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The Development of Storm Surge Model

Wu (1984) established a model from the Taiwan Strait to southeast of China, but the
domain was limited to the continental shelf of China.

Jelesnianski et al. (1992) established a storm surge model named SLOSH (Sea, Lake, and
Overland Surges from Hurricanes) for NOAA, which adopts the moving boundary scheme
to evaluate surge inundation in Cartesian and polar coordinates.

Flater (1994) developed a geographical storm surge prediction model, CS3, based on
depth-averaged equations for the Northern Bay of Bengal and applied it to the 1991 event.

Westerink et al. (2008) used a depth-integrated storm surge model with unstructured grid,
ADCIRC (ADvanced CIRCulation), and applied in Southern Louisiana.

Sheng et al. (2010) developed a three-dimensional model, CH3D-SSMS, coupled with the
wave model to study effects of waves on storm surge, currents, and inundation in the
Outer Banks and Chesapeake Bay during Hurricane Isabel in 2003.

Phadke et al. (2003) used the WAM model to simulate the wave height caused by
Hurricane Iniki without surge inundation.

Weisberg and Zheng (2006) used three-dimensional model named FVCOM (Finite-volume
coastal ocean model) to simulate the storm surge for Tampa Bay.

Ou et al. (2008) used the POM (Princeton Ocean Model) with finite element depth-
averaged model to predict the surge height in Taiwan.



A good storm surge model requires:

A spherical coordinate system with a large
computational domain.

Calculating inundation area with high-resolution
topographic data.

High-speed efficiency for the warning system.

Widely validated and open source.



Introduction of COMCOT

(Cornell Multi-grid Coupled of Tsunami Model)

COMCOT: A Tsunami Modeling Package
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Tsunami Generation Tsunami Propagation

COMCOT (Cornell Multi-grid Coupled Tsunami Model) is a tsunami modeling package.
capable of simulating the entire lifespan of a tsunami, from its generation, propagation and

runup/rundown in coastal regions.
e Governing Equations

COMCOT was developed based on Shallow Water Equations (SWE) in Spherical
Coordinates (Eq.01) and Cartesian Coordinates (Eq.02). In the equations, ¢ denotes free surface
elevation; P and Q are volume flux in x and y direction (P=hu, O=hv). ¢ and v stand for
longitude and latitude, respectively.
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Egq.01 SWE in Spherical Coord. Eq.02 SWE in Cartesian Coord.

Solve shallow water equations on both
spherical and Cartesian coordinate systems

Explicit leapfrog Finite Difference Method for
stable and high speed calculation system

Multi/Nested-grid system for multiple shallow
water wave scales

Moving Boundary Scheme for inundation

High-speed efficiency

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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(2). COMCOT has been used on many scientific papers

At least 26 SCI papers were published during 2001~2011

1. Title: Long waves through emergent coastal vegetation
Author(s): Mei Chiang C.; Chan I-Chi; Liu Philip L. -F.; et al.
Source: JOURNAL OF FLUID MECHANICS Volume: 687 Pages:
461-491 DOI: 10.1017/jfm.2011.373 Published: NOV 2011

2. Title: Insights on the 2009 South Pacific tsunami in Samoa
and Tonga from field surveys and numerical simulations
Author(s): Fritz Hermann M.; Borrero Jose C.; Synolakis Costas
E.; etal.

Source: EARTH-SCIENCE REVIEWS Volume: 107 Issue: 1-2
Special Issue: SI Pages: 66-75 DOI:
10.1016/j.earscirev.2011.03.004 Published: JUL 2011

3. Title: Solid landslide generated waves

Author(s): Wang Yang; Liu Philip L. -F.; Mei Chiang C.

Source: JOURNAL OF FLUID MECHANICS Volume: 675 Pages:
529-539 DOI:10.1017/50022112011000681 Published: MAY
2011

4. Title: An explicit finite difference model for simulating
weakly nonlinear and weakly dispersive waves over slowly
varying water depth

Author(s): Wang Xiaoming; Liu Philip L-F

Source: COASTAL ENGINEERING Volume: 58 lIssue: 2 Pages:
173-183 DOI: 10.1016/j.coastaleng.2010.09.008 Published:
FEB 2011

5. Title: Field Survey of the Samoa Tsunami of 29 September
2009

Author(s): Okal Emile A.; Fritz Hermann M.; Synolakis Costas
E.; etal.

