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Views of inundated areas in New Orleans following breaking of the levees surrounding the city as the result of
storm surge from Hurricane Katrina - 2005

http://blogs.ei.columbia.edu/2012/10/29/science-behind-sandy/

Inundation induced by 2005 Hurricane Katrina.
(http://www.stormsurge.noaa.gov/)
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Typhoon Life Cycle: November 3™ —November 11t
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Typhoon Haiyan: 'It was like the end of the world’,
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Typhoon Haiyan was the strongest typhoon than tropical
cyclones ever recorded, and devastated portions of
Southeast Asia, particularly the Philippines, in early-
November 2013.



Barangay Rosal

1) Inundation height was measured at 5.9 m near the San Juanico Bridge.
2) Sea wall damage at Tagpuro and the run-up height was about 6.9 m.

3) Barangay Rosal area with a 5.0 m storm surge inundation and damage to houses behind the 3.0 m sea wall.

(Mas et al., 2015, Natural Hazards and Earth System SCl.)
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Hong Kong Local News
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Observed Water Level

Astronomical Tide

Storm Surge
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http://www.weather.gov.hk/m/article_uc.htm?title=ele 00184
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The lowest pressure of Typhoon Dujuan is 925 mb.
The highest 1—minute wind is 205 km/hr.
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http://udn.com/news/story/3/1217285#prettyPhoto Copyright@UDN News
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http://www.appledaily.com.tw/realtimenews/article/new/20141009/484919/
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https://www.youtube.com/watch?v=CWyGDcnVbjs
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Tidal Effect with Storm Surges (Wiki)
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(Cornell Multi-grid Coupled Tsunami Model — Storm Surge)

Nonlinear Shallow Water Equations on the Spherical Coordinate

on 1 [eP & ]
+ + (cosp-Q)t+=0
ot Rcosgp |dw oQ J
oP 1 o (P*Y 1 o (P H o H op  F;
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Solve shallow water equations on both
spherical and Cartesian coordinates

Explicit leapfrog Finite Difference Method
for stable and high speed calculation

Multi/Nested-grid system for
shallow water wave scales

multiple

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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Fig.02 Moving Boundary Scheme
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Compare with the solitary wave run-up Experiments (Synolakis, 1986 and 1987).

National Oceanic and Atmospheric Administration Pacific Marine Environmental Laboratory

NOAA Center for Tsunami Research

-
Developing methods and tools to reduce tsunami hazard and protect ﬂp -3

Home  Tsunami Forecasting Hazard Assessment Research DART Events Info

Solitary Wave on a Canonical Beach

UK A ¥
Flgnre 1: Definition sketch for canonical hathymelry i.e., sloping beach connected to a
constant-depth region.

Run-up Validation. COMCOT vs EXP (Synolakis, 1987). amU=D.01BS

0.07

0.06 -
005+
004+ T=t'sqrt(gh,)=27.907 ]
003+ i
&= soliton

£ o002

0.01

-0.01

-0.02

Simulated by COMCOT

1 1 1 1
-5 0 5 10 15 20 25 30

Figure 2: Time evolution of H = 0.0185 initial wave over a sloping beach with cot 3 = 19.85 from

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

experimental results of Synolakis (1888, 1987), solid lines show nonlinear analytical solution of Synolakis

(1986, 1987) Experimental data is provided from ¢ = 30 to 70 with 10 increments.

-0.0$1

(from NOAA Official Website)

Rur-up Validation. COMCOT wvs EXP (Synalakis, 1387). a/h,=0.01835

T T
*  T=30
*  T=40
* T=30 H
+  T=60

COMCOT non-lineaer

T=t'sari(ghy)

+

(Wu, 2012)

! ! !
2 ) 4 g 10 12 14 16 18 20

#hy



(2). Fg BL A \ﬁ,{lﬁ e E‘%
Our model can finish 48 hrs forecast in 1 hours and
be used for the operational system.

| $OMP PARALLEL DO PRIVATE(J,I,ZZZ,DD)
DO J=J5, JE
DO I=I5, IE
IF (L%H(I,J) .GT. ELMAX) THEN
ZZZ = LE(I,J,1) - RX*(L&M(I,J,1)-L4M(I-1,7,1)} &

Initial Free-Surface Elevation

- RY*(L&N(I,J,1)-L&N(I,J-1,1)) P s : . 6
ZZZ = EZZZ - (L®HT({I,J,2)-LE%HT{I,J,1))

IF J—‘F":._._._'.fl LT. EFS) ZEE = 0.0

S “|Thread1 I &

£ 15 {Thread2 1B

$Mmmm 3 Thread3 | | ™.,
Parallel Computing on Multi Cores. ] _

5 “[Thread4 .

