the members in the two groups co-ope-
rating more and more.  

There is need for structure. 
Co-ordination of storm naming using an (internet) 
platform (Meteo Alarm): using such a platform to 
share understanding around which low has been 
named could take away a lot of administrative 
work for the forecaster.

Following contact with the University of Berlin, it 
is understood that they do not currently wish to 
cooperate with the EUMETNET initiative.

Tuesday, 13th of November

• 15:15 - 16:15 Session III ‘Presenta-
tions: Social Media’ (20 minutes each 
including discussion):

Michael Skelbaek: “Changing forecaster role and 
communication to the public”

In Denmark we see a growing need for the fore-
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caster to communicate about the weather to so-
ciety and emergency management, rather than 
“just” making a text forecast. Through a lot of 
training our forecasters are ready to make small 
video clips, tweets and more general use of diffe-
rent media platforms. The forecasters did actually 
win a special language prize for the best tweets in 
Denmark 2018! To the professional user our main 
focus is nowcasting, and communicating uncer-
tainties and impacts.  Besides that we have taken 
some action to make our met office more resilient 
to the future. Every forecaster is now capable of 
doing aviation forecasts which is important due 
to the growing cooperation between the Nordic 
countries and the Baltic countries in NAMCON.

Jaime Rey: “The use of social media for warning 
dissemination in Spain”

Weather warnings in Spain, produced with web 
software, are disseminated through a data pro-
cessing unit and a warning database. The use of 
a message broker software enables the dissemi-
nation of automatic messages in social networks. 
Aemet publishes in a Blog, Youtube and Face-
book on a regular basis, but Twitter is currently the 
leading Social Network, with more than 175,000 
subscribers.

The impact in social networks of the first Storm 
Naming season for the SW group was studied. 
By analysing the total number of visits to Aemet´s 
web page and the impact of Tweets with the hash-
tag #BorrascaName we concluded that Storm 
Naming helps with the spreading of information 
about the severe event and associated warnings 
through mass media.

Stephanie Jameson: “Met Office: The use of social 
media: Communicating Meteorological Informa-
tion to the  public“

This presentation looks briefly at how we have de-
veloped our current approach to using social media 
to communicate weather information to the public.

This presentation looks briefly at how we have 
developed our current approach to using social 
media to communicate weather information to the 
public.

In 2015, we, at the Met Office, set-up our own in-
house operational media team which enabled us 
to move to a 24/7 Twitter platform, expand further 
into Facebook and also create accounts on Ins-
tagram and Snapchat, amongst other channels. 

We will describe how the media team work clo-
sely with other parts of the Office to determine the 
content we produce, as well as how we vary our 
approach depending on the channel being used 
and the demographic of that channel’s user.

Finally, we will look at how this has increased our 
public reach, before touching upon what we might 
anticipate for the future in terms of our use of so-
cial media.

Tim Hewson: "Recent and upcoming  
developments at ECMWF"

• New seasonal forecast system SEAS5 went live 
in Nov 2017

– Higher resolution (32km from 80km, ocean 
0.25° from 1°, sea ice model)
– More recent reference period for anoma-
lies, to help address non-stationarity (climate 
change) issues +…

• New Model cycle 45r1 went live in Jun 2018

– Improved physics, better rainfall near coasts in 
“warm rain” situations

– Lightning flash density forecasts included

– HRES now coupled to ocean, so SST changes 
according to overlying weather.

Alissa Razy: "Using Lidar ceilometer and its pro-
ducts for nowcasting"

Lidar information was very useful for nowcasting 
fog conditions for the Tel Aviv airport. Also lidar in-
formation is used for diagnosing dust events and 
fire events.

Andres-Charles Letestu: "New products provided 
by MeteoSwiss for Geneva Airport"

For many years MeteoSwiss has provided support 
for aviation.
Recently collaboration has increased between it-
self, air traffic control (Skyguide), and the opera-
tion centre at Geneva airport.
Past MeteoSwiss products have been re-thought 
and new ones created in order to best respond to 
the needs of the airport.
Here are examples of some new and updated fo-
recasts:

• A thunderstorm forecast is sent to air traffic 
controllers to enable delays to be anticipated. Te-
lephone contact with the controllers provides fur-
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ther with the forecaster if necessary.

• The Dashboard; this consists of a platform on 
which radar, satellite, and forecasts of various me-
teorological parameters are displayed including 
the temperature and state of the runway.
Probabilities of fog, thunderstorms or snow are 
added by the forecaster.
The same product is displayed in both the opera-
tion centre at Geneva Airport (APOC),and in the 
forecasting room at MeteoSwiss.

• The charter forecast enables APOC to predict 
delays due to weather hazards in departure airpo-
rts, and on roads to ski resorts, during busy winter 
weekends.
Warnings of lightning, strong winds and snow are 
also issued for the Geneva Airport area.

• Finally, since 2016, a low level significant weather 
chart over the Alps has been produced every three 
hours in collaboration between Austrocontrol and 
MeteoSwiss. The two centres produce this chart 
simultaneously using the same tool. 

Mikko Laine: "Forecast verification at FMI"
Constant forecast verification is key to further 
improving our forecasts and our post processing  
methods.

Verification is a way to understand diffe-
rences between models and a way to 
find the best performing model in a current weather 
situation. It is also a good way to find new model 
errors and to cope with known ones. Different ope-
rational units at FMI verify different things, e.g. the 
aviation unit is interested in cloud ceiling, visibi-
lity and low cloud. Safety Weather Services ve-
rify high wind speeds, and the hit rate of weather 
warnings. At tailored weather services, we verify 
temperature and precipitation forecasts.
We are using two verification tools at FMI, both 
are developed by FMI.
With "Verification Tool" we can do both daily veri-
fication and also monthly and yearly verification. 
We can verify different models, post-processing 
methods, and also weather data from our insti-
tute and weather data from our neighboring natio-
nal institutes. We can visualise data with tables, 
charts and maps.
With "Personal Trainer" our meteorologists can 
compare their own forecasts to the average of all 
forecasts. We can visualise data with tables and 
charts. "Personal Trainer" is still under develop-
ment.

Bernard Roulet: "Severe snow event in Herault on 
the 28th of February 2018"

Storm Ana produced an active snow event on 
the 28th of February 2018 across southeastern 
France, especially over Herault (department 
n°34). Forecast model outputs (ECMWF, ARPE-
GE and AROME) are studied from medium range 
to very short range and then compared to obser-
vations. Orange, then red, vigilance for snowfalls 
were issued by Meteo France during this event. 
Despite these alerts, major troubles occurred near 
the town of Montpellier, particularly on motorway 
A9. Attempt to explain and provide a conclusion.

Thomas Vanhamel: "The 2018 drought  
in Belgium"

Drought is a creeping natural hazard that is not 
bound to specific climates. It can occur even in 
temperate maritime climates, like that of Belgium. 
Climate models project an overall increase in pre-
cipitation in northern Europe and a decrease in 
southern Europe. Belgium, lying in the transition 
zone, could possibly see an increase in the oc-
currence of spring / summer droughts, similar to 
the ones that occurred in 2017 and 2018. Adap-
tation measures to cope with these persistent 
dry weather regimes must therefore be conside-
red. A first step in adaptation is the monitoring of 
droughts. 
In light of this, the Flemish regional government 
established a “drought committee” in Autumn 2017 
that gathers observations and indices concerning 
droughts, and decides on a drought state. This in-
formation is then used by decision makers to de-
cide whether measurements (restrictions) should 
be taken. The RMI is indirectly involved in this 
process, since it delivers several products to the 
Flemish hydrological service, i.e. SPI, radar pro-
ducts. In light of this global change, these kind of 
co-operations between meteorological services 
and other institutes could become increasingly im-
portant in tackling difficult problems that concern 
society in an interdisciplinary manner.

Christian Csekits: "Severe rain and storm event in 
Austria in October 2018"

The period of the 27th to 30th of October 2018 was 
a very extreme one for severe weather phenome-
na in Austria, as well as in many other parts of Cen-
tral Europe. Firstly, a persistent low over the Gulf 
of Genoa and associated frontal system caused 
heavy rainfall in south-western parts of Austria. 
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After a short break of 12 hours the next low de-
veloped over the Western Mediterranean Sea and 
propagated over Northern Italy and Switzerland 
towards the Benelux States. This led to another 
period of heavy rain in the same area as the first 
rain event. Total precipitation of up to 650 mm was 
observed within 72 hours, which is 2 to 3 times 
the monthly sum of precipitation for this region. 
Due to the strong pressure gradient, severe wind 
gusts of around 100 km/h in the valleys and up to  
180 km/h in the mountains occurred. The perfor-
mance of different models for various time steps 
is shown and the procedure of severe weather 
warnings issued by the Austrian Meteorological 
Service is illustrated. Luckily the impacts on so-
ciety and infrastructure were less dramatic then 
expected as a result of the early delivery of red 
warnings and the excellent co-operation with the 
national emergency response center, army, police 
and fire brigade.  

Antonio Triosi: Nightmare week in Italy end of 
October and beginning of November.

A typical upper air cut-off low was giving high 
impact weather, especially because of a conver-
gence line in the “warm sector” and a comma, as-
sociated to a PVA max, behind the cold front.
During  November 3rd  in Millicia, there were 12 
casualties as a result of a severe flooding event. 
In total 32 casualties were counted, due to the im-
pacts from a variety of weather parameters.  

Jos Diepeveen: Estimating storm impact using a 
storm number

At KNMI a way of ranking strong wind storms is 
being used, using an objective method by San-
der Tijm: “The storm number.” Fact sheets have 
been made using this ranking for the top 10 most 
severe storms, describing the impact on different 
user groups. These fact sheets can be used to 
estimate impact more objectively in the case of a 
future severe storm situation.

Session IV "WGCEF Discussion Forum":  
Discussion on “training activities and sharing ex-
pertise”:

- ESSL-testbed is recommended by a colleague 
from IMS. IMS learn a lot from EU co-operation. 
IMS can provide unique knowledge, but also have 
some questions about the handling of various 
synoptic phenomena, for example the “Red Sea 

Trough”. Their operational database is also re-
commended.

- The UK Met Office run internal testbeds, but also 
send people to the US to participate in testbeds 
there.

- IMS offer an exchange of expertise and would 
like to be involved in European developments.

- DMI are running a training day on icing condi-
tions and are looking for someone who can provi-
de training on this topic.

- ECMWF e-learning modules: what is the ba-
lance between on-line sessions, test-beds/hands 
on sessions/meetings or conferences? Feedback 
suggests a combination of different methods is 
fine! Exchange of ideas and knowledge through 
meeting face to face is most preferred, but maybe 
not that practical.

- Training in Tropical Meteorology for ZAMG fore-
casters (Aristotle II)

Session VI "Closure of the meeting":  
The next WGCEF meeting will be in Dublin (26th 
and 27th of September 2019) 

With thanks to Evelyn/Met Eireann in advance for 
their kind hospitality!

- Date to be decided, two days on Thursday and 
Friday at the end of September/beginning of Oc-
tober (since decided as the 26th and 27th of Sep-
tember 2019).

- The suggestion for 2 complete days was well re-
ceived.

Tips for next meeting/remarks:
- Better preparation, with suggested questions, is 
required for the discussion sessions!

- Online participants are also welcome to do pre-
sentations if technically possible. We should bear 
in mind that technical problems are always pos-
sible.

- Newsletter articles: please ask colleagues if they 
would also like to contribute.

- EMS sessions are recommended, so send ar-
ticles. The call for papers will be at the  beginning 
of next year.

Jos Diepeveen nd Christian Csekits and
Chairpersons WGCEF

14th of November 2018
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ABSTRACT: Twenty-five years ago the first 
operational ensemble forecasts were issued. This 
triggered a paradigm shift in weather prediction: 
for the first time, forecasters and users were able 
to have reliable and accurate estimates of the 
range of possible future scenarios, and not just a 
single realization of the future. Today, ensembles 
are used not only to provide forecasts for the short 
and medium-range, the monthly and seasonal 
time scales, but also to estimate the initial state 
of the atmosphere. In this article, we briefly review 
how we got here, starting from the establishment 
of the global ensembles in the 1990s, to the use 
of very high-resolution, limited-area ensembles for 
the short-range. We discuss what are the key cha-
racteristics of an ensemble system, and why they 
provide more valuable information than single fo-
recasts. Finally, we look to the future, arguing that 
it is time that we all think ensemble!

A paradigm shift in weather prediction: 
the move towards ensembles 

Since numerical models have been used to predict 
the weather, forecasters have realized that there 
are cases when forecast errors would remain 
small even for long forecast ranges, while in other 
cases even a 1-day forecast would be wrong. This 
operational experience was supported by scien-
tific work that pointed out that, due to the chaotic 
nature of the atmosphere, even small initial errors 
could grow very rapidly and affect forecast quality 
in a very short time.

