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I ntroduction

It is customary for me to introduce each issue of the ‘European Forecaster’ with a look back on the notable
weather events of the last twelve months. This time, however, my focus is on the humanitarian disaster of
the refugee crisis which has unfolded across much of Europe. It is a measure of our professional values,
including integrity and concern for the wellbeing of others, that the European forecasting community has
worked together, designing and providing new services to communicate and minimise the weather risks to
these vulnerable people.
We are also reminded that the financial woes of most European nations, and most European National Met
Services, are far from over. Many of us face further constraints on funding and the need to ‘do more with less’.
So, as a profession, we should place a strong focus in the coming years in maximising and, just as importantly, demonstrating the benefits of our services to our citizens, communities and economies. Our understanding of the Socio-Economic Benefits of weather services is rapidly evolving, and we should be
confident in asserting that money invested in effective, user-focused NMSs is money well spent. Of course,
these should not be idle claims, and we must develop means of proving our worth, year by year, season by
season, and event-by-event. Cross-national activities such as our response to the refugee crisis might not
fall neatly into the obvious categories of money and lives saved for our own nations. But our involvement in
such events is not entirely altruistic; our collaborative efforts on behalf of others bring wider benefits such
as improved global security and prosperity, which in turn improve conditions in our own countries, even
those remote from the main regions affected. In short, as forecasters, it makes sense for us to keep our
horizons broad and our hearts and minds open . Of course, encouraging this wider worldview is one of the
aims of the WGCEF!
This latest edition of The European Forecaster is typically diverse in content, presenting case studies and
new tools and systems for making the best of our considerable skills for the benefit of all. We hope it will be
found of interest in the forecasting offices of Europe and beyond.

Will Lang
Chair, WGCEF
May 2016
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Minutes of WGCEF Annual meeting in RMI Uccle,
Belgium
29-30th October, 2015
Chair’s Introduction
Will Lang, WGCEF Chair and Chief Operational Meteorologist at the Met Office, thanked the Belgian Meteorological Service for hosting this year’s meeting in
particular Pascal, Fabian and Carina. He welcomed
the group, both the longstanding and the new members. An extra warm welcome was extended to Mikko
Laine, our new member. Mikko graduated in 2008
and is a weather forecaster in Finland for the general
public and also the internet services.

Chairman’s Address
Will opened the meeting with some thought provoking questions along the lines of ‘Why are we here?’:
“Why do we bother striving for excellence in forecasting? Is it for the money? The unsociable hours?”

List of Participants
Mikko Laine (Finland), Lola Olmeda
(Spain), Lovro Kalin (Croatia), Piotr
Manczak (Poland), Michael Skelbaek
(Denmark), Christian Csekits (Austria),
Evelyn Cusack (Ireland), Fabian Debal
(Belgium), Pascal Mailier (Belgium), Jean
Nemeghaire (Belgium), Andre-Charles
Letestu (Switzerland), Will Lang (UK),
Klaus Baehnke (Germany) ,
Zsolt Patkai (Hungary), Tim Hewson
(ECMWF), Dick Blaauboer (EUMETNET),
Jos Diepeveen (Netherlands), Thomas
Vanhamel (Belgium), Bernard Roulet
(France)
By videoconference: Panos Giannopoulos
(Greece), Chryssoula Petrou (Greece),
Paula Leitao (Portugal).
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We do it because ‘It is the right thing’. The Norwegian site is popular worldwide and provides ‘free’
forecasts. We don’t all need to have a free data policy and forecast for the rest of the World but we do
have to think internationally. There are a myriad of
international problems such as refugees and ‘crossborder’ severe weather. An active discussion followed, which included discussion on the difficult
relationship between private companies and NMSs
in many European countries, and the availability of
ECMWF web products at low cost.

Round-table updates
There then followed the usual open discussion
session in which members are invited to update the
group on developments in their organisations over
the last 12 months.
AEMET (State Meteorological Agency of Spain)
• After almost four years the remodelling of the
National Forecasting System has finished. The new
scheme is based on specialized units by users'
sectors. The last center to be created is the “High
mountain forecasting and monitoring centre” located in Zaragoza, a town close to the Pyrenees. Its
mission is to make mountain weather forecasts and
avalanche warnings.

• For aeronautical centres a competency assessment
system has been implemented for aviation forecasters in order to fulfill SES requirements.
– The Agency has recently improved its website introducing a new communication tool in audiovisual
format which consists of a video where the daily
weather forecast and climate information is explained
just like on TV.
– The migration to the new supercomputer (BULL)
finished last month. It allows us to replace Hirlam for
the non-hydrostatic model HARMONIE, as well as to
run GLAMEPS (a multimodel high resolution Ensemble
Prediction System).
– On a different note, our Remote Sensing Department hosted the NWC SAF (Satellite Applications
Facilities for Nowcasting) 2015 Users' Workshop. It took
place from 24th to 26th of February at AEMET
Headquarters.
– We have suffered a chain of exceptional heat waves
last spring and summer, especially in July. They lasted
26 days. July 2015 was the hottest month in the
historical series. In contrast during winter much snow
fell in northern Spain. The snow melt and warm rains
led to floods especially in the Ebro basin.
– AEMET has started providing meteorological
services for air operations in a couple of new small
airports. These new airports are incorporated into
the existing network of 46 offices providing aeronautical services at civil and army airports in Spain.
Meteo France (France)
• New versions of French models started in April
2015 with improved resolution.
ARP: 7.5km over France (stretched model eg over NZ
35km).
ARP Ensemble 10km
AROME 1.3km
• The pre-warning system is extended to Day+7
• New workstations are being set up for the forecasters called SYNOPSIS. This was designed in-house
and is based on the web service.
DWD (Germany)
• Deutscher Wetterdienst has started a new global
model “ICON” last summer.
• DWD has started a new website and a WarnAPP for
smartphones.
• Project “AutoWarn” shall be in operation at the
end of 2016 to fully centralize the warning process.
• With the new project “AutoRadio”, observation
and measurement of nuclear particles shall be automated at the end of 2019.
• With the new project “AutoMETAR” weather observation at airports shall be automated at the end of
2021.

KNMI (Holland)
• KNMI legislation is in its finishing stage. KNMI provide
government agencies with forecasts. Non-governmental parties are served by the market, unless there
is specific knowledge only available at KNMI.
• A weather room started this year providing forecasts for road management during winter for highways.
• From 2016, the weather room will provide full a
forecast suite for the Dutch townships in the Caribbean: Saba, St. Eustatius and Bonaire.
• KNMI launched a new website on the 1st October.
• The revised warning system was also introduced
on the 1st October.
FMI (Finland)
• FMI budget has been cut, resulting in a total staffing reduction of 25 workers.
• The regional office on Tampere (aviation weather)
will be closed from next spring. Forecasters duties
will be shared to other offices and some of the
remaining workers will be relocated to Helsinki.
• In co-operation with the Swedish SMHI, a Nordic
SWC (surface weather chart for civil aviation) will be
created.
• Two new radars have been installed. The first one
is located in Kesälahti, southeastern Finland, near
the Russian border. This one will help us to detect
thunderstorms coming across the border. Also
during wintertime it will help to detect rain and
snowfall from low clouds. Another new radar is located in Petäjävesi, in the middle of Finland. This radar
will fill the gap over central Finland and will be useful
especially during wintertime.
• FMI is actively developing post processing methods of model data (e.g. landscape correction of
temperature) to improve forecasts.
DMI (Denmark)
• It has been an eventful period for DMI. We have
been undergoing a major organisational change,
with some replacement in the leadership. All of our
strategies has been rewritten and it has been a
tough period for all. One of the drawbacks has been
that a brand new department has drained the forecaster resources for other purposes. This has resulted in some increased working pressures and some
difficulties in the working environment.
• However, we are now seeing some of the benefit
from the change e.g a closer contact to the research
and development department. We now have a weekly meeting about the performances of the models,
and weather cases.
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• Another positive thing is a better contact with the
communication department! We are having an
exchange program, where a forecaster is lent to the
communication department for 2 months to gain
knowledge in writing stories for our homepage and
using social media.
• DMI’s next HPC will be placed in Iceland in 2016.
Thereby we will save energy to the cooling system,
which was becoming a great expense for us. Actually
was it becoming a burden for us, since we only
admitted to use a certain amount of power, due to
our location in a green Ministry.
• Even though we have not got the HPC yet, the
project for next HPC in 2020 is already initiated. It will
be a HPC purchased in collaboration with Norway and
Sweden, which will operate for all three countries.
• In general, DMI have very good cooperation with
SMHI. We are doing aviation forecasts together and
last year an agreement was made on naming storms.
If a storm hits Denmark and then southern Sweden,
then DMI will name the storm and otherwise it will
be SMHI. It has worked quite well.
IMGW (Institute of Meteorology
and Water Management, Poland)
• There has been further automation of our observing network. This process took place at the beginning of this year and it was connected with Staff
redundancies. So now 25 of our 63 synoptic stations
are automatic.
• Modernisation of our radar network has started. A
few single-polarisation radars have been replaced by
dual-polarisation. So now in Poland 3 of 8 radars
have dual-polarisation. Further modernization will
be carried out within the next few years.
• At the end of last year, operational exploitation of
a 2.5 km version of the AROME model started. Since
October this year a Polish version of the INCA
nowcasting model has been working on the basis of
2.5 km AROME.
LHMS (Lithuanian Hydrometeorological Service)
• 2015 was a year of challenges for Lithuanian
weather forecasters, with a reduction in staff numbers by 60%.
• LHMS has joined MeteoAlarm. The IT team is working on technical adjustments of our warning system
to MeteoAlarm and we hope in the near future data
from Lithuania will be available on an official
webpage.
• The Aeronautical Forecasts Centre has got a new
young head, Laimonas Januška. His background is
hydrometeorology.
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• “Baltic+” – the 5 year training programme under
the sponsorship of EUMETSAT started in March
2015.
• The webpage of the Lithuanian Hydrometeorological
Service www.meteo.lt was renewed. The creation of
online services to customers is a new branch of
activity for weather forecasters as well.
• The Lithuanian Hydrometeorological Service has got
a Facebook page. https://www.facebook.com/Meteolt
MeteoSwiss (Federal Office of Climate
and Meteorology)
• The fine mesh model COSMO 1 (1.1 km) is pre operational. It covers the alpine region. It will be fully operational in 6 months. 8 runs a day are available with
ranges up to 33 hours, with 48 hours for the 03z forecast.
• COSMO E (ensemble fine mesh forecast, 2.2 km
with 21 members) will be pre operational in November with 2 runs per day and forecasts up to 5 days.
• A new computer has been installed in Lugano
(type Cray CS-Storm) which run the COSMO model.
• The building of the latest radar is completed on the
Weissfluh. The tests are starting and it will be operational next year.
• The modernisation and extension of the observing
station network is completed. 260 stations measure
the weather parameters every 10 minutes. In addition, MeteoSwiss has integrated 50 measuring
stations in its database from partners such as the
counties, road operators and MeteoGroup network.
• The observation at Geneva-Airport will cease
between 24h and 5h during the winter, AutoMETARs
will be issued.
https://www.facebook.com/Meteolt
https://www.facebook.com/Meteolt