1
Contents lists available at ScienceDirect =
SSEAN |
1
4 5 '5 4 5 E
Ocean Engineering | 4
journal homepage: www.elsevier.com/locate/oceaneng —

Review # -B

Development of a tsunami early warning system for the South GD””“* 75 B 85 90 95 160
China Sea

Simon C. Lin? Tso-Ren Wu *, Eric Yen ®, Hsin-Yen Chen®, John Hsu?®, Yu-Lin Tsai®,
Chun-Juei Lee ¢, Philip, L.-F. Liu“¢

Lorngitude (E)

*Institute of Physics, Academia Sinica, Taipei 11529, Taiwan . .
> Academia Sinica Grid Computing Centre, Taipei 11529, Taiwan D a m C e S O u Ce S S h a
“Institute of Hydrological & Oceanic Sciences, National Central University, fhongli 32001, Taiwan n I r r rln .

4School of Civil and Environmental Engineering. Cornell University, Ithaca, NY 14853, USA

The results has been published on Ocean Engineering
(Simon C. Lin et al., 2015).
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WRF (Weather Research and Forecasting Model)

2011/08/23 12:00 (UTC+0)

,,,,,,,, 3 80

WRF model is an atmospheric model adopted for # . WindField .7 &

operational forecasts by Central Weather Bureau in Taiwan. o o P .
The WRF model will start its simulation per 6 hours in a day scé
at 00, 06, 12 and 18 UTC time respectively. ©$
30§
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(TOPEX/POSEIDON Global Tidal Model)

[Tidsl Model Driver - Modeltpxo71  Programmed by: Lana Erofeevs, 2003-2010 E=REcy =)
S0E 00E -

Input from Filo
LAT_LONAat_lon
Rewrite Filc
OUT data.out

=

Prencr vae 2o rom oo o
ot moe—

ot camerRy " T I Ful ord | ResTART I %

50 100 160 200 250 300 350

TPXO can provide tidal information, like M2.

TheOSEALOREN/Poscidon-Global Iny orses

The tides are provided as complex amplitudes of
earth-relative sea-surface elevation for eight primary
(M2, S2, N2, K2, K1, 01, P1, Q1), two long period
(Mf,Mm) and 3 non-linear (M4, MS4, MN4) harmonic
constituents.

A TOPEX/POSEIDON global tidal model (TPXO0.2) and
barotropic tidal currents determined from long-range acoustic
transmissions

BriaN D. DusHaw!, Gary D. EGBERT?, PETER F. WORCESTER®, BRUCE D. CORNUELLE?,
Bruce M. Howe' and Kurt METZGER?

Applied Physics Laboratory, College of Ocean and Fishery Sciences,
University of Washington, Seattie, WA, U.S.A.
2College of Oceanic and Atmospheric Sciences. Oregon State University, Corvallis, OR, U.S.A.
Seripps Institution of Oceanography, La Jolla, CA, U.S.A.
“Department of Electrical Engineering and Computer Science, University of Michigan,
Ann Arbor, Mi, U.S.A.

Abstract — Tidal currents derived from the TPXO.2 global tidal model of Egbert, Bennett, and
Foreman are compared with those determined from long-range reciprocal acoustic transmissions.
Amplitudes and phases of tidal constituents in the western North Atlantic are derived from acoustic
data obtained in 1991-1992 using a pentagonal array of transceivers. Small, spatially coherent
differences between the mcasured and modeled tidal harmonic constants mostly result from smoo-
thing assumptions made in the model and errors caused in the model currents by complicated
topography to the southwest of the acoustical array. Acoustically measured harmonic constants
(amplitude, phase) of M, tidal vorticity (3-8 x 10~ 57", 210-310°) agree with those derived from
the TPX0.2 model (2-5 x 107 57", 250-300°), whereas harmonic constants of about (1-2 x
107 57!, 350-360°) are theoretically expected from the equations of motion. Harmonic constants
in the North Pacific Ocean are determined using acoustic data from a triangular transceiver array
deployed in 1987. These constants are consistent with those given by the TPXO.2 tidal model
within the uncertainties. Tidal carrent harmonic constants determined from current meters do not
generally provide a critical test of tidal models. The tidal currents have been estimated to high
accuracy using long-range reciprocal acoustic transmissions; these estimates will be useful con-
straints on future global tida] models. © 1998 Elsevier Science Ltd. All rights reserved

(Dushaw et al., 1997)
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The bias is smaller than 0.1 m and root mean square is smaller than 0.6 m.

Elevation (m) Elevation (m) Elevation (m)

Elevation (m)
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o FRub BN L2015F HF M TER ERY 2ZRARE 1354 0 Rk PF'*:::izuooa Sl
A gum AL, oom}ml » e P »‘s?,@*@ﬁ%& 5 2 ‘P\‘li N 0w L *iﬂé%\}%&z‘f_
B GEAMEA e A B 0 PN R A8 R F R pmh L] § R RO BAASEL

201513 ﬁk%ﬁ (Sou DELOR

291 s Irn‘\. 1245 —u./‘l‘lfl 1 A5 1450 2
>l _J — 'u::v' — 11_.} 'W"" "'1.10' t 3 L i Ty U L) =
| I ) ‘W_ I L
—39-'. —— -. — —— ‘J — — : | —t— — 30
r aamgf i 71
[ ¢ |
M e
I R | 08/06
w_ 08/08 | | { | | | |
20— et 0BI04 e 20
I I ! % | 1
1 1 08/03
L . 08/05
E L +
15 — —
[ .‘Eb§j1 i 08/02 ]
| _ 1 1 08/01
: . o /fﬁ 'LJFUH' Ce 10
Th R P K h 5% > T T BRIMS MAEF F i i ﬁ} : . [ ' '
. . 3= 115 120 2 130 135 140 145 130
8P i ok KIER (P A Az hdod T FH) -

