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I ntroduction

Dear Reader,
Welcome to the ninth issue of the European Forecaster, newsletter of the Working
Group on Cooperation between European Forecasters (WGCEF). I hope that you will
find the enclosed articles of interest with a wide range of topics covered as usual. At
this point, may I encourage any reader to contribute if they wish to. Case studies of
severe weather are always interesting and there have certainly been some extremes of
weather across Europe over the last couple of years. Contact information can be
found at the back of the newsletter.
Our last meeting in Rome, following the ECAM conference, was very successful and
gave us a chance to meet some members of the Italian Meteorological Service in addition to catching up with old friends. The hot and sunny weather seemed to fit in very
well with our WGCEF logo. You will find a meeting report in this issue.
WGCEF is all about building links between forecasters across Europe and I’m pleased
to see that the EMMA program is progressing well. Just to remind everyone that
EMMA stands for European Multi-service Meteorological Awareness and it will provide a major step forward in sharing severe weather information. Members of our
group have been heavily involved with this EUMETNET sponsored program and
Frank Kroonenberg has an article in this newsletter about progress. Look out for a
link to EMMA on your NMS website soon.
The New Year has brought a change of Chairperson with Liisa Fredrikson standing
down after an agreed four-year period. I am looking forward to taking the group forward and will be seeking to strengthen ties with the European Meteorological Society.
Links to EMS and other meetings can be found on our website: http://wgcef.fmi.fi.
Our next meeting will be the 10th of its kind so some form of celebration is in order. At
the time of writing, the venue and date still have to be confirmed. In the meantime,
enjoy your reading.

Nick Grahame
Chairperson of WGCEF
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Report on the Ninth Meeting of the Working
Group on Cooperation between European
Forecasters (WGCEF)
Rome, Italy, 20th September 2003

Introduction
The ninth annual meeting of the WGCEF took place at the Italian Meteorological Service (C.N.M.C.A) in
Rome, Italy on the Saturday following ECAM 2003. Liisa Fredrikson (Chairperson, Finland) opened the
meeting, welcomed the participants and extended thanks to Giuseppe Frustaci for hosting the meeting.
Copies of the draft agenda were circulated and a final agenda agreed. In total, there were 24 participants representing 20 Meteorological Services (see Appendix I) and it was good to welcome back the
founder member of the group, Manfred Kurz. This proves that meteorologists can never really retire
completely.

Report of the chairperson of the WGCEF
Liisa Fredrikson noted that there had been a number of new representatives over the last couple of
years and it was important to keep the list of names up to date so that the correct people can be
informed about meetings etc. The new members at the meeting were welcomed and introduced themselves. Once again there were delays with the production of the newsletter, mainly due to differing file
types and problems with quality of graphical items sent by e-mail. It was agreed that sending future contributions on CD-ROM would be the best way forward.
The status of the group was discussed and it was agreed that it should remain informal whilst seeking
to strengthen links with the European Meteorological Society. Manfred Kurz suggested that the spirit of
these meetings encouraged members to provide short contributions and presentations.

Forecasting activities at the Italian Met Service
Giuseppe Frustaci welcomed everyone on behalf of C.N.M.C.A and gave a resume of the work performed within the Italian Met Service as a whole. His presentation can be found within this newsletter.
He is looking forward to the future that promises to be an exciting time as far as forecasting is concerned. Plans are already in place to train forecasters to understand and benefit from Meteosat Second
Generation (MSG) products. In addition, Giuseppe explained that the Italian Met Service was also
preparing to become involved with the EMMA system.

Discussion of Newsletter No.8 and WGCEF website
Production of the paper version of the newsletter had been particularly difficult this year due to funding
problems at DWD. In the event, Liisa Fredrikson managed to publish hard copies using facilities at the
Finnish Meteorological Institute and we are all very grateful to them. This led to a discussion on how to
proceed in future. Nick Grahame (Vice-chairperson, United Kingdom) suggested that the group should
approach EUMETNET to see if they would be willing to fund publication of the newsletter. Bernard
Roulet (Météo-France) said that he would investigate the possibility of producing the newsletter at
Météo-France.
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Nick Grahame suggested that the distribution list for the newsletter should be extended to directors of
the National Meteorological Services (NMS’s) and EUMETNET. Liisa Fredrikson pointed out that
Denmark is the only country in Europe that does not have a representative in WGCEF and subsequently
its forecasters do not have access to the newsletter. Tomas Halenka (Czech Republic) would also like to
see copies distributed to selected Universities.
There was also some discussion about the preferred format of newsletter articles displayed on the website. André-Charles Letestu (Webmaster, Switzerland) gave the group some guidance on this and is planning to create an archive of previous newsletters.
Action: Liisa Fredrikson and/or Nick Grahame to contact EUMETNET to check on possible funding of
newsletter production.
Action: Bernard Roulet to investigate the possibility of Meteo-France taking over publication of the
newsletter.
Action: Nick Grahame to extend distribution of newsletter to NMS directors, EUMETNET and some
Universities.
Action: Dirk Heizenreder (Germany) and/or Sverker Hellströrm (Sweden) to contact the Danish
Meteorological Service and supply a contact name for Liisa Fredrikson

Actions from the last meeting
An action from the 2003 meeting was to investigate how warnings and objective verification schemes
can be devised to measure the impact of severe weather. This is an interesting topic and it was agreed
that such schemes should be incorporated into the EMMA system as it develops. Herbert Gmoser
(Austria) stated that ZAMG is actively pursuing the topic and some other countries are doing the same
(e.g. Severe Weather Impact Model in the United Kingdom).
Herbert Gmoser also put forward an action at the last meeting for members to document some of the
techniques used in the forecasting of severe weather. In view of this, some members had prepared case
studies for presentation. Dirk Heizenreder described an interesting situation that occurred on 10th June
2003 when severe thunderstorms developed ahead of a cold front crossing Germany with much damage
and loss of life. Doppler radar showed that there was some tornadic activity. For very short range forecasting, DWD are developing techniques to identify and predict the development of individual convective cells. An automated first guess scheme for severe thunderstorms is also being developed. Dirk
provided an update on the DWD warning system that will be linked to EMMA.
Herbert Gmoser presented two cases of heavy rain and flooding in Austria during August 2002. The first
involved a mesoscale convective system (MCS) between 6th and 8th August that was not picked up in
advance by the EPS Extreme Forecast Index whilst the Aladin-Vienna model (9.6km horizontal resolution) also failed to predict the event accurately. Manfred Kurz mentioned that MCS’s are very difficult to
represent in numerical models. The second case of heavy rain took place between 11th and 13th August
but this involved larger scale dynamic ascent and rainfall accumulations over Austria were captured
better by models. However, Dirk Heizenreder did point out that rainfall totals over southern Germany
were underestimated.
Bernard Roulet showed a case of extreme rainfall in Gard, southern France in September 2002. This
presentation can be found within this newsletter and on the website.
Karen-Helén Doublet (Norway and new member) presented a short case study of heavy rain in Norway
on 14th-15th August 2003. Large amounts of rain are not normally a problem in Norway but this particular
event caused localised flooding and some damage. There is a developing relationship between met.no
and the agencies concerned with flooding.
The European Forcaster

