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The European Flood Awareness System (EFAS) produces European overviews of ongoing and
forecasted floods up to 10 days in advance and contributes to better protection of the Euro-
pean citizens, the environment, properties and cultural heritage. It has been developed at the
European Commission’s in house science service, the Joint Research Centre (JRC), since 2002,
in close collaboration with national hydrological and meteorological services, the Monitoring
and Information Centre (MIC) of the European Civil Protection Mechanism, and other re-
search institutes.

Since 2011, EFAS is part of the initial operations of the Copernicus (formerly GMES) Emer-
gency Management Service, (GIO EMS) and was transferred to operational service in 2012
through public tender procurement.

As a result of the procurement procedure,

ECMWEF has been awarded the contract for the EFAS Computational centre. It is responsible
for providing daily operational EFAS forecasts and 24 /7 support to the technical system.

A consortium of Swedish Meteorological and Hydrological Institute (SMHI), Rijkswaterstaat
(RWS) and Slovak Hydro-Meteorological Institute (SHMU) has been awarded the contract for
the EFAS Dissemination centre. They are responsible for analysing EFAS output and dissemi-
nating information to the partners and the MIC.

A Spanish consortium (REDIAM and ELIMCO) has been awarded the contract for the EFAS
Hydrological data collection centre. They are responsible for collecting discharge and water
level data across Europe.

The work related to the EFAS Meteorological data collection centre has been outsourced but
onsite the JRC. Finally, the JRC is responsible for the overall project management related to
EFAS and further development.

Contact details:

European Centre for Medium-Range Weather Forecasts (ECMWF)
Shinfield Park

Reading, RG2 9AX

UK

Tel: +44-118-9499-303
Fax: +44-118-9869-450
Email: comp@efas.eu

http://www.efas.eu
http://www.ecmwf.int
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http://ec.europa.eu/echo/policies/disaster_response/mic_en.htm
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EFAS news

EFAS Flash Flood forecasting approach pre-
sented at the HAREN workshop

The HAREN project aims at developing a system for
precipitation monitoring and forecasting to be used in
the anticipation of hazards induced by precipitation at
local scale and over Europe. The project capitalizes on
the OPERA mosaic and on the recent improvements in
nowcasting techniques, some of which developed and
tested within FP6 and FP7 EC projects (FLOODSITE,
HYDRATE, and IMPRINTS, among others) to generate
high-resolution precipitation forecasts and hazard
identification over Europe, as well as the associated
uncertainty of these products. At the final HAREN
workshop, held at the Emergency Response Center in
Brussels on the 4th July, the EFAS flash flood forecast-
ing approach was presented and the possible
integration of the precipitation information produced
in the HAREN project was discussed. Further infor-
mation on HAREN and the presentations of the final
workshop can be found here: http://haren-project.eu.

New features/model updates

Two updates have recently been implemented in the
EFAS-IS website:

- The EFAS Active information (EFAS Alerts/Watches)
shown in the map viewer now corresponds to the
date selected in the menu, rather than to the on-
going alerts as before. In this way users can see where
flood alerts and watches were active during any date
in the past.

- The “ongoing floods” layer, in the “Flood summary”
menu now shows only the latest information for each
date selected in the menu. The option to select differ-
ent reporting times (e.g. 21 UTC, 18UTC, 15UTC etc.)
has been removed. The update time is shown below
the layer title. For past dates, the update time often
corresponds to 21 UTC, whereas for the latest fore-
casts it is periodically updated when more recent data
is received.

EFAS results

Meteorological situation for June - July 2013

The month of June 2013 showed strong spatial varia-
bility in recorded precipitation depths. The largest

accumulated precipitation values were recorded in N
Austria, Czech Republic, Poland and countries facing
the Black Sea, particularly Moldova, Romania and Bul-
garia (see Figure 5). Monthly accumulations locally
exceeded 400 mm, with the largest contribution at
the border between Austria and Germany recorded in
the first two days of the month, which then triggered
widespread floods along several rivers in Central Eu-
rope. Largest positive anomalies were mainly
recorded in the same countries (see Figure 6). On the
other hand, dry anomalies were recorded in S Spain,
UK, Estonia, Slovenia, Croatia and the main islands of
the Mediterranean Sea.