Presentations 2015
On Friday 30 th October, WGCEF members gave a
number of presentations, which are summarised
below. The presentations themselves are available
via the WGCEF website.
1. EUMETNET Update
by Dick Blaauboer (EUMETNET Forecasting
Programme Manager - Seconded from KMNI)
Dick gave a very interesting overview of the current
work of EUMETNET and EUMETCAL as well as plans
for future projects. Of specific interest to our group
he told us that the Science and Technology Advisory
Committee of EUMETNET approved the continuation
of the WGCEF as a STAC working group on a permanent basis. Later in this session we voted unanimously to stay in EUMETNET as advised by Will.
Also of special interest he outlined that a NMS’s
budget was in order of increasing magnitude: Personnel; Observations; IT. Therefore EUMETNET are
proposing some conglomeration on IT resources
within Europe. Also a new NOWCASTING group is set
to meet this December.
2. Task Team Naming Storm in Europe Update
by Christian Csekits (Head of Task Team)
Christian gave an update of the storm naming task
team he heads up in Eumetnet. The recommendations of the team reflect a compromise which it is
hoped will bring further cooperation and integration,
but will also acknowledge the existing authority of
existing schemes run by the NMSs and others such
as the Free University of Berlin. The recommendations support local groups of countries which are cooperating with storm naming such as Ireland and the
United Kingdom.
3. Forecast Verification at the Meteorological
and Hydrological Service in Croatia
by Lovro Kalin (Deputy Head of Forecasting)
There are 15 forecasters in forecasting department.
Some are on ‘half pay’ which was introduced as a
temporary measure but has continued unfortunately
now due to financial constraints. Only one person is
working on a verification, which has been modelled on
the Austrian system. It is a question that is always
asked: how good are your forecasts? Comparisons
between human and models are made for temperatures at 40 sites.

4. Project Cluster
by Christian Csekits (Head of Forecasting, ZAMG,
Austria)
Work has been undertaken in clustering of ensemble
forecasts from medium range to long range. We have
been comparing two clustering methods; ECMWF and
a specially designed one for Austria based on Hungarian clustering. Its use needs intensive training of
both the forecaster and user.
5. Forecast of Mean Precipitation in Catchments
by Piotr Maczak (Poland)
This project has enhanced cooperation between the
Meteorological and Hydrological Institutes. There are
6 Hydrological Offices in Poland, mostly working day
shifts but with nights when necessary. They are
staffed by 1 hydrologist and 1 IT person. The hydrologists require meteorological products detailing
amount and type of precipitation, and any warnings.
The hydrologists visit the weather office every day
and get briefings. There is an extra shift for meteorologist during floods.
To prepare forecasts of mean precipitation in catchments, hydrologists prefer the human/synoptic forecast rather than NWP. Forecasters must prepare ppt
forecasts for 153 catchments for input for hydrological model, but there are regional offices which
prepare groups of catchments to send to the central
office, totalling 484 catchments for the hydrologists.
6. Hail in Summer 2015 in Estonia
by Taimi Paljak (Chief Forecaster)
Taimi described the events of July 17th, 2015, when
widespread hail, exceptionally large for Estonia,
caused extensive damage. The details are presented
later in this newsletter.
7. Some Recent and Upcoming Developments
at ECMWF
by Tim Hewson (Evaluation/Quality control in ECMWF)
A new cycle, 41R1, was introduced in Nov, 2013 and
verification shows good improvement. Amongst the
changes are the following:
• Lake Model now in operation. About 1km square.
• New Land-Sea mask. Pacific Islands have disappeared.
• New EFI/SOT products for 10-15 day range. They
take a climate window of 5 weeks, two either side of
the 5 days in question.
• New EFI for Convection (Cape/Cape Shear etc… wind
shear calculated between 925 and 500hPa).
• New Freezing rain forecasting capability, with a new
model diagnostic.
• New precipitation rate and fog/vis diagnostic on
Hires model.
The European Forecaster
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Upcoming developments will include:
• A new website.
• The next cycle, 41R2: 9km for hires and 18km for
ensembles/with better physics/wet bulb freezing –
Flash flood forecasts using global model ensemble
(Part of EFAS/GLOFAS). This is consistent with
ECMWF’s mission over the next few years, to focus on
disaster reduction from extreme weather events.
• Improved monthly forecasts….work in progress.
Finally, Tim reminded the group of the useful ‘forecast user’ page on the ECMWF website.
8. Severe Freezing Rain in Mountainous Area,
1 December 2014
by Zsolt Patkai
Freezing rain occurs regularly on plains and mountains in Hungary, but on 1st December 2014 was more
widespread. The presentation showed how a major
Low over the western Mediterranean fed warm air up
from Africa which clashed with Polar airmass across
Hungary.
Thousands of trees were felled, along with electrical
cable masts. This was a very rare situation which
was difficult to predict. At HMS no one could remember a similar case from recent history.
9. New Challenge for Forecasters: Strong
Differences between Global Models and High
Resolution Models
by Bernard Roulet
This presentation asked how confident forecasters
can be in high resolution models. Bernard gave a
couple of case studies comparing models with reality. The details of the presentation are given in the
article later in this newsletter.
10. Verification Browser
by André-Charles Letestu
The presentation outlined an interesting new verification system used at Meteo-Suisse, which can track
the forecasts and performance of individual forecasters!
11. Update of the Warning System in KNMI (2015)
by Jos Diepeveen
An article in this newsletter expands on this presentation, which explained KNMI’s recent changes
towards an impact-based warning system for the
Netherlands.
12. A Forecaster Training System,
by Lola Olmeda (AEMET, Spain)
Every AEMET forecaster now has
• 40 hours/year for formal training and an annual
training programme. Some courses are mandatory.
Test for evaluation.
10 The European Forecaster

• 6 hours/month for individualtraining. A monthly
report is produced for the Head of unit.
There is an annual questionnaire about the impact of
the forecasters training and needs for the next year.
• Special course are run in which the users are the
teachers (civil protection, pilots, hydrologist, disaster
management, search and rescue, regional governments authorities, etc.)

Special Discussion Topic:
‘The Shifting Role of the Forecaster’
by Pascal Mailier (RMI)
Pascal led an interesting and open discussion about
the changing nature of our profession. Some issues
raised are presented here:
• Anyone can open up their own forecasting service.
Are forecasters becoming redundant? Many post
processing methods are better than the forecaster.
Remember bank clerks? They are mostly gone now!
• Perhaps the forecaster is a little like a translator….Google can translate but can be very poor in
places, suggesting that an automated approach has
its limitations.
• Forecasters have a key role to play in the further
development of models.
• Meteo France make a monthly report to the
modellers and a twice yearly round-up.
• Speaking to a user/verbal briefings are an excellent way of communicating uncertainty.
• The role of NWP is to get the forecast right most of
the time and the forecaster to get it right when it
matters. We shouldn’t be trying to beat the model on
say degrees of temperature.
• Communicating uncertainty is a vital role for forecasters. It is essential they receive adequate training
and experience.
• Will proposed that forecasters use the Meteoalarm
forecaster chat room…..a good idea but we all agreed
that it is difficult to email in a severe weather situation. One other point that came up many times, and it
has in previous years and at other meteorologists’
meetings, is that there is not enough communication
and discussion between forecasters and modellers.
Michael and Bernard told us about their weekly/
monthly meetings between forecasters/ modellers/
R and D colleagues.

