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Proper assessment of different hazards requires

different models at different spatial and time scale

Wave type Typical period Generating mechanism
Storm surges 24 hours wind
Tides 12 - 24 hours moan, sun
Seiches 20 minutes weather fronts, swell
(Bound) long waves 30 s - 2 minutes wind waves (sea and swell)
Swell waves 15-20s distant storms (wind)
arbitrary energy scale Sea waves 2-10s local generation by wind
tides [
seiches wind-generated waves
trans tidal waves surges tsunamis infra-gravity waves
capillary
swell wind sea waves

106 10-% 107 10-3 10-2 10-2 10° frequency [Hz]
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Multi Hazard — hazards to be considered
Impact forecasting “
 Wind hazard, tornado / funnel clouds (land/waterspouts)

« Storm surge (regional and local) —— flooding
« Wave /swell AND set-up (regional and local) —  flooding
 (Infra Gravity wave setup) ——— flooding
 Riverine discharge (or dam break) 5 Fluvial flooding
 Flash flood Pluvial flooding

 Landslide
e Tsunami —> flooding

(Quality controlled) Input data

« Meteo forecast (regional scale)

« Tropical Cyclone track, wind and pressure forecast (local scale)
« Tide

* Precipitation; Radar and rain gauges data essential in real time
o Soil stability

« Earthguakes, Tsunami Sources
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(parts copied from CIFDP system design)
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Any contributions to water level besides astronomical tide:

_ _ °1%"  Surge level
* Direct set-up caused by (extreme) wind

* Inverse barometric effect
* Mean Sea Level Anomaly 014
* Annual sea level variation
* Interaction with tide
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>

Models for storm
surge for the Republic
of Mauritius:

* 2 Regional models,
covering Mauritius +
Rodrigues and Agalega

e 3 Detailed models for the
island's: Mauritius +
Rodrigues and Agalega

Not limited to surge
generated by cyclones
but also for surge
generated by tropical
storms and other
severe weather
conditions.

Beside daily variation
of tide, annual sea
level variation has
been calibrated

/r
-s00g|e earth

Include import data in
real time
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Model domain covers sufficient large area to allow 3-day forecasts

But sufficientl dailed to forecst the tide and storm surge locally
Sy 3 3 ¥

-\.'Ot?glc garth

Detailed models nested in
the coarser-grid models

Model domain and resolution
take into account future model

55 Tl ey T S

application (wave effect) S m—
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in Mauritiis™
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Short waves

Swell waves




ifremer

NMWW3 2016171011 tO0Ez &Gh forecast

GFS driven glebal modal valid 2018/10/14 00z

o [——EE—

[ ;

Deltares




1. Example: storm surge and wave model hindcast in Mauritius

Regional tide and

storm surge model .'. .3 Detail wave

+ b model
et AR extent

|6naLn@/£-;__ :
odel

) auritius - » Detail tide
‘Rodrigues ; ; and storm
b B 3 -

surge
model ’

e,

A 5
) h
-

1. Models run on coupled mode in the area depicted
2. Boundary condition for the SWAN wave model later from WW3 model

(now no open boundary condition)
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3. Example: storm surge and wave model hindcast in Mauritius
amede — with and without wave efrects: leve
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System In Mauritius

The Early-Warning System for incoming storm surge and wave for the Mauritius, Rodrigues and Agalega islands
was completed, installed and tested in August 2015. Implement in fully-automated, 24/7 mode. Forecast cycle:
every 6 hours, 3 days ahead

Data Feeds legend

) i Mauritius EWS: | mpor_gloss

B preferred Components & Data Feeds Q " importAws

‘ Optional ‘ - .
Observations used for display only.

This clate feed is not critical for the
EWS model sequence.

l Preprocessing NWP ]

port NOAAL 6P 50 - d Northern_Regional_Flow ] i _
a | AGA_Flow |

Preprocessing of the NWP ta [ Southern_Regional_Flow ]

