Deltares
‘s

Impact-Based Forecasting and Risk-Based Warnings

Stakeholders Workshop, Maldives

Reimer de Graaff

6 oktober 2016



The modelling of water levels, currents, waves and flooding during severe weather
conditions or tsunamis.

.. Is very powerful as it:
integrates data from various sources (global models, measurements)
can give timely forecasts or assess risk maps
can help to better understand / teach the physics
can be updated with new models, bathymetric surveys, computer capacity, etc.
can be extended to include e.g. sediment transport, water quality, spills, etc.
can be used to assess worst-case or what-if scenarios

... but, as part of impact-based forecasting:

should be in place before integrated in forecasting
should be able to give quick and accurate predictions
should be robust

should be easy to use / hand-over
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Brief introduction to Deltares

Deltares is an independent institute for applied research
in the field of water, subsurface and infrastructure.

> applied research & specialist consultancy

» main focus on deltas, coastal regions and river basins

» extensive hydraulic/geotechnical laboratories and
computer modeling facilities

» open-source policy: “dare to share”

o i el My,
> 800 academic staff Sl L T
main office in Delft, The Netherlands
branch offices in Singapore, USA, Jakarta,
Abu Dhabi, Rio de Janeiro
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Deltares

software

programmes

Simulation Pri

Delft3D Flexible Mesh Suite
The Delft3D Flexible Mesh Suite (Delft3D
FM) is the successor of the structured
Delft3D 4.01 Suite

D-Sheet Piling

D-Sheet Piling is a tool used to design
retaining walls and horizontally loaded
piles. D-Sheet Piling...

2% Solutions

Flood forecasting system
(Delft-FEWS)

Delft-FEWS is an open data handling
platform initially developed as a flood
forecasting and warning system._

iMOD

Key features of iMOD: One expandable

of interest Flow model nesting,.

data set covering all possible future areas

D-Geo Stability
General D-Geo Stability is a slope stabitity
package for soft soils. Previous releases of

Deltares, together with UNESCO-IHE and
TU Delft have developed the open-source,
freeware numerical model XBeach. The.

Operational Water Quality
Management System (Delft-
FEWS)

Delft-FEWS is an integration platform
designed to provide you with this
functionality, which is used in...

&

DAM (Dike strength
Analysis Module)

DAM (Dike strength Analuysis Module) is a
software package for the automated
calculation of the strength..

[Z] Toolboxes

RTC-Tools

Open-source toolbox Deltares offers an
open-source toolbox for the real-time
control of hydraulic systems: RTC-Tools
includes triggers...

OpenMI

The objectives of the Association are to
promote the development, use,
management and maintenance of the...

OpenDA

A model that conforms to the OpenDA
standard can use all the tools that are
available..

Openkarth

As an alternative to these ad-hoc
approaches, OpenEarth aims for a more
continuous approach to data...

< Serious Games and Apps

6.6

Climate
Adaptation

Port of the Future Serious

Game

The Port of the Future Serious Game aims
at raising awareness for the current
policy-making challenges...

Climate App

The Climate App has been developed for
worldwide application and has been
tested in Ho Chi...

% Web and Touch Table applications

3D interactive modelling
using Delft3D Flexible Mesh

For policy makers, decision makers and
the general public, the combination of the
Touch Table, our...

Guanabara Limpa - public
webviewer

The Guanabara Limpa - webviewer is
based the Delta \iewer developed by
Deltares. Itis an..
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Sustainable Delta game
Given the uncertainties about the future,
! t constitutes o sustainable water
management plan? Water management

Levee Patroller

Game-based leaming The game consists
of a virtual environment that simulates a
range of situations that require. .

Clrcle - Critical
Infrastructures: Relations
and Consequences for Life

and Environment

Circle is a touchtable application for
working with stakeholders on cascading
effiects. Deltares developed Circle as...

