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Approaches of Disaster Mitigation by Deeper Understanding

aving systematic risk
analysis and profiling on
underlying causes, drivers
of the risks

imulation is conducted with Requirements

optimal IC, BC and parameterizatiol
with best knowledge based on the JScenarios
observation data.

Historical Observation
Cases Data

I

Knowledge of Underlying
Science & Theory

Jutput

...... . Knowledge Base

Dbservation provides necessary descriptidg
of current status of earth system to make
NS start with best estimation of IC

Event Modeling &

Model Improvement o
Parameterisation

...... Numerical Simulation

Simulation Portal or
Application Gateway
Services

e-Science infra, app,
system perf and — ITITOTAtion & ANAIV SISt .

workflow optimizatig odels capture key atmospheric dynamics and
ight physical parameterization so that samples of

Data Common, Early Warning
Science Common Application & Services |- . Impact Analygls
Community Engagement Hazard Mapping
e-Infrastructure E -

-~
-

computing schemes. lteratively, new simulations with extra
arameters may also be executed based on observation datg



Building Tsunami Early
Warning System for Taiwan



COMCOT Tsunami Model

COrnell Multi-grid Coupled Tsunami Model

Solve nonlinear shallow water equation directly

e Moving Boundary Scheme
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Moving boundary scheme was also introduced in COMCOT to model the run-up and
run-down. The instant "shoreline" is defined as the interface between a dry grid and wet grid
and volume flux normal to the interface is assigned to zero.
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Fig.02 Moving Boundary Scheme

Solve nonlinear shallow water equations
coordinates.

on both spherical and Cartesian

Explicit leapfrog Finite Difference Method for stable and high speed calculation.
Multi/Nested-grid system for multiple shallow water wave scales.

Moving Boundary Scheme for inundation.

High-speed efficiency of OpenMp parallel computation.
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Initial Tsunami Wave Height of 2004
Sumatra Tsunami
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Simulation of Japan Tsunami in 2011

2011/03/11 05:47:33 (UTC+0)
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Maximum Tsunami Wave Height of 2011
Japan Tsunami
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Latitude (N)

Potential Tsunami Sources for Taiwan Regions
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Latitude (N)

Scenario Study of T02 Malila Trench Tsunami
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Latitude (N)

Tsunami Propagation and

Maximum Wave Height with
Associated Arrival Time
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iICOMCOT Cloud Computing Service at ASGC

iICOMCOT (https://icomcot.twgrid.org/index.html)

Welcome
iICOMCOT

iCOMCOT is a open platform which allows everyone to perform tsunami simulation online.

Academia Sinica Grid Computing | www.twgrid.org
Institute of Physics, Academia Sinica
No.128, Sec2, Academia Rd, Nankang, Taipei 11529, Taiwan
TEL:+886-2-27898371 / FAX:+886-2-27835434
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1. Basic parameters 2.Focal Mechanism 3.Nested-Grid 4. Tide Station 5. Run

Step 1

Basic parameters

Simulation Name Simulation

<>

Total Simulation Time 1 (hr)

<>

Time to save data 0.5 (min)

« Previous Next —

Academia Sinica Grid Computing | www.twgrid.org
Institute of Physics, Academia Sinica
No.128, Sec2, Academia Rd, Nankang, Taipei 11529, Taiwan
TEL:+886-2-27898371 / FAX:+886-2-27835434
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ICOMCOT User Interface (l)
s L —

Focal Mechanism settings  Grid settings Tidestation settings

View and modity your focal mechanism settings here View and modify your nested-grid settings here View and modty your Sdestaton settings here
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ICOMCOT User Interface (ll)

Status

In this page, user can view the status of running simulation, retreive

initial surface
simulation result, and view the running history. (

Simulation Elapsed
# Name Status StartTime Time Action ayer
1 Banda DONE ThuOct18 1:49:43 T L
Aceh 1g Sh 2012 View Detail maximum wave height
19:41:91 5 01_BandaAceh
GMT+0800
(CST View Log 02 Phuket
e 03 Chenna
View Result 04 Male
i 05 Colombo
Download | ATION
Result
layerQ1 (400x300)
2 Japan311 DONE ThuOct18 1:36:10 = layer01 (640x480)
2012 View Detail layer01 (800x600)
15:40:30
GMT+0800 k BATHYMETR)
(CST) View Log ayer01
-
View Result
‘ comcecot.cti
Download Haw Data

Google Earth KMZ



Building Storm Surge Early
Warning System for Taiwan



How good can we simulate (predict) typhoon ?

* |.C., B.C. and resolution: the forecasting of track, intensity

* Dynamics of Typhoon circulation and their interaction with the
Taiwan terrain

* Mesoscale wind and precipitation distribution
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Initial condition impacts on landfall simulation
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The Introduction of CWB COMCOT-Surge Model
(COrnell Multi-grid COupled Tsunami Model — Storm Surge)

Nonlinear Shallow Water Equations on the Spherical Coordinate
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Adopt large enough spherical computational domain to cover the complete typhoon life cycle

and full storm surge propagation.

Include nonlinear calculation, bottom shear stresses and shoaling effects in near-shore regions.

Consider multi-scale storm surge propagation in both open ocean and coastal regions.

Calculate high-resolution storm surge inundation area for risk assessment.

Combine with the dynamic atmospheric model.
Combine with the global tidal model.

High-speed efficiency for the early-warning system.

e Moving Boundary Scheme

Moving boundary scheme was also introduced in COMCOT to model the run-up and
run-down. The instant "shoreline" is defined as the interface between a dry grid and wet grid

and volume flux normal to the interface is assigned to zero.
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Fig.02 Moving Boundary Scheme



Latitude (N)

Latitude (N)

Large-Scale Storm Surge Simulation on
Spherical Coordinate System
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The large computational domain is

adopted to simulate the complete storm
surge propagation on spherical coordinate
system.