Ensemble forecasting
François Bouttier1, Roberto Buizza2

1. Centre national de recherches météorologiques, Météo-France, Toulouse, France  
(francois.bouttier@meteo.fr)

2. Professor, Scuola Universitaria Superiore Sant’Anna Pisa, Pisa, Italy  
(roberto.buizza@santannapisa.it)

Figure 1. Schematic of an ensemble prediction system, based 
on an ensemble of N forecasts (the blue lines) to predict reality 

(the red line). Both at initial time and at forecast time t, the 
N forecasts can be used to estimate the Probability Density 

Function (PDF) of atmospheric states. The PDF can then be used 
to estimate, e.g., the mean value, the range of possible outco-
mes, the probability that certain thresholds are exceeded. The 

"spread", i.e. the level of divergence between the forecasts, 
can be used as an estimate of the confidence of the forecast: in 
a reliable ensemble, a small spread, i.e. forecasts close to each 
other, indicates a high confidence, a more predictable case. By 

contrast, a large spread indicates a less predictable situation.

Scientists and operational forecasters started in-
vestigating whether it would be possible to know 
in advance, when a forecast is issued, whether the 
situation was easy (or, say, easier than average) 
to predict. In other words, they were looking at an 
objective method that could be used to provide 
a level of forecast confidence. This confidence 
could be expressed in probabilistic terms, for exa-
mple by giving the probability that a specific event 
(e.g. rainfall in excess of 50 mm over 6 hours) 
would occur. It could also be expressed in terms 
of weather scenarios, each with an assigned pro-
bability. In this way forecasters could assess the 
range of possible weather that could occur in the 
future, and provide their users with the probability 
of occurrence of each scenario.

In the 1980s, different approaches were tested, 
all based on ensembles, i.e. on mixing and com-
bining a number of forecasts either started from 
different conditions, or generated using different 
models, or by combining the two.

The main idea behind an ensemble approach is 
very simple (Figure 1). Consider a variable such 
as temperature, at a specific location. If a forecas-
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ter has access to an ensemble of N forecasts ins-
tead of only one single forecast, s/he can estimate 
the range of possible outcomes, and/or the most 
probable value, and/or the probability that tem-
perature would be higher, or lower, than a certain 
value. A forecaster may also like to visualize the 
outcomes as N maps of possible meteorological 
scenarios.

In the 1980s, different techniques were tried to 
develop reliable and accurate ensembles. An en-
semble is reliable if there is, on average, a corres-
pondence between a forecast probability and the 
probability of occurrence. In a reliable ensemble, if 
an event is predicted with an 80% probability, then 
this event occurs 80% of the time (on average over 
a large sample of cases). An ensemble is accurate 
when the average error of a probabilistic forecast 
is small. In the USA, ensembles based on lagged 
forecasts (i.e. forecasts started at different times 
and days, e.g. the 9 forecasts issued every 6 hours 
over the past 2 days), were tried.  This method 
delivered forecasts with a reasonable quality for 
the medium forecast range (say after one week), 
but not for the shorter forecast range, since the 
‘oldest’ forecasts were too old to be accurate. At 
ECMWF a different method was tried: ensembles 
of forecasts were initialized at the same time, but 
with initial conditions perturbed in a random way. 
This method did not deliver good results, since the 
random perturbations did not lead to very different 
forecasts, and the ensemble suffered from un-
der-dispersion and very poor reliability, since the 
forecasts remained too similar to provide valuable 
information about possible future scenarios.

The late 1980s and the early 1990s saw the de-
velopment and testing of more promising me-
thods both at ECMWF and at NCEP. 1992 saw 
the implementation of the first two operational 
ensemble systems at the European Centre for 
Medium-Range Weather Forecasts (ECMWF) in 
Europe, and at the National Centers for Environ-
mental Prediction (NCEP) in the United States of 
America. They were followed by the Météorolo-
gical Service of Canada (MSC) in 1995, and by 
others a few years later, both for the global scale 
and for specific regions.

These implementations generated a paradigm 
shift in operational numerical weather prediction 
from a deterministic approach, based on a single 
forecast, to a probabilistic one, whereby multiple 
ensembles are used to estimate the probability 
density function of initial and forecast states.

Are ensemble-based, probabilistic  
forecasts more valuable than single 
ones? 

Today, it is widely accepted that forecasts have 
to include uncertainty estimations, confidence 
indicators that allow forecasters to estimate how 
‘predictable’ the future situations are. These es-
timates can be expressed in different ways, as a 
range of possible scenarios, or as probabilities 
that events of interest can occur. Today, short and 
medium-range forecasts, monthly and seasonal 
forecasts, and even decadal forecasts and climate 
projections are based on ensembles, so that not 
only the most likely scenario but also its uncer-
tainty can be estimated. Furthermore, ensembles 
are also widely used to provide an estimate of the 
initial state uncertainty, to more accurately esti-
mate the analysis error.

There are at least two reasons why en-
semble-based, probabilistic forecasts are more 
valuable than single forecasts. The first reason is 
that they make it possible not only to predict the 
most likely scenario but also to estimate the pro-
bability that an alternative event, or more general-
ly, any event of interest can occur. In other words, 
ensembles provide users with more complete in-
formation, with extra pieces of information about 
the future weather scenario. One way to measure 
such a difference is to evaluate the Potential Eco-
nomic Value (PEV; Richardson 2000) of a forecas-
ting system.

The PEV is based on a simple user model, called 
"cost-loss": Given a predefined binary weather 
event (e.g. subzero temperatures, gale-force 
winds, etc), a user is assumed to have the choice 
between either paying an insurance premium 
C (the "cost") to protect his/herself against the 
consequences of this event, or taking the risk 
to incur damage worth L (the "loss") in case the 
event occurs. We assume that the user always 
takes the best option, and it can be shown that C 
and L only matter through their "cost-loss" ratio, 
C/L. For any given forecasting system, the PEV 
measures the average expenses caused by fore-
cast errors: thus, it can be used to quantify the 
savings brought by replacing a forecasting system 
by a better one.

As an example, Figure 2 shows the average PEV 
for the ECMWF single high-resolution forecast 
and the medium-range/monthly ensemble (ENS) 
probabilistic forecast of four events:
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    • 2-meter temperature cold anomaly (with res-
pect to climatology) lower than 4 degrees;
    • 2-meter temperature warm anomaly (with res-
pect to climatology) greater than 4 degrees;
    • 10-meter wind-speed stronger than 10 m/s;
    • Total precipitation larger than 1 mm.

Figure 2 shows that the ENS-based probabilis-
tic forecasts have a higher PEV for all ranges of 
users. Consider, for example, a user who can 
protect against a loss of L=1,000,000 euros by 
spending C=100,000 euros, if s/he knew the tem-
perature and rainfall amount in 6 days. This user 
has a cost/loss ratio of 0.1. Suppose that this user 

has access to ECMWF ensemble and high-reso-
lution forecasts. For this user, Fig. 2 shows that 
ensemble-based, probabilistic forecasts are more 
valuable than single, high-resolution forecasts. 
In particular, for precipitation (Fig. 2, bottom-right 
panel), the 6-day single high-resolution forecasts 
have no value. This analysis can be generalized to 
a non-monetary framework, for instance one can 
measure the value of ensemble predictions for 
limiting human casualties during severe weather 
events (e.g. Hewson and Tsonevsky, 2016).

The second reason why ensemble-based, pro-
babilistic forecasts are more valuable is that an 

Figure 2. Potential Economic Value (PEV) of ECMWF single high-resolution forecasts (red lines) and ENS-based probabilistic forecasts 
(blue lines), for cost loss ratios C/L ranging from 0 to 1, for four different forecasts: 2-meter temperature cold anomaly lower than 4 
degrees (top-left panel), 2-meter temperature warm anomaly greater than 4 degrees (top-right panel), 10-meter wind-speed stron-
ger than 10 m/s (bottom-left panel) and total precipitation larger than 1mm (bottom-right panel). PEV average values have been 
computed considering the ECMWF operational forecasts for October-November-December 2016, verified against SYNOP observations.
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ensemble system provides forecasters with more 
consistent (i.e. less changeable) successive fore-
casts. This can be easily verified if one considers 
consecutive ensemble-mean forecasts, issued 
24-hours apart and valid for the same verification 
time. Results indicate that they jump less, i.e. are 
more consistent, than the corresponding single fo-
recasts. In other words, ensemble-based, dynami-
cal averaging makes successive forecasts more 
consistent.

Generally speaking, the main reason why  
ensemble-based, probabilistic forecasts are more 
reliable, accurate and valuable, is that by using 
the whole ensemble we can filter out the unpredic-
table scales (e.g. by constructing averages among 
all, or a selection of the available forecasts), or 
we can assess in a reliable way whether there is 
any chance that certain events (e.g. heat-waves 
leading to droughts, or extreme rainfall leading to 
flooding) might occur.

Who uses ensemble prediction? 

Ensembles are mostly useful for extreme weather 
prediction (high precipitation, winds and violent 
thunderstorms). They certainly have great poten-
tial for other meteorological applications (such as 
road condition management or wind power pre-
diction), but these benefits have only begun to 
materialize: in practice, the use of ensembles has 
been hampered by technical cost and conceptual 
complexity. Ensembles produce large amounts of 
data that are still imperfect; using them requires 
significant training efforts, because translating en-
semble information into decisions can be tricky.

Some forecasters claim that it is harder to apply hu-
man expertise to ensembles than to deterministic 
forecasts. Ironically, most of them routinely com-
pare forecasts from various models and meteo-
rological centres, which is a makeshift ensemble 
prediction. Ensemble forecasts add provable va-
lue to the forecasting process, but bringing this va-
lue to real users will still require much training and 
modernization of forecasting habits: today, we are 
facing dozens of years of experience in the use 
of deterministic models, compared to much less 
effort dedicated to using ensembles.

Let us consider an ensemble-based fog forecast, 
for instance. In order to make an informed  fore-
cast, one needs to apply statistical and/or physical 
corrections to numerical model output, to mix infor-
mation from various ensembles and deterministic 

models, to take into account recent observations 
and nowcasts. This information then needs to be 
summarized as a preferred scenario, and the pro-
babilistic forecast information has to be concisely 
communicated to various users. The message will 
be different for users who need to know if there 
is even the slightest chance of fog, and for users 
who only want a warning if fog is quasi certain. 
An automated forecasting process that would not 
include all these steps would be much less effec-
tive than a human forecaster who uses more tra-
ditional methods... or even a clever user of readily 
accessible meteorological websites. In a nutshell, 
the value of ensemble forecasts will not materia-
lize until forecast post-processing systems are 
substantially improved to bridge the current gap 
between numerical model output and end users 
(including forecasters).

Global ensembles for medium-range: 
how are they designed? 

Ensembles are designed to simulate the sources 
of forecast errors linked to initial conditions and 
model uncertainties. Model uncertainties arise be-
cause the models that we use to generate weather 
forecasts are imperfect, they only simulate certain 
physical processes on a finite mesh, and they do 
not resolve all the scales and phenomena that oc-
cur in the real world. Initial condition uncertainties 
arise because observations are affected by obser-
vation errors, and do not cover the whole globe 
with the same frequency. Furthermore, the pro-
cess of estimating the initial state of the system 
from which a forecast is computed, is based on 
statistical assumptions and approximations, inclu-
ding the imperfections of the model used to assi-
milate the observations

In the first version of the ECMWF global ensemble 
(Molteni et al. 1996), initial uncertainties were si-
mulated using singular vectors (SVs), which are 
the perturbations with the fastest growth over a 
finite time interval, to simulate initial uncertainties 
(Buizza and Palmer 1995). SVs provided a very 
good basis to define the initial perturbations of the 
ECMWF ensemble: compared to random initial 
perturbations, they were characterized by a much 
quicker amplification, similar to the forecast error 
growth rate. SVs remained the only type of initial 
perturbations used in the ECMWF ensemble un-
til 2008, when the ensemble of data assimilations 
(EDA) started to be used in combination with sin-
gular vectors (Buizza et al 2008). SVs are an es-
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sential component of the ECMWF ensemble, and 
they keep providing dynamically-relevant informa-
tion about initial uncertainties that could have a 
strong contribution to forecast errors.

There are several ways to simulate initial and mo-
del uncertainties. Indeed, in the first version of 
NCEP global ensemble, bred-vectors (BVs) were 
used to simulate initial uncertainties instead of 
SVs. The BV cycle aims to emulate the data-as-
similation cycle: it is based on the notion that ana-
lyses generated by data assimilation will accumu-
late growing errors by the virtue of perturbation 
dynamics (Toth and Kalnay 1997). This is due to 
the fact that neutral or decaying errors detected 
by an assimilation scheme in the early part of the 
assimilation window will be reduced, and what re-
mains of them will decay due to their dynamics du-
ring the assimilation window.  In contrast, growing 
errors, even if they are reduced by the assimilation 
system, will amplify by the end of the assimilation 
window.

