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Abstract

This study investigates how the topography of Kyushu affected the track,
intensity, and precipitation of Typhoon Haishen (2020), which headed towards
the Korean Peninsula, through a series of sensitive experiment using a
coupled ocean—-atmosphere model. The sensitivity experiments is designed
with modifications of the Kyushu topography: reduced topography (RED),
experiments with real topography (CTL), and experiments with enhanced
topography (ENH). The modelling results show that the topography of
Kyushu has influenced the track, intensity, and associated precipitation of
Typhoon Haishen as it approached Korean Peninsula. Analysis reveals that th
e Kyushu topography deflected the Haishen's track to the northeast. Kyushu's
topography also weakened the intensity of Haishen (in terms of central
pressure) due to increased frictions, but it diverted typhoon-induced southerly
winds near the Kyushu Island, resulting in the increase in the maximum
wind speed of Haishen by wind convergence. The typhoon-associated water
vapor collided with the topography of Kyushu, causing more precipitation in
Kyushu, which reduced precipitation on Jeju Island. This result can be used
as basic data when predicting typhoons approaching the Korean Peninsula.
However, since this study is based on the result of one typhoon case, it is
necessary to perform additional experiments on more typhoon cases in the

future in order to generalize this result

Key words: Typhoon Haishen, Topography effect, Typhoon-ocean interaction,

atmosphere-ocean coupled model, Numerical experiment.
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Fig. 1. Schematic of ocean-atmosphere coupled modeling system using the
Weather Research and Forecasting (WRF) and Regional Ocean Modelling
System (ROMS). The elements of the coupled model such as sea surface
temperature (SST), air pressure (Pair), air temperature (Tairs) among others,
are exchanged through the Model Coupling Toolkit (MCT) connected through
the Coupled Ocean-Atmosphere-Wave-Sediment Transport (COAWST)

modeling system.
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Fig. 2. The topographic map of the model domain. The black
box indicates the domain use for the ocean (ROMS) and
atmosphere (WRF) models.
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Fig. 3. Schematic of the sensitivity experiments based on varyings

terrain in the Kyushu Island.




Table 1. Summary of WRF and ROMS model configuration.

Model WRF(Version 3.7.1) ROMS(Version 3.7)
Grid size 5km
Time Step 60 seconds (s)

Time in_terval between
coupling of model

10 minutes (min)

Map projection

Lambert Conformal

Grid dimension

450 x 550

Terrain resolution

USGS 30 arcseconds ()

Etopo01 1 arcminute ()

Initial & Boundary
Condition

NCEP FNL data

HYCOM data
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Table 2. List of typhoons that passed within 200 km radius of Mt. Aso in
Kyushu Island.

A typhoon passed by Mt. Aso

Neme Gea) S hew G bouw  Aonaly  Didance
Judy (1989) 46.29 33.43 12.86 155
Gladys (1991) 24.69 22.11 2.58 195
Irving (1992) 29.83 18.51 11.32 82
Wukong (2006) 28.29 20.57 7.72 64
Leepi (2018) 21.60 18.00 3.6 7
Francisco (2019) 35.66 27.60 8.06 13
Haishen (2020) 47.83 29.66 18.17 183
Average 33.45 24.26 9.19 99.85
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Fig. 5. Tracks of selected five cases of tropical cyclones with rapid decrease
in wind speed that passed within 200 km radius of Mt. Aso in Kyushu from

1983 to 2020.
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AN FQeA RN N AFHE Wieln, BFE S o] WS

Agate waste Hag Fd FAT £ Ak veel AAATAN 8ol
A3 29 Agetel BES msh: o] Wrlndw g Avurt o
ze mdue Uehd & %ol #aZ v ArkChen et al, 2007

Yalblonsky and Ginis, 2013; Zambon et al, 2014). ©°]&3 o]lfF+=
AgrdoMes fid-d71y Fazxegs 23T 5 Ad7ld dd4Qd SSTY
2 AFNM = T4y AH

272 2Aelrle oA ddol AT sdol HFE COAWST w3} &) ol

e 96 A3k ool SST= mAste] £X 48 E Faserh
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Tong
34°N Geomu

Seogwi*p@i&

30°N
26°N |- o JTWC
— COAWST
= \WRF only 09/05/00
s% Buoys 105/
A Mt.Aso
123°E 12;°E 129°E 132°E 135°E

Fig. 6. Six hourly best and simulated tracks of Typhoon Haishen The blue, and
red lines represent the simulated tracks of the COAWST, WRF only model,
respectively, while the gray line indicates the best track from the Joint Typhoon
Warning Center (JTWC). The vyellow stars are location of buoy observing
stations by the Korean Meteorological Administration and green triangle is
location of Mt. Aso.
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Sea Level Pressure of typhoon Haishen(2020)
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Fig. 7. Comparison of simulated minimum central pressure of typhoon
Haishen from O0OUTC Sep 5 to OOUTC Sep 8. Comparison of model results
from COAWST, and WREF only models, respectively. The blue, and red lines
indicate the hourly precipitation from COAWST, WRF only model. The gray
line indicates the track from the Joint Typhoon Warning Center (JTWC).
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Fig. 8. Comparison of hourly precipitation between simulated experiments and
Eorimok Automatic Weather Station (AWS). Comparison of model results
from COAWST and WRF only models, respectively. The blue, and red lines
indicate the hourly precipitation from COAWST, WRF only model.

Table 3. Observed and simulated of COAWST and WRF only model mean,

total, and maximum rainfall in Korean Peninsula and Jeju Island.