5

Exchange of forecasters between NMS’s continues to be rather difficult due to various constraints. It
was reported that short visits would be taking place between forecasters at the Italian Meteorological
Service and those based at ZAMG, Météo-France and MeteoSuisse. Michael Walsh (Ireland) announced
that there is a planned one-week exchange of forecasters between Met Eireann and Met Office, Belfast
(Northern Ireland).
The group broke for a marvellous five course lunch with excellent service which was much appreciated.
An opportunity for the official photograph followed in the warm sunshine.

Other contributions
Herbert Gmoser showed some verification statistics relating to ‘added value’ provided by the forecaster.
Further verification schemes are being developed for other products generated at ZAMG.
Norvald Bjergene (Norway) described the weather warning systems used in Norway and Frank
Kroonenberg (Netherlands) provided an update on the EMMA project. Both of these presentations can
be found within this newsletter and on the website.
Following the record-breaking summer across most of Europe, Bernard Roulet presented some preliminary statistics relating to the canicule (heatwave) in France. In some cases, the mean minimum temperature during the summer of 2003 was actually higher than the normal maximum temperature. There
were many days when maximum temperatures exceeded 40°C.

Election of new Chairperson
When Liisa Fredrikson became Chairperson in 2000, it was decided that the group would elect a new
Chairperson every four years. Liisa proposed that Nick Grahame should take over and this was carried
unanimously by the members present. Frank Kroonenberg was elected to take over as ViceChairperson. Otilia Diaconu (Romania) agreed to remain as Secretary.
Nick Grahame thanked the group for their support and thanked Liisa for the hard work that she had put
in over the last few years. He vowed to take the WGCEF forward and raise its profile further whilst also
strengthening its links with the European Meteorological Society.

Plan of action for 2004
In addition to the actions mentioned earlier, Herbert Gmoser proposed that each member should provide a demonstration of their operational warnings system at the next meeting. This was accepted.
Frank Kroonenberg also mentioned that some countries would become involved with the prototype
EMMA system during 2004 and progress should be documented and presented at the next meeting.
Action: All members to consider presenting details of their warnings systems and/or their involvement
in the EMMA system at the next meeting.
Norvald Bjergene was keen for members to provide details on the measurement of air quality and associated systems but it was agreed that many forecasters were not directly involved with this. Norvald
also opened up a discussion on whether commercial weather forecasters should be included within the
group.
Action: Chairperson to consider inviting forecasters from private weather companies to WGCEF meetings.
Finally, Herbert Gmoser suggested that members should consider presenting the use of new diagnostic
tools in Nowcasting (including MSG products).
6
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Date and place of next meeting
Ana Casals Carro (Spain) kindly invited the group to the Instituto Nacional de Meteorologia in Madrid,
Spain for the 2004 WGCEF meeting. This offer was accepted but the exact date had not been set.
Confirmation and further details will be put on the website and communicated to members by e-mail.
AOB (any other business) and closing of meeting.
Norvald Bjergene reminded members that he would be retiring soon and that this was likely to be his
last meeting (having attended all previous ones). We wish Norvald well in his retirement.
On behalf of all present, Liisa Fredrikson then thanked Giuseppe Frustaci and other members of
C.N.M.C.A for arranging another successful meeting. A short visit to the operational forecast room followed before being transported back to Rome city centre. In the evening, a table had been booked in a
traditional trattoria where a good time was had by all.
Nick Grahame
Chairperson elect of WGCEF

Appendix 1
List of participants:
Giuseppe Frustaci (Italy),
Liisa Fredrikson (Finland),
Nick Grahame (United Kingdom),
Marta Sallai (Hungary),
Sverker Hellström (Sweden),
Mauro Bruni (Italy),
Bernard Roulet (France),
Hans Plets (Belgium),
André-Charles Letestu (Switzerland),
Frank Kroonenberg (Netherlands),
Dirk Heizenreder (Germany),
Herbert Gmoser (Austria),
Dimitris Ziakopoulos (Greece),
Chryssoula Petrou (Greece),
Otilia Diaconu (Romania),
Alessandro Fuccello (Italy),
Norvald Bjergene (Norway),
Manfred Kurz (retired),
Jean Nemeghaire (Belgium),
Ana Casals Carro (Spain),
Michael Walsh (Ireland),
Karen-Helén Doublet (Norway),
Claude Sales (Luxembourg),
Tomas Halenka (Czech Republic).
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EUMETNET project EMMA

E

MMA is the acronym for "European Multiservice Meteorological Awareness system". It will provide a
graphical presentation system on the World Wide Web, the Internet. The system is primarily about
weather awareness and indirectly about weather warnings.

Awareness presentation
The graphical presentation will consist of a geographical map of Europe and sub maps from countries
and their national territories. Each country is divided into predefined regions. Each region will be
coloured with an awareness level colour. The awareness level is assigned for a forecast period of
24 hours from the latest update sent in to the EMMA-server by each participating National
Meteorological Service (NMS). Continuously updated awareness information by each NMS is allowed
within EMMA. The highest awareness level for a region within the 24-hour period defines the awareness
colour of this country on the European map. Ten weather phenomena have been defined for which
awareness information will be triggered within EMMA: Wind, Rain, Snow and/or Ice, Thunderstorms,
Fog, Temperature extremes (hot or cold spells), Coastal events (storm surge), Forest fires and
Avalanches. For each phenomenon a pictogram has been developed. Starting from a certain level of
awareness (yellow or orange) a pictogram is added within the coloured country region. This pictogram
clearly defines the weather phenomenon that is at stake. By “clicking” on a coloured region the user
will obtain more detailed information on the situation for that region. This information is displayed on a

European map,
country colours,
represent the level
of awareness that
is valid. Colour
of each country
is defined by the highest awareness level in the country regions
National map gives all details for each region of the country.
Additional maps might be available for overseas territories
A maximum of two pictograms can be presented within one region.

background picture showing the possible impact of the phenomenon together with the assigned colour
level and a graphical presentation on the expected intensities and timeframes. A link to the national
Internet site of each NMS will provide the text messages of the latest warnings that are issued relating
the awareness situation. A clear explanation of the strategy for each NMS in assigning awareness level
colours, as well as on warning criteria, will be provided by linking the EMMA system to the NMS
Internet servers. All of this information will be very easily accessible.
8
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All the 10 pictograms
of weather phenomena
covered within EMMA

Clicking on the picto within a region generates more detailed information.
Such as:
• Background picture giving you a better feeling for the event at stake.
Possible risks, without being to extreme or panicking.
• The intensity of the phenomenon that is expected.
• The time axis on which the phenomenon is expected.

