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I ntroduction
Dear Colleagues,
I have great pleasure in introducing the 19th edition of 'The European Forecaster'. Once more we present a
range of articles which are both topical and interesting, particularly to operational meteorologists.
Alongside case studies of recent severe weather and forecasting techniques, we also look at some of the
fundamental issues in forecasting, confirming our view that we are privileged to work in a profession which
demands a unique combination of skills: both physical and social sciences along with communication techniques and understanding of the latest technology.
The winter of 2013-2014 was an unusually stormy one across northern Europe. Here in the UK, for example,
we were battered by a rapid succession of windstorms and flood events between November and February. I
am pleased to report that WGCEF members looked beyond their own nations, and took the opportunity to
share data and opinions on the storms with colleagues in other NMSs. We also witnessed an increasing
trend in some circles, especially the media, to 'name' each storm, as one might a tropical cyclone. This
approach has some advantages, potentially increasing the reach and understanding of our warnings. But
many NMSs subsequently felt that the lack of consistency and control over naming across Europe might
instead lead to confusion. WGCEF members, at the behest of our parent organisation EUMETNET, are leading on an investigation into whether some consensus and common methodology might be found to name
storms. This might initially seem a rather trivial matter, but it highlights the importance of communication
in modern weather forecasting; we are nothing if our messages are not understood.
During the winter, it seemed as if weather records were being broken and headlines being made on a daily
basis across Europe. Part of this perception is undoubtedly a consequence to our increased awareness of,
and sensitivity to, the weather these days. But I suspect there is a sense in which 'extreme' weather is
becoming more frequent, and this of course is one of the main predictions of climate change forecasts, as
highlighted by the latest IPCC reports. Following severe weather, forecasters are often asked ‘Is this Global
Warming?’ This naturally pushes us out of our comfort zone of conventional short-range meteorology into
less familiar territory. But we owe it to ourselves and our users to be able to understand and communicate
the key issues of longer range forecasting and the science of climate change. These arguments must
become part of the standard repertoire of knowledge for forecasters everywhere, and as natural communicators, we are better placed than most to present them to our customers, governments and the public.
As ever, we are indebted to Meteo-France for their continued support in publishing ‘The European
Forecaster’. I hope this edition makes it way into forecasting offices across Europe, and stimulates some
interesting discussions. We continue to look to draw membership from all European NMSs. If your organisation is not currently represented, please get in touch. We’d be delighted to welcome you to the WGCEF.

Will Lang
WGCEF Chair
May 2014
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Minutes of the 19th WGCEF 2013 Annual Meeting
Luxembourg, 4th October 2013

Members Present:
Will Lang (UK, Chair), Evelyn Cusack (Ireland, Vice-Chair)
Klaus Baenke (Germany), Brice Biere (Luxembourg), Christian Csekits (Austria), Jos
Diepeveen (Netherlands), Karen-Helen Doublet (Norway), Tessy Eiffener (Luxemburg),
Panos Giannopoulos (Greece), Frank Kroonerberg (Netherlands), André-Charles Letestu
(Switzerland), Natasa Strelec Mahovic (Croatia), Janez Markosek (Slovenia), Jean
Néméghaire (Belgium), Taimi Paljak (Estonia), Antti Pelkonen (Finland), Vida Raliene
(Lithuania), Bernard Roulet (France), Knud Jacob Simonsen (Denmark)

Apologies were recevied from Lola Olmeda (Spain),
Andris Viksna (Latvia) and Alessandro Fuccello
(Italy). Dr Helge Knut (Norway) joined us as an
observer. Mr Dick Blaauboer (EUMETNET Forecasting
Programme) also joined us as an observer and gave
a presentation.

Chairperson's Introduction
The chairman, Dr Will Lang, opened the meeting by
welcoming everyone and thanking MeteoLux for hosting this 2013 meeting. Will noted that an impressive
18 countries were represented at the current meeting.
The agenda was agreed, and minutes from the Vilinus
2012 meeting were judged to have been completed.
6
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He invited Ms Martina Reckwerth, Acting Head of
Meteolux, to tell us about the Luxembourg National
Met Service and some of its activities.
Martina welcomed the group to Luxembourg and
hoped that we would have a sucessful meeting. She
described the Luxembourg Met Service and her full
presentation is attached. As in all NMSs the full-time
observers are being phased out and now all new forecasters will also be observers on their shift in the
Airport. Meteolux has 9 full-time and 2 part-time forecasters. There are 5 consultant meteorologists of
which 2 are in climatology and 3 in forecasting.

Chairperson's report.
1) Will opened with a brief description of the significant weather across Britain/Europe since our last
meeting and the fact that many times through the
year the weather was the leading story in all media.

developments at their organisation during the last
year. He said that this was the part of our annual
meetings he most looked forward to and personally
found the most interesting and useful.

Round Table Update
(in the consecutive order of where people were sitting).

Spring 2013 in Europe saw our normal weather
pattern reversed with a blocking high making it one
of the driest springs on record in northwest Europe
(this would have a significant effect on growth).
March had plenty of snow in NW Europe and blizzard
conditions in France. May was very warm in
Scandinavia and very cold in Spain.
June: Central Europe had the worst flooding in living
memory from continuous heavy rain and the Danube
in particular bursting its banks in several locations.
Will pointed out that on the positive meteorological
side the rain etc was well forecast and there was
considerable cross-border cooperation between the
relevant NMSs’.
July: A heat-wave at last after six consecutive
cold/wet summers for Ireland/Britain/Low
Countries/France......(three years too late for the UK
‘media’ BarBQ summer!).
2) Will thanked Alessandro for initiating ‘crossborder’ discussions within this group and urged us to
think about how we could effect (day to day) realtime communication between bench forecasters. This
would benefit the forecasters, the forecasts and the
citizens whom we serve.
3) Will looked forward to Mr Dick Blaauboer’s
presentation in the afternoon. He briefly summarised
the main merits of WGCEF joining EUMETNET. Our
main contribution would be to offer our knowledge
and expertise as forecasters as the authoritive voice
of forecasting in Europe.
4) Climate Science is a very important field of meteorology not only for mankind but for the possible
future of planet Earth itself. Will urged forecasters to
read and understand the IPCC (summary) reports and
suggestions. He said we have a responsibility to brief
ourselves and to be able to discuss climate science
in the media and to understand the possible impacts
of anthropogenic climate change. (Since the recession it has slipped from being the media hot topic
but has not lost its importance).
Will then invited each participant, as has become
usual at our meetings, to briefly summarise any key

Ireland (Evelyn)
• Met Eireann and its forecasters have been plagued
by media reporting of spurious seasonal forecasts by
‘weather gurus’. Unfortunately one of them had said,
inter alia, there was going to be a heat wave this summer and now that is all that is being reported....now
general perception is Met É can’t do seasonal forecasting but he can!
• September 2013, Met Éireann published a major
study on the future of Ireland's climate - "Ireland's
climate: the road ahead".
• A large interdepartmental group is currently developing a password controlled
website for the
delivery of tailored met
Germany (Klaus)
• Reduction in staff numbers continues
Lithuania (Vida)
• Creation of advanced electronic services to enable
receiving online customer services of the
Lithunanian NWS under Ministry of Environment.
This is expected to renew their workstation.
• Have completed a project to advertise and promote the LMHS web site www.meteo.lt
• LMHS held two international training events:
1) NOMEK .....for Nordic countries
2) Satrep for Baltic countries
Estonia (Taimi)
• Estonian Met is investing in new workstations at
the end of the year and Taimi looked for suggestions/input based on forecasters’ experience.
• They do not have sufficient numbers/two inexperienced young forecasters on radio/TV on Monday &
Tuesday explaining the weather.
Denmark (Simon)
• Airspace between Sweden and Denmark has
joined together. This has reduced Aviation forecasting staff by 15%.
• Problems in Denmark with independent companies producing forecasts.
• Only one third of income by 2020 will come from
Government; two thirds must come from commercial
interests. Very challenging for DMI.
The European Forecaster
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Finland (Antti)
• FMI has implemented an open data policy.
• There has been considerable work undertaken on
forecaster competencies.
Croatia (Natasa)
• Serious problems with false warnings from amateur ‘forecasters’ and unfortunately the media are
broadcasting these erroneous ‘warnings’.

• Three red alerts this year: Blizzard in Normandy/
Avalanche in Pyrenees/Flooding in Pyrenees.
Switzerland (André-Charles)
• Two new radars have been established in
Switzerland to cover some of the valleys/should be
an enormous aid in forecasting oreographic ppt.
• Three Departments: Hydrology/Weather/Snow.
• One million downloading for weather app.

• Down 3 forecasters so very tight scheduling for rosters etc. However at least one maternity leave has
been covered.

• Free data policy to be implemented in 2016

Austria (Christian)
• ZAMG now has 7 different visual weather systems.
Need to streamline!ware, in addition to the Finnish
HIRLAM model.

• Forecasters move to Zurich in centralisation/do 28
TAFS.

• New forecasters only get a contract for 2 years and
must spend 1 year in research.
• Only 1 forecaster for all of Austria at night.
• Interesting weather in Austria in 2013: Broke snow
records/even Vienna had 2m snow/6 Mediterranean
lows..............Driest summer on record/no ppt in
July/first 40degC.
UK (Will)
• Embedded advisor positions established which
forecasters give tailored advice to commercial customers.
Luxembourg (Brice)
• Changed name to Meteolux and hosted a large
conference on Meteorology and thus became more
visible to the pubic and international meteorological
community.
• Have started WMO competency in Aviation/single
European Sky
• Have just implemented new model/ the German
FeWis system.

• TWMO accessement implemented for forecasters/observers.

Greece (Panos)
• COSMO project
• Some new people from the army have become
forecasters.
Norway (Karen-Helen)
• New model EROM/updated 4 times a day
• Meteorologists add value by editing winds.
• Ability of forecasters to comment on their forecasts/use Twitter/geolocated/interesting new way
to comment to public.
• All forecasters are educated in Climate Change
(see will’s intro...Evelyn)
Belgium (Jean)
• RMI celebrated its 100th anniversary this year
(2013)
• New radar has been installed at Jabekecies.
• There continues to be increasing emphasis on
nowcasting and are now delivering nowcasting
warnings/WV to detect/notice developing CBs.
• Developing GPS network in Belgium.

Netherlands (Frank)
• Public debate about privatising KNMI eagerly promoted by private companies....but the private companies did not succeed.

• Starting LIDARs/4 planned for Belgium

• KMNI have to submit to tender from Government.

Newsletter

• Discussion is ongoing on the future of KNMI’s aeronautical services, but they are likely to keep them for
at least 4-5 years.
France (Bernard)
• Thanks to DWD for ensemble use
• New supercomputer to be set up between
September 2013 and March 2014. Ranking 54 in top
500 in world/will be upgraded in 2016.
8
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• Multimodel ensemble/probability forecasts/
GLAMEPS.

Bernard apologised to the group that the printed
version of the newsletter was inadvertently delayed
and was happy to report that the hard-copies were on
the way.
All group members expressed their sincere appreciation for all the work done by Bernard, Will and Meteo
France in producing the 18th edition of the WGCEF

Alessando’s suggestion from last year was revisited ie
that the site could become a forum for 'real-time' case
studies, and the group once again agreed to try using
the site for this purpose. The links to other sites and
the maps were examined and discussed.

and Nowcasting Tools for Convective Event Forecasts
Jos Diepeveen (KNMI, Netherlands) – Tricky Winter
Weather Situations
Antii Pelkonnen (FMI, Finland) – Developing
Forecaster Competences: The FMI TopMet Programme
Bernard Roulet (Meteo France) – PCMT New
Parametrization of Convection
Tessy Eiffener (MeteoLux, Luxembourg) - Case Study
of the Advantages of Non-Hydrostatic vs Hydrostatic
Model
Panos Giannopoulos (HNMS, Greece) Communication of Daily and Seasonal Forecasts in
Greece
Christian Csekits (ZAMG, Austria) – The Importance of
Conceptual Models in Forecasting Severe Weather

Andre-Charles was thanked for his efforts and enthusiasm in maintaining the website.

Frank Kroonenberg (KNMI, Netherlands) – Forecasting
Tools Made by Forecasters

Eumetnet Proposals

Date and Place of Next Meeting

Will explained the background to the proposal for the
group to officially become a Eumetnet Working Group
and formally welcomed Dick to our meeting who then
gave a very interesting and comprehensive overview
of EUMETNET and outlined the role of WGCEF as an
official working group for a trial period of two years.

André-Charles on behalf of MeteoSuiss has kindly
offered to host the 2014 meeting in Geneva (either
the 3rd or the 10th October depending on the EUMETSAT meeting).

newsletter. Bernard confirmed that Meteo France
would continue to publish the newsletter on behalf of
the group. This offer of continued support was warmly
accepted.

Website (www.euroforecaster.org)
The main item this year was choosing the new logo.
Will thanked Brice’s wife for designing three possible
options and the group adopted Logo 2 and 3.

Group Membership
• Like last year we had a brief discussion about
expanding the WGCEF membership. Our aim is to get
each nation to join the group and in as far as possible
to participate in the annual meetings. Will and Evelyn
agreed to continue the effort to make contact. In
particular Iceland was mentioned by Evelyn, and Will
wondered should we ask The Channel Islands and The
Isle of Man to send a representative to a meeting. We
hope to progress on this during the coming year.
• Evelyn also agreed to try and re-establish contact
with the quieter members of the group.
• Will spoke about his efforts to create a WGCEF group
on Linkedin and all agreed it would be worthwhile.
• Frank posed the question ‘would we like/consider
using commercials on our site? There was a unanimous reply in the negative.

Presentations 2013
Klaus Baehnke (DWD, Germany) – Flooding in
Germany in June 2013
Jean Nemeghaire (RMIB, Belgium) – On a Potential
Use of Conceptual Models Combined with NWP Data

Christian suggested that the meeting be held on Day
1 afternoon, Evening discussions at dinner and Day 2
morning. This suggestion was enthusiastically greeted
and the meeting voted to consider this proposal in a
very favourable light.

Topics for Next Meeting
The time ran out and we were unable to give this serious consideration so the group agreed to conduct the
discussion of possible topics for 2014 via email and
the website.

Close of the Meeting
The Chair and Vice-Chair once more thanked Meteolux
and also thanked the group members for their participation at the meeting. They then wished all present
good luck in both forecasting and weather in the
coming year and brought the 2013 meeting to a close.
The general feeling was that we had another excellent
meeting with plenty of food for thought and plenty of
new ideas to take home. Well done comrades in meteorology!

The European Forecaster
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The Weather Forecaster as an ‘Intuitive Statistician’
Anders Persson, Swedish Meteorological Society, Sweden

Introduction
In May 2011, as I was about to retire, Erik
Andersson, Head of the ECMWF Meteorological
Division, wanted me to re-write their User Guide.
Instead of the customary two-thirds of its content
devoted to the excellent ECMWF forecast system
and only one-third about how to make the best use
of its products, he wanted the reverse.
This challenge forced me to really take on the question I had been pondering since the start of my
meteorological career more than 40 years before:
“What does a good weather forecaster do?”
During the work it become gradually clear to me
that skilful weather forecasters must not only have
a good grasp of the physics and dynamics of the
atmosphere, numerical models and ensemble
system, but must also have the ability to quickly
draw conclusions from a wide selection of, often
contradictory, information, an ability which is in
the literature referred to as ‘intuitive statistical
thinking’.
I will illustrate this with a common weather situation: the drop in wintertime temperature after the
lifting of low clouds.

