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March 3rd
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April 2nd
May 10th

Initial time

1200 UTC March 2nd
1200 UTC March 11th
1200 UTC March 12th
1200 UTC March 26th
1200 UTC March 27th
1200 UTC March 28th
1200 UTC March 29th
1200 UTC March 30th
1200 UTC March 31st
1200 UTC April 1st

1200 UTC May oth

End time

1200 UTC March 3rd
1200 UTC March 12th
1200 UTC March 13th
1200 UTC March 27th
1200 UTC March 28th
1200 UTC March 29th
1200 UTC March 30th
1200 UTC March 31st
1200 UTC April 1st
1200 UTC April 2nd
1200 UTC May 10th
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Experiment Bottom boundary condition Boundary layer scheme Vertical layers

Group-A GFS SST data MRF scheme 50
Group-B NEAR-GOOS + GFS SST data 'YSU scheme 68
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DATE mm-dd

03-03
03-12
03-13
03-27
03-28
03-29
03-30
03-31
04-01
04-02
05-10
Average value

Group-A Group-B
POD FAR Bias ETS POD FAR Bias ETS
0608 0294 0861 0255 0773 0340 1470 0.284
0111 0752 0.446 0.061 0.416 0810 2.194 0.100
0263 0721 0942 0.008 0.464 0730 1.720 0.129
0,000 1.000 0,008 0.000 0.407 0663 1.207 0.148
0291 0.402 0.487 0.189 0.388 0651 1113 0.133
0099 0.086 0.108 0.066 0639 0251 0854 0.389
0298 0295 0.423 0215 0575 0.425 0999 0322
0373 0225 0.482 0.265 0668 0.350 1.027 0.387
0641 0392 1.054 0331 0.845 0.428 1478 0.380
0683 0566 1.573 0.289 0952 0613 2.462 0295
0011 0381 0017 0.008 0340 0.024 0349 0.304
0307 0.465 0582 0.162 0583 (92) 0.480 (-3) 1.325 (22) 0261 (61)
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Model parameter

Region  Central point
Number of grids (west-eastx south-north)
Horizontal resolution
Number of vertical layers

Time step

Boundary layer option

Cumulus option

Microphysics option

Long-wave and shortwave radiation scheme

Land surface option

Parameter setting

2253N, 110.02E
1557 x 835

0.09°

55

60s

MRF scheme
Kain-Fritsch scheme
WSMB scheme
RRTMG scheme
Noah model
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Experiment POD FAR Bias ETS

Exp-MRF 0.160 0.247 0.116 0.116
Exp-YSU 0583(264)  0311(26)  0.960(96)  0.338 (191)





OPS/images/feart-10-854438/feart-10-854438-t003.jpg
Experiment POD FAR Bias ETS

Exp-50 0.160 0.247 0.116 0.116
Exp-68 0.257 (61) 0.112 (18) 0.382 (30) 0.180 (85)
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Year S.N.* Periods Fog days Suspension hours Impact”

2013 201301 17-19 January 3 48 Strong
201302 03-06 February 4 9.68 Medium
201303 12-14 March 3 6.38 Light
2014 201401 30 January-02 February 4 44.25 Strong
2015 201501 24-26 Jan 3 1558 Medium
201502 15-17 February 3 9.83 Medium
2016 201601 04-07 March 4 36 Strong
201602 18-20 March 3 33.58 Strong
201603 26-29 April 4 75 Light
2017 201701 17-20 February 4 135 Medium
2018 201801 15-25 February 1 95.21 Strong
2019 201901 03-07 February 5 19.58 Medium
2021 202101 21-26 January 6 78 Strong

*S.N., means the serial number of the sea fog event.
"Impact means the degree of influence of the sea fog case. Strong: harbor suspension time due to sea fog exceeds 24 hs medium: suspension time is 8-24 h; light: suspension time less
than 8 h
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40