Numericnl Weather Prediction impart
b wsed by the hydrodynamic
If ne forecast is imported, Mauritius
r{m‘?ml\' Fuh wilh prévioud forecast, miainly. Crinias wadfiow for ROD_Flow i
models io rum sucoessfully, Viewer
cyclone forcing only or defoult winds., s Hindcast and Forecast ruas of the
Hydvodymamic Regionol Models,

providing boundany condifions fo the

detaied modes. Successfil regionsl Hindoast and Forecast

simulations ore critical for the EWS iy Aoy St
hydrodynamic models
Reporting of the EWS is
bosed on results from
these models. Successful
simuations ane critical

for the FWS
Export_Report

[ Import_ITWC_Track H WES_Module_Q ”
These rable-reports are
the main aulomatic
WES Module for the Hindoast utput of the EWS.
@nd Forecast runs. inpul for this Successful completion of
fmpaort of STWC Bulletins. These module is the Storm Trock fuser tivls workflow s criticol
Bufleting com be used a3 0 bass for o defined). Output wil serve os for the EWS
cyelone trock. Optional |' ' imput 1o the hydvodynamic
madeds.
---

import_NOAA_GFS_25 |

v

forcing based sohely on NWP. A storm trock can be imported

e L7 p——
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Infra gravity waves (set-up) |
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Super Typhoon Haiyan making landfall near Tacloban, Philippines

| ',7D¢lti’;re'5 ,_

Hernani during Typhoon Haiyan

elevation (mw.rt MSL)

g wiler kevel - stalionary waves

500 1000 1500 2000 2600
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* Incident ocean wave groups propagate from deep ocean to the reef

* Incident waves break on reef edge:

> Push water onto shore as “set up”
« Travel onto reef as longer waves (“infragravity waves”)
* Waves are damped by friction due to coral roughness

On shoreline, waves run up the shoreline causing damage
> Run up

Incide tﬁva egroups
| [ Jf

Set up and IG waves

Wave breaking
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Wave runup at Hernani for Haiyan Typ.

* Total runup about 7 meters

» Offshore ocean surge (due to wind force) =0.5m
 Wave setup on reef =3m
* (Infra gravity) Wave runup on coast =3.5m

» Important: offshore surge as predicted by large scale ocean
models is only very small part of total run up
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Enabling Delta Life

[
FEWS - Flash Flood Hazard Modeling (existing system

and model infra structure available at MDC for forecast and analysis need to
be further developed)

The models used to produce hazard maps that will provide a basis for a future
Early warning System.

The hazard maps are associated with a certain historic event. The work is to be
continued towards hazards with a certain return period (e.g. 1 in 10 years, 1 in
100 years, 1 in 1000 years).




Hydrological model (wflow): Open
source distributed hydrological
model developed by Deltares.
* Input, precipitation,
evaporation
* OQutput: specific discharge,
discharge, soil moisture
status, etc

Hydraulic model: Delft3D-FM
* Input: specific discharge
(discharge generated per cell)

¢ Qutput: discharge and water
levels on a high resolution
(flexible) grid

Hydrological
model [wilow]

Discharge]

]

model [Delf3d-FM]

[wateilevel]

Critical water
levels (return time
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A lot of filtering and quality control required on
Rainfall data

Radar data

Wind speed

Relative humidity

Solar radiation

Temperature

Based on quality and completeness of records, pan evaporation

values were used in hydrological modeling
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e Simulations of inland water level and discharge (in hindcast or operational purposes)
» Source maps needed: DEM, Land-use, Soil maps




File Tools Options Help

Qudt 2

Beacxxso | misifiaimip + vawu. b

|e:mmJ

Sirmulstiors

! { 02-11-2010 00:00:00 GMT-4
— —

=X Rads .
K Rairifall reflectiaty [cBiZ] ﬁ _—' (=T
B wilow - sy
# Precipkation [mm]
& Saturation Deficit [mn]
& ‘vaber level [m] {
» Speckic dachange [mmte] "
S D30_PM_Curacac
& Daft30-FM waterlevel
- # Delft3D-FM water depths
& Delft30-FM water depths - ntempolated
- # Delft3D-FM water dapths - ntemolated (Max)

4

%, 25-08-2008 00:00-00 DADF = 0,001 |

== 0,01 |
= 0.1 |
e 0.2
>=0.3 ]
== 0,5 |
il § |
[ 2 |
=3 |
= 4 |
3w 5 |
e
[ 7
»= B
e §
= 15 | m 1000 2000 3000 4000 5000

& | — —— —
2= A WFLOW historical: 20 years 11-12-2013 00:00:00 GMT-4 Current

|| @vw| @ soavsivua nx|ﬁn¢am|4wm|n!mw

15-10-2014 10

- Rolling barrel compleied in 0.0 5
i = Rolling barrel stared
E-10-2014 1001 3:07 IMNFO -
16 10-2014 101307 INFO -
15-10-2014 DB:43:07 INFO -
1 Sil 0-2014 04307 INFO -
4