EMMA for the general public
This graphical presentation is primarily meant for the European citizen to give them a detailed view on
potential danger due to the weather situation all over Europe. The level of potential danger is defined
by 4 awareness levels. The assignment of awareness colours is to be decided by each NMS responsible
for delivering EMMA information. Awareness colour assignment has to be organised in a very consistent way on the national level. Colour assignment is not harmonized between European countries but is
fully compliant with NMS weather warning strategies. EMMA should give the general public awareness
about dangerous weather and its impact. The awareness levels should help them to anticipate potentially
dangerous situations due to the weather:
• Green: In general no significant awareness
• Yellow: Awareness and danger for certain meteorological dependant activities
• Orange: High awareness and danger
• Red: Extreme awareness and danger

EMMA for weather forecasters at the NMS’s
The EMMA system allows meteorologists at the different NMS’s to monitor all official severe weather
warnings that are in operation within Europe in a very easy way. All the national warnings relating to
each European country will be incorporated into EMMA by clicking on a “link” next to the background
picture. This link will bring the user to the NMS-server where the text information on actual warnings
can be read and background information on warning strategies and criteria can be found. In this way
meteorologists will also have a greater opportunity to liase with colleagues when severe weather situations are developing whilst interaction with Civil Security authorities will be improved as well.
The EMMA-system will compliment national warning systems by offering the extra possibility to import
national warnings into a European Graphical Presentation system on the Internet without changing
national procedures or criteria.

About the EMMA project and its progress
The idea of a European graphical presentation on exchange of warning information was initiated by the
Working Group on Cooperation between European Forecasters (WGCEF). It resulted in the EMMA project
that was proposed and accepted by EUMETNET. The project has been conducted by a project consortium
involving Météo-France (MF), Deutsche Wetterdienst (DWD), the Met Office (UKMO) and the
Koninklijk Nederlands Meteorologisch Instituut (KNMI). Météo-France is the general lead of the project.
The European Forcaster
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An expert group with representatives from all participating NMS’s will review all the ideas generated
within the project work packages. This expert group will frequently meet to have discussions and propose revisions. A lot of the work that should be done within the
The kick-off for the project was given October 2002. The project will take about 18 months before operational implementation, expected mid 2004.
There will eventually be 18 participating NMS’s within EMMA:
Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United
Kingdom.

Testing the EMMA-system

K o n i n k lij k

At the time of writing, the project was moving ahead rapidly and a testing period is expected sometime
in February 2004. Testing will be performed on the technical aspects of the system and on the contents
of its information. This will be done in a real operational mode with around five NMS’s taking part initially. The information will be available to all of the other
participating NMS’s on a special EMMA-extranet site
accessible by a user code and password. Information on
how to access the prototype EMMA-system will be given
in due course.
t
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Forecasting at the Italian Meteorological
Service

Introduction
In Italy the role of National Weather Service is assigned to the Air Force, whose headquarters are at the
Ufficio Generale per la Meteorologia in Rome (UGM - Director: B.Gen. Roberto Sorani). The National
Operation Centre is the Centro Nazionale per la Meteorologia e Climatologia Aeronautica (CNMCA), at
Pratica di Mare Airbase (about 20 km south of Rome). There are three other main Centres, devoted to
special meteorological activities; ReSMA in Vigna di Valle for instrumentation tests and calibration
(north of Rome), CAMM at Monte Cimone for special observations (in the northern Apennines), and the
1st CMR at Milano Linate Airport for Aviation Forecasting. The layout of this organization is depicted in
Fig. 1 (see also: www.meteoam.it).
Operational activities and forecasts are therefore concentrated at CNMCA (responsible for General and
Marine Forecasts, but also for international meteorological telecommunications as a Regional Telecommunication Hub (RTH), and for computing and climato-logy, Fig. 2), and at CMR (responsible for
Aviation and Mountain Meteorology, Fig. 3).

Figure 1: General layout
of the Italian Meteorological Service
and main tasks assigned.
National forecasting centres
are in Pratica di Mare - Rome
(CNMCA) and in Milano Linate
(1st CMR), the last one being
mainly devoted
to Aviation Forecasts.

Figure 2: The CNMCA Building,
at Pratica di Mare Airbase (Rome).

Figure 3: The 1st CMR Building,
at Milano Linate Airport.
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CNMCA: the National Operation Centre
Forecasting activities at CNMCA are run 24 hours a day, with a common Operation Room for:
- Nowcasting and very short term, and
- Short and medium range forecasting.
In the first section, a general forecast for Italy up to 24 h, as well as a marine forecast for the
Mediterranean up to 12 h, are issued 4 times a day. Furthermore, when severe weather is forecast in the
next 12 h, a warning is issued for the Public Safety Authority. Examples of operational forecast bulletins are in Fig. 4.

Figure 4: Example of a Marine Forecast for the Mediterranean Sea (Meteomar), a storm warning for Italian
seas and coastal regions, and (in Italian only) a warning issued for the Public Safety Authority by the
Short Term and Nowcasting section at CNMCA.
Some typical forecaster activities at the CNMCA are shown in Fig. 5. Despite their military status, more
than 95% of their work is devoted to the general public although direct access is normally restricted.
There are, however, frequent visits by groups and a re-organization of the room is planned in order to
allow less disturbance to work during such visits.
Forecasting is based on conceptual models (very short term and nowcasting), and on deterministic
numerical models. Three different models are in operational use; ECMWF 00UTC +12UTC runs for the
large synoptic scale and medium range, HIRLAM 00UTC +12UTC runs up to 72 h for the European area
(two versions, one of which has 3Dvar assimilation), and the Italian version of the LM (COSMO), known
as LAMI, for the Italian Peninsula and the neighbouring seas (boundary conditions are supplied by the
DWD Europa Model, with a nudging scheme for the observations). Some details are shown in Fig. 6.
For the medium range, EPS outputs are routinely evaluated and taken into account in the forecast formulation. COSMO LEPS is currently under evaluation.
12 The European Forcaster

Figure 5: Aspects of daily shift work at CNMCA
Forecasting room. Displaying of meteorological
fields and images on screen is increasing,
nevertheless working on paper is still frequent,
and generally popular among forecasters.

