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Dear Readers and Colleagues,

It’s a great delight and honour to introduce the 26th edition of our newsletter ‘The European Forecaster’. The success of 
a publication on a regular yearly basis is only possible because of the excellent work of many colleagues. Therefore we 
would like to say thank you to           Mr. Bruno Gillet-Chaulet and his colleagues at Meteo France for printing the news-
letter. Many thanks go to Mr. Nicholas Roe for reviewing the incoming articles. We kindly address our warmest gratitude 
to all the authors for writing articles about new ideas, recent developments and interesting case studies in the field of 
weather forecasting. Last but not least, we want to thank Mr. Andre-Charles Letestu for updating our WGCEF website 
www.euroforecaster.org continuously.    

Within the last few decades significant alterations in the actual weather and typical weather patterns have been obser-
ved world-wide which is mainly caused by climate change. Temperatures are rising steadily and therefore air masses 
have higher water vapour content. The increase in temperature is different depending on the geographical location: in 
polar regions this process is going faster than in subtropical or tropical regions. Thus the horizontal temperature gradient 
is reduced with the negative effect that the polar jet stream is weakening. Weather patterns are more stable and staying 
for longer in the same place, e.g. floods, droughts or heat waves are occurring more often in mid latitude regions. The 
impacts of climate change can be manifold: for example, rising sea levels with catastrophic effects on coastal regions, 
melting glaciers changing Alpine environments, more extreme weather phenomena like severe windstorms, heavy pre-
cipitation or long lasting heat waves. It’s not a single specific weather situation that can be related to climate change, 
but the increasing number of severe weather events showing that climate change has drastic consequences on the 
actual weather.  

Severe weather hazards have a strong impact on humans, infrastructure, vegetation and the ground. Therefore, severe 
weather warnings with precise time, location and intensity can minimize or even prevent damage, save lives and reduce 
financial losses. This is one of the major, even the most important, mission of weather forecasters. With their expertise, 
knowledge and experience forecasters are able to provide excellent advice to the public, stakeholders and all kinds 
of weather dependent users by issuing impact-oriented weather and warning information. Various requirements are 
necessary to be able to do this job accurately: regular training, good IT-infrastructure, intelligent tools, sufficient meteo-
rological and non-meteorological data sources, scientific exchange and cooperation. 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, the WGCEF.    

We hope that you will find this newsletter interesting, enjoyable and informative. 

Best regards,

Christian Csekits and Jos Diepeveen,
Chairpersons, WGCEF
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News and udaptes  
from a selection of NMSs

CHMI (Marjan Sandev)

Warning system updates:
Held regular online meetings with the Fire Rescue 
Service (FRS).

Warning distribution on the FRS’s side is still not 
technically prepared for selective distribution, 
however, CHMI have prepared questionnaires for 
users, SWOT analysis. 

Collaboration with the Department of Biometeoro-
logical Forecasts for a new frost warning to be de-
veloped, to mitigate against any hazardous condi-
tions during the winter.

Development of a new application FireRisk, to 
warn of the dangers of natural fires using model 
index to determine occurrence and spread of fires 
over an area. Additional resources from EFFIS 
and all warnings issued in CAP formats.

New customers 
Directorate of Roads and Motorways will receive 
regional road and motorway forecasts, a product 
tailored to the customer's requirements in a ma-
chine-processed xml format. This includes: Fore-
casts for maintenance (roads and motorways) for 
13 regions, Forecasts for drivers. ALADIN model 
outputs and Meteograms and probabilistic outputs.

Railway Administration: production of regional fo-
recasts for railway transport routes, again tailored 
to the customer's requirements, in a machine-pro-
cessed xml format. These are specialist forecasts 
for the maintenance of railways in 13 regions and 
Medium-range specialist predictions of hazardous 
conditions to mitigate against transport disruption.

From the 1st of May 2020 CHMI is now coopera-
ting with a new TV broadcast channel in the Czech 

Republic CNN Prima News, providing meteoro-
logical data, forecasts and warnings. CHMI me-
teorologists prepare daily broadcasts and ad-hoc 
interventions in case of hazardous or noteworthy 
weather events.

International cooperation
Cross-border cooperation with Poland and Ger-
many - international exchange of hourly data from 
automatic stations in BUFR format (according to 
the WMO standard and EUMETNET recommen-
dations). This collaboration has already been im-
plemented with Poland, and is due to be comple-
ted in November 2021 with Germany.  

New building of Central forecasting office
Finally, after 8 years of planning a new building 
for the Central Forecasting Office, which includes 
facilities such as a conference room has been of-
ficially inaugurated by the Minister of the Environ-
ment and the State Secretary for the Environment 
on the 9th of June.

DHMZ (Lovro Kalin)

At the Croatian Meteorological and Hydrological 
Service (DHMZ), the past year has been very 
challenging due to the COVID-19 situation, but 
more so the Zagreb earthquakes . They struck 
Croatia’s capital on March 20th and irreversibly 

In a normal edition of The European Forecaster, on these pages you would find a copy of 
the minutes from the annual meeting. However, these are not normal times  

and as we were unable to meet in Estonia in 2020, there are no minutes to reproduce.  
In their place we have here a selection of highlights from the past year that some  

of the representatives were kind enough to send in to give a flavour of what  
has been going on in our NMS community - Editor



7The European Forecaster 7The European Forecaster

damaged the Headquarters of our Service, for-
tunately with no casualties. Remote work, luckily 
organized beforehand because of the COVID pre-
parations, was immediately introduced and soon a 
provisional forecasting operations room was esta-
blished. In summer 2020, DHMZ moved it’s offices 
into a building under lease while the computer and 
other infrastructure has been gradually relocated. 
Working conditions in the new premises are now 
better than in the original building but the project 
for a new building is unfortunately still on hold.

As for scientific topics; it is worth mentioning that 
a new supercomputer has been purchased and 
will be installed soon, so a further improvement in 
NWP is expected. In the Forecasting department 
preparations for a more comprehensive warning 
system – that will introduce local administrative 
counties – is underway. Difficulties regarding 
‘brain drain’ are present more than ever, moreover 
there is a lack of new staff available and interest 
for meteorological study is decreasing.

DWD (Robert Hausen)

Mrs. Renate Hagedorn has been appointed as the 
new leader of the forecast department, following 
the retirement of Hans-Joachim Koppert.

There has been a successful meteorological advi-
sory service of the year-long MOSAIC expedition 
in the Arctic.

Very challenging times during the pandemic - but 
also chances for digital progress and home office 
working with about 50% of the shifts done from 
home.

Restructuring with two new departments for: 1. War-
ning and advisory services including manual/human 
made forecast productions and 2. The development 
of products and services incl. customer services.

Enhanced focus on activities for recognizing and 
(event based) information of crisis managers about 
severe weather events in short and medium range.

IMGW-PIB (Piotr Manczak)

Due to the COVID-19 pandemic situation in March 
2020, a home office working system was imple-
mented for most of IMGW-PIB staff, including the 

forecasters. In summer 2020 (the thunderstorm 
season), forecasters were allowed to work in of-
fices, as they are now in the current season (2021). 

Exam sessions for applicants and forecasters im-
proving their qualifications have been held online 
since June 2020.  

A new position was established: the media fore-
caster. This forecaster is responsible for contacts 
with the press, TV or radio stations, and for social 
media updates. They cooperate with forecasters 
on duty and the Press Office. The media forecas-
ter chairs daily synoptic briefings for IMGW-PIB 
employees not working within the main weather 
offices.  

Since 2020 IMGW-PIB has been a full member of 
ESSL. 

The old web page, www.pogodynka.pl, was re-
placed by the new one, www.meteo.imgw.pl. The 
original web page was upgraded with new func-
tionalities added, for example dynamic maps 
with NWP data calculated in IMGW-PIB. A new 
Hybrid 1.0 IMGW-PIB model was created for me-
teograms, which combines multiple different fore-
casting systems: nowcasting models SCENE and 
INCA-PL2, and two mesoscale models AROME 
and ALARO. Their consolidation enables a user 
to watch the nowcast refreshed every 10 minutes 
with 3-day forecast on one graph.   

A new profile ‘Burza Alert IMGW’ (Thunderstorm 
Alert IMGW) was created on our Facebook page 
(https://www.facebook.com/burzaalertimgw/). This 
contains a detailed synoptic forecast of thunders-
torms for the present and following day, alongside 
a general forecast for the third day. This space is 
also used for nowcasting and publishing interes-
ting facts concerning thunderstorms. 

Our early warning system was extended from 
three to four consecutive days and the present 
warning system has been upgraded. There is a 
possibility of issuing a nowcasting warning. This is 
referred to as an overlay warning, as it tempora-
rily enhances the level of an already issued war-
ning. For example, a yellow level warning could be 
covered by an orange one for some area and/or 
duration, if the intensity of some observed or pre-
dicted phenomenon is higher than in the original 
(yellow) warning. The original warning remains va-
lid for the rest of the area and after the cessation 
of the overlay warning.  
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In 2019 we began publishing long-term forecasts 
(up to 3 months) on our web page. Such forecasts 
had previously been issued for internal use only.   

IPMA (Paula Leitão)

The COVID pandemic ruled the changes during 
2020 at IPMA.  From March onwards all staff were 
working from home, except for the aviation fore-
casters and half of the general purposes weather 
forecasting team. Even so, there were no changes 
to the routine procedures.

There was a severe delay in the implementation 
of the new Weather Display System (SYNERGIE 
– MFI), which is not operational yet.

The Madeira and Azores radars started operation. 
The access to the imagery has allowed forecas-
ters to develop expertise with new data.

Wildfire Weather forecasting is still an important 
topic and new updates were developed.

Meteo-France (Bruno Gillet-Chaulet)

COVID-19:
In France, the health crisis led to 2 periods of na-
tionwide lockdowns (March 16th / May 10th and Oc-
tober 31st / December 15th) followed by a curfew (a 
‘stay-at-home’ policy between 8 pm and 6 am). 

A plan to protect the health of employees and the 
continuity of services was put in place. Remote 
working (from home) was imposed when possible. 
Only certain activities related to the protection of 
people and property (such as “vigilance” weather 
warnings, aeronautical and maritime safety), IT 
support functions, observations or management 
were maintained on sites (for practical or IT security 
reasons). Certificates were required to get to and 
from the offices with police undertaking checks. 
At the start of 2021, around 50% of Météo-France 
employees were working remotely. At the National 
Forecasting Center (the national operational room) 
measures were taken to space workstations, with 
systematic disinfection of desks and computers 
and mask wearing was compulsory.

Regarding observations, decrease in aircraft data 
(AMDAR) was partly offset by an increase in the 
number of radiosondes.

Weather events: 
The hottest year since 1900 with many records du-
ring the winter. Two episodes of heat wave in the 
summer (one with a red “vigilance” level). Driest 
July on record. Exceptional heat wave in Sep-
tember. In October, catastrophic storm Alex in the 
South-East (with a significant Sting-Jet phenome-
non over Brittany). Resulted in nine fatalities and 
several people reported missing, immeasurable 
damage and national impact with an intervention 
from the President of the Republic highlighting the 
good advice and lead-time regarding the red “vigi-
lance” level which had been issued.

Changes:
Renewal of ISO 9001: 2015 certification for a pe-
riod of 3 years from the start of 2021. Audits car-
ried out mainly remotely.

New website for meteorological “vigilance” 
weather warnings. Integrated chart without picto-
grams, each parameter being the subject of a se-
parate chart. New product with early warnings with 
up to seven days lead-time giving the probability 
of a severe event occurring.

New “General Public” website, made to be more 
user friendly. Mobile app awarded by WMO for the 
"citizen observations" section.

Climate projections at a regional scale on the 
national territory made available to the public by 
the "DRIAS" portal (http://www.drias-climat.fr/) for 
adaptation to climate change.

Installation of 2 new supercomputers (operational 
at the start of 2021): Belenos and Taranis resulting 
in a gain of 5.5 in computing power.

Reorganizations: ongoing projects in particular for 
mountain related support.

MeteoSwiss (André-Charles Letestu)

Automatic forecasts
Since 2010, the forecasters at MeteoSwiss were 
filling in a forecasting “matrix” which was used to 
feed into the website, app platform and various 
products such as the symbols for the TV charts. 
A first guess was provided by various models ac-
cording to the forecast range; COSMO 1 for the 
Day 0 and 1, COSMO E for day 2 to day 5, finally 
IFS for days 6 and 7. The forecaster was able to 
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modify the parameters. In May 2021, the matrix no 
longer exists; the forecast is now fully automatic. 
This is also the end of the verification of the fore-
cast issued by the weather forecasters. This big 
step corresponds also to a significant change of 
the role of the forecaster. 

The heat wave warning
Previously, the criteria for a heat wave warning was 
calculated using the daily maximum temperature 
and the humidity. The result was an index not easy 
to interpret, moreover, the minimum temperature 
was not included; a high temperature at dawn can 
affect the recovery of fragile people after a very hot 
day. From summer 2021, the daily mean tempera-
ture will be use to set the threshold for heat waves. 
An extra yellow warning level has been added, pre-
viously only amber and red warning were available. 
The criteria for the warnings are:

Warning level 2 (yellow): 1 day with a mean tem-
perature above or equal to 25°C.

Warning level 3 (amber): 2 days with a mean tem-
perature above or equal to 25°C.

Warning level 4 (red): 2 days with a mean tempe-
rature above or equal to 27°C.

Weather 4 UN
Major humanitarian crises are often associated 
with hydro-meteorological hazards such as hur-
ricanes or floods. Early warning systems enable 
authorities and humanitarian organisations to take 
targeted protection measures for the affected po-
pulation. At all stages of a disaster (before, during 
and after), emergency forces and humanitarian or-
ganisations preparing and carrying out humanita-
rian operations in affected regions require access 
to information about the weather and hydrological 
situations. Although high quality information is 
usually available for many regions of the world, 
the UN and its specialized humanitarian agencies 
have difficulties, in some cases, to optimally ac-
cess this information. In order to improve the flow 
of information to humanitarian organisations and, 
if necessary, to official bodies in developing and 
emerging countries, the WMO initiated a WMO 
Coordination Mechanism (WCM) during the 18th 
Congress. The new Standing Committee on Di-
saster Risk Reduction and Public Services (SC-
DRR) within the Service Commission (SERCOM) 
has been tasked to develop a WCM implementa-
tion plan based on the initial concept and volunta-
ry contributions of Members. 

