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* A Winter Low Pressure System (or
Extratropical Cyclones ) (WLPS):
similar impacts to a typhoon.

* A WLPS In Hokkaido, Japan
+ 16-17 December 2014

» 1.75 m high surge level

* vast areas of flooding on the
Kushiro coast

< coastal facilities broken

* New record-break surge level due
to WLPS since record-break level of
0.9 m in 1994
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* Understanding the WLPS
event in 2014

* Understanding surges and
waves due to WLPS 2014

* Hindcast: surges and waves

* using a coupled model of
surge, wave and tide

“ no consideration: tide
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WLPS in Dec. 2014 vs Feb. 1994
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Observed wind and
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Hindcasting
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surges and waves e

* The coupled model of surge, wave
and tide; SUWAT

* Wave dependent drag coefficient
capped at specific wind speeds

* wave-current interaction-induced
bottom stress
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Kim etal. 2015, Ocean Model,

The drag coellicient, Cy, in sea surface la

* Wave growth term in SWAN
Sin(0,0) = A+ BE(0,0)

# A: the linear wave growth term

+ BE: the exponential wave growth term
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The drag coeflicient, Cq, in sea surface w\,/\

2019

» Wave growth term in SWAN

Sin(0,0) :@ BE(0,0)

¢ A: the linear wave growth term

BE the exponentlal wave growth term
* Cd in the linear wave growth term

+ Transfer U10 to U* the friction velocity (u? = CpUZ,)

Wu (1982):

c. _ |1.2875x 1073 for Uyg < 7.5m/s

D= 1(0.8 +0.065U1) x 10-3 for Ujg > 7.5m/s
Zijlema et al (2012):

T G=(055+2970 -1.490%) x 1073
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Kim etal. 2015, Ocean Model,

The drag coellicient, Cq, in sea surface laye

« Wave growth term in SWAN

« Janssen’s wave dependent Cd in the exponential wave growth term
(1991) and following Mastenbroek et al.(1993) accounting for sea state

+ Wind profile:U(2) = %ln (”z" +z°) Turbulent stress pa(xz)Z(a‘z’)

Ze
Z

o 1 = Zp =
Effective roughness: N

» Wind speed-capped Wave dependent Cd

Z4+2. -2
Cp =u2/U(2)* = [x/ln( 2 0)] ——iy T, = paCoUmIUw| -
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Kim etal. 2015, Ocean Modelling

Estmated wave dependent Cqwithout levelling off
due to Typhoon Hainan 2013
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Kim etal. 2015, Ocean Model,

Levelling Wave dependent Cd off in the exponential term
due to Typhoon Hainan 2013

+ Wind profiles only in the exponential term

o ¢ Step tunchio
4 U(z) =U(z)forU(z) < Uy

U(z) = Uy forU(z) = Uyg
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Kim etal. 2015, Ocean Modelluig

Levelling off in the exponental tertm

* Levelling off the wave dependent Cd in the exponential wave

growth term
U(z) =U(2)forU(z) < Uy
+ Step functions

U(2) = Uy, forU(2) = Uyg

( A .
+ Wind profile U(Z) = Eln ST , 1f U(Z) < U(Z)
£
- ( : -
0(z)=21m| 2275 | it y(2)20(z)
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Kim etal. 2015, Ocean Modelling

Scattered wave dependent Cy with levelling off
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Non-leveling off, Zijlema et al’s drag

@ 30m/s—capped wave dependent CD, Zijlema et al’s drag

® 25m/s—capped wave dependent CD, Zijlema et al’s drag

® 20m/s—capped wave dependent CD, Zijlema et al’s drag
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Kim etal. 2015, Ocean Modelling

The best-fitted wave dependent Cd to the 2nd-order polynomial
due to Typhoon Hainan 2013
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The wave&current interaction-induced bottom dr

+ Conventional method

* Manning number, 1, 7

N Y
T, =pP,8Nn BB —p T;,—PWS j2

+ Signell et al., 1990 & Davies and Lawrence, 1995
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Averaged Manning Number converted from /.
due to Typhoon Haiyan 2013
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Cal. Conditions
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Wind and pressure fields by JMASS
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The wind and pressure field
* when the minimum drop of
pressure is observed in
Nemuro.
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Summaries

* Winter Low Pressure System (WLPS) 2014 induced the record-break surge level
Hokkaido.

« A series of surge and wave coupled simulations was conducted by using the co
model of SUWAT

» wind speed capped wave dependent drag coef.
+ wave-current interaction-induced bottom drag coef.
* Leveling off at 20 m /s was best for waves at one station

* Leveling off at 25 m/s was best for surges at 4 station

+ tides?
* more observed wave data?

# stronger typhoons/hurricanes?
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Questions or comments ?

Thank you very much
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