Figure 6: Main characteristics of models in operational use at the Italian Meteorological Service,
and diffe-rent graphic outputs: from top to bottom ECMWF, HIRLAM (HRM) and LAMI.

Another important aspect is forecast verification. Since 2000, an automatic system has been operationally verifying weather parameters and direct model outputs over the whole of Italy, and also regionally and locally. Fig. 7 depicts the main features of this verification scheme. The same system is also
being adapted for the verification of subjective forecasts (e.g. TAFs, warnings, etc.).
The European Forcaster
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Figure 7: Layout of the automatic verification procedure (named APOLLO), in use at the Italian
Meteorolo-gical Service.

1st CMR: the National Aviation Forecasting Centre
Since 1999, the only survivor of the former three Regional Centres of the Italian Meteorological Service
has assumed a national character as the unique Italian Meteorological Watch Office (MWO). Its responsibility covers therefore three FIRs (Milan LIMM, Rome LIRR and Brindisi LIBB), with an extension
over the Balkans. Operational production is carried out 24 hours a day with the issuing of SIGMETs
(also SST and VA for Etna and other Italian volcanoes), AIRMETs, GAFORs and (4 times a day) a Low
Level Significant Weather chart for Italy (see Fig. 8).
The CMR routinely produces mountain forecasts, partly due to its geographical location of being
barycentric to the Alps and the northern Apennines, but also because of a historical link with the Alpine
Army Meteomont organization concerned with snow and avalanche monitoring and forecasting. It is
also assuming an increasing role as a back up centre for CNMCA for general forecasting, operational
production and telecommunication.

Developments
Important technical and operational developments are in progress or planned, particularly for nowcasting:
- pre-operational national radar composite already available, integrating radar of other services;
- a new high resolution lightning detection network in the implementation phase;
- introduction of MSG-1 products in the operational procedures,
- enhanced verification outputs,
14 The European Forcaster

Figure 8: Example of
the Low Level
Significant Weather
chart produced
4 times a day by
1st CMR as the MWO
for Italy FIRs .

Figure 9: 500 hPa
Geopotential height,
temperature and total
precipitation forecast
(blue box is ECMWF,
red box is HRM, the
hydrostatic high
resolution model
in use at CNMCA).
Sabato 13 Settembre 2003 12UTC ECMWF Forecast
Domenica 14 Settembre 2003 00UTC Rome Forecast
t+48 VT: Lunedi 15 Settembre 2003 12UTC
t+36 VT: Lunedi 15 Settembre 2003 12UTC
Altezza (Geopotenziale) 500 hPa + Temperatura 500 hPa HRM Altezza (Geopotenziale) 500 hPa + Temperatura 500 hPa

Domenica 14 Settembre 2003 00UTC Rome Forecast
t+48 VT: Martedi 16 Settembre 2003 00UTC
HRM Precipitazioni cumulate nelle 12 ore precedenti

Sabato 13 Settembre 2003 12UTC ECMWF Forecast
t+48 VT: Lunedi 15 Settembre 2003 12UTC
Precipitazioni cumulate (mm) nelle 12 are precedenti
verde: 0.5 a 1.5 blu: 2 a 10 (step 2) rosso: 15 in po-i (step 5)
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Figure 10: Accumulated
precipitation (top left);
850 hPa wet bulb
temperature, showing
low level warm advection
(top right); tropopause
and max wind (bottom
left); satellite IR image
and sferics (bottom right)

But also:
- extension of forecasts to
T+240 h (10 days);
- experimental monthly
and seasonal forecasts
over Italy are underway;
- a new computer system based on cluster technology and relational DB already operational,
and further minor improvements in the forecasting environment, as well as increased national and
international cooperation.
In Conclusion: forecasting in Italy is becoming more and more challenging and interesting!
In the following, an example is given of a significant Mediterranean event described with conceptual
models in use at CNMCA forecasting section.

A case study
A typical Mediterranean situation is presented, relating to Sept 15th, 2003. A mesoscale convective system (MCS) developed over the Ionian Sea, in a region where interaction between the polar Jet Stream
and low level warm advection was already active.
Charts of mid-tropospheric geopotential height indicated a cut-off over the southern part of Italy, and
significant convective precipitation was forecast over Sicily and Calabria, as shown in Fig. 9
The following severe weather warning was issued on Sept 15th in the morning: “Severe thunderstorms
are expected on Sicily and Calabria, in particular over the Ionian area”.
The weather situation that actually occurred is well summarized in Fig. 10.
Remark: this brief case study shows two main elements relevant for MCS development over the Ionian
Sea:
- Low level warm advection, well diagnosed on the 850 hPa wet bulb temperature chart;
- A Polar Jet Stream, producing upper level forcing.
In this case, the ECMWF model provided a good performance about localization of convective precipitation, but underestimated the amount of rain. A better precipitation forecast was given by HRM.

Giuseppe Frustaci,
Alessandro Fuccello
Italian Met Service –
UGM/CNMCA
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A record breaking rainfall event
in Bucharest
Romania during september 2003

D

uring the period 10th to 15th September 2003, the southern part of Romania in particular, was
affected by precipitation amounts unprecedented since 1884. This article covers some of the
important aspects of this extraordinary case.

Introduction
The evolution of Mediterranean cyclones over our geographical area represents the main mechanism
for the occurrence of heavy rain events in the southern part of Romania. Such an event took place
during the period 10th to 15th September 2003 and is considered here by the authors in the present study.
First of all, we have to underline the fact that the event occurred after a long period of drought over the
previous nine months due to the prevalence of circulation types that brought predominantly dry weather to Romania. During the period January to April 2003, a north or northeasterly circulation dominated at both low and higher tropospheric levels. The resulting air masses across Romania were generally
dry and cold or very cold, having originated either directly from the Arctic or around the eastern periphery of European high cells. These types of circulation are typical for our country in the cold season
but this time they persisted, with an absence of warm advection events from the southern region of the
continent. As a result, temperatures during the spring were consistently low whilst rainfall totals in the
southern part of the country were well below average. The Mediterranean cyclonic activity also did not
reach the country in the warm season, when the dominant low level flow was from the west whilst tropical warm, dry air was advected aloft. This combination caused a meteorological drought to start during the month of May, with a hydrological drought declared in June. River flows dropped to below
normal levels and the Danube was particularly low due to a more widespread lack of precipitation over
central Europe. On the 31st of August, the flow rate of the Danube through Romania was 1550 l/m2, the
lowest observed in the summer over the past 160 years, according to our hydrological archives.