In April 2020, the Federal Council of Switzer-
land decided to contribute towards the establi-
shment of the WCM through the "Weather4UN" 
pilot project. 

Weather4UN is a limited-in-time (2020-2023) pi-
lot project led by APW, which will be carried out 
in the context of the establishment of the WCM 
by the WMO and its members. More specifically, 
the project aims at (a) refining the definition of the 
requirements from various stakeholders (institutio-
nal level) and (b) assessing the feasibility of deve-
loping and exploiting facilities for supporting the 
exploitation of the WCM (technological level). The 
team will be mostly located in Geneva, as to en-
sure a close proximity with members of the WMO 
staff. The team will include at least two scientific 
collaborators and coordinate the work of additio-
nal persons who will belong to other teams or divi-
sions within MeteoSwiss. 

OMSZ (Zsolt Pátkai)

The Hungarian Meteorological Service was foun-
ded 150 years ago (in 1870) by Franz Joseph. On 
the occasion of such rare anniversary large out-
door event was planned, which was unfortunately 
cancelled due to COVID-19. A comemorative pos-
tal stamp and coin were issued also.

Fully automated radisonde equipment was put 
into operation both in Szeged and Budapest.

Similar to other countries HMS took part in the 
EUROCONTROL Cross Border Weather Advisory 
project.

Our colleagues won the Media Forecast Award 
by the European Meteorological Society with the 
daily weather forecast video distributed via HMS’s 
Youtube channel.

Just weeks before the COVID-19 crisis a new 
workflow management scheme was introduced 
which required a new position for a supervisor / 
chief forecaster to be created.

During the first period of COVID-19, 24 hour 
long shifts were temporarily enabled, each shift 
consisted of pre-designated people to reduce the 
risk of epidemic. Home office working was not al-
lowed at all.
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UKMO (Nicholas Roe)

Weather 
2020 was been a year of extremes with the 
wettest February on record, the sunniest spring, 
a heatwave in the summer and a day in October 
breaking rainfall records.

Corporate developments
Our new CEO, Prof Penny Endersby announced 
our new purpose: “Helping you make better de-
cisions to stay safe and thrive”. The Met Office 
will play an integral part in the UK’s hosting of the 
COP 26 climate change conference, delayed from 
November 2020.  

Covid
In the spring Coronavirus arrived with a decrease 
in aircraft observations noticeably affecting NWP 
however the biggest operational impact was on 
staff as HQ was closed to all but a handful of es-
sential personnel. All staff had to learn to work from 
home, with trainee meteorologists also distance 
learning. Some silver linings included a Citizen 
Scientist Observation Data Rescue project where 
volunteers in lockdown were asked to help enter 
data from historic paper observation books from 
1914-1957. The College’s Met Office for Schools 
project intensified to help with home schooling. By 
the summer, working from home shifts had been 
streamlined in Defence with great success howe-
ver some locations reopened in COVID safe way 
and 60-80 people were allowed back into the HQ. 
Weather data for public health services helped to 
ease the load on the National Health Service as 
they continued to fight the pandemic. By the winter 
an office-wide mental health awareness campaign 
was started as the season increased the stress on 
home working Meteorologists. By the end of the 
year there were operational staff who were hired, 
then trained, and are now working, having never 
left their home.

Future of Operational Meteorology
The FoOM project has started to deliver: New Hi 
Res NWP data has been made available to all 
Meteorologist in the IBL Visual Weather platform, 
and we also had some production moving away 
from MS Office on to the platform. Operational 
efficiencies have been delivered on the civil fo-
recasting side e.g. AIRMETs have been replaced 
by GAMETs with areas and issue times aligned 
with other aviation products. Defence Meteorolo-
gists saw improvements too e.g. the delivery of a 

new intuitive web-based station warnings system. 
Other projects in the pipeline include convective 
nowcasting capabilities to improve accuracy of 0-2 
hr thunderstorm forecasting using cell tracking 3D 
radar and high resolution modelling. IT infrastruc-
ture changed as servers were replaced by Ama-
zon web hosting. All files were moved to the cloud 
accessed by SharePoint and communication plat-
forms were streamlined onto MS Teams by the 
end of the year.

Technology developments
Government announced an investment of £1.2 bil-
lion for a new supercomputer, provided by Micro-
soft Azure. It will be 6 times more powerful than 
the present one and is planned to be powered by 
100% renewable energy. The first phase will com-
plete in autumn 2022 with a new hi-res model for 
boundary layer humidity already confirmed which 
will assimilate data from sensors on commercial 
aircraft, GNSS receivers monitoring signal delay 
and radar reflectivity assimilation. A new operatio-
nal Lightning Detection Network (to be known as 
LEELA) began with trial monitoring stations ins-
talled in Estonia, Ireland and France. The project 
will complete in 2023.
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Processes leading to Severe Wind Gusts
Example of Winter 2020 Windstorms in France
Michaël Kreitz, École nationale de la météorologie (French school of meteorology), 
Météo-France, Toulouse (michael.kreitz@meteo.fr).

 Figure 1. (a) Wind sectors of an extra-tropical cyclone (Gillet-Chaulet and al., 2019); (b) illustration on a satellite picture 
(source: Nasa Worldview).

This article is a translation of an article published in La Météorologie (Kreitz, 2020)

Abstract 

The end of winter 2019-2020 is characterized 
by successive windstorms. The severe winds 
are the consequence of various conceptual 
models: warm jet, cold jet, sting jet, deep 
convection and downslope windstorm. A ca--
se study for each model is discussed here with 
real life examples. 

After a wet autumn, late winter 2019-2020 is cha-
racterized by several windstorms and mild tempera-
tures over France. From storm Hervé on February 
4th to storm Norberto on March 5th, ten windstorms 
cross the country during one month. The most 
severe gusts are the consequence of different 
mechanisms that deserve explanations.

Wind sectors of an extra-tropical windstorm have 
been summarized by Gillet-Chaulet and al. (2019) 
(figure 1), based on Hewson and al. (2015) and 
consist of:

– 1, warm jet: ahead of the cold front, ageostro-
phic circulation leads to an acceleration of the 
flow. A low level jet develops, commonly between 
levels 925 and 850 hPa as the case may be;

– 2, cold jet: the increasing gradient of MSLP around 
the low produces another area of severe winds in a 
cold air mass,  in a western area of the low;

– 3, sting jet: an area of severe winds may occur 
temporarily between the cold jet and frontal frac-
ture (Gillet-Chaulet and al., 2019);

– 4, convective gusts: if showers or squalls are 
present, outflows add to strong synoptic winds. 
Gusts can be severe, sometimes more than in 
other sectors, but much more heterogeneous;

– 5, local winds: an intense synoptic flow creates 
mountain waves and if conditions are satisfied, a 
downslope windstorm is possible. In large valleys, 
winds increase too (Mistral along Rhône valley, 
Tramontane along Aude valley…).

Stormy winds in a warm jet (1): 

Dennis on February 16th 

Storm Dennis is associated with very low MSLP 
far from France, between British Isles and Iceland. 
The pressure drops to the value of 919 hPa, the se-
cond deepest extra-tropical cyclone ever recorded 
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 Figure 2. Top: MSLP and forecasted gusts (knots). Right: vertical profile inland in northwestern France (square on the map) 
for February 16th, 2020, at 13 UTC from Arome run of 12 UTC. Left: maximum daily gusts (km/h) recorded on February 16th, 2020. 
Source: Météo-France.

 Figure 3. Gusts above 60 km/h, radar data and MSLP 
(hPa) forecasted by Arpege, run of March 5th 2020 at 06 UTC for 
11 UTC. Source: Météo-France.

over northern Atlantic, after a low at 914 hPa on 
January 11th, 1993 (Odell and al., 2013). Gusts up 
to 100 and 130 km/h are recorded in northwes-
tern France (figure 2). Stormy winds are located 
just ahead of the cold front, in the warm conveyor 
belt. By looking at observed or forecasted gusts, 
it is unusual to notice that the strongest winds are 
located  along the shore (exposed semaphores) 
as well as inland. This can be explained by the 
fact that there is a small instability in the low layer 
as shown by the vertical profile. Turbulence is en-
hanced and thus gusts by turbulent mixing. Other 
severe gusts blow over northern France, while the 
cold front sweeps the area. This front creates a 
large scale density current.

Stormy winds in a cold jet (2):  

Norberto on March 5th

Even if storm Norberto is one of the less severe 
windstorms of the period, it is a perfect example of 

a strong cold jet occurrence. The low deepens to 
nearly 980 hPa while crossing The Channel. The 
pressure gradient is  tightest along western qua-
drant where cold air wraps around the low (figure 3). 
Gusts blow up to 100 km/h locally over Brittany.
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 Figure 4. (a) Temperature (blue), dewpoint (green) and gusts (knots, 
black) recorded on February 27th at Paris-Montsouris weather station;  
(b) Maximum daily gust on February 27th (km/h). Source: Météo-France.

 Figure 5. (a) Synoptic analysis (Anasyg) on February 27th 2020 at 12 UTC. (b) Gusts (knots, scale proposed at figure 2), verti-
cal velocities at 600 hPa (Pa/s, updrafts in orange and downdrafts in blue) and vertical cross section with vertical velocities and 
wind (knots), for February 27th 2020 at 14 UTC from Arome, run of 12 UTC. Source: Météo-France.

Potential sting jet (3):  

Bianca on February 27th

Storm Bianca deepens while crossing northern 
France and moving along Luxembourg and Ger-
many. But with a pressure around 990 hPa, storm 
Bianca doesn’t seem remarkable. However, winds 
become very strong from the western Parisian ba-
sin to Alsace region with widespread gusts between 
100 and 120 km/h (figure 4b). At Paris-Montsouris 
weather station, a value of 116 km/h was recorded, 
the second highest gust ever recorded in February 
and the sixth highest on record!

Data from weather stations is very useful for a 
better understanding of the physical processes 
that lead to these gusts. At Paris-Montsouris (fi-
gure 4b), the highest gust reaches 60 knots at 
1245 UTC. This gust is correlated to a light drop in 
the temperature but a larger decrease dew point 
(more than 3 °C in a few minutes), without any 
rain. So, it is not a crossing cold front but a phe-
nomenon associated with downdrafts (this vertical 
motion dries the air mass). The synoptic analysis 
(Santurette and Joly, 2002) done at 12 UTC (figure 
5) reveals an extra-tropical cyclone with the cha-
racteristics of a Shapiro-Keyser (1990) low. Fron-
tal fracture is just over Paris and topped by the dry 
intrusion (dark line). This structure is favourable to 
the development of a sting jet (Gillet-Chaulet and 
al., 2019; Coronel and al., 2016), that seems to be 
confirmed by Paris-Montsouris data.

To confirm the occurrence of a sting jet, a simu-
lation of a small scale model like Arome is nee-
ded. The highest gusts are forecast just below the 

downdrafts (figure 5). The vertical cross section 
confirms this analysis: updrafts in the east with a 
large column of moisture (not shown) and by the 
west, downdrafts and drying mid-troposphere up 
to 900 hPa and increasing winds in the boundary 
layer.

Forecasting sting jets is challenging for both NWP 
models and forecasters. That day, the forecast 
gusts  were underestimated and a sting jet was 
not expected (the forecast shown in figure 5 is 12 
UTC run, while the sting jet is occurring). As gusts 
were not forecasted to exceed 100 km/h inland, 
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 Figure 6. Left: geopotential (damgp), temperature (°C), wind (knots), at 500 hPa. Center: MSLP (hPa) and '
w
 at 850 hPa 

(°C) for February 10th 2020 at 15 UTC, from Arpege, run of 12 UTC. Right: maximum daily gusts (km/h, red if  > 90 km/h) re-
corded during the showers generated by Storm Ciara. Source: Météo-France.

no orange warning was issued and  the windstorm 
was not named by France-Spain-Portugal (Kreitz, 
2018). Since the windstorm was not named by 
UKMO which was not concerned, the storm was 
finally called Bianca, the name proposed by the 
university of Berlin. 

Stormy convective gusts  

and one tornado in showers (4):  

Ciara on February 10th

Storm Ciara starts to form early off the eastern 
coast of the United States and crosses the Atlan-
tic, before deepening, falling to 950 hPa between 
Scotland and Scandinavia. Gusts are already 
strong during the crossing of warm and cold fronts 
but remain intense below the showers and are 
locally severe, for example 163 km/h recorded at 
Barfleur semaphore in Normandy (figure 6). In ad-
dition, one tornado is reported in Somme district 
(northern France) according to Keraunos1. The 
situation is favourable to low topped supercells 
and isolated tornadoes (Robert and Calas, 2004). 
A westerly flow blows at all levels (figure 6) and 
leads to huge vertical wind shear with weak ins-
tability caused by cold air at altitude (< -26 °C at 
500 hPa) and mild air in the low levels (wet bulb 
potential temperature, θ’w, around 6 / 8 °C).

Moreover, inland, friction causes backing winds 
at low level and a decrease in wind speed. The 
hodograph (figure 7) shows a very large helicity 

in the three first kilometres, reaching more than 
250 m²/s² while it is already large in the first kilo-
metre. Even if instability is quite weak, in a moist 
air mass, ingredients are favourable to form tor-
nadoes (Thompson and al., 2003).

Donwslope windstorm (5):  

Hervé on February 4th

This storm goes unnoticed over most parts of 
France. The low is not very deep but in the lee of 
French Alps, the pressure gradient increases by 
orographic effects over southeastern France and 
especially over Corsica. Severe winds are recorded 
all over the island, including the eastern coast (fi-
gure 8): 195 km/h at cap Corse (northern cape of 
the island), 169 km/h at la Chiappa semaphore, 
166 km/h at Zonza, 162 km/h at Alistro. The fact that 
gusts are more severe downwind from the moun-
tains, proves that the relief is involved in the occur-
rence of the stormy winds. The increase of winds 
downwind from mountains is named a downslope 
windstorm. As it is associated with downward mo-
tion, a foehn effect occurs with it. Here, according 
to figure 8, a spectacular foehn effect is observed 
with an increase of 10 °C in temperature and a drop 
of 10 °C of dew point in very few minutes. With a 
temperature of 24.3°C, it is the highest value ever 
recorded at Bastia for February!