The ECMWF and the NCEP ensembles were fol-
lowed, in 1995, by the Canadian ensemble, which 
was developed following a different approach. In 
Canada, they decided to adopt a Monte Carlo 
approach, designed to simulate both initial uncer-
tainties due to observation errors and data assi-
milation assumptions, and model uncertainties 
(Houtekamer et al 1996). The Canadian ensemble 
was the first one that included a simulation of mo-
del uncertainties, and it tried to include as many 
error sources as possible.

Following the Canadian example, the simulation 
of model uncertainties was introduced in the EC-
MWF ensemble in 1999, using, for the first time 
in numerical weather prediction, a stochastic ap-
proach to simulate the effect of model errors lin-
ked to the physical parameterisation schemes 
(Buizza et al. 1999). Since then, many other ope-
rational ensembles have also included schemes 
to simulate model uncertainties (see e.g. Buizza 
2014, for a review of the main characteristics of 
the operational global ensembles).

At present, four main approaches are followed in 
ensemble prediction to represent model uncer-
tainties (see Palmer et al 2009 for a review):
    • A multi-model approach, where different mo-
dels are used in each ensemble members; models 
can differ entirely or only in some components 
(e.g. in the convection scheme); (Descamps et al., 
2015) 

    • A perturbed parameter approach, where all 
ensemble integrations are made with the same 
model but with different parameters defining the 
settings of the model components; one example is 
the Canadian ensemble (Houtekamer et al 1996);
    • A perturbed-tendency approach, where sto-
chastic schemes designed to simulate the ran-
dom model error component are used to simulate 
the fact that tendencies are only approximately 
known: one example is the ECMWF Stochastical-
ly Perturbed Parametrization Tendency scheme 
(SPPT, Buizza et al 1999);
    • A stochastic back-scatter approach, where a 
Stochastic Kinetic Energy Backscatter scheme 
(SKEB) is used to simulate processes that the 
model cannot resolve, such as the upscale energy 
transfer from scales below the model resolution 
to the resolved scales: an example is the current 
ECMWF SKEB scheme (there is a plan to switch it 
off in the future since it does not appear to provide 
any significant benefit).

What characterizes an ensemble  
configuration?

We have previously discussed two key aspects 
that define the characteristics of an ensemble: the 
methodology used to simulate initial uncertain-
ties, and the simulation of model approximations. 
Other important characteristics of an ensemble 
are its horizontal and vertical grid resolution, and  
the number of ensemble members. Theoretical 
work done in the 1970s and 1980s, suggested 
that one needs at least about 10 members to be 
able to have a good ensemble-mean forecast, i.e. 
to have enough members to filter out the unpre-
dictable scales. Today, most of the operational 
ensembles have between 20 and 50 members. 
While this may be enough for some applications, 
the prediction of rare events typically requires at 
least 50 to 100 members.

Taking into account users’ demands, and given 
that we need to generate forecasts in a reaso-
nable amount of time (say about 1 hour) with finite 
computing resources, compromises have to be 
taken when an ensemble configuration is defined. 
Ideally, we would like to use as many members as 
possible (say in the order of 100), the highest re-
solution possible (to be able to simulate the finest 
scales), and to extend the forecast length for as 
long as possible, to provide a wider audience with 
ensemble-based, probabilistic forecasts. Unfor-
tunately, it is not possible, and this is why, for exa-
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mple,  ECMWF uses three different resolutions to 
generate ensembles for the medium-range, the 
monthly and the seasonal time scale. Yet, none of 
these resolutions are as high as the ones used by 
(e.g.) Météo-France to generate their limited-area 
short-range forecasts. Such resolutions would be 
prohibitively expensive with the forecast ranges 
used at ECMWF. Table 1 summarizes the charac-
teristics of ECMWF and Météo-France ensembles.

Ensembles are also used  
for the sub-seasonal and seasonal 
time scales

Since the beginning of the 2000s, global  
ensembles have been used to generate monthly 
and seasonal forecasts. These extended-range 
ensembles have a coarser resolution than the 
medium-range ensembles, in order to limit the 
production costs (See Table 1). Compared to the  
medium-range ensembles, most of them also  
include a dynamical ocean model, to be able 
to better simulate the propagation of coupled 
ocean-atmosphere phenomena, like the orga-
nized convection associated with the Madden-Ju-
lian Oscillation.

Using ensembles is essential at extended time 
ranges (monthly to seasonal), where no reliable 
nor accurate signal could be extracted from single 
forecasts. Increasing evidence suggests that for 
this time range the number of ensemble members 
should be higher than in medium-range en-

sembles, say about 100-200, compared to about 
25-50 for the medium-range.

Extracting predictable signals for the extended 
range has benefitted from the use of ensembles 
of re-forecasts, i.e. forecasts generated using the 
current schemes but over past years. At ECMWF, 
the re-forecast suite of the medium-range/monthly 
time scale covers the past 20 years (an 11-member 

Table 1. Key characteristics of the ECMWF and Météo-France ensemble predictions, in terms of maximum forecast length, grid 
resolution (horizontal and vertical), number of members (with forecast update frequency), and reforecasting system (forecast 
frequency and length of history). Note the PEARP system resolution is location dependent and also issues boundary conditions for 
Arome-EPS. (Spring 2019 data)

Maximum forecast  
horizon

Resolution  
(horizontal/vertical)

Number of members 
(production frequency)

reforecast  
(number members, 

archive length)

ECMWF (lateral 
 boundary project)

6.5 days 18 km / 91 levels 51 (x2 / day) No

ECMWF  
(medium range)

15 days 18 km / 91 levels 51 (x2 / day) (22/week, 20 years)

ECMWF 
(monthly forecast)

46 days 36 km / 91 levels 51 (x2 / week) (22/week, 20 years)

ECMWF 
(seasonal forecast)

7 months 80 km / 91 levels 51 (x1 / week) (15/month, 30 years)

Météo-France regional 
prediction (Arome EPS)

45 hours 2.5 km / 91 levels 16 (x4 / day) (12/day, 1 year)

Météo-France global 
prediction (PEARP)

4.6 days 10 km / 90 levels 
over europe

35 (x2 / day) (80/month, 30 years)

Météo-France  
seasonal forecast

7 months 80 km / 91 levels 51 (x1 / month) (15/month, 20 years)

ensemble is run twice a week, for each week of 
the past 20 years), and the re-forecast suite of the 
seasonal ensemble covers the past 30 years (a 
15-member ensemble is run once a month, for the 
past 30 years). Ensemble re-forecasts are essen-
tial for obtaining a statistically significant estimate 
of the skill of monthly and seasonal forecasts, and 
to extract predictable signals from them.

These two facts (the need for a large membership 
and the need for re-forecasts) make the monthly 
and seasonal ensembles very expensive in terms 
of computing power. This is why they are charac-
terized by a relatively coarse resolution (Table 1).

Ensembles in atmospheric analyses  
and reanalyses

The initial states of numerical forecasts are pre-
pared from observations using an algorithm 
called "data assimilation" that produces numerical 
snapshots of the atmosphere called "analyses’. 
Since its inception in 1995, the Canadian en-
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semble has included an ensemble of analyses, ge-
nerated using an ensemble Kalman filter (EnKF). 
The initial conditions of the ensemble forecasts 
were defined by one of the members of the EnKF. 
The EnKF has been providing MSC Canada with 
information about uncertainties in the analysis.

Since 2008, ECMWF and Météo France have 
used a slightly different approach called Ensemble  
Data Assimilation (EDA), whereby one runs an 
ensemble of N separate data assimilation proce-
dures, each using perturbed observations and 
model uncertainty schemes. Observations are 
perturbed to simulate the fact that observations 
are not perfect due to observation errors, and to 
take into account observation representativeness 
errors, consistently with the way they are used in 
the assimilation procedures. As in ensemble fo-
recasts, ensembles of data assimilations contain 
simulations of model uncertainties to represent 
the fact that the models used to define the ana-
lyses (i.e. the forecast initial conditions) are not 
perfect. Table 2 lists the key characteristics of the 
Ensemble of Data Assimilations used at ECMWF 
and Météo France.

Since 2008, at ECMWF, the ECMWF EDA is used 
in combination with SVs to define the initial condi-
tions of the medium-range/monthly ensemble 
(Buizza et al 2008). The addition of EDA-based 
perturbations has had a major impact on the en-
semble reliability and accuracy in the short fo-
recast range over the extra-tropics, and for the 
whole forecast range over the tropics.

The original motivation for fine 
scale ensemble prediction

In the early 2000’s, the usefulness of global en-
semble prediction was beginning to be recognized 
for synoptic scale prediction at scales larger than 
500km. This was more or less the effective reso-

lution of current global ensemble prediction sys-
tems, as dictated by computing resources. Pertur-
bation algorithms were rather mature, so most of 
the subsequent progress was expected to come 
from computer upgrades. In the meantime, the po-
tential of limited area, kilometric-scale models was 
becoming obvious - starting by experiments at 
NCAR, USA - for the prediction of severe weather 
events such as violent thunderstorms, strong 
winds, and intense orographic precipitation. Their 
finer mesh allowed them to tap into new sources of 
atmospheric predictability (Marsigli et al 2001). It 
ended the old scaremongering according to which 
it was useless to run models at higher resolutions 
than the global ones, because fine scale events 
could not be predicted since there was significant 
uncertainty at the synoptic scales. Indeed, a few 
pioneering centres began running operational fine 
scale limited area models with great success, first 
deterministically, then as ensembles

Predicting heavy rain  
and thunderstorms

Intense orographic precipitation is probably the 
phenomenon that best demonstrates the use-
fulness of high model resolution, because lower 
resolution ones tend to severely underestimate 
their intensities. Numerical experiments have 
shown that these events can become fairly pre-
dictable if a high enough resolution is used. This 
is because, even if the synoptic forcing is imper-
fectly known, local orography often is a key ingre-
dient that is easy to specify. The huge human and 
material losses linked to high Mediterranean flood 
events have led some modelling teams to heavily 
invest in high resolution forecasting tools.

In 2001, the Arpa-SMR group in Bologna was the 
first European one to run a fine scale ensemble 
prediction in real time (Marsigli et al 2001). It used 
a homegrown model (Lambo, that covered Nor-

Table 2: main characteristics of atmospheric ensemble data assimilation systems at ECMWF and Météo-France, in terms of grid 
resolution (as in Table 1), number of members, data assimilation algorithms (3D-Var and 4D-Var i.e. 3D and 4D variational tech-
niques) (Spring 2019 data).

Resolution  
(horizon / vertical)

Number of members assimilation algarithm

CEPMMT (global) 36 km / 91 levels 25 4D-Var

Météo-France 
(global Arpege)

50 km / 105 levels 25 4D-Var

Météo-France 
(regional Arome)

3.8 km / 90 levels 50 3D-Var
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thern Italy with a 20 km mesh) driven by members 
of the ECMWF ensemble prediction system. The 
dynamical flow adaptation to local orography was 
enough to significantly improve the rainfall fore-
casts. Arpa-SMR have since then upgraded their 
system. Their example motivated Météo-France 
to test their own ensemble called "Arome EPS" 
over the Mediterranean regions during the 2012 
HyMeX-SOP1 field experiment (Vié et al 2011). 
The USA, too, have demonstrated great expe-
rience in high resolution ensemble prediction.

Another key objective of high resolution ensembles 
is the prediction of heavy thunderstorms, even if 
they are not driven by orography. These plainland 
thunderstorms are a major issue in the American 
Midwest and in some European regions such as 
Germany. They are tricky to forecast because, in 
comparison with orographic precipitation, they are 
much more sensitive to the model initial condition 
and their predictability is very limited (typically, to 
less than 24 hours): numerical prediction systems 
often fail to produce useful warnings for these 
thunderstorms. Thus, ensemble prediction sys-
tems in these regions tend to be more recent, with 
more complex ensemble perturbation schemes 
(typically, a Kalman-filter type representation of 
initial uncertainty, and perturbations to the physi-
cal parametrisations).

The rise of kilometric ensembles

The German national weather service (DWD) was 
the first to dedicate large human and computer 
resources to developing such a system, Cosmo-
DE-EPS at 2.8km horizontal resolution, which is 
well designed for tracking convection because it 
is frequently refreshed (every 3 hours) with rela-
tively short forecast ranges (up to 21 hours). This 
system used 5 different physical parametrisation 
packages and 4 lateral boundary conditions de-
rived from several global prediction systems. Cos-
mo-DE-EPS has since then been upgraded and it 
remains a leader in its class.