Annual Newsletter

Next Meeting

The 20th edition of ‘The European Forecaster’ was
published in September 2015. This, and previous
issues of the newsletter, is available on the WGCEF
website.

Tim Hewson kindly offered to host the next meeting
on behalf of ECMWF in Reading. After the success of
the inaugural one and a half days this year we decided to also run the meeting for 1.5 days in 2016.

Will sincerely thanked Bernard and Météo-France for
continuing to publish the Newsletters and in particular for maintaining such high production values. It is
considered the best journal for forecasters as, for
example, it gives relevant case studies. Also a hard
copy in the forecast office will be read more by forecasters during any quieter moments on shift than the
myriad of information on-line.

Election of new Chair/Vice-Chair
for 2017
Will and Evelyn’s term of office will end in 2016 so it
was decided to vote on a new Chair/Vice-chair for the
new term of office from autumn 2016 to autumn
2020. Evelyn proposed Christian Csekits (ZAMG,
Austria) as the new Chair and Jos Diepeveen
(Netherlands) as the new vice-chair. The group were in
unanimous agreement that both would make excellent officers and would work splendidly together. Both
were deemed elected, pending agreement from their
respective NMSs, and they will assume their positions
by the 2016 meeting. Congratulations et bon chance!

Thanks
The Belgium Meteorological Institute has three ‘names’.
IRM: Institute Royal Meteorologic
KMI: Koninktijk Meteorologisch
RMI: Royal Meteorological Institute.
But as William Shakespeare said:
What's in a name? that which we call a rose
By any other name would smell as sweet…………
WGCEF would like to thank our colleagues in Uccle for
a wonderful meeting and excellent hospitality. We
also had an enjoyable tour of the Forecast Office. The
official Meeting Dinner at the Best Western County
House Hotel was delicious and helped bond the
participants further providing a splendid end to our
2015 meeting in Brussels.

Evelyn Cusack
Vice Chair, WGCEF
May 2016

The European Forecaster
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The Catastrophic Event of October 3rd 2015
in Cannes
Laurent Goulet, Meteo France

Introduction
Mediterranean regions are regularly affected by high
precipitation events, especially during autumn
(Rivrain, 1997; Ricard, 2012). Some of them are catastrophic, leading to very great damage in terms of
human and material losses. They occur on average
every 5 years. They generally involve a stationary
storm. The last catastrophic event of this kind goes
back to the Draguignan disaster of June 15th 2010
(Bresson, 2011), where 460 mm fell in 24 hours,
amongst which 290 mm in only 6 hours. However, in
some rare cases, stationarity is less obvious or shortlived. The event of October 3rd 2015 across Cannes
belongs to this category. Rainfall amounts over the
episode were commonly less important than in the
stationary situation. Nonetheless, rainfall was typically
very intense, exceeding 80 to 100 mm/h (107 mm/h
during the Cannes episode). In addition to heavy
precipitation, dramatic impacts need some further
exacerbating factors, such as steep slope and urbanization for instance.

 Figure 1: Vigilance map emitted by Météo-France on Saturday,
October, 3rd, 2015 at 09 UTC. Orange implies a strong risk of severe
event and reinforced monitoring with bulletins every 3 hours.
Heavy rains and violent storm concern a large area from Gard
department to Alpes-Maritimes one.
a

In the following sections we will focus on the Cannes
event. In particular, the meteorological ingredients will
be explored, from a synoptic point of view to a very
fine-scale one. Besides that, forecast model behaviour
will be analyzed, illustrating the benefits from finescale and non-hydrostatic simulation.
Météo-France, in anticipation of the event, placed
several Départements – including Alpes-Maritime – at
the orange alert level (Figure 1). One important question which we try to answer concerns the possibility of
improving meteorological alerts in this situation.

b

The Cannes Event
Initially, convective activity reinforced strongly over
the Var Département late in the afternoon and in the
evening of Saturday, October, 3rd. The storms then
shifted toward the Alpes-Maritimes Département,
within which lies the Cannes region.
In more detail, the stormy “wave” was the product of
two successive convective systems (Figure 2). The
second one (noted S2) appeared upstream of the first
12 The European Forecaster

 Figure 2: MSG3 IR images on Saturday, October 3rd, 2015,
at 1800 utc (a) and 1915 utc (b). S1 and S2 refer to two successive
convective systems.

one (noted S1), with a temporal lag of the order of 45
minutes to 1 hour. Thus propagation of the convective
activity temporarily showed a retrograde character.

a

One can also notice the very impressive brightness
temperature associated with the second system: 69 °C, clearly showing a strong overshoot (near the
tropopause the temperature was close to -50°C).
The precipitating envelope evolved continuously
(Figure 3). It organized into an intense elongated line,
more or less aligned along the axis of coastal relief and
steering flow (here, from the south-west, see later). The
line progressed slowly, according to the above mentioned retrograde character. This slow progression and
elongated spatial organization explains the persistence
of precipitation (1h30 to 2h), and was very important to
the rain accumulation (Figure 4).

b

Figure 3: Reflectivities from the ARAMIS french RADAR network,
on Saturday, October, 3rd, 2015, at 1810 utc (a) and 1905 utc (b).
a

c

b

d

 Figure 4: Rain accumulations provided by the ANTILOPE analysis,
over 1 hour (a), 2 hours (b), 3 hours (c) and 6 hours (d),
on Saturday, October, 3rd, 2015. ANTILOPE product is based
on both RADAR data and measurements
from the raingauge network (also given here).

> 50 mm

> 100 mm

> 150 mm

> 200 mm
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However, the convective activity was not, strictly
speaking, stationary. The duration of the episode was
too short in comparison to 3 to 6 hours, the typical
lifetime of a Mediterranean stationary storm system.
The epicentre of the event was situated near Mandelieu, where 107 and 175 mm were observed in only 1
and 2 hours respectively (195 mm in 6 hours).
Furthermore, the spatial scale of the highest amounts
was very limited: the isohyets 100 and 150 mm occupy approximately an area of 500 km2, and 250 km2
respectively. In these conditions, only small-scale
coastal catchments reacted dangerously to heavy
precipitation. In particular, the Brague river (flowing
between Châteauneuf near Grasse and Antibes)
developed a devastating flash flood, responsible for
3 deaths at Biot.

The Meteorological Alert
As stated above, the Météo-France meteorological
alert was set to orange level (the 3rd level of 4) over a
large area, from the Gard Département to the AlpesMaritimes one (Figure 1). Concerning the latter, a decision was taken late morning of October 3rd, allowing
a lead-time of around 9 hours.
Over the whole episode, 100 to 150 mm at most was
forecast, according to monitoring bulletins. Strong
precipitation intensities were emphasized: 20-50 to
40-60 mm/h. However, the latter clearly underestimated observed intensitites.

The Meteorological Context
From a Synoptic Point of View
The convective episode developed in relation to the
eastward progression of an upper level deep trough
over France (figure 5). The trough drove a strong
southwesterly flow over Southeastern France (40 to
50 knots at 500 hPa). Moreover, the precipitation
event occured in relation to the slow progression of a
cold front.
At high level, near the dynamical tropopause (1.5 PVU),
one can notice the eastward propagation of a sharp
low-tropopause anomaly (noted “LT”, Figure 6).