Even though downslope windstorms (and such 
winds speed) are quite common over Corsica, the 
interesting feature of this windstorm is that all eas-
tern Corsica is concerned in addition to northern 
and southern parts which are more used to these 
effects. Figure 9 shows the favourable environ-
ment according to Arome NWP: 

1. http://www.keraunos.org/actualities/faits-marquants/2020/

tornade-bertangles-10-fevrier-2020-somme-picardie-hauts-de-

france
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  Figure 7. (a) Vertical profile and (b) hodograph 
forecasted close to showers formed in storm Ciara in northern 
Normandy, on February 10th 2020 at 14 UTC, from Arome, run 
of 12 UTC.

 Figure 8. (a) Temperature (blue), dew point (black) at Bastia on February 4th 2020. (b) Maximum daily gusts km/h) on 
February 4th 2020. Source: Météo-France.

– trapped waves downwind with a succession of 
updrafts and downdrafts with a vertical phase;

– isentrops near breaking waves while crossing 
mountains (axis near vertical) and with a nar-
rowing (i.e. an inversion) around levels 750/700 
hPa, that are the maximum height of mountains 
here; 

– stable air mass upwind confirming large stability 
at around 700 hPa;

– stable and drier air mass downwind with en-
hanced stability at a lower level 900 hPa.

As shown by Bernouilli theorem in fluids mecha-
nism, a flow that moves from a large section of a 
pipe to a narrow section of another pipe sustains 
an acceleration downslope which is what is oc-
curring  until the east coast (Auger, 2011 ; Calas, 
2013 ; Markowski et Richardson, 2010). The effect 
is enhanced if an inversion is present upwind at 
the same height as the mountains.
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 Figure 9. Vertical cross section (west-east) perpendicularly to Corsica, along the axis of the wind with iso- (°C, red), vertical 
velocities (m/s, updrafts in green and downdrafts in blue), relief in grey. Vertical profiles upwind of Corsica (left) and downwind 
(right), for February 4th 2020 at 06 UTC from Arome, run of 03 UTC. Source: Météo-France.
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Contribution of citizen weather observations 
to handle snowy conditions at Météo-France. 
Case study of January 4th, 2021
Ludovic BERNEDE, French national weather school - Météo-France  
(ludovic.bernede@meteo.fr).

 Figure 1.  Citizen observations module on the Météo-France’s mobile application. Source: Météo-France

Introduction

In 2015, Météo-France launched a new project for 
citizen observations. The aim of the new venture 
was simple: citizens could report their weather ob-
servations through Météo-France's mobile appli-
cation and send pictures to accompany the obser-
vation. Six years after its launch, it continues to be 
a great success and its contribution to operational 
forecasting is highly valuable. The public’s contri-
bution, particularly to snowfall observations, has 
been extremely helpful, for example, on 4th Janua-
ry 2021, there was more snowfall than expected in 
the French department of Var which caused major 
traffic disruptions; citizen observations helped to 
detect and follow this heavy snowfall at a very fine 
resolution.

Citizen weather observations  

overview  

In 2015, a Citizen weather observations project 
was launched, through a module available on 
“Météo-France” mobile application (Giard and al, 
2018). Within this module, mobile users could re-
port weather conditions around them and add a 
picture to go alongside their observation (Figure 
1 shows an example of the observation from a ci-
tizen’s perspective, and Figure 2 shows the inter-
nal perspective at Météo-France). The user-frien-
dly design and ease of use had such a success 
among contributors that the module thrived. 
An example of its success was on 7th August 
2018 when a thunderstorm outbreak followed a 
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 Figure 2.  Internal visualization platform for citizen observations. Source: Météo-France

 Figure 3. Synoptic analysis chart valid January 4th, 2021  
 at 0h UTC. Source: Météo-France

 Figure 4. Snowfall accumulation between 6 and 18h TU on January 4th, 
2021 from the different runs of Arpege model: (a) January 3rd, 2021 12h UTC, 
(b) January 4th, 2021 0h UTC and (c) 6h UTC. Source: Météo-France

heatwave; 46,729 citizen observations were sent 
in 24 hours on the mobile application to report 
these thunderstorms. Since December 2018, an 
update of the citizen observations module allows 
users to provide additional information like inten-
sity of precipitation, wind damage, snowfall, snow 
depth or hailstone size.

Case Study: 4th January 2021

On 4th January 2021, two low pressure systems 
were centred in the Bay of Biscay and off the coast 
of the Var department respectively (Figure 3). These 
lows were occluded and evolved in cold air.  When 
assessing the snow potential, the overnight runs 
of NWP (Numerical Weather Prediction) models brought uncertainty about the position of the oc-

cluded fronts and the associated precipitation type 
and intensity. The Arpege 0h UTC run (Figure 4b) 
differed from previous day 12h UTC run (Figure 
4a), proposing snowfall over a larger area of   the 
Var department to the middle of the Rhône valley; 
Lower Rhône valley seemed to be unaffected. In 
the early afternoon, according to the model, snow-
fall would be mainly located on the Sainte-Baume 
mountains (Figure 5), and the remainder of the 
Var department would not expect snow for the rest 
of the afternoon. However, the 6h UTC run (figure 
4c) kept the precipitation on the Sainte-Baume 
mountains until mid-afternoon before restricting it 
to the border of the Alpes-Maritimes department. 
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 Figure 5. Map of the PACA administrative region. Sainte-
Baume et Verdon mountains are indicated. Source: cartograf.fr

 Figure 6. Position of solid precipitation (snow and graupel)  from the different runs of Arome from January 4th, 2021 between 
6 and 18h TU: (a) January 3rd, 2021 at 12h TU, January 4th, 2021 at (b) 0h, (c) 3h and (d) 6h TU. Legend similar to that of figure 4. 
Source: Météo-France

Arome runs of 4th January 2021 (Figure 6b, c and 
d) were more consistent than those of Arpege; they 
located snowfall only over Alpine areas, unlike the 
previous day 12h UTC run which modelled the 
snowfall down to the plains (Figure 6a). The NWP 
model disagreement on the possibility of snow in 
the plains and on the location of the strongest inten-
sities led to uncertainty in the forecast.

When the snowfall began, the first observations 
confirmed the forecasts issued with the snowy oc-
cluded front stretching between the Var department’s 
coast and the Haute-Loire department (Figure 7). 
On RADAR imagery, a bright band of precipitation 
was observed at 9h UTC near the border between 
Bouches-du-Rhône and Gard departments. During 
this time, citizen observations allowed a finer distinc-
tion of whether rain, snow or sleet was present in 
these areas. At the beginning of the snowfall event, 
observations from mobile users showed that the 
snowfall was located on the Cévennes mountains 
before stretching to Aix-en-Provence city (Figure 8); 
some snow also fell on the Sainte-Baume mountain 
at that time. During the day, between 11h and 15h 
UTC, the occluded front shifted onto the Var depart-
ment and the precipitation gained in intensity. This 
precipitation intensification had been underesti-
mated by NWP and caused disruption to traffic in 
the surrounding areas.

By the second part of the day, snowfall had 
extended to a large part of the PACA region. This 
was clearly visible on Hydre, the hydrometeor 
discrimination tool developed by Météo-France 
(Figure 8). Sainte-Baume and Verdon mountains 
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 Figure 7. Visible satellite image (black and white) and RADAR mosaic (colours) from 2021, January 4th at 9, 11, 13 and 15h 
UTC (left to right and top to bottom). Source: Météo-France

 Figure 8. Hydrometeor discrimination tool Hydre (colours) and citizen observations of snow and rain from 2021, January 4th 
at 7h UTC (left) and 9h UTC (right). Source: Météo-France

experienced more snowfall. Very quickly, citizen 
observations of snowfall multiplied in the Var de-
partment (Figure 9). Many snowfall notifications 
were made on the A8 motorway noticeboards 
which coincide with the traffic-jam reports on road 
traffic monitoring applications. Photos provided by 
mobile users through the Météo-France applica-
tion were very helpful as they allowed forecasters 
to notice the snow settling on the ground and to 
carry out a first assessment of snow depth. As 
NWP model runs of the day were inconsistent in 
forecasting the extent of the snowfall over the Var 
department, the regional head forecaster used 
citizen observations, together with data from the 
conventional weather observation network, to mo-
nitor the situation and adjust weather warnings 
accordingly.

From 14h UTC, the snowy occluded front shifted 
eastwards while weakening. Snow observations 
were less numerous and were located mainly on 
higher ground (Figure 9). However, snow had sett-
led in some areas and the citizen reports of this 
allowed the forecaster to closely monitor the im-
pacted areas and provide more valuable informa-
tion to road management services.

Conclusion

The snowfall event on 4th January 2021 gave evi-
dence of the successful contribution that citizen 
observations can bring to operational forecasting. 
During this snowfall event, NWP models were 
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 Figure 9. Hydrometeor discrimination tool Hydre (colours) and citizen observations of snow and rain over 1h from 2021, 
January 4th at 12, 13, 14 et 15h UTC (left to right and top to bottom). Legend similar to that of figure 8. Source: Météo-France

inaccurate and often contradicting the forecast 
location and intensity of snowfall. Conventio-
nal observations allowed high-stake areas to be 
highlighted however there was no direct feedback 
from the field. This lack of feedback was offset by 
the citizen observation and the associated pic-
tures, which helped the forecaster to get an idea 
of snow depth on the ground and the extent of 
areas affected, and also to adapt the forecast as 
required.
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Before Vice-Admiral Fitzroy founded the Met 
Office in 1854, farmers and fisherman relied on 
weather wisdom and wives’ tales to predict the 
weather. The notion of being able to smell the rain 
was widely accepted as true but with little groun-
ded theory. With the advancement of technology 
and numerical weather predictions over the last 
century, forecasts have become dramatically 
more precise. In 2020, like the rest of the world, 
Met Office forecasters experienced a colossal 
shift in their lives. For some, the coronavirus pan-
demic brought extra pressure as work suddenly 
had to be balanced alongside home-schooling; for 
others, work became the main activity of the day. 
But for everybody, the government-imposed social 
distancing rules made business as usual impos-
sible. Overnight, offices were set up in spare be-
drooms whilst computer screens and keyboards 
were borrowed from offices and bought in bulk 
online. 

The country may have ground to a halt, but an 
entity of its own, the weather continued to sweep 
pressure systems across the continent. Thurs-
day 23rd March saw the U.K. move into its first 
lockdown and was the beginning of a prolonged 
period of dry and warm weather. For many it would 
be almost two weeks before they saw another drop 
of rain. It was a blessing for forecasters; high pres-
sure lingering over the UK made balancing accu-
rate forecasting with managing a new work routine 
achievable. But, as the new set up became more 
familiar, several airfields closed across the country 
and unwelcome doubts regarding the necessity 
of some forecasts began to emerge. Real value 
and ownership are often found whilst forecasting 
challenging days and identifying and communi-
cating hazardous weather to customers. Even 
pre-pandemic, continuously forecasting warm, 
sunny, and cloud-free days could feel underwhel-
ming, but when combined with the sobering rea-
lisation that your forecast maybe wasn’t being 
used at all, motivation began to drop. Whilst the 
glorious weather made the lockdown a touch more 

tolerable, it was bittersweet as forecasters were 
acutely aware that their efforts were somewhat 
futile. Endless warm days of sunshine meant the 
need to prepare for extreme, winter like weather 
was unnecessary, and commuters were no longer 
interested in whether it rained or snowed; they 
didn’t need to put on a raincoat to move from the 
kitchen to the study.  

Despite the abrupt halt in air traffic movements 
and closure of several civilian airfields, there was 
still some flight activity across the UK, requiring 
operational aviation meteorologists to continue 
working, deemed essential by the authorities. It 
was physically impossible to resort to entirely re-
mote working; manual observations were required 
for those solitary remaining flights and airfields, 
demanding human presence in all Met Office de-
fence sites throughout the pandemic. Adjustments 
were quickly made to minimise the head count in 
offices and thanks to the diversity and compas-
sion of forecasters, space was given to those who 
needed it, and opportunities arose for those who 
found themselves with an unwelcome amount of 
free time. 

A large contributor to the ease of remote working 
was the advancement and development of tech-
nology in the twenty-first century. A step ahead of 
the curve, the Met Office had already transitioned 
to using personal laptops making navigating the 
new ‘Stay Home’ rule simpler. Aside from the 
challenges of Wi-Fi speed and space, from a prac-
tical perspective there were only a few hiccups in 
the move to remote working. The advancement 
and accuracy of computer models and forecas-
ting tools assisted greatly in making the forecast 
process quicker and simpler. For years, remote 
forecasting had been the norm in civilian offices, 
now defence forecasters were due their turn. It 
was bizarre and unfamiliar at first, forecasting for 
a site no longer outside the window, but the basic 
principles of forecasting remained the same and 
over time, confidence was restored. 

Were on-site Operational Meteorologists essential 
workers during the Spring 2021 lockdown?
Zoe Foister, Defence Operational Meteorologist, UK Met Office  
(zoe.foister@metoffice.gov.uk).
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As lockdowns began to ease in 2021, there was 
understandable hesitancy towards returning to 
pre-pandemic office standards of working. The 
previous year had proven that forecasting could 
be a remote and flexible service, not to mention 
the increased anxiety around social contact. Suf-
fice to say, moving to partially remote working 
was, in theory, a great idea; it would save office 
space, reduce the Met Office’s carbon footprint, 
and give many employees more time by remo-
ving their need to commute. However, although 
2020 was a challenging year, the weather during 
the first lockdown had been glorious. Observa-
tion shifts may have been long, but they weren’t 
especially challenging; between phone calls 
with remote-working colleagues and completing 
house-keeping tasks, there were very few other 
enquiries, perhaps a result of reduced personnel 
on site, or as a result of the weather, but nonethe-
less the urgency had gone. With the ever-increa-
sing intelligence of computer models and au-
tomatic observations, was this aspect of the job 
completely necessary? 

