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Abstract: Typhoons Vicente (1208) and Kalmaegi (1415) were successfully simulated by the mesoscale
weather research and forecasting (WRF) model using the NCEP (National Centers for Environmental Pre-
diction) final operational global analysis data with the resolution of 1°X 1°. The results showed that the
simulated track and intensity of the typhoons are in consistence with Japan Meteorological Agency (JMA)
best track data. The simulated surface wind nearly coincides with the station observation. Sensitivity ex-
periments were then carried out to test the impact of terrain and land surface characteristics in Hong Kong
and Shenzhen on the wind in Shenzhen area. Based on the sensitivity tests, we found that the wind influ-
ence on the Midwest Shenzhen induced by typhoons landing in western Guangdong is weakened by the terr-
ain of Hong Kong. Hong Kong plays a role of slowering winds and protecting the Midwest Shenzhen from

typhoons moving westward. Furthermore, it is found that the wind intensity in Yantian international
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container terminal is enhanced by the channel effect of Wutong Mountain in Shenzhen.

Key words: WRF model, tropical cyclone, numerical simulation, topographic sensitivity
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Fig. 1 Study domain setting (a),

topography height (b), and

land use category (c¢) for nest d04
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Table 1 Overview of model configuration
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113°50” 114° 114107 114°20" 114°30'E
K3 dod X R i ik
() EXP2 F# AT, (b) EXP3 T # i
Fig. 3 Topography height modification for nest d04
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Table 2 Discrepancy of the track, maximum wind and central pressure

between WRF model simulation and JMA best track data

“F5 AR (1208) AR 201248 7 A 22 H 00:00,00 UTC
i 1]/ A - AR 2/ km BRRRZE /m o s7! /N IR 22 /hPa
22-00 38. 8554 3.6143 —2
22-06 52. 8009 —6. 4897 8
22-12 38.0205 —9.9325 12
22-18 18. 0861 —7.7441 14
23-00 6.2289 —8.7556 22
23-06 23. 0249 —3.2758 19
23-12 22.1991 —2.8955 13
23-18 27.6307 1.2737 2
24-00 72.9898 —5.512 17
24-06 110. 3215 1. 6499 22
24-12 157.7038 —0.9369 16
“UFRS”(1415) IR E] . 2014 4E 9 A 14 H 00:00:00 UTC
A ]/ H B AR 1R 2/ km ARNIRZE /m - s™! /N R 2 /hPa
14-00 11.5273 1.1640 —16
14-06 28,4537 —6.02 —6
14-12 8. 0052 —1.6632 —8
14-18 41. 4301 3.5487 -1
15-00 51.2975 —5.2413 1
15-06 24. 7870 —2.9817 7
15-12 28.6193 —3.5996 6
15-18 33. 6985 —5.6823 13
16-00 29,4318 —5.2575 11
16-06 8. 4778 2.1747 3
16-12 10. 3927 2.8306 3
16-18 41. 2088 4.2227 5
17-00 71.2619 5. 9966 2
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Fig. 5 Comparison of the time series of TC minimum sea-level pressure between
the model simulation and JMA best track data

(a) Vicente, (b) Kalmaegi
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Fig. 6 Same as Fig. 5, but for TC maximum wind

WIS s R B 22 3 KL E 23 H 18 BB S K B AR (A
Z G G KoL I B b a5 SR A [T XA s
55, B 7 0 G XA AR R A5 a8 AU KA A Ak
8] 32 1) o JE v SO0 00 XU 3 35 EECOUR 0 3t e 19 38 /N B
W R KGR . £ 3 511 T A E A B 3%
R ) b 2 T 5 5 0 b XS 1 R Ok I s [ A
BR2E AT LUE A5 AR AN ) v s A 0 08 D A
BN 28 TR 30 36 A% A I ) 5 A O 22 1 h OB i) 3%
IRTE 97 AN AEL /N B 245 5% vp s B0 A% {E B XoF iz 1) )5
50 R IRAE D 25 B 8] 8 B K Ol 4 ho SR fIRARH IR
2Z LK 3.0168 hPa, K iRZE K 8. 7943 m » s/,
Z 6 WF BRRR PRI L ) AR A B e A
DX BT K 2R R R T A SR B AR R Cn BT 8
) s H 4 Raing, >Raingr > Rainywp . & XUTE B Fili
BB i o i (B U A2 D T 4 @) s DRI X 86 A 7
R SRR E (K 1b) , MWP 5 SFT
AHBEAR AT . {5 = MWP 76 35 XU, BF AT 48 SFT
Al G AN AR LR A X (R AR, 2005)

