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The European Flood Awareness System (EFAS) produces European overviews of ongoing and
forecasted floods up to 15 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), in close col-
laboration with national hydrological and meteorological services and policy DG's of the
European Commission.

EFAS has been transferred to operations under the European Commission's COPERNICUS
Emergency Management Service led by DG ENTR in direct support to the EU’s Emergency Re-
sponse Coordination Centre (ERCC) of DG ECHO and the hydrological services in the Member
States.

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

Cover image: Train services between Inverness and Aberdeen were disrupted given flooding to
the track through various stretches in Moray in August.
Copyright: Moray Radio online. All rights reserved
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EFAS news

Meetings

Eric Sprokkereef from the Dissemination Centre re-
ported about the EFAS annual meeting and recent
EFAS developments during the 74th meeting of the
International Commission for the Hydrology of the
Rhine basin, that was held in Brig / Switzerland 17 and
18 September.

On 16 - 17 September the 26th Meeting of the Flood
Protection Expert Group of the International Commis-
sion for the Protection of the Danube river was
organized in Bucharest, Romania. Peter Salamon was
invited to present the recent developments and EFAS
performance during the Balkan floods in May 2014.
The presentation illustrated new features such as the
return period hydrographs, incorporation of satellite
images, soil moisture and snow anomalies and the
web services of EFAS. The first EFAS warning for the
flooding in the Balkan region was sent out on the 11th
May with an approximate lead time of 3-4 days. Sub-
sequently more than 18 EFAS warnings were send out
for the affected region.

The RA VI Hydrology Forum of the World Meteorolog-
ical Organization was held from 24 - 26 September in
Warsaw, Poland. An overview of the latest status of
EFAS and its recent developments was given by Peter
Salamon.

Fredrik Wetterhall from the computational centre
attended the NSAC meeting on flash floods in Oxford
on September 24 and described the work within EFAS
on floods in general and flash floods in particular.

New partners

Confederacidn Hidrografica del Cantdbrico in Spain
and the Institute of Hydrometeorology and Seismolo-
gy of Montenegro has joined the EFAS partnership.

EFAS results

Meteorological situation for August -September
2014

The warm and dry weather for northern Europe in
July continued for a few days into August, but was
then followed by a period of more unstable weather

with heavy rain showers and thunderstorms leading
to flash floods in Scotland in mid-August (see case
study below) and in Denmark and Southern Sweden in
late August. The latter was not predicted by EPIC. The
month was in general wetter than normal conditions
for most part of Europe, except for the southernmost
part which experienced dry weather (Figure 8 and
Figure 9).

September saw a return of very wet weather for cen-
tral and Eastern Europe, where heavy rains in the
second week in September caused severe flooding in
the Danube basin and the Balkan coastline (Figure 10
and Figure 11). 11 flood alerts and 7 flood watches
were sent during this period. The rest of Europe expe-
rienced a drier than normal September, except for
north-eastern Mediterranean who was hit by extreme
convective precipitation 29-30 of September. Mont-
pellier in France received almost 300 mm over less
than a day and was severely flooded.

Summary of EFAS flood alerts for August - Septem-
ber 2014

EFAS Flood Alerts and Flood Watches sent in August -
September 2014 are summarized in Table 1 and their
location is shown in Figure 12 and Figure 13.

Summary of flash flood watches for August - Sep-
tember 2014

In August 2014, 54 flash flood reporting points were
detected by EPIC (Figure 14), 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 18 hours. Catchment size of flash flood
alerts is in the range 55 - 3063 km?, with average size
of 423 km®,

In September 2014, 3 flash flood reporting points
were detected by EPIC (Figure 15), having probability
higher than 60% of exceeding the high threshold (5-
year return period). The forecast lead time of the pre-
dicted storm peaks is in the range 24 - 36 hours, with
average lead time of 28 hours. Catchment size of flash
flood alerts is in the range 73 - 2982 km?, with aver-
age size of 1226 km”.
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Based on these points EFAS Flash Flood watches have

summarized in Table 2 and shown in Figure 14 and

been sent to the corresponding EFAS partners as Figure 15.
Table 1: EFAS flood alerts sent in August-September 2014
Lead .
Type Forecast date Issue date time* River Country