Data analysis
A detailed analysis of meteorological fields responsible for the heavy rainfall in Romania during 10th to
15th September 2003 highlighted the following facts:
At the surface, marked troughing initially (in both temperature and pressure fields) extended from
northwestern Europe toward the western Mediterranean and northern Africa, with a closed centre over
the Gulf of Genoa, where a cyclonic ‘eye’ was observed. Over the next few days, this Mediterranean
cyclone generated within the trough followed a west-east trajectory and subsequently approached the
Tyrrhenian Sea (10th September, at 0000 UTC), the Adriatic Sea, the Balkan Peninsula and then importantly the Carpatho-Balkanic basin. A centre of 1007hPa can be observed close to Oltenia in southern
Romania (Fig. 1) – with a circulation extending throughout the entire atmospheric column to the
tropopause and tilting eastwards. As a result of this synoptic pattern, an area of intense precipitation
affected the southern half of the country between 10th and 11th of September (0600 UTC) with accumulations well in excess of 60mm in 12 hours. For example, the Filaret meteorological station in Bucharest
recorded 64 mm between 0000 and 0600 UTC on 11th September. In the next six hours (0600-1200 UTC),
a further 30mm fell on Bucharest (with an average of 20-25mm generally across south-eastern
Romania).
The European Forcaster
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Figure 1: Surface pressure field –
the analysis of the limited area
model ALADIN, for 0000 UTC on
11th September 2003.
Satellite imagery during this period
showed cloud structures with
marked vertical development and
cloud top temperatures to the tops
of –50 to -60°C.
The next item of interest involved
the position of the low centre
across the western Black Sea, with
a weak westward movement (12 th
September, 0000 UTC), enhanced
by cold air advection from the western part of the cyclonic zone. The
1000-500hPa thickness contours pick out a cold
pool to the west (southwest of Romania), coupled
with a warm ridge from the eastern Black Sea – Fig.
2. During this time the convective cell deve-lopment
was observed on both satellite and radar imagery.

▼

Figure 3 shows the IR image at 0630 UTC on 12th September and a supercell can be observed in the vicinity of the Romanian coast. The strong winds

Figure 2: Surface pressure field and 1000-500hPa
thickness – the analysis of the global model GSM,
for 0000 UTC on 12th September 2003.

▼ Figure 3: NOAA IR image at 0629 UTC
on 12th September 2003.
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Figure 4: NOAA VIS image at 0826 UTC on 13th September 2003.

Figure 5: Surface pressure field – the six hour
forecast of the limited area model ALADIN,
for 0600 UTC on 13th September 2003.

generated at low levels and very rough seas
(wind speeds up to 72km/h, waves of 9-10m
high) caused material damage, such as the fracturing of the Ukrainian vessel Slavutici 7, that
was left drifting in Romanian territorial waters
(see Fig. 7).
In the absence of real data over the Black Sea
area, information about the developing situation
was delivered via satellite imagery. Thus, it can
be deduced that cyclonic activity increased over
the southwest area of the Black Sea with an
intense vorticity maximum generated overnight
(12th/13th September) and then persisting through
the following day. During the entire period, the
evolution of the absolute vorticity field highlighted a number of intensifications within the life
cycle of the cyclone in question. On visible
imagery a set of discrete cloud bands were seen
entrained within the circulation of the vortex;
some of them consisting of both low cloud and
higher cloud whilst others were distinctive bands
of warmer top cloud. The evolution of cloud signatures suggested a system with strong vertical
development (Fig. 4).

Figure 6: The geopotential height
and wind field at the 1,5 PVU level.
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This interpretation is supported by the limited area
numerical model, ALADIN, initialized on 13th September
at 0000 UTC. The surface map at T+6 (Fig. 5) indicates a
central pressure of 1008hPa at the centre of the low. We
can confirm that the pressure value indicated by the
model for the coastal zone corresponded to the observation reported by the meteorological station at 0900 local
time. The map of the dynamic tropopause (height of 1,5
PVU surface) shows a folding to the west and southwest
of the cyclonic centre as stratospheric air descends, with
cyclonic activity induced within the lower troposphere
(Fig. 6).
Subsequently, the cyclone had a weak westward trajectory
and then gradually occluded over the next two days.

Figure 7: The damaged Ukrainian ship,
Slavutici 7.

Conclusion
The analysis of the meteorological event from 10th to 15th September is particularly interesting because
of the extremely large amounts of precipitation that occurred over the southern part of Romania, namely the Romanian Plain, the Dobrodgea Plateau and the Romanian coast. According to the present study,
these amounts (accumulated over the entire five day period) widely exceeded 50mm, peaking at 142mm
in Bucharest and an absolute maximum of 152mm in the southern town of Calarasi. In Bucharest, the
five day total was over three times the average rainfall for the whole of September (147mm at Filaret,
compared with an average value of 39,9mm). In addition, during a 17-hour period (between 0400 and
2100 local time on 11th September) the amount of precipitation measured in Bucharest was 99mm,
which represents the highest daily amount recorded in the month of September, for Bucharest, since
meteorological observations began in 1884.

Florinela Popa
and
Dima Viorica
National Institute of Meteorology
and Hydrology, Romania
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Heavy precipitation in the department
of Gard, southern France
on 8th/9th of september 2002

Introduction
Heavy thunderstorms affected the southeastern part of France and especially the Gard between the 8th
and 9th of September 2002. The peak of this heavy rain and thunderstorm event occurred during the
night from the 8th to 9th of September (Figure 1). The torrential rains caused flooding, large amounts of
damage and 24 deaths. This article presents a short synoptic study of the meteorological situation and
the Météo-France warnings. This article presents a short synoptic study of the meteorological situation
and the forecast and warnings of Météo-France with the vigilance procedure, our new colour graphics
warning system.

Synoptic study
The synoptic situation is relatively classical for this type of heavy rain event over the southeastern part
of France.
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Figure 1: This picture shows the localization of heavy precipitation: the major part of northern Gard
received more than 300 mm with a maximum of more than 600 mm near Anduze between Nîmes and
Arles. In comparison, the mean yearly rainfall in Nîmes is 762 mm.
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Mid-tropospheric fields
At 500 hPa, a southwesterly flow on the forward side of an upper vortex south of Ireland prevailed over
France. The winds turned to the west across the Gulf of Lyon on Monday afternoon (9th) as the large
scale trough swung forward (see Fig. 2).

Figure 2: Sequence of 500hPa height
and temperature

Low levels
Simultaneously at low levels, the southerly flow from the Mediterranean Sea strengthened and increasingly warm air was pushed towards Herault and Gard: the wet bulb potential temperature at 950 hPa
reached 19.5 °C after 18Z Sunday and convergence between the southerly flow from the Balearics and
the southeasterly flow increased (see Fig. 3).
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Figure 3: (above) Sequence of winds and 950hPa wet-bulb potential temperature charts.

