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Synopsis

The direct hit of Typhoon Faxai (T1915) in September 2019 caused extensive damage to land
and coastal areas of the Tokyo metropolitan area. The strong winds at sea brought high waves, and
the largest significant wave height (Hs) was recorded at a weather station in Tokyo Bay since the
observation commenced in 1991. The surge damaged a number of port facilities and breakwaters
and caused flooding in the area behind them. From the post-event survey, two intriguing
phenomena of the disaster were reported, which motivated this study. The first is that although the
storm impacted the whole bay, significant damage was concentrated in a small area near the Port of
Yokohama. The second is about the direction of the hazardous waves, which came from both the
northeast and the southeast. The underlying wave dynamics that lead to these events were unknown.
Here, we elucidate characteristics of the wave's incident to the Port of Yokohama that caused a
concentration of severe damage, and we clarify the mechanism responsible for the two disparate
wave directions observed.

The maximum Hs obtained from the wave hindcast were not spatially different, and the
relationship with the damaged area was unclear. On the other hand, in the area around the Port of
Yokohama an unusual wave field may have been formed at the time of the maximum wave height,
and the wave spectrum can be characterized by the following two points:

(I) There is no wave component in the wave direction corresponding to the prevailing easterly

wind (~30 m/s) around Yokohama Port

(IT) The wave spectrum consists of three components, all of which exist in the wind-wave regime.

Numerical experiments using a wave model show that two of the three wave components are
wind waves generated in Tokyo Bay and the northern part of the Uraga Channel. The other one is a
swell coming from the Pacific and propagated to the Port of Yokohama. In addition, the
development of wind waves under slanting fetch conditions and the refraction of the swell by the
Tokyo Submarine Canyon were key factors for generating unusual coastal wave spectra. In this
study, we conclude that the swell dominant waves from the Pacific are likely to be responsible for
the severe damage around the Port of Yokohama. In fact, the maximum wave power has a spatial
distribution zonally connected from the northern part of the Uraga Channel to the Port of Yokohama,

which corresponds to the primary pathway of swell propagation into the western part of the Bay.

Key Words: Typhoon Faxai, Tokyo Bay, coastal damage, Port of Yokohama, coastal wave spectra
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THD.

(1) BRIRAE IS Z OGS CTRB L 72 3UR (30 m/s)
WZXHGE T DA & AR LN &

(2) WIRAY FVIL 3 i TR S, Tnb4ae



2019 4EB L 15 51 K DAEHRICEESR L7z 9 R0 EoBER

356

355
z
o)
@
z
©
E
= 354
©
4

353

o,
Yokosuka
N
0.05 0.1 0.2 0.4
352 freq.(Hz)
139.6 139.7 139.8 139.9 140 140.1

Longitude(deg. E)

4.0 4.0
36 3.6
35.6
3.2 3.2
2.8 2.8
355
24 Z 24
[
(5]
kel
20 o 420
E]
£ 354
16 58 41.6
12 12
0g 53 0.8
0.4 0.4
0‘1 0.2 04
35.2 frea ) 0.0
139.6 139.7 139.8 139.9 140 140.1

Longitude(deg. E)

®-3.5 A 15 5T L DRNA B R & OBEEHO 2 WOTEIR A~ by (E5EER)

THONBBE RN ICAHET D 2 &

Bl 2 (X H A X2 LI JONSWAP R~ 7 kL
(Hasselmann et al., 1973), F7= M ART F U5
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BORBRRICBI L C, BBEORELE 5 OIS T T
mEED D, F I BRI LRSS T T o R
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EHEHE (slanting fetch) G FioR I 2 EPEFE L LTl
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R DT AR & BB 2> B U 2 A LK% FREE AN I TR
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O 3. Tc 1ZENENI RO EALBIEWE N A KGER L
VHEFEETHT2b 0K L TRLTWS. JHEKE
’ﬁmfi(ﬂﬂ7M$Eﬂﬁmﬁ%¥%ki03@¥
B~ hao TINHRFE T 2 ik OMIER R TE 5. &
RIS U 7= 3 o UK TE N TR R L L 2 JE 3T
HEE ST TEOREDHEBEM ST~ L7 4 VA
J/ﬁwm%xfé ZOLORFBENEHETET D
WHRILHEAKENO TN &l 5 & 24— —fREE
T</hal 73?%) NP iAY PYIEV)
FERNCBRIE & & AU N~ 2 IR ORI
Wb RN 72 ZE S SR T X 5. HAEUBNMEAL
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L LR BRpflic B LTI & 572 5 T8 BRI 7 fRAT 23 4
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