The settled spring brought a period of stillness 
across the country and throughout the Met Office 
lulling forecasters into a sense of security. But 
what if the coronavirus pandemic had emerged 
a few years earlier? In 2018 the ‘Beast from the 
East’ brought a cold wave to Great Britain with cold 
temperatures and heavy snowfall lasting from late 
February to early March. Widespread disruption 
spread across the UK, with several motorways 
turning to ice rinks and passengers left stranded 
as railway services were cancelled. A brief re-
surgence three weeks later brought further com-
motion, again seeing the closure of several busy 
roads. Now combine this with a global pandemic; 
the need for the national ambulance service would 
be desperate, hundreds of sufferers would be left 
abandoned without access to main roads and so 
accurate forecasts with specific timings and de-
tails would be imperative. There was unusually 
high confidence from computer models GloSea5, 
ECMWF and GEFS and MOGREPS-G during this 
period several days in advance, but fundamental-
ly it was human analysis and communication that 
provided the minute but crucial details for the most 
extreme and hazardous weather. 

The uncharacteristically quiet offices at frontline 
stations early last year was a result of the good 
weather and coronavirus combined. This spring, 
with considerably more challenging weather to 

monitor, footfall has been heavier and phonelines 
remarkably busier than in 2020 making office 
shifts more demanding. However, the desirability 
of forecasting whilst embedded at a location re-
mains. Levels of staff burnout gradually increased 
throughout the pandemic due to long hours and 
lonely shifts; the lack of human contact slowly took 
its toll. Pilots have now returned to the skies in 
2021, demanding more from forecasters during 
a considerably more tumultuous spring, yet still 
desks are left unused and untouched in many of-
fices across the country. 

The arrival of the new Met Office supercomputer in 
2022 promises even more accuracy in forecasts, 
with the technology becoming ever more efficient 
at weather and climate change projections. Are 
operational meteorologists the price of the elec-
tronic age? The data will be more accurate but will 
offer little companionship to a lone forecaster on 
shift. The once elusive wives’ tales have now been 
verified with scientific discoveries, understanding 
now the air is filled with ozone during storms, a 
unique, pungent smelling gas that gives rain its 
unique scent. These human discoveries are em-
bedded in the new coding and technology, main-
taining the need for operational meteorologists. 
Their contributions enhance the current computer 
models, and their extrapolation of the resultant 
data enables them to communicate a tailored and 
unique forecast to any customer. 

This article reflects the opinions of the author and 
does not express the views of the Met Office or 
WGCEF.
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This year, Operational Meteorologists from 13 na-
tional MET Providers [AEMET (Spain), ARSO (Slo-
venia), AustroControl, Croatia Control (CCL), DWD 
(Germany), Italian Air Force, KNMI (Netherlands), 
Met Office UK, Meteo-France, Meteo Swiss, OMSZ 
(Hungary), SHMU (Slovakia) and Skeyes (Bel-
gium)] have been taking part in the European Cross 
Border Convective Advisory procedure for EURO-
CONTROL’s Network Manager. The EUMETNET 
members producing the daily forecast aim to provi-
de clear, and internationally consistent, information 
regarding the severity and probability of convective 
weather across the forecast domain.

2018 was a particularly bad year for convective 
weather in Europe. Weather disruption in gene-
ral resulted in 5 million minutes of delay equating 
to around 25% of all air traffic flow management  
delays1. While EUROCONTROL receives weather 
information on a daily basis, they do not have a 
clear view regarding the risk of convection occur-
ring. Subsequently they were unaware of how in-
dividual air traffic control (ATC) organisations were 
going to manage traffic in their region of interest 
and what the knock on impacts could be to air 
traffic due to the convective disruption. As a result 
of the disruption EUMETNET was approached 
to consider if the MET ANSPs (Air Traffic Control 
Air Navigation Service Providers) in the region of 
greatest disruption could develop a forecast that 
would cross the national borders of Europe to give 
a single view of the convective risk.

The Cross Border forecast aims to provide infor-
mation on disruptive convective events across 
the European airspace, in order to alert EURO-
CONTROL’s Network Manager regarding signi-
ficant convective weather conditions that could 
impact air traffic and their capacities. Although 
Network Manager (NM) has no direct decisive 
control of individual sectors, constructive coor-

EUROCONTROL Cross Border Convection Advisory - 
Collaboration in Action
Authors: Lauren Donohue (EUMETNET), Alexandre Flouttard (Meteo-France),  
Clemens Weidemann (DWD), Tom Crabtree (UK Met Office), Wim Bladt (Skeyes)

1. https://www.eurocontrol.int/sites/default/files/2019-06/ 

prr-2018.pdf

dination with impacted ATCs (Air Traffic Control 
centers) is sought to implement mitigation mea-
sures such as calling in stand-by controllers, 
postponing military exercises or relaxing routing 
restrictions.

Since the procedure started in 2018, where only 
four MET ANSP were involved, the Cross Border 
Advisory has grown to cover the busiest airspace in 
Europe and enable NM as well as the ATC’s in that 
area to prepare and plan for disruptive weather.

Who are EUROCONTROL

The European Organisation for the Safety of 
Air Navigation, commonly known as EURO-
CONTROL, is an international organisation 
working to achieve safe and seamless air traffic 
management across Europe. They have many 
functions to support airlines, airports, state traffic 
control as well as implementing the regulations 
of the EU. Ultimately they coordinate activities 
between the member states to aid the efficient 
flow of air traffic and they do this through a ser-
vice called Network Manager (NM).

While NM does not manage the traffic, they do 
help all airspace users to manage the airspace 

 Extension of the Cross Border area from 2018 to 2021
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and keep it open when disruptions such as military 
activity, strikes, and weather impacts take place. 
They try to encourage communication and sharing 
of knowledge and their operations room (NMOC 
– Network Manager Operations Centre) aids this 
process.

Traffic has grown year on year and is expected to 
increase into the future as the recovery after the 
COVID-19 pandemic continues2. The implication 
of increased aircraft traffic means that there is less 
space for aircraft to move within the airspace and 
divert in the event of airspace closing for any rea-
son. If ATC is unaware that airspace near to them, 
but in another country, is closed they can be taken 
by surprise when extra aircraft may try to enter their 
airspace which in turn creates congestion and po-
tential delays as flights have to further divert - the 
European Network is a complex ecosystem!

Through the relationship that is developing between 
EUMETNET and EUROCONTROL, the participa-
ting MET ANSPs can together help provide advi-
sory forecasts that are consistent within each state 
but also are effectively communicated through to 
other airspace users. This information regarding 
the impacts of convective weather allows users to 
plan for the disruption that may be caused resulting 
in fewer delays and happier passengers.

Why is convection significant  

for aviation?

Cumulonimbus (CB) clouds are the main meteoro-
logical phenomena that this forecast focuses on, 
primarily as CB clouds can be used as a proxy for 
possible ‘weather avoidance’. Weather avoidance 
is the unplanned movement or deviation from the 
original flight plan requested at short notice by 
pilots as a result of ‘weather’ ahead. The reason 
that pilots would want to avoid these cloud types 
is due to the hazardous conditions associated wit-
hin them (e.g. severe turbulence, downdraughts, 
icing and lightning). Multiple avoidance requests 
will lead to additional workload and complexity for 
air traffic controllers, who are then unable to safely 
handle the ‘normal’ amount of traffic, thus capacity 
of the airspace is affected. This ultimately can lead 
to the implementation of decisions and measures 
to help mitigate against this by ANSPs.

2. https://www.eurocontrol.int/covid19

What is the Cross Border Convection 

Advisory?

The procedure’s primary goal aims to increase 
the stakeholders awareness of potentially signifi-
cant convection that could disrupt the European 
Aviation network within the next 12 to 36 hours 
and support operational decision makers’ effective 
and efficient management of the network. Howe-
ver, this year, the cross-border weather proce-
dure will also play an important role in ensuring 
that the recovery from COVID-19 is as delay free 
as possible. A collaborative approach to weather 
management will be vital to ensure this impact is 
reduced as much as possible as air traffic begins 
to increase.

The forecast evolved from a powerpoint map that 
had hand drawn polygons through to the develop-
ment of online collaborative tools that all partici-
pants could contribute to. The online tools were 
necessitated by the increased number of contri-
butors considering participating on a daily basis in 
the advisory. 

The forecast product contains a four period chart 
(09-12Z, 12-15Z, 15-18Z and 18-21Z) and sum-
mary text, which is intended to be clear and easily 
understandable by the Network Manager. A parti-
cular focus is given to the areas where the most 
severe weather conditions are expected or where 
the busier traffic corridors could be seriously im-
pacted by CBs.

It informs about the CBs extension and their 
top levels (including the overshooting for deep 
convection) within harmonized polygons. The 
following example illustrates the collaboration 
between northern Europe countries to draw the 
orange risk level (Clustered CBs likely) for 09-12Z 
and 12-15Z charts (same polygon with a single 
harmonized top level). A common decision tree 
for risk level depending on convective ingredients 
has been created to help forecasters choose the 
appropriate level. The aim is to limit the number of 
different polygons in order to facilitate the Network 
Managers decision making 

Risk Matrix

In 2018, the forecasters of the first Cross Border 
Trial period focused only on indicated informa-
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tion on the risk of convection. This view did not 
consider the actual extent of convective weather, 
like the area coverage or phenotypic appearance 
of cumulonimbus clouds. During a workshop for 
2019`s forecast preparation, the idea came up 
to assess both the probability and the extent of a 
convective scenario to try and better communicate 
the possible impacts.

This novel approach was well received by the 
users and helped the involved MET experts to fur-
ther condense the risk/extent assessment to a 3x3 
matrix, excluding low risks for isolated convection 
being non-significant for network-level weather.

Each operational meteorologist works towards the 
framework given by the matrix with set definitions 
for the probabilities and extent of convection. For 
probabilities ‘Very Likely’ is covered by a greater 
than 70% likelihood of convection, ‘Likely’ by a 40-
70% range and ‘Less Likely’ a 10-40% range. For 
probabilities of less than 10% are excluded from the 
product.  Extent has been broken down into three 
elements: isolated, clustered and widespread. Iso-
lated refers to individual CBs which are often asso-
ciated with diurnal heating and limited convective 
ingredients. Clustered CBs are supported by grea-
ter instability and are more chaotic. They will often 
change in severity with shear allowing for daughter 
cells. Widespread is the most severe level desi-
gnated and covers well organised convective sys-

3. Markowski P. and Richardson, Y., 2010: Organization of Isolated 

Convection. Mesoscale Meteorology in the Midlatitudes John Wiley & 

Sons, LTD, 201-244.

tems. Convection will be deep and spread across 
large areas without significant gaps.

Three defined categories of storm’s organization 
have been chosen to reflect the increasing impact 
on air traffic:
1. Isolated Cumulonimbus (CBs) (summertime ty-
pical convection by diurnal heating) that can be 
easily avoided by flights and represent a low risk.
2. Clustered CBs may occur with higher instability 
and when the situation becomes more dynamic 
with greater shear. Some cells can merge and the 
en-route avoidance is more difficult, with differing 
and random requests by pilots to the controller.
3. The highest risk is encountered with wides-
pread convection. That means organized storm 
systems, such as cold fronts, squall lines or me-
soscale convective systems. Thus, the convection 
spread through a larger area with a high vertical 
extension, leading to a high impact on the aviation 
network due to its long lifetime and severity.

Day to day process of preparing  

the forecast

Each participant is responsible for the convective 
forecast in their own FIR(s). To maintain consis-
tency and encourage collaboration six participants 
took turns to lead the forecast on a D-0 and D-1 
basis3. This allows regional expertise to drive the 
product whilst providing a single point of contact to 
resolve discontinuities in the product.

As part of their forecasting process many meteo-
rologists will use an element of ingredients based 
forecasting in combination with model output when 
looking at deep moist convection. This method pro-
vides a framework for understanding the potential 
for deep moist convection, the type of convection 
and the severity of it. It looks at the combination of 
instability or potential instability, low level moisture, 
triggers for release of the energy and wind shear. 

 Different storm organizations from isolated(left).  
to clusters (center) and widespread CBs (right).
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The nature of convection means that specific va-
lues do not lead to run on a spectrum which will be 
different for each participant region.

Whilst all of these parameters are important in 
the development of deep moist convection verti-
cal wind shear likely exerts the greatest influence 
on storm type3. Commonly the 0-6km wind shear 
is used as a diagnostic tool with rough guidance 
thresholds of <20KT for ordinary cells, 20-40KT 
for multi-cells and >40KT for supercells however 
some overlap is to be expected. This cannot be 
used in isolation as supercells will require multi-
directional shear, normally seen in a hodograph. 
Individual cells can, in environments that fa-
vour growth, become clustered and multicellular 
convection can become widespread in such envi-
ronments.

This fundamental framework combined with mo-
del output and observations enables the meteoro-
logist to assess the potential type and probability 
of convective activity.

As each participant is responsible for their own FIR 
it is likely that there will be some slight discrepan-
cies between them at times. The lead participant 
is responsible for coordinating to ensure consis-
tency between the FIRs through collaboration and 
the merging of polygons. Once the polygons have 
been created and adjusted the lead will write some 
accompanying text. This will include an overview of 
the convective weather situation as well as drawing 
attention to the key areas of potential disruption. In 
previous years the lead would write the text alone 
and other nations would provide comments, howe-
ver the implementation of the EuFoCs tool has al-
lowed for a more direct collaborative approach. It is 
important that the text is clear and addresses the 
key components of the forecast.

If requested by Network Manager, especially 
when a red and/or violet risk level is forecast, a 
telephone conference is triggered. The lead fore-
caster is then the focal point to discuss weather 
information with the NM and participating ATCs. 
For the 2021 session, the novelty is that during a 
specific period, the lead forecaster will be present 
on site, in the EUROCONTROL operations cen-
ter, to support the Network Manager’s operational 
staff with the weather forecast. Onsite meteorolo-
gists will also have a proactive function as MET 
information providers (thanks to coordination with 
the other forecasters) and a higher interaction with 
the local users.