Other operational kilometric-resolution ensemble 
systems were implemented around 2012 at the 
Met Office (MOGREPS-UK), in 2017 at Météo- 
France (Arome-France-EPS, Bouttier et al 2015) 
and in the USA, among others. Each has its own 
peculiarities that reflect differing national priori-
ties (Figure 3). Today, most major meteorological 
services are implementing operational kilometric 
scale ensembles. Unlike global systems, it is dif-
ficult to mutualize their production between seve-

ral countries, because these systems only cover 
small geographical areas, due to their high nu-
merical cost. Still, there is much ongoing data ex-
change for the computation of numerical products 
(for instance in the EU SESAR project for Euro-
pean aviation) and for the scientific and technical 
development of ensemble systems

Is there a benefit in having both global 
and limited-area ensembles?

It should be clear now, from the discussions 
above, that there is a clear benefit for the users in 
having both a global ensemble at a coarser reso-
lution, and a high-resolution ensemble focused on 
a region of interest, as it is the case for ECMWF 
and Météo-France. Thanks to this combination, 
forecasters and users can look for warnings of the 
possibility that high-impact weather events can 
occur a few days ahead, using the ECMWF global 
ensemble. As the events get closer to real time, 
one can use the higher-resolution, short-range 
forecasts based on the Météo-France ensemble 
to obtain more detail.

The higher-resolution ensemble can be used as a 
magnifying lens, able to provide information on the 
spatial and temporal scales that are not resolved 
in the global ensemble. Their combination  makes 
it possible for forecasters and users to have a 
long-term view of what could happen a few weeks 
or months ahead, and at the same time to assess 
a few hours or days in advance whether there is 
a chance that extreme, localized weather events 
could affect some specific locations.

Figure 3. Comparison of five 2018 kilometric scale operational ensembles: US 
(NCEP, USA), MF (Météo-France), UK (Met Office, United Kingdom), ESP (AE-
MET, Spain), DWD (Germany). The lower points mark the ones with the most 
expensive model, the rightmost ones have the greatest number of members, 
update frequency and forecast range, measured by the number of hours of 
model runs per day.
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This is illustrated in Figure 4 on a catastrophic 
flooding case (Cannes, Oct 2015): ECMWF’s glo-
bal ensemble warned about one week in advance 
of the possibility of heavy rain. The Météo-France 
global ensemble gave a more geographically pre-
cise signal 3 days in advance, and Arome-France-
EPS predicted very high precipitation over the 
right urban area, with some better indication of the 
intensities to expect.

A look to the future

Looking to the future, three trends can be detected 
in the way ensembles are being upgraded:
    • A move towards an Earth-system approach to 
modelling and assimilation;
    • A move towards a seamless approach in the 
design of the analysis, medium-range, sub-seaso-
nal and seasonal ensembles;
    • A move towards higher resolution.

The first trend is linked to results obtained in the 
past two decades that showed that by adding re-
levant processes we can further improve the qua-
lity of the existing forecasts, and we can further 
extend the forecast skill horizon at which dynamical 
forecasts lose their value. Buizza and Leutbecher 
(2015), for example, looked at the evolution of the 
skill of the ECMWF ensemble from 1994 to date, 
and concluded that "Forecast skill horizons beyond 
2 weeks are now achievable thanks to major ad-
vances in numerical weather prediction. More spe-
cifically, they are made possible by the synergies 
of better and more complete models, that include 
more accurate simulation of relevant physical pro-
cesses (e.g. the coupling to a dynamical ocean and 
ocean waves), improved data-assimilation methods 
that allowed a more accurate estimation of the initial 
conditions, and advances in ensemble techniques."

The second trend comes partly from scientific 
reasons and partly for technical reasons. From 
the scientific point of view, for example, there 
is evidence that processes that were thought to 
be only relevant for the extended range are also 
relevant for the short range. An example comes 
from the introduction of a dynamical ocean in the 
ECMWF ensembles. In the beginning, a coupled 
ocean-land-atmosphere was only used for the 
seasonal and the monthly time scales, and then it 
was introduced into the medium-range ensemble 
once it was realized that it improved its reliability 
and accuracy. From a technical point of view, ha-
ving an integrated approach whereby the same 
model is used in analysis and prediction mode, 
from day 0 to year 1, simplifies the maintenance 
and  upgrading processes. The diagnostic and 
evaluation of a model version over different time 
scales can help identify undesirable behaviours 
that could produce forecast errors.

The third trend comes from the need to better re-
solve the smaller scales, their interaction with the 
slightly-less-smaller-scales, and so on. All scales 
are relevant in weather prediction, and errors pro-
pagate from the smallest to the larger scales. If 
we consider the current ensembles, we should 
not forget that even if they use grid resolutions of  
2-20 km (see Table A), they are capable of rea-
listically resolving only scales that are about  
5-6 times their grid resolution. This is because the 
scales closest to the model grid spacing cannot 
be simulated in an accurate way, for technical rea-
sons. Thus, looking at Table 1, today’s ECMWF 
global ensemble and Météo-France’s regional 
ensembles have effective resolutions of about 
15 km, respectively. If we want to be able to pre-
dict phenomena, such as intense wind storms of 
heavy precipitation events, it is thus essential that 

Figure 4. Ensemble prediction on the Cannes city area for the 3 Oct 2015: a) ECMWF 5-day ensemble prediction - the colours indi-
cate the probability of moderate to high precipitation (more than 20mm in 24 hours). b) Arpege 3-day ensemble forecast (PEARP 
system), with the same colour scheme; c) Arome-EPS 21-h forecast. The contours delineate the area of high precipitation forecast 
(model reflectivities>44dBz). The colour shading shows the radar observation of actually observed precipitation (Figure provided 
by O. Nuissier, CNRM).
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we increase the models’ resolution to a few hun-
dred meters for the limited-area models, and to 
about 1 km for the global models.

In conclusion … think ensemble!

The future will see new applications of ensembles. 
Their reliability and accuracy will further improve 
thanks to advances in model design, data assimi-
lation methods, and in the schemes used to simu-
late the initial and model uncertainties. Resolution 
will be increased, to improve large-scale predic-
tions and to start resolving finer, relevant scales. 
Ensembles of analyses and forecasts will be more 
closely linked together, to improve their perfor-
mance. Physical processes that are not yet in-
cluded in the models but are relevant for weather 
prediction will be included, to make the forecasts 
more and more realistic.
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Extreme weather events don’t follow borders: 
Low Adrian caused severe damage in Western 
and Central Europe during the last days  
of October 2018
Christian Csekits (ZAMG), Bernard Roulet (Meteo-France)  
and Antonio Troisi (Italian Met Service)

Introduction

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

France

From orange to red vigilance for Corsica

The analysis charts of geopotential height at  
500 hPa from ECMWF from the 29th of October 
00 UTC to the 30th of October 00 UTC (see figure 
1) show the fast movement of a deep trough from 
the Iberian Peninsula over Sardinia to Switzer-
land. This strong dynamic set-up led to the dee-
pening of a low pressure in the Western Mediter-
ranean Sea from the Balearic Islands to the Gulf 

of Genoa. This low was named "Adrian" by Meteo- 
France the day before as an orange vigilance for 
winds was already in effect for Corsica.

Numerical models were in good agreement with 
this scenario but differed on the path of the sur-
face low and therefore on the localisation of the 
strongest winds. On the morning of October 29, 
it appeared that the ECMWF forecast fit better 
with observations than the ARPEGE model, so 
forecasters on shift decided to follow the ECMWF 
track rather than the more southern track of AR-
PEGE. This choice led to much greater impacts 
with stronger winds over Corsica and the vigilance 
was upgraded to red.

Corsica is a very mountainous island and is often 
affected by strong winds in a north-westerly flow; 
in such a flow, strong winds occur with breaking 
waves on both far ends of the island. However, 
during the storm Adrian event, the strongest winds 
with outstanding values (gusts more than 150 km/
hr) were forecast to hit the western coast, which is 
much more populated and vulnerable.

Two other phenomena that increased vulnerability 
during this event must be taken into account.

Figure 1: ECMWF analysis at 500 hPa on 29/10 00Z (left), 12Z (middle), 30/10 00Z (right)



The European Forecaster26

First the storm generated strong waves from the 
south to south-east on the eastern coast of Corsi-
ca, and later from the southwest on the western 
coast. These waves came with a significant storm 
surge, 30 to 50 cm (see figure 3).

Secondly the cold front associated with the storm 
was very unstable with a squall line structure.  The 
Significant Tornado Parameter (STP) calculated 
from AROME reached such high values (figure 4) 
that the high probability of a tornado was written 
in plain language in forecast bulletins for the first 
time.

The vigilance chart sent at 12.30 pm 
turned the vigilance from orange to 
red for winds over Corsica. But other 
phenomena also required orange 
vigilance: the coastal event and 
heavy thunderstorms over Corsica 
and snow over central part of main-
land France. On the western part 
of the trough, surface winds turned 
northerly thus cooling the air mass, 
whilst at low levels a southerly flow 
still triggered a lot of moisture. The 
result was a gradual lowering of the 
height of snow fall with a very early 
sticky snow event.

Observations and consequences

First, the squall line crossed the isle between 
12 and 13 UTC with an impressive number of 
lightning strikes and frequent gusts over 100 km/hr 
(maximum gust was 141 km/hr between 11 and  
12 UTC at Cap Sagro). At least three tornadoes 
were reported: two EF1 at Aleria in the eastern 

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

Figure 3: maximum surge forecast by AROME model. Notice 
also the very high values on the northern Adriatic Sea, more 
than 3 meters!

Figure 4: Significant Tornado Parameter (STP) from AROME_IFS 
forecast for 29th of October at 11 UTC.

Figure 5: vigilance chart sent by Meteo France at 12:30 local time.
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coastal plain and at Tanneron on the French Rivie-
ra and an EF2 at Porto-Vecchio (South Corsica) 
which travelled a distance of 15 km.

During the afternoon, as the low centre moved 
closer to the isle, winds gradually increased on the 
western coast. Maximum gusts occurred between 
16 and 18 UTC then gradually decreased after 
19 UTC as the low moved north of the isle. Ama-
zingly high gusts were recorded on the western 
coast, almost 190 km/hr in many places. Gusts 
in the most populated town of Ajaccio reached 
117 km/hr at the airport and 152 km/hr at Cape of 
Parata. Furthermore, high seas and large waves 
of more than 4 meters battered eastern and wes-
tern coasts.

During this exceptional event, several people were 
injured, but nobody died. Due to red vigilance, the 
Authorities took several measures. All public ser-
vices (schools, airport, maritime transports, etc.) 
were closed in the afternoon. The prefecture took 

an unprecedented decree, asking employers to let 
their staff leave at 3 pm and asking shops to close 
before 5 pm. Every half an hour, messages on lo-
cal radio repeated the same message “Go home 
and stay there”.

In contrast, the extent of damage was huge. 
21,000 homes were without electricity, many roofs 
were ripped off, several camping areas or resi-
dences were evacuated and some dikes were dis-
rupted (Bastia, Erbeluga, Cargese). Ajaccio Bay 
was particularly badly hit as ships in the harbour 
were destroyed and thrown on the docks.

Italy

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

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

Figure 7: ECMWF analysis of geopotential height at 500 hPa and 850 hPa on 29th of October 00 UTC. 
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Figure 7 shows the weather situation on October 
29th, 00 UTC. At 500 and 850 hPa geopotential 
height a deep elongated depression conveys cool 
oceanic air masses down into the Saharan area 
and Mediterranean basins, creating a minimum 
near the Balearic islands, making it quite unstable 
and kicking off a regime of south westerly winds 
over Italy. Such a configuration was highlighted 
by the ECMWF numerical model (see figure 8), 
showing a tropopause anomaly becoming more 
accentuated over the southern Tyrrhenian Sea.

The ECMWF-Sea model (see figure 9) also confir-
med the baric minimum, producing strong winds 
rotating from northwest to southwest, as well as 
agitated sea basins during the day. 

The expected rainfall amount (see figure 10) and 
distribution in the first part of October 29th, looked 
very severe, with this affecting all western sectors 

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

and all Alpine areas. It is not easy justifying such 
precipitation amounts with such strong winds, but 
in this case, the action of the wind served to create 
convergence lines.

By 12Z, the area of low pressure had progressed 
towards western Italian coasts. The associated 
baric gradient was enough to justify the intense 
predicted winds (see figure 11). As well as this, 
there was also a complex frontal structure asso-
ciated with the depression, as will be clarified fur-
ther on.