An Illustrative Example –
the Dispersion of Stratus
Consider the following forecast: ‘The 2 metre
temperature of +3°C with low stratus will drop to 5°C if the clouds disperse.’ If this is predicted by a
computer, the human forecasters might be challenged to justify their existence by ‘adding value’,
i.e improving on the computer’s deterministic forecast.
It is not a trivial matter to calculate the accumulated effects of radiative cooling (depending on time
of day and year, moisture and stratification), heating from the ground, the effect of wind shear and
turbulence etc plus knowing to what degree these
phenomena are already well described by the
10 The European Forecaster

model. With this challenge the forecasters are, in
my view, lured into competing with the deterministic NWP on its own conditions.
But improving on the deterministic NWP is not the
only way the forecasters can modify the -5°C forecast. They can for example express doubts that the
clouds will disperse at all!
Assume that they arrive to the conclusion that the
clouds are slightly more likely to stay than to
disperse. If they can roughly quantify their judgement into a probability of 40% for clearing and
60% for remaining overcast, the ‘best’ all purpose
temperature forecast is neither +3°C or -5°C but the
weighted average ±0°C.
But the forecasters can do more. They know that
the public generally is more sensitive to a drop in
the temperature than it remaining unchanged.
Consequently, if they are wrong, it is for most
purposes better to be on the cold side than on the
mild. This insight might make the forecasters tweet
the forecast to -1°C or even -2°C.
But of course the best solution is to be able to tell
the clients in probabilistic terms that although it is
most likely (60%) that the clouds will stay with
+3°C there is a substantial possibility (40%) they
will break up and lead to a temperature drop to 5°C.
These three different deliberations are made, not
on a physical but on a statistical basis.
a) The ±0°C forecast was made to minimize the
expected statistical error and the general ‘pain’ the
public would suffer. This assumes a symmetric
penalty function, that errors in the positive direction are as bad or harmful as those in the negative
direction.
b) The -1°C or -2°C forecasts, however, assume an
asymmetric penalty function where a positive error
(forecast is too warm) is deemed as being more
harmful than a negative error (forecast is too cold).
Note that all these three forecasts ±0°C , -1°C or -

2°C will probably not occur and if they do, only for a
few minutes in case of a clearing. Still they are ‘the
best’.
c) Finally, to express uncertainty verbally or numerically (though explicit use of probabilities) really
demands that forecasters are more open and
developed in their use of statistics, and their
understanding of these methods becomes more
crucial.
When the forecasters make these deliberations
they might take a lot of information into consideration, such as deterministic forecasts from more
than one model, ensemble systems, statistical
interpretation schemes etc. For short range forecasts they might also have to consider newly
arrived information from observing stations, satellite and radar. Add to this ideas and suggestions
from the forecasting team as a whole.
The final forecasts are less products of physical
insights as of an intuitive, ad hoc weighting together of often contradictory information where the
forecasters act like ‘intuitive statisticians’ without
being really aware of it.

Statistics – the Science
of Uncertainty
That weather forecasters act like ‘intuitive statisticians’ should not come as a surprise. Weather forecasting has been non-perfect since its start 150
years ago. The interesting thing is why this has to
be stressed. Perhaps their one-sided deterministic
Newtonian physical education is to blame.
1. Weather forecasting is intrinsically a statistical,
or rather probabilistic problem. Prior to Edward
Lorenz’s discovery of the ‘Butterfly Effect’ there was
among meteorologists only a qualitative understanding of the role small changes in the initial
conditions could affect forecasts.
2. To quantify and communicate this uncertainty
increases the value of the forecasts. This has been
known since the early 20th century when Cleveland
Abbe in the US and later Anders Ångström in
Sweden promoted probability forecasting. What
has muddied the water was the erroneous percep-

tion that probabilities or uncertainty information
served to ‘cover the backs’ of the forecasters.
3. Indeed, it is in uncertain weather situations that
the forecasters really have a chance to show their
skill. Experience shows that it is when the forecasters communicate their uncertainty in an active,
clever way that they get appreciation from the
public. The ability to turn a potential weakness,
non-perfect and uncertain forecasts, into an advantage could be more explored by weather forecasters.
The main political or psychological conceptual
problem is not that ‘probabilities are difficult to
understand’ but that many users of weather forecasts want them in a deterministic, categorical
form. This essentially means that the forecasters
make the decisions for them, thus relieving them
from any controversial responsibility for ‘wrong’
decisions1.
This is, fortunately or unfortunately, not only a
problem in weather forecasting but in all straights
of life, according a wide range of current literature.
They are aimed at economists, medical doctors,
politicians, military commanders etc all involved in
decision making under uncertainty. Among these
Daniel Kahneman’s bestseller ‘Thinking Fast and
Slow’ stands out. It is not only written by a Nobel
Prize Laureate, it is also a good read. He presents a
number of case studies which, although not of
meteorological nature, still can be ‘translated’ into
meteorology.
His discussion on ‘fast’ and ‘slow’ thinking (System
1 and System 2) explains, at least to me, why a lot
of the meteorological educational activities I have
been involved in or subjected to, don’t seem to
have left much impression in the operational activity. Perhaps this is because most of the teaching
has been designed to serve our ‘slow’ system 2 (to
pass exams and conduct scientific investigations)
and not so much the ‘fast’ System1 (quick decision
making in the heat of operational duties).

The Problem with Probabilities
Any teaching of uncertainty has to involve the
concept of probability. The problem here is that it

1. Specialist meteorologists, such as military or marine weather forecasters, know their customers sufficiently well to be able to essentially make the decisions for them by presenting their forecasts in a confident deterministic way.
The European Forecaster
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emerged quite late in the human history (in
gambling in the 16 th century, in science around
1800). Then there are at least three different types
of probabilities:
a) the classical, for example the chance of getting a
tail when tossing a coin or a ‘6’ when tossing a die
b) the frequentist, for example the number of rainy
days over 30 years which define the probability of
rain for a certain location
c) the subjective or Bayesian probability where we
try to estimate the chance that our football team
will win, being 2-1 down with 15 minutes remaining.
We will meet all three categories in weather forecasting; in particular the Bayesian varity since
purely subjectively estimated probabilities as well
as those from the ensemble system belong to this
group. Probabilities from MOS (Model Output
Statistics) belong to the frequentist category since
they are based on observed relations between past
forecasts and verifications. Knowledge about the
classical definition is useful when we want to
understand the problems with combining or splitting up probabilities.

A Five-point
Programme
Having identified weather forecasters as ‘intuitive
statisticians’ allows us to translate the advice given
in the above mentioned literature into forecasting
meteorology, formulated as a five point
programme:

a) Conclusions from too small samples. Commonly
three months of NWP output (ran twice a day yielding 180 forecasts) is regarded as an adequate
sample size. But this is only true if the forecasts are
mutually independent. The nature of data assimilation, using a “first guess” then only partly modified
by observation, creates dependence between
successive analyses and thereby forecasts. To minimize this dependence one might select only every
5 th NWP run. In other words, results from a 180
case sample is as representative as one of a 36
case sample.
b) The confirmation bias: There is a human tendency to look only for arguments which support one’s
opinion. It is of course equally important to search
for contradictory arguments. Another human weakness is to become more stubborn when challenged
by counter arguments, when the most logical reaction would be to hold on to the opinion, but
increase one’s uncertainty about its validity.
c) The selection bias: Another common error is to
terminate an investigation, for example concerning
the quality of two different forecast methods, when
the results seem to confirm the ‘desired’ conclusion. A similar error is to discard ‘bad’ data or
‘outliers’ too superficially.
d) Lack of knowledge: If you have never heard
about tsunamis you confidently stay on the beach
when the sea water is rapidly receding. If you are
not aware of the existence of katabatic winds in
mountains you might underestimate the chances of
strong winds during a high pressure regime. Not
knowing that the Coriolis Effect also has a strong
impact on sea breezes will affect your sailing forecast.

1. Combat over-confidence
2. Do not underestimate the power of randomness
3. Pitfalls estimating probabilities
4. How to present probabilities
5. How to make decisions from probabilities
For each section and sub-section a brief introduction from the non-meteorological world will be
followed by examples from operational weather
forecasting.

Combat overconfidence
Over-confidence is a global human phenomenon or
weakness. It stems mainly from
12 The European Forecaster

e) Lack of imagination: The ‘normalcy bias’
assumes that since a certain type of events has not
happened before, it will not happen in the future
either. The atmosphere normally behaves in a
‘familiar fashion’, but the exceptions are numerous. The ensemble forecasts are not able to
include all possible synoptic scenarios. Because of
the limited number (N) of members, a fraction 2/N
of verifying observations has to be outside the
spread.
Our quest for certainty, leading to over-confidence,
also makes us underestimate the power of purely
random effects.

Do not underestimate the power
of randomness

days in the extended 15 day epsgrams: a smooth
gravitation back towards the (model) climate.

Randomness is often seen as something rather
harmless, some ‘noise’ that will even out in the
long term. As will be shown below, random effects
can in meteorology yield quite convincing patterns
and spurious correlations. In meteorology we
encounter the power of randomness in at least five
situations:

e) Other biases: The ‘publication bias’, also called
‘the desk drawer effect’, occurs when negative
results are not publicised. This increases the risk
that positive results, arrived to by pure luck, are
accepted. When other scientists try to confirm the
result and fail, they might wrongly suspect manipulation or fraud. The Slutsky-Yule Effect creates
convincing, but spurious periodic variations in time
series when subjected to running averages.

a) Conclusions based on too few samples: False
regularities will of course more easily appear in a
small data sample. Since our memory is short we
tend to remember weather cases only a few weeks
back, during which time false regularities or apparent systematic errors might easily appear.
b) Conditional sampling: If we evaluate the forecasts with respect to predicted anomalies, such as
heavy rain, cut-offs west of Portugal or tropical
cyclones we will notice an increasing degree of
over-forecasting with increasing lead time. This
does not necessarily constitute any systematic
error but non-systematic errors due to the lack of
predictive skill. If we on the other hand evaluate
the forecasts after occurred anomalies, the opposite will appear to be true: an apparent increasing
under-forecasting with lead time. Only if the
number of forecast and observed anomalies over a
specific time period differ in number (irrespective if
they verified or not) does this indicate a model
systematic error.
c) The regression to the Mean Effect: This powerful
statistical artefact, discovered by the British 19th
century scientist Francis Galton, causes misinterpretation of verification statistics during persistent
anomalous periods. With increasing lead time the
forecasts’ skill decreases and the forecasts start to
scatter more and more around the climatological
mean. This is reflected in an increasing mean error
which might be mistaken for a model drift.
d) The helpful Regression to the Mean Effect: In
cases of large uncertainties a forecast based on
climatological averages can serve as a default. This
is what aviation forecasters make use of in their 2hour TREND forecasts when some extreme weather
has unexpectedly appeared at the airport. So do
medium range forecasters when faced with an
extreme development in the ECMWF deterministic
forecast beyond the first 3-4 days. So does the
ensemble system in particular during the last 5-8

These two sections have pointed out two main
sources of misjudgement of probabilities: overconfidence and underestimating the power of
randomness. These two also figure among numerous other pitfalls when estimating probabilities.

Possible pitfalls trying to estimate
probabilities
a) The halo effect: We encounter the ‘halo effect’
when a certain NWP model for non-rational reasons
is given unduly high weight. Before ECMWF came
into being weather forecasters in Norway tended to
favour the American model, the Danish forecasters
the British and the Finnish forecasters the German
model, apparently echoing their countries’ allegiances during the Second World War.
Consequently forecasters at SMHI, in ‘neutral
Sweden’, looked keenly at all three models.
b) The primacy effect: The order under which information arrives might have impact on the user. If
output from model A arrived earlier than from
model B of equal quality, the forecasters would put
more weight to A than B. See also the ‘confirmation
bias’ above.
c) The availability error: Verifications of manual
thunderstorm predictions show that the +24 hour
forecasts are better than the +12 hour ones,
counter to what could be expected. When the +24
hour forecast is made in the afternoon, for the next
day’s afternoon, the daily cycle makes local thunderstorms ‘available’ on the maps or radar screens.
In the morning, 12 hours later, there are rarely
thunderstorms ‘available’ when the +12 h thunderstorm forecasts are made, just mist or perhaps fog
patches.
d) The mean and the variance: Although the
ECMWF model, presently at least, is ‘the best’ globThe European Forecaster
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al NWP model statistically, doesn’t mean that it is
‘the best’ every day. The day-to-day variation in
skill is much larger than the average difference of
the mean skill of other global models. An optimal
approach is therefore to consider all NWP models.
e) Correlation between models: The heuristic
weight we might put on the NWP models should
not only depend on their average skill but also on
similarities in their characteristics reflected in their
mutual error correlation. Assume for the sake of
discussion that the ECMWF operational model, its
EPS Control and the UK Met Office global model are
equally skilful. This would still motivate a weight >
33% on the UK model and < 33% for each of the EC
models, since they are more similar than each of
them with the UK model.
f) The representativity error: It is a common human
mistake to confuse what is ‘probable’ with what is
‘typical’. In a lottery it is a common mistake to
believe that a sequence 853347 is more random
and more likely to win than the sequence 111111
just because the former looks more random. The
representative error might partly explain why meteorologists tend to favour detailed high-resolution
NWP forecasts with realistic looking but unreliable
details than forecasts where these details have
been smoothed out or removed. The latter will no
longer look like ‘typical’ images of the atmospheric
flow pattern.
g) Consistency and forecast skill: We tend to trust a
person who doesn’t change his mind too often, but
is ‘consistent’. This does not apply to NWP where
the correlation between the spread between
consecutive forecasts and skill of the most recent
forecast is small if not zero. Any connection ought
to be between the spread and the mean of the forecasts.
h) The outcome, memory or hindsight bias: These
artefacts reflect the unconscious selection of information, either because it is very recent or because
knowledge about the final outcome would favour
information that supports this development. After
an unexpected storm it is of course easy to find
exactly those pieces of evidence (an isolated
observation, an individual forecast or an odd
ensemble member) that would indicate that the
storm would develop.
i) The bandwagon effect: The tendency to do or
believe things because many other people do or
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believe the same. This is important at weather
conferences where a minority view might not
change the deterministic part of the forecast but
modify its probabilistic part.
j) Deceptive consistency: In cases where the last
three deterministic forecasts are ‘jumpy’ we tend to
trust a sequence where the last two agree rather
than a sequence where the first and the last agree,
but the one in between differ (‘flip-flop’). But that
that is to ignore the importance of their mutual
correlation. If two persons have the same opinion
we regard it as more significant if they do not know
each other than if they are twins. The first forecast
might be the on average least skilful but on the
other hand less correlated with the most recent.
Their agreement therefore carries more weight than
the agreement between the two consecutive forecasts.
The role of the ‘intuitively statistical forecasters’
could very well end here. But their skill is also
needed to communicate their results.

Communicating probabilities
The best indication that probability information has
been understood by the receivers is that right
conclusions have been drawn.
a) Odds, intervals or verbal communication? It is
not of paramount importance how the probability is
communicated (numerically or verbally) as long as
the right action is taken. Using odds, like ‘4 to 1’
instead of 20% will be understood by people who
are regular gamblers. Intervals implicitly suggesting probabilities of 50-80% that the truth will lie
within the interval are also suitable.
b) Temporal and/or spatial intervals? On a more
basic level it must be known if the probability
refers to the chance that a certain point will be
affected during a time interval, or at a specific time
the chance that some point in an area will be
affected? Or a combination of both? Studies have
shown, although not conclusively, that laymen
grasp a 20% probability better if it is expressed in
words like ‘in ten cases similar to the one we have
now, rain will follow in two cases’.
c) The 50% probability problem: The 50% probability is often misinterpreted as complete ignorance,
but is only so in the case of tossing a coin where
the probabilities of either outcome is 50%. A 50%

probability for snowfall in Barcelona or for 26°C in
Reykjavik would not be a trivial forecast.

sibility for their decisions, and then perhaps also
the blame if something goes wrong.

d) Total uncertainty: In case of total uncertainty the
probabilities should coincide with the climatological averages. Normally this only applies for longer
lead times when the predictability has decreased
to zero, but it might of course in rare cases also
signify shorter forecasts. It can be shown both
mathematically and practically that it is optimal for
any user to be told about total uncertainty rather
than to be given a deterministic forecast which
would be no better than a pure guess, for example
from the last deterministic forecast from the stateof-art NWP model.

But even if we restrict ourselves to monetary values
it is important to realise that the commonly taught
‘cost-loss’ model for decision making is just the
first approximation. Its says that if a loss L is likely
with a p% probability then a cost of c < pL is well
spent. But does it work in the following case?
-Would the reader participate in a ( free) lottery
where there is a 80% chance of winning 1000
euros or be given 700 euros straight in the hands?

e) The popularity or optimism bias: In a quest to
remain popular with the audience the forecasters
cannot always resist the temptation to “look on the
bright side”, i.e. exaggerate the probabilities for
favourable or popular weather.