Collaboration! Sharing  

of knowledge and expertise

One of the key factors in the success of the procedure 
is the cooperation there has been between all the par-
ticipant MET ANSPs. While MET organisations are 
very used to collaborating on research and science, 
as well as SIGMETs in the aviation world, rarely is 
there an opportunity for operational meteorologists 
from different areas to interact on a daily basis.

In the process of developing the forecast procedure 
we discovered many of the challenges faced by me-
teorologists in one location are similar to challenges 
faced elsewhere in Europe. These include prioriti-
sing forecasting activities, shift handovers, workload 
peaks and troughs, as well as variations in signifi-
cance of some weather types. The development of 
rapport and knowledge base has significantly helped 
in the production of the forecast but it has also en-
gaged some participants to develop their knowledge 
e.g. Exposing forecasters to the effects of severe 
convection over maritime or mountainous areas 
where they previously had limited experience due to 
the nature of their usual forecasting regions.

“Our forecasters at Skeyes have been very inte-
rested in participating in this product, on the one 
hand to step out of their comfort zone and work fo-
cusing on a larger area than Belgium, on the other 
hand because the collaboration combines the 
strength and expertise of the different forecasters 
(specific for local weather types) in one product. 
The scale of the collaboration has become much 
broader in recent years than at the start of the trial, 
which means that the importance of the input of 
local expertise has increased even further.”

In addition, a Web Portal is provided by Météo-France 
to gather weather information for both stakeholders 
and MET participants. Observations (satellite, ra-
dar composite and lightning data), nowcasting tools 
and SESAR products are available via dedicated 
tabs. The Web Portal also helps as a support during 
conferences with Eurocontrol participants.

 Busy Rosters: Trying to find a time for collaboration is hard when there 
are other operational tasks to undertake!
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EuFoCS: Collaborative forecasting 

infrastructure

To reinforce the collaborative spirit of this project, 
a common production infrastructure has been de-
veloped by DWD (EuFoCS - European Forecast 
Collaboration System) which includes a common-
ly available web site with a chat-room section for 
live exchanges while editing the forecast.

EuFoCS is a system of various components ne-
cessary to develop chart forecasts hosted on the 

European Weather Cloud (EWC). As front end, a 
common web editor has been provided to enable 
all participating forecasters the same level of edi-
ting capabilities.

EuFoCS makes use of open standards and sof-
tware libraries. The core element is a data ser-
ver where all forecast polygons are stored in real 
time, using the WFS-T functionality (Web Feature 
Service Transactional). This enables participating 
forecasters also to use their in-house weather 
workstations as long as they are capable of using 
the WFS-T interface. During the forecast, some 

 MétéoFrance Web Portal for stakeholders and forecasters

 EuFoCS Web Editor : forecast editing tool developed by DWD
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participants can assess their local data in their 
workstation and draw the polygons accordingly 
which are exchanged in real time to the others 
who work on the web editor or other linked tools.

The flexibility of EuFoCS as a production in-
frastructure also extends to the product dissemi-
nation: consumers can decide to fetch the forecast 
polygons directly from the database as OGC-com-
pliant formats or to receive a traditional compiled 
graphical weather chart, e.g. in the pdf-format.

Using the preoperational EWC for this trial ensures 
a high level of independency, security and availa-
bility. As back up, the developers of DWD have set 
up a contingency site within EUMETSAT’s cloud 
infrastructure. Further information about EuFoCS 
can be accessed via eufocs.support@dwd.de. 

What the future may hold

The future of MET provision to EUROCONTROL’s 
Network Manager is set to evolve into a longer 
lasting relationship that enables MET ANSPs to 
support NM as well as their own local airspace 
users. The Cross Border Advisory has proven to 
be an excellent stepping stone for the recognition 
of what a combined forecast can bring to an ope-
rational environment such as the NMOC. 

The NMOC has evolved in the scope of its func-
tion since first instigated in 1995 and as traffic has 
increased so too has an awareness of weather 
impacts. More recently there has been a realisa-

tion that MET knowledge can be better utilised. 
The NMOC is now planning for its new operations 
centre to open in three years time and there is a 
drive to include a MET bench within it. How this 
will be achieved is yet to be seen, but it will involve 
the dedication of operational meteorologists who 
will proactively support and build on the first steps 
of the Cross Border Advisory to advise on the im-
pacts of a wide range of weather phenomena.

Conclusions

Through technical developments and weather fore-
cast skills exchanges, the Cross Border procedure 
is the result of an efficient European cooperation 
between meteorological and ATM services. Due to 
low air traffic during the 2020 session, because of 
the COVID crisis, there were limited conferences 
requested by ECTRL/NM despite some high risk 
forecasts. Nevertheless, feedback from Network 
Manager and ATCs from the previous Cross Bor-
der campaigns shows the Cross Border forecasts 
are very helpful in the air traffic regulation strate-
gy, and has enabled discussions about the future 
of pan-European weather services. Furthermore, 
thanks to the European collaboration where each 
MET service brings its own local experience, me-
teorologists enlarge their convective forecast skills 
and understand the wider impacts of the forecasts 
they produce.

For further information regarding the whole proce-
dure please contact lauren.donohue@eumetnet.eu.

  EuFoCS architecture diagram
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A Decade of Impact-Based NSWWS Warnings  
at the Met Office
Dan Suri, Chief Operational Meteorologist, and Paul A. Davies,  
Chief Meteorologist and Principal Fellow

Introduction

Since its introduction in the wake of the 1987 storm 
(Burt and Mansfield 1988), the National Severe 
Weather Warning Service (the UK’s public service 
weather warnings) has evolved from a threshold-
based to impact-based warnings system offering 
warnings for a variety of hazards up to seven days 
ahead. 

The change from a threshold-based to the cur-
rent impact-based traffic light warning service 
took place in early 2011. At that time the service 
went out to five days ahead, catering for impacts 
from rain, snow, ice, fog and wind. The refreshed 
service introduced an impact matrix (Figure 1) to 
communicate probability and magnitude of im-
pacts to two key market sectors – the general pu-
blic and civil contingency organizations.

 Figure 1: The NSWWS Impact Matrix.

 Figure 2: Screenshot of the web-based tool used  
to produce a NSWWS warning.

In 2018 the service was upgraded to go out to se-
ven days ahead and add lighting and thunders-
torms to the list of meteorological elements for 
which warnings are issued. Adding lighting and 
thunderstorm warnings allowed differences in the 
character of impactful dynamic and convective 
rainfall events to be better highlighted, and as-
sociated hazards, such as hail, to be better com-
municated. Summer 2021 then saw extreme heat 
warnings incorporated into the service.

This paper outlines the processes by which Na-
tional Severe Weather Warnings (NSWWS) are 
made and communicated, showcases some of 
the impact-based decision aids available to Met 
Office meteorologists for assessing potential for 
NSWWS warnings and briefly reviews warnings 
issued during the last decade.

Making and Communicating  

a NSWWS Warning

Warnings are issued based on the potential for 
impacts from weather rather than a threshold 
meteorological value. This is because whilst it is 
recognised that impacts are underpinned by a 
threshold, these thresholds cannot always be use-
fully or consistently defined.

The decision-making process for a NSWWS war-
ning is a collaborative one. The Duty Chief and De-
puty Chief Operational Meteorologists focus main-
ly on the meteorology of a severe weather event 
whilst working closely with both other Met Office 
teams and some external partners to understand 
the potential impacts. The Duty Chief Operational 
Meteorologist has the ultimate responsibility for is-
sue of NSWWS warnings and uses a web-based 
tool to produce them (Figure 2).
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Input regarding impacts comes primarily from Met 
Office Civil Contingency Advisors (CCAs). Often 
trained operational meteorologists, CCAs work 
closely with local resilience groups and local and 
central government to understand what sensitivi-
ties to weather exist. Subsequently CCAs are es-
sential in the communication of issued warnings to 
these groups and represent the Met Office should 
any multi-agency emergency response coordina-
tion be required during or as a consequence of 
severe weather.

Additional information is taken from other fore-
casting teams, especially from the Met Office’s 
Aberdeen office who provide additional local 
knowledge for Scotland and Northern Ireland, and 
from hydrometeorologists liaising with river mana-
gement authorities around the UK.

Impact statements (Figure 3) for each weather ele-
ment have been devised in collaboration with the 
user community to provide a guide as to what im-
pacts could be expected. These are available on 
the Met Office’s website and regular reviews are 
held with representatives of the user community. 
These reviews provide a mechanism by which to 
refine and adjust these impact statements to take 
into account changes in sensitivity to weather im-

 Figure 3: Impact statements for wind (left) and rain (right) taken from  
https://www.metoffice.gov.uk/weather/guides/severe-weather-advice.

pacts, for example from population expansion or 
infrastructure changes.

NSWWS warnings, when issued, appear on the 
Met Office’s website and app as well as on Me-
teoalarm. Additional support for warnings commu-
nication is provided by the CCAs, the Met Office 
Press Office and Media Services Team via videos 
embedded on the Met Office website and com-
mentary on Met Office social media feeds. Agree-
ments are also in place for NSWWS warnings to 
be carried by national television broadcasters in 
the UK. 

Impact-Based Decision Aids

Alongside Met Office NWP, output from other 
centres, for example ECMWF, is used in consi-
dering NSWWS warnings. Meanwhile, a number 
of specific decision-making aids have been deve-
loped to help the forecasting community, some of 
which are focused on specific impacts.

EPS-W (Neal et al 2014) is an ensemble-based 
‘first guess’ warnings tool which uses a set of gui-
deline thresholds to post-process ensemble data. 
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It converts output from the Met Office global and 
regional ensembles (MOGREPS-UK and MO-
GREPS-G) into a format reflecting the NSWWS 
impact matrix, suggesting where these impactful 
conditions could best fall on the impact matrix. 
Guideline thresholds vary by region to account for 
variations in levels of impact of severe weather 
across the UK based on time of year and climato-
logical frequency. For example, for gusts it is as-
sumed that impacts from a NSWWS perspective 
will start at a higher value over sparsely populated 
islands in northern Scotland. This is because they 
have few trees and, in a climatological sense, 
are more used to frequent high wind events than 
the densely populated southeast of England. 
Continuing with the example of gusts, summer 
thresholds for impacts from gusts are considered 
lower due to trees being in leaf and people being 
more likely to be participating in outdoor activities. 
An example use of EPS-W is shown in Figure 
4, where the first-guess warnings were able to 
highlight a high impact wind event several days in 
advance, leading to a very rare red warning being 
issued. Met Office meteorologists refined the war-
ning area in consultation with regional responders 
and after gaining more information from specia-
lised numerical weather prediction output.

 Figure 4: EPS-W output initialised at 00 UTC 12th February 
2014 showing overall NSWWS warning colour at each model grid 
point (left) and final Chief Operational Meteorologist- 
issued warning (right) for the same day (courtesy of Robert 
Neal).  Figure 5: 

Map comparing 
maximum VOT 
risk forecast 
and  
corresponding 
issued NSWWS 
wind warning 
for 1800 2nd 
January to 1800 
3rd January 
2018 during 
Storm Eleanor 
(courtesy of Jo 
Robbins).

A number of more specific impact-based decision 
support tools also exist. Grid-to-Grid is a distri-
buted hydrological model which translates precipi-
tation output from MOGREPS-UK, the Met Office’s 
high-resolution, convection permitting ensemble 
(Hagelin et al 2017), into surface runoff and river 
flows. This is to predict potential river flooding, 
supplementing the UK network of catchment-level 
hydrological models.

Another flooding decision support tool, this time for 
surface water flooding, is the Surface Water Floo-
ding Hazard Impact Model (Aldridge et al 2020). 
This tool tests surface runoff output from Grid-
to-Grid (and is thus based on MOGREPS-UK) 
against nine different flood risk scenarios devised 
by the UK Environment Agency. These are based 
on three rainfall return periods and three critical 
storm durations. Risk maps for level of impact on 
population, property, infrastructure and transport 
exist for each of these nine flood risk scenarios. 
An indication of the likelihood and severity of im-
pacts can then be garnered from knowing whether 
or not surface run-off output exceeds any of the 
nine different flood risk scenario thresholds. Im-
pacts are upscaled to the resolution of individual 
counties to show the severity, likelihood and 
extent of impactful surface water flooding across 
England and Wales.

Moving away from precipitation, another im-
pact-based decision aid is the Vehicle Overturning 
Model (Hemingway and Robbins 2020). Here, 
MOGREPS-UK wind gust and direction output is 
applied to the UK road network using thresholds 
appropriate to different classes of vehicle (for exa-
mple loaded and unloaded HGVs). The hazard fo-
recast is combined with data on the vulnerability of 
the network (for example altitude of route segment 
and accident data) and exposure (the number of 
vehicles that use the road segment) to provide a 
more informative assessment of risks of vehicles 
being overturned. Probabilistic maps illustrate 
where on the road network there is a heightened 
risk of vehicles overturning (Figure 5).
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Storm Naming and NSWWS

Storm naming at the Met Office commenced in 
2015 in partnership with Met Eireann. The KNMI 
joined this partnership in 2019.

This initiative has been well-received from a commu-
nications perspective and is a powerful way of raising 
awareness of severe weather (Charlton-Perez et al 
2019). Indeed, a recent public perception survey in 
the UK suggested that the reach and exposure na-
ming a storm gets outweighs that of yellow and amber 
warnings, highlighting the power of storm naming.

So where does storm naming fit into NSWWS? 
Procedures used at the Met Office state that a storm 
is named when either medium or high NSWWS im-
pacts from wind are expected or the storm has the 
potential to lead to medium or high NSWWS impacts 
from wind. Additionally, a storm can be named if a 
NSWWS wind warning is in force and if medium or 
high impact NSWWS warnings for other associated 
elements, such as rain or snow, are in force. 