Figure 12 shows the observations network output 
for lightning and RADAR. It shows that the amount 
of rainfall, which was predicted by the model to 
be well spread all over, was really concentrated 
along convergence lines at low levels, with thun-
derstorms developing over the sea and along the 
coastline, leading to casualties and damages.

Figure 9: ECMWF WAM forecast Sea State (Douglas Scale), Wind at 10 m height, 00 UTC run on 29th of October.
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ECMWF WAM (see figure 13) shows how  
widely Italy was affected by severe winds, and 
associated rough seas. Very unusual tides were  
reported widely across the Adriatic Sea, including 
in the Venice area.

Analysis at 00Z on october 30th (see figure 14),  
shows the north-eastward movement of the low 
pressure  minimum, and its associated severe  
south-westerly winds. Dynamic tropopause ano-
malies over such regions (see figure 15) justify  
the supply of IPV into the lower layers of the atmo 
sphere, increasing air mass triggering.

In fact, from the 500 hPa and 850 hPa analysis at 
12Z on October 30th (see figure 16) it is possible to 
see the cold core moving away consequently lea-
ding to a south-westerly circulation and the oro-
graphic induced rainfall predicted by the model for 
the beginning of the day (see figure 12).

From observations (see figure 18) it is possible to 
perform a verification of the accumulated preci-
pitation. This shows how the ECMWF numerical 
model over assessed rainfall amounts over central 
Italy during the afternoon of October 29th (Figure 
10). It is also evident how precipitation amounts 

Figure 10: ECMWF forecast 6hr Accumulated Precipitations (mm), 00 UTC run on 29th of October.

Figure 11: ECMWF analysis of geopotential height at 500 and 850 hPa on 29th of October 12 UTC. 
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Figure 14: ECMWF analysis of geopotential height at 500 and 850 hPa on 30th of October 00 UTC

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

Figure 12: AM Observed Lightning lasting 5 minutes, 29th of October 14:55 UTC (above left), Italy radar SRI (mm/hr), 29th of October 
14:40 UTC (above right): Terracina Tornado-like Wind in evidence.
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were concentrated along low level convergence 
lines. 

Such an over-assessment also occurred during 
the first part of the day on October 30. This be-
haviour is probably due to the model tendency to 
spread amounts of rain, rather than detect real 
main cores.

Despite all the possible warning procedures being 

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

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

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

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

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

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

Austria

Weather Situation

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

Mid to Long-Range Forecast

On the 22nd of October the ECMWF ensemble 
system predicted a deep low over the Iberian  
Peninsula and a distinct high over Eastern Europe 
for 29th of October 2018. Therefore a southerly to 
south-westerly flow over the Alps was generated; 
this can be seen in all 4 cluster scenarios of the 
ECMWF probabilistic system for this time period 
(figure 20). The Extreme Forecast Index (EFI) 

showed a distinct signal for high precipitation 
amounts, as well as for strong wind gusts in this 
area, some 7 days before the event (see figure 
21).

Thinking conceptually the duty forecasters at the 
Austrian Meteorological Service estimated an ex-
tremely critical weather situation. Very moist air 
from the Mediterranean Sea was expected to pro-
pagate northwards to the Alps before being forced 
to rise upward at the mountain chain, thus enhan-
cing rain amounts. Moreover the pressure gra-
dient at all levels was very strong and high wind 
gusts could be expected. This assumption was 
confirmed by the ECMWF ensemble forecasts.

Short-Range Forecast

The ECMWF model predicted 6 hourly rain rates 
of 30 mm for nearly two days for the first rain event 
for northern parts of Italy and southern parts of 
Austria, with totals of 200 to 250 mm of rain for this 
region. As an example, forecast ECMWF precipi-
tation amounts are shown for one time interval in 
figure 22, though forecast charts for the other time 
ranges looked similar.

The forecast total precipitation amounts for the 
second low were similar to those during the first 
low, but rainfall was concentrated over a shorter 
period of 24 hours (see figure 23). Thus higher 
rain rates were predicted for the latter situation. 
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It’s worth mentioning that the forecasts for areas 
with the highest precipitation amounts, northern 
parts of Italy and southern parts of Austria, were 
similar for both situations.

The forecast total sum of precipitation for southern 
parts of Austria from 27th to 30th of October 2018 
varied between 400 mm in the American model 
GFS and 500 mm in the German global model 
ICON, whilst ECMWF was predicting 450 mm.

With regards to the wind speed forecast, EC-
MWF was showing wind gusts between 100 and  
140 km/hr for the typical Föhn valleys north of the 
Alps. However, there was also a distinct maximum 
in the night from 29th to 30th of October in and to 
the south of the Alps, with gusts between 100 
and 160 km/hr. This was associated with strong 
dynamics due to the fast movement of the deep 
low on 29th and 30th of October. Strong upward  
motion and a distinct drop in temperature was also  
responsible for the formation of thunderstorms. 
This led to local enhancement in precipitation and 
wind speed.

Warnings issued

ZAMG operates an impact-based severe weather 
warning system where the first assessment of 
the warning level is based on climatological 
thresholds. Rare weather events warrant a higher 
warning level than those that happen more often. 
This concept has some limitations, for example, it 
does not take into account the weather conditions 
days or weeks before the event or the time and 
location of the event. Consider two rain events 
with similar rain amounts occurring one after the 
other, with a short break of one day in between. 
A climatological-based system will give the same 
warning level for both events. However, from an 
impact-based point of view, the second one will 
be more dangerous as the soil is saturated and 
the river levels are already high, due to the rain 
a few days before. Therefore at ZAMG the colour 
of the warning level given by the climatological 
thresholds can be changed by the forecaster de-
pending on the impact and likelihood of the event.

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

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

Figure 25: Observed precipitation amounts from 27th to 28th of October (left), from 28th to 29th of October (centre) and from 29th to 
30th of October (right), each from 06 to 06 UTC. 

First weather warnings with low warning levels 
(often yellow, sometimes amber) can be issued 
five days before the event, as the likelihood of 
such severe events is rather low. Moving nearer 
in time towards the severe weather situation, the 
warning level will be modified depending on the 
confidence, intensity and impact of the hazard.

For the severe weather conditions during the 
last days of October 2018 the duty forecasters 
at ZAMG issued yellow warnings for strong wind 
gusts in and to the north of the Alps and yellow 
precipitation warnings for southern parts of Austria 
five days prior to the event. One day later, when 
the likelihood of the second rain event increased, 
an orange warning was issued for rain. As the 
model forecasts from various models were rather 
stable in predicting the weather conditions ZAMG 
published a red alert for precipitation in the eas-
tern parts of Tyrol and in the south-western parts 
of Carinthia three days in advance (see figure 24, 
left picture). The ZAMG forecasting office expec-
ted 200 to 250 mm of rain for many parts of the 
warning area (yellow and amber alert) with up to 
600 mm in south-western parts (red alert).  

The warning level for wind gusts was increased 
to red one day before the event (see figure 24, 

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

Observations and Impact

To verify the issued warnings we have to compare 
them with data from the observation network and 
reported impacts. The observation network 24 
hour rainfall totals are shown in figure 25.

We measured 200 mm of rainfall within 24 hrs for 
3 days (see yellow areas in figure 25). The whole 
precipitation event lasted 78 hours, with the hi-
ghest observed rainfall amount of 640 mm in Sou-
th-Western Carinthia, near the border with Italy.

In many parts of Austria, wind gusts between 80 
and 110 km/hr were reported. In some valleys 
south of the Alps, wind gusts up to 150 km/h were 
observed. On the top of the mountains the wind 
gusts were, of course, even stronger.

The timing, location and intensity of the precipi-
tation and wind warnings issued by ZAMG were 
pretty good. 
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The damage was quite significant (see figure 26) - 
floods, landslides, fallen trees and destroyed roofs 
were reported.

ZAMG issued red warnings rather early and the 
severity of the weather situation was well commu-
nicated to the civil protection agencies and public, 
so people were able to take action to prevent da-
mage. For example, the storage lakes of water 
power plants in the rivers were completely de-
pleted days before the heavy rain came. The civil 
protection, fire brigade and army units cooperated 
perfectly. As a result, luckily nobody was killed in 
Austria during this severe weather period and the 
damage was not as widespread as suspected.

Conclusion

Bad weather knows no borders, as illustrated by 
the situation during the last days of October 2018.

Naming a storm is a way of focusing public atten-
tion to a dangerous situation and this name can 
also be used by other National Meteorological 
Services for vigilance or warnings concerning pa-
rameters other than winds. Meteoalarm is a very 
useful platform for National Meteorological Ser-
vices to exchange information about vigilance or 
warnings in Europe. Some direct exchanges also 
already take place between different groups of 
countries regarding storm naming or the issue of 
orange/red warnings. Promoting these exchanges 
has been one goal of the Working Group on  
Cooperation between European Forecasters 
(WGCEF) in the past and continues to be so in 
the future.

Figure 26: Flood at the river Gail (South-Western Carinthia, left picture) and storm-cut trees (right picture).

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

During the afternoon of October 9th 2018 there 
was an episode of torrential rain with thunders-
torms in the mountainous area of the north-east of 
Mallorca Island. This resulted in flash floods of an 
extreme impact, such as the death of 13 people 
and other severe damage. The Levante and the 
north-east of Mallorca are areas prone to high in-
tensity rainfall, especially in the autumn months 
(Grimalt et al., 2001).

The meteorological situation on a synoptic scale 
was defined at medium-high levels by a cut-off low 
centered to the east of the Iberian Peninsula. The 
Balearic archipelago was at the forward (eastern) 
sector of this low, under a moderate southwestern 
diffluent flow. At low levels there was a weak eas-
terly flow over the western Mediterranean Sea, es-
tablished by a strong European anticyclone. This 
environment favored the development of deep 
convection over the eastern part of the Peninsula 

and Balearic Islands. The combination with other 
mesoscale factors (I.e, the humidity supply or the 
effect of the relief of the affected region, the Artà 
Peninsula (Figure 1), and its mountainous Levante 
range), led to the development of convective cells 
over the sea to the east of Mallorca that were suc-
cessively penetrating the island, giving rise to the 
so-called "train effect" (Doswell et al., 1996) which 
resulted in very heavy and persistent rains.

In this paper, the meteorological causes that led to 
the very serious impacts recorded are analysed in 
depth, especially showing the predictive capabili-
ties of the available operational tools.

Geographical context

The Artà Peninsula is located in the north-east of 
Mallorca Island (fig. 2-a). Parallel to the east coast 
of the island, 10 km inland, one can find the Le-
vante range, where the main peaks reach a height 
of approximately 300 to 500 meters. Many streams 

Figure 1: Location of the affected region (Artà Peninsula and Levante Range) 
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(torrents) are born in these peaks and flow into the 
sea after crossing several towns (fig. 2-b).

It is known that floods produced by high intensity 
rain are the greatest natural risk in Mediterranean 
countries (Llasat et al., 2010). It is also known that 
the swelling of streams, which are often dry, can 
be especially violent in environments of complex 
orography (very widespread in this area).

Observations 

The precipitation records were analysed for this 
episode. Fig. 3 shows the 24 hour accumulated 
precipitation in Spain on 9 October 2018 (AEMET 
stations). By looking at the records in Mallorca, 
one may appreciate the highly irregular distribu-
tion of the precipitation across the island (fig. 3-b), 
very concentrated in the Artà Peninsula where re-
cords of more than 200 mm were obtained at se-
veral points. It is remarkable that in Manacor town 
(only 8 km away from Sant Llorenç des Cardassar, 
the most affected town) only about 23 mm was 
registered.

Most of the precipitation was registered between 
16:00 and 22:00 L.T., with a maximum between 
18:30 and 20:30 L.T. Table 1 shows the data re-

Figure 2: a) Artà peninsula map; b) Sant Llorenç des Cardassar 
town and Ses Planes and Sa Blanquerna torrent sources.

Figure 3: a) Total 24 hour accumulated precipitation on October 
9th 2018 (AEMET automatic stations); b) AEMET records (auto-
matic stations and secondary network)

gistered for 9 October (two sources: AEMET and 
Balearsmeteo networks).  Note that some hourly 
records exceed 60 mm (90 mm/hr in Colonia Sant 
Pere), which is AEMET threshold for torrential 
rain. Also, instantaneous intensities were greater 
than 2 mm per minute. The total 24 hour precipita-
tion surpasses the climatological monthly average 
for each station in October. It is known that Octo-
ber and November are the rainiest months of the 
year in Mallorca, and it is then when heavy rainfall 
episodes happen (that is, 100-200 mm/24 hours), 
with a crucial role of the orography.

