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Fig. 1. The distribution of locations of 265
autoraingage stations and the 25 surface

observation stations.
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Fig. 2. The paths of the surface centers of

typhoons in the domain of 118-126 degree
of longitude and 19-28 degree of latitude
during the period of 2007 through 2008.

@2 F52007-20084F ] - Jat & 3tk 1
O HBAE A 1181268 ~ JLiR19-281F
#HEN M5 - A T0ME - 25 DU Ja
] R0 B AR AE SO AT E E R @A - K
Bl Bl 7R 3R P RS R A AR B AR T B R R 1)
B3 f# (vector decomposition) Bl #5572 45
B AE Ry Ab1a) o 1) B o0 i - 5 SR Py 7 20
H(horizontal component) KA Egdb A4 &
(meridional component)35 f§{F 5 P4 |a) Bg
JB\ » 2o QIR Ty e AL e g JaL - 1 [ 2 7] %

B AR Y [ e B\ A 7 - e I 1 R A 3 e
177 B P 1) G S A ol = AE 7-8 H Hi B
SyUEAELL R 5wk e o 2 48 72
9-10 HHiHR » SUEAETH LR > EHR
B TETE (2008 ) 70 A &2 8 o 1 e J ik 7k o2
o Be R B ICAE ST BRI — 2
(5-6 H F9-10 H e Ja\ B Bf < B{ AL LLRG AL 7
J&% > 1m7-8 H RIS P e B %) - 5&
MRt 1 1 5% R I L R S HE i ey
G SRS B R A e IR /RAE ST B 2 2
HHLEE -
(—) e JE\ N S HE Al & P H e A2

[ 3 (a) 2 () 73 7l By 25 1 55 3 /1N RF RS
B R > WE A IR PR T R
LPEIREERR A 0 R IR R 3K o 1R
fi5 3 (a) 2 () B - V- R ) AR 22 (R e KM
W > 37 5 kT B AR R R B A A
W~ SR K e A e B gL
—A I SRR R EAEY-152
KMH - DUE 3 (b) FE & HE A 14 2 53 A7 ik
/N o DUE 3 (c) 353k 03 i W i KRR i
72 o HoERHh U PP AR B R A T AR
ZREUR © Rt - 3/ R TR R B DL
N R HE RS IREREE - B3 (a) B ()5S — R
PR A R A A T AR S L
RHEEES -

[ 4 (a) 2 (c) 3 il By 25 3k 6 /1N s WY
B ORAER - WEHEMARCPIEERE
PEIRE B ER A - B RS EK o fEIE
4(a)E () HUR - PGS BRAEER KT
St 5 22 ] 0 A7 1 B 3 /N R TR SRR 22 A0
L (HERAEEES/NNEHEK - BREES
1E20E302 K /AaA > FiE s o DUE
4(b) Y B HE A i 0 A7 W b /N R B B AT

—4 —



15.0 15.0 15.0
12.0 12.0 12.0
9.0 9.0 9.0
6.0 6.0 6.0
3.0 3.0 3.0

3. (a) FFRERS/INRFFHHR G PEHEEARAE - g RT3 2K - (b) [FE3(a) » {H R B HER,
i% o (o) [FE3() » (HR V3

Fig. 3. (a) The mean absolute errors of the method of persistence for 3-h projection, the intervals of
shading are 3 mm. (b) Same as Fig. 3(a), but for the method of rainfall amount estimation. (c)

Same as Fig. 3(a), but for the method of climatological mean.
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Fig. 4. (a) Same as Fig. 3(a), but for 6-h projection, and the intervals of shading are 5 mm. (b) Same
as Fig. 4(a), but for the method of rainfall amount estimation. (c) Same as Fig. 4(a), but for the

method of climatological mean.
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Fig. 5. (a) Same as Fig. 4(a), but for 12-h projection. (b) Same as Fig. 5(a), but for the method of

rainfall amount estimation. (c) Same as Fig. 5(a), but for the method of climatological mean.
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Fig. 6. (a) The improvement ratios of forecasting of the method of rainfall estimation with respect

to the method of persistence for 3-h projection, intervals of shading are 10%. (b). Same as Fig.

6(a), but for the method of climatological mean.
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An Evaluation of Estimation of Typhoon Rainfall in
the Region of Taiwan

Huei-Min Wang'  Shih-Chi Wu®  Tien-Chiang Yeh’

Central Weather Bureau

ABSTRACT

In this paper, the data of hourly rainfall amount of CWB 265 auto-raingauge stations and
the 25 surface observation stations and the JTWC best tracks of typhoons in every 6 hours during
the period of 1998 through 2006 were used to develop the method of 3-h, 6-h, and 12-h typhoon
rainfall amount estimations by dividing all the cases of the surface centers of typhoon in the domain
of 118-126 degree of longitude and 19-28 degree of latitude into two categories of extremely heavy
rainfall (average hourly rainfall greater than 5.4 mm/hr) and non-extremely heavy rainfall and in three
periods of May-June, and July-August, and September-October. The data of hourly rainfall amount of
the auto-raingauge stations and surface observation stations during the period of 2007 through 2008
were used to verify the forecasting and compare the spacial distribution of mean absolute errors of
forecasting among the method of climatological mean, the method of persistence, and the method
of typhoon rainfall amount estimation. And the improvement ratios for the method of climatological
mean and the method of typhoon rainfall amount estimation with respect to the method of persistence

were also calculated.