July 2013 was on average a relatively dry month, with
very limited areas recording more than 150 mm of
total precipitation and large regions where little/no
precipitation was recorded, particularly in the Iberian
Peninsula and Eastern Europe (see Figure 7). Monthly
precipitation anomalies were negative in large por-
tions of Central/Eastern Europe, S Scandinavia and in
the Iberian Peninsula, as shown in Figure 8. Positive
anomalies were instead recorded locally in Sicily and S
France, yet with moderate rainfall totals.

Summary of EFAS flood alerts for June - July
2013

EFAS Flood Alerts and Flood Watches sent in June -
July 2013 are summarized in Table 1 and shown in
Figure 9 and Figure 10. No EFAS Alert or Watch was
sent in July 2013.

Summary of flash flood watches for June - July
2013

In June 2013, 104 flash flood reporting points were
detected by EPIC (Figure 11), having probability higher
than 60% of exceeding the high threshold (5-year re-
turn period). The forecast lead time of the predicted
storm peaks is in the range 6 - 42 hours, with average
lead time of 27 hours. Catchment size of flash flood
alerts is in the range 51 - 4580 km?, with average size
of 1163 km”.

In July 2013, 8 flash flood reporting points were de-
tected by EPIC (Figure 12), having probability higher
than 60% of exceeding the high threshold (5-year re-
turn period). The forecast lead time of the predicted
storm peaks is in the range 6 - 24 hours, with average
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lead time of 8 hours. Catchment size of flash flood
alerts is in the range 99 - 2255 km?, with average size
of 616 km”.

Based on these points EFAS Flash Flood watches have
been sent to the corresponding EFAS partners for
Germany (border between Germany and Austria

Table 1: EFAS flood alerts of June 2013

above Salzburg, near Linz and Liezen - 1st June),
France (Gave de Pau, region of Arcachon-Sanguinet
Isere basin - 19th June; Galaure basin, Rhone basin
section nearby Saint-Rambert-d’Albon - 29th July), UK
(Ribble basin Preston area, west part of Mersey basin,
Weaver basin Northwich area - 28th July), Czech Re-
public (Dyje river basin - 25th June).

Type Forecast date Issue date tli_;aed* River Country
Alert 02/06/2013 00 UTC 02/06/2013 1 Elbe, section Eger - Schwarze Germany
Alert 02/06/2013 00 UTC 02/06/2013 2 Kwisa Poland
Alert 01/06/2013 12 UTC 02/06/2013 3 Barycz Poland
Alert 01/06/2013 12 UTC 02/06/2013 6 Elbe, below Havel Germany
Watch 01/06/2013 12 UTC 02/06/2013 1 Danube, section Enns - Morava  Austria
Watch 01/06/2013 12 UTC 02/06/2013 1 Neisse Germany
Watch 02/06/2013 12 UTC 03/06/2013 1 Spree Germany
Watch 02/06/2013 12 UTC 03/06/2013 1 Danube Slovakia
Alert 03/06/2013 12 UTC 04/06/2013 3 Prosna Poland
Watch 03/06/2013 12 UTC 04/06/2013 0 Danube Hungary
Watch 03/06/2013 12 UTC 04/06/2013 2 Danube, section Drau - Tisza Serbia
Watch 03/06/2013 12 UTC 04/06/2013 2 Danube, section Zala - Drava Hungary
Watch 03/06/2013 12 UTC 04/06/2013 2 Pilica Poland
Watch 08/06/2013 00 UTC 08/06/2013 2 Neisse Germany
Watch 08/06/2013 00 UTC 08/06/2013 2 Isar Germany
Watch 09/06/2013 00 UTC 09/06/2013 0 Danube, section Isar - Inn Germany
Watch 09/06/2013 00 UTC 09/06/2013 1 Pilica Poland
Watch 09/06/2013 12 UTC 10/06/2013 0 Lech Germany
Watch 09/06/2013 12 UTC 10/06/2013 0 Inn, above Salzach Germany
Watch 10/06/2013 12 UTC 11/06/2013 1 Rhine, above Aare Germany
Watch 13/06/2013 00 UTC 13/06/2013 0 Koros, Crisul Hungary
Watch 18/06/2013 00 UTC 18/06/2013 1 Cinca Spain
Watch 17/06/2013 12 UTC 18/06/2013 2 Aragon Spain
Watch 17/06/2013 12 UTC 18/06/2013 0 Ebro, section Huerva - Cinca Spain
Alert 22/06/2013 12 UTC 23/06/2013 3 Dyje Eiiclii Re-
Watch 24/06/2013 12 UTC 25/06/2013 1 Spree Germany
Watch 25/06/2013 12 UTC 26/06/2013 1 Neisse Germany
Watch 25/06/2013 12 UTC 26/06/2013 3 Barycz Poland