Impacts 

The flash floods had catastrophic impacts in five 
municipalities on the Artà Peninsula: Sant Llorenç 
des Cardassar, Artà, Son Servera, Manacor and 
Capdepera (fig. 4). Unfortunately 13 people died, 
mainly in Sant Llorenç de Cardassar where the 
Ses Planes torrent swelled and the water level 
rose to 5-7 m height. A summary of the main da-
mages can be found in Table 2.
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Table 1. AEMET and Balearsmeteo records (9 October 2018 and climatological monthly averages)

Table 2: Victims and damages (source: digital media, Joan Pol – Emergency Direction)

Figure 4: Images of the torrent swelling in Sant Llorenç des Cardassar (source: Diario de Mallorca (left), El País (right))

Municipality 24h Pcp (mm) 1 h intensity (mm) Average Pcp (mm) rainiest 
months (1981-2010)-AEME

Oct             Nov           Annual

Colonia San Pere 232,8 (AEMET) 89,6 (AEMET) 97.9 111.1 684.1

Sant Llorenç des Cardassar 220 (AEMET)
257 (Balearsmeteo) 51,6  (Balearsmeteo)

Artà
Artà- Sa Tudossa (mountain)

200,5 (AEMET)
277,4 (Balearsmeteo)

71,4 (AEMET)
58,2 (Balearsmeteo)

96 101.9 642

Son Servera Son Sard  
(5 stations)

597,2 (AEMET) 40,6 (AEMET) 80.4 84.6 530.7

Capdepera – Cala Ratjada 81,5 (AEMET) 71.7 74.2 445.8

Manacor (3 stations)
Manacor – Son Crespí Vell

21,8-24,1 (AEMET)
121 (AEMET)

Son Carrio – Son Fred 209,5 (AEMET)

•	5 municipalities affected (S. Llorenç des Cardassar, Artà, Son Servera, Manacor and Capdepera); 232 km2

•	35,000 people affected (9,000 damaged, 342 rescued). 13 people died, several injured.

•	Ses Planes torrent flow (Sant Llorenç): 0.15 m3/s => 513 m3/s (in 15 min).

•	Various main and secondary roads affected. 8 bridges with severe structural damage. Impacts in public hydraulic domain 
and coastal demarcation.

•	426 cars dragged or damaged, several people trapped inside their vehicles. In Sant Llorenç numerous displaced neighbours 
on the rooftops.

•	Loss of housing and housing damage (rehabilitation, structural damage) (1000 affected buildings, shops, industries, tourist 
establishments and agricultural holdings)

•	Telecommunications systems complications (breakage of several antennas). Damage to drinking water and electrical supply 
and sewage pipelines.
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Synoptic and mesoscale 
framework 

The synoptic setting on 9 October was governed 
by the presence of a quasi-stationary cut-off low 
at medium/high levels with a cold core of -20 ºC 
at 500 hPa (fig. 5-a). It was centered on the east 
of the Iberian Peninsula, slowly moving to the 
west to north-west, leaving its diffluent area (mo-
derate south to south-westerly flow) and its front 
jet streak over the Balearic Archipelago, providing 
dynamical forcing. There may also have been a 
possible interaction with a zonal subtropical jet 
stream that came from the Canary Islands (subtro-
pical connection appreciated on the RGB airmass 
Eumetsat composite – not shown here).

At the mesoscale level, the Mallorca area was 
prone to deep convection. The sounding analy-
sis (observed and predicted) showed unstable 
conditions: high SBCAPE and low LI as well as a 
remarkable vertical wind shear that sustained the 
organisation of the system (fig. 6-a). Due to the 
southeastern flow over north-east Mallorca, there 
was an increase of the relative humidity and the 
precipitable water at low levels in the region du-
ring the day (fig. 6-b).  The sea surface tempera-
ture in the western Mediterranean was high (24- 
25 ºC). These factors, combined with a topogra-
phical effect (the island relief itself, and the Le-
vante range) contributed to the development of 
deep convection in the area, but there must have 
been a convergence front on the mesoscale in-
teracting with the orography that determined the 
train effect. Some signal of this convergence line 
to the east of Mallorca was observed in some mo-
del fields (such as the vertical velocity- not shown) 
but it was not well represented. Anyhow, as shown 
in the next section, more evidence of this line was 
found using the Doppler radar imagery

Figure 5: a) 9 Oct 2018 12 UTC analysis: 500 hPa temperature 
and geopotential height; b) IR 10.8 μm  Meteosat channel + 
frontal analysis (12 UTC)

Figure 6: a) 9 Oct 2018 12 UTC Palma de Mallorca radiosoun-
ding; b) 925 hPa wind and relative humidity 18 UTC (HRES-IFS 
ECMWF 00Z run)

At low levels, high pressure was dominating Eu-
rope, reaching the north-east of Spain (fig.5-b). 
There were also two relative lows, one centered 
to the south-west of the Iberian Peninsula. This 
generated a flow from the east to south-east at low 
levels over the Balearic Islands which established 
a constant moisture advection (fig. 6-a).
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Convective structure 

The convective system was analysed using re-
mote sensing imagery. First, from the satellite 
analysis it was observed that deep convection de-
veloped early on October 9th on the second qua-
drant of the cut-off low (fig. 7-a). This sub-synoptic 
area was favorable for deep convection due to the 
synoptic forcing (moderate diffluent flow over the 
area at medium/high levels). From the IR imagery, 
very low brightness temperatures of the tops were 
inferred (around -70 ºC at the moment of most in-
tense rate: 16:30-17 UTC), indicating very deep 
convection. No evidence of a mesoscale convec-
tive system (MCS) were found (medium size, no 
stratiform area).

From the radar analysis it was observed that 
maximum reflectivity of 60 dBz was reached se-
veral times during the episode. There was no 
hail reported, so this indicated very high rainfall 

intensities. The convective structure could be ap-
preciated on the reflectivity image sequence: a 
quasi-stationary line oriented from south to north 
over north-east Mallorca (fig. 7-b), where indivi-
dual convective cells were moving from south to 
north along that line. This is the train effect that 
generated the persistent and torrential rain. Also, 
moderate values of VIL Density were observed, as 
well as a maximum echotop (12 dBz) of 12-14 km 
over a great area, which indicated deep convec-
tion (not shown). Furthermore, the convergence 
line mentioned before was identified on the radar 
Doppler horizontal velocity field (fig. 8-a). It was 
noticed in several images, and the possible origin 
of this line could be a mesoscale western bounda-
ry to the eastern flow present at low levels.

The lightning analysis (fig. 8-b) presented a very 
high hourly frequency (16:00-17:00 UTC): 1111 

Figure 7: a) 16:30 UTC Meteosat11 WV 6.2 μm channel; b) Radar 
reflectivity 16:30 UTC

Figure 8: a) Doppler radar horizontal velocity at 16:26 UTC; b) 
Lightning recorded from 9 Oct 12 UTC to 10 Oct 00 UTC (the 
ellipses encircle the areas of maximum discharge spatial den-
sity).
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impacts were coincident with the maximum rainfall 
intensity. The distribution of the discharges along 
a narrow band was also remarkable, as could be 
also appreciated using the radar reflectivity ima-
gery. The number of discharges (total and rela-
tively low number of positive ones) indicated that it 
was a very efficient thunderstorm.

Episode predictability 

The models performance was studied in order to 
better understand the predictability of the episode. 
First, from several days before (5), both probabi-
listic ENS and deterministic high resolution HRES 
ECMWF models already indicated the formation 
of a cut-off low on the north-east side of Spain, 
with very little uncertainty. Five days before, ENS 
presented 3 different scenarios, centering the cut-
off low more to the north-east than what actually 
happened (fig. 9). The location of the cut-off low 
is very important since it is highly related to the 
precipitation probability: the forward edge of the 
cut-off low is the most probable area, especially 
if other factors are present, such as low level hu-
midity supply and high sea surface temperatures 
in the Mediterranean. Over the next few days, the 
ENS-IFS improved the prediction of the cut-off 
low, showing a more precise position (centre over 
the Iberian System – east north-east Peninsula).

The deterministic HRES-ECMWF outputs (24 hour 
accumulated precipitation for October 9th) were 
also analysed for different runs (fig. 10). From 7 
October 00 UTC to 8 October 12 UTC, all runs un-
derestimated the accumulated precipitation over 
Mallorca. Only the run 24 hours before the epi-
sode forecasted high values over south Mallorca 
(40-60 mm/24hr).

The latest run available before the episode (9 Oc-
tober 00Z run) presented the most realistic results, 
showing the intense precipitation that also occur-
red over east Catalonia, Balearic Sea, south-east 
France and Malaga, but still underestimating the 
accumulation for the Balearic Islands (below 40 
mm/24 hr).

The precipitation forecasts of the mesoscale 
non-hydrostatic model Harmonie-Arome (opera-
tional in AEMET) were also examined (fig. 11). 
The latest runs before the episode (8 October 
12Z run and 9 October 00Z run) presented 24 
hour accumulated precipitation fields that showed 
the convective precipitation lines, but the position 
changed from one run to the other, barely affecting 
Mallorca Island. Only the last run (9 October 12Z 
run, not available at the time of the event) predic-
ted higher precipitation amounts (< 80 mm/12hr) 
in eastern Mallorca, but still underestimated the 
actual quantities.

Finally, new results have been obtained with the 
experimental Harmonie-Arome LETKF assimila-
tion algorithm (Escribà, 2019). The 9 October 00 
UTC run tests show 3 hour accumulated rainfall 
(15-18 UTC) of 40-60 mm over Sant Llorenç des 
Cardassar zone improving the localisation and 
the intensity of the convective bands (Figure 12). 
If this algorithm had been operational, this would 
represent significant progress, since it could have 
helped in the forecasting activities.

Summary and concluding  
remarks 

We have analysed here a recent episode of flash 
floods in north-east Mallorca with very serious 
impacts, resulting in the deaths of 13 people. 
These events produced by high intensity rain 
are the greatest natural risk in the Mediterranean 
countries. This event occurred under a synoptic 
framework of a cut-off low at medium/high levels, 
as well as other factors that led to the formation 
of a mesoscale convective line, which resulted in 

Figure 9: a) Probabilistic ENS ECMWF probabilistic scenarios on 
4 Oct (00Z run) for 9 Oct at 12 UTC: 500hPa geopotential height 
(contour) and T (shaded); b)  HRES-IFS analysis (9 Oct 12 run)
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a train effect over the affected region. The usual 
forecasting tools (probabilistic and deterministic 
models) were proven unable to predict the amount 
of accumulated precipitation and its devastating 

Figure 10: 24h HRES-IFS forecast precipitation on 9 Oct for different model runs: a) 7 Oct 12 ; b) 8 Oct 00Z; c) 8 Oct 12Z; d) 9 Oct 00Z.

Figure 11: 9 Oct 24h precipitation for model Harmonie-Arome: 8 Oct 12UTC run (a) ; 9 Oct 00 UTC run (b)

consequences. Only by analysing the remote-sen-
sing imagery is it possible to infer some of the 
characteristics of the episode and also to better 
determine the region of impact. This leads us to a 
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final conclusion: this episode is an example of the 
importance of the forecaster when the usual tools 
fail, and above all, the major need of nowcas-
ting (remote-sensing analysis, and derived tools)  
combined with surveillance, which is very useful 
nowadays due to the immediateness of social  
media. This case study also encourages the  
testing of available nowcasting tools, as well as 
new nowcasting technologies in the future.
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When forecasters were ahead  
of the theoreticians -  
the case of "downstream development"
Anders Persson

"Of course, what is really needed is a good 

synoptic meteorology book that would address 

[downstream development] instead of describing  

49 different kinds of occlusions"
(Letter from J. R. Holton to A. Persson, 13 March 1995).

Although now retired, I have for many years been 
the lucky recipient of this journal. I have seen 
many interesting articles dealing with operational 
forecasting, severe storms and flooding etc, but 
none about what is called "downstream develop-
ment". During my time at ECMWF, lecturing on 
training courses, this topic was perhaps one of the 
most popular. 

"Downstream development" refers to the common 
occurrences of successive baroclinic develop-
ments, propagating eastward with a speed of 25-
30°/day, like some sort of "domino effect". I learned 
about it from the forecasters at the Swedish Meteo-
rological and Hydrological Institute (SMHI) when I 
started there in 1968. It fascinated me immediately. 
It made me realise how tomorrow’s weather over 
Sweden was not only dependent on the arriving 
cyclone over the North Sea, but perhaps also of 
another cyclone, further upstream in the North At-
lantic.

When I joined the Met Ops Section at ECMWF 
in 1991 the mechanism of "downstream deve-
lopment" proved useful for tracing the origin of 
bad forecasts. The greatest trophy was when we 
once managed to trace a bad 7-day forecast to 
an erroneous radiosonde observation on the Kam-
chatka peninsula.

It started more than 80 years ago.

