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Flood forecasting — Emscher experiences EEMSSSECNQEQ

Emscher catchment

* Population: 2,3 Mio.
* Area: 865 km?2
e Dikes: 115 km
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Our catchment area INEMSCHER
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Emscher— and Lippearea show different catchment characteristics
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Emscher catchment
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Catchment characteristics of the
Emscher — Lippe - region QEEM&&S'}!E\BT

* Concentration time of flood discharges:
Floods generated by

* Lippe: 2- 4 days
continuous rain and snowmelt
* Emscher: 6 - 12 hours .
_ _ _ Floods resulting from
* Lippe-tributaries: 2 - 6 hours " heavy rain
* Emscher-tributaries: less than 2 hours




Flood forecasting — Emscher experiences
Flood management

Emscher flood HQ,q
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in the floodplain

* 2,5 m/h with 5,90 m maximum water depth
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Emscher and Lippe catchments QEEMQ&!!EE

With floodplains and 200 km dikes
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Flood forecasting — Emscher experiences

Flood management

: Department for basic
research and services

* QOperates all
hydrometric
measurements

4
4

teams

:District preparedness

* Provides all
hydrometric data

control center

» Operates the
hydrologic models and
provides the forecast

* Hydrologist on duty

@

Superordinate flood

N H
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| Operative branch of our
I organisation

Operates all pumping
stations, treatment
plants, retention
basins and rivers

Divided in 5 districts

Incorporates nearly
850 employees

Responsible for

(8 persons and 1 per

A situation report o

1

-Jh

week) gives daily : ‘ _ H

107 pumping stations,
327 km? polder areas
and 115 km dikes
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Flood early warning system ENEMSCHER
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requirements

Radar data
visualization

Radar data
analysis

Display of
measurement
data

Hydrologic
modelling




Radar data exchange server QEEMSSS&S':!EQ

Technical infrastructure

Verzeichnisstruktur

11 water boards_—— — |
=
|l A ||| ev | |unec| | rv | | Wv ||| nv | Austausch
T T T J 13
RW| | EG | | v | [woL| DWD
| '
. . EzD/Tag =
Niederschlagsschreiber (43) = Archiv  iima (05112 mB)  Num. Vorhersage Radar
| (5 MB pro Verband) | | |
————— Spiegel des ~ * Radar SYNOP (f,’z“;j’lg') = (1MB)  —{— DX (25MB)*
ID4 | ID2||ID3||... ||IDN| DWD * Numerische
ETP- Vorhersage EzDiTag ™ PF (IMB) * —
Servers + Klima COSMO-EU (4/32 MB) [
Doku — PH (1MB)*
(Infos, Koordinaten, ZADIE T =l
Karten, Stammdaten) COSMO-DE (4/32 MB) (1,5MB) —
Zeitinervalle: Modellauf: LEPS (700 MB) =i (1IMB)
Rot= 5-miniitlich _— « L
= 15-miniitlich e — | PX(1MB)
; L . -DE- (90/720 MB)
Lila= 1-stiindlich +30 min PY (1MB)* —
Blau= 3-stluindlich 0,3,6,9,12,15,18,21 UTC +1h
Grau= 6-stiindlich 0,3,6,9,12,15,18,21UTC | +3,5h — KONRAD (VX) (5 MB)
Grin=12-stiindlich 0,12UTC +4 h
Schwarz= 24-stiindlich 12UTC +15h — RADOLAN (40 MB)
data transfer volume:
DX, PF, PH, PX, PY 3GB/d RW (1MB)
ay RZ (10 MB)
— Essen
RY (5MB)
Flechtdorf
** EzD= GréRe der Einzeldatei - (5 MB)
Neuheilenbach Tag: GesamtgréReder Dateien pro Tag
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Flood Early Warning system (FEWS)

Server architecture
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Flood Early Warning System Q(EEMSSSECNSHCQE\E’