Folling barrel completed in 0.1 5
Rolling barrel starbed
Folling barrel completed in 0.0 5
Felling barrel stared

WINGEMILE

fourrent: system bme:01-11-2010 03,00 {GHT4) fis:0s:24 GhT fi7:05:24 cEsT tand alone Fm:w, 13579159

T 00000 T == T

S e b T

o pore

ares




BurcBvaAl

WFLOW niehoricat 1] 20 years L1-12-20 43 0000000 GNT-4 Curent

At

e St Wi

;-u Rosa \h

h

i G

Brains At

Pops
g o AL

wilow_curacao

Discharge at Rooi flowing
to Zuikertuintje; peak value
> 40 m3/s

Deltares

=g




Frovsrre | B e o] | a re5




b)

Model simulated values at
variable mesh size (raw)

Interpolated 100x100 meter
map (overall overview of
flooding)

Downscaled 10x10 meter map
for close-up




= Curacac Flash Flood Guidance Systern (Stand alone)
Options
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Model iIssues

Latitude -68.88, longitude 12.17,
contains a ‘ridge’. Is this a real
ridge where water is blocked?
Or is there drainage?

e EBEANNANS 8|

foe fde jeew Jooh  gSed

RS W
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Caveats of modeled results

* Very near drainage channels, pixel results (10x10 meter maximum
resolution) represent water in the drains
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Workflows
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« Curacao Flash Flood Guidance System (Stand alone)
File Tools Options Help
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+ Curacao Flash Flood Guidance System (Stand alone)
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for Curacao

» Sub-hourly rainfall is essential for flash flood simulation. The
rainfall radar (if calibrated) will be valuable in tracking / forecasting
of flash floods

« A Delft-FEWS system is established that integrates all models and
data. Automatic imports of rainfall data are already established

« Two models are integrated in Delft-FEWS, such that they can
simulate historic flash flood events

» A flood footprint (map) was generated for this event.
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Extend model with coast and include tide, surge and wave
components and wind/pressure forcing

Include import of forecast data of wind, pressure and wave from
global model

Investigate radar-based rainfall forecast (e.g. with STEPS
approach)

Extend workflows to forecast with lead time using the above

Establish sound mitigation and warning procedures based on
hazard maps (which areas are flood-prone?)
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Caribian plate is bordered by the North-Americanse, Cocos-, Nazca en South-
American plate. This plate formed from sediments ca. 70-60 million years ago. The

vulcanic arc formed in the East is moving eastwards.
Through subduction and obduction the plate is raised (source: Wikipedia).

For far source tsunami, earthquake from Portugal is the main threat (1755 Lisbon
Tsunami)

Equator Line

SOUTH AMERICAN
PLATE

NAZCA PLATE
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@ Offshore station (Barkan, 2009 )
4.00 I Average Shelf (Barkan, 2009)
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Figure 3 Locaties van de vulkanen Kick ‘em Jenny en Kick ‘em Jack (bron:
www.uwiseismic.com/general.aspx?id=27)
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Possible future large EQ sources identified by USGS

%Steepwalls ,""

(f/ Virgin Islands jgg
3 Basin 2

P

:ga S ‘-J.-'\ 2

18°N_~

BS;W GQFW 61;’W SUrW
-Muertos
Nowh I Qe 54
Sogk. <G00
M‘Wﬂo"\ a, P, % a

65°W z prss L T2 ot
8000 6 m \
= 8 7@ %20 e

7000 ?%
z w 3
o 4000%3000_,#%/-’\;- - @% 5
G 12388 Anegada
e St. Thomas
San Juan® L8 2
z St. Martin 3000 3000 L
;'9_ 1000 f}
Saba 1

Antigua
>
i ’%% . |

L.
{E-iuadeloups 9

0 100 200

e Kilometers %\ 4 /“/TI 5 -

16'N




http://nctr.pmel.neaa.gov/Jpg/propad
b-figs/eastPacSaurces.|pg
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Use unit source at each of

the rectangle as defined by
PMEL. This rectangle (by
selective combination) forms
possible EQ source along the
fault lines. Pre-calculate response
of each of the rectangle. Store the
results.

When actual EQ occurs,
through linear superposition

of selected unit source, using
appropriate weights, to

match the reported

EQ magnitude and produce the
tsunami wave height for this EQ.

This can be done in real time and
will take very short time.
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