It was in the 1930’s, when the data coverage over 
the oceans improved, that weather forecasters 
started to notice that individual high and low pres-
sure systems seemed to interact with each other. 
In 1936 the Norwegian meteorologist Sigurd  
Evjen (1894-1956) published a paper in the then 

Figure 1: "Cyclone murder"? A reconstruction of what Sigurd 
Evjen saw in the 1930’s, taken from ECMWF analyses (or fore-
casts) from the late 1990’s (exact date unknown).
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leading journal, Meteorologische Zeitschift, about 
what he had seen:

"I have after many years of work in practical fore-
casting found that when a cyclone intensifies over 
the North Atlantic, a strong and persistent rise is 
to be expected further to the east. This pressure 
rise cannot only exterminate an old area of falling 
pressure, but also fill an old cyclone ("Cyclone 
murder")... For example a strong cyclogenesis 
just east of Newfoundland may already the next 
day affect the weather in Norway. The easter-
ly pressure rise can in its turn lead to a second  
cyclone deepening and cause rapid changes in 
the whole pattern further to the east... I have so 
far not found any case where a strong and per-
sistent pressure rise has occurred west of an in-
tensifying cyclone (Evjen, 1936, 168, 172).

He tried to explain it as a result of huge quan-
tities of air being released from the deepening 
cyclone and then transported downstream by the 
upper-air flow. He was on the right track, although 
what was transported by the upper tropospheric 
flow was, as it turned out, not mass but energy.

From the Gulf of Alaska...
During the Second World War, when the network 
of aerological stations was built up over North 
America, two meteorologists at the University 
of Chicago, Jerome Namias and Philip Clapp, 
noticed a similar synoptic behaviour in upper air 
patterns over North America. In January 1945, at 
the 25th anniversary meeting of the founding of 
the American Meteorological Society in Kansas 
City, Namias made a public disclosure of their 
discoveries under the heading "Some Interrela-
tions of Weather Phenomena Over the Northern 
Hemisphere":

"In order to obtain perspective in making forecasts 
for periods longer than 24 hours, meteorologists 
must expand their horizon in both space and time. 
The expansion in space is necessary because 
weather phenomena occurring at far distant points 
may exert an amazingly fast influence in the terri-
tory of the forecaster... In one case in September 
1944, the rapid development of an upper level 
trough in the Gulf of Alaska affected the weather 
downstream as far as western Europe in four  
days..."

The September 1944 case was not an isolated 
one. An intensification of a storm in the Gulf of 

Alaska was frequently followed by a downstream 
strengthening of a high pressure system over the 
western USA and, in a few days, followed by a 
new low-pressure system developing downstream 
over eastern USA. This "downstream develop-
ment" process could continue further downstream 
and profoundly affect the circulation over exten-
sive parts of the hemisphere (Namias and Clapp, 
1944, p. 65).

"Group velocity"
At about the same time the Swedish-American 
meteorologist and dynamicist, Carl Gustaf Ross-
by, on vacation in California, had, just by liste-
ning to the sound of the incoming Pacific Ocean 
waves, found a theoretical way to describe the 
"downstream development» process as a matter 
of  "group velocity"1. 

1. It would take too long to tell the wonderful story of Rossby’s discovery. The 
interested reader is referred to my recent paper (Persson, 2017).

Figure 2: Group velocity as the interference pattern of two mo-
nochromatic wave systems moving with slightly different  ve-
locities. The concept was discovered in the late 1800s and used 
to understand sound and electromagnetic waves.

The concept of "group velocity" can most easily 
by illustrated by two combs with slightly different 
spacing between the "teeth". When they are put 
together and moved, the inference pattern moves 
with its own velocity, the "group velocity". At a more 
advanced level "group velocity" can be illustrated 
by the interference of sine waves of different wave 
lengths moving with different phase speeds.

"Group velocity" can be seen as the speed of 
wave activity or "energy". Rossby, who was also 
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an oceanographer, knew that the energy in ocean 
waves travels half the speed of the waves them-
selves (phase speed). He was now curious to find 
out if the same applied to atmospheric waves. 
From his famous equation for phase velocities of 
planetary waves (c)

       
   (1a)

where U is the mid-tropospheric wind velocity, L 
the wave length and β the meridional variation of 
the Coriolis parameter, Rossby, using a superim-
posed model of sine waves, mathematically de-
rived the "group velocity"

       
   (1b)

From (1b) it followed that for waves in the atmos-
phere, in contrast to waves in the oceans, the en-
ergy moved faster and ahead of the waves them-
selves (Rossby, 1945).

But how did this "group velocity" manifest itself 
physically, synoptically in the atmosphere? Ross-
by was, as he wrote in his paper, reluctant to subs-
titute physical understanding with mathematical 
formalism. To discuss in terms of superposition of 
sine waves would be a "recourse to artificially in-
duced interference patterns". 

With this attitude he was quite unique among 
theoreticians, both then and now. As far as I have 
seen, today 90% of the textbooks use interference 
between sine waves to explain "downstream de-
velopment". It is mathematically okay but it leaves 
the reader, as Rossby in 1944-45, with no clue 
what is "going on" in the atmosphere. What was 
to prove his luck was that Rossby had been a 
weather forecaster 1919-28. He therefore had res-
pect for the weather forecasters’ experience and 
was prepared to listen to them.

What the forecasters saw
In 1947 Rossby had moved back to Sweden 
and his old work place, the Swedish Meteorolo-
gical and Hydrological Institute (SMHI). And now 
his theoretical derivations from the US met and 
merged with Scandinavian synoptic experience. 

At a seminar Rossby held at SMHI he told about 
how energy released in vigorous storms is trans-
ported with the group velocity, faster than the 
speed of the storm itself. This rang a bell with one 
forecaster in the audience, Ernest Hovmöller. He 
was a Danish meteorologists, who just had settled 
in Sweden. He didn’t quite understand what "group 
velocity" was but Rossby’s words reminded him 
what a senior Danish forecaster, Leo Lysgaard, 
had once told him:

       -When there was an intense cyclogenesis 
west of Ireland, it was very probable that a strong 
high is created 1-2 days later over Central Europe.

This was of course what was widely known among 
forecasters and had been expressed in Evjen’s 
1936 paper.

"Trough-ridge diagram"
The coupling between Rossby’s theory and fo-
recasters’ experience led to the creation of the 
famous "trough-ridge diagram" or "Hovmöller 
diagram". Here the large scale wave patterns 
could be mapped as a function of longitude and 
time. Not only did the phase speeds of the synop-
tic waves (at 500 hPa or at any other upper tro-
pospheric level) come out clearly but also, and pe-
rhaps more importantly, incidents of "downstream 
development". 

Figure 3: A Hovmöller diagram for 300 hPa geopotential cove-
ring North Pacific-North  America-North  Atlantic-western Eu-
rope 18-27 September 1944, the period Namias and Clapp had 
explored. The explosive development in the Gulf of Alaska at 
140°W on 20 September triggered a downstream development 
which, with the speed of about 30°/day, reached Western Eu-
rope 25-26 September. At this time the Allied were involved in 
the "Battle of Arnhem". The arriving energy caused a cyclonic 
development over the Netherlands and worsened the weather 
which contributed to the Allied defeat.

            βL2 
c = U-  
                 4¶ 2

               βL2 
cg = U+  
                     4¶ 2
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Rossby was delighted. He could now see with his 
own eyes how the successive amplifications of 
waves downstream, a manifestation of the energy 
transport downstream, appeared in real life.

The "trough-ridge diagram" became an instant 
hit as well the concept of "downstream develop-
ment". By the mid-1950’s numerous papers on the 
subject had been published in meteorological jour-
nals, mainly American, German and Swedish (Tel-
lus). About a third were theoretical and two thirds 
synoptic. "Group velocity" and "downstream de-
velopment" were shown to be useful in real-time 
forecasting. 

Parry and Roe (1952) investigated a case of 
a cold outbreak over the eastern USA, related 
to a chain of developments upstream, starting 
three days earlier, just east of Japan. Carlin 
(1952,1953) studied a "clear-cut" case where the 
influence could be traced over more than half the 
hemisphere. Austin et al (1953) found that for the 
winters through the period 1949-51, the concept 
of "downstream progression of change" verified 
well over North America and the neighbouring 
oceans. Then came a synoptic investigation by 
Reed and Sanders (1953) and many more. Fore-
casters made the interesting observation that the 
group velocity formula (eq.1b) was more suitable 
for synoptic application than the Rossby formula 
for phase velocity (eq. 1a).

Extension of the Bergen School  
model?
Rossby regarded the concept of group velocity as a 
definite break with the local character of the "Ber-
gen School" cyclone model. However, with the ex-
ception of Sverre Petterssen, he never managed 
to convince either the Norwegian members of the 
"school" nor Erik Palmén about "downstream de-
velopment" and "group velocity". In the late 50’s 
the interest in these features waned among the 
theoreticians, more or less for the same reason as 
with the   "Bergen school sceptics": they preferred 
to deal with unrealistic models of local conversion 
of energy rather than realistic models of propaga-
tion from another region. Nor had they any unders-
tanding or interest in operational forecasting.

One scientist who had became convinced, howe-
ver, was Tor Bergeron. In a monumental book on 
weather forecasting he became almost lyrical in 
his description:

"The energy in a train of waves is being pro-
pagated, not with their phase speed, which is less 
than the wind speed, but with the group velocity, 
which is greater. Attention is centred, in this new 
line of attack, not on the propagation of matter, for 
instance in the form of outbreaks of cold and warm 
air, but on the propagation of waves and atmos-
pheric states, and thus energy, through matter." 
(Godske, et al, 1959).

The meteorologists who rose to management po-
sitions at SMHI in the 1950’s were students of Ber-
geron or Rossby, or both. Hovmöller himself was 
still at SMHI, although he had left forecasting for 
climate research. When I joined the SMHI in the 
late 1960’s his "trough-ridge diagram" was quite 
popular and "downstream development" or "group 
velocity thinking” was used in operational forecas-
ting, in particular for forecasts beyond a day or 
two.

"Group velocity thinking"  
in daily use

It often happened that the forecasters, in particular 
at the five-day forecast section, started their over-
view of the synoptic situation far out in the North 
Pacific Ocean. In doing so, they followed the 1944 
advice by Jerome Namias, who in 1949 had been 
a visiting scientist for half a year:

"In order to obtain perspective in making forecasts 
for periods longer than 24 hours, meteorologists 
must expand their horizon in both space and time. 
The expansion in space is necessary because 
weather phenomena occurring at far distant points 
may exert an amazingly fast influence in the terri-
tory of the forecaster..."

Being a more up to date forecaster than Bergeron 
and Rossby, Namias took part in the daily weather 
discussions and left a lasting impression on his 
Swedish colleagues.

Instances of "downstream developments", seen 
on the Hovmöller diagrams on the North Pacific, 
entering into the North American continent and 
the North Atlantic, were extrapolated into the Eu-
ropean region and suggested possible changes of 
weather regimes. The resulting manual five day 
forecasts displayed predictive skill. From Sep-
tember 1965 SMHI confidently presented them 
publicly twice a week on the national television  
after the main evening news. This was some years 
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before reliable computer based numerical five day 
forecasts were produced at SMHI. 

Even when the operational NWP became more 
skilful "Hovmöller diagrams" remained in use. The 
NWP, which was able to produce "downstream de-
velopment", could turn up new cyclones in "unex-
pected" places. Hovmöller’s diagrams cautioned 
the forecasters to apply "group velocity thinking" 
and not to discard "odd" NWP solutions out of 
hand just because they did not adhere to the Ber-
gen School synoptic rules. 

A study by some students in 1977 found that the 
Swedish numerical forecast system (baroclinic up 
to +48h, then barotropic) slightly under forecast 
the group velocity, 20-25°/day instead of 25-30°/
day in the 30-70º latitude band. This improved 
when the NWP was upgraded to higher resolution.

The interest in "downstream development" might 
have faded again if it hadn’t been for a series of 
papers in the late 1980’s and early 1990’s by the 
American meteorologist Isodoro Orlanski. He 
had set out to study how strong cyclogenesis in 
the southern hemisphere affected the "ozone 
hole". But his energy calculations for the cyclones 
did not "add up" unless he also included the en-
ergy import from the next upstream cyclone. With 
his student Edmund Chang, they (see e.g. papers 
by Orlanski and Chang in the literature list at the 
end) depicted this in Hovmöller diagrams, not with 
the mean meridional geopotential of the mid-tro-
pospheric flow but with the mean meridional wind 
component of the upper tropospheric flow, as first 
suggested by Carlin (1953).