According to the ‘cost-loss’ reasoning the expected
outcome of the first choice is 100 euros larger than
the second. But even professors in mathematical
statistics would have taken the second choice – if it
had been an isolated opportunity. If it is repeated,
as a way to pay your salary, the first choice is optimal.

f) The framing effect: When a major city council
once was warned about a 20% probability for
severe thunderstorms not much was done, in
contrast to when they heard that there was a 70%
probability for the same extreme weather somewhere in the region. If the climatological probability is 2% then the forecast probability 20% can be
presented as something ‘10 times more probable
than normal’.

According to the literature people asked to choose
between a 50% chance of winning 2000 euros or
getting 1000 euros straight in the hand, prefer the
second ‘safe’ option. However and interestingly,
faced with a choice between a 50% chance of losing
2000 euros or a certain loss of 1000 euro people
prefer to gamble, offering a 50% chance of losing
nothing. The conclusion is that people tend to be
more motivated to avoid a loss than a chance to win.

When the uncertainty information has been estimated and presented in a useful way one would
assume that there is nothing more the forecaster
could do. But according to the current literature
there is a global problem with decision makers
having difficulties to make rational decisions in
light of uncertainty. Weather forecasters with their
unique expertise in meteorology and probability
theory can therefore still make a contribution.

In weather forecast applications this would
perhaps mean that a customer with a potential loss
of 100 euros and a protection cost of 30 euros
would not, as suggested by the cost-loss model,
take action when the probability is just > 30%, but
when it is > 30%.

Decision making from probability
information
We now enter into a field that is well covered by an
extensive literature outside meteorology. Decisions
are not only based on economic considerations,
but equally often on political or highly subjective
criteria where prestige, pride and status play an
important role. The popularity of deterministic,
categorical forecasts has, as mentioned earlier, its
objective root in that it can relieve the decisions
maker from at least some of the burden of respon-

Studies of decision making in weather forecasting
are important in order that we avoid dismissing as
‘stupidity’ decisions by our customers that at a
closer inspection turn out to be rational.

Summary
When NWP was introduced around half a century ago
it was said that the future role of the forecasters
would be to communicate the NWP information to
the customers and, knowing their needs, also help
them to make optimal decisions in their own interest.
As with other aspects of operational weather forecasting there is not, and has never been, much
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documentation about what this would involve. An
attempt to define the role of the forecaster in the
‘computer age’ has been made in this article.
However, the conclusion would have been equally
valid before now; good forecasters have always
acknowledged the intrinsic uncertainty in weather
forecasting and cleverly use it to demonstrate their
skill.
In spite of the prophesies that ‘in 5-10 years there
will be no need for weather forecasters’, first heard
by the author in 1966, it seems there have never
in the history of meteorology been so many forecasters around. This is particularly true for the
private sector which cannot be suspected of
employing meteorologists on humanitarian
grounds.

16 The European Forecaster

If the aim had been to create an automatic weather
service of the 1966 standard, this could technically
have been possible in the 1980s with the emergence of the high-resolution primitive equation
models. The reason why this did not happen must
among other factors involve the fact that with
increasing forecast skill the demands from the
public and paying customers have increased – and
will continue to increase!
The scenarios oulaid in this article are therefore
just as valid now as they were in when Fitzroy started operational weather forecasting in the 1860s,
and will continue to be just as valid in the futre.

Flooding over Sardinia November 18th, 2013
Giovanni Casella, Alessandro Fuccello, Guido Guidi
Italian Meteorological Service – CNMCA

Abstract
The November 18th, 2013 flooding in Sardinia left
17 casualties, with extensive and severe damage to
public and private assets.
Media coverage, trying to provide details about this
storm, described it as a cyclone. This kind of simplification creates ambiguity in the minds of the
public, who associate the term with the extreme
weather of tropical latitudes, such as Atlantic hurricanes (or Pacific typhoons). But the extra tropical
cyclones that usually cross the Mediterranean Sea
are characterised by a low pressure system (L) in
connection with fronts. A front is a leading edge of
air masses with distinctly different thermal characteristics (blue identifies the cold front, red the warm
one, as shown in Fig. 1).

(60°N) before steering them down over Eastern
Europe towards the Black Sea.
Due to this pattern, the vortex located between the
southern portion of the Iberian Peninsula and
Sardinia strengthened in its isolation, as shown in
Fig.2.

 Figure 2: analysis at 500 hPa over the Euro-Atlantic Area.
The cut-off on Sunday was located over southern
Spain, and ended its regressive phase (i.e., its
movement from east to west) temporarily moving
over the Strait of Gibraltar. This brought a moderate
increase of the geopotential height and a southerly
flow across southern Italy, with a temporary
improvement of weather conditions over Italy.
 Figure 1: stages of development of an extra-tropical cyclone.
Below, a detailed description of the extreme event
which occurred over Sardinia is provided; although
severe, it presents many features typical of mid-latitude disturbances.

Synoptics
On Sunday, November 17th, a large Atlantic high
pressure area dominated Central Europe keeping
the main disturbances at much higher latitudes

At D+1, i.e. Monday November 18th, the low pressure system moved towards the Balearic Islands,
and its dynamically more active eastern area
reached eastern Sardinia as well as southern Sicily,
northern Italy and the Tyrrhenian areas. The upper
level southerly flow over Sardinia coupled with a
strong confluence of winds in the lower troposphere. Numerical weather prediction models, both
at the global (ECMWF ) and regional scale (COSMOME[2]) on Sunday November 17th forecast heavy
rain for Monday, with higher amount of accumulated precipitation primarily over the southern and the
eastern portions of the island (Fig.3).
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 Figure 3: rainfall predicted by ECMWF and COSMO-ME model.

A strong indication of heavy thunderstorms was present in the Supercell Detection Index (SDI2 [3] maps) of
the November 2013 00 UTC 13-15 h forecast of the very
high resolution model COSMO-IT [1] (2.8 km) (Fig.4).
The SDI2 index is defined as the correlation of vorticity
and vertical velocity weighted by the mean vertical velocity in the atmospheric column (see boxes A, B below).
The signal was also evident in the COSMO-ME SDI2 maps
(Fig.5) of the previous day 00UTC run (November 17,
2013), despite the coarse model resolution (7 km).

 Figure 4: SD2 Index output Cosmo IT Run

November 18,
2013 00 UTC VT +13-15 h.
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A)

B)

Where ρij is the velocity-vorticity correlation and ςij is the vertically averaged vorticity.

 Figure 4: SD2 Index output Cosmo IT Run November 18, 2013
00 UTC VT +13-15 h.

 Figure 5: SD2 Index output Cosmo Me Run November 17,
2013 00 UTC VT +37-39 h.
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After the analysis of all mentioned data, a weather
warning for persistent, heavy, thundery and locally
extreme rainfall over southern and eastern areas of
Sardinia was issued on Sunday. The adjective “persistent” outlined the characteristic of severe storm cells,
which in these cases are usually organized in lines
lasting several hours.

Lifecycle
By the morning of November 18th, all Italian western
sea areas were affected by the humid and unstable
southerly flow connected to the low pressure
system located over the western Mediterranean. At
the same time, in the upper troposphere the vortex
was centred between Spain and Morocco.
Additionally, a southwesterly branch of the jetstream affected the whole northern portion of the
African coast as well as Sicily (Fig.6).

 Figure 7: wet Bulb Potential Temperature at 850 hPa (aw)
November 18 at 06 UTC.

At lower levels an intense southeasterly flow, with
strong warm advection from the Strait of Sicily,
converged with distinctly southerly winds over the
Sardinia Channel associated with the extra-tropical
cyclone near the Balearic Islands (Figs.7-8-9-10).
All the above mentioned items brought strong
convergence in the lower layers which, coupled to
an upper level trough (evident on the PV=1.5 height
chart), led to significant convective development
along two distinct confluence lines, as clearly
shown by radar images (Fig 11).

 Figure 8: d850 hPa wind and 700 hPa thermal advection
(cold blue, warm red) November 18 at 06 UTC.

The polar satellite image in the visible channel
(Fig.12) highlights the two lines clearly showing the
structure of cumulonimbus clouds.
On Monday afternoon the cyclone moved eastwards
causing the storm that affected the Campidano area

 Figure 9: MSG3 WV6.2 and Dynamic Tropopause November
18 at 12 UTC.
(a large valley of Sardinia extending from Cagliari
to Oristano Gulf) to weaken, while severe thunderstorm activity continued throughout the eastern
sector, as highlighted by the picture showing the
composite radar-lightning-IR 10.8 m (Fig. 13).

 Figure 6: dynamic Tropopause from ECMWF November 18 06 UTC.
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The convergence line at 19:00 UTC left Sardinia,
moving eastwards and reaching the Tyrrhenian
Sea.

 Figure 10: surface Analysis November 18

th

at 12 UTC.

 Figure 12: NOAA POES VIS 0.8 m 18th november 2013
at 13.00 UTC.

 Figure 13: NOAA POES VIS 0.8 m 18th november 2013
at 13.00 UTC.
 Figure 11: radar echoes

November 18th, 2013 at 12.30 (A)

and at 15.00 (B).

Fig.14, obtained by overlaying the RGB airmass
image at 18:00UTC with the thermal front parameter
(TFP), shows the cold front leaving Sardinia, as
shown in surface analysis as well (Fig.15).
The convergence line, deployed all along the warm
sector, overtook the island, leaving on the ground
an extreme amount of precipitation.
 Figure 14: MSG3 RGB airmass and TFP
November 18th, 2013 at 18.00 UTC.
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 Figure 16: total Accumulated Rainfall on November 18

th

, 2013
over Sardinia from Civil Protection Obs Network.

Fig. 16 shows the cumulative rainfall over Sardinia,
collected thanks to the raingauge network owned by
the Italian Civil Protection Department. Matching
these data with the daily extreme rainfall (fig. 17)
proves the exceptional nature of the event.

Final Remarks
The flood event that affected Sardinia on November
18th showed the following characteristics:
- The amount of rainfall must be considered
extreme, being much larger than climatic values.
- The synoptic scenario showed a large vortex
almost completely isolated from the main flow (cutoff) whose evolution was simulated in a reliable
and consistent way by the numerical models used
by the Italian Met Service, both at global
(ECMWF) and regional scale (COSMO-ME).
- The Supercell Detection Index gave a good
prognostic signal of severe convection lines.
- The considerable rainfall was due to a
strong pre-frontal and very unstable flow: the
risk of flooding over western and northwestern Italy (Sardinia, Liguria, Piedmont, northern Tuscany) is high when this feature occurs
coupled to a cut-off coming from the Iberian
Peninsula, or when it develops inside a
broad and deep trough over Western Europe
(the so-called V-shaped trough).
 Figure 17: daily extreme rainfall from Italian
NWS climatological archive.
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 Figure 15: surface Analysis November 18

th
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The High Precipitating Event over Southern Var,
on January 18th and 19th, 2014
Laurent Goulet, Meteo France

Introduction
Very rainy conditions affected the south of France over
the weekend of the 18th and 19th January 2014. This
long-lasting disturbed episode was driven by a slow
progressing deep low at upper level (Figs 1a and 1b).
The Var Département was particularly hit. The 48 hour
accumulated rainfall varied between 70 to 120 mm
(Fig. 2) in most places. However values probably
approached 150 to maybe 250 mm over a relatively

 Figure 2: 48 hour accumulated precipitation from 00 UTC, 18
January till 00 UTC, 20 January 2014, provided by the ANTILOPE
analysis. The ANTILOPE product is based on both RADAR data
and measurements from the raingauge network.
Caption :
Green
: > 50 mm
Yellow
: > 150 mm
Dark Orange : > 300 mm

Dark green : > 100 mm
Orange
: > 200 mm

narrow band from Entrecasteaux to the sea via La
Londe des Maures. From this total, 40 to 70 mm fell
on Saturday 18th January, while the remaining 100 to
200 mm fell on Sunday, the 19th (Fig. 3). These quantities fell in a very short time, no more than 6 to 9
hours. This very intense rainfall was the result from a
stationary mesoscale convective system. Such an
event is relatively rare during winter. A preceding case
of this kind could have been in Herault Departement
at Puisserguier on 28th January 1996 (Rivrain, 1997).
The La Londe des Maures case produced 2 human
fatalities and important property losses, and also
involved flooding in the Gapeau River catchment area.
Impact was enhanced by already significant preceding
precipitation.

 Figure 1: Geopotential height (brown line, gpm), winds
(barbs) and temperature (shaded with dashed line every 2°C) at
500 hPa from the ARPEGE model, at (a) 12 UTC 18 January 2014,
and (b) 12 UTC 19 January 2014 (superimposed is a box locating
the area of the most important rainfall amount).

In the following sections, the meteorological ingredients will be exposed, from a synoptic point of view to
a very fine scale one. Moreover, forecasting model
behaviour will be analyzed briefly, illustrating the
benefits from fine scale and non-hydrostatic simulations.
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nine hours (Fig. 6). This epicentre of 200 mm has to
be considered as a crude though likely estimate, as :
1/ the nearest Collobrières radar was out of order ;
2/ no raingauge provided a precipitation estimate in
the strongest accumulation neighborhood ; 3/ some
hail was reported (implying a significant lowering of
the 300 mm RADAR estimate).

 Figure 3: 24 hour accumulated precipitation from 00 UTC, 19
January till 00 UTC, 20 January 2014, provided by the ANTILOPE
analysis.

The stationary event
A stationary convective system developed over southern Var late in the night of January 18th to 19th , then
persisted there until early afternoon of 19th. For 6 to 9
hours it was anchored offshore close to Porquerolles
and Port Cros islands. From the radar network, it
appeared as a north-south elongated narrow band
(Fig. 4). The convective system regularly regenerated
from its southern end. On the other hand, infrared
satellite observations revealed a very classical V
shape pattern, a frequently observed stationary storm
attribute (Fig. 5).
As revealed by the ANTILOPE analysis (produced by
mixing rain gauge and radar data), rainfall was
particularly intense, exceeding 50 mm per hour
around the epicentre, probably bringing the accumulation close to, and maybe over, 200 mm in 6 to 9

 Figure 5: infrared MSG image, at 0930 UTC, 19 January 2014. 15
minute cloud-ground lightning accumulation is superimposed.

Meteorological ingredients
a. From a synoptic point of view
At upper level, a large scale trough associated with a
strong meridional extension slowly approached from
the west. The convective system onset did not clearly
involve upper potential vorticity advection : the height
of the 1.5 PVU level didn’t change significantly.
However the convective genesis area was located
around the left exit of the southerly upper jet (Fig. 7).
On the other hand, at low level, southerly inflow
dominated over the western Mediterranean Sea,
bringing wet and warm air toward the French coast.
Convergence also appeared off the Var Département
between the southerly flow west of Corsica and the
easterly coming from the gulf of Genoa (Fig. 8). This
mesoscale feature will be discussed in following
sections.