 Figure 5: Geopotential height (brown line, gpm),
winds (red barbs) and temperature (shaded with dashed line
every 2°C) at 500 hPa from the ARPEGE model (initialized
at 12 UTC 3 October 2015), at 18 UTC 3 October 2015
(is superimposed a box localizing area of the most important
rainfall amounts).
 Figure 6: 850 hPa
wet-bulb potential
temperature (shaded,
above 14°C), wind (red barbs,
above 55 kt) at the 1.5 PVU,
height (in dam) of the 1.5 PVU
(brown continuous line,
intervals of 50 dam),
ascending vertical velocity
(blue continuous line, intervals of around 2 cm/s), from
the ARPEGE model at 18 UTC
3 October 2015. Warm (blue)
arrow represents warm
advection (motion of the low
tropopause anomaly). “LT”
designs a low anomaly of
the dynamical tropopause,
while the fuchsia point
localizes the convective
system.
14 The European Forecaster

This anomaly is “dynamic”, that is, it developed strong
ascending motions on its leading edge. By interacting
with low level warm advection from the Mediterranean,
the upper anomaly clearly played a crucial role in the
triggering then maintenance of the Cannes convective
system. Its influence on convection may be “direct”, by
the intermediary of ascending motions, or “indirect”,
in destabilizing the atmospheric column or reinforcing
warm advection at low level.
On the other hand, one can notice that rapid displacement of the tropopause anomaly did not allow longlasting anchoring of a possible stationary convective
system. In the operational treatment of the situation,
such an eventuality had not been rightly envisaged.

a

From a Mesoscale Point of View
At low level, a warm southerly to southwesterly flow
fed the convective system (Figure 7). Warm advection
was stronger in the AROME model than in the ARPEGE
model. The 950 hPa wet-bulb potential temperature
(θ’w) was only a little bit higher in AROME model, but
the wind was significantly more intense. The couple
(wind, θ’w) as simulated by AROME was close to
(35/40 kt, 17-18°C), which represents a significant
transport of energy.
These values were a little higher than during the June,
15th, 2010 Draguignan disaster (for comparison,
30 kt and 18°C; see Goulet, 2015). Thus fine-mesh
non-hydrostatic AROME simulations in comparison to
ARPEGE may have furnished a first clue concerning a
risk of a very severe precipitation event.
This strong warm advection was associated with the
carriage of a very moist air mass, as shown by the
precipitable water field (Figure 8).

a

b

b

 Figure 7: 950 hPa wet-bulb potential temperature
(blue continuous and dashed line, from and above 16.5°C,
every 0.5°C) and wind at 950 hPa (black barbs, kt) at 21 UTC
3 October, from ARPEGE (initialized at 00 UTC 3 October 2015, in a),
and AROME (initialized at 03 UTC 3 October 2015, in b).
Wind at 600 hPa (red barbs, kt) from ARPEGE, and 3 hours rainfall
accumulation from ANTILOPE analysis are superimposed.

 Figure 8: Precipitable water (mm),
integrated over the atmospheric column, provided by ARPEGE
(initialized at 00 utc 3 October 2015, in a)
and AROME (initialized at 06 utc 3 October 2015, in b),
for October, 3rd, 2015 at 21 utc.
Caption is given below the precipitable water map.
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Indeed, this parameter exceeded 35 to 40 mm (according to models) while case studies in “Mediterranean” literature just reveal that 35-40 mm could be
a threshold from which a high precipitation event may
become likely (see Ricard et al, 2012 for French
cases; Romero et al, 2000 for Spanish cases ; Rotunno et al, 2001 for an Italian Piedmont case).
The warm advection shows a typical focused feature
(shown to a lesser degree, however, in the AROME
model), helping development of a solitary but severe
storm. Moreover, it destabilized the troposphere
(Figure 9). Thus the MUCAPE, which takes into account here water load as entraining of (unsaturated)
environmental air, exceeded the very significant value
of 800 J/kg.
In section 4.a, important upper forcing has been
identified. However until now, no low-level contribution has been clearly identified (except the warm
advection).
At first, the linear organization of the precipitating
system along coastal relief emphasizes the influence
of orography in the maintenance of the convective
system (section 2).
Then, mesoscale analysis (Figure 10) helps refine the
conceptual scheme by providing two supplementary
ingredients. An area of strong surface moisture
convergence appeared between the southerly and
easterly winds, where the convective system evolved.
Moisture convergence is well known for playing a
fundamental role in high precipitation event forcing
(Romero et al, 2000, Ricard et al, 2012). The surface
convergence probably resulted in part from the deviation of the southerly low level jet by the Alps (Bresson, 2011, Bresson et al, 2012). Furthermore, a cold
pool built below the convective system. Temperatures
were 2 to 3 degrees lower than further North-East or
West. One can notice that at Cannes, the temperature
fell 2.3°C in one hour, between 20 and 21 UTC (Figure
11, almost 3 degrees at Nice).

 Figure 9: Vertical profile forecasted by ARPEGE
(initialized at 00 UTC 3 October 2015), on Saturday, October, 3rd,
at 21 UTC, close to area of triggering of the convective system S1
(see section 2).

 Figure 10: Mesoscale analysis from VARPACK (Variational
Package, Fisher et al, 2006) on Saturday, October 3rd, 2015
at 19 UTC: 2 m AGL temperature (in blue as ⭐ +15.5°C),
10 m AGL wind (black barbs as ⬎15 knots), 2 m AGL dew point
temperature (in red, as ⬎ +18°C), surface moist convergence
(“mocon”, in dark grey, as ⬎ 30 kg s-1) and 1 hour accumulated
rainfall from the ANTILOPE analysis. “CP” means Cold Pool.

 Figure 11: Time evolution of the Temperature (in blue),
the Mean Sea Level Pressure (grey dotted line)
and the hourly rain accumulation (red bars)
at Cannes (department of the Alpes-Maritimes),
from Saturday, October, 3rd, at 14 UTC to Sunday,
October, 4th, at 01 UTC.
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So, in addition to relief and convergence, a cold pool
forced the warm unstable southerly flow from the
Mediterranean Sea to be lifted (see Maddox et al,
1979).

a

If temperatures reacted in relation to the convective
system, then pressure did also. This decreased by
4 hPa in only one hour before the arrival of the storm.
One can speculate that diminishing pressure accelerated the southerly low level jet, thus reinforcing the
moisture convergence ahead of the convective development.

Benefits From Fine Scale
and Non-hydrostatic Simulations

b

In 2008, a new generation of numerical model
appeared at Météo-France: the fine mesh non-hydrostatic AROME model (Seity et al, 2008). Since then,
the French model has benefited from a succession of
evolutions: enlargement of the domain, improvement of the analysis, including radar measurements,
resolution etc
For instance, the spatial definition increased very
recently from 2.5 to 1.3 km. Given its 3D resolution
and physics, AROME appears intrinsically better
adapted than hydrostatic models as ARPEGE, to treat
convective episodes with realism.
c

Here, our aim is to characterize the benefits of the
AROME model in comparison to the French hydrostatic ARPEGE model. Moreover, one wonders if AROME
provides relevant information regarding the risk of an
extreme event.
At first, the best simulation of AROME (initialized on
October, 3rd, at 03 UTC) is clearly more realistic than
the ARPEGE one, regarding the forecasting of the
24 hours rain totals (Figure 12).
Thus, AROME is able to reproduce very high rain
amounts in the south of the Alpes- Maritimes Département; that is from 100 mm to 160 mm; while ARPEGE
suggests no more than 30 to 60 mm (one observes
195 mm at Cannes). Other simulations of AROME are
less relevant. However, all of them largely improve the
ARPEGE forecast.
 Figure 12: 24 hours accumulated precipitation provided
by the ANTILOPE analysis (a), forecasted by,
(b) the best AROME model (initialized at 06 UTC 3 October 2015)
and (c) the best ECMWF model
(initialized at 06 UTC 3 October 2015).
ANTILOPE product is based on both RADAR data
and measurements from the raingauge network.
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Notice a second axis of elevated rain accumulation (100 to 150, maybe 180 mm) is situated more to the west (Figure 12a).
Indeed, before the evening Cannes event, an
earlier severe convective episode hit western
Provence between late morning and the afternoon of 15 October. In this case AROME has
some difficulties in locating the event with
accuracy (spatial lag of 30 to 50 kilometers).
The simulation shown suggests a trajectory
too far west, focusing on the Gard Département. But the main idea of one initial western
convective “burst” is relatively good. Nonetheless, this problem of localization in addition to variability of AROME simulations gives
some uncertainty to the convective event over
the Alpes-Maritimes Département.

 Figure 13:
Three hours
accumulated
precipitation
forecasted by AROME
on Saturday,
October, 3rd, 2015,
initialized at
00 UTC (a), 03 utc (b),
06 UTC (c)
and 12 UTC (d) ;
and provided by the
ANTILOPE analysis (e).
ANTILOPE product
is based on both
RADAR data
and measurements
from the raingauge
network.

Inspection of forecast accumulations confirms these findings.
AROME is consistent and very informative regarding risk the of
intense precipitation over the Alpes-Maritimes, making for easier
alerting (at the “orange” vigilance level). The improvement over
ARPEGE is impressive: the best simulation of ARPEGE suggests only
25 mm/3 h (not shown) while AROME forecasts systematically at
least 70 to 100 mm/3 h (Figure 13). The best simulation remains

a

b

c

d

e

 Figure 14: Infrared images
simulated by AROME for Saturday,
October, 3rd, at 18 UTC (on the upper-left),
19 UTC (on the upper-right),
20 UTC (in the middle to the right), 21 UTC
(in the middle to the left) and 22 UTC
(in the lower-left). AROME been initialized
on October, 3rd, at 03 UTC.
S1 and S2 refer to successive
convective systems.
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the one initialized at 03 utc: 130 mm/3 h (Figure
13b) ! This compares rather well with observations
(177 mm/3 h). This good skill traduces particular
behaviour of the simulated convective system: it
becomes temporary retrograde (Figure 14). Such information is of course particularly precious. However it is
in a minority: 3 runs amongst 4 do not reproduce this
retrograde system, and then underestimate rain accumulation by a factor 2.
Hourly rain amounts are also to be analyzed (Figure
15). Indeed the timescale of the event is shorter

than 3 hours: no more than 1h30 to 2 hours. In
this respect, AROME is particularly interesting.
Indeed, near the epicenter of the event, rain totals
oscillate between 50 and 70 mm/h, whatever the
run (while ARPEGE suggests 5/10 mm/h). Such
recurrent intensities are not so frequent from
AROME model. These ones clearly traduce potential for very strong precipitation, even if the Cannes
observed 107 mm remains relatively remote. Such
infra-daily information has to be operationally
used, for improving characterization of a high
precipitation event.

a

b

c

d

e

 Figure 15: Hourly accumulated precipitation forecasted by AROME
on Saturday, October, 3rd, 2015, initialized at 00 UTC (a),
03 UTC (b), 06 UTC (c) and 12 UTC (d) ; and provided by the ANTILOPE
analysis (e).
ANTILOPE product is based on both RADAR data and measurements
from the raingauge network.