Rainfall (mm) Korea mean Jeju Island mean Eorimok
Observation - - 547.50
COAWST 80.60 114.19 555.79
WRF only 100.80 124.33 625.23
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rlu

F7HH o2 sloldo]l FHtEE i HAAEtHA ITAE AFTS FRlsH]
A3k 17m/s (34knot) ©]9] ¥4 W4 (wind radii, R34)S <213 th(Fig.
10). EdoAq FAHH R349] Z7]+= JTWC AmA AFH R34e] =79
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Fig. 9. Comparison of observed and simulated wind speed and pressure (1-h
interval) between Korean Meteorological Administration (KMA) buoy
observating stations (dashed) and control (CTL) experiments (solid). The blue
and red lines indicate pressure and wind speed, respectively. The inset
statistics show the model bias, root mean square error (RMSE), and

correlation coefficient (r) against the KMA observation for 3 days.
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Fig. 10. Comparison of between simulated experiments and JTWC 17m/s
wind radius (R34) for Haishen from 12UTC September 5 to 00UTC
September 7 (12-h intervals). The light greed area has a wind speed of more
than 17m/s and green triangle is location of Mt. Aso. The dashed line

indicate distance between the Haishen and Mt. Aso.
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Fig. 11. Six hourly best and simulated tracks of Typhoon Haishen The

black, blue, and redlines represent the simulated tracks of the control (CTL),

reduced (RED),

and enhanced (ENH) sensitivity experiment, respectively,

while the gray line indicates the track from the Joint Typhoon Warning

Center (JTWC). The yellow stars are location of buoy observing stations by

the Korean Meteorological Administration and green triangle is location of Mt.

Aso.
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Cross-Section of Vertical Steering Flow
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Fig. 12. The difference in background steering flow (200 to 850 hPa mean)
from 06UTC September 6 to 18UTC September 6 (6-h intervals). The black
lines (dots) represent the best track (central locations) of Typhoon Haishen.
The black, blue, and red lines represent the simulated tracks of Typhoon
Haishen using the control (CTL), reduced (RED), and enhanced (ENH)

experiments.
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Kyushu
terrain effect

Fig. 13. Schematic of the influence of Kyushu topography on the wind
direction and intensity of Typhoon Haishen. The black, blue, and red arrows

represents the control, reduced, and enhanced experiments
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Fig. 14. The difference in the low-level circulation (850hPa)
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Fig. 15. Comparison of simulated (a), minimum central pressure and (b),
maximum wind speed of Typhoon Haishen from 06UTC Sep 6 to 12UTC Sep
7. The blue, and red lines indicate the intensity difference of the reduced
(RED) and enhanced (ENH) relative to the control experiment (black lines).
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Tracks and Maximun Wind Speeds

40°N

(a)

36°N

32°N

36°N

S

S

A

(RED)

130°E

]
° .I".
p 0o ol
(S
¥ ;g .
allf- NS
&S [
N 7
s 3
1}
;
125°E 130°E 135°E

40

35

N w
wv o
Wind Speed [m/s]

N
o

15

Wind Speed [m/s]

35

N
w
Wind Speed [m/s]

10

17. Simulated maximum wind speeds at 10m (6-h interval)

n

sensitivity experiments, simulated maximum wind speed and typhoon track

32°N
28°N
120°E
Fig.
using the reduced
experiments.

(RED),

control

43

(CTL),

and

enhanced

(ENH)



Tracks and Maximun Wind Speeds(Diff)
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Fig. 18. same as Fig. 17 but shows the difference of maximum wind speed at of
10m for control (CTL) minus reduced (RED) experiments, and enhanced (ENH)
minus RED experiments. The black, blue, and red lines represent the track of
Typhoon Haishen using CTL, RED, and ENH experiments.
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Cross-Section Wind Speeds(Diff)
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Fig. 20. Cumulative precipitation in sensitivity experiments and track of
Typhoon Haishen from 00 Korean Standard Time (KST) September 6 to
00KST September 8. (a) and (b), cumulative precipitation in reduced (RED)
(CTL) (c), of cumulative
precipitation in CTL and RED experiments, (d), enhanced (ENH) and RED
experiments.

and control experiments. mean difference

In
(a)-(d), the black, blue, and red lines indicate the track of Typhoon Haishen
using CTL, RED, and ENH experiments.

The vyellow arrow represents the direction of moisture.
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Fig. 21. Difference of upward moisture flux (QFX) in sensitivity
experiments and track of Typhoon Haishen from 00 Korean Standard
Time (KST) 6 September to 00KST September 8 (6-h intervals). mean
difference in QFLX between control (CTL) and reduced (RED)
experiments and enhanced (ENH) and RED experiments. The black, blue,
and red lines indicate the track of Typhoon Haishen using CTL, RED,

and ENH experiments.
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Fig. 22. Comparison of hourly precipitation between simulated experiments
and Eorimok Automatic Weather Station (AWS). comparison of model results
from COAWST models, respectively. The black, blue, and red lines indicate
the hourly precipitation from control (CTL), reduced (RED), and enhanced
(ENH) experiments.

Table 4. Observed and simulated mean, total, and maximum rainfall in

Korean Peninsula and Jeju Island

Rainfall (mm) Korea mean Jeju Island mean Eorimok
Observation - - 547.50
RED 78.14 166.77 786.25
CTL 80.60 114.19 555.79
ENH 60.01 105.58 488.18
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