41
12
43
44
15
16

47
18
49

‘Weather

Fog or ice fog at a distance at the time of observation, but not at the station during the preceding hour,
the fog or ice fog extending to a level above that of the observer

Fog or ice fog in patches
Fog or ice fog, sky visible
Fog or ice fog, sky invisible
Fog or ice fog, sky visible
Fog or ice fog, sky invisible

Fog or ice fog, sky visible

Fog or ice fog, sky invisible
Fog, depositing rime, sky visible

Fog, depositing rime, sky invisible

Comment

[42-43] has become thinner during the preceding hour

[44-45] no appreciable change during the preceding hour

[46-47] has begun or has become thicker during the
preceding hour
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Prior warning Position™ Coast/Ocean Lon Lat Number Percent (%)
(hr)
2 1 Coast 110,60 2116 76 1667
2 Coast 11063 2093 168 3684
3 Ocean 11085 2100 170 3728
4 Ocean 11085 2080 56 1228
5 Ocean 11110 2105 28 614
6 Ocean 11115 2085 3 0.66
3 1 Coast 110.60 2116 25 548
2 Coast 11063 2093 65 1425
3 Ocean 11085 2100 99 2171
4 Ocean 11085 2080 66 1447
5 Ocean 11110 2105 73 1601
6 Ocean 11115 2085 41 899
4 1 Coast 110,60 2116 8 175
2 Coast 11063 2093 28 614
3 Ocean 11085 2100 55 1206
4 Ocean 11085 2080 59 1294
5 Ocean 11110 2105 61 1338
6 Ocean 11115 2085 45 987
5 1 Coast 110,60 2116 6 132
2 Coast 11063 2093 15 329
3 Ocean 11085 2100 40 877
4 Ocean 11085 2080 37 811
5 Ocean 11110 2105 31 680
6 Ocean 11115 2085 44 965
6 1 Coast 110.60 2116 2 044
2 Coast 11063 2093 5 110
3 Ocean 11085 2100 20 439
4 Ocean 11085 2080 29 636
5 Ocean 11110 2105 2 526
6 Ocean 11115 2085 30 658

"Locations shown in Figure 8.
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Prior warning Position™ Coast/Ocean Lon Lat Number Percent (%)
(hr)
2 1 Coast 110.13 2024 63 1382
2 Coast 110.15 2005 38 833
3 Coast 11028 2003 101 2215
4 Coast 11037 2009 215 4715
5 Coast 11040 2031 147 3224
6 Coast 11057 2009 111 2434
7 Coast 110,69 2016 2 504
8 Coast 11093 2002 0 0.00
3 1 Coast 110.13 2024 25 548
2 Coast 110.15 2005 2 570
3 Coast 11028 2003 58 1272
4 Coast 11037 2009 88 1930
5 Coast 11040 2031 73 1601
6 Coast 11057 2009 136 2082
7 Coast 11069 2016 69 1513
8 Coast 11093 20.02 3 0.66
4 1 Coast 110.13 2024 14 307
2 Coast 110.15 2005 13 285
3 Coast 11028 2003 33 724
4 Coast 110.37 20.09 40 877
5 Coast 11040 2031 39 855
6 Coast 11057 2009 84 18.42
7 Coast 110.69 2016 89 1952
8 Coast 11093 2002 15 329
5 i Coast 110.13 2024 7 154
2 Coast 110.15 2005 9 197
3 Coast 11028 2003 25 548
4 Coast 11037 2009 2 570
5 Coast 11040 2031 11 241
6 Coast 11057 2009 39 855
7 Coast 110.69 2016 60 1316
8 Coast 11093 2002 44 9.65
6 1 Coast 110.13 2024 5 110
2 Coast 110.15 2005 4 088
3 Coast 11028 2003 9 197
4 Coast 11037 2009 13 285
5 Coast 11040 2031 5 110
6 Coast 11057 2009 £ 526
7 Coast 110,69 2016 39 855
8 Coast 11093 20.02 44 9.65

"Locations shown in Fi
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Harbor Prior warning (hr) Number* Percent (%)