EG/LV DWD radar +
measurement§ measurement
data data

DWD — met.
forecast

EG/LV Online-Models

Emscher and Lippe runoff-prediction
up to 7 days

areal precipitation based on watershed

Current status report of flood situation

EG/LV Hochwasserlagebericht Freitag 25.10.2013 - 15:12 Uhr
Berichtswoche: 43. KW 21.10.2013 bis 27.10.2013

Thursday Emscher

0.4 mm precipitation sum 24.10.2013

Friday

0.6 mm measurement (08:30-14:15 25.10.2013)

27.2 mm prediction warning
Saturday + Sunday pre warning
0.7 mm prediction 26.10.2013

7.2 mm prediction 27.10.2013 Friday Saturday Sunday
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Flood Early Warning System

—
EG/LV DWD radar +

measurementl measurement
data data

DWD — met.
forecast

EG/LV
measurement data

Starkregenereignis vom 20.06.2013 - Station Rorup (8843)

EG/LV Online-Models

Emscher and Lippe runoff-prediction
up to 7 days

Nisdarschiagssumme [mm]
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Current status report of flood situation

EG/LV Hochwasserlagebericht Freitag 25.10.2013 - 15:12 Uhr
Berichtswoche: 43. KW 21.10.2013 bis 27.10.2013

Thursday Emscher

0.4 mm precipitation sum 24.10.2013

Friday

0.6 mm measurement (08:30-14:15 25.10.2013)

27.2 mm prediction .
warning

Saturday + Sunday pre warning

0.7 mm prediction 26.10.2013
7.2 mm prediction 27.10.2013 Friday Saturday Sunday




Flood Early Warning System
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DWD radar +
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Flood Early Warning System

EG/LV
measurement
data

DWD radar +
measurement
data

DWD — met.
forecast
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DWD — met. forecast

Einzugsgebiet Emscher

EG/LV Online-Models
Emscher and Lippe

areal precipitation based on watershed

Current status report of flood situation
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27.2 mm prediction
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up to 7 days

warning
pre warning

Sunday
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Flood Early Warning System
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Flood Early Warning System
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EG/LV
Online-Models

Automated SMS- warning
and alert system

|| HOWIS-Portal Emscher: HOCHWASSERBEREITSCHAFT
{-|HOWIS-Portal Lippe: VORWARNUNG




I Numerical Weather predicition LY EMSCHER
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The actual numerical weather prediction model system of the DWD

Local scale;: COSMO DE

7. =Y Regional scale: ICON-EU
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Global scale: ICON

Boundary conditions

Chain of models with successively finer resolution

One prediction (model output) every 12 h, 6h, 3 h



Numerical Weather prediction g&mggsﬂﬁﬁ

Numerical weather prediction models (NWP) of the DWD

Global-Modell ICON |CON-EU Nestgebiet Europa COSMO-DE (-EPS)

Grid scale :13km Grid scale :6.5km Grid scale :2.8(2.2) km
vertical layers : 90 vertical layers : 60 vertical layers: 50 (65)
prediction prediction prediction

180 hvon 00 und 12 UTC 120 h von 00, 06, 12 und 18 UTC 27/45 hvon 00, 03, 06, 09,
120 h von 06 und 18 UTC 12, 15, 18, 21 UTC
265 mio. grid points 17.5 mio. grid points 9.5 mio. grid points
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Numerical weater predicition g&mgggﬁﬁ

Rainfall- Runoff predicition in the Emscher catchment

OB-Koenigstrasse (PNP 23.79 mNN)
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“Good” for the hydrologist on duty, only one predicition to deal with
But remember: atmosphere is a chaotic system, the one true prediction doesn‘t exist
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Uncertainties of forecast INEMSCHER
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Ensemble prediction systems (EPS)

Cumulo- 4
! nimbus
1 hour -

1000 km

Chaotic systems atmosphere— the one accurate forecast does not exist,
but there are weather conditions with a lower uncertainty regarding
space and time




