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Ny realtids varslingsmodel til
forudsigelse af oversvemmelser
ved hgjt grundvandsniveau eller

vandindhold | rodzonen

Hans Jgrgen Henriksen og He, Xin GEUS
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Atmosphere

Hvorfor realtids
modellering i det
urbane rum?

Samfundets behov for
hydrologisk realtids-
information er voksende

WFD og oversvgmmelses-
direktivet efterlyser en
integreret, oplands- og
helhedsorienteret tilgang

DK-modellen som platform for
realtids modellering i urbane
rum og vandlgbsoplande

Stationariteten er dogd men

vandbalancen, hydrogeologien
og grundvands-overfladevands
interaktionen er breaking news
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Tinglevboringen:
www.tinglevboringen.dk
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Model domains of the National
Water Resources Model
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| DMI 10 km climate grid
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2004

2006 2008 2010

Streamflow anomally

e Below Normal
Unchanged
e Above Normal

Simulering af

vandfering i vandlgb
(kalibreret og valideret for
2000-2011 ud fra historiske
klimadata; har aldrig vaeret
anvendt til realtid/prognose
modellering)
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Fire scenarier er undersggt
| projektet Realtidsvarsling

Lokalt

_ niveau
Nationalt

niveau
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Skjern a case study area / prototype
Henriksen, HJ, Stisen, S, o th s = o
He, X and Wiese, MB 2015. c$ ‘
A hydrological early warning
system for Denmark based
on the national model.
Geological Survey of
Denmark and Greenland
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Undersggelses-
Metode:
* Prototype test
« Web baseret
spgrgeskema
« Model
workshop
(vandmodel.dk/
realtidsvarsling)

Spergamal til det nationale niveau om en hydrologisk prognose
2, %
~Natiomal Ve Eesoure® Modal
— ’ 1 o \ I her hej grad ser du muligheder og felevans af en ™ it ko
b J , I\ / ik DK-model Forecast” som giver st estimat af
o ~ - Realtidsprojekt hydrologiske variable | e fremiid baseret ps Ringa
veirprognosar?
Spergeskema Realtidsvarsling Indledning Nogen
o)
Moget h
Hvem er det der svarer?
I vor hej grad ville en "DK.model Forscast” kunne Indga & 1 e
" * Navnet er dat eneste som skal udfyldes direkte som et led  lokal vandiorvalining?
Dit Navn* Ringe
Din organisation / virksomhed Hogen
o)
Din rolle i organisationen Megst h

Spergsmal til det nationale niveau om en opdateret hydrologisk DK - model [P —
Spergsmal til det nationale niveau om en hydrologisk prognose
Hvilke typer af handslser kunne umiddelbart vasre
relewant for dig at kunne varsie | real tid pé nationalt
Spergsmal til det lokale niveau » niveau?

Marker gerne flers muligheder

Hvordan skal gores

Hvordan kan vi bedst inddrage din viden i undersegelsen af realtidsvarsling ved hjeelp af DK model?

Send besvarelse
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Start of the
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MapGenerate
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simulering til website

Web Server

New

Groundwater grids

Soilmoisture grid

Discharge timeseries

Soilmoisture timeseries

—

MeanValues
dis_5_percentil.txt
dis_50_percentil . txt
dis_95_percentil.txt
moi_5_percentil.txt
moi_50_percentil.txt
moi_95_percentil.txt

Extract
timeseries

ASCII to map
conversion

A

Present

4 Groundwater maps

1 Soilmoisture maps

5 Discharge timeseries

\i

5 Soilmoisture timeseries

Archive

Backup
previous files

[asci

Consume

DE NATIONALE GEOLOGISKE UNDERS@GELSER FOR DANMARK OG GR@NLAND

I
I
I
I
Streaming
service

Internet

Data
interface

Website




<

3 3 .w ..l- /
National" Vi

‘Grundvand Vandigb

ressouree Mode]
" "\~ Reattiasprojekt

Vand i rodzone

~ Model

Grundvandsstand d. 26. okt. 2013 kl. 6:00 i.f.t middelgrundvandsstand

< am

. 4

Web interface for
Ahlergaarde

<om
X over middel over topografi
—p—— - oblandet
" lidt over middel taet pd topografi
3 -0,2m til 0,2m Blosm-2m
L middel hej grundvandsstand
Ty = 4
/ '-u/ 4 o0,2m til im >2m
/ T lidt under middel lav grundvandsstand
-
(B e . Cellestorrelse:
- { ¥ ol under middel 500x500 meter
d "\"'J Celler:
500x500 meter
N 2
- F - o I
b4 National Via seouree Model
e o "~ Reamsprojest
Grundvand Vandlgb Vand i rodzone Model
‘g X
Grundvandsstand d. 28. okt. 2013 KI. 6:00 i.f.t middelgrundvandsstand Aendring i dybde til grundvand, 48 timer Asstramning station skjar A, Alergaard
i R eath \ / %ast T s
ko ~ <" | m<am — o
+ = Fﬂ over middel stor stigning - l
. . | ——
" R
1 ; \ \ I am til - 0,2m [ -0,02m til - 0,1m G
r 4’ s \ - lidt over middel llle stigning
\ X “. ‘ - 0,2m til 0,2m - 0,02m til
- middel 0,02m R
il \, . i meget lille ndring Stremning i
“ ot -— 0,2m til 1m
: = et N\ Jidt under middel B 6 2m bl 1m vandieb
: . Tille fald .
(e [ o S acetons s o
E R under middel >1m stationen.
% ( % st el
So ' _ 1] Celler: kommende 48
\ ! j‘l 500x500 meter Celler:
\ J 1 » i Tidsserie
’ LA - Afstromning
_4. .F " I aeo
Afstrer
7 g - —
' Reference 2000-2010
~ 95 percentil
— Middelvardi
= 5 percentil
Kontakt: hjh@geus.dk Kort
=<7\ vandisb
__®—  Malestation