* Lead time [days] to the first forecasted exceedance of the 5-year simulated discharge threshold.

Forecast verification

Most skill scores available in the literature are de-
signed to evaluate the performance of deterministic
forecasts. In the context of ensemble predictions, de-
terministic scores can be calculated on representative

deterministic forecasts such as the ensemble mean or
significant quantiles of the ensemble distribution. This
often implies an inevitable loss of information, partic-
ularly that related to the uncertainty of estimation.
To fully exploit and assess the added value of proba-
bilistic predictions, dedicated skill scores are currently
being implemented in EFAS. Among them the Contin-
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uous Rank Probability Skill Score (CRPSS) is used to
evaluate the quantitative skills of the Ensemble
Streamflow Prediction (ESP).

CRPSS - 01/10/2012 to 31/07/2013 - LT = 5 days

Figure 1: CRPSS of ECMWF ensemble streamflow fore-
casts from October 2012 onwards, 5-day lead time.

CRPSS - 01/10/2012 to 31/07/2013 - LT = 10 days

Figure 2: CRPSS of ECMWF ensemble streamflow fore-
casts from October 2012 onwards, 10-day lead time.

The CRPSS is a dimensionless indicator of the skills of
ensemble predictions, measured by CRPSsyrecast
compared to that of a reference forecast CRPS,.,
which assumes a long term climatological discharge
value as reference for future values. The CRPS ac-
counts for the integrated squared difference between
the ESP and the step function of the proxy truth, here
represented by the climatological average discharge
at each grid point on the modelled river network.
CRPSS ranges between 1 (for perfect predictions) to
-oo, though ESP are only valuable when CRPSS>0, i.e.,
when ensemble forecasts perform better than the
reference forecast.

Maps in Figure 1 and 2 show the CRPSS of EFAS
streamflow predictions driven by ECMWF 51-member
ensemble, with 5 and 10 day lead time. Results show
that discharge forecasts based on weather predictions
are in many cases more skilful than climatological dis-
charges for lead times as long as 10 days.

Case study - Floods in Central Europe in June
2013

Over the last week of May, EFAS forecasts showed a
rapidly increasing probability of exceeding flood warn-
ing thresholds for wide areas in Central Europe
including Germany, Poland, Austria, and Slovakia. Be-
tween the 28th and 31st May, 14 EFAS flood warnings
of different levels (namely, flood alerts and watches)
were issued for some of the major rivers (e.g. Elbe,
Danube, Rhine and Odra) and their tributaries, with
varying lead times before the beginning of the ex-
treme streamflow conditions. Cities such as
Wittenberge, in Germany, were severely affected by
the rising waters of the Elbe, where the record high of
2002’s ‘flood of the century’ was surpassed by more
than half a metre on 9th June 2013. Figure 4 shows
the EFAS active alerts and watches as of 3rd June
2013 and multi-model streamflow predictions for the
Elbe River at Wittenberge, Germany, based on the
model run from 00 UTC on 1st June 2013.