The results of evaluation revealed, in the mean absolute errors of typhoon rainfall amount
estimation, the performance of the method of typhoon rainfall amount estimation in 3-h projection
was the best because that its regions of the greatest forecasting error in the range of 9 mm through 15
mm were the minimum, and the method of climatological mean was the worst. The characteristics
in common for the three methods were the greater forecasting errors occurred in the regions of the
mountain area from Su-ao to Hualien, Xueshan to Daxueshan, and Alishan to Kaohsiung. For the mean
absolute errors of 6-h projection, the three methods had similar characteristics in spacial distribution
with greatest forecasting errors of 3-h projection. The greatest mean absolute errors in 6-h projection
for the three methods were between 20mm and 30mm and the performance of the method of typhoon
rainfall amount estimation was the best, and the method of persistence was the worst. For the mean
absolute errors of 12-h projection, the characteristics of special distribution of the greatest forecasting
errors were similar as 6-h projection, but the regions for the methods of persistence and typhoon rainfall

amount estimation were broader than in 6-h projections. The performance of the method of persistence



in 12-h projection was the worst for that its regions of the greatest forecasting error in the range of 40
mm through 60 mm were the maximum and the method of climatological mean was the best. For the
improvement ratio over the method of persistence, the regions of the improvement ratio in the range
of 0% through 20% of the method of typhoon rainfall amount estimation for 3-h and 6-h projections
were broader than of the method of climatological mean. But the regions of the improvement ratio in
the range of 20% through 40% of the method of climatological mean for 12-h projection were broader
than of the method of typhoon rainfall amount estimation. Therefore, the improvement ratios for the
method of typhoon rainfall amount estimation in 3-h and 6-h projections were superior to the method
of climatological mean, but it was better for the method of climatological mean in 12-h projection.

Key words: method of typhoon rainfall amount estimation, best track
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results.
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Figure 4. The epicenter of Taiwan earthquakes occurred in 2004.
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Table 2. Source parameters of the studied earthquakes of P wave first motion from genetic algorithms.

No Origin Time' Lat.! Long.! Dep.! M Strike> Dip*> Rake? Q3fp Npro* Ag’
1 2004/01/01/03:15:19.47 23.36 121.63 31.18 5.35 237+5 7943  123£2 745 150 20
2 2004/01/06/21:44:39.63 22.79 121.05 9.12 3.43  6+15 8012 70«19 136 21 63
3 2004/01/10/17:48:39.51 24.61 122.41 88.02 4.61 76+19 49+17 9510 0.79 27 146
4 2004/01/15/15:28:15.41 22.81 121.10 6.77 3.94 3+l 644 -158+2 4.13 31 82
5 2004/01/18/20:44:21.28 23.64 121.58 34.61 3.79 15411 56+12  78£15 0.29 21 55
6 2004/01/23/07:51:1.22 23.47 120.64 8.61 4.15 58+£20 57+16 121+18 2.32 34 45
7 2004/01/24/06:08:31.83 22.78 121.07 9.12 3.34 57+18 60+6 106£9 1.71 17 63
8 2004/01/25/03:44:9.72 23.07 121.43 19.17 4.40 214 35+£1 6919 2,11 26 70
9 2004/01/28/19:13:25.05 22.99 12094 7.03 5.15 18748 5748  -82+8 1.77 43 57
10 2004/01/28/19:17:26.24 22.99 120.95 9.26 4.62 164+10 58+19 -76x11 0.69 33 69
11 2004/01/28/19:34:49.93 23.00 12094 3.66 4.97 188+11 60+16 -64+11 137 22 86
12 2004/01/28/20:10:6.94 22.99 120.95 5.38 4.17 174£15 33+17 -65+14 121 22 80
13 2004/01/28/23:05:35.01 23.00 120.94 6.79 3.65 176+£9 35+9  -85+17 1.10 19 49
14 2004/01/29/05:23:30.56 22.99 120.98 9.89 4.38 165+9 37+15 -72+13 0.19 18 85
15 2004/01/29/17:46:6.99 22.99 120.95 5.59 3.72 158+9 63+8  -89+11 0.11 12 103
16 2004/01/31/06:21:51.13 23.14 120.42 18.34 3.63 20248 84+17 165+12 023 15 103
17 2004/02/02/15:47:36.25 23.44 120.62 7.99 4.13 84+9 77+8 134+13 146 34 39
18 2004/02/08/04:39:44.75 23.18 120.63 7.44 3.35 2255 52+5 130£2 030 13 108
19 2004/02/11/10:12:2.09 24.41 121.81 10.69 3.42 82+11 72+7  -18+14 2.53 20 66
20 2004/02/11/16:32:37.69 22.92 121.28 16.15 3.96 49+3 85+12 -177+20 141 17 70
21 2004/02/15/13:32:6.48 23.83 121.04 30.00 4.90 431 85+x1  -96+1 4.17 73 22
22 2004/02/24/00:55:7.22  23.76 121.43 60.60 4.72 19749 69+12 10016 7.72 56 42
23 2004/02/26/04:33:10.31 23.97 123.13 41.47 591 155+1 74+1  -18+t1 248 41 102
24 2004/02/29/02:23:10.26 24.75 121.96 12.55 430 41£7 32+2 -103+9 049 20 98
25 2004/02/29/12:54:46.67 24.13 121.68 10.99 4.06 198+4 72+17 -22+7 0.14 28 55
26 2004/02/29/15:37:27.14 23.62 120.81 6.04 3.03 76+17 44+16 -147+19 085 16 53
27 2004/02/29/16:26:50.64 24.36 121.98 29.62 4.17 16344 15¢1 103+6 1.01 21 74
28 2004/03/03/13:50:28.49 23.98 121.14 25.85 4.64 209+2 78+5 1139 6.11 40 39
29 2004/03/22/21:36:52.97 24.34 121.80 6.58 3.90 84+6 76+18 -22+16 3.12 29 73
30 2004/03/23/03:55:20.24 24.34 121.79 6.43 3.71 1801 5311 162+2 141 18 78
31 2004/03/23/07:58:15.20 24.34 121.79 6.45 3.48 8719 85+20 -45+11 036 13 109
32 2004/03/25/19:07:4.32 23.41 120.64 8.74 4.54 50+12 S51+12 137+13 9.62 67 29
33 2004/03/25/19:11:28.87 23.41 120.64 11.43 3.10 228+4 59+10 136£11 0.74 13 60
34 2004/03/28/19:20:21.60 22.91 121.29 23.94 3.37 98+11 29+10 -151+16 0.71 13 65
35 2004/04/07/05:27:14.88 23.84 120.72 25.44 3.35 148+15 3443 10313 1.06 16 53
36 2004/04/09/05:33:38.68 24.10 121.53 21.58 4.51 111x13 32+12 163+12 0.28 38 41
37 2004/04/09/23:21:34.00 23.64 121.51 34.14 4.22 133+17 6749  -57+18 4.02 29 65