 Figure 4: composite radar reflectivities from the French radar
ARAMIS network, at 0740 UTC, 19 January 2014.
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b. From a mesoscale point of view
At low level, one can notice a relatively narrow tongue
of high 950 hPa wet-bulb potential temperature
approaching the Var Département (Fig. 9). This warm
and moist advection appeared rather focused, exacerbated by convergence between southerly and easterly
flow. The warm tongue was associated with a very
unstable environment, as illustrated by forecast verti-

 Figure 7: 925 hPa wet-bulb potential temperature (shaded),
wind (barbs, above 40 kt) at the 1.5 PVU, height of the 1.5 PVU
(brown continuous line, intervals of 50 dam), vertical velocity
(blue continuous line, from and below -40x10-2 Pa/s), from the
ARPEGE model at 06 UTC 19 January 2014.

a
(1 hour)

 Figure 8: 950 hPa wind (barbs) and 950 hPa wet-bulb potential temperature (shaded above 10°C) from the ARPEGE model at
12 UTC 19 January 2014.
b
(3 hours)

cal profiles around the triggering time of the convective system, or else by high CAPE areas (in excess of
500 J/kg) off the Var Département (Fig. 10).
This focused and convergent pattern lasted throughout the life cycle of the convective system (6 to 9
hours, not shown), permitting its maintenance over
the same location.
The convergence in the feeding flow was probably the
main triggering mechanism of the stationary storm.
However, we will mention below other processes also
contributing to its development.
c
(6 hours)

 Figure 6: accumulated precipitation provided by the ANTILOPE analysis : (a) 1 hour, (b) 3 hours, (c) 6 hours.
Measurements from the raingauge network are superimposed.
Caption :
Green
> 50 mm
Yellow
> 150 mm
Dark Orange > 300 mm

Dark green > 100 mm
Orange
> 200 mm

One can note that the AROME fine scale model (grid
spacing of 2.5 km) compared to the ARPEGE model
(mesh close to 10 km) developed a more pronounced
convergence, closer to the French coasts, and associated with warmer wet-bulb potential temperatures
(12°C instead of 11°C, Fig. 9). Thus, in terms of low
level ingredients for the development of the system,
the AROME model was clearly more suggestive.
The European Forecaster
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a

ARPEGE
b
b

AROME

 Figure 9: 950 hPa wet-bulb potential temperature (blue continuous and dashed line, from and above 11.5°C) and wind at 950 hPa
(black barbs, kt) at 08 UTC 19 January, from (a) ARPEGE and (b)
AROME. Wind at 600 hPa (red barbs, kt) from ARPEGE and 1 hour
rainfall accumulations from ANTILOPE analysis are superimposed.
Mesoscale analysis based on mesonet observations
is a way of characterizing the true environment into
which the MCS was embedded. At first, this analysis
confirms that forcing for the convective system was
linked to a convergence zone (Fig. 11a and Fig. 12a).
At 6 UTC, convergence emerged clearly between the
aforementioned easterly and southerly winds.
Afterwards (10 UTC), the wind turned northwest at
Hyères (encircled, Fig. 12b). The convergence
remained, however, revealing something more.
Indeed the 2 m temperature field changed also significantly. A cooling of 3 to 5 degrees occurred below the
storm (Fig. 12b compared to Fig. 11b).
Thus a “cold pool” (also called a “meso high” by
Maddox et al, 1979 and 1980) rapidly built, acting as
a virtual relief to the maintenance of the stationary
system. Such a convective retroaction is regularly
observed in southern France (Ducrocq et al, 2008).
One can suggest a final factor : the orography, in
particular the “Maures” range, which could also
contribute to the forcing of the convective event.
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 Figure 10: AROME forecast for 07 UTC 19 January. (a) wet-bulb
potential temperature (blue continuous and dashed line, from and
above 11.5°C) and wind at 950 hPa (black barbs, kt), CAPE (based
on the most unstable parcel, shaded from 500 J/kg). 1 hour cloudground lightning total is superimposed. (b) Vertical profile
between Porquerolles and Port Cros islands (pink disc).

Benefits from fine scale
and non-hydrostatic simulations
Treatment of this case by the non-hydrostatic high
resolution (mesh of 2.5 km) AROME model is very
satisfying. Benefits are here substantial compared to
the the hydrostatic ARPEGE model. Of course, this
behaviour is far from being systematic.
At first, as explained above, the meteorological ingredients simulated by AROME are more pronounced : in
particular the warm advection and the low level
convergence facing the Var Departement are both
stronger. In the case of the convergence, this may be
due to a better management of the Corsica wake
effect due to a finer spatial definition.

a

b

rainfall above 50 mm accumulation from the Var to the
western Alpes de Haute Provence Départements,
showing some similarities with observations (Figs 13
et 14). Indeed, AROME was able to produce with some
accuracy (in location and timing) the convective
system (Fig 15).
However, prediction was far from perfect. The simulated precipitating system was too far north with close to
the epicenter rainfall amounts close to the epicentre
at least 100 mm lower than reality.

Summary and concluding remarks

 Figure 11: Observations at 06 UTC 19 January 2014,
(a) 2 m AGL temperature (in blue as < +9°C),
(b) 10 m AGL wind, 2 m AGL dew point temperature (in red,
as > +10°C) and 1 hour accumulate rainfall from the ANTILOPE
analysis.

a

b

An intense rainy episode affected southern France
during the weekend of January 18th to 19th 2014. The
epicentre of the event was located over the Var
Département, around the La Londe des Maures
region. Indeed a stationary convective system developed there on Sunday January 19 th, and brought
about 200 mm in 6 to 9 hours. Damages were significant. Two casualities were counted.
The mesoscale convective system owed its genesis to
various processes. But the most important ones were
probably situated at low level and at fine scale. At first,
one notices a focused warm and moist advection (wetbulb potential temperature close to 12°C) facing the
Var Département associated with a strong and stationary convergence environment (between southerly and
easterly flows). This specific feature persisted throughout the event.
On the other hand, in its mature phase the storm generated a cold pool below itself, developing a thermal
deficit of 3 to 5°C in comparison to the environment.
The cold pool was probably anchored by the
surrounding relief. It contributed to the maintenance
of the convective system by locally intensifying
convergence and lifting.

 Figure 12: Observations at 10 UTC 19 January 2014
(a) 2 m AGL temperature (in blue as < +9, “CP” means Cold Pool,
(b) 10 m AGL wind, 2 m AGL dew point temperature (in red,
as > +10°C) and 1 hour rainfall amount from the ANTILOPE
analysis. Hyères observation is encircled.

Moreover, owing to these sharper and probably more
accurate ingredients, AROME showed more realism in
terms of rainfall prediction compared to the ARPEGE
model. In particular, one can note its axis of 24 hours

This scenario implying a cold pool is well known in
southern France (Ducrocq et al, 2008 ; Bresson, 2011).
In this respect, the recent episode looks like other high
precipitating events affecting Var, such as the June
2010 Draguignan case (450 mm at the epicenter). The
two events also have in common a convergence environment off the Var Département between easterly and
southerly winds (Bresson, 2011). Nonetheless, in June
2010, warm and moist advection was stronger (wetbulb potential temperature at 18 to 19°C versus 12°C
in January 2014) with a more northern location (the
easterly flow was strongly implicated in the advection).
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 Figure 13 : 24 hour
rainfall accumulation
(from 06 UTC 19.01 to 06
UTC 20.01) from (a) the
ANTILOPE analysis, (b)
from the ARPEGE model
(00 UTC run).

 Figure 14 : 24 hours
rainfall accumulation
(from 06 UTC 19.01 to 06
UTC 20.01) from (a) the
ANTILOPE analysis, (b)
from the AROME model
(03 UTC run).

 Figure 15 : 3 hours
rainfall accumulation
(from 09 UTC 19.01 to 12
UTC 19.01) from (a) the
ANTILOPE analysis, (b)
from the AROME model
(03 UTC run).

The benefits of fine scale and non-hydrostatic simulations are significant here. By generating sharp and
probably accurate convective ingredients off the Var
Département, AROME was able to simulate a fairly
realistic convection system in terms of its pattern,
chronology and location. In the present case, AROME
outmatched the ARPEGE model, suggesting a more
realistic rainfall accumulation. Of course such a
behaviour is not systematic. This aspect is all the
more remarkable given that AROME’s assimilation
process was deprived of Collobrières radar data. This
underlines the crucial impact of spatial definition and
physics.
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Data and methodology

Abstract
The severe thunderstorm event that occurred on the
22nd February 2013 caused many flash floods with
disastrous effects over almost the entire Athens
basin, as the precipitation recorded by most of the
synoptic meteorological stations exceeded their
normal monthly climatic values. This study investigates the synoptic and dynamic environment under
which the thunderstorms developed, whilst their
formation and evolution are examined using radar
images, lightning activity observations and satellite
imagery. Apart from the favourable large scale
atmospheric characteristics, the local geomorphology and the lower tropospheric conditions also
contributed to the high precipitation amounts.
Finally, a brief synoptic study of similar cases over
Attica in the last few years is incorporated, in an
effort to identify possible preconditions which may
be used to recognise future events.

Introduction
The development of intense rainstorms over the
Athens basin often generates extensive flooding, as
the high-density infrastructure of this urban area
amplifies runoff rates and limits drainage capacity.
This is what happened on the 22nd February 2013
over the Athens metropolitan area, where many
districts were subject to substantial damage and
one fatality was recorded as the consequence of
severe thunderstorms, during which the precipitation records of many synoptic meteorological
stations exceeded their normal monthly climatic
values. Since flash floods events arising from heavy
and prolonged rainfall over Greece happen more
frequently during autumn (Diakakis 2013), the fact
that this case occurred in a different time of the year
is an interesting topic for further analysis.

Synoptic surface and upper air observations, data
from the Lightning Detection System, data from
Ymittos radar and MSG Satellite WV images were
examined, as well as relevant dynamic fields from
ECMWF.
The following discussion presents a short description and a synoptic and dynamic consideration of
the event. This is followed by a brief statistical study
of flash flood events over Attica in order to deduce
any similarities in their synoptic situation.

Observed precipitation data
Torrential rain of an intensity not seen in decades
flooded the streets of Athens on Friday 22nd February
2013, overturning parked cars and stranding
dozens of motorists, including a 28-year-old
woman, who died inside her car of what turned out
to be a heart attack. More than eight hours of
continuous rainfall starting at 01.30UTC caused two
rivers to burst their banks and paralyzed public
transportation, causing traffic chaos, as tens of
thousands of Athenians sought to reach their
offices during the morning rush hour.
The thunderstorms developed first in the area around
Elefsina before moving eastwards to spread across

 Figure 1: 5-minute precipitation height (LGAT).
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most of Athens basin and them towards
S. Evia. Their configuration was that of a squall line
and presented a multicell structure in the radar
images. They produced prolonged hailfall and a
remarkable rainfall intensity and high precipitation
accumulations were recorded in many meteorological
stations. In particular, at Hellinikon station (LGAT)
71 mm of precipitation was recorded that day (of
which almost 55 mm was recorded during 1 hour),
whereas the normal mean value of February for this
Station is 47 mm and the normal February mean
value for the entire Athens basin is about 50 mm.
The duration of the rainfall recorded at Hellinikon
Station indicates 2 maxima (fig.1), evincing the
occurrence of consecutive storms. Pressure dropping and winds veering to northwest (fig.2) signal
their beginning, corresponding to the pre-squall low
and wake low before and after a thunderstorm
outbreak (Johnson 2001). Attica’s natural relief and
especially the position of the mountains framed the
spatial distribution of the precipitation height (fig.3).

Synoptic and dynamic context
The pre-existing circulation (before 22nd February) in
the middle troposphere (500 hPa) was driven by an
omega block covering the North Atlantic and part of

 Figure 2: diagrams of Pressure, Temperature and Wind

central and northern Europe. An essentially zonal
flow with strong westerly winds was present at lower
latitudes from the west Mediterranean to the coast of
Africa. At 00UTC on the 21st Feb a cut off low over
Tunisia generated a general southwesterly flow over

 Figure 4: 00 hpa

geopotential height.

 Figure 5:
850 hpa temp.
(light contours)
geopotential
(dark).

 Figure 6: MSL isobaric analysis.

Direction (HNMS automatic station).

 Figure 3:
precipitation height
contours by 10 mm
(data: HNMS, NOA)
Colour: attica
orography
Maximum height
(110 mm) is
at Halandri,
between Parnitha
and Ymittos.
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 Figure 7: 700 hpa relat. humidity (f > 95%) (www.wetter3.de).

Greece, transporting along the NW current at 850 hPa
not only warm air masses but also large amounts of
dust from N. Africa. A surface low of 1006 hPa, originating over the Syrtis Gulf with an east-northeast
motion, was located south of Sicily 12 hours later,
while its related warm front affected the southwest
part of the country and at 00UTC on the 22nd had
reached S. Ionio with a center of 998 hpa (fig.6).
nd

At 00UTC on the 22 two jet streaks in the upper
troposphere (300 hPa) were present over the
Mediterranean maritime area; the first one located
east of Attica, heading from the coast of Libya
towards Black Sea with maximum velocity up to
100kts, and the second one heading from Spain
towards Tunisia with winds of 50kts. At 500 hPa a
cyclonic circulation formed over the eastern
Mediterranean (fig.4), the southwesterly flow was
retained over Greece and curvature vorticity advection was present (fig. not shown). The area south of
Attica up to Crete was covered with air masses of
high values of relative humidity (>95%) (fig.7).
Furthermore, at 850 hPa (fig.5) warm advection
towards Attica was evident while the strong southsoutheasterly winds (45 kts at Heraklio station)
implies the position of a low level jet east of Attica.
The aforementioned advection is verified by the
vertical veering of the winds (fig.9), which generated a favourable environment for the formation of a
squall line in the middle and lower troposphere
(Bluestein and Jain 1985) (due to lack of a tephigram, the analysis of the wind field at the basic
isobaric levels is attained from ECMWF). Moreover,
the air mass just above Attica region had an equivalent potential temperature greater than 30°C at 925
hPa (fig.8). The northerly winds at low levels above
Viotia (fig.9) in relation with the southeasterlies
over Attica, mark the position of a convergence zone
just above the Athens basin, inducing upward
motion and triggering strong convection.

(hpa)

wind direction
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Viotia
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 Figure 9:
wind direction
(vertical profile).

 At the top - Figure 10: pressure isobars at 2PVU
isentropic surface
 In the middle - Figure 11: pressure isobars at 2PVU
isentropic surface.
 Below - Figure 12: MSL isobaric analysis, Attica.
 Figure 8: 925 hpa equivalent potential temperature.

1 at 22-02-2013/0000 UTC
2 at 22-02-2013/0600 UTC

3 from ECMWF
4 from HNMS
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 Figure 13: WV 21/22.00 UTC.

 Figure 14: WV 22/02.30 UTC.

 Figure 15: WV 22/03.30 UTC.

(images from MSG at IR 6.2 nm, HNMS )

The pressure analysis at the isentropic surface 2PVU
(potential vorticity) depicts the following noteworthy
feature: At 00UTC on the 22nd (fig.10) high pressure
values covered the area above Attica up to NE
Aegean Sea, whereas at 06UTC (fig.11) there was a
strong pressure gradient just above Attica region.
This baroclinic zone created by a small scale perturbation generated a surface low with center 998 hPa
over Saronic Bay (fig.12), which provided a feeding
mechanism for consecutive thunderstorm development by sustaining instability. On the other hand,
the high pressure values at 00UTC, corresponding to
the position of the jet stream, depict a stratospheric
air intrusion at lower levels in the troposphere. The
advected dry air within this intrusion resulted in the
development of an unstable stratification at higher
levels in the troposphere and thus an enhancement
of the updrafts.
To summarize, the exceptional character of the 22nd
February morning precipitation over Attica is justified
by the following basic features: the crossing of a
small scale perturbation in the middle troposphere,
the hot and moist air masses coming from the south
overhanging the relatively cold and dry ones lying
over northeast Attica, the existence of a strong baroclinic zone due to a dry stratospheric air intrusion at
the left side of the jet stream, as well as the enhanced
upward motion and the strong low level convergence
over the area. The higher sea temperature with
regards to its mean value along with the previous
dust transfer from Africa might have also contributed
to the development of this severe convection
outbreak. The storms’ feedback and persistence in
specific areas of the Athens basin are due to both
32 The European Forecaster

cyclonic and orographic convergence, in addition to
frictional forcing (transition from sea to land), with
the result of heavy rain and hail.
The MSG SEVIRI satellite images in the WV channel
support the above by depicting a narrow strip of dry
air at 00UTC on the 21st (fig.13) heading from Crete
up to the Saronic Gulf, extending further north, then
turning anticlockwise and enclosing Attica. At
01.30UTC on the 22nd the first thunderstorm nuclei
appear and during the next hour (at 02.30UTC,
fig.14), the dry air encloses a wet air mass that
swirls strongly over Attica until 03.30 UTC (fig.15).

Historical data
Studying the flooding history of the Athens basin
during the period from October to March in the last
124 years (Diakakis 2013, Mimikou and Koutsoyannis
1995, meteoclub.gr) there are a total of 64 cases
where flooding caused remarkable damage and a
considerable number of casualties. Events from 1887
to 1956 are known from their consequences reported
in the contemporary press, whereas the precipitation
records (both accumulations and rates) for the remaining cases are verified by HNMS’s climatological
archive (dating back to 1957).
About 70% of the flooding events have happened
during the period late autumn until December
(fig.16a). More than 30% of all cases have occurred
in November, which is the month with the maximum
frequency of flash floods (Diakakis 2013) and heavy
rainfall events over Greece (Prezerakos et.al. 1996,
Ziakopoulos et. al. 1998).