DE NATIONALE GEOLOGISKE UNDERS@GELSER FOR DANMARK OG GR@NLAND



Nedber i mm for september 2014
Midt- og Vestjylland
Medber pr. degn

MEnedssurn: 57 mm, nermal (1961 - 1990): 86 mm
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Workshop design

Program:
9.30 - 10.00 Ankomst og kaffe/te/rundstykker
10.00 - 10.10 | Velkomst og introduktion til dagen - Hans Jergen Henriksen, GEUS
Om realtidsvarslingsprojektet:
10.10 - 10.30 Introduktion til Realtidsprojektet — Simon Stisen, GEUS
10.30 - 10.50 Tekniske udfordringer i forbindelse med hydrologisk modellering i realtid -
Xin He, GEUS
10.50 - 11.10 Web prassentation af hydrologiske realtids- og forecast data for case et
omrade - Marianne Wiese, GEUS
11.10 - 11.30 | kort pause
Eksempler pd realtidsvarsling i Danmark og udland:
11.30 - 12.00 Bedre forudsigelse af kraftig nedbar - Henrik Vedel, DMT
12.00 - 12.30 Varslingssystemer i forhold til hydrologi og vandlebskredslab - Torsten
Jacobsen, DHI
12.3D - 13.30 Ferost
Tre cases:
13.30 - 13.50 Oversvammelse fra Storden i Holstebro - Projektkoordinator Leif
Theilgaard, Holstebro Kommune
13.50 - 14.10 Ussered A projektet — Projektleder Klaus Pallesen, Fredensborg Kemmune
14.10 - 14.30 Varslingsmaodel for oversvammelse langs Aarhus 8 - Ingenier Ole Helgren,
Aarhus Kommune
Diskussion (og kaffe mv):
14.30 - 14.50 Oplaeg til diskussion — resultater fra spargeskemaundersegelse af behovs-
afdaekning af realtidsvarslingssystemer — Hans Jargen Henriksen, GEUS
14.50 - 15.20 Diskussion i grupper eller plenum
15.20 - 15.50 Opsamling i plenum
15.50 - 16.00

Afslutning — Hans Jergen Henriksen, GEUS

Welcome and
presentation of early
warning system
prototype and web
interface for case study
area (GEUS)

Partner presentations by
DHI and DMI of 20
years experiences with
early warning systems

Three community based
early warning system
examples (Holstebro,
Fredensborg and Arhus)

Break out group session
and plenum
16
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(a) Relevance of hydrological real-time system at national scale.
(b) Desired hydrological model configuration

Grid size % Temporal % Frequency for %
discretization model refreshing
250 m 90 Minutes 12 Hours 27
500 m 10 Hours 23 Days 60
1000 m 0 Days 65 Months 13
Relevance of a Ability of the Relevance of the  Ability of the
national level  national model DK-model forecast DK-model
real-time simulations to be giving estimates of forecast can be
hydrological directly used as a hydrological used directly as
model part of the local variables in the a part of the
describing the water future based on local water
actual water management weather forecasts management
state
Low 14 15 20 16
Intermediate 29 46 40 42

High 57 39 40 42




(c) Model results to present in the hydrological real-time system and their

uncertainty

(d) Preferences for the information and communication tools (ICT)

Relevant variables % Importance of uncertainty %
assessment

Groundwater level, groundwater 52 Not very important 5
recharge, river discharge and soil

moisture

Groundwater level, groundwater 28 Important 71
recharge and river discharge

River discharge and soil moisture 10 Of critical importance 24
_River discharge 10

Communication %  Stakeholders’ involvement % Lead time of forecasts %
methods

SMS 41 Face-to-face meetings 78 Short (days) 50

, Information on DK-model ,
Mobile phone APP 56 59 Intermediate (weeks) 33
homepage

Internet homepage 67 Focus groups 30 Long (months) 17
Newsletters 7  Think tank 30

Download data 30 Telephone interviews 7




(e) Hydrological real-time system at the national level and at the local level.

Questions National level Local level
(%) (%)

Already use systems for monitoring and/or early warning in relation to water N/A 30

management?

Have plans of using real-time system as an element in water management N/A 44

and/or climate change adaptation?