No Origin Time! Lat! Long.! Dep.! M Strike> Dip> Rake? ’» Npro® Ag’
38 2004/04/13/20:09:25.84 23.43 120.58 7.79 2.75 52+14 60420 119+13 0.76 14 60
39 2004/04/21/18:38:38.50 22.91 120.98 6.79 4.09 162+7 44+6  -75+5 0.61 29 43
40 2004/04/23/14:04:29.50 22.91 120.59 16.08 4.72 62+6 44+19 -165+15 1.73 41 67
41 2004/04/23/14:08:21.54 2291 120.59 1547 3.32 183+3 86+2 94+£2 041 12 88
42 2004/04/24/15:20:30.28 23.94 121.48 19.25 494 80+1 43+1 152¢1 0.17 55 45
43 2004/04/24/19:26:1.96  23.94 121.47 18.72 3.76 68+5 40+10 1449 1.05 23 82
44 2004/04/24/22:29:0.59 23.94 121.47 19.51 3.84 64+12 37+7 140+8 141 20 53
45 2004/04/25/14:28:35.42 23.95 121.46 18.52 3.26 35+20 28+6  104+13 0.50 14 82
46 2004/04/27/10:08:13.44 24.19 121.58 31.49 426 63+l 531 14746 1.80 38 69
47 2004/04/29/22:59:33.99 2420 121.62 16.79 3.83 5148 63+8 100+10 3.57 32 57
48 2004/05/01/21:58:49.92 23.85 121.95 36.20 4.36 255+4 72+11 172+15 495 37 56
49 2004/05/04/05:50:6.25 24.64 121.78 9.24 3.17 737 68+12 -13+£13 0.78 16 63
50 2004/05/04/18:19:44.64 2291 120.61 15.69 3.99 190+£8 8245 916 141 24 69
51 2004/05/07/20:36:13.77 22.56 119.99 40.22 4.16 83+4 88+l 78+1 047 14 127
52 2004/05/08/14:05:31.71 22.90 120.58 15.41 3.73 201£13 58+7  111+10 0.21 11 77
53 2004/05/08/14:09:37.11 22.90 120.58 15.12 3.31 201£20 8743 94+5 0.16 11 82
54 2004/05/08/16:13:15.29 22.88 121.33 20.45 4.45 19517 70+£10 119+6 3.10 30 68
55 2004/05/09/06:02:21.28 23.41 120.64 9.97 4.52 59+10 5249  151+11 1047 49 39
56 2004/05/13/15:00:15.64 22.90 120.58 15.12 3.00 209+17 79+11 118«13 0.14 11 95
57 2004/05/13/15:28:49.83 24.05 121.51 19.56 4.22 22243 7444 11249 333 42 63
58 2004/05/15/05:07:50.34 24.84 12191 91.82 5.12 7715 2312 176x14 0.79 42 102
59 2004/05/15/22:54:20.28 23.46 12040 9.94 3.16 4619 68+6 1418 249 22 66
60 2004/05/17/08:22:55.69 23.06 121.29 1522 3.81 36+17 90+3 91£5 0.10 12 111
61 2004/05/17/18:02:8.46 23.04 121.30 16.12 4.19 66+3 71+3 -143+5 1.08 24 86
62 2004/05/19/07:04:12.72 22.72 121.37 23.75 6.03 12+15 25+9 42415 538 90 40
63 2004/05/20/11:55:18.31 22.94 120.56 16.28 3.98 72+15 56+4  -97+7 131 27 56
64 2004/05/20/22:16:16.16 23.42 120.65 8.83 4.18 48+8 44«7 127+7 6.07 40 40
65 2004/05/21/04:18:0.39 23.97 121.13 24.26 3.85 209+1 70+4 12745 1.55 23 101
66 2004/05/21/21:23:9.74  23.03 12090 3.20 4.24 17248 41+7 =519 3,14 29 60
67 2004/05/22/12:55:26.61 22.87 121.22 1550 4.15 3948 4446 92+7 044 16 92
68 2004/05/22/20:25:38.75 24.05 121.51 19.20 3.55 68«1 30+1 11643 193 31 55
69 2004/05/24/09:15:6.20 22.58 121.05 2.35 4.59 113£20 66+15 99+16 091 29 132
70 2004/05/25/03:55:26.66 22.77 121.23 12.15 3.37 16+7 58+9 95+11 0.70 16 75
71 2004/06/02/16:56:30.24 23.64 121.26 9.38 5.17 146+6 6246  -77+6 0.13 58 137
72 2004/06/03/16:02:52.13 23.65 121.27 9.66 4.17 170+6  54+11 -64+7 028 30 119
73 2004/06/13/02:22:59.41 22.98 121.25 28.13 4.42 20943 72+4 -59+6 571 34 40
74 2004/07/09/11:19:28.98 23.89 121.45 22.64 4.52 2+4  86+6 3749 1.05 35 70
75 2004/07/22/06:36:40.62 24.07 121.50 22.27 4.61 74«7 3044 150£8 095 33 51
76 2004/07/26/14:04:22.26 23.52 120.64 8.80 3.19 56+18 47+14 123+16 1.65 17 51




