European Flood Awareness System

Increasing preparedness for riverine
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The objective of this course

- General background and basic set up of EFAS

+  Use of ensemble predictions in flood forecasting

- Employing model climatology to derive return period statistics

«  Communication and visualization of uncertain results for decision
making

- Flash flood predictions at a pan European scale
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Background - Why did we start with EFAS?

Elbe and Danube floods in 2002 were a wake-up call for the European
Commission to start different activities on floods and disasters.

JRC expanded the research project EFFS (1999-2003) to an operational
stage to increase preparedness for floods and to improve international
aid management

EFAS development is done in collaboration with national hydr-met
services and research organizations
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EFAS main objectives

-Catchment based information

-Lead times up to 10 days

-Probabilistic information
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- Comparable information across
Europe

- Tool for international aid assistance
.| Ammy during crisis

—_ |

EC Emergency Response and
Coordination Center
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Structure of operational EFAS

In 2011 EFAS was adopted as part of Copernicus (ex- .
GMES) emergency management service. OPEIrMICUS

The European Earth Observation Programene

Since 2012 three operational EFAS Centers are in place:

« EFAS computational center (ECMWF) cECMWF

JUNTR DE ANDALUCIA

- EFAS hydrological data collection center (ES) aemaeee, REdiames

ELIMCO

22 December 2014 SISTEMAS
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EFAS partner network

e EFAS is free and accessible for EU & non
EU countries

e EFAS is made for the national/regional
flood forecasting services

e EFAS respects the one voice principle!

e Currently 38 national/regional authorities
as EFAS partners plus ERCC

e Most of the partners are
hydro/meteorological services, only some
include also civil protection

e First European operational flood
forecastingg network

e Annual partner meetings
22 December 2014




European
Commission
I

EFAS technical set up:

e Distributed hydrological model
(LISFLOOD)

e Spatial extent: Europe
e Grid Resolution 5 km x 5 km

e Sources for meteorological forecasts:
German Weather Service, European
Center for Medium Range Weather

Forecasts, COSMO Consortium

22 December 2014
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EFAS technical set up:
e 693 sub-catchments calibrated Legend
e More than 6000 near real time . ed
meteorological observations - pmany Getchments
0
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EFAS limits

® Remember: EFAS is a continental scale system providing

complementary information!
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Why probabilistic forecasting?

- Small differences in initial conditions result in diverging outcomes
- long-term prediction are impossible in general - there is a limit to

the predictability of the
weather

But: we can stretch the limit of
Predictability when we quantify the
uncertainties

., Possible
evolution

/ scenarios

Initial

conditions




Ensemble Prediction System

n weather forecasts are
calculated

A priori all n members of the
ensemble are equally likely
Ensembles are designed to
capture a large variety of
possibilities — the truth may not
always be captured

Extreme events may be
captured by 1 or few members
Errors grow with time
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Ensemble Prediction System (EPS)
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Deterministic

» DWD - 7 days, ~ 7 km (Day 1 - 3), ~ 30 km (day 4 s

- 7), twice daily
o ECMWEF, 10 days, ~16 km, twice daily

Ensembles

e ECMWF VAREPS - 10 days , ~ 30 km, 51 members,

twice daily
e COSMO-LEPS - 5 days, ~ 7 km, 16 members

In total the EFAS EPS system contains 69
ensemble members.
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Interpreting Ensembles

Ensembles are most useful for early warning to prepare for serious events -
in the range when weather forecasts are most uncertain (3-15 days)

Let’'s assume for the moment that our
EPS have been corrected from ‘
systematic biases and are well
calibrated. In this case,

Q if 25% of all EPS exceed the
threshold, there is a 25% chance of the
event to happen

perfect reliability

N
]

n.z 0.4 0.6 0.3 1

o
I

Q if 75% of all EPS exceed the
threshold, there is a 75% of the event
to happen

Observed Relative Frequency o,

=

=

Forecast Probability p,
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Reliability diagrams

Observed hit frequency compared to theoretically expected
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EFAS analysis
2005/2006

Indicates that
the forecasts
are not fully
reliable and
that there is a
bias.
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Flood Thresholds

For floods: not the discharge is important but if the discharges
EXCEED critical values
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Flood Thresholds

In national institutions critical levels are often linked to “local”
phenomena:

Ry
. er
» Bridges overtopped Sifgez‘,f/ac/( 5
St5§§ 5 /"k:llgrf);?“dlhg toef
- the ;. '90dgj Lo
« Roads flooded = Kelhogg &0 the SSelds 5,
Serigyq ﬂo%%: .Ma/i,i ag enving
g NG iy p, 3N £, 715
» Bankfull conditions reached Mo, 1rons

For EFAS this kind of information is not available: need to construct
critical levels differently
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http://www.crh.noaa.gov/arx/events/images/ccy20.jpg
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Employing model climatology to derive return period statistics

,_ Meteorological LISELOOD
“»=_ observations
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EFAS Thresholds - Meaning

d Approach eliminates systematic bias (e.qg.,
systematic influence of reservoirs not
included

d Easily understandable

d Can be more easily linked to national
levels
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EFAS web interfag— Communication