The European Forecaster

19

Simulated high precipitations also traduce the ability
of AROME to reproduce with realism severe convective
systems (Figure 16). In particular, in successive simulations, AROME developed low pressure within the
convective system, which was indeed observed in the
reality. Low pressure constitutes another clue of
“abnormal” severity. It reflects strong interaction
between meso and convective scale: convective
lowering of the pressure intensifies low level warm
advection and moisture convergence, while the latter
retroactively makes convection stronger etc
Even if the Cannes convective system is probably not
strictly speaking a supercell, it could be valuable to
inspect associated predictive parameter such as the
SCP (Super-Cell Parameter, see Thomson et al, 2003).
So, successive simulations of AROME show strong
values of this parameter around the Côte d’Azur, from
6 to 10 units (Figure 17a and b). Such values mean a
supercell is likely with weak tornados.

An EPS (Ensemble Prediction System) is currently
being tested at Météo-France. It contains 12 members
with a slightly degraded 2.5 km spatial definition. It
would not have improved forecast of the Cannes
event. However, it gives also an interesting SCP signal
concerning the risk of intense convection (Figure 17c).

Summary and concluding remarks
French Mediterranean regions are regularly hit by high
precipitation events. Some of them are devastating.
The recent October 3rd, 2010 event was the latest
one. The meteorological alert was raised by forecasters to a high level: “orange vigilance”.
This studied event was not characterized by the
setting up of a stationary convective system. Indeed,
it lasted no more than 2 hours. However, it showed
temporary a retrograde character with linear organization of its precipitating pattern. This helped produce
very significant rainfall in a short time: 175 mm in
1h30 !

Figure 16: 1500 m reflectivity, MSLP (brown contours),
925 hPa wind forecasted by AROME on Saturday,
Otober, 3rd, 2015, initialized at 00 utc (a), 03 utc (b), 06 utc (c)
and 12 utc (d).

Several factors or forcings played an important role in
the setting up of the convective event.

a

b

c

d
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a

Three other ingredients acted together for the
maintenance and organization of the convective
system: 1) The orography and its alignment with
the south-west steering flow; 2) an important
convergence (as moisture convergence) between
southerly and easterly flow; 3) a cold pool associated to a thermal deficit of the order of 2 to 3°C.
In this situation, the very fine mesh AROME
performed much better than the ARPEGE model.
Its best realization was even very realistic: 1)
it proposed particularly intense precipitation
(70 mm/1h, 130 mm/3h, 160 mm/24h) with fairly
good localization; 2) The convective system organized according to a line oriented along coastal
reliefs; 3) The storm showed temporary retrograde
character, explaining in a part for the significant
rain accumulation.

b

 Figure 17: Super-Cell Parameter (SCP) estimated from AROME,
initialized on October 3rd, 2015, at 06 (a) and 12 utc (b).
In (c), probability that the SCP exceeds 2 units
(weak risk of supercells). Probability is issued from a based
on AROME model experimental Ensemble Prediction System (EPS).

At first, at upper level, a sharp low tropopause anomaly
progressed over southern France, producing strong
ascending motion at its leading edge, then causing
moistening and destabilization of the atmospheric
column and triggering of the convection.
Moreover, the Cannes convective system was fuelled
by a very important warm and wet transport (from the
south or south-west) from the Mediterranean Sea. The
couple (wind, θ’w) was close to (35-40 knots, 1718°C). This couple probably exceeded that of the
previous disastrous June 15th, 2010 Draguignan
event. Thus it is compatible with a very severe event.

However this solution still somewhat underestimated reality and did not represent majority of
other simulations. But it is interesting in highlighting a weak risk of an extreme event. In other
words, a change of alert level was not feasible with
any useful degree of anticipation. Nonetheless, a
better characterization of the precipitating event in
terms of infra daily totals was reachable. This
underlines necessity to deepen the valuation of
AROME simulations. Indeed, some details may be
very informative: convective behaviour, hourly rain
totals etc
Moreover, the relative dispersion of simulations
implies operational AROME has to be “framed”
by an ensemble forecast. Currently, a coupled to
AROME EPS is being tested at Météo-France,
before operational implementation in 2016.
The ensemble doesn’t improve forecast of the
Cannes convective system in comparison to the
operational AROME. However, it confirms a risk
of severe event over the south of the AlpesMaritimes department (signal given by the SCP).
In conclusion, a disaster needs meteorological
factors. However, other factors have to be present.
In the Cannes case, we could mention: 1) steep
terrain, 2) urbanization, and 3) an important previous rainy episode (70 to 80 mm in 24 hours). In
such an explosive context, runoff was clearly
favoured.
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KNMI’s New Warning System 2015:
Towards an Impact-Based Warning System
Jos Diepeveen, Frank Kroonenberg, Marco Nolet, Bernadet Overbeek, Rob Sluiter,
Janet Wijngaard

Introduction
KNMI’s current weather warning system for the general public was evaluated in 2015. This led to a list of
possible adaptions in the current ways of working.
Some of these adaptions could be realized in a rather
short amount of time, while others need more time
and have to be thought over more thoroughly. In this
article the recent adaptions will be discussed and the
plans for the future will be briefly discussed.

Warning Criteria:
Thunderstorms Example

 Figure 1: Organization of convection as a function of CAPE
and effective (vertical) wind shear.

The warning criteria were adjusted based on experience and improved meteorological knowledge. Where
possible, criteria and colour codes were defined for all
meteorological warning parameters. In the case of
thunderstorms and extreme temperatures, complete
new criteria have been designed. As an example, the
new criteria for thunderstorms are presented in the
table below. In the past, the number of discharges of
lightning were used as a criterion for thunderstorms.

Thunderstorms

To estimate the severity of thunderstorms, forecasters
make use of the so-called “Ingredient Based Forecasting method” (IBF). In this method convection is
favorable when the humidity, lift and instability coincide. The severity of the convection is a function of
CAPE (conditional available potential energy) and the
effective vertical wind shear (see fig. 1). The type of
CAPE which is used depends on the specific meteorological situation, and whether convection is surface
based or elevated.

Impact Assessment for Code Red
Another important change is the way of issuing a code
red, the so-called “weather alarm”. A highest level,
red warning will now only be issued based on expected impact. This means that a code orange – based on
meteorology - can be changed into a red warning
when impact is considered as well. To realize this, in
principle, a code red has no formal meteorological
threshold; the former threshold for areal size (50x50
km) has been left, as well as the probability of the
event of 90%.
The impact assessment is done by the CPAs (Civil
protection authorities) and departments which are
responsible for infrastructure. This so-called Weather
Impact Team is chaired by the Dutch DCC (Departmental Crisis Centre). Meetings of this team can be

Local thunderstorms with one or more of
the following phenomena:

Organized thunderstorms with one or
more of the following phenomena:

*Well organized thunderstorms with one
or more of the following phenomena:

• gusts (>60 km/h),

• severe gusts (>75 km/h),

• severe gusts (>100 km/h),

• And/or locally >30 mm/h precipitation,

• And/or locally >50 mm/h precipitation,

• And/or locally >75 mm/h precipitation,

• And/or hail size 2-4 cm.

• And/or hail size >4 cm.

• And/or hail size up to 2 cm.

*This is an internal guideline for a code red, as a code red is fully impact-based.
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arranged 24/7 by means of a telephone- /video
conferencing system. Within half an hour such (virtual) meetings can be arranged. The meetings start
with a short meteorological outline and is followed by
an overview of the (expected) impact in the different
critical fields of interest. At the end of the short meeting the DCC advises KNMI. It is KNMI’s decision to
issue the code red. In rapidly developing situations,
KNMI is mandated to issue a code red instantly without intervention of a Weather Impact Team. This was
also the case during the Pentecostal severe thunderstorm (bow-echo) on 9th June 2014 (Fig. 3). The storm
caused serious injuries and some casualties in the
western part of Germany, close to the festival site.

 Figure 3: Pentecostal thunderstorm,
9th of June 2014. A severe thunderstorm
(bow-echo) almost hits the site of
the PinkPop festival with approximately
60000 visitors. A code red was issued
instantly 1.5 hours in advance when it
was very likely that the thunderstorm
would hit this location.

