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Introduction to Deltares

Operational Flood Forecasting at Deltares
Delft-FEWS

* Introduction to the system

* Philosophy & integration of models

Example application

Deltares



Delft Hydrauli

Delft Hydraulics

Established 1927
Research/Consultancy

Not-for profit organisation

End 2007 — ca. 360 Employees

Activities

 Applied research in IWRM,
Floods, Droughts etc.

* Physical modelling

e Specialised software

« Specialist advice to engineering consultants & governmental
organisations

1:60 Scale model of the Meuse River d/s of Maastricht



Deltare

Since 1 January 2008

» Delft Hydraulics

e GeoDelft

o part of TNO Built Environment and Geosciences

« parts of Department of Transport, Public Works and Water
Management (Rijkswaterstaat)

have joined together to become De |tareS

combining knowledge and experience in the field of water, soil and
the subsurface



Facts and figures

= Legal: not-for-profit organisation

=« Size 800 employees

= Annual turnover of € 90 million

= Branches in Delft, Utrecht

= Offices in Singapore & Washington DC
= Serves the public and private sector

= National and international activities



Six units; research and consultancy
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Inland water systems
Marine and coastal systems
Hydro-engineering
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Scenarios and policy analysis
Subsurface and groundwater systems
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Deltares — Delft Hydraulics has extensive
track record in operational forecasting

Key Milestones

« FEWS Sudan — 1992

« FEWS Pakistan — 1998
« EFFS — 1999 to 2003

» National Flood Forecasting System
(England & Wales) — 2002

* FEWS-Rhine & Meuse (NL, CH, DE)
2003

Community Hydrological Prediction

System (CHPS) — NWS-NOAA, USA
2009 — in development

Timeline of FEWS Implementations
(Grey indicates these are not operational)



DELFT FEWS —flood forecasting shell

Philosophy
* Framework for organisation for the flood forecasting process

 Integration of data from several sources - present single source to
forecaster

* Provides general functional utilities
* Open interface to models used for forecasting
» Dissemination of results

* Delft FEWS is an open system — joint development approach



Simple graphical user interface
Self explanatory

Key features
» GIS Based
» Overview of data & status

FEWS Scotland — flood status in several catchments, January 2008

FEWS Donau (Austria) — Graphs at key stations



Powerful graphical tools for viewing
time series data

Point time series
Longitudinal profiles (animated)

Editing capabilities —
copy to-from e.g. Excel

Historical event at Torwinny, Scotland

Longitudinal Display



Animate Flood Inundation Map




Interfaces to data sources

Supports standards in data exchange formats: GRIB, NetCDF etc.
Data exchange with HIMS (e.g. WISKI)
Plugin-technology to extend integration of data formats

Emerging standards: WaterML — OpenGlIS standard for exchange
of hydrological data (USGS, NWS, CUAHSI)



Validation Module
Data Transformation and

(dis)aggregation Module

Correlation Module

HTML Report Module

Main map display Lookup table module

Flood Mapping Module






Delft FEWS independent of model - Key to philosophy of Delft FEWS

« Existing models available — used operationally — maintain
Investment

* No model available — choose models from wide range —
consider suitability & available knowledge base

* New models from academia — fast track science to operations



Models linked through “published
interface” approach

¢ XML Layer — data & metadata
e Simple — robust

Models run in 3 steps
* Pre-processing
¢ Model run
* Post-processing



Model
SOBEK
SOBEK-2d
DELFT-3D
Sacramento
RIBASIM
REW
DELFT3D
Flux

URBS

Lookup models

Type

Hydrodynamics, Water Quality, RR
Linked 1d/2d inundation modelling
2D-3D Hydrodynamics
Rainfall-Runoff

Water distribution + Reservoir
Distributed Rainfall-Runoff

2/3D Hydrodynamics/ Water quality
1D Hydrodynamics

rainfall-runoff and hydrological routing

Hydrological (snow models,
rainfall-runoff, routing)

Hydraulic (1D, 2D)

Supplier/Owner
Deltares
Deltares
Deltares
Deltares
Deltares
Deltares
Deltares
Scietec

Don Caroll

Wide range of models integrated
— extending continuously

Country
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Netherlands
Austria

Australia

TRITON
TWAM

STF

DODO
MCRM
Modflow96/VKD
Mikell

NAM
TOPKAPI
HBV

Vflo

SWMM
HEC-RAS
HEC-ResSim
Snowl7
SAC-SMA
Unit-HG
LAG/K
SARROUTE
SSARRESV
RESSNGL
RES-J
PRMS

SynHP

Type

Hydrodynamic
Rainfall-Runoff
Rainfall-Runoff

Routing (kinematic wave)
Snow Melt

Error Correction

Event Based RR

Surge propagation/Overtopping
2D Hydrodynamics

Transfer functions

Routing (layered Muskingum)
Rainfall-Runoff

3D groundwater
Hydrodynamics
Rainfall-Runoff
Rainfall-Runoff
Rainfall-Runoff (inc snowmelt)
Distributed Rainfall-Runoff
Urban Rainfall-Runoff
Hydrodynamic