R:—j" Fe(—parVhldp/e) (D

K FORBEEE R, p Ny ARFR K. N
IR RE - 7 b Sy I v BE AR L R Ay 1 BRI 3 <
DL P A TR A T R R A B B XU T R
B3 . ZZ1 5 SFT o i Ar 30 K — ] . X 45§
1 RS AR B (I8 7) 3 ZZ1 3t 9% H66 B2 A X3 K (T b))
JIr AR et e R [ s A A Y XX I
e CE gD v ml LA 31 B3 K1) 5 O A 0 i 5
RSSO 24 HARE R e 2 .
N 1R Sk R 5 o il o A AL 245 2R mT DU 31 24
H A RE R B LP2 23 H B PIAE 2 B R 5 SEbr

WL R 22 550 /0N » B5 B 3 0 24 H B ASEADL T 2 A X 45
7,

AR B A 5] CIE ) r i T 6 4D 45 2R —
fe s 5 K B BE AR A R R . B R Ui
WRF #:0HE 48 8 4 AL UL & XU 32 3l A% . 5
JEE AR B DX 35 ol i R R 1 A A AL B 2

2.3 HRMRXBRERSW

PO R 10 & i 1 XU ok SR fF I 20 B3 (73
SRR KA R4 2012 4F 7 H 23 H 18:00:00 5
B XN 2014 4 9 A 15 H 23:00:00) WRF #% 2
B BE TS XA P 36 4 20 i T I SRR P i
56 v Ll R R KU 45 2R, 3R 5 R 1 X 18 B
(EL BRI AU 1) 8195 20 L o o B DR 26 78 X 1) 9 7 37
F o DA IR A UL Y X K 18 T LA 2 72 F
DX IR T ik B e AR N 2% DX U AT AR P KL 7
EXPL f, & W 9 S RO O [R] F T 4 1807 380 R
DR IR B AR I o T30 T A p sy L i 1 s
Pyl g KU (P 9b, [ 10D R 3% 4) A K it 3
DX 3 X7 A T 48 K5 5 — 5T | T 2 B A
TE U 75 s 0L T2 B 15 R — 00 A AL AR i 1 A Sk
FEWRE /I o YO T 1 P9 B i B XOR PF . £R Y
IR 52 A s 52 W VR T OFAS 38 s AR 5 R T LU S
LA e By B L 4 Ao AR T R LI G 5
Wi T 8 K T L f A R GEPE I A . fE EXP2 (&
9c, [ 10c ek Oy f FHRIC TR s B I AR L
JIT T B B0 A7 A0 R FH 9 1 1 IRURR L B G B 3l I
S e XX AR AT EXPL A7k . 78 EXP3 (] 9d,
Bl 10d ke3k v, i THER TR L 2 18] A9 3



%3 K AR B RO R TR 3t RS M 50 A5 400 B 3t T S 3 367

JEE o B A IO 0 8 o R AR B 0 KU R R R U O R X T RU A Bk XU 5 L A AN A A AR G A R
ARG HE EXPL 8 R 1L A e A B AP e 5 8 B

1010 40
1005 35+ /,‘v“l
—CTRL F
o 30 —cTRL oL
1000 Sl - - T ---Observed AL
< P » 25¢ ! !
A
2 905 £
], s
990 + =
985+
()
980 — 0 _—
22-00 23-00 24-00 25-00 26-00 22-00 23-00 24-00 25-00 26-00
fiet 1]/ H -Bsf fit i)/ H -k
1005 Fi/ BB o fin/ A
1000} 25t
—CTRL 5 — CTRL i
9951 ---Observed gt o 20l ---Observed ',;”" H
~ .
e g
5 990 15+
], <)
985+ = 10+
980 + S5t
(b)
975 ‘ ‘ ‘ N ‘ 0 ‘ ‘ ‘ P ‘ ‘
22-00 23-00 24-00 25-00 26-00 22-00 23-00 24-00 25-00 26-00
it ]/ H -k i+l / A -
1010 30
---Observed —CTRL
1000 - ~ ---Observed
‘!/J
< N ) .. i
< 995 &
N N
990+ his)
=
985+
980 -
(c)
975 : : : - - . - 0 : - - . - - -
22-00 23-00 24-00 25-00 26-00 22-00 23-00 24-00 25-00 26-00
Y IVAERIny i+l / A -t
1010 T T T . . . - 30
1005 - — CTRL 25¢
1000 ---Observed )
»  20f
& 9957 .
< L 15¢
R 990 b i
g ‘ ’,' 1]
985+ 10p
980 | 5y
(d)
975 ‘ ‘ ‘ 0 ‘ ‘ ‘
22-00 23-00 24-00 25-00 26-00 22-00 23-00 24-00 25-00 26-00
il / B - kil / B -Hef