Xuwen 2 399 87.50
3 302 6623
4 27 4978
5 166 3640
6 115 2522
Zhanjiang 2 382 8377
3 204 6447
4 215 4715
5 140 3070
6 94 2061

“Number means the cumulative number of trajectories covered in the range of the
monttoring and early wamning scheme. The total frequency number of 1 h is 456.
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Harbor Advection characteristics S.N. Number Percent (%)

Xuwen w 201901, 201602 2 154
C 201301 1 7r
w-C 201303, 201501 2 154
cw 201302, 201401, 201701 3 231
C-W-C-W 201601 1 77
W-C-W-C 201502 1 77
C-A-C-W-C 202101 1 77
W-A-W-C-W 201603 1 77
‘W-C-W-C-W-C-W-C-W-C 201801 1 r

Zhanjiang w 201602, 201901 2 154
Lot 201301 1 77
oW 201302, 201401, 201601, 201701 4 308
W-C 201303, 201603 2 154
CW-C 201501, 201502 2 154
C-A-C 202101 1 77
‘W-C-W-C-A-C-A-C 201801 1 &

O i B vk linea T i el B e G T A TR e el e
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Harbor Type* Number of cases Percent (%) Main source direction

at 10-m level
Xuwen w 226 4956 NE-SE", SE, E-SE, NE-E, E-S, S
c 219 48.03 NE, ENE, NE-E
A 11 241
Zhanjiang w 169 37.06 NE-SE, SE, E-SE, E-S, §
[ 266 5833 NE, ENE, NE-E
A 21 4.61

"W is warm advection fog, C is cold advection fog, A is abnormal path that cannot classify as warm or cold advection fog.
“NE-SE, means the incoming flow direction changed from northeast to southeast.
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TC name (TC number)

Landfall time

Landfall intensity (m-s™)

Kujira (1508)
Mujigae (1522)
Mirinae (1603)
Nida (1604)
Sarika (1621)
Hato (1713)
Pakhar (1714)
Son-Tinh (1809)
Mangkhut (1822)
Higos (2007)

20 UTC.
06 UTC.
14 UTC.
19 UTC.
02 UTC.
06 UTC.
01 UTC.
21 UTC.
09 UTC.
22 UTC.

22 June2015
4 October 2015

26 July 2016

1 August 2016

18 October 2016
23 August 2017

27 August2017

17 July 2018

16 September 2018
18 August 2020

25
48
28
42
45
45
33
23
45
35
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Model setting and option Specification

Domain Map projection Lat-lon
Central point 350 °N, 135.0 °E
Grid number 251x201
Horizontal resolution 02
Vertical grid 51" with a pressure top at 50 hPa
Time step 1205
Modeling duration 0000 UTC 29 December-0000 UTC 31 December 2012 for EC-2012

0000 UTC 12 February-0000 UTC 14 February 2016 for EC-2016
0000 UTC 23 December-0000 UTC 25 December 2017 for EC-2017
0000 UTC 16 January-0000 UTC 18 January 2018 for EC-2018

PBL scheme YSU scheme (Hong et al., 2006)

Cumulus parameterization Kain-Fritsch scheme (Kain, 2004)
Microphysics Thompson scheme (Thompson et al,, 2008)
Long-shortwave radiation RRTMG scheme (Tacono et al, 2008)

Land surface model Noah land surface model (Tewari et al., 2004)

"1=1.00000, 0.99381, 0.98643, 0.97786, 0.96815, 0.95731, 0.94538, 0.93122, 0.91490, 0.89653, 0.87621, 0.85405, 0.82911, 0.80160, 0.77175, 0.73981, 0.70509, 0.66798, 0.62889, 0.58823,
0.54957, 0.51281,0.47788, 044471, 0.41323,0.38336, 0.35503, 0.32819, 0.30276, 0.27869, 025592, 0.23439, 0.21405, 0.19484, 0.17672,0.15963, 0.14352, 0.12836, 0.11410, 0.10070, 008811,
0.07630. 0.06523. 0.05487. 0.04517. 0.03611. 0.02765. 0.01977. 0.01243. 0.00560. 0.00000.
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Wind speed (m/s) Reduction rate (100%)
GF1 GF2