Source: SEISMOLOGICAL RESEARCH LETTERS Volume: 81
Issue: 4 Pages: 577-591 DOI: 10.1785/gssrl.81.4.577
Published: JUL-AUG 2010

6. Title: Impact of a 1755-like tsunami in Huelva, Spain
Author(s): Lima V. V.; Miranda J. M.; Baptista M. A,; et al.
Source: NATURAL HAZARDS AND EARTH SYSTEM SCIENCES
Volume: 10 Issue: 1 Pages: 139-148 Published: 2010

(Including Science)

7. Title: An insitu borescopic quantitative imaging profiler for the
measurement of high concentration sediment velocity
Author(s): Cowen Edwin A.; Dudley Russell D.; Liao Qian; et al.
Source: EXPERIMENTS IN FLUIDS Volume: 49 Issue: 1 Special
Issue: SI Pages: 77-88 DOI: 10.1007/s00348-009-0801-8
Published: JUL 2010

8. Title: Tsunami hazard from the subduction megathrust of the
South China Sea: Part I. Source characterization and the resulting
tsunami

Author(s): Megawati Kusnowidjaja; Shaw Felicia; Sieh Kerry; et al.
Source: JOURNAL OF ASIAN EARTH SCIENCES Volume: 36 Issue: 1
Pages: 13-20 DOI: 10.1016/j.jseaes.2008.11.012 Published: SEP 4
2009

9. Title: Simulation of Andaman 2004 tsunami for assessing impact
on Malaysia

Author(s): Koh Hock Lye; Teh Su Yean; Liu Philip Li-Fan; et al.
Source: JOURNAL OF ASIAN EARTH SCIENCES Volume: 36 Issue: 1
Pages: 74-83 DOI: 10.1016/].jseaes.2008.09.008 Published: SEP 4
2009

Times Cited: 0 (from Web of Science)

10. Title: Modeling tsunami hazards from Manila trench to Taiwan
Author(s): Wu Tso-Ren; Huang Hui-Chuan

Source: JOURNAL OF ASIAN EARTH SCIENCES Volume: 36 Issue: 1
Pages: 21-28 DOI: 10.1016/].jseaes.2008.12.006 Published: SEP 4
2009

Times Cited: 0 (from Web of Science)

11. Title: Tsunami hazard and early warning system in South China
Sea

Author(s): Liu Philip L. -F.; Wang Xiaoming; Salisbury Andrew J.
Source: JOURNAL OF ASIAN EARTH SCIENCES Volume: 36 Issue: 1
Pages: 2-12 DOI: 10.1016/j.jseaes.2008.12.010 Published: SEP 4
2009

( To be continued )

12. Title: Analytical and numerical simulation of tsunami
mitigation by mangroves in Penang, Malaysia

Author(s): Teh Su Yean; Koh Hock Lye; Liu Philip Li-Fan; et al.
Source: JOURNAL OF ASIAN EARTH SCIENCES Volume: 36
Issue: 1 Pages: 38-46 DOI: 10.1016/j.jseaes.2008.09.007
Published: SEP 4 2009

13. Title: Simulation of Andaman 2004 tsunami for assessing
impact on Malaysia

Author(s): Koh Hock Lye; Teh Su Yean; Liu Philip Li-Fan; et al.
Source: JOURNAL OF ASIAN EARTH SCIENCES Volume: 36
Issue: 1 Pages: 74-83 DOI: 10.1016/j.jseaes.2008.09.008
Published: SEP 4 2009

14. Title: SPECIAL ISSUE Tsunamis in Asia Preface
Author(s): Liu Philip L. -F.; Huang Bor-Shouh

Source: JOURNAL OF ASIAN EARTH SCIENCES Volume: 36
Issue: 1 Pages: 1-1 DOI: 10.1016/j.jseaes.2009.05.001
Published: SEP 4 2009