Storms such as Storm Ciara (8th to 9th February 
2020) or Storm Doris (23rd February 2017) represent 
examples of more ‘traditional’ named storms over 
the UK (Figure 6). In contrast, Storm Christoph (18th 
to 20th January 2021) saw naming used to reflect the 
multi-hazard nature of a prolonged severe weather 
event against the backdrop of societal challenges 
imposed by COVID-19-related lockdown measures.

Storm naming is, however, not without its challen-
ges. Among two challenges faced are complica-
tions from the existence of multiple storm naming 

 Figure 6: Met Office surface analysis valid 12Z 9th February 2020 during Storm Ciara (left), 06Z 23rd February 2017 during 
Storm Doris (centre) and 18Z 20th January 2021 during Storm Christoph (right).

conventions and ‘false naming’ of storms by some 
media outlets. This happens when it is assumed 
that a storm signalled in model output – usually 
at quite long lead times – will be named and thus 
stories appear highlighting the wind hazard and 
attaching the assumed name. 

Another communications challenge concerns how 
to separate impacts from a named storm from 
other generally windy weather events. For exa-
mple, Storm Brendan (13th to 14th January 2020) 
occurred during a windy spell of weather over the 
UK. During this period, some areas received their 
highest winds during a separate event the day 
after Storm Brendan had passed. This prompted 
questions as to why this second wind event had 
not been named. It was not well understood by the 
public that Storm Brendan was not named for the 
region in which these questions came from and 
that the magnitude of wind was never considered 
likely to justify storm naming for this area alone. 
Essentially, when winds are high, there can be an 
expectation that the associated storm should have 
been named regardless of level of impact. This is 
particularly apparent in wind events which bring 
widespread minor impacts, such as to garden 
fences, in which there is often a perception that a 
name should have been applied.

Verification and Targets

NSWWS accuracy targets are set by the Public 
Weather Service Customer Group (PWSCG), an 
independent group made up of representatives of 
key stakeholders. Only high and medium impact 
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 Figure 8: Percentage of NSWWS warnings by impact level.

 Figure 7: Percentage of NSWWS warnings by warning 
element.

warnings are assessed and the targets currently 
dictate that, based on a three year rolling mean, 
75% of these assessed warnings should provide 
good guidance. 

NSWWS warnings are assessed for accuracy on 
a monthly basis internally at the Met Office by the 
CCAs and members of the forecasting community. 
At these monthly meetings, consideration is given 
as to whether or not warnings provided good gui-
dance. It is based mainly on customer feedback 
to the CCAs, extent and magnitude of impacts 
and timeliness of issue of warning. Cases where a 
medium or high impact warning could have been 
missed are also considered. Conclusions from 
these monthly subjective verification meetings are 
then presented to the PWSCG for ratification.

No formal objective verification of NSWWS war-
nings currently takes place internally at the Met 
Office, partly due to the complex nature of how an 
impact-based verification service could actually be 
verified.

Some Highlights from a Decade  

of Impact-Based NSWWS Warnings

Between impact-based warnings starting in spring 
2011 and the end of 2020, just over 5,000 NSWWS 
warnings have been issued.

Of these warnings, almost half were for rainfall 
with snow, ice and wind the elements next most 
frequently warned for (Figure 7). The relatively 
low frequency of warnings for thunderstorms re-
flects that these warnings were only introduced in 
2018. Prior to 2018, warnings for thunderstorms 
would have been included in rainfall warnings. 
Between 2018 and 2020, thunderstorm warnings 
accounted for about 12% of NSWWS warnings 
and rainfall warnings close to 40%. Meanwhile, 
the very low number of lightning warnings is be-
cause these warnings are intended for use during 
convective events when other typical convective 
hazards such as rain, hail and wind, are not ex-
pected to be impactful. For example, on the rare 
occasions when deeply convective cold season 
polar maritime airmasses bring frequent electrical 
activity (such as happened over northwest Scot-
land in December 2014).

Recalling the impact matrix (Figure 1) and breaking 
down warnings into low, medium and high impacts 
(Figure 8), close to 60% of warnings are for low im-
pacts, nearly 40% medium impact and just under 
2% high impact. Compared to these values, wind, 
snow, rain and thunderstorm events show a grea-
ter frequency of medium and/or high impact events, 
especially thunderstorms. This reflects their rela-
tively high potential for greater societal impacts.

Meanwhile, almost all fog warnings have been for 
low impact events (Figure 8). This is because fog 
in the UK tends not be especially persistent. For 
a fog event to be considered a medium impact, 
major airports and/or ferry terminals would need to 
be closed due to fog for at least a couple of days 
leaving large numbers of passengers heavily de-
layed or stranded. Most ice warnings are also for 
low impact events, largely catering for icy patches 
developing between showers or post-frontal sys-
tems. The smaller percentage of higher impact ice 
warnings relate to freezing rain events which are 
relatively rare in the UK. 

By way of context, examples of high impact events 
over the UK include very high winds over Scotland 
during Cyclone Friedhelm on 8th December 2011 
and Cyclone Ulli on 3rd January 2012, flooding 
over southern Scotland and northwest England 
5th/6th December 2015 during Storm Desmond, 
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snow over southwest England and southeast 
Wales during the so-called ‘Beast from the East’ 
and flooding over south Wales on 16th February 
2020 during Storm Dennis. Red NSWWS war-
nings were in force for parts of the UK during all 
these events.

Once more recalling the impact matrix (Figure 1) 
but this time sorting warnings by likelihood, (Fi-
gure 9), most NSWWS warnings are medium li-
kelihood. As might be expected, higher frequen-
cies of lower likelihood warnings tend to be for the 
more unpredictable elements such as snow and 
thunderstorms. Meanwhile, the relatively high fre-
quency of higher likelihood fog warnings is poten-
tially a reflection of some tendency to issue fog 
warnings when fog occurs, presumably to mini-
mize the false alarm rate.

 Figure 9: Percentage of NSWWS warnings by likelihood.

 Figure 10: NSWWS impact matrix with percentage 
of warnings (all elements) per location on this matrix.

Projecting the information in Figures 8 and 9 onto 
the NSWWS impact matrix, it can be seen that for 
all elements (Figure 10) most NSWWS warnings 
are low impact and usually medium likelihood. 
That the higher percentages of medium impact 
warnings are low or very low likelihood is related 
to many thunderstorm warnings falling in these 
categories and reflects the inherent unpredictabi-
lity of convective events compared to, say, wind 
and rain events. High impact events are very in-
frequent with just less than 100 high impact war-
nings issued. Thunderstorm, wind and snow are 
the most likely high impact warning elements.

Inspecting the temporal frequency of NSWWS 
warnings (Figure 11), unsurprisingly the number 
of warnings issued peaks during wintertime, espe-
cially when winters are stormy or contain marked 
snowy/icy periods. A secondary peak is apparent 
some years, reflecting more active summertime 
convective periods, for example in 2012. What 
is also beginning to become apparent is that the 
number of warnings issued per year has been 
falling. Why this is the case is something of an 
open question, but it may be weather-related. For 
example, some recent winters in the UK have not 
been especially impactful in terms of wind. The 
main element for which fewer warnings are issued 
is rain. Even accounting for the introduction of 
thunderstorm warnings effectively taking some of 
the ‘warning space’ that prior to 2018 would have 
been occupied by rain warnings, there has, since 
2015 been a marked drop in numbers of rain war-
nings. This drop-off may in part be meteorologi-
cal with recent summers not having seen the kind 
of prolonged spell of impactful convective days 
as, say, 2012, and recent winters seeing less of 
the kind of prolonged wet spells seen in the mid 
2010s. It could also be that we are also getting 
better at forecasting rain events so require fewer 
updates before and during events.

And Finally, What of the Next  

Decade

Having looked back through the last ten years of 
impact-based NSWWS warnings, perhaps it is 
appropriate to speculate as to what the next ten 
years could bring? 

We have recently completed a major consultation 
exercise with NSWWS users - public, responders 
and broadcasters – to check that the service is 
effective and valued, and to give direction to its 
further development over the next 5 to 10 years. 
The study confirmed that NSWWS works very 
well whilst also suggesting that its benefits could 
be further enhanced through increased accuracy, 
increased tailoring to key user groups and also a 
greater appreciation of the link between warnings, 
decision-making and positive action. 

To help achieve this, investment in a new super-
computer should generate modelling improvements 
whist further training and new tools and systems for 
operational meteorologists will undoubtedly help. 
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Meanwhile, improvements in NWP combined with 
developments in the observing network, machine 
learning techniques and working with professional 
partners to better understand impacts will undoub-
tedly facilitate development of increasingly sophis-
ticated hazard impact models.

Concurrently, the role of the operational meteo-
rologist is critical in interpreting the increasing 
amounts of information whilst factoring in defi-
ciencies in this information, for example errors 
and biases in NWP and developing impacts as 
an event commences. As new generations of 
warning services are developed, consideration 
needs to be given as to what users do with the 
warnings and how they can best be reached in 
the face of evolving communications and increa-
sing numbers of users accessing warnings di-
gitally. We need to find better ways to measure 
the value of warnings as a mitigation and com-
munication tool, the impacts warnings have on 
society and the associated cost-benefit analysis 
in taking appropriate and timely action. Greater 
investment in this area will no doubt lead to bet-
ter warnings and perhaps more importantly bet-
ter actions. Margareta Wahlström, former Spe-
cial Representative of the Secretary-General for 
Disaster Risk Reduction and Chief of UNISDR 
puts it succinctly, once saying, "we cannot ma-
nage what we cannot measure". This statement 
is entirely consistent with the above and further 
resonates with the call to form multi-disciplinary 
coalitions to build the next generation warning 
service.
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Automatic Detection of Severe Thunderstorms
to Improve Weather Warnings
jean.imbert@meteo.fr and benoit.touze@meteo.fr, Météo-France

Introduction

Developing the observation and nowcasting of 
severe thunderstorms is a main issue at Mé-
téo-France. Indeed, these phenomena have a 
small extension and to forecast their evolution re-
mains difficult.

Consequently, detecting and following severe 
thunderstorms gives the possibility to be more ef-
ficient in our safety missions.

The main purpose of this topic (which started 
in 2019) is to develop tools using different data 
sources in weather observations to discriminate 
severe and non-severe thunderstorms.

During summer of 2020, the first algorithm, named 
MIMOSA, was developed in collaboration with 
different Météo-France services and an internship. 
This algorithm under development gives the op-
portunity to detect all thunderstorms in France and 
identify each thunderstorm severity.

First, we will present the MIMOSA algorithm. Then, 
we will show two thunderstorm events in 2020 de-
tected by MIMOSA. Finally, improvements about 
this project will be discussed.

MIMOSA algorithm:

The MIMOSA algorithm was developed by Dorian 
Jaubert (Météo-France) during the first semes-
ter of 2020. This tool promotes the detection of 
thunderstorms observed every 5 minutes in the 
French area and proximity. The algorithm takes 
into account different observation sources such 
as RADAR data, surface measurements and 
lightning strikes to determine the thunderstorm 
severity.

Severity thresholds were determined from diffe-
rent convective events in 2018 and 2019.

 Figure 2: OPIC Objects built using different reflectivity 
thresholds (dBZ)

 Figure 1: RADAR reflectivity observation (dBZ).

Data sources:
** The contour of convective cells : the OPIC Object **

Contours of convective cells named “special 
OPIC” are built using thresholds based on RADAR 
reflectivity (figures 1 and 2). This choice was vali-
dated studying several convective events in 2018 
and 2019. In addition, according to weather fore-
casters, the 48 dBZ threshold most of the time is 
a good spatial representation of convective cores 
of thunderstorm especially in the summer. Fur-
thermore, OPIC objects contain information about 
the thunderstorms, such as: size, lightning activity, 
speed and forecast trajectory. This last characte-
ristic is not integrated in MIMOSA yet.
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** Data observation used to set up the thunderstorm 
severity **

In general, only observations are used in MI-
MOSA, except for the hail that uses the specific 
parameter POH (probability of hail) in which the 
freezing level is estimated by the AROME model 
(a French small-scale model). The algorithm takes 
into account surface measurements, especially for 
6-minute rainfalls and 10-minute wind gusts.

The MIMOSA algorithm steps:
When a cell is detected, the algorithm evaluates 
its severity in a four-level scale (0: moderate, 
1: strong, 2: severe, 3: extreme). The thunders-
torm severity takes into account the maximum of 
severity through three parameters : RAIN, WIND, 
HAIL using a “fuzzy logic” for each parameter 
(figure 3): Instead of assigning “True” (=1) or 
“False” (=0) to a variable, the fuzzy logic assigns a 
real number between 0 and 1. This is a way to han-
dle the concept of “partial truth”. Indeed, people 
usually make decisions on imprecise information.

For instance, the algorithm combines the obser-
ved rainfall rate, the cell speed, and the cell sur-
face above 56 dBZ to estimate the rainfall severity 
under the fuzzy logic method.

Finally, if a lightning jump (increase of flashes in a 
short period of time) is detected, cell severity goes 
up (or stays) to level 3 out of 4 for the next 30 
minutes. It stays at level 4 if the last severity was 
level 4.

Cases study:
** Mesoscale Convective System (MCS), June 26th, 
2020:

 Figure 4: Evolution of cells detected by MIMOSA and their  
severities. Black dots represent the surface-based stations. 
Black stars represent the MCS convective cells.

 Figure 3: MIMOSA steps. RADOME is the type of surface- 
based stations. Météorage is a Météo-France subsidiary dedi-
cated to the lightning observation. HYDRE is a specific product 
used at Météo-France capable of detecting hail (in particular).

A MCS crossed over the west of the Toulouse re-
gion. This thunderstorm caused a lot of damage 
due to severe wind gusts (>=25 m/s) and signifi-
cant rainfalls during a short period.

According to these pictures (Figure 4), MIMOSA 
is able to follow cells and assess their severities. 

At the beginning (1845 UTC), two cells were de-
tected with a severity of 3/4 due to a lightning 
jump. The global severity increased for the fol-
lowing 30 minutes (cells surrounded in blue lines). 
The lightning intensity allows to identify mature 
and strong or severe thunderstorms according to 
our study.