Figure 16: Attica’s flash floods events from October to March (1887-2013)
 (a) relative frequency per month.

 (b) amount of events by a 15-year step.

Analysis of the flash floods inventory (fig.16b)
reveals a rising tendency in flood frequency in
recent decades (Diakakis 2013). Flooding in Attica
is scarce from January to March; during these
months there are only 17 cases and it is noteworthy
that 14 of them have happened in the last 28 years.

cyclonic circulation sustained the instability near
the surface. The thunderstorms that developed
under these circumstances produced extremely
high precipitation rates including hail, during a
process that persisted approximately eight hours,
flooding Athens.

A synoptic consideration of these 17 events signifies that in all cases preexisting warm advection
and an airmass with high values of equivalent
potential temperature (θw) in the southeastern part
of Greece were present. In most cases, anticyclonic
circulation had been established above the east
Balkans and Attica was subjected to heavy precipitation, originating from warm and moist airmasses
ascending the wedge of pre-existing colder ones. In
a few cases, a small scale cyclonic circulation existed over Attica. In the case of 22nd Feb 2013 two of
these conditions were met (warm advection from
southeast and a small scale surface depression).
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Conclusions
The weather event on 22nd February 2013 over Attica
is a typical synoptic case of a surface depression
approaching Greece from the west or southwest
that usually produces high rainfall rates over the
Athens basin in winter. Its severe intensity is a
result of the following essential conditions: a
convergence zone above Attica formed an unstable
stratification of the troposphere initiating convection, a dry air intrusion enhanced the convection at
higher levels of the atmosphere while a small-scale
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Floods in the Central Pyrenees on June 18th, 2013
Nicolas Pastuschak, Bernard Roulet, Meteo-France

Introduction
The heavy rain episode that affected southwest of
France on June 17th and 18th reached its paroxysm
on the 18th in the middle of the day on the Pyrenees.
The rain quantities fallen during the day of 18th were
exceptional in the central Pyrenees and numerous
records were beaten in particular in the Gave Valley.
These rains arose following a hot episode of a few
days that strongly softened and melted the still
considerable quantities of snow on the chain. The
conjunction of these various factors led to cata-

strophic floods on numerous rivers coming from the
Pyrenees (Gaves, Nestes, High Valley of Garonne).
In particular, the river Bastan from Barèges to LuzSaint-Sauveur reached levels not seen since July 7th,
1897. The Gave in Pau also reached historic levels,
superior to those of October 2012.
Having reviewed meteorological and snow amounts
for this situation, we shall verify the foreseeability
of this episode and the quality of the numerical
forecast. We shall end this study by comparing the
episode with that, still very present in memories, of
October 2012

 Figure 1: emperatures (shaded colours) and geopotential analyzed by ARPEGE between 17/6 12Z and 19/6 12Z.
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 Figure 2: mean sea level pressure and frontal analysis on 17/6 12Z and 18/6 12Z.

 Figure 3: radar réflectivities every 3 hours on SW France between

17/6 09UTC and 18/6 00 UTC.
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 Figure 4: radar réflectivities every 3 hours on SW France between
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18/6 03UTC and 18/6 21 UTC.

Meteorological Analysis
and Chronology
of the Event
On June 17th, 2013, a dynamic cold low sank to the
north of the Iberian Peninsula and organized a fast
southwesterly flow over France (Figure 1). During
the day of June 18th, this low revolved towards the
northeast of Spain then moved back on June 19th
towards the French Basque Country.
At low levels, the cold front associated with the
upper low was situated on 17th June 00Z from west
Brittany to the gulf of Biscay, moving slowly eastwards. A rainy perturbation developed in the day of
17 th June and then remained nearly stationary
during the day of 18 th June: it resulted from the
merger or the juxtaposition of both precipitating
systems related to the front and pre-frontal convergence (Figure 2).

Pyrenees (figure 3) . By midday, an active and
meridional rain band approximately 80-100 km
wide with embedded thunderstorms emerged from
the Pyrenees towards Aquitaine. It was related to
the convergence between western winds which
penetrated through the gulf of Biscayne and the
south-eastern winds which came back through the
gulf of Lion (this south-easterly flow was a consequence of the mountainous chain of Pyrenees
between Spain and France which blocks the
southerly flow: that flow then passed round the
mountains with a south-east component). The prefrontal rain band moved eastward towards the eastern part of Central Pyrenees and east of
Midi-Pyrenees until 18th June 00Z. A secondary rain
band associated with the cold front arrived late on

The first rainfall in the south-west of France began
on the morning of June 17th with lines of showers
moving from Spain to the western part of the French

Figure 5: radar reflectivities at 15h10, 15h30, 15h50, 16h10,
16h30. In the dark ellipse to the west, the area of heavy rain
associated with the front and in the ellipse to the east,
the supercellular thunderstorms with high reflectivities due to
hail.
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Figure 6: : conceptual view of the active
period of the event on the afternoon
of 18 June.

17th June on the western Aquitaine: it also moved
towards the east with embedded thunderstorms.
During the day of 18th June, the pre-frontal convergence came back to the west due to the strengthening of the south-easterly flow, and the associated
rainband merged with the frontal rain band to
constitute a wide, unstable and almost-stationary
rain system. On the eastern and warm border of the
perturbation, the diurnal heating was rather important and supercellular thunderstorms developed.

some intense super-cellular thunderstorm cells
moved northward.

Rainfall measurements
The regional rainfall chart (figure 7) estimated by
both radar and rain gauges reveal the considerable
extent of the unstable rain system. The highest
values were situated in the western part of the

The blocking system was released during the night
of 18th to 19th June with the pulling up of the cold
upper low: the whole rain system was then gradually carried towards the north-east.

Fine Analysis of the Rainy Event
on 18th June
The examination of radar reflectivities every three
hours doesn’t give an exhaustive view of the situation because some maxima of rain intensity
occurred at other times of the day. After 15 UTC, the
perturbation strongly strengthened due to the
upper level forcing moving towards the Pyrenees at
the left exit of the jet (Figures 5-6). Two types of
meteorological structures appeared. On one hand,
an intense rain band related to the front and
convergence at low levels (950 hPa) that remained
almost stationary on Haute-Bigorre. On the other
hand, on the eastern boarder of the perturbation,
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 Figure 7: 24h rainfall accumulation on 18/06/2013 at 23TU ;
raingauges in black.

 Figure 8: 24h rainfall accumulation on 18/06/2013 at
23TU, zoom on the Pyrenees; raingauges in black

Snowmelt

chain. A zoom in on the Pyrenean domain shows
the variability of the accumulations and the highest
values (figures 8). Obviously, the values increase as
and when one gets close to the border chain and it
is possible to distinguish the contours of valleys
(Aspe, Ossau, etc…). This highlights the crucial role
of orography during the event.
A close examination of figure 8 shows that the area
of highest rainfall was from west to east - the area
between the bottom of the valley of Luchon and the
peak of Anie. In this area, the measured values at
raingauges extended from 80 to 142mm and
numerous records were beaten. Non-official
measurements in mountain refuges gave values
from 150 to 200mm. In any case, quantities of
precipitation were exceptional.

Very significant snow quantities were still present at
the end of Spring 2013 on the Pyrenees. Before the
rainy even, a heat wave has started the melting of
this snow. During the event, the regular decrease of
snow thickeness was measured by automated
stations at altitude (Soum Couy 2100m, Lake
Ardiden 2450m, Maupas 23000m, Port d’Aula
2100 m). Between 00 and 18 UTC, stations at
Ardiden and Maupas measured a drop of 6 cm and
Port d’Aula and Soum Couy a drop of 12cm.
Assuming a mean loss of 6cm at 2400m of the snow
thickness and taking into account that the snow was
old and dense (density of 500kg/m3), the melting
was equivalent to a mean 30mm of additional rainfall. This estimation is approximate and doesn’t take
into account drifting or gullying of snow cover. It is
then highly probable that the melting of snow has
was locally much more important.

 Figure 9: 24 hours precipitation accumulation forecast for

19th
June 2013 00UTC by ARPEGE (top left) and AROME (top right and
zoom below left) and observations on the Pyrenees (below right).
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Behaviour of numerical
forecasts from the ARPEGE
and AROME models
The contribution of the high resolution model
AROME compared to the global model ARPEGE is
highlighted by the forecast of 24 hours precipitation
accumulation during the 18th of June: the area of
highest accumulations is correctly shifted to the
east with AROME compared to ARPEGE and the
maximal values on mountains are more realistic
(figure 9).

Warnings and vigilance
An orange vigilance for heavy thunderstorms on the
SW of France started on morning of 17th June. It was

 Figure 10: vigilance charts between 17

th
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followed at 4 pm by an orange vigilance for flooding.
The orange vigilance for thunderstorms turned to an
orange vigilance for heavy precipitation on the 18th
June at 6 am then the flooding vigilance turned to red
for the western Pyrenees. On the 19 th June, the
orange vigilance for heavy precipitation was
cancelled when rain stopped but the orange vigilance
for flooding was kept until the evening (figure 10).

Hydrological consequences
and comparison with the case
of October 2012
Catastrophic foodings affected all the rivers coming
from the central Pyrenees: the basins of Gaves and
Nestes and also the High Valley of Garonne (figure
11) causing extensive damage, especially to the
road network (figure 12).

June 06 am and 19th June 06 am.

 Figure 11: drainage area of the french
central Pyrenees showing the basins
of Gaves and Nestes. The different Gaves
join together at Argeles-Gazost
and form the Gave of Pau.

 Figure 12: two
pictures of the
Bastan, a tributary
of the Gave of
Pau, on 18th June
2013.

Comparison with the case of 19-20 october 2012
The graphs below (figure 13) show the rising water
levels on the Gave of Pau generated by the precipitations for both cases of June 2013 and October
2012.
One can notice that the case of June 2013 was
shorter but more intense than the case of October
2012 because the initial flow of the river was 2.5m
higher mostly due to initial snow melting.

Conclusion
This event of 17 th-18 th June 2013 was
exceptional for the the central part of the
Pyrenees with rainfall accumulations from
110 to 180 mm in 48 hours. Because the
Pyrenees were still covered by an unusually thick snow cover (following exceptional
winter snowfall), the rain accelerated the
snow melting which then brought an
equivalent of mean supplement of 30 mm
of precipitation. Moreover, this situation
occurred after a very rainy Spring particulary in May and the soils, already saturated, could not soften this new and brutal
water supply.
But this event is also reminiscent of older
but similar cases considering the extent of
damage, especially the case of July 1897
in the same geographic area.
 Figure 13: time series of level of Gave of Pau at
Argeles (brown line) and Lourdes (light blue line)
compared with one hour rainfall (blue columns) and
6 hours accumulation (green doted line). The first
picture is related to the June 2013 case and the second
to the October 2012 case.
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Abstract
This paper aims to verify the “Extreme Weather
Phenomena” bulletin issued by the Hellenic National
Meteorological Service (HNMS) on the 7th of January
2013, concerning heavy snowfall and low temperatures
that were expected to occur on the following two days.
All relevant data were collected in order to assess any
differences with regards to the content of the bulletin.
Each region was then compared to the METEOALARM
thresholds and the corresponding colour was used in
order then to be categorized.
The comparison results were further analyzed according to the study “Verification Method of Meteorological
Bulletins” carried out by HNMS on September 1995;
which is used by the National Meteorological Centre to
verify the forecasting bulletins issued.
Finally the conclusions referring to each day of the
episode for both meteorological elements are presented.

Introduction
The HNMS’s National Meteorological Center (NMC)
issues specific “Extreme Weather Phenomena”
bulletins when hazardous weather conditions are
expected to occur or sudden change in weather is forecast.
The network of public European weather services
have developed an alert system called METEOALARM
which uses a colour scale to indicate the degree of
danger of weather phenomena, as follows:
No particular awareness The weather is potenis required.
tially dangerous. The
weather phenomena
forecast are not unusual.

Meteoalarm's colour scale.
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The Bulletin
On 7/1/2013 the following ‘Extreme Weather
Phenomena’ bulletin was issued:
<<The weather will gradually change in the country.
The main characteristics will be the heavy snowfalls,
even in lowland areas, mostly in the north and east
of the country, and the significant temperature fall.
More specifically:
1. For Monday the 7/1/2013, snowfalls are forecast in the afternoon in Macedonia (mainly in the
eastern part), Thrace, and the islands of northern
and eastern Aegean Sea as well as in the eastern
Thessaly (Magnesia). As of that evening and during
Tuesday the 8/1/2013 snowfalls, potentially severe,
are expected to occur in the eastern mainland
(including Attica), Evia and Sporades, and in mountainous and hilly areas of eastern Peloponnese,
Cyclades and Crete.
2. The temperature will reach low levels with
severe frost on Tuesday and Wednesday, particularly
in Northern Greece where temperatures will remain
below zero by day in places>>.

Data and Methodology
On 7 th and 8 th January 2013 heavy snowfalls did
occur in Eastern Greece and extremely low temperatures were recorded all over the country and especially in Northern Greece.
All available sources - i.e. the network of HNMS
stations, the amateur meteorologists’ station network
The weather is dangerous. Unusual meteorological phenomena have
been forecast.

The weather is very
dangerous. Exceptionally
severe meteorological
phenomena have been
forecast.

and the press - were used in order to collect the information needed for the bulletin verification. Data gathered from HNMS meteorological stations gave
maximum and minimum surface temperatures values.
Precipitation data were gathered by amateurs’ meteorological stations and the media, as snowfall height
cannot be recorded in the HNMS’s stations.

Extreme
Low
Temperature

These data, depicting the real weather conditions,
were then categorized using Meteoalarm’s colour
scale and thresholds for Greece which are shown in
the following table:
The methodology for temperature scoring is similar to
the previous one and the criterion used in this case is

North GreeceEpirusThessalia

Tmin > -5 °C

-5 °C ≥ Tmin > -8 °C

-8 °C ≥ Tmin > -15 °C

Tmin ≤ -15 °C

North GreeceEpirusThessalia

Tmin > -1 °C

-5 °C ≥ Tmin > -4 °C

-8 °C ≥ Tmin > -8 °C

Tmin ≤ -8 °C

North GreeceEpirusThessalia

Tmin > 0 °C

-5 °C ≥ Tmin > -2 °C

-8 °C ≥ Tmin > -5 °C

Tmin ≤ -5 °C

No Snow
Cover

rural areas:
height≤ 5cm

rural areas:
5cm<height≤25cm

Snow

urban areas:
height≤ 2cm

rural areas: height>25cm
urban areas: height>10cIt is
noted that temperature thresurban areas:
holds vary from region to
2cm<height≤10cm region while the same does
not stand for the snow case.
In order for the categorization to be effected, data collected were compared to the forecast
ones. Furthermore, according to the methodology
used by NMC to verify the forecasts, a certain score
in percentage is appointed to each forecast depicting the degree of success each one of them has.
More specifically, in case of the snow forecast the
score should be 100% when it did snow. It is actually an on/off criterion. When sleet or a snow/rain
mix occurs the score is also 100%, while in case of
other precipitation phenomena the score is 50%. In
case of no precipitation the score is 20% as data collected in meteorological stations refer only to a specific region and there is always the possibility of
phenomena occurred in the vicinity of the station.
The above is given in the following Table.m

Meteoalarm's thresholds concerning snow and extreme low temperatures in Greece.

FORECASTS

FORECASTS

SCORE (%)

SNOW

SNOW

100
50
20

Scale

Difference in degrees between real time –
prognostics forecast values

Score (%)

1

T≤3

100

2

1<T≤3

80

3

3<T≤5

50

4

5≤T

10
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 Diagram 1: Temperature extremes in Thrace,
Macedonia and Thessaly on 08/01/13, (green, yellow,
orange and red colors according to the Meteoalarm color
scale).
the difference (in degrees Celsius) between
the real time data and the forecast values.
When the difference is less or equal to one
degree, the score is 100%. When the difference lies between one and three degrees is
80% while when it lies between three and
five degrees is 50%. In case of more than five
degrees the score given is 10%.