Relevance for real-time forecasts of flood in rural areas with possible 59 N/A

preventive emergency actions

Relevance for drought and water scarcity in rural areas, where real-time 70 N/A

forecasts gives possibilities for more effective irrigation, based on seasonal

forecasts

Relevance for urban areas where real-time forecast enables possible local 52 56

retention and delay of storm water runoff from catchment and control of

water flows

Relevance for early warning of flooding for buildings, management of melt 59 44

water runoff and steering of water cycle

Relevance for early warning of traffic and transport sector in relation to 67 52

extreme rain events, flooding of roads and railways

Relevance for information update to the general public including indexes for 74 41

drought and flooding

Relevance for emergency management in relation to risk of landslides and 78 22

stability of dams




Feedback from the stakeholders

National v.s. local systems

Interaction between shallow groundwater aquifer
and surface water is a unique feature.

Inconsistency in the understanding of time scale
between the surface water and groundwater
community.

For future system development: (1) Model
uncertainty in the input data and the forecast;
(2) early warning schemes need to be developed
on top of hydrological forecasts; (3) agriculture
related issues need to be given more attention.
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NORDRESS Odense case study

WWW.nordress.hi.is
- & i S

Elevation (m)
<VALUE>
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B -19-0
I 0.1-25
[ 26-5
[Js1-75
[J7e-10
[ 101-15
[ 15.1-20
. B 20.1-30
I 30.1-40

The evolution of Odense Oversvgmmelses hotspots
: Eksercermarken

Kilde:

( TBT

Johan Linderberg _ )
Vandcenter Syd) Skibhus omradet

‘ Infrastructu re+communit¥ resilience'
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Local decision support

(time-sliced bayesian networks: PhD study DTU Helena Astrém 2015)
Grundvand (add)

L eraEes / Add resilience
i ——— and model uncertainty
’ S
vEnelE - CLIMATE RISK NETWORK '\
Skyerd : Trigger CHANGE I
I SCENARIOS :
: \ Control : S ok e eyt i e ~
\{\ PDF FOR DRAINAGE H DRAINAGE i DECISIONS
Hazard FLOOD SYSTEM IMPROVEMENT PRy
: VARIABLE conrsuraTon 1§ | DECISION - AND THEIR |
| ! COST |
: \ 4 Mitigant :: :
I i FLOOD !
Consequence RRCRGRIS I PROTECTION cadhg :
l‘\ q ASSET , 7 |\ DECISION DECISION ,'I
). R i [ = ’ b T e S N . G SO -»
|’ ------------------- 1 .
[ EXPECTED . | Add early warning and
! ANNUAL |
: i E tem based adaptati
| DAMAGE | cosystem pased adaptation
An influence diagram for urban flood risk assessment
through pluvial flood hazards under non-stationary

. . conditions Helena Astrém, Peter Friis Hansen, Luca
Add social and environmental Garré, Karsten Arnbjerg-Nielsen

benefits (ecosystem services) Journal of Water and Climate, 5(3), 276-286 (2014)
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Concluding remarks

 The prototype we developed has significant
implications for water resources management
(1) Accessible by stakeholder; (2) open dialogs
on uncertainty; (3) inclusion of hydrological
components outside surface water.

« The experience from the stakeholders can
effectively bridge the knowledge gap.

« DK-model can be used as a information

gathering system and awareness communication
system.



E NATIONALE GEOLOGISKE UNDERS@GELSER DANMARK OG GR@

www.geus.dk

More information

Videnskab.dk
Sciencenordic.co

The national
hydrological model
DK model:
www.vandmodel.dk

NORDRESS (Nordic
Centre of Excellence
on Resilience and
Societal Security):
http://nordress.hi.is
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RESEARCH & STUDY,

New model can help predict flooding two days in advance

January 5, 2016 - 06:25

Most read articles

A new model can monitor underground water in real-time and will help to Jan.8 Sweden's promise of a permanent

improve early flood warnings.
Keywords: Climate, flood, hydrology

By: Catherine Jex

When it comes to
predicting when and
where the next
devastating flood will
strike, meteorologists and
town planners need more
information than simply
the weather forecast for
that week

They also need to know
what is happening
underground. How high is
the water table? And how
wet is the soil? But many
flood-forecasting models
do not include this
information

Now, a group of Danish
scientists have developed

home becomes migrant magnet

Jan.8  Climate research using lasers and
water pipes

Jan.8 Pacemakers make heart patients
anxious and depressed

Mar.3  Redheads feel a different kind of pain

Research Manager

Norwegian Institute for Water Research
NIVA- o

Send [3 POF = Print

Research Manager

Norwegian Institute for Water Research
NIVA- o

A new computer model will monitor Denmark’s water cycle—from the rain that

ronment - partner news

How are we going to store the
problem gas CO2?

News from Gemini, SINTEF

falls on land to the groundwater stored under the earth. The new model will
help local weather forecasters to predict where and when the next flood will

strike. (Photo: )

a nationwide model that could help local flood forecasters predict imminent floods up to = # .3 | Seventips tocut your CO2


http://www.vandmodel.dk/
http://nordress.hi.is/