No Origin Time' Lat! Long.! Dep.! M Strike> Dip> Rake? ¥ Npro® Ag’
77 2004/07/28/09:38:46.13 23.93 120.99 12.84 3.69 651 45+5 1486 037 12 79
78 2004/07/28/09:40:57.14 23.93 120.99 12.81 4.46 241+4 86+3 11544 281 26 42
79 2004/08/05/13:38:16.93 23.60 120.59 9.45 3.41 6911 50+17 -177+12 4.15 31 42
80 2004/08/08/13:12:26.22 24.64 121.84 76.95 4.98 243+2 8949 -173£7 695 65 49
81 2004/08/14/03:29:40.54 22.91 12098 5.41 4.32 200+15 42+11 -62+13 0.84 32 42
82 2004/09/02/06:07:50.56 23.19 120.50 8.90 4.26  3+16 89+12 -95£16 2.03 31 44
83 2004/09/07/11:45:55.72 24.67 121.86 9.76 4.05 19+7 70+£10 -173+6 122 34 83
84 2004/09/08/01:07:48.94 23.34 121.58 21.65 3.95 75£5 45%15 -160£13 3.29 24 53
85 2004/09/18/02:52:35.67 24.47 122.86 64.72 5.12 97£2 75+7 88+3 0.83 29 109
86 2004/10/07/01:51:31.71 24.10 121.86 47.88 4.37 1249 4948 8713 420 36 71
87 2004/10/08/03:34:21.68 24.07 121.64 8.85 3.02 38+7 7244 78+3  1.07 16 73
88 2004/10/10/21:44:3.71 24.24 120.82 32.00 3.77 53+l 89+1  -93+1 332 27 8l
89 2004/10/16/14:36:23.55 22.83 121.05 10.53 4.06 95+10 81£12 15246 3.16 35 65
90 2004/10/16/15:21:3.10  22.92 120.96 7.96 3.62 170+4 5346  -83+12 0.60 20 46
91 2004/10/21/11:28:44.40 24.32 120.80 30.71 3.82 246+4 89+11 152418 0.72 25 90
92 2004/10/23/14:04:27.20 25.00 121.57 9.17 3.73 65£6 2945 -47£5 836 66 45
93 2004/11/07/14:57:55.45 23.78 121.08 31.58 3.95 41£14 50+6 13518 0.77 20 50
94 2004/11/08/16:33:10.06 23.93 122.52 18.62 4.68 120£13 3345 868 045 20 142
95 2004/11/10/14:48:1.64 23.95 12245 6.40 5.15 139+4 41+1 12444 0.18 42 113
96 2004/11/11/02:16:44.15 24.30 122.20 28.85 6.09 82+2 62+1 99+1 1.83 85 92
97 2004/11/13/15:22:3.68  23.97 121.74 30.84 4.28 210+£18 66420 139+17 3.00 35 62
98 2004/11/25/16:56:58.44 2436 121.01 6.31 3.08 17743 7748 549 085 16 55
99 2004/11/26/14:16:0.12  23.93 122.85 16.88 4.16 51£16 45+7 75€19 0.17 18 151
100 2004/12/08/11:32:33.89 22.86 121.43 20.21 4.43 143+£2 3745 -34£9  6.04 35 68
101 2004/12/14/16:27:57.39 23.30 120.64 11.56 3.50 9+8 5248 102+11 2.05 21 82
102 2004/12/24/18:37:37.90 23.22 120.54 15.97 3.24 16£20 5216 92+12 1.28 16 70
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' Origin Time(UT: Year/Month/Day/hour:min:sec) and hypocentral location(°N,°E,km) relocated by the

3D velocity model (Wu, et. al., 2007).
2 Estimated best double-couple solution in degrees.
3 Quality index defined by Wu et al.(2008).

* The number of P-wave polarities.

> The maximum gap of angle between stations.
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Figure 5a. Map shows the epicenters of 102 earthquakes presented in this study by genetic algorithms

search P-wave polarities. Numbers are according to Table 1.
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parenthesis shows the focal depth.
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Table 3. Source parameters of the studied earthquakes from CMT.