At 1920UTC, the lightning jump ended and the 
severity cell decreased to level 2/4. In reality, the 
thunderstorm remained severe and caused wind 
gusts (> 25 m/s) according to radial velocity detec-
ted by Toulouse RADAR (not shown here). 

At 1925UTC, strong wind gusts were detected on 
different surface-based stations and the severity 
increased again to level 3/4 (Fxi10 framed in blue: 
maximum wind gust for the last 10 minutes at the 
station in kilometres/hour). 

The lack of wind observations remains a weak 
point of the algorithm and will probably be impro-
ved later using other data observations.

Strong/weak points (+/-)

+ Early detection due to the increase in flashes 
(lightning jump)
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+ Risk of severe wind gusts and heavy rainfalls 
correctly identified by the algorithm

- The severity due to wind gusts is currently unde-
restimated due to the lack of spatial wind gust data.

** Large hail event on July 21, 2020:

 Figure 5: On the left, surface observations from volunteers 
and type of precipitation from HYDRE (in yellow and orange). 
On the right, MIMOSA cells at the same time. Both cells  
severity 3/4 are surrounded in red.

In this event (figure 5), two cells were detected in 
severity 3/4. The one near the upper right corner 
due to a detected lightning jump and large hail and 
the other one due to a lightning jump only. These 
observations are consistent with HYDRE and sur-
face observations.

Improvements/future works:
New sources of observations are being studied, 
especially to estimate more precisely the risk of 
large hail and wind gusts. These data are issued 
from Radars such as VIL (Vertically Integrated Li-
quid), TOP 18 dBZ and TOP 45 dBZ parameters. 
Today, they have already been used in some coun-
tries to determine the severity of thunderstorms.

Concerning wind gusts and other wind phenome-
na, new tools will be studied, such as: the me-
socyclones detection algorithm (summer 2021), 
and the development of an algorithm to estimate 
wind gusts using the radial velocities from Radar 
(2022/2023)

At the same time, thresholds used to confirm the 
occurrence of lightning jumps will be adapted.

Finally, results of the current version of MIMOSA 
will be evaluated by forecasters during this sum-
mer 2021.
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Abstract 

The cyclone model of the “Bergen School”, 
which was published in the years around 
1920, explains the origin of deep stratified 
cloud and the release of precipitation by 
the forced lifting of the warm air at and 
over the inclined frontal surfaces of the 
warm and the cold front of a cyclone. Ac-
cordingly, there should be no rain possible 
in the warm sector. With the aid of an 
example it is shown that this is thoroughly 
possible and can be easily explained by 
the quasi-geostrophic theory. The reason 
for the rain in the warm sector is that in 
this case, the baroclinicity was not fully 
concentrated within the frontal zone, as 
postulated by the “Bergen School”, but 
also covered the air in the warm sector. 
Therefore, forced ascent due to rotational 
effects could also become effective in this 
area. 

The cyclone model  

of the Bergen School

The Bergen School (BJERKNES, SOLBERG et 
al.) published in the years around 1920 was the 
first complete description of the cyclone develop-
ment over the North Atlantic and western Europe. 
In doing so, they used the concept of an imma-
terial frontal surface or front line between air of 
different temperatures introduced by MARGULES 
in 1905.

Cyclogenesis occurs when a wave disturbance 
forms and becomes unstable at the “polar front”, 
the originally zonally oriented front line between 

“And it even rains in the warm sector!” – 
A critical remark to the still very popular cyclone 
model of the Bergen School
Manfred Kurz 
Neustadt a.d.WeinstraßeWarsaw, Poland

 Fig.1: Life cycle of a cyclone (after BJERKNES and SOLBERG 1922).

polar air and tropical air. The warm sector of the 
cyclone between warm front and cold front shrinks 
more and more during the development until final-
ly a joint line originates which is called the occlu-
sion front. The process is shown in Fig.1.

During this process, higher reaching cloud should 
originate ahead of the surface warm front, at the 
cold side of the front, near the low centre and – 
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in a relatively narrow band – on and immediately 
behind of the cold front. There, precipitation may 
occur. According to Fig.2 the cloud formation is 
explained by an “upslope motion” of the warm air 
above the cold air along the forward sloped warm 
front, and by lifting of the warm air above the 
forward pushing wedge of the cold air. According 
to this arrangement there is no ascending mo-
tion possible in the warm sector and therefore no 
stronger cloud development giving possible cause 
for rainfall there. Only drizzle out of shallow strati-
form cloud might occur in the warm sector.

 Fig.2: Ideal cyclone (after BJERKNES and SOLBERG 1921). 
In the middle of the sketch the stroke-dotted line shows the 
direction of the movement of the cyclone; the arrows represent 
streamlines of the air motion near surface. The vertical cross- 
sections above and below show cloud system and air motion 
along the movement of the cyclone north of the centre (top)  
and across the warm sector (bottom). 

The described concept of fronts was taken up 
by synopticians and is still used today – without 
greater modification. The description of fronts and 
of cyclogenesis in many actual books – popu-
lar-scientific papers as well as textbooks for edu-
cation and training – still follows the concepts of 
the Bergen School. Additionally, the schemes with 
precipitation only at the cold side of the surface 
fronts and the cross-sections with the “upsliding” 
above the warm front surface and the lifting above 
the cold air wedge are used widely unchanged, 
and are presented as still valid interpretations. 
That is very regrettable as by using this model, 
the insight into the real physics of cyclone deve-

lopment and of the vertical motions at fronts is 
made impossible for interested people, including 
students of meteorology. It is particularly surpri-
sing when considering that it has been known 
for at least 50 years that the vertical motions in 
a cyclone are not released from the bottom, as 
suggested by the Bergen School, but by the effect 
of divergence aloft which is not restricted to the 
fronts. The latter is shown again and again by the 
output of numerical models over many years.

Many of the weaknesses of the original concept of 
the Bergen School can be traced back to the fact 
that nearly no aerological data was available at the 
time at which it was developed. As these data be-
came increasingly available in the following tens 
of years, it became clear that there are no frontal 
surfaces in the atmosphere and no fully uniform 
air masses at both sides of them. The observa-
tions show generally a baroclinic zone with a width 
of 500-1000 km within which a great part of the 
baroclinicity is often, but not always, concentrated 
in a frontal zone with a typical width of 50-100 km.

The fixed idea, however, that precipitation can oc-
cur at the cold side of the surface fronts only, is 
not connected with that. It results from the belief 
that a lifting of air leading to cloud formation and 
precipitation is possible – as described above – 
at the fronts only. That is astonishing so far, as 
there were surely already observations made do-
cumenting rain in the warm sector of a developing 
cyclone. Since these observations did not conform 
with the concept, they have been obviously ne-
glected or “corrected”. An elderly colleague told 
me that he was forced by his chief in the fifties to 
change observations of rain in the warm sector to 
drizzle, since rain in the warm sector – as we see 
above! – was not considered possible.

Example of a weather situation 

with rain in the warm sector

Surface maps and distribution  
of precipitation 
Fig.3 shows an example of a weather situation in 
which precipitation occurred during  development 
not only ahead of the surface warm front and at 
the surface cold front of a cyclone, but also in its 
warm sector. It is a rather elderly example which is 
well documented and was used by the author for 
education and training purposes.



The European Forecaster42

At the beginning, the low was lying over the sea 
area southwest of Ireland and had a wide, open 
warm sector. According to the surface observations, 
rain fell mainly at the cold side of the surface fronts 
– ahead of the warm front, north of the low centre 
and surely also behind the cold front, but also at the 
warm flank near the front itself. By noon the low had 
moved to the southwestern North Sea and deepe-
ned by 15 hPa, whereat the warm sector rapidly 
shrunk. Connected with that, a significant change 
of the distribution of precipitation occurred: while 
behind the cold front – and near and ahead of the 
low centre– the rain stopped, many stations in the 
warm sector now reported light to moderate rain. In 
addition, the area with precipitation extended from 
the low centre far to the rear. In the following 12 
hours the occlusion process set in while the low 
crossed northern Germany. The area with rain be-
came smaller in this period and showed at the end 
the typical spiral structure near the centre.

According to synoptic praxis, the frontal zone near 
the surface had been drawn in as front line, al-
though it was not a line-like development in some 
places, e.g. the area of the outer warm front.  No 
surface warm front could be identified in the ana-
lysis of 00 UTC of 21st June 1986. The wave-like 
deformation of the cold front at this time had to be 
traced back to the barrier effect of the Alps

Satellite images 

The corresponding satellite images in Fig.3(c) di-
rectly reflect the timely change of the precipitation 
area. Out of the originally zonally oriented cloud 
band, a large comma-like cloud area formed by 
noon which underwent a stretching in meridional 
direction during the following hours. It is espe-
cially striking that the deep cloud above the low 
centre, and the inner part of the warm sector, was 
replaced by dry air aloft by noon. This is shown by 
the intermediate images, highlighting the result of 

a forward marching tongue of dry air aloft forming 
behind the low and pushing quickly forward, rela-
tive to the low, up to the area above the low centre. 
Possibly connected with that, the rain in the nor-
thern part of the warm sector stopped ahead of 
the cold front, although the cloud still reached up 
to 600 hPa there. At 00 UTC of the following day 
the dry air can be found behind the occlusion front.

 Fig.3a: Surface weather maps of 20.10.1986, 00 UTC (1), 12 UTC (2) and 21.10.1986, 00 UTC (3), with surface fronts, isobars 
of the sea-level air pressure, observations of the hydrometeors and the rain area (hatched). 

 Fig.3b: Part of the surface map of 20.10.1986, 12 UTC with surface 
observations.

Conditions in upper levels

Rain in the warm sector requires the lifting of an 
air mass with enough moisture. In order to clarify 
the reasons for that we have to consider the condi-
tions in the upper levels.

The numerical analyses of the absolute topogra-
phies of 700 and 500 hPa at noon are given in 
Fig.4. They are the operational analyses of the 
Deutscher Wetterdienst (DWD) model used at the 
time, with a rather coarse resolution, namely a grid 
length of 254 km. These analyses, however, are in 
good agreement with the aerological observations 
in the area concerned.
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 Fig.5: Relative motions calculated for 20th October 1986, 12 UTC: (1)  
Geostrophic relative streamlines (thick solid lines) and isolines of equal 
dewpoint difference (broken lines, in K) at 500 hPa. Thin outlined the border 
of the higher cloud according to the satellite image. (2) Geostrophic relative 
streamlines (thick solid lines) and isolines of absolute geostrophic vorticity 
(broken lines, in 10-5 s-1) at 300 hPa. 

 Fig.3c: IR-satellite images of METEOSAT of 20.10.1986. 00 UTC (1), 12 UTC (2) and 21.10.1986, 00 UTC (3) with position of 
the surface low and the surface fronts.

The analyses show at 700 hPa a trough above the 
surface low and the inner part of the warm sector 
whereas a weakly developed wave pattern is vi-
sible at 500 hPa – with cyclonically bent isohypses 
upstream and anticyclonically bent isohypses 
downstream of the surface low. Regarding the 
temperature distribution, a warm bulge of the iso-
therms can be found above the lower warm sector 
on both pressure surfaces and we can also see 
zones with higher baroclinicity which could be 
identified as thermal frontal zones – between -4 
and -8 oC at 700 hPa, and between -20 and -28 
oC at 500 hPa. It is interesting to note that these 
frontal zones do not run parallel to the surface 
fronts, as expected from the Bergen School fron-
tal model, but show a varying distance to them – a 
small one near the low centre and a bigger one 
further up and downstream.

Especially important, however, is the fact that the 
baroclinicity is not fully concentrated within the 
above defined frontal zones. Smaller horizontal 
temperature differences can be found on its cold 
side as well as at its warm flank. Above the warm 
sector there is a temperature increase of 8 °C 
towards the outer part at 700 hPa as well as at 500 
hPa whereby the isotherms cut the surface fronts.

Due to the baroclinicity in the warm air, the winds 
above the warm sector must increase with height 
according to the thermal wind-relationship. Assu-
ming that the cyclone moved with the wind velocity 
in the lower warm sector until the mature stage, it 
follows that the low centre and the warm sector 
were crossed by the air in upper levels from the 
rear to the forward part.

That was indeed as shown by the relative 
streamlines for 500 and 300 hPa in Fig.5. Corres-
ponding to the movement of the low at 20 ms-1, a 
strong relative motion took place in the middle and 

upper troposphere across the low centre and the 
warm sector, which diffluently split downstream of 
this area. The relative streamlines run cyclonically 
bent upstream of the low through the upper trough 
with its vorticity maximum. A well-developed ridge 
with small values of vorticity follows at 300 hPa 
downstream. Here the relative streamlines show 
anticyclonic curvature. Altogether positive vorticity 
advection with the relative winds occurred across 
the low centre and warm sector, by which the 
upper vorticity maximum could increasingly ap-
proach the low.

 Fig.4: Numerical analyses of the DWD model for 500 hPa (1) and 700 hPa 
(2) with isohypses (solid lines, in gpdam) and isotherms (broken lines, in 0C).  
For comparison the position of the surface low and the surface fronts were  
also drawn in.



The European Forecaster44

With this relative motion aloft, the significant change 
of the cloud structure shown in the satellite images 
of Fig.3c can be at least partly explained, especially 
the forward motion of the cloud relative to the sur-
face low and its fronts, as well as the stretching in 
meridional direction. The formation of the tongue of 
dry air aloft, however, requires an additional, newly 
effective descent of the air. The same applies for the 
rainfall in the warm sector. It cannot be explained 
by the relative movement of the upper cloud across 
the warm sector only but requires simultaneous as-
cent of the air in this area.

Release of vertical motions 
The field of vertical motion at any pressure level is 
an ordinary output of the numerical models used 
for weather forecasting. This field, however, provi-
des no explanation for the physical reasons why 
an ascending motion is effective within one spe-
cific area or a descending motion within another 
one. In order to get an insight into these reasons, 
one should use one of the equations of the qua-
si-geostrophic system, namely the omega equa-
tion (see, e.g., HOLTON, 1972). It is valid for the 
macro-scale weather systems being considered 
and based on the two assumptions; that in the 
vertical plane hydrostatic equilibrium prevails, and 
that in the horizontal plane geostrophic balance 
exists between pressure and the vorticity fields. 