Watch 01/08/2014 00 UTC 01/08/2014 0 Sava, below Drina Serbia

Watch 04/08/2014 12 UTC 05/08/2014 1 Sava, below Drina Serbia

Watch 10/08/2014 00 UTC 10/08/2014 0 Dee United Kingdom

Watch 02/09/2014 12 UTC 03/09/2014 1 Drava Croatia

Alert 07/09/2014 12 UTC 08/09/2014 4 Ipoly Hungary

Alert 08/09/2014 12 UTC 09/09/2014 3 Raab, Raba Hungary

Alert 09/09/2014 12 UTC 10/09/2014 2 Hron Slovakia

Alert 10/09/2014 12 UTC 11/09/2014 3 Mura Croatia

Alert 10/09/2014 12 UTC 11/09/2014 3 Leitha, Lajta Hungary

Alert 10/09/2014 12 UTC 11/09/2014 5 Drava Croatia

Watch 10/09/2014 12 UTC 11/09/2014 2 Lonja, llova & Pakra Croatia

Alert 11/09/2014 12 UTC 12/09/2014 1 Lower Dyie Czech Republic

Watch 11/09/2014 12 UTC 12/09/2014 0 Jihlava Czech Republic

Watch 13/09/2014 00 UTC 13/09/2014 2 Ogosta Bulgaria

Alert 13/09/2014 12 UTC 14/09/2014 4 Drava Croatia

Watch 13/09/2014 12 UTC 14/09/2014 1 Mura Croatia

Watch 14/09/2014 00 UTC 14/09/2014 0 Sava Croatia

Watch 14/09/2014 00 UTC 14/09/2014 2 Timok Bulgaria

Alert 14/09/2014 12 UTC 15/09/2014 3 Sava, below Drina Serbia

Alert 16/09/2014 12 UTC 17/09/2014 6 Danube, section Olt - Yantra Romania

Alert 17/09/2014 12 UTC 18/09/2014 4 Danube, section Velika Mora-  Romania

va - Timok

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

Table 2: EFAS flash flood watches sent in August-September 2014
Lead .
Type Forecast date Issue date time* River Country

FF Watch 10/08/2014 00 UTC 10/08/2014 42 United Kingdom - Findhorn United Kingdom
FF Watch 10/08/2014 00 UTC 10/08/2014 42 no value United Kingdom
FF Watch 11/08/2014 00 UTC 11/08/2014 12 no value United Kingdom
FF Watch 11/09/2014 00 UTC 11/09/2014 36 Slovakia - Vah Slovakia

* Lead time [hours] to the forecasted peak of the rain storm

a 12 to 16 hour period (source: Met Office) with some
gauges recording between 120 and 140 mm (source:
SEPA). The resultant flooding across many parts of
Moray and Speyside caused significant transport dis-
ruption across the region. In Elgin over 200 homes
were evacuated as a precautionary measure in many
cases with the partially completed flood alleviation
scheme saving hundreds of homes and businesses
from flooding, with one business owner commenting
‘we are particularly happy to see that homes at risk in

Case study: Scotland floods August 2014

by Linda Speight, Hydrometeorologist, Flood Forecasting and
Warning Team at SEPA.

On Monday 11th August, the remnants of the ex-

tropical storm Bertha brought heavy and very intense
rain for many parts of northern Scotland. Early indica-
tions are that over 100 mm of rain was recorded over
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our community managed to escape what could have
been a devastating event.’

Specific areas of concern

Monday 11 August 2014

© Crown, Met Office and SEPA 2014

Figure 1. The area of concern. Map from Monday 11" August.