2-4 -7.36 12,66
4-6 0.09 27.73
6-8 1.48 28.12
8-10 247 26.99
10-12 7.68 2674
12-14 10.99 26.26
14-16 1226 24.80
16-18 11.67 24.23
18-20 11.66 25.47
20-22 11.18 28.98
22-24 8.98 30.08
24-26 8.89 21.10

26-28 11.67 1367
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Case no. Model factors

Regression
coefficients

1.385
0.403
0.137
1.336
0.439
1.307
0.168
1.292

R2

‘Standard error

1.729

1776

1.490

1.437

VIF

1.858
1.956
2.021
1.644
1.644
1.744
1.744
1.000





OPS/images/feart-10-956836/feart-10-956836-g006.gif





OPS/images/feart-10-992246/feart-10-992246-g003.gif
A Temperature profiles B
7

vt






OPS/images/feart-10-920048/feart-10-920048-t001.jpg
Predictor Partial correlation coefficient

Case 1 Case 2 Case 3 Case 4

Fi000F10>0  Fi000-F10>0  Fio00-F10=0  Fio00-F10 < 0

Fas0-F1000>0 Faso-F1000<0 Fas0-F1000>0 Fas0-F1000<0

Fio 0.886 0.878 0.934 0.936
Fio00-F10 0.314 0.346 0.072 0.135
Feso-F1000 0.070 0.016 0.103 0.020
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Forecast time

(h)

00

Variables

Temperature (K)

Mixing ratio (g kg™)

Temperature (K)

Mixing ratio (g kg™")

bias
RMSE
bias

RMSE

bias
RMSE
bias

RMSE

Sensitivity experiments (Exp-*)

Ob5

183
201
-1.01
149

196
241
-0.42
142

ObRH5

174
195
-058
1.06

178
242
0.05
147

ObRHT5

147
1.90
-0.61
093

1.60
221
-0.08
1.00

Ob6

1.88
2.06
-145
1.87

217
2.68
-0.82
1.40

ObRH6

175
197
-0.79
141

201
259
-0.24
122

ObRHT6

135
179
~0.83
117

147
232
-0.33
1.00
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Scores

POD
FAR

ETS

Experiments with CV5

Ob5

0386
0475
0735
0.097

ObRH5

0709 (83.7)
0361 (21.7)
L1111 (58.1)
0.289 (197.9)

ObRHT5

0751 (5.9)
0331 (4.7)
1123 (-10.8)
0338 (17.0)

Experiments with CVé6

Ob6

0.303
0.387
0.495
0.113

ObRH6

0.609 (101.0)

0.285 (16.6)
0.851 (70.5)

0.307 (171.7)

ObRHT6

0.710 (16.6)
0.195 (12.6)
0.882 (20.8)
0.445 (45.0)
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Case Group-A (only obs Group-B (obs and MTSAT-RH Group-C (obs and MTSAT-RH