No  Origin Time' Lat! Long.! Dep.? M} M}; M, M, M,,} M, M, Strike* Dip* Rake* E & Class
1 2004/01/01/03:15:18.14 23.34 121.71 26+5 -533.78  -1020.89  2060.11 1537.64  -2043.13 369.34 4.93+025 14.3+£9.8 32.8+5.7 427+12.4 0467 105 Bl
2 2004/01/05/11:07:24.62 22.86 121.30 1143 -47.36 -91.42 138.78 2006.82 -155.00 -328.01 4.36+0.22 250.3+£3.0 34.7+7.7 160.7£21.9 0.661 55.17 C4
3 2004/01/06/00:55:33.38 24.54 121.67 47+7 -14.88 -5.05 19.92 0.93 -23.25 -10.06 3.60+0.18 82.2+22.5 18.5+9.1 65.6£11.1 0.611 3947 C3
4 2004/01/10/17:48:40.18 24.62 122.38 97+8 -44.42 -30.30 74.72 6.05 8.61 5091 3.88+0.19 38.9+25.0 27.4+20.6 114.4+13.0 0.522 9224 C4
5 2004/01/13/09:29:1.00  23.99 121.77 11+£3 -79.20 -195.46 274.66 317.35 263.34 -354.75 4.45+0.22 2272+3.0 20.1£3.0 100.5+12.5 0.679 55.11 C4
6 2004/01/14/14:20:40.11 2297 121.31 25+6 31.39 40.28 -61.41 6.66 -4.94 8.77 3.78+£0.19 147.9+25.0 42.2£10.0 -97.9+12.3 0.674 7646 C4
7 2004/01/25/03:44:10.34 23.07 121.37 23+6 1.44 -61.18 59.74 3431 =726 -38.97 3.87+£0.19 224.9+54 359+3.0 124.1+10.2 0.558 20.73 C2
8 2004/01/28/19:13:24.69 22.99 120.95 11+2 177.60 1923.78  -2268.01 1424.02 -2.56 -640.62 4.88+0.24 320.4+11.1 39.6£9.9 -105.5+19.4 0.525 3596 C3
9 2004/01/28/19:34:49.79 23.01 120.93 1343 -164.34 658.43 -494.09 215.83 21535 -30.31 4.49+0.22 191.9+153 50.7£3.0 -51.749.1 0.563 27.86 C3
10 2004/01/28/20:10:7.71  22.99 12097 11+3 -5.14 26.96 -21.81 15.96 15.03 -6.45 3.62+£0.18 306.9+3.0 55.1£7.2 -1364+9.3 0537 2.04 Cl
11 2004/01/29/05:23:30.93 23.01 120.94 13+4 5.62 49.17 -54.79 49.34 -8.01 -14.07 3.85+£0.19 324.94+3.0 383+7.2 -929+4.0 0.652 63.70 C4
12 2004/01/30/12:20:2.74 2324 121.59 56+10 37.21 -31.75 -5.46 6.59 -2.49 -17.84 3.67+0.18 233.6+3.0 67.244.3 -164.9+3.0 0476 13.55 B2
13 2004/01/30/12:43:19.47 2442 12190 55+8 -23.64 -62.83 70.14 -80.28 -16.01 90.41 4.03£0.20 290.5+7.6  38.9+£3.0 33.6£10.8 0516 091 C1
14 2004/02/01/10:28:27.21 22.08 121.36 15+6 4.16 33.33 -37.49 29.17 -49.71 -11.25 3.8340.19 355.8+3.0 32.4+8.1  -359+£25.0 0.659 14.15 C2
15 2004/02/02/15:47:36.43 23.44 120.62 11+3 -6.94 -7.89 14.83 18.21 -7.56 9.01 3.54+0.18 53.0£9.0 30.5£3.0 102.5£17.7 0.635 7438 C4
16 2004/02/04/03:23:59.42 2338 122.15 413 1320.82 -12683.50  7737.58 4079.73  -1188.84  2764.17 5324027 10.4+25.0 37.4+3.0 83.2+21.6 0468 5546 B4
17 2004/02/05/06:05:46.73 22.76 121.34 21+9 1.94 -52.23 50.29 10.66 -31.76 11.51 3.80+0.19 349.3+3.0 40.3+6.0 51.8+44.8 0551 2681 C3
18 2004/02/15/13:32:6.66  23.83 121.04 24+9 109.51 -187.75 55.81 38.72 -184.53 188.33 4.26+0.21 326.5£3.0 289+10.5 149+65 0.591 1391 C2
19 2004/02/15/19:03:20.93 24.13 121.70 12+4 -18.62 -35.44 54.07 11.24 16.24 -48.46 3.84+£0.19 208.4+3.4 21.6+£3.0 97.0£74 0.619 3484 C3
20 2004/02/15/19:14:2522 24.14 121.69 15+4 11.32 -2.00 -9.32 28.79 25.17 -46.54 3.79+£0.19 282.5+25.0 29.3+3.6 -173.7£25.0 0.550 79.98 C4
21 2004/02/15/22:27:545 24.13 121.69 14+3 -131.80 -72.89 204.68 126.04 76.07 -220.35 4.27+0.21 2522+102 27.2+9.3 129.8+149 0.532 7.84 CI1
22 2004/02/19/10:24:29.71 23.00 121.36 15+7 14.23 68.62 -82.85 -78.37 43.95 39.21 4.00+0.20 245.4+3.0 53.0+5.6 -43.8£3.0 0560 035 CI1
23 2004/02/23/10:18:45.93 2338 122.14 27+6 125.76 -246.16 120.40 22.71 5.04 80.26 4.18+0.21 36.2+13.7 42.8+12.4 1389+6.1 0.502 91.77 C4
24 2004/02/24/00:55:7.01  23.75 121.51 75+10 -128.15 -104.33 23249 26.63 -106.40 59.58 4.19+0.21 57.243.0 28.6+4.6 88.4+43 0.610 6495 C4
25 2004/02/26/02:09:33.13 23.09 121.35 16+4 -52.19 -141.80 193.99 110.68 =197 -137.29 4.20+0.21 2329+6.4 34.0+3.0 1232+74 0522 383 CI
26 2004/02/26/04:33:7.59  23.96 12330 60+4 -324.40 -454.52 778.92 5999.32 -41.71 3497.62 5.17+026 89.1+4.3 59.3+£52 175.7+£12.7 0474 14.69 B2
27 2004/02/29/02:23:10.07 24.74 12198 12+4 44.19 -0.01 -44.18 -69.27 -6.28 1330 3.88+0.19 274.6+4.7 62.2+12.8 -22.3+43 0.673 8442 C4
28 2004/02/29/12:54:47.01 24.13 121.70 16+5 10.55 23.09 -33.64 2235 26.34 -1.61 3.71+0.19 166.9+7.6 39.8£3.0 -46.9+79 0.539 1895 C(C2
29 2004/02/29/16:26:50.97 24.33 122.04 24+6 8.51 -26.98 18.46 -12.51 13.11 -10.08 3.60+0.18 130.0+6.6  50.5+7.5 36.5£9.6 0586 032 Cl1
30 2004/03/03/13:50:29.26 23.97 121.16 21+5 20.67 -73.96 83.22 -35.63 -30.21 102,62 4.03+0.20 315.5£3.0 27.1£5.8 40.7+3.0 0488 200 Bl
31 2004/03/13/05:03:51.84 2298 12141 43+5 176.21 -228.23 52.02 60.34 168.32 191.70 4.29+021 48.9+43 399+3.0 170.6£7.5 0.620 843 Cl
32 2004/03/25/19:07:4.45 2340 120.65 13+3 25.36 -111.48 86.11 38.49 45.59 3294 3.99+0.20 42763 47.6£3.0 134.6£104 0510 558 Cl1
33 2004/03/26/08:03:4.83  23.44 121.54 29+6 0.11 -8.35 8.24 1.02 -3.57 -0.77 3.2440.16 206.4+12.5 47.5£3.0 119.2£12.5 0.659 2430 C2
34 2004/04/09/05:33:38.62 24.12 121.55 29+8 -89.23 -54.47 143.71 69.42 24.62 25.60 4.05+0.20 219.3+6.7 45.7+3.0 71.6£6.3 0565 11.17 C2
35 2004/04/09/23:21:33.67 23.63 121.55 29+7 26.45 -16.40 -10.05 3.58 =179 -1520 3.58+0.18 236.3+7.2 51.0+64 -159.4+7.8 0511 1.83 CI
36 2004/04/19/00:56:12.31 22.73 121.17 26+4 -74.73 32.72 42.01 -24.30 10.72 2426 3.85+0.19 247.3+34 51.6+3.0 34.148.5 0471 47.58 B4
37 2004/04/19/17:51:23.92 22.82 121.38 41+4 689.74 -533.92 -155.82 -36.70 -17.10 -35.93 447022 223.4+3.0 85.4+12.5 -176.9+4.8 0.560 44.17 C4
38 2004/04/23/14:04:29.83 22.92 120.60 18+5 56.61 -184.57 180.36 -7.74 106.81 131.61 4.20+0.21 22.1+43 31.6+£3.0 133.6£3.0 0.623 139 CI
39 2004/04/24/15:20:30.49 23.95 12147 21+6 -280.30 -226.46 506.75 243.34 127.48 -43.74 441+0.22 222.6+3.0 38.3+8.7 81.2+6.0 0.504 5.14 CI1
40 2004/04/27/10:08:13.03 24.19 121.62 32+7 23.93 =537 -18.56 14.04 20.86 -531 3.62+£0.18 142.9+5.6 35765 -37.5£7.6 0488 23.14 B2
41 2004/05/01/07:56:11.09 24.08 121.53 24+6 -2504.31  -1545.12  4049.43 2068.36 750.23 678.19 5.02+0.25 218.5£6.9 454434 71.0£12.1 0460 647 Bl
42 2004/05/01/21:58:49.66 23.84 121.93 26+7 518 -9.44 13.22 35.10 5.84 -0.64 3.65+0.18 174.4+4.5 78.8+£3.0 4.6+£59 0580 4729 C4
43 2004/05/08/08:06:59.43 22.01 121.62 19+6 -12.27 -58.52 70.79 -42.13 -70.98 -59.00 3.99+0.20 167.243.0 22.7+4.7 121.2+89 0.560 10.01 C2
44 2004/05/08/16:13:15.19 22.85 121.37 1443 -0.48 -53.51 53.99 -2.98 -40.26 41.49 3.87+0.19 339.5+4.5 29.3+3.0 47.0+8.1 0493 3838 B3
45 2004/05/08/20:18:40.44 21.97 12142 22+4 -23.24 -57.36 80.60 -34.44 -46.26 -62.13 3.97+0.20 151.343.0 23.0+3.0 96.0£3.0 0.628 381 Cl1
46 2004/05/09/06:02:21.38 23.40 120.64 15+4 37.36 -135.34 97.98 51.35 28.60 65.77 4.05£0.20 433+11.0 40.1=7.7 134.8+122 0.555 3491 C3