 Figure 2: Example of a minor
meteorological event with major impact.
Small snow showers from the North Sea
moving over the capital city of
Amsterdam. (6th Jan. 2010)
Blue: radar reflectivity, lines indicate
highways and colors indicating traffic
speed (red: less than 30 km/h)
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User Perspectives
and Description
of Possible Impact

Future plans

Be alert

Be prepared

No big problems
expected due

Risk wind gusts

Danger due so
severe wind gusts

Traffic and outdoor
activities can
encounter
problems

Risk of falling
trees and falling
tree branches

Be informed about
weather forecasts
and warnings

Take measures
to prevent
damage or
injuries

to wind
Advice with respect to wind gusts

All weather warnings will be from
now on accompanied by general
handling advice and description of
possible impact. In the table below
an example for wind gusts is given.

No warning

For the near future, in 2016-2017
it is our great wish to make the
weather warnings more tailored
towards the end-user. A great way to
communicate this is to work with an
app for smartphones. This needs a
step in further regionalization of
warnings (as nowadays we warn on
province-level). To realize this, new
tools have to be developed and
other ways of operational working have to be devised.
An example of regionalization can be viewed in fig. 4.
Secondly it is our wish to broaden the impact-related
way of warning concerning all the colour codes. This
will ask more and more of the departments which are
involved in crisis coordination that have their antennae within society, mainly into the departments and
civil services which are responsible for transportation
and infrastructure.

Hazardous
situation
for traffic
and outdoor
sports.
Be prepared
if you take
a journey and be
aware of longer
travel time.
Be informed
about weather
forecasts and
warnings

Take Action,
Weather Alarm
Extremely severe
wind gusts with
danger for
humans.
Risk of falling
trees and falling
tree branches
Take action
to prevent
damage or
injuries
Don’t go on open
water.
Don’t travel
unless absolutely
necessary
Be informed
about weather
forecasts and
warnings

In the end it is the shared responsibility of KNMI as
public institute to serve society as a whole on the best
possible way to ensure a safe and durable way of
living.
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 Figure 4: Regional approach for issuing
severe weather warning. Orange and Red boxes correspond
with the area where code orange and red conditions
are expected in the coming hour.
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Large hail in Estonia on 12th August 2015
Taimi Paljak, Velle Toll, Tanel Voormansik, Estonian Weather Service

Introduction
Hail is not as common in Northern Europe as in the rest of
Europe due to the colder climate in the region, and also the
maximum size of hail is not as large as in Central Europe
(Punge and Kunz, 2016). Tuovinen et al. (2009) found that
in Finland there are on average 5 days every year when the
maximum diameter of hail exceeds 2 cm. During the
summer months (June to August) there are on average 4-5
thunderstorm days in Estonia each month (Enno et al.,
2013) and often thunderstorms are accompanied by hail.
But according to Tammets and Kallis (2008) the size of hailstones is usually less than 10 mm in Estonia and the hail
showers last for approximately 1-8 minutes.
Hail is associated with deep convection for which moisture
availability, conditional instability and lifting mechanisms
are necessary ingredients. For the formation of large hail a
very strong updraft is needed (Johns and Doswell, 1992).
The forecasting of hail is challenging. Detection and
nowcasting of hail can be achieved by using satellite (Cecil
and Blankenship, 2012) and radar measurements (e.g.,
Mason, 1971; Kunz and Kugel, 2015). In recent years polarimetric observables measured by dual polarization radars
have also been used to detect hail (e.g. Chandrasekar et al.,
2013; Ryzhkov et al., 2013). The detection of atmospheric
conditions prone to lead to large hail could be achieved by
evaluating values of different atmospheric parameters
important for the development of hail producing convection.
E.g. Groenemeijer and Van Delden (2007) showed that the
probability of large hail is greater the higher the CAPE index
and the stronger the wind shear. Tuovinen et al. (2015)
showed that the most-unstable mean CAPE is 1464 J/kg and
the mean 0-6 km wind shear is 17.5 m/s during hail storms
with hail diameter exceeding 5 cm in Finland.
On the 12th August 2015 large hail was registered in many
places in Estonia. Hailstone diameters of up to 40 mm were
observed and in some locations the ground was covered with
a white layer of hail (Figure 1). In many places the destructive
power of hail was so strong that it broke the windows and
glass panels of greenhouses (Figure 2). There was extensive
damage to many gardens and vehicles. The damage to some
vehicles was so severe that the owners were reimbursed the
entire purchase price by the insurance companies. Overall the
total costs of damages were estimated to be 53,000 euros.
However the extent of the damage was greater, because there
is no data concerning the damages to uninsured buildings in
the rural areas and thus many damages remain unrecorded.
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 Figure 1: Hail in Southern Estonia, 12.08.2015.

Figure 2: Broken windows in Tartumaa, 12.08.2015.

Weather conditions
The days leading up to this massive hail storm were
warm, clear-sky summer days with maximum 2mtemperatures as high as 28°C on the 10th of August. A
high pressure system moved from Scandinavia
towards Russia and the upper ridge of the high pressure system expanded over the Baltic States and
established a southwesterly airflow with significant
warm air advection from Central Europe.

airmass. The arrivival of the cold front and the low
level convergence ahead of it initiated the development of convection. At the same time the temperatures at 850 hPa reached 16°C and 2m-temperatures
reached 31.2°C on the mainland (Figure 4). The very
warm airmass in the lower levels was thus very unstable. Above it at mid and higher levels cold air advection had already started and this increased the
instability. The radio sounding from Tallinn Harku at

On the 12th August a centre of low pressure formed
over the Norwegian Sea. The low pressure centre
extended from the surface into the upper levels and
the whole system extended towards Scandinavia
(Figure 3).
Later in the afternoon a cold front moved across
Scandinavia and the Baltic Sea and arrived in the
Baltic States, followed by a significantly colder

 Figure 3: Surface analysis at 00UTC 12.08.2015.
Figure 4: 850hPa geopotential
and temperatur field 00UCT 12.08.2015.
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00UTC on the 12th August shows quite dry air in the
lower and upper troposphere and higher moisture
amount only in the mid-levels. Wind shear was up to
20 m/s in the 0-6 km layer favouring the development of intense convection (Figure 5). The vertical
profile forecast indicated increasing thermal instability from the ground up to nearly the 200hPa level with
cloud top temperature around -57°C.
The convection intensified by the evening, forming a
chain of cumulonimbus clouds stretching from Belarus to Lithuania and from Latvia towards Southern
Estonia (Figure 6). The process was supported by
violent ascending motions (Figure 7).
Figure 7: At 500 (green); temperature advection at 700hPa
(red: warm, bule: cold) and cyclonic vorticty advection
at 500 hPa (Yellow) from ECMWF model, overlaid
on Meteosat 10 IR 10.8µm image at 12UTC 12.08.2015.

 Figure 1: Souding Tallinn Harku at 00TUC 12.08.2015.
Vertical profile forecast by 12UTC 12.08.2015.

Figure 6: Day Microphysics (left); Airmass RGB (middle)
and Day-Night Microphysics (right- 16.15UTC 12.08.2015. 
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 Figure 8: CAPE (J/kg) in the left panel and 1000-500 hPa wind shear modulus (m/s) in the right panel at 15 UTC 12.08.2015.
 Figure 9: 2m dew point temperature (ºC) together
with the 10m wind vectors at 15 UTC 12.08.2015.

Model guidance
Weather forecasts issued by the Estonian Weather
Service rely heavily on the HIRLAM NWP model
output. Figures 8 and 9 are +15h HIRLAM forecasts
with initial time 00 UTC 12.08.2015. The simulated
CAPE values exceeded 1000 J/kg (maximum values
above 1400 J/kg) in a small area in Estonia and in
larger areas situated to the south and east of the
locations where the hail occurred (Figure 8). The
value of the 1000-500 hPa wind shear modulus was
about 18 m/s in Estonia (also Figure 8). There was
high humidity near the ground in Estonia with the the
2m dewpoint temperatures exceeding 18 ºC (Figure
9). The timing and location of the cold front was well
forecast, together with the low level convergence
ahead of the cold front (Figure 9). However, the onset
of convection was not simulated well in the area of
the hail occurrence. Based on the NWP output on
11th August, forecasts for thunderstorms with intensive rain were given for the next day. However, the
model output did not give sufficient confidence to
the forecasters to issue warnings for (large) hail.
Figure 10: Radar 0.5° PPI reflectivity (dBZ) in the left panel and
dual-polarimetric hydrometeor classification in the right panel
at 1615 UTC 12.08.2015.