Aqueduct Global Flood

Analyzer

The Analyzer enables users to estimate
current flood risk for o specific geographic
unit, taking into..
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~_Tsunami modelling (incl. inundation) RSy

Deltares

6 oktober 2016




Tsunami modelling ﬂ |

{
Time: 2011-03-11 05:45:00 (GMT)
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Deltares software — Delft3D-Flexible Mesh

» Delft3D Flexible Mesh (FM) is the new software engine
o successor of Delft3D 4.01, launched in Nov 2015

« for hydrodynamic, sediment transport, morphodynamic, water quality and ecology
simulations on unstructured grids in 1D-2D-3D

« optimal modelling flexibility and parallel computing
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SWAN wave model

e Shallow-water wave modelling
«  SWAN: developed by TU Delft, in cooperation with Deltares

* Wave propagation, wave growth, refraction, breaking, wave-wave
interaction, dissipation (e.g. mud, vegetation) wave set-up and wave
reflection

« Stationary and non-stationary simulations

» Generation, propagation and dissipation of waves
 Combined sea and swell waves

e Dynamic coupling with Delft3D modules
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XBeach model

New open-source numerical model

for wave propagation, long (infragravity) waves and mean flow, sediment transport and
morphological changes of the nearshore area, beaches and dunes during storms

developed by Deltares, UNESCO-IHE, TU Delft and University of Miami

Very effective model for combined sea + swell wave propagation, and flooding of atoll
islands

Short wave envelope

.............. Mean water level Wave breaking

Short waves
——— Long waves

Motions dominated
by long waves
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Deltares

software

Simulation Pri

Delft3D Flexible Mesh Suite
The Delft3D Flexible Mesh Suite (Delft3D
FM) is the successor of the structured
Delft3D 4.01 Suite

D-Sheet Piling

D-Sheet Piling is a tool used to design
retaining walls and horizontally loaded
piles. D-Sheet Piling...

2% Solutions

Flood forecasting system
(Delft-FEWS)

Delft-FEWS is an open data handling
platform initially developed as a flood
forecasting and warning system._

1MOD

Key features of iMOD: One expandable
data set covering all possible future areas
of interest Flow model nesting,.

[Z] Toolboxes

RTC-Tools

Open-source toolbox Deltares offers an
open-source toolbox for the real-time
control of hydraulic systems: RTC-Tools
includes triggers...

OpenMI

The objectives of the Association are to
promote the development, use,
management and maintenance of the...

D-Geo Stability

General D-Geo Stability is a slope stabitity
kage for soft soils. Previous releases of

D-Geo Stability wer

XBeach
Deltares, together with UNESCO-IHE and
TU Delft have developed the open-source,
freeware numerical model XBeach. The

Operational Water Quality
Management System (Delft-
FEWS)

Delft-FEWS is an integration platform
designed to provide you with this
functionality, which is used in...

DAM (Dike strength
Analysis Module)

DAM (Dike strength Analuysis Module) is a
software package for the automated
calculation of the strength..

OpenDA

A model that conforms to the OpenDA
standard can use all the tools that are
available..

Openkarth

As an alternative to these ad-hoc
approaches, OpenEarth aims for a more
continuous approach to data...

< Serious Games and Apps

Port of the Future Serious

Game

The Port of the Future Serious Game aims
at raising awareness for the current
policy-making challenges...

‘ ‘ Climate App

. The Climate App has been developed for
worldwide application and has been
tested in Ho Chi...

Climate
Adaptation

% Web and Touch Table applications

3D interactive modelling
using Delft3D Flexible Mesh
For policy makers, decision makers and
the general public, the combination of the
Touch Table, our...

Guanabara Limpa - public
webviewer

The Guanabara Limpa - webviewer is
based the Delta \iewer developed by
Deltares. Itis an..

Sustainable Delta game
Given the uncertainties about the future,
! t constitutes o sustainable water
management plan? Water management

Levee Patroller
Game-based leaming The game consists
of a virtual environment that simulates a

range of situations that require...

Clrcle - Critical
Infrastructures: Relations
and Consequences for Life

and Environment

Circle is a touchtable application for
working with stakeholders on cascading
effiects. Deltares developed Circle as...