Reservoir Simulation

Snow Melt

Rainfall-Runoff
Unit-Hydrograph

Routing (hydrological)
Routing (hydrological)
Reservoir Simulation
Reservoir Simulation
(Multiple) Reservoir Simulation
Rainfall-Runoff

Hydrodynamics

Supplier/Owner

HR/Halcrow

Deltares/Adam Taylor
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Univ. of Bologna
SHMI

Vieux & Assiciates
USGS

USACE

USACE

NWS

NWS

NWS

NWS

NWS

NWS

NWS

NWS

Univ. of Karlsruhre

BfG

Country
UK

UK

UK

UK

UK

UK

UK

UK

UK

UK

UK

UK
Netherlands/UK
Denmark
Denmark
Italy
Sweden
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
Germany

Germany



Overview Reports Detailed Reports




Delft FEWS database model is inherrently ensemble aware
 Import ensemble data (e.g. ECMWF, COSMO-LEPS)
 Run models for ensemble members
e results

 statistical summary

« verification

FEWS-CH:
COSMO-LEPS Forecast for 31-05-2007 00:00 UTC

FEWS-CH:
SRNWP-PEPS Forecast for 31-05-2007 00:00 UTC



em flexibili

Highly scalable

e Single river basin

» National Forecasting System
» Intl. River Basin Organisation

Deployment
e Stand alone
 Automated client-server

Software & Hardware
 Developed using Java ™, J2EE compliant
* Platform independent (Windows, Linux)

« Database independent (Oracle, Postgres,
SQL-Server)



Delft FEWS — Client Server

[

( master controller : i (operator client
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é[admin interface [central database

central servers & distributed clients
Servers hosted centrally FEWS Scotland

Client access through internet/intranet



~gions Qq orecasting System

- 1t Agency, UK ]

Northwest Northeast

& Anglian
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Wales Midlands

Thames Barrier

Southwest @ Southern



Full scale national system
Community Hydrological Prediction System (CHPS

CHPS deployed across all 13 River Forecast Centres (projected)
Migrated from current NWSRFS with > 10000 calibrated models




Delft FEWS provides interfaces to allow extension by 3" Parties
* Published interface (models)
« Java Software interface for modules & displays
*  Web Service plug-in
« JDBC coupling

JDBC Server opens the FEWS database to other applications
* Request data through ‘standard’ SQL
* Build your own viewer on the FEWS database

Examples of a JDBC Server
connections:

* Lizard Webserver —
Developed by
Nelen en Schuurmans



Philosophy
» Extension done in co-operation between Deltares & client
» Available to FEWS — available to the FEWS community

« Joint development approach

 FEWS User Community to share developments

Some current developments
* |Interactive Forecasting Paradigm
» Verification system (prognostic)
« Calibration
* Real-time control of reservoirs
* Water Quality forecasting
« Temperature forecasting







Fews-NL

Centre for Water Management

(previously: Institute for Inland Water
Management and Waste Water
Treatment - RIZA)

Operational forecasting

* Rhine at Lobith (German-
Dutch border)

* Meuse at Borgharen-Dorp

Desired forecast lead time

* 4 days “official” forecast for
Lobith

* Longer lead times as pre-
warning



Observed Data

*German Hydrometry
German/Dutch weather service

*Synoptic network
(CH, DE, F, NL, B, LU)

HBV Hydrological Model
*Rhine 134 catchments
Meuse 15 catchments

Sobek hydraulic model
*Rhine Maxau-Lobith
*Rhine Andernach-Lobith
Meuse Chooz-Borgharen
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Numerical Weather prediction grids

KNMI-HIRLAM

e 48 hrs leat time
DWD-LM2

e 78 hrslead time
DWD-GME

e 174 hrs lead time
ECMWEF Deterministic

e 240 hrs lead time
ECMWF Ensemble

e 240-360 hrs lead time

* 51 Ensemble members
COSMO-LEPS

¢ 132 hrs lead time

* 16 Ensemble members KNMI-HIRLAM Forecast: 11-05-2009 06:00 UTC



Poor man’s ensemble + ECMWF & COSMO-LEPS ensembles

Hydrological Forecasts for the Rhine at Lobith: 11-05-2009 06:00 UTC




Delft FEWS provides a state of the art forecasting shell
tailored to suit specific needs
enables forecasting organisations to take ownership & extend

provides wide range of functionality for data transformation,
Interpolation, validation etc.

open to models & data
open to extending functionality through plug-ins & services

Potential

small scale applications — water boards
administrative areas (regions)
multi-national (large river basins, basin organisations)



Just a FEW(S) Applications...

Thank You