Storm signatures on radar
The first signs of convective activity at multiple locations in the Estonian mainland area appeared on
the radar images between 1300 and 1330 UTC. By
1345 UTC hail was already detected (on the radar) in
the cores of two separate storm systems. To detect
hail the standard Vaisala hydrometeor classification
based on dual-polarmetric radar data was used. The
isolated convective cells continued growing and at
1400 UTC the first signs of convective line formation
could be detected from the radar data. A number of
single convective storm cells had merged to form a
squall line with a length of approximately 100 km
from Southern Estonia to NE Estonia by 1430 UTC. At
that time hail was observed from various places along
the line. The largest base level PPI (0.5°) reflectivities of
55 to 60 dBZ were recorded between 1500 – 1700 UTC
behind the squall line (Figure 10, left). This coincides
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well with the hail detection by radar, which showed
large areas hit by hail in Viljandi county from 1500 –
1530 UTC and in Tartu and Jõgeva county from 1600 –
1645 UTC (Figure 10, right). Ground observations
reporting large hailstones are also from these regions
and in the same time window.
A NW to SE RHI radar scan from 1540 UTC illustrates
the cross section of the storm (Figure 11). It can be
seen from the figure that the echo top of the cloud
reached the maximum height of 13 km and the highest reflectivities inside the cloud were up to 66.5 dBZ
which are both indicators of a severe convective storm.

Conclusions
Large hail is rare in Estonia and consequently it is
difficult to gain experience to forecast it. On
12.08.2015 hail was reported in many places in
Estonia, with the maximum hail diameter exceeding
an unprecedented 40 mm. The environmental conditions were favourable for the hail occurrence and this
was predicted by the NWP model, but the numerical
weather forecast did not predict the onset of convection in Estonia. A forecast of thunderstorms and
heavy rain was given by the weather service considering the high probability of growing instability (warm
air advection in the lower levels and cold air advection in the upper levels) and low level convergence.
The thunderstorm warning was given when rapid
convection started. The convective activity and the
growth of the convective storms was well observed
on the radar images. The maximum reflectivity
reached as high as 66.5 dBZ. The dual-polarimetric
hydrometeor classification indicated multiple hail
cases in the storm cells as well.
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 Figure 11: Radar RHI reflectivity (dBZ)
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Confidence in High-Resolution Models
Bernard Roulet, Meteo-France

Introduction
During the last ten years, high-resolution models have
become operational in most European National
Meteorological Centres. These models have changed
the nature of forecasting because they give realistic
details of meteorological features. It is not necessary
anymore for the forecasters to imagine small-scale
phenomena from the outputs of global models, but
part of the forecaster's job is now to validate, or not,
details given by high resolution models. To estimate
the confidence which can be granted to high resolution models, it is however advisable to know which
type of meteorological situation prevails. Three main
cases may be distinguished :
• No synoptic forcing.
• Synoptic forcing and mainly large-scale vertical
motion.
• Synoptic forcing and mainly deep convection and
therefore mesoscale features.

Example from June 9th, 2015. This was a typical flat
low situation with development of thunderstorms over
the mountains of south-eastern France during the
afternoon, extending to the neighbouring plains in the
evening.

These three types of situations are illustrated by examples. Note that the resolution of models in the examples provided is respectively 16 km for ECMWF (global
model, hydrostatic), 7.5 km for ARPEGE (hydrostatic)
and 1.3 km for AROME (local model, non-hydrostatic).

The main thunderstorms are clearly more realistic with
AROME compared to ARPEGE. In ARPEGE, deep
convection is parametrized so the result is large area
of rain (even when undermesh rain is detailed) which
is not realistic.

Case n°1 : Meteorological
situations without significant
synoptic forcing
This case includes anticyclonic winter situations with
problems of low cloud or fog, and flat lows in summer
with problems of localised deep convection.

 Figure 1.
Top left : 24 hour accumulated rain analysis
(radar and raingauges),
top right : 24 hour accumulated rain forecast
by AROME, bottom :
24 hour accumulated rain
forecast by ARPEGE
(left total rain,
right under-mesh rain)
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Case n°2: Meteorological situations
with synoptic forcing
and mainly stratiform rain
This case includes the majority of frontal passages,
as well as rain accumulation by orographic forcing.

Example of a narrow cold front band
A comparison between radar images and forecast
reflectivity by AROME shows the model’s ability in
forecasting realistic mesoscale features within large
synoptic features. Note that this example is not an
isolated case. During a whole winter, all forecasts of
narrow bands along cold fronts were almost exact. My
empirical explanation is that the synoptic forcing is preponderant and thus leaves few degrees of freedom to
the coupling model. That is why details given by high
resolution model are often relevant in such cases.

b

Example of orographic rain
A realistic representation of the relief is an essential
factor to forecast amounts of precipitation correctly,
especially in cases of stable precipitation and flow
perpendicular to relief. Considering the example of
the 24th of December 2013, stratiform rain lasted
almost 18 hours with mean intensity about 3 to
4 mm/h. The hills are modest and reach 387 metres
at the highest point, but strikingly influence the
amounts of precipitation : 20/30 mm measured on
the south-western coast and up to 80 mm on hills.

 Figures 2a and 2b : Radar image and forecast radar image
by AROME of the same frontal band.

a

Comparison between the rainfall amounts forecast
by ECMWF, ARP and AROME show an increase as
resolution improves. The rainfall forecast by AROME
is quite realistic.
 Figure 3a: Topography of Brittany with plotted 24 hour
rainfall accumulation (more than 70 mm shown in red)

Figures 3b-3c-3d : 24 hour rainfall accumulation forecast
by ECMWF (top) ARPEGE (middle) AROME (below) 
b
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Case n°3: Synoptic forcing
with mainly deep convection
In this kind of situation, deep convection frequently
becomes organized in mesoscale structures that
have a feedback and modify the synoptic scale. In
consequence, big differences can appear between a
global model’s solution and a coupled model’s solution, because the latter explicitly resolves deep
convection. These differences occur mainly in rainfall

patterns as well in the chronology of disturbances.
According to my experience, the advantage is almost
in favour of the mesoscale model.

Example of a squall line on the 31th
of August 2015
Notice the differences between ARPEGE and AROME
about the chronology of the squall line that crosses
southwest of France between 18Z and 20Z (figure
4).

Figure 4 : One hour forecast rainfall between 18Z and 20Z by ARPEGE (left) and AROME (right) 
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 Figure 5 : Forecast radar reflectivity by AROME at 18Z (bottom)
and radar reflectivity at 18Z (top)

Appropriate precautions
Of course, a forecast from high resolution model is
not always perfect. The main issues are variability
from run to run and false alarms.

b

Something often unknown by forecasters is that the
true resolution of the model (ie the details it can really describe) is often greater than its mesh size (due
for example to the numerical scheme used). Does a
1.3 km resolution mean that all details are true at
this scale? Of course not! However the communication of an NMS to public and authorities tends,
whether we intend it or not, to endorse the idea there
are no more forecasting problems or uncertainty. The
chaotic character of the atmosphere is not easy to
explain and meteorological science improves relatively slowly. I hope that NMSs will not make the
same communication mistake with future developments of numerical forecasts.

Conclusion
The front in ARPEGE is much slower than in AROME .
The explanation for this difference comes from the
fact that AROME more realistically forecasts the
dynamics of the phenomena with strong subsiding
motion behind the front, which accelerates the
system eastward. Figure 5 shows that the solution
from AROME is quite good in terms of chronology and
localisation of the squall line (at the end of the period, the model is even too fast).

In virtually every kind of situation, it is advisable to
favour the solution proposed by high resolution
model (see figure 6).
However, this kind of model must be used carefully
and requires expertise from a forecaster. And the
same conclusion applies to the next generation of
numerical forecasts with ensembles of high resolution models and nowcasting high resolution models.

 Figure 6: decision tree about high resolution model use.

Synoptic study
Synoptic forcing?

no

details likely
but not at model resolution

yes

mostly stratiform

mesoscale features
often accurate
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mostly convective

High resolution model often better than global model
mesoscale features ok careful with aerologic details

Encouraging Innovation
within Operational Meteorology
Nick Grahame, Becky Hemingway, Adam Burt, Katie Howard & Claire Danson Met Office, UK

Let’s start off with these definitions of ‘innovation’ or
change • Incremental’ which accounts of about 70% of innovation, is about making step changes to what already
exists
• Adjacent’ innovation projects which account for
about 20% of innovation – expand from existing business into new larger steps within the company, and
• Truly ‘Transformational’ innovation, otherwise
known as the blue sky stuff accounts for about 10%
of innovation.

Pockets of innovation exist naturally in any organisation and we wanted to create our own innovative area
within the operational side of the Met Office.