No  Origin Time' Lat! Long.! Dep.? M.} M”3 M, M.’ M.} M, M, Strike? Dip* Rake* B & Class
47 2004/05/13/15:28:49.52 24.06 121.52 20+9 -19.35 -19.35 38.70 19.31 9.64 9.56 3.68+0.18 208.2+4.0 47.6+3.2 659+5.6 0.513 20.11 C2
48 2004/05/15/05:07:50.47 24.86 121.90 100+7 276.77 -427.86 309.32 -2.51 292.36 <7571 4.41+0.22 1457453  53.243.0 32.6£9.6 0.601 17.44 C2
49 2004/05/16/06:04:8.70  23.05 121.98 21+3 9942.88  -796542  2092.39  11209.10 -443.74 79.69 5.38+0.27 340.7£3.0 88.24+4.7 0443.0 0564 992 Cl1
50 2004/05/17/19:45:52.55 22.95 120.66 2448 15.17 -21.39 6.23 -25.61 -8.69 18.76 3.66+0.18 290.2+5.5 56.3+3.0 94455 0.651 530 Cl1
51 2004/05/19/07:04:12.94 22.71 121.37 1342 7690.81 -136064.00 128373.00  28473.00 -78732.50 89008.80 6.11+0.31 352.4+3.0 29.143.0 55.8+4.8 0401 490 BI
52 2004/05/20/22:16:15.96 23.41 120.65 1443 -21.24 -41.36 62.60 2441 -15.19 4.09 3.80+0.19 25.8+5.6 40.0+6.1 77.2£3.0 0505 19.57 C2
53 2004/05/21/21:23:9.79  23.04 120.88 116 -45.01 59.38 -14.37 13.79 39.28 9.11 3.8340.19 313.2+3.0 63.8+14.7 -157.1£3.0 0.589 33.76 C3
54 2004/05/22/12:55:26.55 22.87 12122 18+7 -6.33 -35.58 41.92 8.77 5.01 -29.88 3.74+0.19 198.2422.8 26.5+5.2 95.5£9.9 0577 1549 C2
55 2004/05/23/00:58:28.13 21.99 121.52 17+4 184.68 75.68 -260.36 116.92 -68.03 -39.38 4.23+0.21 303.2+123 36.6£3.0 -88.9+3.0 0.683 090 Cl1
56 2004/05/23/01:07:18.26 21.99 121.40 17+5 204.78 56.08 -260.86 62.68 40.29 4930 4214021 104.4+164 39.0£3.0 -99.4+4.6 0.665 27.04 C3
57 2004/05/24/09:15:6.33  22.58 121.04 11+6 -176.80 -28.20 205.00 115.11 259.35 -66.16 4.30+£0.22 227.4+3.0 21.4+5.6 66.0£17.1 0.621 13.59 C2
58 2004/06/02/16:56:29.75 23.64 12129 12+2 154.74 299.91 -454.65 317.10 -76.78 -83.28 4.42+0.22 322.8+52 38.7£9.0  -88.0+4.7 0.484 3461 B3
59 2004/06/03/16:02:52.11 23.66 121.26 12+3 9.05 12.90 -21.95 9.26 -9.28 2.57 3.52+0.18 3372434 423+62 -62.9+7.8 0512 3473 C3
60 2004/06/06/00:09:8.24  22.53 12097 18+2 -77.31 -909.08  1368.98 657.02 860.15 -1615.87 4.84+0.24 209.7+44 17.9+4.4 91.5459 0527 1342 C2
61 2004/06/09/17:49:43.08 22.55 12096 11+7 -22.56 36.03 -13.47 63.99 50.21 8.23 3.90+0.20 190.3+3.0 53.5+149  -8.1+25.0 0.665 8.65 CI1
62 2004/06/13/02:22:58.39 22.89 121.32 24+5 -18.80 66.77 -47.97 -4.64 67.37 -22.27 3.92+0.20 337.0£3.0 39.543.0 -148.3+3.0 0456 53.88 B4
63 2004/06/17/02:29:30.45 22.70 121.34 1348 719 -19.02 11.83 6.31 -8.01 8.38 3.49+0.17 340.8425.0 38.4+3.2 38.5425.0 0.668 44.89 C4
64 2004/06/19/02:53:1.77 2297 121.19 11£2 -21.92 -273.88 259.84 117.16 -33.55 -70.02 4.26+0.21 214.1+11.8 41.2+7.3  109.1£9.8 0.697 15.05 C2
65 2004/07/03/02:02:43.14 24.00 121.06 16+7 31.83 -0.54 -31.29 8.86 -5.67 -534 3.62+0.18 277.0£3.0 39.6£3.0 -101.2+3.0 0.615 1340 C2
66 2004/07/06/07:32:2.77 2490 12227 1343 5491.66 139722 -6109.31 -3591.22 2858.40 989.82 5.194026 41.2£11.0 40.149.2 -119.9434 0.557 441 Cl1
67 2004/07/06/11:38:0.10  22.93 120.95 1244 107.23 119.93 -227.16 98.07 -1.44 -92.94 4.19+0.21 304.943.0 37.6+7.5 -110.744.2 0532 23.14 C2
68 2004/07/06/11:39:27.94 2498 122.18 12+7 144.06 76.89 -47.16 -114.63 306.69 -429.15 4.43+022 82.54223 99+3.0 -43.5+21.9 0.658 16.14 C2
69 2004/07/09/11:19:28.83 2390 121.50 23+7 -28.17 -20.06 46.49 64.32 -3.17 63.63 3.93+0.20 81.7+7.7 40.5£3.0 151.2+155 0.505 1648 C2
70 2004/07/22/06:36:40.57 24.09 121.53 30+9 -76.11 -60.10 136.21 84.10 35.26 -1037 4.05£0.20 220.3+8.7 39.0+7.0 78.6£12.8 0.570 1838 C2
71 2004/07/28/09:40:57.02 2391 121.02 17+4 -11.07 -87.85 112.59 5436 -19.89 -1420 3.9840.20 220.5+4.3 457450 108.9£7.8 0.551 11.20 C2
72 2004/08/01/11:21:25.74 24.56 121.86 20+5 25.69 -50.04 24.34 -72.69 -1331 4297 3.924020 286.1+9.3  58.8+7.8 11.8+4.1  0.619 25.16 C3
73 2004/08/03/00:43:44.54 2396 121.69 29+10 -38.25 153.14 -114.89 42.95 48.47 475 4.06:020 192.6£8.5 48.0+3.0 -52.7+13.6 0.577 2948 C3
74 2004/08/08/13:12:26.16 24.67 121.82 77+9 33851 -358.34 19.83 64.99 13.67 -57.00 4.31£0.22 140.0£3.0 83.0£74 -4943.1 0576 1511 C2
75 2004/08/14/03:29:40.96 22.93 12098 13+2 -11.19 80.47 -59.33 1643 21.84 -8.78 3.86+0.19 328.9+8.3 47.4+3.0 -121.6+17.1 0.562 1935 C2
76 2004/08/18/20:31:40.66 22.07 121.39 78+8 21.08 -24.72 3.64 131.36 169.44 90.36 4.18+0.21 186.6+25.0 35.1+3.9 094153 0489 75.69 B4
77 2004/08/18/22:18:27.80 22.55 121.34 26+8 18.50 -95.49 76.99 45.05 -27.44 -4.41 3.94+0.20 355.3+25.0 49.1+3.1 54.7469 0.587 3749 (3
78 2004/08/21/19:57:56.70 24.32 122.29 3048 2522 -34.91 9.69 27.76 16.14 29.74 3.76£0.19 63.2+4.8 50.0£9.4 169.8+4.0 0575 328 Cl
79 2004/08/26/09:25:52.12 22.89 121.28 1743 -7.11 -27.54 34.66 13.94 -6.64 -3.62 3.64+0.18 218.4+10.9 46.0£5.6 106.5£6.9 0.595 895 Cl1
80 2004/09/02/06:07:50.86 23.20 120.50 1346 -13.00 -16.45 29.45 39.63 14.18 30.87 3.78+0.19 77.7+6.7 50.3+3.0 148.4+14.6 0.674 1040 C2
81 2004/09/07/11:45:55.18 24.65 121.85 1346 9.82 -15.25 542 -11.94 -4.88 -0.36 3.45+0.17 201.4+3.0 71.0£3.5 167.5£7.8 0.699 37.84 C3
82 2004/09/18/02:52:35.65 24.44 122.89 6446 11.59 -724.22 710.32 -180.01 -543.15 -603.30 4.63+0.23 185.1+4.6 25.4+3.0 125778 0350 9.11 BI
83 2004/09/21/18:17:2.61 2490 122.11 112 103.14 -17.41 -101.26 -69.60 -2.00 18.95 4.00+£0.20 261.3+18.0 44.9+8.5  -67.0+25.0 0.600 5598 C4
84 2004/09/24/12:40:17.87 23.17 121.48 1943 -13.93 -35.17 49.10 21.21 -5.87 -13.94 3.74+0.19 224.1+83 41.3+£3.0 109.5£6.9 0460 13.71 B2
85 2004/09/28/07:57:24.07 23.70 121.78 4748 0.25 -24.58 24.33 4.85 -13.54 1.63 3.57+0.18 349.4+4.8 44.7+8.7 55.3+49 0582 2984 C3
86 2004/10/07/01:51:31.56 24.08 121.87 54«11 -22.43 -67.48 89.91 -16.37 16.63 -3492 3.91+£0.20 152.3+154 36.3+3.0 70.1£74  0.679 45.05 C4
87 2004/10/12/07:27:7.94 24.11 121.78 27+9 5.60 -10.70 5.09 10.49 -1.55 6.47 3.40+£0.17 72.6+25.0 65.9+4.3 178.8+25.0 0.639 7335 C4
88 2004/10/13/23:50:41.46 24.27 120.79 26+10 -3.68 -1.41 5.09 1.70 -7.64 8.49 3.33+0.17 71.8+8.1 12.548.8 117.4+16.0 0.603 14.14 C2
89 2004/10/15/04:08:50.18 24.46 122.85 85+13 -201926.00 108954.00 243.54  138546.00 473869.00 197093.00 6.43+0.32 206.2+8.4  22.1+7.7 47458 0448 027 Bl
90 2004/10/15/17:33:37.56 22.62 121.64 19+3 14.16 -30.12 15.96 6.84 16.63 588 3.61+0.18 434438 55.743.0 147.1+6.0 0.534 949 CI1
91 2004/10/16/14:36:23.13 22.79 121.08 156 -19.84 1.73 18.11 21.87 -0.22 -0.28 3.58+0.18 51.0+17.6 45.4+6.5 79.8425.0 0.608 9139 C4
92 2004/10/26/08:20:45.02 2290 12129 19+4 13.95 -73.89 62.29 536 -27.67 -17.07 3.86+0.19 206.2+12.6 43.6+3.0 126.2+122 0.539 1.70 CI
93 2004/10/30/01:31:52.19 24.60 121.75 80+7 -2.52 -48.77 51.29 17.95 747 -1.12 3.76+£0.19 191.1+3.0  43.7£7.0 78.6£5.5 0.638 9.84 Cl1
94 2004/11/05/20:37:50.54 23.19 12135 155 -5.16 -14.89 15.61 20.76 0.06 <2543 3.64+0.18 252.149.9 352+3.0 149.1x14.7 0.580 16.99 C2