§ AR (Voax>=51. 0n/s) @ + 48 (Vmax32 7-50.90/s) § HAREH (Vmaxl7.2-32, 6n/s) @ #5460 (TnaxlT, 2n/s)

SIEVEREF VT IR IS



Tide Input

TPXO 7.2 Model

Meteorological Input

Parametric
Typhoon Model

OR

WRF Model

COMCOT

Storm Surge
Model

Bathymetry Data
ETOPO 1

GEBCO

MOST 200m

Output Data

Storm Surge
Storm Tide

Pure Tide

Gauge Time
Series

Inundation
Area




Pressure Field

— P+ (P, — P )exp[( max)B] Radius of Maximum Wind
r (42.6 - 0.86-(P. —990) P.>990
Wind Field I51.O—O.84-(PC—980) 980 < P_ < 990
R -r |58.4-0.74-(P. —970) 970< P <980

V, =2V, | ; :
R “+4r —163.0-0.46-(P,—960) 960< P <970
I70.0—0.234-(PC—930) 930 < P_ < 960
Shape Parameter /80.0-0.167 (P, —870) 870 < P_< 930
B = - (Vmax )? |L80.0 P <870

P - P 5.375
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Layer 01 is adopted to cover the complete
typhoons’ life cycle and full storm surge
propagations.



COMCOT f i i # #3823+ & # 1 (2)
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Layer 02 and Layer 03 are adopted to calculate nonlinear shallow water equations with tidal effect,
bottom effects, and Coriolis effect, and evaluate inundation area in the resolution of 200 meters.
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Maximum Storm Tides
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COMCOT

INPUT Emmmg Storm Surge pummmd OUTPUT

‘ Model

Parametric Typhoon Model (3 hr/cycle) / WRF Model (6 hr/cycle)

» Meteorological Force: Parametric Typhoon Model or WRF Model.
INPUT

» Tidal Boundary Condition: TPXO 7.1 model.

» 48-HR Time Series for Storm Tide and Pure Tide at 34 specified locations.
OUTPUT

» 2-dimensional model product.



48-HR Warm-up 48-HR Forecast

Storm Tide Run @
(Storm Surge + Tide) ~ 2015.09.01 2015.09.03 2015.09.05
02:00 (UTC+8) 02:00 (UTC+8) 02:00 (UTC+8)
Pure Tide Run 96-HR Forecast
2015.09.01 2015.09.05
02:00 (UTC+8) 02:00 (UTC+8)

Every forecasting includes two 96-HR computations, and one for storm tide (storm surge + tide) run
and another for pure tide run.

There are 48-HR warm-up and 48-HR forecast at each storm tide run.




20164 35 7| B b R i35 2 FE4F %

Our COMCOT storm surge model has been to the official N
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Storm surges could be calculated for 2-day
predictions and only spends 1.0 hr on a PC-level
computational resources.
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Surge and Wave in Taiwan
(http://news.rthk.hk/rthk/ch/component/k2/1271353-
0.2 20160708.htm)
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People live in these areas need to pay attention

21 | | | | | g tothe storm surge inundation.
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The 1.9 m storm surge was observed at Southern Taiwan.

,‘_J—-q,.L—

[ ¥

fo BBP R m2b

mn W 17T N B 2 5 2 11 W o7 N B 2 5 g
o/t 915

COMCOT Prediction

‘ ’y| !IJ il llc l“l ‘1 "';»
| | w il |
I ’I“%' I 4, ;,Hw g,

H il
(T i
iy




P}
YA

1 A=NE Y,
= = Bt

i/%%l TN H R PR B & »nvg? e b 9 }iﬁ}‘ﬁ%?‘:i%,}f}:%
et Eﬁ_r/'l'%( /ﬁ—gi l..L (l)’l _&‘.:-, : 1845_& ":F’ 7];#‘4 /F}g%{ /ﬁ_gi ]"L)£ ‘Hfr l)“ 7 }i %& /ﬁ—g
CF jedr (blde 20154 44 g ~ 20154 jRid ¥4 04 & 2016# K {F F)

ij&P.ri/%‘gpi%,ﬁ%»;gzl{_x& kopgTe o A ¥ AIE o

cEHENE MR S > B MG B MB AT E25 N 5 Fh

Vo) £ 2 e ~ 2 , M2
%/ﬁ’gﬁc"ﬁrg/’ﬁ%/ﬁj'\‘/%/% FFRE ~ o ATIA R 20 AR VB R RE R
BB PR MER R i Ao

B R BCER T AR R KR 2 e i BN AR 0 A i Y
Eh o AR RE ERPRBLERE T ARG BRERG|IZY
AP RS ATE AT T 5 PR FORE e P 2 giera &

’

(0]