Precipitations
The 24 hour forecast precipitation
chart from the fine mesh model
Aladin (Fig. 4) shows an area of
heavy rainfall with more than
100 mm centred over the hills
from the northern part of Gard to
Ardeche. Note that these forecast
amounts are very far from the
observed amounts and aren’t
unusual for this type of event
close to the Mediteranean Sea.
Figure 4: Forecast rainfall totals
from Aladin for the period
8/9/02 06 UTC to 9/9/02
06 UTC (local time is UTC+2).

24 hours rainfall
from Aladin model
from 8/9/02 06 UTC
to 9/9/02 06 UTC

Green:
more than 50 mm
Yellow:
more than 100 mm
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IR imagery
The huge amounts of precipitation were produced by thunderstorms that remained quasi stationary on
the northern Gard during the night from Sunday 8th to Monday 9th. The enhanced IR pictures show the
position of the meso convective system (MCS) at the southern flank of the cloud pattern with its typical
V shape feature and colder cloud tops overshooting (see Fig. 5). Forecasting such MCS’s will be a great
challenge for numerical models in the next few years.

Figure 5: False colour IR imagery during
the early part of 9th Sept.

The arrows show the base of the MCS where thunderstorms regenerated,
the high cloud plume extended far to the north

Water vapour imagery
The water vapour images with superimposition of the 1.5 PVU dynamic tropopause height show the different short wave troughs (or PV anomalies) during the event which enhance deep convection. The contrasts between dark (dry) and white (wet) areas are well correlated with PV anomalies.
An interesting feature should be noted during the night from Sunday 8th to Monday 9th of September. The
MCS remained very active in spite of the synoptic subsidence behind a PV anomaly. In fact, the strong
subsidence moved a little bit to the north of the MCS whereas over the MCS itself, subsidence in midtroposphere was weak and insufficient to compensate for the strong low level convective potential. In
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Figure 6: Sequence of water vapour
images with model 1.5PVU
height superimposed.

some cases, this dry intrusion in the
mid troposphere could induce a
worsening of deep convection as
potential instability can be released.
The quasi-stationary MCS can be
explained by the wind shear conditions that forced new convective
cells to form upstream due to the
outflow of previous cells, giving the
MCS ensemble the appearance of
being stationary.

Meteo France warnings
The first warning (orange) for heavy thunderstorms and large accumulations of rain was
issued on Sunday morning for five subdivisions
administered by a prefet (French departments):
Herault, Gard, Lozère, Aveyron and Tarn. At
twelve o’clock local time, the orange vigilance
was extended to the west to Ardèche, HauteLoire, Vaucluse and Bouches-du-Rhône (see Fig.
7a).
Due to the quasi-stationary MCS, the chief and regional forecasters decided to turn Gard to red vigilance
(level 4) during the night from Sunday to Monday (see Fig. 7b). They should be congratulated for this decision because it allowed the Civil Protection Service to anticipate the consequences by sending helicopters.
The red vigilance remained unchanged on Monday morning and then was scaled down on Monday
afternoon when the perturbation moved to the east.

Figure 7a: Météo-France issued vigilance charts highlighting the risk areas.

The European Forcaster

25

Figure 7b:
Subsequent
vigilance
charts as
forecasters
anticipated
a higher risk.

Meteorological decisions
Fig. 8 (above) shows the hourly (green) and total (red) accumulated rainfall at Générargues during the
event. Note that the orange vigilance was issued well in advance of the event. The red vigilance was
more or less a nowcasting decision and was issued just before the peak of the event marked by hourly
totals of around 100 mm.
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Figure 8: Hourly
rainfall totals and
accumulations
at Générargues,
Gard. Note that
local time = UTC +
2 hours.
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Conclusion
This event became extreme due to quasi-stationary thunderstorm activity. The decisions made by forecasters on shift led to the upgrade of vigilance from orange to red and alerted the authorities and public
to the severity of the weather.

Bernard Roulet
Météo-france
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met.no’s Warning Services

Introduction
The Norwegian Meteorological Institute
(met.no) has the national responsibility for
issuing weather warnings to the general
public in order to protect life, health and
property. The forecasting and warning support is partly of a general nature and partly
in connection with the occurrence of specific meteorological and oceanographic
events. Supplying weather warnings to the
Norwegian public is a core service and does
not include special warnings to commercial
customers. Warnings are issued on three
levels according to defined criteria.
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Hazardous Weather Conditions –
Warnings of extreme (or hazardous)
weather conditions will be issued according to specific criteria. Criteria and procedures for issuing and distribution are
organised through a specific National Plan
of Preparedness Measures.
Flooding – Organised in agreement with
the NVE (Norwegian Water Resources and
Energy Administration) in the National
Plan of Preparedness Measures.
Nuclear Accident – Alert Messages from
IAEA (International Atomic Energy Agency),
WMO (World Meteorological Organisation)
and others. met.no will notify and cooperate
with Statens Strålevern (National Radiation
and Protection Authority).
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Oil spill – Forecasts of current and wind. Calculations of drift and dispersion. Agreement with SFT
(State Pollution Control Authority) and NOFO (Norwegian Clean Seas Association for Operation
Companies).
Accidents during transport and industrial processing causing discharge of gases dangerous to
health – Monitoring and forecasting of relevant meteorological parameters.
Search and Rescue – Monitoring and forecasting of relevant meteorological and oceanographic
parameters. Calculation of drift e.g. on request from the Main Rescue Centres (HRS).
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The three levels of warning defined at met.no
LEVEL III Warnings – Hazardous Weather
Definition - Warnings of extreme (hazardous) weather conditions. Issued when the event can cause
extensive damage and disruption to the general public over a large area (e.g. a county or part of the
country), and there is an obvious danger to life. The warnings are sent as special messages to the Main
Rescue Centres (HRS Sor and HRS Nord, to Governmental Agencies and Authorities).
Wind – Warnings of extreme conditions issued for:
Coastal districts from Lindesnes to Kirkenes (Russian Border) when storm force 10 is expected, and the
general wind direction is onshore. Violent storm force 11 or higher with any wind direction. Coastal districts from Lindesnes to the Swedish border and adjacent inland districts when severe gale force 9
and/or above is expected, and the general wind direction
Table 1 - Storm surge.
is onshore. Storm force 10 and higher with any wind
direction.
Listed values for the specific coastal districts.
Storm surge – Warning of storm surge is issued when it
is expected that the total height of the high tide water
level above mean sea level will be equal to or more than
listed values for specified coastal districts (see Table 1).
Avalanche – Forecast is issued when the weather situation indicates a great danger of avalanche over a large
area (part of the country, county).
Weather conditions that will cause flooding – Alert message is sent to NVE (Norwegian Water Resources and Energy
Administration) in accordance with the National Plan of
Preparedness Measures if the weather situation suggests that
a certain threshold for precipitation amount will be exceeded, and/or change in temperature conditions that NVE
should consider to issue a Flood Warning Message.