The aim was to provide a focal point to release potential, create an environment where innovation can
flourish, expand the boundaries, express freedom,
grow, knock down the barriers, take some risks and
see what happens. If things failed, then we would
learn from them rather than having a huge postmortem.
In the Met Office, we have many operational meteorologists who are not based in Exeter - we call them
the ‘frontline’ - and therefore needed to ensure that
they were given the same opportunity to contribute
remotely. We also wanted to invite those working in
other parts of the Met Office to share their ideas and
achieve a common goal of getting new developments
to our operational teams as quickly as possible.
Finally, we were keen to explore possibilities for
collaboration with others outside the Met Office.
So we set up an innovative selection process to
create a small team of people (known as the Innovation and Application or I/A team) to make things
happen. The team comprises of people from operational, scientific and technical backgrounds. Each
one of them will now tell you a bit about themselves
and what they’ve been involved in.....
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Becky Hemingway
Bringing the Frontline to the Forefront
The Met Office currently has around 185 operational
staff at 21 frontline defence stations in the UK and
another four abroad, as well as Met Office personnel
based at a number of other locations interacting
directly with customers. Coming from a scientific
background (where I research and develop weather
impact models in the Weather Impacts Team) I had
limited knowledge about the work done on the frontline but was eager and enthusiastic to learn more.
The frontline defence project was conceived with the
vision to break down the Exeter HQ vs. 'The Frontline'
culture and to get all meteorologists, no matter where
they are based, involved in innovative projects which
have the potential to help everyone in the organisation. The strategy was simple - keep the frontline
involved in all our team's activities, give each site an
Innovation Box and go visit them to understand how
they work and the challenges they face in their dayto-day work.
One of the first things I did in my I/A role was an
'Innovation and Application Open House.' Encouraging all meteorologists to comment on the way
things are done, what improvements could be made
or things they'd like to see to make their work lives
easier. Frontline sites were invited to email or phone
through ideas and a virtual post-it note board was
kept to keep all sites updated on all suggestions.
There was also a voting system for the proposed

Innovation boxes ready to be sent to the Frontline –
containing a Raspberry Pi kit and information booklet. 

 Innovation & Application staff with Frontline staff
going through their box.
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ideas to gauge which would be most beneficial to
work on first. The night was a success with over 50
individual ideas committed to post-it notes and a
positive reaction from the frontline.
The biggest part of the frontline defence project is the
Defence Tour, a tour to visit all frontline sites plus a
few other locations where Met Office personal are
based. The I/A team has currently visited 10 sites out
of 23 with plans in place to visit the rest in the near
future.
What has struck me the most during the visits is the
wide variety of activities done, not only at each site,
but also between sites. The breadth of work carried
out by all staff on a daily basis is extraordinary. It's
only by physically visiting the sites and talking to
staff that their tasks can be fully understood. During
the visits the I/A team has sat down with the staff on
shift asking them about their work including what
they find difficult, what products they'd like to see
and what they'd like from Exeter HQ.
Ideas from the Open House have been discussed
again helping the I/A team understand where to
focus efforts.
Though ensuring frontline site involvement in our all
activities, and by visiting off-site staff, the Exeter HQ
vs. 'The Frontline' culture is slowly beginning to break
down. There will always be challenges with people
based away from Exeter, however the I/A team
endeavour to minimise these allowing ideas to flow
freely around the organisation and to share knowledge.

Adam Burt “Less is more' - Le Corbusier
Our challenge was as follows - how do you simplify,
learning and technical barriers to inclusion in innovation, when your target audience of operational staff
are doing two if not three job roles, with Innovation
and Application being one of them?
Let’s break it down and solve it a piece at a time:
You are the manager of a small team of operational
meteorologists remote from our headquarters in Exeter.
How do you support and free up time for staff so that
they can get involved in non-operational activities? If
staff go off-site for training or to study, then finding
cover is a challenge. So you want to come up with
something that's non-invasive and can be used on-site,
to minimise impact on operational staffing. When it
comes to learning, flexible self-directed techniques
with an element of fun built in are very productive.
Next, we live in a technological age of connected
things, the Cloud, Open Data and Internet of Things
(IoT). To expand your digital knowledge and skills, you
do not always need the latest and greatest hardware
to achieve results. It's amazing what you can achieve
with the smallest of devices such as a Raspberry Pi.

 The Rt Hon Matt Hancock MP
at the Open Data Institute summit 2015.

We challenged our forecasting teams to develop a
specific prototype based around the use of live Open
Data and the Raspberry Pi. This meant that they could
work on the challenge without the need to touch any
operational kit. It also removed a lot of barriers. You
can learn and develop at your own pace and if everything goes badly wrong then you can just reformat the
Pi and start again. The other advantage is that someone can work on this at their frontline station and
share their knowledge with others locally or on the
community online forum which we set up with other
frontline stations.
METAR and TAF monitor – running on the Raspberry PI. 

In our I/A team, we have been working with limited
resources, which meant that we had to be creative in
our approach. We discovered the Raspberry Pi as a
relatively cheap option for developing prototypes. It’s
also represents an incredible learning platform from
both a software and hardware perspective !
Now we needed some data. We were inspired by the
UK Minister for the Cabinet Office - the Rt Hon Matt
Hancock MP - in his speech at the 2015 Open Data
Institute summit in London in October 2015...
“Because the truth is that civil servants want to be
entrepreneurial, they want to create; they want to find
better ways of doing things. And here’s the thing:
data means they can”
https://www.gov.uk/government/speeches/open-data-institutesummit-2015-matt-hancock-speech

 METAR and TAF
monitor – running
on the Raspberry PI.

Testing out 3rd party Open
Source software on the
Raspberry Pi. 

 Frontline meteorologist with the Raspberry Pi.
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Katie Howard
It’s Good to Talk!
Since August 2015 I have been a member of the I/A
team, which I have been able to integrate into my role
as an operational meteorologist. I have done a few
different jobs within the Met Office, working with
science and also the Met Office College to try and coordinate our training. These experiences have shown me
that there can be a disconnect between the tools and
techniques our meteorologists use and the science
that is being developed within the office. However I
feel that to forecast the weather to the best of our ability, cross-office collaboration and understanding is key.
Without this, meteorologists often feel frustrated that
our scientists develop new science and make tools
that are scientifically better, but can be more difficult,
confusing, or worse to use. One of the key aims of our
I/A team has been to increase communications and
understanding, so that any tools we develop are
simple to use and helpful to our operational staff.
As part of this we have introduced a scheme where the
I/A team host staff from other areas of the office in the
Ops centre in Exeter for a short period of time (1/2 day
to a day usually). During this time we give them space
to put up posters and arrange demos of their work,
shadow our meteorologists and get feedback on their
science through surveys or just a chat. Each day has
been tailored to the needs of the scientist being hosted, allowing them to gain specific information and
create links with relevant meteorologists. This has
been very successful, with all the scientists taking part
finding it hugely enjoyable, but also beneficial for their
work. It is also a way for our operational staff to take
part in some internal networking and find out more
about how other parts of the office work, which they
are often unable to do in their normal working day.
I have also spent a lot time creating links and
contacts in other areas of the Met Office, particularly
in Observations. They have been very interested in
our project supplying the Raspberry Pi to our nonExeter sites. We are currently talking to them about
utilising the Pi as a quick cheap, alternative observations system with a few modifications.
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We are also looking at how we use social media and
will be soon getting our Guidance Unit to interact
directly with Twitter to allow quick updates of relevant
information in hazardous weather situations. By
understanding how the Met Office works, utilising my
in-depth forecasting knowledge and creating links in
many departments I am able to link ideas together,
and get the right people working on our innovative
projects, to hopefully make all of our work easier!

Claire Danson
Why is Collaboration Important for Innovation?
“Alone we can do so little;
together we can do so much” - Helen Keller
Collaboration allows us to make the most of our learning and knowledge and the more diverse it is the
more potential it can have for innovation. Working
together teams can obtain greater resources and
increased productivity. Collaboration boosts aspirations, motivation, morale and resilience. The main
reason is that collaboration increases the chances of
connections or associations between ideas…resulting
in an innovation solution.
I currently have a dual role as a training coordinator
(based at RAF Lossiemouth in the north of Scotland)
and member of the I/A team.
During 2014 I did some research into Mountain Waves
and came across an article called “Bridging the Gap
Between Operations and Research to Improve Weather
Prediction in Mountainous Regions”. The article
described causes of the gap and ways to bring about
collaboration including some successful examples.
Inspired by this article I set out with one of my fellow
training coordinators to bring together Met Office staff
from operations and research. We called the event an
“Ops/Science Seminar” and it was run in Aberdeen in
December 2014. We decided to focus on marine and
mountain weather as this was significant to the
Scottish based operational meteorologists.
The event was well attended and generated lots of
ideas for similar initiatives to increase collaboration
between research and operational meteorologists.
Since then further seminars have been held across
the UK covering different subjects and with an ever
increasing attendance from scientists.
We are now planning a new seminar that will bring
together staff from Observations as well as Science
and operational meteorology. Innovation is a key
theme this time but as before the focus will be on
improving forecasts by working together across all our
disciplines.

One of the suggestions from the initial seminar was to
set up collaboration meetings which now take place
by telephone and video conference every month.
These meetings encourage frontline meteorologists to
present case studies of model performance, local
effects or high impact events to scientists and our
leading operational meteorologists. The aim is to
share knowledge and increase understanding to
improve forecasts.
There are many other things the team are trying to
increase collaboration but it is great to see our culture
is already shifting. Some of the events are already
becoming “business as usual” but there is always
more we can do. Breaking down perceptions and
barriers are key so challenging everyone to work with
colleagues from different areas at every opportunity is
our mission.
“If you look at history, innovation doesn't come just
from giving people incentives; it comes from creating
environments where their ideas can connect.” Steven Johnson
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