It was clear from several days ahead that this tropical
storm was to make a transition across the Atlantic and
head towards Northern Europe, bringing with it the
high likelihood of heavy rain and strong winds. Yet,
how challenging was it to predict the likely flooding
impacts of this weather system over Scotland? The
Met Office were providing daily assessments on the
likely track of the storm and how this could generate
into low pressure systems as it head towards the UK.
The potential for severe weather affecting the north
of Scotland became much clearer during Saturday 9th
and Sunday 10th with numerical weather prediction
models highlighting an area of significant rainfall ac-
cumulation.

m

.......

flood forecasting service. Forecasts for countrywide 1km grid-
ded hydrological response compared with Qt grid to highlight
the potential severity of flooding (left) and hydrological en-
semble-based forecasts for the River Lossie at Sheriffmills in
Moray (right).

Flooding of this nature is not unusual for August i.e.
1829 Muckle Spate and 1970 Findhorn flood, however
as forecasting science capabilities improve so does
our awareness of the potential for significant flooding
impacts.

Flood Watch for River Dee

An EFAS Flood watch for the River Dee as well as EFAS
Flash Flood Watches for the Grampian and the High-
land were sent on Sunday 10" August. An EFAS Flash
Flood Watch for the Western Isles was sent on Mon-
day 11" August.

The EFAS web system started to give indication of an
event 6 days before, this is far more than the Scottish
forecasting system picked up (morning of the 9th was
the earliest they started seeing anything) but by the
time the flood watch was issued on 10th they were
using their own systems for this event (possibly an
early warning with a lower probability threshold
would be more use for the SFFS as a prompt to start
looking at the EFAS system earlier). Flood warnings
were issued on the Dee on Monday and impacts were
reported. There was however river flooding issues
from other large watercourses in the area (The Spey
and The Don in particular) which did not receive an
EFAS alert.

Flash flood watches (Highlands, Grampian, Western
Isles)

Again the EFAS Flash flood watches were issued after
the SFFS had started to pick up the event in their own
system but they were correct in terms of time and
location (also SFFS didn’t issue any flood guidance for
the Western Isles due to focusing on the other more
populated areas, in hindsight they perhaps should
have and the EFAS alert picked this up better than our
own systems). The EFAS website was showing reason-
able confidence in an event from 8th August onwards
giving a lead time of ~ 3 days. The EPIC reporting
points were mainly located around the coastline;
there were also flash flood impacts in many of the
more inland mountain streams / river draining out of
the mountains.

The European floods of 2013 - extended verification
of the event and potential for improvements

by Fredrik Wetterhall

The devastating floods of central Europe in early June
2013 have been discussed thoroughly in media and
the scientific literature. The general conclusion from
the event was that the synoptic situation was well
represented in the global numerical weather predic-
tion model, but the precipitation was underestimated.
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A recent tech memo from describes a series of model

experiments where the impact of resolution and
changes to the model physics of the ECMWEF forecast
model would have on precipitation and consequently
also discharge.

0 05 10 15 2 2% 40 80 120 150 200

0.5 5 10 15 20 25 40 80 120 150 200 250

Figure 3. Upper panel shows EFAS precipitation analysis
for the period 2013-05-31 06 UTC - 2013-06-03 06 UTC
based on rain gauge data. Isolines show 700 hPa geopo-
tential from the ECMWF analysis, averaged over the
same period. Lower panel show ECMWF operational
high-resolution forecast over the same perio, initialized
at 2013-05-30 12 UTC. The black box denotes the area
that was used in the analysis below

The spatial variability of the precipitation was well
captured by most weather prediction models even
though the amounts were underestimated Figure 3.
EFAS predictions also indicated flooding in the affect-
ed area, but since the forecasted precipitation was
underestimated, so was also the forecasted discharge.
Figure 4 show the relative discharge bias over the
event, stretching from 28 May to 20 June. The areas
that were most heavily affected show up in red, indi-
cating an underestimation of the discharge.

PBIAS [%] - 28/05/2013 to 20/06/2013 - LT = 7 days

Figure 4. Percentage bias of streamflow for a lead time
of 7 days calculated over the period 28 May-20 June
2013. The length of the period was chosen to capture
both the rising and falling limb of the hydrograph asso-
ciated with the event.