15. Title: INDIAN OCEAN TSUNAMI ON 26 DECEMBER 2004:
NUMERICAL MODELING OF INUNDATION IN THREE CITIES ON
THE SOUTH COAST OF SRI LANKA

Author(s): Wijetunge J. J.; Wang Xiaoming; Liu Philip L. -F.
Source: JOURNAL OF EARTHQUAKE AND TSUNAMI Volume: 2
Issue: 2 Pages: 133-155 Published: JUN 2008

16. Title: TSUNAMI SOURCE REGION PARAMETER
IDENTIFICATION AND TSUNAMI FORECASTING

Author(s): Liu Philip L. -F.; Wang Xiaoming

Source: JOURNAL OF EARTHQUAKE AND TSUNAMI Volume: 2
Issue: 2 Pages: 87-106 Published: JUN 2008

17. Title: Bottom friction and its effects on periodic long wave
propagation

Author(s): Orfila A.; Simarro G.; Liu P. L. F.

Source: COASTAL ENGINEERING Volume: 54 Issue: 11 Pages:
856-864 DOI: 10.1016/j.coastalene.2007.05.013 Published:
NOV 2007
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Run-up Validation. COMCOT vs EXP (Synolakis, 1987) am0=0.0185
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(3). COMCOT has been widely validated: "
Synolakis solitary wave runup (1986, 1987). o
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Run-up “alidation. COMCOT vs EXP {Synolakis, 1987). a/h,=0.0183

_ 1 1 I ! 1 1
0.07 T T T T T T T 1 1 1 0035 0 5 10 15 20 25 30
+  T=30 X,
*  T=40
006 *  T=50 I
+  T=g0 P
COMCOT non-lineaer Figure 2: Time evolution of ' = 0.0185 initial wave over a sloping beach with cot 3 = 19.85 from

= 25 to 65 with 10 increments. Constant depth-segment starts at Xo = 19.85. While markers show

experimental results of Synoclakis (1886, 1987), sclid lines show nenlinear analytical sclution of Synclakis

1986, 1987) Experimental data is provided from £ = 30 to 70 with 10 increments.
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National Oceanic and Atmospheric Administration Pacific Marine Environmental Laboratory

NOAA Center for Tsunami Research:

Developing methods and tools to reduce tsunami hazard and protectiife;
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Solitary Wave on a Canonical Beach

N

Flgune 1: Definition sketch for aanamcal bathymetry i.e., sloping beach conne:tad toa

0 2 4 6 g 10 12 14 16 18 20 constant-depth region

(Wu, 2012) (NOAA)

-0.0$1




Transfer COMCOT into a Storm Surge Model

Pressure gradient and wind shear stress were added to the shallow water equation.

Governing Equations in Spherical Coordinate
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Pressure gradient

n : free surface elevation Pa : atmospheric pressure
h : still water depth f : Coriolis parameter
R- earth radius p : density of water

S S . .
Y, @ : longitude and latitude of the earth F’vb’ F‘P + surface wind shear stress

P, Q : volume fluxes in longitude and latitude C, : Drag coefficient



Validation with Pressure Gradient
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Validation with Wind Shear Stress
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Case Study of 2011 Typhoon Nanmadol
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Parametric Model

Holland Model (1980)

P =P+ (R —Pc)exp{—(
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TWRF ( Typhoon Weather Research and Forecasting Model )
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Surge Deviation of 2011 Typhoon Nanmadol
2011.08.23 12:00 — 2011.08.30 18:00 (UTC+0)

Total Time : 626400 sec (~7 days)
Time Step : 4 sec
Resolution : 4 arc-min
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Case Study of 2013 Typhoon Soulik
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Simulation of 2013 Typhoon Soulik
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Surge Deviation of 2013 Typhoon Soulik
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2013 Typhoon Soulik Coupled with TWRF
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Water Elevation (m)

Surge Deviation (m)
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Case Study of 1986 Typhoon Wayne
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Scenario Analysis
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Comparison between 1986 Typhoon Wayne and Scenario
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Conclusion (1)
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Conclusion (2)
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