~| | European Commission

L~ | Joint Resea
te for

p Home

» EFAS Forecasting

» Alerts cart

» MIC overview

p Utilities

CEEEREEE

p Partners Forum

p Search

p Partners list

» Contact us

[2012-10-18 [ (oo [z @ % ©
© Flood summary layers (4/13)
© Hydrological layers (0/8)
© Meteorological layers (0/8)
© Background layers (2/6)
© Flash flood layers (0/8) @
© EU-FLOOD-GIS layers (0/2)

© Global layers (0/9)

| More Topics »

22 December 2014
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Main Menu EFAS forecasting @

<< full screen  opacity <<| 0§>>  Print screenshot

Contact: EFAS Team

' " % W Easy and fast access to flood forecast

for end users:

e Password protected Web Interface

for partners only

e Updates twice a day

e Easy understandable hotspot maps,

flood probability maps, flood
threshold exceedances

e Hydrologically relevant
meteorological information
(upstream rainfall, snowmelt,
rainfall probabilities, etc)

20
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Visualization of uncertain results

Return Period Hydrograph (EUE)

st return period [years]

Foreca

1.5-year 2-year S-year 20-+year == max.sim.
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Overview of DWD, EUD, EUE > HAL, EUE > SAL
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Return period hydrograph
using box-plot diagrams and
thresholds

EFAS threshold exceedance
box diagrams
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Visualizing uncertain results

Forecast consistency

Overview of DWD, EUD, EUE > HAL, EUE > SAL

Forecast Type
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Visualization of uncertain results

Forecast persistence

EUE > HAL
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Visualization of uncertain results

Overview of DWD, EUD, EUE > HAL, EUE > SAL
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Predicting flash flood in EFAS

European Precipitation Index
based on simulated Climatology
(EPIC) is an indicator for
momewal U pCOMINg extreme precipitation
= events and aid the early
=~ - detection of flash floods at the
- scale of small catchments.

At each time step, EPIC

~ compares accumulated

. upstream precipitation for
durations 6/12/24 hours, with

Area =102 km?

s e @ o | reference thresholds derived
" - from a long-term reforecasts
N e - dataset

No hydrological simulation

Alfieri, L. and Thielen, J. (2012), A European
precipitation index for extreme rain-storm and
flash flood early warning. Met. Apps.
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Predlctlng flash flood in EFAS
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Description

EPIC Index for extreme precipitation events
based on COSMO-LERS forecast and 1 km

network- maximum probability [9]
of Medium threshold exceedance, 12 to 120

grid river

hours ahea

d.
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Technical details

,PrObSEP,,I.C) > EPICggyere = 38% I O Based on COSMO-LEPS

forecasts (16 members)

[0 Alert thresholds derived
from a consistent 20-year
climatology

[0 River network at 1 km
resolution (EFAS stream
flow simulations use 5 km
resolution)

[0 Fit for catchments between
50 km2 and 2000~4000 km?

O EPIC probabilities are
considered for the lead time
range 12--120 hours
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Predicting flash flood in EFAS
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Bacchiglione River
near Padova
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http://www.youtube.com/v/JL2OzyUIqCk&hl
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New developments for flash floods:
From EPIC to ERIC: from Precipitation to Runoff

EPIC indicator (European Precipitation Index based on Climatology) : Only based on precipitation

= Introduction of the Runoff Coefficient to weight the different contributions of rainfall
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Functioning:

I.

I1.

I1I.

Separation rain and snow
Introduction of the runoff
coefficient
Computing the
runoff

upstream

IV. Assessing the probability of

exceedance of different

return period events

Raynaud et al.

(2014), A dynamic runoff co-
efficient to improve flash flood early warning in
pee Europe: evaluation on the 2013 central European
floods in Germany. Met. Apps.
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EFAS European Flood Awareness System

European Commission » JRC Science Hub  IES 3 EFAS-1S

European Flood Awareness System (EFAS)

The European Flood Awareness System (EFAS) is the first operational European system mol
forecasting floods across Europe. It provides complementary, flood early warning information up to 10

days in advance to its partners: the National/Regional Hydrological Services and the European Response
and Coordination Centre (ERCC).

The Operational EFAS consists of four centres executed by different
consortia

= B ‘

=== Rediam..

¢ EFAS Computational centre - European Centre for Medium-Range
Weather Forecasts (UK) executes forecasts and hosts the EFAS-
Information System platform

cmw o EFAS Dissemination centre - Swedish Meteorological and

Hydrological Institute, Rijkswaterstaat (NL) and Slovak Hydro-

Meteorological Institute analyse EFAS on a daily basis and
disseminate information to the partners and the ERCC
———r—
===
======

o EFAS Hydrological data collection centre - REDIAM (ES) and
ELIMCO (ES) collect historic and realtime discharge and water level
data across Europe

¢ EFAS Meteorological data collection centre - Collects historic and
realtime meteorological data across Europe. Currently still managed
by the Joint Research Centre (JRC).

G]Qe_rnjc_b_\g EFAS is an operational service under the umbrella of the Copernicus
emergency management service and is fully operational since October

a7
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EFAS consortia

Information on EFAS: info@efas.eu
Contact to join the EFAS network: dissemination@efas.eu
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