7 TRk 4 AR S REAE (2, bye,d) .10 m K (el fh g, h)
WL 55482 AR U0 HE
(aye) #h Y, (b DAT T AR Ceo ) WE TR 3, (d b B 125 38
Fig. 7 Comparisons of surface pressure (a, b, ¢, d) and 10 m wind (e, f. g. h) between
observation and model simulation at four AWSs during Vicente
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Table 3 Analysis of simulations and observations for the four AWSs

“F5 B (1208) BARAE/hPa AR E /D R/ m e sT SR KU I [E] /b
h (i) 983. 5489 41 26.9057 45
S 983. 2000 42 35. 7000 43
2l 0.3489 —1 —8.7943 2
AT PR 3 (X)) 979. 8088 44 21. 0297 44
S 979. 6000 43 28. 7000 46
ZH 0.2088 1 —7.6703 —2
s 1A Sk [iEi) 978. 3832 44 26. 3375 45
S 981. 4000 43 25. 6000 45
2l —3.0168 1 0.7375 0
v i 978. 7946 44 28.0707 47
Sz 981. 4000 43 29. 6000 43
ZH —2.6054 1 —1.5293 4
“UFIS” (1415)
£ H 4, 996. 9448 43 19. 9807 16
Sz 994. 5000 42 29. 1000 43
ZH 2. 4448 1 —9.1193 3
A7 PRI 3 [ 994. 3733 39 15. 3509 45
S 994, 6000 45 21. 2000 44
F —0.2267 —6 —5.8491 1
(AR DS FEAY 994, 4678 44 18. 3768 41
S 994. 6000 45 22.1000 51
Al —0.1322 —1 —3.7232 —10
1V s (i) 995. 1682 43 17.1439 44
S 995. 5000 45 22 44
Z(H —0.3318 —2 —4.8561 0
100 @ 180 o)
a
160} —
80 B CTRL 1401 B CTRL
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E 60 £100}
~ 3
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Fig. 8 Comparisons of daily rainfall between observation and model simulation at four AWSs during Vicente

(a) YICT, (b) ZZL, (¢) SFT, (d) MWP
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Fig. 9 WRF simulated surface wind pattern in the study area at the most significant moment
during TC Vicente period:
(a) CTRL, (b) EXP1, (¢) EXP2, (d) EXP3
F4 HMEHFRAEREPIEHEEARIER
Table 4 Comparison of the maximum winds at different stations by terrain sensitivity tests
i R R A /e s i CTRL EXP1 EXP2 EXP3
“HHERET1208) YICT 26.91 27.30 26. 22 27.78
771 21.03 22.82 23.78 24. 34
SFT 26. 34 29.59 30. 32 30. 44
MWP 28.07 28.62 28.54 27.81
CYFIY”(1415) YICT 19.98 19.51 18. 83 21.31
771 15.35 16.79 17.16 16.73
SFT 18. 38 21.49 21.53 21.31
MWP 17.14 20. 62 19.99 19. 50
*5 HMEHgEERBPEIRNEEL
Table 5 Changes of wind directions at different stations by terrain sensitivity tests
. . CTRL EXP1 EXP2 EXP3
R A2 4/ il
ao al a?z as
“F5 2R (1208) YICT 282.0353 279. 5366 277. 4238 291. 2958
771 270. 8250 269. 6390 263.5925 269. 9945
SFT 269. 9658 269. 2953 261.2228 267.4177
MWP 268.5794 265. 8875 264.2384 266. 3495
“WERG” (1415) YICT 282.1394 280. 2761 282. 7785 288. 1543
771 275. 8354 272.8110 273.3651 276.0054
SFT 280. 5975 274.0213 277. 7447 276.6789

MWP 282.4183 273.8673 277.2153 276.0451
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Fig. 10 Same as Fig. 9, but for Kalmaegi
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