assimilated without the  assimilated by the W14 method) assimilated by the revised method)
‘W14 method)
Ne POD FAR BS ETS POD FAR BS ETS POD FAR BS ETS
Initial
time
(yyyy-mm-
dd_hh)
1.2012-05-09_20 0392 0358 0610 0191 0859(119) 0515 1771 0216 0738 0.431 1296 0282
(-2455) (-97.7) (13.1) (-14.1) (17.3) (61.6) (30.6)
2.2009-04-09_20 0055 0608 0141 0028 0677 0321 0.996 0434 0732 0272 1.005 0.502
(1,131) (732) (99.5) (145) (8.1) (-7.2) (-25) 15.7)
3.2008-04-28_20 0386 0475 0735 0097 0709 0361 L1 0289 0751 0.331 1123 0.338
(83.7) (21.7) (58.1) (197.9) (59) (47) (-10.8) 7.0)
42012-03-27_20 0304 0523 0638 0173 0651(114) 0505 1314 0316 0.669 0.461 1242 0.354
(3.8) (13.3) (82.7) (2.8) (89) (22.9) (12.0)
5.2010-02-22_20 0675 0340 1123 0279 0955 0385 1552 0335 0939 0.368 1487 0.356
(41.5) (-6.8) (-349) (20.1) (-1.7) (28) (11.8) 63)
6.2007-02-05_20 0493 0506 0989 0250 0582 0474 1106 0303 0.602 0.450 1.094 0326
(8.1 (65) (-864) (21.2) (3.4) (46) (11.3) (7.6)
7.2010-04-04_20 0489 0219 0626 0157 0756 0310 1.096 0.161 0773 0.303 1.108 0177
(54.6) (-11.7) (743) (25) (22) (1.0) (-12.5) 99
8.2011-03-12_20 0640 0490 1253 0195 0733 0483 1417 0225 0.849 0.487 1655 0.248
(145) (1.4) (-64.8) (15.4) (15.8) (-0.8) (-57.1) 10.2)
9.2011-05-17_08 0708 0177 0861 0527 0971 0365 1687 0545 0953 0.323 1555 0.597
(37.1) (-22.8) (-394) (3.4) (-19) (66) (19.2) ©5)
10.2009-05-02_20 0940 0344 1433 0457 0873 0360 1364 0407 0937 0.292 1324 0.527
(-7.1) (-2.4) (159) (-109) (73) (10.6) (11.0) (29.5)
Average 0508 0404 0841 0235 0777 0408 1341 0323 0794 (22) 0372 1289 0371

(53.0) (-0.7) (-114) (37.5) (6.1) (15.2) (14.9)
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Model setting and option

Map projection
Central point
Domain Grid number
Horizontal resolution

Vertical grid

Time step

PBL scheme

Cumulus parameterization
Microphysics
Long/shortwave radiation

Land surface model

Specification

Lambert

(342°N, 124.1 °F)

166 x 190 for D1, 120 x 120 for D2
30 km for D1, 10 km for D2

44 7* with a pressure top at 50 hPa

Adaptive time step (60-90 s for D1)

YSU scheme (Hong et al., 2006)
Kain-Fritsch scheme (Kain and Fritsch 1990)
Lin (Perdue) scheme (Lin et al., 1983)
RRTMG scheme (Tacono et al., 2008)

Noah model (Chen and Dudhia 2001)

1 = 1.0000, 0.9975, 09925, 0.9850, 0.9775, 0.9700, 0.9540, 09340, 0.9090, 0.8800, 0.8506, 0.8212, 0.7918, 0.7625, 0.7084, 0.6573, 0.6090, 0.5634, 0.5204, 0.4798, 04415, 0.4055, 0.3716,
0.3397. 0.3097. 0.2815.0.2551. 0.2303. 0.2071. 0.1854. 0.1651. 0.1461. 0.1284. 0.1118. 0.0965. 0.0822. 0.0689. 0.0566. 0.0452.0.0346. 0.0249. 0.0159. 0.0076. and 0.0000.
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Number of events Accuracy (%) Predict results
Type-1 Type-2 Type-3
Type-1 2 50 1 4 7
Type-2 10 50 3 5 2
Type-3 11 82 1 1 9
Al types 3 58 -
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Year Mean of bias Standard Correlation
deviation of bias

Temperature (‘C) 2014-2018 015 343 081
2014 014 336 081
2015 030 321 083
2016 -025 342 079
2017 -031 370 080
2018 010 345 080
Specific humidity (g/kg) 2014-2018 012 11 091
2014 0.62 106 091
2015 0.10 103 092
2016 0.11 113 090
2017 -0.05 130 089