Coastal Inundation Calculation

Storm Tides (Storm Surge + Tide) Pure Tide
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Our COMCOT storm surge model could also calculation the inundation
area with nonlinear shallow water equations which considers nonlinear
effects, bottom effects, and Coriolis effects inside.



Storm Surge Model Products

* High-Resolution Potential Inundation Area

e Storm Surge Inundation Area
* Pure Tide Inundation Area

* Predicted Water Elevations at Specified Tidal Stations
* Storm Surge
* Tide
e Storm Tides (Storm Surge + Tide)

 Maximum Water Elevations in Coastal Regions
* Maximum Storm Surge
* Maximum Tide
 Maximum Storm Tide (Storm Surge + Tide)

Maximum Storm Surge



Comparison with Observed Data
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The tide observed data are
provided by our CWB in Taiwan.



Case Study on Typhoon Haiyan



2013 Typhoon Haiyan/Yolanda in the Philippines

Typhoon Life Cycle: November 39 —November 11th

Typhoon Haiyan: 'It was like the end of the world'.

Typhoon Haiyan was the strongest typhoon than tropical cyclones ever recorded,

and devastated portions of Southeast Asia, particularly the Philippines, in early-
November 2013.
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A New Storm Surge Model for Typhoon Haiyan
by Coupling Atmospheric and Oceanic Models

Weather Data

Atmospheric Model*

Model improvement

NWP by WRF

by validation with

Wind Field
& Pressure

3KM observation data

resolution

Data Alighment
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q

5

Oceanic & Global®,

Adopt the large
computational domain
to cover the complete
ty‘ohoon life cycle and
full storm surge
propagation.

Couple COMCOT with
the dynamic
atmospheric WRF
model.

Couple with the global

Wind Field 2KM - 0.2KM Tlde MOdeI : TPXO tidal mode ]
& Pressure resolution :
: » Calculate high-
Tidal Data — Model improvement . resolution storm
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" velocity 1 Understanding science behind the event
Inundation  Max Storm 2. Improve the coupled model

Surge Height 3 Early warning
4. Providing hazard maps and risk potential analysis
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Storm Surge Modeling on 2013 Typhoon Haiyan
by Coupling Ocean and Atmospheric WRF Model

Offshore Storm Surge Inundation 2013-11-06 00:00 (UTC+0)
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Gauge Comparison of ——

Storm Surge Calculation
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2 Disaster Studies of Simulation Schemes in Capturing
= Mitigation Mechanisms of Rainfall Prediction in WRF on
/ Malaysia Floods
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Long-Distance Dust Transportation from

Biomass Burnin

700hPa Tracer Simulation
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-@ Disaster  Flood Case Study in Nepal

2\ Mitigation

..--. Precipitation from PPS TRMM/GPM Estimate
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Impacts of Urbanization to Taiwan West
Land on Precipitation

18




1904 1921

23.35N 8 23.35N

23.3N 18 23.3N
23.25N 18 23.25N
23.2N 18 23.2N
23.15N 23.15N
23.1N 18 23.1N
23.05N 4 23.05N
23N 1% 23N
22.95N 4 22.95N

22.9N 4% 229N

22.85N 22.85N

120E 120.1E 120.2E 120.3E 120.4E 120 120.1E 120.2E 120.3E 120.4E

1994 2007

23.35N 23 35N [N

23.3N 23.3N

29 25N 99 o5 N -

23.2N (R e AN S 232N
23.15N [ 0 23.15N ¥
231N [ 23.1N

23.05N 23.05N R

(B N g g g gy W S N AW AVIEAV AN
FNWRERTONDO o g UTO~ 00O — )L

2aN{ 23N

22.95N 299 95N [ e

22.9N 22.9N

22.85N 22.85N

120E 120.1E 120.2E 120.3E 120.4E 120E 120.1E 120.2E 120.3E 120.4E



Average Diurnal Temperature Range

average DTR in Tainan 2007 DTR in Tainan 2007 with refrence to 1904

average DTR in Tainan 1904
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Hard to Achieve Accurate Simulation of
Strong Typhoon, especially the Storngest
Wind Speed and Lowest Pressure

» We could achieve near observations by Higher
resolution (<3KM) simulation

- Characterization of interactions between
atmospheric and oceanic layers as well as land-sea

- Eyewall contraction
- Surface flux parameterization
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Deeper Understanding on Multi-Hazards

Extreme Weather

Biomass Burning/ Volcano
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v l
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Improving Disaster Mitigation by Deeper Understandings
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Remote Land

Weather Tide Event Sensing Use

Bathymetry

bbb

Data
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Open Collaboration Model for Disaster Mitigation Based on
Deeper Understanding & Moving Towards Open Science

Customized Science
Gateway & API for flexible
Integration

Simulatio

n Portal

Simulation Model & Reproducibility &

Services Innovation Deeper Data Reuse
Understanding &
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Summary

- Deeper Understanding Approach

Three fundamental issues for deeper understanding: I.C., B.C. and
Observation Data

Resolution and Computing Power are getting to be more important!
Interaction with Terrain structure often being ignored

Interaction of different Air systems are not easily predicted, look for
potential pattern

 Lessons Learned from Case Studies

Long-range Dust transport and Biomass burning are recently realized.
Importance of Mesoscale!

Data, Data, Data! Observation stations are often destroyed after the
onset of major disaster events!

» Future Perspectives

Answering what-if questions
Disasters under global warming scenarios
Cross-scale modeling system

Capacity building and facilitate share of data, tools, resource and
knowledge: DMCC (EOSC-Hub)égAPAN DMWG, etc.