Oslo

210 cm

Helgeroa/Nevlunghavn

160 cm

Stavanger

155 cm

Bergen

220 cm

Kristiansund N

300 cm

Trondheim (Heimsjø)

385 cm

Rørvik

350 cm

Bodø

380 cm

Narvik

425 cm

Tromsø

355 cm

Hammerfest

365 cm

Honningsvåg

355 cm

Vardø

400 cm

Level II Warnings – Forecasts/Messages issued when specific significant criteria
are met.
Definition – Warnings of Gale and Storm, Critical Water Levels (Storm surge) and Air Quality, distributed to users via the Coastal Radio Stations and/or direct by fax and/or e-mail to Governmental
Agencies, Coastal Administration Agencies, Rescue Centres and others.
Gale/Storm warning – issued by met.no and sent to Coastal Radio Stations for further transmission
on radio telephony and NAVTEX: for Norwegian Coastal districts from the Swedish border to the
Russian border (Grense Jacobs elv) when wind force is expected to be greater than or equal to force 7
(Beaufort) – near gale (greater than or equal to 14m/s), and for the sea areas in the Norwegian
Economic Zone and the North Sea when the wind force is expected to be greater than or equal to force
8 (Beaufort) – gale (greater than or equal to 17m/s).
Critical Water Levels – along the coast are sent on a routine basis to a number of Governmental
Agencies, Coastal Administration Agencies, Rescue Centres and others when water levels meet specified heights over the Norwegian Sea Map Zero level. The total water level is based on the sum of the
height of the actual astronomic tide (HAT) and the calculated values of water height due to the actual
weather conditions. The criteria given for the issuing of warning messages for specific coastal districts
are set on the basis of the (highest) recorded water levels (see Table 2).
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Table 2 - Critical Water Levels – highest recorded water levels
Oslo

160 cm

(highest level rec. 255 cm in 1987)

Helgeroa/Nevlunghavn

135 cm

(highest level rec. 183 cm in 1990)

Stavanger

125 cm

(highest level rec. 175 cm in 1994)

Bergen

195 cm

(highest level rec. 239 cm in 1990)

Kristiansund N

275 cm

(highest level rec. 324 cm in 1993)

Trondheim (Heimsjø)

355 cm

(highest level rec. 419 cm in 1971)

Rørvik

315 cm

(highest level rec. 424 cm in 1971)

Bodø

350 cm

(highest level rec. 404 cm in 1979)

Narvik

390 cm

(highest level rec. 459 cm in 1932)

Tromsø

330 cm

(highest level rec. 467 cm in 1978)

Hammerfest

340 cm

(highest level rec. 479 cm in 1961)

Honningsvåg

335 cm

(highest level rec. 465 cm in 1973)

Vardø

380 cm

(highest level rec. 414 cm in 1993)

Air Quality (winter season only) –
meteorological parameters are
input data to numerical models for
the calculation of air pollution
indexes. Results from calculations
are sent on a routine basis to project partners – municipal and others. The end user forecast for Air
Quality in Bergen and Stavanger is
conducted direct by met.no’s
Regional Centre – Vervarslinga på
Vestlandet).

Level I – War nings and
messages included in standard weather forecasts to
the public.
Definition – Special warnings
and/or messages issued through
met.no’s ordinary media channels
as integrated parts of the general
weather forecast. Gale/storm
warnings are also distributed as
specific messages to the Coastal
Radio Stations for further transmission on radio telephony and
NAVTEX).
Gale/storm warnings – included
in “Været til sjøs” – e.g. the general
forecasts for the fishing banks and
the sea areas:
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- for the Norwegian coastal districts from the Swedish border to the Russian border (Grense Jacobs elv)
when wind force is expected to be greater than or equal to force 7 – near gale (14m/s).
- for sea areas included in the message when wind force is expected to be greater than or equal to gale
force 8 (17m/s).
Forecasts of weather parameters causing road traffic disruption (slippery roads) – forecasts
are issued during the winter season. The forecasts are subjective, based on reports and assessment of
the general weather situation. The parameters involved are temperature, precipitation and wind.
Geographical location is also taken into consideration.
Forest fire – warnings for risk of forest fire are issued on a regular daily basis during the “summer season” when the surface is free from snow (from April). The warnings are based on calculation of the forest fire index (WBKZ).
Avalanche – forecasts of weather conditions expected to create an increasing danger of avalanches are
based on a combination of an assessment of snow depth, expected amount of precipitation, wind and
temperature conditions.
Fog that can cause traffic disruption on roads or at sea – forecasts of occurrence of fog are elements in the general forecasts. Special warnings are not issued.
Frost – forecasts of risk of frost are included in the general forecasts during the vegetation season.
Special warnings are not issued.
Icing at sea – issued for moderate and severe icing and included in the general forecasts for fishing
grounds and sea areas. The forecast is based on an algorithm using wind speed, air temperature and sea
surface temperature (“Mertins Chart of Icing”).

Warning Procedures for Level III warnings
Sequence of events in extreme weather situations:
Phase A – Early Warning of possible hazardous weather, 36-72 hours in advance of extreme weather situations occurring. Warnings issued if considered relevant.
Phase B - Hazardous Weather Warning, 0-36 hours in advance of expected extreme weather situations.
Warnings issued and updated every 6 hours.
Phase C – Extreme weather taking place. Warnings issued and updated frequently (3-6 hourly intervals).
Phase D – Extreme weather situation over. “Danger over” message sent. Reports issued as soon as possible.

Norvald Bjergene
Senior Advisor
Norwegian Meteorological Institute
(met.no)
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Atlantic TreC
A first experiment in the operational interactive
combination of the observing and forecasting systems

Introduction
The Atlantic TReC (Thorpex Regional Campaign) was part of the EUMETNET Composite Observing
System (EUCOS) programme with the aim of testing the hypothesis that short term forecasts errors
over Europe and the Eastern seaboard of the USA can be reduced by targeting extra observations over
sensitive areas determined each day by the forecast flow patterns. The intention was to concentrate on
cases where either severe weather or high uncertainty in the forecast meant that an improvement in the
forecast would have high societal or economic impact.
Several experiments have already been carried out attempting to improve short-range weather forecasts by inserting additional observations in those areas found from the NWP models to be most sensitive to small perturbations in the analysis (e.g. FASTEX 1997, and the ongoing American Winter Storms
project). Atlantic TReC was the first attempt at real time adaptive control of the whole operational
observing system rather than using only research aircraft to supply additional observations.
The observations available for targeting were
1. Radio-sondes – extra 18UTC or 06UTC ascents from European countries, Greenland, Nova Scotia and
Newfoundland and up to 3 hourly ascents from ASAP ships.
2. AMDAR - extra observations from European carriers at flight level and ascent and descent.
3. Satellite rapid scan winds from METEOSAT and GOES.
4. Drop-sondes from NOAA G-IV, the Univ. of North Dakota aircraft ‘Citation’ and the DLR Falcon
(available for part of the experiment).
A virtual operations centre was set up at the new Met Office headquarters in Exeter to select cases for
targeting, co-ordinate the calculation of the sensitive areas, agree sensitive areas and request and monitor the targeted observations.