Experimental setup and results

The ability to model extreme precipitation in an at-
mospheric model is dependent on the model
resolution and physics. The resolution determines
which processes that produce precipitation can be
solved explicitly in the model and which are parame-
terized. Convection is an example of a process that is
parameterised in models with low resolution, but at
grid sizes of around 5 km the models enter the so
called “grey zone” where the relationship between
the two becomes less clear. Also cloud microphysics
potentially has a large effect on the modelling of pre-
cipitation.

The event of 2013 was chosen as a good case study to
test the impact of resolution since orographic lift of
moist warm air which hit the northern side of the Alps
was the main cause of the extreme amounts of pre-
cipitation. With higher resolution you can the
orography in the model is described with much higher
detail. A scheme of cloud physics which allows for a
more non-linear representation of precipitation was
also tested. This new formulation has since then been
implemented in the operational ECMWF model.
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Figure 5. Cumulative precipitation in the alpine box
47N-48N, 10W-14W for different ECMWF model resolu-
tions. Observations show values from an observed
precipitation analysis. Time is given relative to 31 May
2013 00 UTC.

Figure 5 shows that resolution on the accumulated
precipitation over a 72-hour window starting from 31
May 2013. The resolutions refer to T319 (64 km),
T639 (32 km), T1279 (16 km), and T2047 (10 km). The
current operational model is run at T1279 (16 km).
The precipitation is the mean precipitation over a box
centred over the Northern alps; 47-48 N, 10-14 W
(Figure 3).

Not only resolution has a positive impact on precipita-
tion, also model physics as can be seen in Figure 6.
The curves show the effect of a new cloud microphys-
ics scheme as well as allowing for deep convection.
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Figure 6. Cumulative precipitation in the alpine box for
different formulations of precipitation formation. The
purple curve is where deep convection is allowed.

Even though the precipitation is better captured over
a large are as in the above figures, the resulting effect

on discharge for a single catchment might not re-
spond in a similar manner, as can be seen for Passau
(Figure 7). Passau experienced a 500-year event, and
this was not captured by the forecasts, nor do the
experiments with increased resolution and improved
cloud microphysics reach anywhere near those levels.
On the other hand, the results in Figure 7 are for a
single model run for one catchment, and to truly test
the predictability of the event would require an en-
semble run or testing over a number of events.

Forecast issued 2013053012 for Passau (Danube)
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Figure 7. Forecasted discharge levels with different
ECMWEF resolutions for the station Passau at the river
Danube. The black line denotes the simulated discharge
using observed precipitation.

Improving the model physics and increasing the reso-
lution will also mean better flood predictions in the
future. However, it is important that the hydrological
community make the meteorological community
aware of the caveats and shortcomings of NWPs, es-
pecially regarding the modelling of extreme events.

For further reading, please see Haiden et al. (2014) or
see the recently published blog post on HEPEX:
http://hepex.irstea.fr/floods-in-europe-2013-
revisited/

Recent team publications

Haiden, T., Magnusson, |., Tsonevsky, I., Wetterhall,
F., Alfieri, L., Pappenberger, F., de Rosnay, P., Mufioz-
Sabater, J., Balsamo, G., Albergel, C., Forbes, R., Hew-
son, T., Malardel, S., Richardson, D., 2014, ECMWF
forecast performance during the June 2013 flood in
Central Europe, ECMWF Technical Memoranda, 723,
34 pp, Reading, United Kingdom.
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Appendix - figures

Accumulated precipitation [mm] for Aug 2014

-

Accumulated precipitation [mm] for Sep 2014

Figure 8: Accumulated precipitation [mm] for August
2014.

Figure 10: Accumulated precipitation [mm] for Septem
ber 2014.

Precipitation anomaly [%] for Aug 2014

min =-100 %
max = 4365 %

Precipitation anomaly [%] for Sep 2014

min =-100 %
max = 1615 %

Figure 9: Precipitation anomaly [%] for August 2014,
relatively to a long term average (1990-2011). Blue
(red) denotes wetter (drier) conditions than normal.

Figure 11: Precipitation anomaly [%] for September
2014, relatively to a long term average (1990-2011).
Blue (red) denotes wetter (drier) conditions than nor-
mal.
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EFAS flash flood alerts based on EPIC - Aug 2014
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