Aqueduct Global Flood

Analyzer

The Analyzer enables users to estimate
current flood risk for o specific geographic
unit, taking into..
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Delft-FEWS

open shell system for managing the forecasting process - ; -
handles all data flows, modelling, archiving and ‘
dissemination
interface to external data sources and models
modular and highly configurable

runs stand-alone, or in in a fully automated distributed
client-server environment !
forecasting of hydrodynamics, but also water quality i
parameters, dredging plumes, spills, etc. i
what-if scenarios

designed for robustness with advanced back-up/shadow
functionalities

worldwide applications by governments and
local/regional institutes (NL, UK, US, AUS, UAE, Braazil,
Singapore, etc.)

active user community with yearly user meetings

Deltares
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Deltares software - Delft-FEWS -
B

) Numerical
Real-time data Weather Climatological
levels, flow, rain, Predicti d
temp etc. redictions ata
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Webviewer

Abu Dhabi Ocean Observation System

Abu Dhabi Island

Grid Data Time Series Extended Abu Dhabi Model
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Runs operationally (24x7) at National University of Singapore (NUS) for
daily usage by NEA through a client application.

5 Neptune OMS V1.0 - March 2014 (Stand alone) — . [
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06-03-2015 15:00: 15 INFO - Application. Startup. Finished: The application finished starting up. (7s)
06-03-2015 15:00:15 INFO - Gui.Initialized: Graphical user interface initialized.

06-03-2015 15:00: 13 INFO - Session, Created: Stand-alone system

06-03-2015 15:00: 13 WARN - AUTO SYSTEM TIME SWITCHED OFF due to TO global properties option
06-03-2015 15:00: 13 INFO - Configuration. Check. Finished: Check of configuration finished.
06-03-2015 15:00: 13 INFO - Configuration. Available: Configuration available in local filesystem.
06-03-2015 15:00: 13 INFO - Configuration.Check.Started: Check of configuration started.
06-03-2015 15:00: 10 INFO - Application. Initialization. Finished: The application finished initialization.

7 : Forecaster Notes

’m-igt,d(NEA) Furrentsyshem time:05-03-2015 15:00 (GMT+8) 115:48:29 (GMT+8)




Hydrodynamics around Singapore

- The Singapore Strait connects the semi-diurnal Malacca Strait with
the diurnal South China Sea

- Three domains for better compromise (accuracy, performance)
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Several desired components
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Options for modelling in the Maldives.

Hydrometeorological conditions

Tropical climate

Distinct dry (NE) and wet (SW) monsoon

Average tide (HAT-LAT range 1.2 m)

Strong tidal currents (~ 1 m/s) between atoll islands
No severe cyclones, tropical storms (North Maldives)

6 oktober 2016
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Saffir-Simpson Hurricane Intensity Scale

6 oktober 2016




Options for modelling in the Maldives

Hydrometeorological conditions

Tropical climate

Distinct dry (NE) and wet (SW) monsoon

Average tide (HAT-LAT range 1.2 m)

Strong tidal currents (~ 1 m/s) between atoll islands

No severe cyclones, tropical storms (North Maldives)

Persistent swell waves from SW — SE, dissipated by atoll islands

Mixed with wind-waves (sea), from strong monsoon winds, from
tropical storms or during thunderstorms

Limited storm surge (surrounded by deep water)
Tsunami: mostly vertical (due to steep shelf slope)

Deltares

6 oktober 2016



Options for modelling in the Maldives

island
giri faru lagoon reef flat
1L reef front
inner reef
slope terrace

inner reef
sea-floor

> 2000m

Deltares
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Options for modelling in the Maldives

Hydrometeorological conditions

Tropical climate

Distinct dry (NE) and wet (SW) monsoon

Average tide (HAT-LAT range 1.2 m)

Strong tidal currents (~ 1 m/s) between atoll islands

No severe cyclones, tropical storms (North Maldives)

Persistent swell waves from SW — SE, dissipated by atoll islands

Mixed with wind-waves (sea), from strong monsoon winds, from
tropical storms or during thunderstorms

Limited storm surge (surrounded by deep water)
Tsunami: mostly vertical (due to steep shelf slope)
El Nino effects
Climate change:
* sea level rise (25 cm in 50 years? 1m in 100 years?)
* changing weather patterns??

6 oktober 2016
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Options for modelling in the Maldives

Tide: water level predictions and tidal
currents (also for operational use)

Waves:

 swell wave propagation and coastal
flooding

* generation, propagation and
overtopping of wind-waves (e.g.
during monsoon or tropical
storms/cyclones)

Wave and inundation modelling from
rainfall during thunderstorms (squalls)

Tsunami propagation and inundation
modelling (look-up database linked with
published seismic warnings) 05
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THANK YOU

Any questions or comments ??
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