Analysis
a. Precipitation phenomena
On the 7th January of 2013 snowfall and sleet
were observed only in East Macedonia and in  Diagram 2: temperature extremes in Eastern, Central Greece and
Peloponnese on 08/01/13 (green and yellow colours according to the
eastern and northern Aegean Sea islands. In Meteoalarm colour scale).
the rest of Macedonia, as well as in Thrace
and Thessaly no precipitation phenomena Diagram 3: temperature extremes in Eastern, Central Greece and
Peloponnese on 09/01/13 (green and yellow colours according to the
were observed. The above are shown in the Meteoalarm colour scale).
following map in which the Meteoalarm
colour scale and thresholds are used.
On the 8 th January of 2013, snowfall was
observed in Attica, Skyros and in the mountainous and hilly areas of Crete and Evia. It should
be mentioned that on the 9th of January 2013,
sleet was observed in Karystos (Evia).
A. Temperature
1) Northern Greece and Thessaly
On 8th January 2013, low temperatures were recorded in northern Greece and eastern Thessaly, and
maximum temperatures below zero were observed
in Kozani and Florina stations.
2) Central Greece and Peloponnese
Frost was observed in Tanagra, Tatoi ,Oreoi and
Tripoli stations on 8th January 2013 and in Tanagra,
Oreoi ant Tatoi on 9th January 2013 .
3) Islands
On 8th January 2013, no low temperature extremes
were recorded but on the next day frost was
observed in the islands of northeastern Aegean Sea
(Chios and Lemnos stations.

 Map 1 (at the top): Precipitation (orange) and no precipitation
(green) on 07/01/13.
 Map 2 (below): Heavy snowfall (red), precipitation (orange)
and no precipitation (green) on 08/01/13.
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Results
In the following maps snow and temperature
scores are shown for all three days.

Conclusions
The forecast may be characterized as relatively successful for 7 th January 2013 as
precipitation fell in Eastern Macedonia and
the islands of the northeastern Aegean, but
snowfall did not occur in Thrace and the
Eastern Thessaly. The mean score was
33.3%.

 Diagram 4 (at the top): temperature extremes in islands
08/01/13 (green coluor according to the Meteoalarm colour scale).
 Diagram 5 (below): temperature extremes in islands on
09/01/13 (green and yellow colours according to the Meteoalarm
colour scale).

On January the 8th the forecast can be considered as successful as there was snowfall in
Eastern Central Greece (Attica, Beotia, Evia,
Sporades and Crete). The mean score was 100%. In
Eastern Peloponnese and Cyclades, only rain fell.
Consequently the forecast was moderately successful (score 50%).
Finally, the temperature fall during the three days
i.e. 7 th, 8 th and 9 th January 2013 was noticeable
throughout the country. There was frost on the mainland which most intense in northern parts. The
mean score is 100%. Maximum temperatures below
zero were observed in northern Greece (Florina,
Kozani) and it was successfully forecast. It should be
pointed that temperatures near 00 C were recorded
even in the islands such as Kos and Mytilini. The
mean score is 100%.

References:
 Map 1: snow scores on 07/01/2013.

• Bassiakos, I. and Frangouli, P. , “Verification Method of
Meteorological Bulletins”, Athens September 1995
• http://meteoalarm.eu/

 Map 2: snow and frost scores on 8/01/13.

 Map 3: temperature

scores on 9/01/13.
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Introduction:
Forecasting tools made by forecasters
(Frank Kroonenberg–KNMI)

Normally operational forecasters at National
Meteorological Services ( NMSs) are so engaged
with and tied to the operational schedule that it is
impossible for them to directly contribute to operational R&D developments.
However the best knowledge of required developments and optimized interface ergonomics is within
the forecaster himself. Recently we were able to
ease the practical restrictions of the working schedule in order to let forecasters perform R&D, having
them build tailor-made user input interfaces needed
within forecasters’ operations.
Nowadays we have a team of about four well educated and skilled forecasters, able to develop and build
nice IT solutions directly for operational needs.
Our new “on call” schedule strategies, in which we
put meteorologists in daytime shifts during days on
which they are on call but need not be in operations,
offers time needed to perform this work.
In this way recently several operational tools were
developed:
• Preflits (by Haklander, Forecasting if a convective
cell is likely to grow to a thunderstorm)
• Lightning monitoring tool (by Boonstra,
Presenting the number of lightning strikes within
the radar imagery)
• Rain radar accumulation tool (by Boonstra,
Presenting within radar imagery the accumulat
ed amount of rain within a user scalable time
frame)
• Winter weather tool (by Boonstra, Presenting the
development of road surface temperatures
combined with Radar and/or Satellite imageries)
• Rain and cloud advection tool (by Brinkhorst,
Presenting out of observations in a Google maps
environment the arrival time of boundaries of
areas with low clouds/visibility and precipita
tion)
All these developments are very important to operational forecasting. For each of the developments
mentioned above I will give you an example:
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1. Fuelling policy at airports is restricted by nearby
lightning. Warnings should not be too early but
certainly not too late
2. The TS-Lightning warning criteria in The
Netherlands are linked to the number of expected
lightning strikes. Showing the intensity and development of lightning upstream makes the prediction job
easier.
3. During Chemical and Nuclear accidents the
calculations made by dispersion models are
combined with identifying the “hot spots” of accumulated rainfall during chemical or nuclear cloud
passage. This helps adequate measurements of
deposition and thus of soil and crop contamination,
to be able to plan appropriate action.
4. The understanding of the development of road
surface temperatures in combination with advection
of clouds and precipitation is an important issue for
road traffic warnings. The winter weather tool
addresses this combination in order to better
nowcast relevant developments
5. The arrival time of severe weather boundaries
within the domain of responsibility is always a challenge. Models often give inadequate information,
and the advection tool helps to add information
from real observations, such as synops, radar and
satellite imagery, and in future from model information.
The developments mentioned above are more
broadly explained within this article. Many of these
applications are probably also easily applicable
within other NMSs, and KNMI is very willing to share
its knowledge and help in doing so. Please contact
the authors below for more information on this.

A radar-based lightning nowcasting system
in the Netherlands
Alwin Haklander, KNMI (alwin.haklander@knmi.nl)

Introduction
Lightning is a serious weather hazard that has to be
considered with every outdoor activity. Specifically, it
has a major impact on aviation, not only in-flight, but
also on airside operations at an airport. If thunderstorms are active at or near an airport, fuelling and
handling are suspended to ensure the safety of
ground personnel, and this can seriously affect the
operation of an airport as a whole. The aviation meteorologists at KNMI issue Aerodrome Warnings for four
airports in the Netherlands: Amsterdam Airport
Schiphol, Rotterdam The Hague Airport, Maastricht
Aachen Airport and Groningen Airport Eelde. Lightning
that is expected to occur – or has just occurred – at or
near one of these airports, be it cloud-cloud or cloudground, is one of the criteria for the issue of such a
warning. The aviation meteorologist is then to contact
the Airside Operation Manager by telephone. The
AOM is responsible for informing all parties on airside
when handling is to be stopped and then started
again. After this has been done, other parties, such as
Air Traffic Control, are informed as well.
Lightning activity is monitored in the Netherlands by
FLITS (Flash Localization by Interferometry and Time of
arrival System). If thunderstorms have already formed
upstream of an airport, this information is often sufficient to assess the risk of lightning occurring at or
near the airport, also making use of forecast radar
imagery. Until recently, when large-scale meteorological conditions could not rule out the development of
thunderstorms and a cumulonimbus cloud was developing near the airport, it was hard for the meteorologist to tell whether (and when) it would produce
lightning. In this paper, a new radar-based lightning
nowcasting system is introduced with the name
Preflits (“flits” is the Dutch word for flash). Preflits has
been developed to increase the warning time for the
first lightning strike within developing thunderstorms
by using three-dimensional radar reflectivity data to
monitor the charge separation process that is taking
place within developing storms. The objective is to
increase thunderstorm forecast skill, e.g., for TREND
forecasts and Aerodrome Warnings produced by the
aviation meteorologists. Preflits consists of two radar-

derived fields acting as a set of two thunderstorm
nowcasting predictors. Both predictors are based on
volumetric reflectivity data from the radar combined
with isothermal height data from direct numerical
weather prediction model output. In April 2012, meteorologists at KNMI started using Preflits on an experimental basis. In December 2012 Preflits was
integrated into the RADIS radar software already in
use at KNMI (RADar DISplay, a dedicated Java application for displaying radar data), thus acquiring an operational status. The tool has been found to add
significant added value for nowcasting and for distinguishing thunderstorms from ordinary showers.

Theoretical Basis
The most common theory on charge separation within
cumulonimbus clouds is by collisions between
hydrometeors in the vertical layer between -10 and 40°C. In particular the presence of graupel roughly
between -10 and -20°C is strongly associated with the
"charging" process within a storm cloud. Three-dimensional radar information can thus help identify the
storm cells in which the process of charge separation
is sufficiently taking place to produce lightning.
Mosier et al. (2011) have tested several radar-based
lightning nowcast predictors. They were the first to
objectively analyze an enormous number of unique
storm cells (67,384) and lightning flashes
(1,028,510) to determine the best forecast criteria
based on radar-derived lightning predictors. Earlier
studies had been based on only used a few tens of
hand-picked storm cells. Based on the study by
Mosier et al. (2011), the Vertically Integrated Ice (VII)
and a dimensionless Criteria-Index (CI) were chosen
as radar-derived lightning nowcasting predictors for
Preflits. By using both a vertically integrated and a
radar reflectivity forecast method, we follow the
recommendation of Mosier et al. (2011): "A combination of the radar reflectivity forecast method and the
VII forecast method can potentially be used to provide
better results." Although we acknowledge that there
may be regional differences in the quantitative interpretation of their results, we do expect that the results
of their study will indeed apply qualitatively for the
Netherlands.
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Radar data
KNMI operates two identical Meteor 360AC C-band
Doppler weather radars from SELEX, formerly known
as Gematronik. They are located at KNMI in De Bilt
(5.17834E 52.10168N) and at a naval base in Den
Helder (4.78997E 52.95334N), 98.5 km apart. The
radars use a parabolic antenna with diameter of 4.2
meter, offering a 1 degree beam width. The operational scanning of the KNMI weather radars generates

The CI combines six dichotomous radar-based lightning nowcast predictors, that were all tested by
Mosier et al. (2011), see their Table 3:
35 dBZ/-10°C | 40 dBZ/-10°C | 30 dBZ/-15°C | 35
dBZ/-15°C | 40 dBZ/-15°C | 30 dBZ/-20°C
In the dimensionless CI, “35 dBZ/-10°C” contributes
1 if a reflectivity of ≥35 dBZ is encountered by at least
one of the two radars at or higher than the -10°C level,
otherwise it contributes 0. Likewise, all six predictors
contribute either 0 or 1 to the CI. Each
radar pixel can therefore have a value
of 0 to 6. The VII and CI are left undefined where the distance to both
radars exceeds 240 km. In rare cases
of very cold air, the -10°C isotherm
may be close to the surface, causing
an underestimation of the VII and the
CI, as can be seen from Figure 1.
Figure 2 shows an example of the VII
and the CI, for a case of clustered
wintertime thunderstorms. Lightning
activity was mostly confined to the
areas with VII ≥ 1.0 kg/m² and CI ≥ 4.

 Figure 1: volume Coverage Pattern of both KNMI radars with 14 elevation angles:
0.3, 0.4, 0.8, 1.1, 2, 3, 4.5, 6, 7, 10, 12, 15, 20, and 25°.
a 14-elevation volume every 5 minutes. Figure 1
displays the Volume Coverage Pattern of the KNMI
weather radars. For the calculation of the VII and the
CI, both radar scans are combined for each 1x1 km
pixel in the radar template.

Operational use
at KNMI

Based on the operational experience
of over one year, we can give a
reasonable estimate of lightning risk within 20
minutes for a storm cell in which the VII exceeds
certain thresholds:

VII and CI
The VII is an estimation of the
airborne “ice mass” per square
metre in the vertical layer between
the -10 and -40°C isotherm levels,
based on merged 3D radar information. The height of these isotherm
levels are calculated with the most
recent output of the 3-hourly
HiRLAM 11 km NWP model. They are
determined for each 1x1 km pixel in
the radar template, using the nearest-neighbour model grid point and  Figure 2: example of the VII (left) and the CI (right) for the SW- and S-part of
theNetherlands, 3 Jan 2014 at 1600 UTC. From north to south, the dark grey circles mark
interpolating between time steps of the 15km radius around Amsterdam Airport Schiphol, Rotterdam The Hague Airport and
1 hour.
Maastricht Aachen Airport.
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VII

Indication for next 20 minutes
2

10% risk of lightning (yellow)

0.5 kg/m
2

1 kg/m

50% risk of lightning (orange-red)

2

2 kg/m

90% risk of lightning (dark red)
2

≥ 10 kg/m

Summer hail diameter ≥ 0,5 cm
likely (dark green)

≥ 25 kg/m2

Summer hail diameter ≥ 2,0 cm likely
(light green)

Our experience with the CI is, that generally at least 4
out of 6 criteria need to be met for the onset of lightning within a storm. So on average, the best condition
for lightning seems to be VII ≥ 1.0 kg/m² and CI ≥ 4.
The equations to calculate the estimated VII are
based on assumptions about precipitation type et
cetera. This partly explains why the best VII and CI
thresholds vary on different days. Therefore, if there is
a mix of thundery and non-thundery showers, it is
best to determine a ‘VII of the day’. VII is used as the
main predictor, mainly because the overall storm
structures are better visible than with the CI, as can be
seen from Figure 2. The CI tends to function as a
‘second opinion’.
Once lightning is occurring within a thunderstorm, the
meteorologist wants to predict the cessation of lightning within that storm. The VII and the CI do give information about the (re)charging that is taking place
within a storm, but well-organized thunderstorms
(especially Mesoscale Convective Systems) tend to
produce lightning long after the VII and the CI have
dropped to values below the optimum thresholds.
However, Preflits does enable the meteorologist to
better monitor the (re)charging process within a thunderstorm.

A particular type of lightning discharge is AircraftInduced Lightning (AIL). This is lightning caused by
aircraft charging up and 'triggering' the lightning. We
have had a few incidences of AIL since Preflits has
been in use, and a lightning strike often seemed very
unlikely according to Preflits. This result confirms that
AIL can occur within storms that are much less
charged than the storms that produce natural lightning strikes and that the meteorologist should not
rule out AIL based on Preflits, if conditions for AIL are
favourable, see Wilkinson et al. (2013).

References:
Mosier, Richard M., Courtney Schumacher, Richard E. Orville,
Lawrence D. Carey (2011), Radar Nowcasting of Cloud-to-Ground
Lightning over Houston, Texas. Wea. Forecasting, 26, 199–212.
doi: http://dx.doi.org/10.1175/2010WAF2222431.1
Wilkinson, J. M., Wells, H., Field, P. R. and Agnew, P. (2013),
Investigation and prediction of helicopter-triggered lightning over
the North Sea. Met. Apps, 20, 94–106. doi:
http://dx.doi.org/10.1002/met.1314
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Lightning Monitoring Tool in the Netherlands
Rutger Boonstra, KNMI (rutger.boonstra@knmi.nl)

Introduction
Monitoring lightning activity above/on the Dutch forecast area is one of a set of primary warning-tasks of
KNMI’s forecast office. KNMI makes use of a criteriabased warning system to inform and warn the public
which is primarily focused on the number of lightning
strikes within a 50x50 km area.
According to the criteria for issuing of warnings, the
threshold of 500 lightning strikes within 5 minutes
corresponds to dangerous impact on society. To monitor this criterion in an efficient way the ‘Lightning
Monitoring Tool’ has been developed.

Lightning detection
The lightning tool makes use of KNMI’s TOTAL lightning detection system, the SAFIR/FLITS detection
system which is able to discriminate both Cloud to
Cloud (CC) and Cloud to Ground (CG) by using different localisation techniques. SAFIR/FLITS makes use of
a high frequent Direction Finding method (DF) based
on interferometry and a low frequent Time Of Arrival
method (TOA). The network consists of 7 stations and
is being operated in a cooperation between KNMI and
the Belgium KMI.

Operational use
An operational meteorologist needs to act quickly,
has different customers to respond to and multiple

products to monitor, so products need to be efficient
and effective.
The lightning tool has been created with user-friendliness and self explanatory interface in mind to supply
the operational meteorologist with a quick and easy
to understand interface to monitor the development
and severity of lightning activity during thunderstorms
and at the same time monitor the lightning criteria
matching the warning-system.