In the Danube river, water levels exceeded the maxi-
ma on record in different river stations. In Bratislava,
the river stage of the Danube reached 1034 cm on the
6th June, corresponding to a new record value of
about 10650 m>/s (see Figure 3). However, no signifi-
cant damage occurred in the main Slovakian cities
along the Danube, as they are protected by mobile
barriers against floods with return period of about
100 to 1000 years.
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The EPIC index for flash flood early warning picked up
the extreme character of the upcoming precipitation
event over a large area centred along the Austrian-
German border, indicating high probability of flash
flooding in a number of alpine catchments. An EFAS
watch for extreme precipitation and possible flash
flooding was issued for this area on the 1st June, with

30-36 hour lead time on the event peak. This area was

indeed severely affected by extreme weather on the
1st and 2nd June. The city of Passau, in southern
Germany, was hit severely, with water levels reaching
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Figure 3: Water levels [cm] in the Danube at three sta-
tions in Slovakia. Courtesy of the Slovak Hydro-
Meteorological Institute (SHMU).

their highest recorded value in the past 500 years.
This series of floods represented the event with high-
est magnitude in terms of extent and population
affected since EFAS became operational in 2012.
EFAS is specifically designed to provide early warnings
for large scale flood events and the preliminary analy-
sis shows that overall it did perform well in many
affected areas.

Recent team publications

Alfieri, L., Salamon, P., Bianchi, A., Neal, J., Bates, P.,
Feyen, L., 2013. Advances in pan-European flood haz-
ard mapping. Hydrological Processes (online version),
doi:10.1002/hyp.9947.

Ramos, M. H., van Andel, S. J., and Pappenberger, F.,
2013. Do probabilistic forecasts lead to better deci-
sions? Hydrology and Earth System Sciences, 17,
2219-2232, doi:10.5194/hess-17-2219-2013.
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Figure 4: EFAS active alerts (red) and watches (orange) as of 3rd June 2013 and multi- model streamﬂow prediction

for the Elbe River at Wittenberge, Germany (model run of 00 UTC on 1st June 2013).
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Meet the EFAS team

EFAS Computational Centre (CC)

The EFAS Computational Centre is located at the European Centre for Medium-Range Weather Fore-
casts (ECMWF) in Reading (UK). The core part of the EFAS CC team is composed by five consultants
with background in hydro-meteorology and computer science: (from left to right, in the photo)
Blazej Krzeminski, Konrad Bogner, Fredrik Wetterhall, Florian Pappenberger and Lorenzo Alfieri. In
addition, a larger internal team gives continuous support on software, computation facilities, web
applications and monitoring of the EFAS operational suite, including 24 /7 support.

Florian Pappenberger - Coordinator of the EFAS Computational Centre.

Prof. Florian Pappenberger works at the ECMWF, leading a team on meteorological applications.
Amongst his international activities, he is co-chair of the international Hydrological Ensemble Pre-
diction Experiment project (www.hepex.org). His research interests include the cascading of
uncertainties from numerical weather and climate predictions to flood inundation outlines and
communication of uncertainty. Details of his publication record can be found in
www.ecmwf.int/staff/florian_pappenberger
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Appendix - Figures

Accumulated precipitation [mm] for Jul 2013

Accumulated precipitation [mm] for Jun 2013

min = 0 mm : > min = 0 mm
max = 475 mm P max = 237 mm

Figure 5: Accumulated precipitation [mm] for June Figure 7: Accumulated precipitation [mm] for July 2013.

2013.

Precipitation anomaly [%] for Jun 2013 Precipitation anomaly [%] for Jul 2013

min = -100 % min = -100 %
max = 549 %

max = 598 %

Figure 6: Precipitation anomaly [%] for June 2013, rela- Figure 8: Precipitation anomaly [%] for July 2013, rela-
tively to a long term average (1990-2011). tively to a long term average (1990-2011).
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EFAS alerts and watches sent in Jun 2013 EFAS flash flood alerts based on EPIC - Jun 2013

-
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Figure 9: EFAS flood alerts and watches for June 2013. Figure 11: Flash flood reporting points for June 2013.

EFAS alerts and watches sent in Jul 2013 EFAS flash flood alerts based on EPIC - Jul 2013

i &

Figure 10: EFAS flood alerts and watches for July 2013. Figure 12: Flash flood reporting points for July 2013.
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