No  Origin Time' Lat! Long.! Dep.? M,/ M”3 M, M’ M} M, M, Strike* Dip* Rake* E & Class
95 2004/11/08/15:35:2.59  23.89 122.62 28+9 -151.44 99.51 51.93 -174.69 37425 -219.55 4.39+0.22 333.0+4.3 26.6+74 1748+95 0.634 32.84 (3
96 2004/11/08/15:54:55.86 23.79 122.76 30+8 -75493.70 5096830 24525.40 -29049.60 20421.40 -58993.50 5.92+0.30 320.0+3.0 60.2+8.8 155.0:3.9 0.622 43.04 C4
97 2004/11/08/19:38:10.32 23.93 122.51 15+2 559.10 388.95 -948.05 -155.37 1502.08 -1164.06 4.82+0.24 58.8+8.7 11.4+12.0 -84.1+13.5 0.683 2728 C3
98 2004/11/10/14:48:2.75  23.97 12242 20+7 -1119.45 469.51 649.94 -340.45 1659.96 -833.53 4.82+0.24 315.5£7.3 244480 156.0+4.7 0.659 0.19 Cl
99 2004/11/11/02:16:44.50 2432 122.16 21+7 -8797.71 5569.73 322798  -1296.48 1187430 -8357.82 541+0.27 314.2+64 26.2+11.9 1654+4.0 0.677 341 Cl1
100 2004/11/13/15:22:437  24.00 121.69 35+8 17.97 -37.58 19.62 -0.36 -8.44 -1.09 3.62+0.18 213.7£3.0 57.4+3.0 142.8+11.3 0489 5492 B4
101 2004/12/08/11:32:32.59 22.84 121.47 19+7 0.39 -49.56 49.17 62.95 58.53 -27.44 3.94£0.20 179.1£3.1  37.0+43 3224109 0459 4043 B4
102 2004/12/16/00:10:0.31  23.95 12241 26+1 -1571.42 1340.90 230.52 -427.08 1574.00 -1157.93 4.87+0.24 321.3+3.0 37.745.8 174.5+32 0.623 242 CI1
103 2004/12/22/00:18:7.01  23.38 121.52 20+4 -26.30 -280.13 306.44 1743 -121.59 193.21 4.32+0.22 352.4425.0 28.9+4.4 65.8+16.5 0.525 24.01 C2
104 2004/12/22/00:28:47.10 23.37 121.54 23+6 -33.19 -71.18 104.36 25.04 -32.86 944 394+020 17.5£7.0 38.8+4.7 73.5£54  0.568 4528 C4