The most advanced form of the omega equation 
is that given by HOSKINS et al. (1972),  using the 
divergence of the Q vector as forcing function. The 
Q vector describes total temporal changes of the 
temperature gradient within the geostrophic flow at 
a pressure surface by vorticity and/or deformation. 
There where the Q vectors converge, a forcing of 
ascent results, there where they diverge, a forcing 
of descent. A prerequisite of the release of vertical 
motion is that horizontal temperature differences 
exist, i.e. a baroclinic state of the current.

 Fig.6: Divergence and convergence of the Q vector  
component FQ

s
 within a baroclincally unstable wave.

 Fig.7: Divergence and convergence of the Q vector  
component FQ

n
 within a frontogenetic pattern.

To understand this relationship, it is recommended 
to consider the two components of the Q vector. 
The temperature gradient can change its direc-
tion as well as its amount. This is indicated by the 
components of the Q vector along and transverse, 
respectively, to the isotherms (Qs and Qn). Also the 
total forcing (FQ) may be split off in the related 
parts FQs and FQn.

The change of the direction of the temperature 
gradient is mainly caused by the rotational part of 
the wind field, i.e. the vorticity. A cyclonic rotation 
of the isotherms is indicated by Qs pointing in the 
direction of the thermal wind, an anticyclonic one 
by Qs pointing in the opposite direction. Conver-
gence along the isotherms, and with that a contri-
bution to a forcing of ascent, can be found where 
a cyclonic rotation of the isotherms decreases and 
changes into an anticyclonic one. A convergence 
of Qs, and with that a forcing of descent, results 
there where the vorticity along the isotherms in-
creases.

According to the vorticity changes along the iso-
therms, the forcing can also be defined by the 
vorticity advection by the thermal wind. Positive 
advection indicates a forcing of ascent, negative 
advection a forcing of descent, as already formu-
lated by SUTCLIFFE (1947). 
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As an example, Fig.6 shows the conditions within 
a baroclinically unstable wave at a mid-troposphe-
ric level. This pattern is characterized by a phase 
shift between the waves of geopotential and tem-
perature whereby the temperature wave lies about 
a quarter of wavelength behind the geopotential 
wave. Then a convergence of Qs, and with that a 
forcing of ascent, results between the trough and 
the ridge downstream. It just covers the develo-
ping warm bulge of the isotherms. On the other 
hand, divergence of Qs and a forcing of descent 
is at work between the trough and ridge upstream 
covering the cold trough of the isotherms. The ef-
fect of the Qs- forcing is the formation of greater 
areas with cloud and precipitation in the region 
where the warm air is advected forward relative 
to the motion of the trough, and of areas with dry 
air in the region of cold air advection relative to 
the motion of the trough. Since, according to the 
phase shift between geopotential and tempera-
ture, the axis of trough and ridges run inclined 
backwards with height, the ascent works above 
the surface trough or low.

Changes in the amount of temperature gradient 
result in frontogenesis or frontolysis by deforma-
tion in the geostrophic wind field. They are indi-
cated by the Q vector component Qn. If it crosses 
the isotherms from the cold to the warm side, 
frontogenesis is effective; if it crosses in the oppo-
site direction, then frontolysis works. Since Qn  is 
maximised there where the temperature gradient 
is greatest, a convergence of Qn and with that a 
forcing of ascent by FQn results at the warm bor-
der of the baroclinic zone, a divergence of Qn and 
a forcing of descent by FQn at its cold border in 
the case of frontogenesis. These are the vertical 
motions of a solenoidally direct circulation across 
the frontal zone. The opposite distribution is found 
in the case of frontolysis so that an indirect circu-
lation is released. This part of the forcing of verti-
cal motions was already described by SAWYER 
(1956). As example Fig.7 shows the frontal zone 
of an old front undergoing a frontogenetical ef-
fect with a diffluent flow across thew frontal zone. 
As result of the circulation, a band of cloud and 
precipitation may develop at the cold side of the 
surface front. With aid of Qn, a frontogenesis pa-
rameter can be defined as (-Qn), being positive in 
the case of frontogenesis and negative in the case 
of frontolysis. 

Compared with the Bergen School model, it be-
comes obvious that the upsliding and downsliding 

along the frontal surface corresponds in a raw  
approximation to the circulations across the fron-
tal zone released due to frontogenetic or fronto-
lytic effects in the wind field. It ought to be noted, 
however, that the streamlines of these circulations 
do not run parallel to the isentropic surfaces, but 
across them at lower and upper levels. On the 
other hand, the Qs-forcing does not appear at all 
in the reasoning of the Bergen School.

Fig.8 contains the complete Q vector diagnosis for 
the 20th October 1986at 12 UTC. It was derived 
from a manual analysis of geopotential and tem-
perature at 500 hPa for a 127 km-grid.

The forcing for ascent is maximised northeast of 
the surface low but also covers the area above the 
low centre and the biggest part of the warm sec-
tor as well as the cold air northwest of the low. A 
strong forcing for descent is effective immediately 
behind the centre of the surface low and behind 
the cold front.

The diagnosis satisfactorily explains the observed 
distribution of cloud and precipitation, especial-
ly the fact that there was rain reported not only 
ahead of the warm front and along the cold front, 
but also in the warm sector of the cyclone conside-
red. Additionally, the reason for the appearance of 
the “dry tongue” aloft becomes clear when consi-
dering the forcing of descent west of the low. The 
difference between the zero-line of forcing and the 
forward border of the dry air can be explained by 
the fact that the descended dry air needs some 
time to start new condensation when it moves into 
the area of ascent during its relative motion.   

Comparing the two parts FQs and FQn, it results 
that the forcing for ascent is determined to a great 
extent by the first term - that means by Q vector 
convergence along the isotherms. This is espe-
cially true for the ascent above the warm sector. 
The basic prerequisite for the forcing of vertical 
motion there is the defined baroclinicity of the air 
in the mid troposphere. The Q vector convergence 
results from the fact that there is a change from cy-
clonic to anticyclonic vorticity along the isotherms 
– looking into the direction of the thermal wind 
– and positive vorticity advection by the thermal 
wind is effective – according to the SUTCLIFFE 
form of the omega equation. The zero-lines of the 
forcing field therefore show the position of the vor-
ticity extremes at the pressure surface conside-
red, i.e. 500 hPa. 
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The circulatory forcing FQn released by frontoge-
netic and frontolytic wind field is effective mainly 
within the 500 hPa frontal zone north of the sur-
face low. Since the warm front part of the frontal 
zone undergoes a frontogenetic effect, FQn pro-
vides a forcing for a solenoidal and direct circu-
lation with ascent of the warmer and descent of 
the colder air. By that, the lifting east of the low 
and the warm front near the centre is strengthe-
ned. The wind field also works frontogenetically 
at the warm border of the cold front part of the 
frontal zone, whereas a strong effect for frontoly-
sis is indicated within this part itself. That leads 
to a double circulation – solenoidally indirect with 
ascent of the colder and descent of the warmer 
air in the frontal zone and solenoidally direct at its 
warm border. Consequently, a strong forcing for 

 Fig.8: Q vector diagnosis of  20.10.1986, 12 UTC for 500 hPa with geostrophic winds and isotherms (top left), Q-vectors and 
isotherms (top middle), frontogenesis parameter (top right, in  10-10 K m-1s-1) and FQ

s
, FQ

n
 and FQ (bottom, in 10-16 K m-2s-1). 

From KURZ 1990.

descent results directly west of the surface low 
flanked by ascent in the cold air northwest of the 
low, as well as above the surface cold front. The 
descent significantly increases the forcing with the 
same sign by FQs west of the vorticity maximum. 
The wind field also works frontolytically above the 
inner warm sector, but this makes itself felt only 
by very small contributions to the omega forcing. 

The described distribution of frontogenetic and fron-
tolytic effects in the wind field and of the related trans-
verse circulations can be considered as typical for 
the mature stage of a cyclo-genesis. At the beginning 
of a cyclonic development, however, the frontal zone 
of the cold front mostly undergoes a frontogenetic ef-
fect, so that a direct circulation with ascent of the war-
mer and descent of the colder air takes place across 



47The European Forecaster 47The European Forecaster

the whole frontal system of the developing low. It do-
minates the total forcing of vertical motions in many 
cases so that – as repeatedly shown by the satellite 
imagery - a cloud band with precipitation forms, star-
ting above the surface fronts and is extended towar-
ds the cold side. When a stronger intensification of 
the cyclone then begins by the approach of an up-
per vorticity maximum, the forcing by FQs becomes 
stronger and stronger. In addition, the frontogene-
tic wind field effect at the cold front diminishes and 
changes to frontolysis so that the sense of the cross 
circulation becomes opposite. FQs and FQn together 
then cause a strong descent behind the low and its 
cold front as shown by the diagnosis above. That is 
the reason for the rapid dissolution of the high and 
middle level cloud behind the low and the cold front 
near the centre, which is typical for this stage of de-
velopment. The descended dry air is advected by the 
upper relative flow further downstream and pushes 
forward as a “dry slot” above the centre of the surface 
low and the inner part of the warm sector. That was 
also the case in the weather situation discussed here 
as to be seen in the satellite images and described 
above.

The overflow of dry air in higher levels often leads 
to a potentially unstable lapse rate which can be 
quickly released by the ascending motion above 
the low and the warm sector. As a consequence, 
convective cloud develops out of the originally 
pure stratiform lower cloud mass, and the rain at 
and ahead of the cold front changes into showers 
and thunderstorms. Exactly that was observed 
shortly after noon on this occasion.

Conclusions and proposals  

for a modern cyclone model

It should have become clear from the presenta-
tion that the “Bergen School” conceptions on the 
vertical motions in the area of a cyclone are in no 
way suitable to reflect the real conditions during 
cyclonic development. They should be replaced 
by the diagnostic means of the quasi-geostrophic 
theory described and used above. Meanwhile the 
advanced numerical models simulate the cyclone 
developments and the distribution of cloud and 
precipitation rather well, including the cases with 
rain in the warm sector. Nevertheless, the qua-
si-geostrophic diagnosis should be used in every 
case in order to understand – at least qualitatively 
– the forecasted weather processes.
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One day, we went to ascend the Bel Oiseau Sum-
mit, in the morning rain but with a glimmer of 
hope because to the brave and faithful, nothing is 
impossible! A path of hard stones on steep slopes 
leading to Passet Pass (figure1), it was regarded 
as “une montagne à Vaches” (Literally “a cow 
mountain”, a French expression meaning: a hike 
so easy that a cow could stroll up). The current 
Emosson Dam didn’t exist at that time (figure 2) 
and neither were there any weather forecasts!

Our route would take us through familiar places, 
firstly, down into the Emosson Valley among glittery 
flowers and herds of cows. We’d reach the bottom 
of the valley in the direction of Mont Ruan, at the 
foot of the ancient Dam which nowadays sometimes 
emerges during low water periods. We used to fol-
low the lake up to the Barberine stables, and from 
that point, we would easily climb up the Bel Oiseau 
through the rocks and short grass, enjoying the stun-
ning view of the Mont-Blanc Massif (figure 3).

That fateful day, we went up there with little effort, 
in five hours from Vallorcine. But, hardly reaching 
the top at the break of noon, a threatening shadow 
wrapped around us: a terrible storm broke out. A 

A Storm on Bel Oiseau Peak
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In front of the “Mont-Blanc”,  
in the 1930’s

violent storm, with blue lightning zigzagging and 
hitting the ground around us. 

Buffeted by the gusts, we wanted to escape, as 
quickly as possible in the direction of Finhaut, 
through steep and icy gullies. I was terribly scared. 
Lightning and thunder made me jump. The ice in 
the couloirs was covered by a thin layer of recent 
snow or sleet, frequently lifted by turbulent winds 
as my father cut steps with the only ice axe we had 
brought with us.

I stumbled, causing me to fall, sweeping away my 
father and my eight-year-old little sister…

During the few seconds of the plummet, I focused 
on a single thought: could I have pushed my sister 
back on to the edge of the gully? At least my mo-
ther would have kept one daughter if I were to be 
crashed against the rocks below! Violent knocks 
followed… Bounces… 

Dazed, I arose… That we should have expe-
rienced an accident in a time when there was no 
mountain rescue to help us! There was blood on 
our faces. Our clothes were ripped and stained. 
Where were we?

My father got up, fell down, got up and fell down 
again… He fell down every five steps from then! We 
had to go down and down. After one or two hours, 
we saw someone among the rocks and boulders. I 
screamed: “We are hurt, please help us”. He came 
to us, we may yet be saved! He was a shepherd in 
the Col du Fénestral and I am immensely grateful to 
him. When we arrived at a small hamlet, we asked 
a woman in a chalet if we could have a hot drink 
and somewhere to rest. “No”, she said closing the 
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 Figure 2: Recent Dam of “Emosson” (1972) and “Bel Oiseau” Peak. Figure 1: “Emosson” valley before 1950. IGN France.

 Figure 3: A view from “Emosson”, “Verte” and “Drus” Peaks in the “Mont-Blanc” Massif.

door violently, “I don’t want you to die in my home!”. 
My father went to lie down close to the cows…

Finally we got to Finhaut. It was eight o’clock. The 
doctor stayed with us until midnight. He healed 
us one after another, I was the last. He poured a 
big can of warm water on my head, shaved it and 
showed me a long, long needle. I didn’t move but 
bit my tongue. My wound was stitched up and I 
wore a huge bandage for a few days. But soon, 
during the back-to-school period, I felt ashamed to 
be bald. The teacher didn’t allow me to keep my 
white beret on my head. “It is a privilege to have 
been scalped in the mountains!” she claimed.

Eventually, we healed and managed well. But my 
great regret is that we couldn’t ascend Mont-Blanc 
that year. I’ve never had the opportunity since!

Dear Reader, when you go for a hike in a moun-
tainous area, do you fear thunderstorms? Are you 
up to date with the latest models outputs? I cer-
tainly am!

Pictures from http://www.randos-passion.com/les-
traces-des-dinosaures-barrage-d-emosson/
(Thanks to Philippe Barrere).