In figure 5 we can on one hand see ridges and 
troughs moving eastward at about 10°/day. But 
more striking to the eye are the occurrences of 
"downstream development" which progress at 
about 30°/day. The figure also gives a clue to 
what is "going on": a rapid transport of energy 
downstream.

Figure 4: A "Hovmöller Diagram" plotted at SMHI in the late 
1970’s, covering the preceding five days (17-22 February 1977) 
and the following four days (22-26 February 1977) according to 
the NWP at SMHI. The parameter was 500 hPa geopotential, the 
latitude interval between 70° and 30° N and the longitude ranged 
from 115° W to 50° E. A strong "downstream development" is seen 
passing from the western to the eastern hemisphere.

Figure 5: A modern version of the Hovmöller Diagram for the same 
period in February 1977 as depicted in figure 4. Instead of 500 hPa 
geopotential values the average 250 hPa meridional wind vec-
tor is used. Negative v-values (northerly winds) are in green and 
blue, positive v-values (southerly winds) in yellow and red. The 
latitude interval is 30° to 50° N. A second, weaker «downstream 
development» is seen starting on 22 February a couple of days 
after the first starting on 19 February.

When I attended my first ECMWF training course 
in 1983 (as a student) I became aware that at about 
the same time, in the late 1970’s, three young 
British meteorological scientists at Reading Uni-
versity, had brought "downstream development" 
back into the theoretical fold after 20 years of ab-
sence. They appealed to this concept in trying to 
understand numerical experiments on baroclinic 
instability and, in particular, the triggering of suc-
cessive baroclinic waves (Hoskins, Simmons and 
Andrews, 1977). This and other papers by them 
could have stimulated further research, but soon 
after Adrian Simmons had left for ECMWF and 
Brian Hoskins was heading towards new theore-
tical challenges. 
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The trough-diagram enters ECMWF

When I joined the ECMWF in 1992 my manager, 
Bernard Strauss, asked me to come up with 
some new ideas for the map room. I suggested a 
daily display of a Hovmöller Diagram based on 20 
days retrospective analyses and the 10 days fore-
cast. This was quickly accomplished with the help 
of Bruno David. By consulting Ernest Hovmöller 
himself over the phone (by then 80 and still living 
in Sweden) it was decided to use the Swedish 
spelling with "o" of his  name and not the Danish 
with "ø".

Since we at that time were unaware of Orlanski’s 
and Chang’s work, our diagram became the tra-
ditional one based on 500 hPa geopotentials. 
But when we became aware of their work Bruno 
David quickly developed a program to produce 
"Orlanski-Chang diagrams" as batch jobs. They 
were presented at the training courses because 
they more clearly than the traditional "Hovmöl-
ler diagram" displayed what is the cause of the 
"downstream development" process.

Like Rossby, I had not been satisfied with the com-
mon mathematical-algebraic or geometrical-kine-
matic explanation, but tried to find a physical-dy-
namical one. The "Orlanski-Chang diagrams" 
provided that and did so without introducing any 
new "alien" concepts.

Energy propagation

Figure 6 shows a typical jet stream. We know that 
the isotach pattern normally moves eastward, with 
the zonal flow, with about the same speed as the 
baroclinic system it is coupled to. This is also how 
it is treated in standard quasi-geostrophic theory.

The lower part of the picture, with the wind vec-
tors, shows how the wind at the entrance of the 
jet (to the west) is moving down gradient while in-
creasing its velocity. Potential energy is thereby 
transformed into kinetic and the geopotential gra-
dient is weakening. When the wind has reached its 
maximum velocity, at the core of the jet stream, it 
is moving almost parallel to geopotential isolines.

It is important to realize that the wind moves much 
faster than the isotach pattern; the wind is blowing 
"through" the jet stream. When it approaches the 
exit of the jet stream (to the east) it is super geos-
trophic, i.e. stronger than the geostrophic wind. It 

means that the Coriolis force on the air parcels is 
stronger than the pressure gradient force and the 
wind is therefore accelerated to the right, up-gra-
dient. This up-gradient transport leads to a shar-
pening of the geopotential gradient, potential en-
ergy is increasing at the same time at the expense 
of kinetic as the wind is slowing down.

This means that energy has been rapidly trans-
ported though the jet stream much faster than 
the synoptic systems have progressed eastward. 
If the condition close to the exit region is favou-
rable  for a new baroclinic development, it will take 
place, supported by the arrival of "extra energy" - 
the first link in the downstream development chain 
has developed!

Simplified images

In a theoretical paper by Brian Hoskins et al (1983) 
dealing with something similar, "wave activity", we 
find a nice, although simplified, image of this pro-
cess, the "hand over" of kinetic energy from one 
cyclone to the next downstream (figure 7). What 
is missing in the picture is the conversion between 
potential and kinetic energy.

Figure 6: A typical upper tropospheric jetstream presented both in terms of 
isotachs (upper figure) and wind vectors and geopotentials (lower figure).
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Figure 8: A schematic view of a downstream development process over three-four days covering a west-east section of 90-100 
longitude degrees. See text for more details

Figure 7: The concept of released kinetic energy rapidly transported downstream with the upper tropospheric flow has been nicely 
depicted in Hoskins, James and White (1983) although the terminology there is in terms of "wave activity". 

A seminal paper by Orlanski and Sheldon (1995) 
contains two very instructive figures (2 and 3) with 
the same message: the propagation of energy 
from one system to the next downstream. Below 
is my attempt to conceptualize the process (figure 
8).

On the first day a cyclone is deepening while mo-
ving downstream at about 10°/day. During its dee-
pening, potential energy is converted into kinetic 
which is seen both in the winds in the lower tro-
posphere (leading to "gale warnings"), but also in 
the upper troposphere (the "jet stream").

Non-forecasting applications
There is much more to say about "downstream 
development" or "group velocity thinking", but 
this article is already too long. This concept has 
played a major role in attempts to trace the origins 
of bad forecasts, when that is due to poor initial 
conditions. The reverse problem, about introdu-
cing new observations in order to improve a fo-
recast, is also based on "group velocity thinking".  
Finally, the dynamics of ensemble forecasts where 
thousands of "butterflies" are inserted into a basic 
analysis also need "group velocity thinking" to be   
properly understood.
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MeteoSwiss; new aeronautical products
André-Charles Letestu

Introduction

In Switzerland, MeteoSwiss provide forecasts and 
support for aviation. Recently collaboration has in-
creased between the forecaster and both Air Traf-
fic Control (Skyguide), and the operation centre at 
Geneva airport (APOC).

Some longstanding MeteoSwiss products have 
been redesigned and new ones created, in order 
to best respond to the needs of the airport. Here 
are some examples of these products.

Flight levels

Many flight paths that cross the Alps come under 
the responsibility of Geneva and Zurich Air traf-
fic control. Every 3 hours MeteoSwiss provide 
the height of the flight levels FL100 and FL180. 
The flight levels are calculated using the Payerne 

sounding every 12 hours and readjusted every 3 
hours using data from the Jungfraujoch and Monte 
Rosa sites. In the near future, these levels will be 
calculated from the upper air forecast from the 
models. The flight levels will continue to be trans-
mitted to the air traffic controller by the forecaster 
in order to ensure maximum flight safety.

Low-Level Significant Weather 
Charts (SWC) over the Alps

Since 2016, MeteoSwiss and Austrocontrol have 
produced a significant weather chart (SWC) 
centred over the Alps (figure 1). It is updated eve-
ry 3 hours and replaces the AIRMET. Forecasters 
from both centres simultaneously compile a chart 
covering their region of responsibility. They use the 
same tool, but alternate in being the lead centre. 
It is a good example of collaboration between two 
meteorological organisations. 

Figure 1 : Low-Level Significant weather chart over the Alps.
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Warnings

Meteoswiss issue wind, snow, freezing rain and 
lightning warnings for the airport areas. These 
are delivered by the observer during the day and 
by the forecaster during the night. The lightning 
warning comprises of two levels, orange and red 
respectively, for the probability of a lightning strike 
between 30 and 80 %, and more than 80 %. When 
the airport is on red alert, no plane refuelling is 
allowed and the passengers are not allowed to di-
sembark. The financial consequences of such an 
alert are important for the airport authorities; the 
alert must be as long as necessary, but as short 
as possible.

A new product: Cumulonimbus 
(CB) forecast

Switzerland lies at the crossroads of many flight 
paths. The traffic is very dense, comparable to 
that of the UK, Belgian or German air spaces. The 
presence of CB in the area can generate serious 
delays. The air traffic controllers reduce the nu-
mber of movements by 10 to 15 % if CBs are fo-
recast, and by 20 to 25 % if CBs are present. A 
good forecast is essential in order to anticipate the 
reduction of traffic. In the past, air traffic control-
lers used the METARs and the TAFs to estimate 
the risk of CBs. However, this was not satisfactory.

Since the summer of 2018, a new forecast has 
been provided by MeteoSwiss for Air Traffic 
Control, consisting of the probability of thunders-
torms in 8 regions situated in a radius of about 
180 km around Geneva for the following 24 hours 
(figure 2). The probability for a 6 hour period, the 
type of thunderstorm (isolated, frequent, front and 
supercell), the direction of the flow and the most 
affected regions are described along with the top 
of the CBs.

The product is compiled in the early morning, fol-
lowed by a telephone call to the air traffic control-
ler at 8 am and also at midday, if the weather si-
tuation is critical.

Another new product  
The Dashboard

A new platform has been developed in collabora-
tion with MeteoSwiss, Meteotest and the airport 
authorities in order to provide a tool through which 
forecasts, observations, satellite pictures and war-
nings are displayed. This dashboard (figure 3) is 
available in both the operation centre at Geneva 
Airport (APOC) and in the forecasting room at Me-
teoSwiss. Both MeteoSwiss’s forecasters and the 
APOC have access to the same display which is 
an advantage when describing the weather situa-
tion during the daily telephone call.

Two display modes are available, for winter and 
summer respectively. The former shows the pro-
bability of runway contamination and the latter the 
probability of thunderstorms. These probabilities 
are renewed every 3 hours by the forecaster for a 
range of up to 24 hours. 

The forecast is provided by Data4web which is a 
forecast generator for each location in Switzerland 
that is based on model data, INCA and the fore-
caster’s input through an editor.

Regional and airport alerts are also displayed.

Forecast for the charter season

During the winter season, especially during ho-
lidays and weekends, the amount of air traffic is 
very intense due to the increase in the number 
of charter flights from 40 movements during an 
average day, up to 90 movements during peak 
days.Figure 2 : Cumulonimbus forecast during the crossing of a squall line.
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Figure 3: Dashboard LSGG. On the left, the forecast temperature, dew point, cloud, wind and precipitation (with spread). The bot-
tom line shows the thunderstorm probability introduced by the forecaster. The middle section shows the radar and the satellite pic-
tures (observed and predicted) and the actual temperature and state of the runway. The right section shows the current warnings.

Figure 4:Meteogram for Zurich airport.

Most of the airport services are operating at full 
capacity during these peak days, especially 
the airport access, the luggage transfer and the 
passport control teams. Any delays or problems 
could spread to affect the various services and 
create a crisis situation.

Bad weather conditions constitute a high risk for 
delays; not only as a result of the conditions at 
Geneva Airport, but also at the departure airports 
in the UK, Russia, USA, Canada and Scandinavia. 
The access to the airport is also critical since par-
king spaces are limited, especially for buses.
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MeteoSwiss issue a charter forecast every Friday 
during the winter season which enables the APOC 
to predict delays due to weather hazards in depar-
ture airports, and on roads to ski resorts.

Stand by service

A forecast is issued three times a week, in order 
to manage staff in charge of snow clearing, and to 
organise a stand by service. The airport receives 
an estimation of the risk of snowfal for the fol-
lowing 3 days.

Meteogram

A new meteogram for Zurich and Geneva airport 
(figure 4) will be soon available via the platform 
for Air Traffic Control (Skyguide). It will be based 
on INCA, COSMO1 and TAF guidance based on 
MOS. Since the models could be inconsistent with 
the TAFs, the meteogram is corrected by the actual 
TAF data. The meteogram is updated every hour.

Conclusions

Recently, MeteoSwiss, in collaboration with  
Geneva airport authorities and Air Traffic Control, 
have developed new products and updated some 
older ones, in order to optimise the management of  
the flights and the various services linked to the 
airport.

Some products are fully automatic and are gene-
rated using observation data, model data and the 
forecaster input through a matrix editor. 

The task of weather forecasting is changing ra-
pidly; more and more products are generated au-
tomatically allowing the users to retrieve weather 
information using apps on mobile phones. Howe-
ver, when an important decision needs to be 
taken, a dialogue with a professional is essential. 

In the example of the airport, all products are 
supported with a call to the authorities in order to  
express the uncertainties and the eventual doubts 
about the accuracy of the automatic products.