Uncertainties of forecast

Ensemble prediction systems (EPS)

Variation of sensitive variables:

humidity, temperature, ...
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20 model runs with different results, but the same probability ->

Large variation = index for uncertainty
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Challenges for flood prediction in local catchments
Radar Vorhersage 1 Radar Vorhersage 2
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Ensemble Predicition Systems

Challenges for flood forecast in local catchments

Einzugsgebiet Emscher
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0B-Koenigstrasse (PNP 23.79 mNN)
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Precipitation warning messages
and call of service gémgggﬁﬁ

Overview discharge year 2015 (1st. Nov. — 30th. Oct.)

Discharge year

1st. half-year | 2nd. half-year 2015

0
)
§ thunder storm / heavy rain 23 47 70
4
=
£ continuous rain 6 3 9
c
<
=
g severe weather 0 14 14
@)

call of service - hydrologist 35 33 68

exceeding of critical river levels 7 5 12

I 26



ﬂ, Manuelle vorhersage

5 : Data Viewar

LAMUY NRW iy
EGLY

RV

Wy

[#- Talsperren

(- Qualitative Prognose

=) || Emscher

[ Modelleingangsdaten

=} Modellergebnisse

£ NASIM

Vorhersagemanager

What-if Szenario

~J

E

[N EMSCHER

GLvo: GENOSSENSCHAFT

EEECEEEE 6, @ O O O fwie

W Adelenstrafie (PNP 95,44 mNN)
'V Eottrop-Sued (PNP 27,55 miN)
"W Boye km 1.6 (PNP 26. 14 mMM)

"W Busr-Sutum (PNP 30,65 mM)

"W Dortmund-Dorstfeld (NP 68,27
'V Dortmund-Mengede (PNP 52,73
"W HRE Borbecker Muehlenbach Zu
"W HRE Herne-Roehlinghausen Hue
"W HRE Mengede Briicke VA (FNP
'V KA Dortmund-Deusen (PNP 58,2
"W KA Herne-Mord (PNP 37.93 mMh
'V OB-Koenigstrasse (PNP 23.79
"W Fhinix-See Ablauf (FNP 88.15¢

e 3

W.Messung -
W.NASIM (Update)
W NASIM (Update DX)
W.NASIM (Update DX.kor)
W.NASIM (Update DX, dkar)
W.NASIM (Update DX.ang)
W.NASIM (Update PF)
W.NASIM (Update EGLV)
W.NASIM (Update RY)
W, NASIM (Update RZ)
W.NASIM (Update RW)
W.NASIM (COSMO-DE)
W NASIM (COSMO-EL)
¥ W.NASIM (GME) i
i '
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Flood forecasting — Emscher experiences
Dike data service

Present situation: Next step: use
Every 15 min map discharge to
current freeboard calc. freeboard

T

Next step: use Next step: use
6 hour forecast 24 hour forecast

§
Representative gauging station used for

. ) ) REMAINING
calc. of freeboard in a cer't'gllr‘\“orllke reach EREEBOARD
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Online dike toping hazard EYEMSCHER
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The fragility curve
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depending to the stress (e.g. water level [m])



Model of the structure type dike I EMSCHER

EGLVo: GENOSSENSCHAFT
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fragility curves R4 EMSCHER
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fragility curve
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I standardised fragility curves
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Integration of the fragility curve EYEMSCHER
In the operational flood management system

of the EGLV
L /
“ | / SR > 5| pxmossor
— © 2 km0,450 L
bttt g = — 7
G = T % (o1
8 3_km1,700 L
— -

1.00 7 - N 7
80 4 :

P {Versagen | ii;) [-]
o o




I Flood forecasting — Emscher experiences ?Eﬁgggsﬂﬁﬁ

Conclusions

Flood comes very fast
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Fast data transfer
and models
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Little chance to react
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