Interface
The tool is web-based and accessible through the
local network in the forecasting office. Navigating is
done by using the time-bar on the far left of the tool.
By moving the mouse the images in the tool are
displayed corresponding to the selected step on the
time-bar. Below a description of the interface is being
given.

Main screen
Left-hand side – main screen
To determine whether the lightning strikes are Cloud
to Cloud (CC) or Cloud to Ground (CG) and therefore
the effects on the ground solely by lightning-strikes
(of course there are other phenomena occurring
during thunderstorms that have impact on society),
the displayed strikes are distinguished by a different
symbol and color. Furthermore the accompanying
graphs are displayed at the bottom of the tool in
which the distribution, trend and total amount of
lightning can be read.
Right-hand side – main screen
To monitor the lightning criteria explained previously,
a display of the total number of lightning-strikes
(both CC and CG) within a pre-defined box of 50x50
km is presented. A colour scale on the right gives
insight in the total amount of lightning measured by
the detection network. At the bottom of the tool the
maximum concentration within the Dutch forecast
area is displayed as sort of a first proxy for the trend
of the maximum concentration within a 50x50 km
box during lightning-events.
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Secondary screen
Left-hand side – secondary screen
o compare lightning activity being measured by the
lightning detection network with radar, a second
screen is added to the tool. The image on the left
hand side of the tool gives insight in the radarimagery at pCappi level of 1500 m.
Right-hand side – secondary screen
Because the highest reflection on radar does not
always correspond to the greatest lightning activity in
a thunderstorm, the concentration of lightning-strikes
within a 10x10 km area is also plotted as a concentration. The image above clearly underlines the

former statement. The resulting image on the righthand side gives insight in the greatest activity of individual storms/cells and their updrafts. In this way,
the forecaster can pinpoint where the most dangerous parts of the thunderstorm(s) is/are resulting an a
more detailed forecast when needed. The ‘normal’
50x50 km criteria is too broad to give insight into the
individual updrafts and related lightning-activity and
their impact on the smaller scale. Also the output on
which the lightning-strikes are plotted don’t give a
detailed insight into the thunderstorm strength.
Therefore this smaller scale view of the lightningactivity gives a handy insight that is being used to
communicate impact related forecasts to different
parties when needed.
The European Forecaster
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Rain Radar Accumulation Tool in the Netherlands
Rutger Boonstra, KNMI (rutger.boonstra@knmi.nl)

Introduction
Measuring total precipitation has always been a challenge. Different techniques and developments of how
to correctly measure rainfall have been used in the
past, and a network of precipitation gauges is present
and scattered over the Netherlands. Those measurements give valuable insights into the cumulative rain
over a certain period of time. The drawback of this
measuring method is that data is coming in with a
delay and the coverage is some way less than 100%.
But what if there is a chemical or nuclear incident
producing a cloud of dangerous/poisonous particles
and decisions need to be made quickly? Rainfall is the
primary mechanism by which both chemical and
nuclear particles in the atmosphere may deposit on
the surface where in turn they can pose a risk for the
people on the ground.
RIVM, the primary institute monitoring air quality and
related chemical/nuclear incidents in the Netherlands
is working in cooperation with KNMI to assess where
precipitation was/is falling during a chemical/nuclear
event and determine which areas have/are
been/being affected. This information in combination
with model forecasts of both the plume of the spreading chemical/nuclear cloud and the expected rainfall
by weather models is used to take adequate
measures to protect the public.

Radar data
Because of the limitations of the rain-gauge network,
an alternative means of determining deposition
hotspots has to be found. Fingers will point to the
radar immediately as the coverage problem is (virtually) being eliminated and the sampling frequency is
small (5 minutes). Of course the use of radar data is
not spotless either, and there are some drawbacks.
Because of the scan-strategy of the radar and the
pseudo-Cappi imagery used, the measurements on
radar are an estimate of the rainfall-rate but are not
always entirely correct. Therefore precipitation sums
over the entire region that is covered by the radar are
normally corrected with observations.
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During an event decisions need to be made quickly;
there is no time for corrections as it will take time to
get the data from the rain-gauge network, and preference goes to automatically generated output of threatened areas. Therefore the unadjusted radar data is
being used to determine where the hotspots of rainfall can be identified during the period of exposure by
a chemical/nuclear cloud and simultaneous rainfall
measured by radar.
The KNMI-radar outputs standard HDF5-files, which
are the source of data for the tool explained below.

Operational use
A tool has been developed to create a cumulative
precipitation image within the area of radar coverage.
Meteorologists can select the time-interval between
which the radar imagery is being accumulated. This
results in an image with hotspots of rainfall which can
be matched with the model output of the plume of the
chemical/nuclear incident.
On top of this the output is generated both as an
image, as well as an ASCII file which can be used for
further processing within other models or displays.
This simple yet very effective tool, gives quick insights
into defining hotspots of rainfall within a certain time
window and can be used swiftly when questions are
being asked on this subject.
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Winter Weather Tool in the Netherlands
Rutger Boonstra, KNMI (rutger.boonstra@knmi.nl)

Introduction
Monitoring winter weather and their impacts on the
road are one of the safety-related tasks at KNMI. To
effectively monitor the road conditions over the
Netherlands KNMI makes use of a network of 220+
stations across the highway network. These stations
are maintained by the responsible ministry.
To determine impacts of the weather on potentially
hazardous road conditions there are numerous
significant factors involved. These include weather
conditions but also road conditions, type of road
(bridge vs ‘normal’ highway) or material used , soil
conditions, previous and type of precipitation, salinity and conductance of the road, location of the road
(city vs country), et cetera.
To assess the risks based on meteorologically
predictable factors, insight is needed into road-, air-,
dewpoint- and wet bulb temperatures. These variables in conjunction with radar and satellite data
are needed to assess the actual or forecast risk of
safety-related impact on roads.
Again an operational meteorologist needs to act
quickly, so products need to be efficient and effec-
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tive. As should be clear now, there are many variables and factors involved, nearly too many for the
meteorologist to ingest in an efficient manner. The
need for a tool that combines these factors and variables in an easy and quick way from a forecasterpoint of view is clear. Therefore the Winter Weather
Tool has been developed.

Operational use
The Winter Weather Tool is a web-based tool accessible through the intranet. The main screen of the
Winter Weather tool is displayed in the image
below. On the far left-hand side the user can navigate through time, and the imagery in the rest of the
tool will react accordingly.
Map
In the middle of the tool the map of the Netherlands
is displayed. On top of this map several layers are
displayed. The user can select several layers to
choose from:
• Different measurements from the 220+ stations
(turning red on threshold)
• 1.5 m temperature/dewpoint and relative humidity/wet bulb

• Road temperatures
• Difference between road temperature and dewpoint
to determine transport of moisture to the road
surface, which in turn may lead to slippery roads.
- Radar imagery
• Radar imagery is being displayed and can be made
transparent with the sliders on the left top in order to
gain insight into the conjunction with clouds.
- Satellite imagery
• Satellite imagery is displayed and can be made as
transparent as the user desires to gain insight into
the conjunction of clouds with rainfall and to identify
cloud clearance.
- Selectable regions
• Choose a region of interest and show all corresponding highways
Right-top
Triggers are displayed for certain thresholds within
the 3 hour time window that is being monitored.
When thresholds are reached the triggers turn red
and show the number of stations reaching this
threshold. In this way the user is alerted in a quickly,
and can request an in-depth inspection of those
thresholds and react accordingly.

Also an information button is present. On-click the
user is presented with all different types of hazards

and redirected to in-depth theoretical background
information at the users request.
Right-graph
At the right top of the tool a graph of the past 3
hours is displayed for the selected variable. In
correspondence with radar/satellite imagery, feedback from precipitation or clouds/clearings can be
easily deducted and m
Right-map
A map of a more specific location of the sensor in
relation to its surroundings is displayed to give the
user more awareness of the location of the
measurement and its potential impact for the
surroundings.
Hoverable/clickable- archive
All stations in the map can be hovered with the
mouse and the graph and the map at the right-hand
side of the tool will change accordingly.
When the user clicks a station a new window will be
opened with in-depth information on that station, its
location and a menu to access the archive to select
every desired variable for the past two-weeks.
For archival, validation, training and research
purposes this archive can be accessed to look back
into historic events and create graphs on the fly.
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The nowcasting tool
Eric Brinkhorst, KNMI (eric.brinkhorst@knmi.nl)

Sometimes you wish to make an accurate timing of a
meteorological event. For example you want to know
at what time an area of low clouds will arrive at
Amsterdam Schiphol airport. A line of convergence
develops over the southwest part of your forecast
area; what will be its position at 12 UTC? Or an area
with active showers; when are they expected to
reach your area of interest? You can of course take a
look at your model, but as we all know sometimes
they miss events or things are not calculated at the
right place or time. For aiding forecasting in these
cases, the nowcasting tool was developed.

Functionality
The basis of the nowcasting tool is the map from
Google Maps, with the tool working in the same way
as on the internet (see figure 1). At the right side of
the window you can choose one or more overlays
(checkboxes) to display on the map. The position of
observation stations, airports and platforms and the
FIR-boundaries are available. Furthermore you can
display satellite images, 15 minute images of the
last three hours can be chosen. When the associated
checkbox is checked buttons will appear to navigate
through the images. The images shown are from
METEOSAT10 and are a combination of the high resolution visible channel during daylight and another
combination of channels during nighthours in which
low cloud and fog are well visible. Finally radar
images can be displayed. This is also a loop of the
last three hours, in this case 5 minute images. When
checked a timetable will appear to choose the image
you want.
Now how do we make a timing of some event? For
this we have to draw a line or a closed area in the
map using the buttons at the centre-top of the map.
After this we must choose the values of a couple of
parameters in the box at the top right of the window.
A speed and wind direction for the displacement of
the line or area must be filled out. Furthermore the
length of the forecast loop (in hours) and the start
time of the loop must be chosen. Finally press the
‘go’ button and at the right side of the window a
timetable appears (see figure 2). If you mouseover
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 At the top - Figure 1: start window of the nowcasting tool.
 In the middle - Figure 2: example of the timing of low cloud
present over the North Sea, moving south. The red dotted line is
the line drawn, the blue one is the forecasted position
at 13:00 UTC. Airports and platforms are also shown.
 Below - Figure 3: window for composing a SIGMET.
this timetable you can see where the line or area is
expected at the corresponding time (blue line in
figure 2). It is possible (also afterwards) to draw
more than one line or area, to edit, displace or
delete lines or areas.
To help to get an idea of speed and direction of
displacement, for example of some cloud, there is a
special option. By putting two markers in the map
and filling out the difference of time needed for travelling from marker one to marker two, the speed and
direction of the displacement are calculated. These
values can be taken over to the box at the upper
right to make a new timing.
Specially for aviation forecasters there is an tool to
help compose a SIGMET. A line or area must be
drawn in the map and after that the ‘coordinates’
button must be clicked. The clicked coordinates in
the map appear in the box at the bottom right corner
of the window. Now click the ‘sigmet’ button if you
wish to compose a sigmet with these coordinates. A
new window will pop up (see figure 3). Now from the
left to the right click for every (necessary) element
the value and the text of the SIGMET appears in the
textbox when the button is clicked. This way of
composing a SIGMET will reduce the risk of introducing errors due to working with coordinates and will
improve the content of the SIGMET in terms of
allowed combinations and the order of the
elements.

Future development
Although already usable, the nowcasting tool is still
under construction. The option to use model output
instead of a fixed speed and direction for displacement will be built in. For the time being HIRLAM11
winds for 8 different levels (surface up to 5000 ft)
are planned.
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Difficult winter weather in the Netherlands
J.J. Diepeveen (jos.diepeveen@knmi.nl)

Introduction
This short article will discuss a few examples of
difficult winter weather in the Netherlands.
Because the Netherlands is situated besides
the North Sea, the difference in surface temperatures leads to tricky situations. Numerical
models and forecasters both have problems in
coping these situations. Often very subtle
differences and interferences in meteorological
parameters can have a large impact on the
warning level. Because of the high population
density and the complex road traffic system,
small disturbances can have large impact. This
article will focus on situations during the winter
of 2012-2013. One particular case will be
discussed in more detail.

 Figure 1: a few cms of snow can lead to complete chaos on the Dutch
roads.

Warning systematics
for winter weather
During the winter 2012-2013 a code orange warning
was issued eight times. An orange code has quite an
impact and is widely communicated throughout all
media. In the schematic below in fig 3, criteria for
different warnings are summarized.
Difficult situations that the forecasters experienced
were:
- Behaviour of road surface temperature in cases of
incoming cloudiness.
- Precipitation on a frozen surface, especially light
shallow convective precipitation from the North Sea
with relatively high sea surface temperature.
- Freezing rain/drizzle by a vertical temperature
profile below zero deg C, no melting layer present.
- How representative are surface and soil temperature measurements during longer periods of snow
cover.
- Judging precipitation type from automated observations.

Case 8th December 2012
A high-pressure system that dominated for a week
was withdrawing towards the Bay of Biscay. The land
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surface had cooled down due to radiative cooling
during nights and low-level cold advection in the last
week. Road surface temperatures were below zero,
however the the soil temperature 5 cm below surface
was +4 C. Because of the withdrawing high, a weak
westerly flow started and weak frontal systems started to approach the Netherlands.
In fig. 4, two frontal systems can be distinguished:
A weak occlusion and a warm front. Both frontal
systems have weak frontal cloud bands bringing
just very small precipitation intensities. The light
liquid precipitation is very tricky because:
- Numerical models have difficulties picking up such
weakly developed systems.
- Weak frontal cloud bands sometimes intensify
because warmer maritime air glides up over the cold
continental air. This determines the scale of the
phenomenon, and hence the warning level. (Fig 3).
Within the meteorological office in De Bilt, forecasters use the Hirlam model (along with Harmonie and
ECMWF) In fig. 6 an image is shown of the precipitation type, which is calculated from the Hirlam model
fields (see references for more detail).
It can be seen that in this situation, Hirlam expected
Freezing rain or Ice Pellets for the NW-half of the
Netherlands. However, in this case the model
temperatures in the boundary layer were too low.

Forecaster’s considerations
• Model(s) show already an error in the
boundary layer during the initial phase,
so how to translate that information in
your thought processes and into your
analysis of this situation?
How will this influence :
• Precipitation type and amount?
(snow/freezing rain/rain on a frozen
surface)
• Development of (road surface) temperature with incoming cloudiness?
• Beginning of December and soil
temperatures at 5 cm below surface: +4C
• How to compare model-data and observation and making a good judgement of
the situation?
• How to combine all this info into an
understandable forecast and warning on
provincial level? (colour code warning
level)
 Figure 2: box plots of mean temperature:
Upper and lower lines of the bars indicate the
highest and lowest mean temperature measured on
one of the KNMI stations. The centre line of the bar
indicates the median value. The solid line indicates
the climatological moving 5-day average of all
KNMI-stations in the period 1981-2010
Four distinct cold spells are indicated with blue
ellipses.
 Figure 3:
overview of the
Dutch warning
system.
Warning levels
yellow: dangerous weather,
orange: extreme
weather and
red: weather
alarm.

 Figure 4-5:
analysis 8
December 18 UTC
and Radar
imagery.
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 Figure 6-7: precipitation
type and cumulative
precipitation 8 Dec 17-18 UTC.
Blue:Rain,
Green: Rain or Snow,
Red:Freezing Rain,
Black: Ice Pellets,
Yellow: Snow.

Evaluation
and recommendations

 Figure 9: issued warning levels during the evening
of 8 December 2012.