2018 -0.20 1.06 0.94
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Visibility Temperature ‘Wind
Height ~ Manufacturer Height ~ Manufacturer Height ~ Manufacturer Height ~ Manufacturer
(m) (m) (m) (m)
Buoy 10 Vaisala (PWD20) 10 YOUNG (41382LC2) 10 YOUNG (41382LC2) 10 YOUNG (05106)
AWS 28 Huayun Sounding 15 Jiangsu Radio Scientific 1.5 Jiangsu Radio Scientific 10 Jiangsu Radio Scientific

(DNQ1-V35)

Institute (DHC2)

Institute (WHSH-
TW100)

Institute (ZQZ-TF)





OPS/images/feart-10-992246/feart-10-992246-g009.gif
A

wi I&

7|
5 |
[[e obaits | }ﬁ

\ ? !
AN
S

i

.
1
4
Lo
\ 3 2
BN )
f ey’ ==Y






OPS/images/feart-10-920048/inline_12.gif





OPS/images/feart-10-956836/feart-10-956836-g011.gif
Asoo. 8 s00 € s00

@ .» o

£ B T
g $m H —
- o w o
—pes

o ) o

o W o %

)
Tonberature (C)

K





OPS/images/feart-10-992246/feart-10-992246-g008.gif
o

G
os:

g

7]

x

oso,

%

S
o3

N3
039

Vi

L





OPS/images/feart-10-956836/feart-10-956836-g010.gif
A [RH at stations3 ()

50 {typel pe2 typed ‘

G o oen 12n ton 20n oon o osn
iST





OPS/images/feart-10-992246/feart-10-992246-g007.gif





OPS/images/feart-10-992246/feart-10-992246-g006.gif





OPS/images/feart-10-940205/feart-10-940205-t004.jpg
Location

FJ
GD
ZJSH
HN

TP

899
1254
400
740

Vmax (m/s)

271
259
272
26.6

Motion (m/s)

5.5
55
5.8
5.6

Shear (m/s)

6.5
75
7.8
8.8

Favored quadrant

DL
DR
DR
DL

Asymmetry magnitude

4.33
357
4.92
5.48
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TC Year Month Landfall Vinax Intensity Landfall Lightning Mean TC

(ms™) hours count lightning

rate (str h™")
Haitang 2017 Jul FJ 24 TS 48 71,055 1480
Fanapi 2010 Sep FJ 45 SsTY 48 67,763 1412
Bailu 2019 Aug FJ 30 sTS 48 53,928 1124
Matmo 2014 Jul FJ 42 STY 48 52,132 1086
Nepartak 2016 Jul FJ 38 v 42 47,200 1124
Nida 2016 Aug GD 36 v 48 43,609 909
Bebinca 2018 Aug GD 28 sTS 48 43,094 898
Kaimaegi 2014 Sep HN 42 sTY 48 42,506 886
Kujra 2015 Jun HN 25 sTS 48 37,970 791

Doksuri 2012 Jun GD 24 TS 36 31,848 885
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Period Region Stage Lightning count (48 h)

Prior to landfall ~ After landfall  Inner rainbands  Inner core  Outer rainbands  Intensifying Stable Weakening  Maximum  Minimum

toao towza 100-200 km 0-100 km 200-500 km AVmax>0  AVmax=0  AVmax<Q strokes strokes
56% 44% 9.6% 6.2% 84.2% 27.9% 222% 49.9% 71,085 6
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Year  TS(172-244ms”)  STS (245-326ms™)  TY(327-414msT)  STY 41.5-509ms™)  SuperTY (:51 ms™) Total

R ROR RN

-
1=
o
ANONONN AN
dadapa0aana
4“2 s0co0-wnOO
coo+--000

LONW- BN W =N O
~

2020 1 2 1 0 5
Total 29 (37%) 18 (23%) 19 (24%) 10 (12%) 3 (4%) 79 (100%)

TD, tropical depression: TS, tropical storm: STS, severe tropical storm: TY, tyohoon: STY, severe typhoon: SuperTY, super typhoon.
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