Case selection
Every morning forecasters from ECMWF, Météo-France and the Met Office separately scanned
overnight NWP output for potential cases of high impact or high uncertainty or both within 3-5 day forecasts for Europe and the Eastern seaboard of America. Although the aim was to improve 1-3 day forecasts, it was necessary to
Tuesday 4 November 2003 12 UTC ECMWF EPS Ensemble Mean Forecast+120 VT:
look this far ahead in order
Sunday 9 November 2003 12UTC 500hPa geopotential height (51 Members)
to be able to give 48 hours
Tuesday 4 November 2003 12 UTC ECMWF EPS Ensemble Std Dev t+120 VT:
Sunday 9 November 2003 12UTC 500hPa geopotential height (51 Members)
notice to observation providers, particularly necessary for aircraft operations.
Suggested cases were posted

Figure 1: Example of ECMWF
ensemble mean and spread
used as an indication
of forecast uncertainty
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Figure 2: Example of interactive ensemble
probabilities, in this case for total rainfall
exceeding 150mm in 3 days
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on a FTP site provided by ECMWF and then
30
discussed at a telephone conference at
0900UTC. Unfortunately the time difference
20
precluded the active participation of partici10
pants in the United States. Different model
10
diagnostics were available in the different
centres and it was instructive to compare
techniques, especially for interpreting output from the ECMWF ensembles. Two diagnostics were particularly useful – a measure of the ensemble spread (fig. 1) made available on the ECMWF web site for
the duration of the experiment, and the ability at ECMWF to interactively calculate probabilities of
weather events with thresholds and time periods chosen by the forecaster (see for example fig. 2).

ECMWF-SAP based on Hesslan SVs and MSL
Valid time: 2003 1209, 18 UT (Targeting Time)

Météo-France-SAP based on Short-Range TE-SVs and MSL
Valid time: 2003 1209, 18 UT (Targeting Time)

Shading: areas of 8, 4, 2, 1 x 10° km2
Trajectory initialized from to 2003 1207, 00 UT +66 h
Targ. time: 2003 1209, 18 UT/Verif. time: 2003 1211, 00 UT (opt: 30h)

Shading: areas of 80, 60, 40 % of 3D Integrated total energy
Trajectory initialized from to 2003 1207, 00 UT +66 h
Targ. time: 2003 1209, 18 UT/Verif. time: 2003 1211, 00 UT (opt: 30h)

a

b

UKMO-SAP based on ETKF signal and ECMWF MSL
Valid time: 2003 1209, 18 UT
Shading: areas of 8, 4, 2, 1 x10° km2
Trajectory initialized from to 2003 1206, 12 UT +78 h (Lead time)
Targ. time: 2003 1209, 18 UT/Verif. time: 2003 1211, 00 UT (opt: 30h)

Verticaly averaged signal variance in verification region (VR)
due to adaptive observations around any grid point. Case 1 Obs. time:
2003120912 Verif. time 2003121100 VR: 53.ON, 5W,
1000km radius Verif. var.;u,v,T
ETKF based on 19-member 2003120700 NCEP ensemble.

c

Figure 3: Sensitivities calculated by the different
d
methods for low forecast to west of the UK at
00Z 11Dec 2003. Shading indicates the areas most sensitive to insertion of additional obs. (a) ECMWF
singular vector method, (b) Meteo France singular vector method (c) ETKF method using ECMWF ensembles (compu-ted by Met Office) and (d) ETKF method using NCEP ensembles.
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In spite of the different approaches used at the three centres it proved relatively easy to agree on potential cases both of high impact weather and high uncertainty (though the former were relatively few during the period). Case selection included defining the verification area and date and time and the
observation date and time when additional targeted data would be provided. (The latter was normally
centred on 18UTC to give daytime flights for aircraft based on the western side of the Atlantic and
because there are few routine radio-sonde ascents at this time.)

Target area selection
Once a case was chosen ECMWF, Meteo-France, Met Office and NCEP independently computed the
sensitive areas based on the relevant parameters. The singular vector technique used by Meteo-France
and ECMWF took some hours to run so results were not available until early afternoon. These were
also posted on an ECMWF web site and discussed by forecasters, NWP experts and where appropriate
the aircraft scientists at a 1600UTC conference. At this conference it was decided which if any targeted
observations should be requested. This was a more difficult process as it was necessary to consider the
availability of the different observation systems while the different techniques and models used by the
various centres often gave rise to rather different estimates of the sensitive areas (fig. 3).

Data delivery
After the second conference the various observation providers were contacted by e-mail requesting the
additional observations. Usually this was in the form of a 48 hour warning followed by a confirmation
of the request the next day.
The vast majority of the additional observations were made available in real time on the GTS and used
in the operation runs of the NWP models.

Results
Scientific results on the impact of the targeted observations await re-runs of the NWP data assimilation
and subsequent forecasts without the additional data. Many experiments are planned for re-runs without all or part of the additional observations. In this way it will be possible to examine the relative
impacts of the different observation types and to investigate the effectiveness of the different techniques for calculating the sensitive areas.
The experiment, however has already been deemed a success as it demonstrated that it is possible to
adaptively control the combined observing system accordingly to target apparent areas of greatest sensitivity. Several lessons have been learnt. To be fully operational some of the tasks will need to be
streamlined and automated as the whole process often involved 24 or more man hours work per day
from the team of forecasters, data managers, and NWP experts at the Exeter Operations Centre alone.
The small number (13) of ASAP ships available meant that there were only occasionally ships within
the target areas. This is a potentially highly important form of targetable data, providing observations in
the lower and middle troposphere under cloudy conditions when satellite soundings are not available.
From a forecasting point of view, NWP guidance made it relatively easy to select the few cases of really
severe weather, but often the apparent uncertainly in the forecast at days 3-5 was much reduced by the
time the additional observations were made 1-3 days before verification time. It remains a challenge to
the human forecaster to select those occasions on which the forecast uncertainty will persist until close
to the event.
Doug Mansfield
Met Office
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