In this particular case, the forecasters had quite big
difficulties in assessing the meteorological situation.
During the shift, all the forecasters on duty made an
estimation on the risk of code Orange (fig. 3) The
mean outcome of this estimation was approximately
60%.
Incoming cloudiness had initially not much effect
on the surface temperature because of a cold/high
cloud base. Model surface-temperatures in
Hirlam/Harmonie were too cold and remained
persistently too cold. Therefore nothing happened
in the (near) coastal areas. The forecasters identified this error and therefore only yellow warnings
were present for the coastal areas, because of slippery roads due to snow remnants. Further inland,
the light liquid precipitation was either supercooled
or rain on a frozen surface. This gave reason for the
issuing for a code orange. This was mainly due to
road observations by the Police and the Road Traffic
Centre. This case, but also other cases during this
particular winter showed that there is some room
for improvement of the working methods of the
forecaster. In course of 2013 some of this improvements were already implemented. (fig. 9) The
recommendations are listed below:

• In complex meteorological decisions there is a
need for systematic assessment, coming to a more
objective judgement.
• Small deviations in one of the factors can lead to
big errors in forecasts and warning and will be
confusing for the general public
• Combine data in a clever way: e.g. road temperatures with radar data in one image. (fig. 9)
• The cloud base temperature determines behaviour of surface temperature.
• Improvement of current road surface temperature
model
• Exploring sophisticated displaying tools in order
to get an efficient conceptual understanding of
what’s going on in the atmosphere, e.g. 3D visualisation tool

References:

 Figure 8: freezing rain can lead to dangerous situations, especially on roads where channels are close to the road.
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-Ivens, A.A.M., Forecasting the kind of precipitation in winter.
Proc. Symp. Mesoscale Analysis & Forecasting, Vancouver,
Canada, 17-19 August 1987, ESA SP-282 (August 1987).

Investigating Conceptual Models (CMs)
and meteorological tools to anticipate significant
convective events developments at very short term
Jean Neméghaire – RMIB, Belgium – February 2014

Foreword
Our main motivation here is to investigate more tricky
forecasts linked to convective situations during the
summer season. Quite similar situations can give way
to a large panoply of convective events with various
degrees of severity at different scales. Sometimes
these convective events simply do not develop at all.
Here we will mainly focus on the operational work of
forecasters. They have to quickly make a realistic
selection of data to estimate a risk of ‘severe’ and
rapid development of convective events for the next
few hours. To illustrate this work we will explore briefly
the more relevant information for forecasters analyzing
a potentially convective situation observed over
Western Europe during summer 2013. We will introduce the most suitable Conceptual Models (CMs) at
synoptic and sub-synoptic scales. Nowcasting tools
selected by our forecasters will be also illustrated and
discussed. Finally a short verification of our nowcasts
will be made.We examine here the synoptic situation
of 2nd August 2013. In many respects this selected
situation has been very similar to previous ones like
e.g. the situation of the 26th and 27th of July 2013 (not
illustrated here). The synoptic scale analyses of both
events were characterized by a ‘Spanish plume’
pattern. Several severe convective events had been
observed the 26th and 27th of July over France and low
countries and forecasters could suspect similar
convective events one week later for the 2nd of August.

A strong south to southwesterly jet stream is flowing
at mid and upper tropospheric levels (500 and 300
hPa) between a Low centred to the west of Great
Britain and a High over Central Europe (Figure 1). In
lower tropospheric levels (850 hPa) a warm air
advection tongue and a ridge of (pseudo) wet bulb
potential temperature are analyzed from Spain to the
North Sea (Figure 2 and 3). We also retrieve a thermal
trough characterized both by a high thickness pattern
between 1000 and 850 hPa and a low pressure area
over the North of France and the countries and the
North Sea (Figure 4). Furthermore an ill-defined cold
front pattern can be detected over the northwest of
France and England (Figures 2 to 4).

Analysis of the synoptic weather
situation

In the next figures we illustrate a ‘Spanish plume’
pattern in a pre-frontal situation over Western Europe
with the ECMWF model analysis for the 2/8/2013 at
12h00 u.t.c.
 Figure 1
ECMWF upper air analysis – the 2/08/2013 at 12h00 UTC
Z500 (―), W500 (wind flags), W300 (mean wind speed
in reference to a coloured legend below).
 Figure 2
ECMWF analysis at 850 hPa – the 2/08/2013 at 12h00 UTC
Z850 (―), W850 (wind flags), T850 (reference to a coloured
legend below).
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However more active convective patterns (probably
MCS) can be observed over the North Sea and the
Channel (Figures 5 and 6) but they are not likely to
develop over Belgium.

 Figure 3: MSG satellite picture the 2/08/2013 at 15h00 UTC
(composite of Visible channels)
ECMWF θw 850 field (continuous isolines in brown).

 Figure 5: situation of the 2/08/2013 at 12h00 UTC
MSLP field from ECMWF (―) , synoptic observations (point
symbols and values) , radar echoes (PPI (in mm/h)) in reference
to the coloured legend below.

 Figure 4: ECMWF analysis in the low troposphere –
the 2/08/2013 at 12h00 UTC.
MSLP (―) and 1000 to 850 hPa thickness fields (continuous thin
lines in reference to a coloured legend below).

Analysis of the sub-synoptic
weather situation
Different types of observations and NWP data (from
ECMWF model) had been used by forecasters over
the north of France and the low countries for the 2nd
August 2013. These data have been used around
noon and up to the mid-afternoon to anticipate a
potential development of severe convective events
for the coming hours (a nowcast for the late afternoon).
A few convergence lines were identified using
surface observations as well as cumuliform cloud
patterns retrieved on satellite pictures and radar
echoes (Figures 5 and 6). If we focus on the north of
France and the low countries a main convergence
line can be analyzed. The data show weak activity
along the axis of a thermal ridge in the lower troposphere (Figures 3 and 5).
62 The European Forecaster

 Figure 6: situation of the 2/08/2013 at 15h00 UTC
MSLP field from ECMWF (―) superposed on a satellite picture
(composite of Visible channels) and synoptic observations
(point symbols and values).
In the mid-afternoon radar observations superposed on to the cloud pattern associated to a main
convergence line over the north of France and low
countries showed isolated spots of precipitations
(which may not have been reaching the surface).
The mean sea level pressure field and the reported
synoptic observations indicated that this convergence line was associated with a thermal trough
over the low countries (Figure 7). However a loop of
recent satellite and radar images did not show any
significant convective development on this convergence line during the early afternoon.
The ‘convective’ fields (CAPE and CIN) issued from
the ECMWF model for the 2/08/2013 at 12h00 UTC

have been examined. Significant CAPE and CIN
values were lying in the vicinity of the thermal
trough over the low countries. The fields can be

 Figure 7: situation of the 2/08/2013 at 16h00 UTC
a radar image (a composition of three radars with radar echoes
(PPI (in mm/h)) in reference to the coloured legend below) is
superposed on a satellite image (composite of Visible channels)
and on the MSLP field (―) with point synoptic observations.

exploited to predict potential convective developments over our areas (Figures 8 and 9).
In addition to CAPE and CIN fields the altitudes of
typical levels for an air parcel uplifting to the Lifting
Condensation Level (LCL) , the Level of Free
Convection (LFC) and the EQuilibrium Level (EQL)
have been considered. The Figure 10 shows the
emagram of the pseudo radiosounding at Uccle
(Belgium) for the 2/08/2013 at 12h00 UTC It has
been chosen to be representative of the air mass in
the thermal trough. It indicates a significant midlevel instability which is proportional to the red area
on the emagram. In the lower layers (between ~900
and ~700 hPa) the air is more stable as traced by a
(weak) cap proportional to the blue area on the
emagram. Here it must be noticed that a conceptual
model based on the convective parcel theory in the
presence of a (weak) low level cap doesn’t exclude
convective initiation usually associated with forced
vertical motions induced in the environment (reference to a ZAMG paper – August 2011 (1)).
Furthermore a moderate wind shear is indicated by
a wind vector veering with altitude (wind flags are
displayed on the left border of the Figure 10).
But the above-illustrated synoptic and sub-synoptic
analyses aren’t helpful enough to anticipate an
initiation of (severe) convection in this case. Some
ingredients seem to be missing for our nowcasts.

 Figure 8: situation of the 2/08/2013 at 12h00 UTC
CAPE fields in J/kg (reddish coloured areas reported in the
legend below) are superposed on the Mean Sea Level Pressure
field (―) issued from the ECMWF model.

 Figure 9: situation of the 2/08/2013 at 12h00 UTC
CIN fields in J/kg (bluish coloured areas reported in the legend
below) are superposed on the Mean Sea Level Pressure field (―)
issued from the ECMWF model.

 Figure 10: emagram of a pseudo radiosounding at Uccle – the
2/08/2013 at 12h00 UTC
T (―), Td (---) and Wind (flags) profiles are drawn in black. CAPE
and CIN quantities in J/kg are represented respectively by the
red and blue areas for an air parcel uplifted from the surface.
Four crucial convective levels are pinpointed by white dots; LCL,
CCL (Convective Condensation Level), LFC and EQL.
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Forecasters who had been confronted in the previous week (26th and 27th of July 2013) with an intense
development of Mesoscale Convective Systems
(MCS) into a similar “Spanish plume” situation
were looking for additional tools.

Exploitation of operational
nowcasting tools
Here we briefly present two operational tools
exploited by our forecasters for their analysis and
nowcasts. We illustrate it for the situation of the 2nd
of August 2013 with:
a ‘checklist’ tailored for (severe) convective events
the INCA-BE system (reference (2))
A/ a checklist tool
A ‘checklist’ based on meteorological parameters
and typical weather patterns as retrieved in the
Conceptual Models is operationally used.
Forecasters exploit it when they think that (severe)
convective storms over our areas could be predicted
for the next few hours.
Here the scores of the checklist flagged with green
labels indicates a low probability of convective
storms developments associated to the warm air
advection (the ‘Spanish plume’ situation). Several
meteorological parameters of the ‘warm air mass’
checklist are exceeding crucial values; see in Figure
11 the labelled orange, red and violet colours for a
majority of parameters into each of the six
columns). Nevertheless a few parameters are
pinpointing a small convection triggering and a

more diffluent flow pattern (see green labels for
convection/trigger and MCS) which seems to be
sufficient to get low probability scores (Figure 11).
In practice let us remember that scores were largely
depending on the numerical model. The ETA model
exploited in this checklist is not the best choice and
the outputs of our Limited Area Model ALARO must
be soon available to improve the checklist. It is not
easy for forecasters to select the relevant region(s).
They know by expertise that scores can differ significantly from one sub-region to another one even
over a ‘small’ country like Belgium.
B/ the INCA-BE tool
The Integrated Nowcasting through Comprehensive
Analysis system (INCA-BE) originally developed at
ZAMG (Austria) has been adapted for a mesoscale
domain around Belgium (see maps of Figures 12 to
17) and for a local observational data flow. The
INCA-BE system implemented in Belgium combines
different inputs like a high resolution Limited Area
Model (ALARO-4km), a selection of observations
(like synops, intensities of precipitations from the
hydrological network and from radars, cloud types
issued from a SAF nowcasting product, …). A maximum weight is put on the observations at the analysis stage while decreasing asymptotically to zero for
a lead time of 12 hours (with the opposite for model
data). Forecasters can easily visualize the most
recent analysis and very short range forecasts
computed at high resolution (1 km x 1km) in the
mesoscale domain and at some flagged locations
like for surface temperature, wind and precipitations (intensities and a few types).

 Figure 11:
from a decision tree scores,
are calculated over
the western part of Belgium
and during the afternoon
of the 2nd August 2013;
respectively a risk of 30%
and 34% for convective
storms and severe ones
(with impacts).
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Experimental analyses of cloudiness, visibility and
a range of convective parameters like CAPE, CIN,
indices of (static) instabilities (LIft and SHowhalter),
crucial convective levels (like LCL and LFC), Moisture
convergence (MOCON) and other triggering indices
are also available.

In the Figures 12 the analysis of the INCA-BE system
made in the early afternoon show only very localized precipitation spots associated to the conver-

Hereafter more relevant INCA-BE fields and diagrams
for a selection of parameters have been illustrated
exploiting the last model run (ALARO-4km run from
06h00 u.t.c.) and the more recent flow of observations for nowcasts starting the 2nd of August 2013 in
the early afternoon (from 14h00 UTC)

 Figure 13.a: analysis field of CAPE (in J/kg)– the 2/08/2013 at
14h00 UTC.

 Figure 12.a: analysis field of precipitation intensities in
mm/10 minutes – the 2/08/2013 at 14h00 UTC. (in reference to
the coloured legend above).

 Figure 13.b: diagram of recent CAPE analysis at Uccle - the
2/08/2013 between 8h00 and 14h00 UTC.

 Figure 12.b: diagram of precipitation intensities (mm/10
minutes) for Uccle;
no precipitation have been observed at the station during the
last three hours (from 11h00 to 14h00 UTC) and no precipitation
is forecast for the next four hours (see the purple line from
14h00 to 18h00 UTC).
 Figure 14.a: analysis field of CIN (in J/kg) – the 2/08/2013 at
14h00 UTC.

 Figure 12.c: same diagram like Figure 11.b but for
Middelkerke (northwest of Belgium). A (very) weak spot of
precipitation has been observed at this station just before 14h00
UTC and no precipitation is forecast for the next four hours (see
the purple line).

 Figure 14.b: diagram of recent CIN analysis at Uccle - the
2/08/2013 between 8h00 and 14h00 UTC.
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 Figure 15.a: analysis field of LI (in degrees) – the 2/08/2013
at 14h00 UTC.
 Figure 15.b: diagram of recent LI analysis at Uccle the 2/08/2013 between 8h00 and 14h00 UTC2/08/2013 between
8h00 and 14h00 UTC.

 Figure 16.a: analysis field of LCL (altitude in m) – the
2/08/2013 at 14h00 UTC.
 Figure 16.b: diagram of recent LCL analysis at Uccle - the
2/08/2013 between 8h00 and 14h00 UTC.

 Figure 17.a: analysis field of LFC (altitude in m) – the
2/08/2013 at 14h00 UTC.

 Figure 17.b: diagram of recent LFC analysis at Uccle - the
2/08/2013 between 8h00 and 14h00 UTC.

gence line crossing the low countries, mostly over
the northwest of Belgium. The very short range forecasts of INCA-BE (up to four hours) respectively
illustrated for the central part of Belgium (Uccle)
and the northwest area close to the North sea
(Middelkerke) don’t indicate any precipitation up to
the early evening.
A selection of convective analysis parameters has
been made in the mesoscale domain (a) and the
station of Uccle (b) for the Figures 13 to 17. These
analysis issued from our INCA-BE system illustrates
the investigation of forecasters. This latter was built
on the (very) recent evolution of a few crucial
convective parameters like CAPE – CIN - LI and a few
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specific levels (LCL and LFC). In this convective
analysis it appears that the situation is potentially
unstable in the early afternoon mostly at mid-levels
and on the northern part of Belgium

A short verification
of our nowcasts
A quick look at the Figure 18 shows that in the late
afternoon and early evening of the 2nd of August the
weather was fine and mainly dry over the low countries and the neighbouring areas over the north of
France. In the thermal trough over Belgium observations don’t indicate well-organized convective

 Figure 18: situation
of the 2/08/2013 at 18h00 UTC
a radar image (a composition
of three radars with isolated radar
echoes (PPI (in mm/h)) in reference
to the coloured legend below) is
superposed on a satellite image
(composite of Visible channels)
and on the MSLP field (―) with
point synoptic observations.

systems. Here we neglect a few isolated spots of
precipitations displayed on the radar image and
which are difficult to verify against other observations.

Concluding remarks
Forecasters dealing with pre-convective situations
use parameters and meteorological patterns selected in the Conceptual Models at synoptic and subsynoptic scales to make their nowcasts. We have
illustrated the fact that in these situations some
ingredients are still missing to exploit completely a
Conceptual Models approach. To help forecasters
more and more Nowcasting tools are developed to
facilitate a high resolution analysis and nowcast.
Additional data from observations (teledetection,…)
and more realistic Limited Area Models are needed
to improve these tools. Our INCA-BE system must
certainly be developed and tested to tackle the
tricky problem of the initiation of (severe) convective events at sub-synoptic scales and very short
range (more information on the INCA-BE system can
be found in the reference (2). For this situation helpful and consistent information has been given by
the operational nowcasting tools.
We hope that an exchange of expertise between
research and operational European services in
meteorology will be intensified to stimulate a better

investigation of pre-convective situations. For forecasters making decisions it should lead to a better
discrimination of potentially severe convective situations during the pre-convective stage, as the
impact of their nowcasts including warnings on
society is significant.
Last but not least I would like to thank the radar
team at RMIB (Uccle) and in particular Dr. Laurent
Delobbe and Dr. Maarten Reyniers for their friendly
co-operation aiming at implementing the radar
products and the INCA-BE system.
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