e RGE G E H R ER Lo R A o MR R BRI R (U4 H/ H /53 80) B ER R AL L ON, °E) »
2T R IR (km)
SX Y~ ZH 5y AT AL ~ R~ REEE A R BT R x 101 4K -
BN T RER ISR - DUBER FAT -
SER e RIHARQ) B (DEFELZ » e IFH /(%) FR -
! Origin Time (UT:Year/Month/Day/hr:min:sec) and hypocentral location (°N,°E) reported by the Seismological Center, Central Weather Bureau, Taiwan, R. O. C.

2Estimated best depth in km.

3X, Y, Z point to the north, east, and vertically down, respectively. All are in the unit of 1 x 10"*Ntm.

4 Estimated best double-couple solution in degrees.

SE and ¢ are defined by equations (2) and (1), respectively. ¢ is expressed in percent (%).
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Figure 6a. Map shows the epicenters of 104 earthquakes presented in this study by CMT inversion.

Numbers are according to Table 3.
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Figure 6b. Map shows the best double-couple solutions of CMT. The first number above each fault
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this study. Numbers are according to Figure 7b.
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Figure 7b. Map shows the best double-couple solutions of first motion and CMT solutions in the same
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ABSTRACT

We determine the focal mechanism solution to earthquakes of medium and above magnitude
that occurred in the Taiwan region in 2004. Both first motion and Centroid Moment Tensor (CMT)
inversion solutions are collected in this study. There are 102 events of focal mechanism solution from
firstmotion by genetic algorithm (Wu et al., 2008), a nonlinear global search for the focalmechanism
solutions. And we use an improved algorithm of CMT by Kao et al. (1998a) to overcome the generally
higher background noise as well as the heterogeneous velocity structure resulted from the complex
tectonic interactions near Taiwan. In addition, the weighting of stations produced automatically by
the azimuth coverage from the recorder and epicenter is used in our routine CMT inversion. There are
104 events of solutions obtained by CMT inversion in 2004. All the results are displayed and can be
searched on web site http://cwbsnbb.cwb.gov.tw. Our study provides a database of focal mechanisms
for studying seismogenic structures and plate tectonics.

Key words: genetic algorithm, focal mechanism, Centroid Moment Tensor
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Table 1. The temporal and spatial designs of the nested regional spectral model.
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Table 2. The physical process of RSMA and RSMB hydrostatic module, and MSMC non-hydrostatic

module.
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Fig. 2. The surface analysis for the RSMA module of nested regional spectral model. (a) 00 Z 21 Dec.
2001. (b) 00 Z 22 Dec. 2001. The white line stands for sea surface pressure (hPa) with interval
of 4 hPa. The shaded is the temperature at 1000 hPa level with interval of 10°C. The wind bar
shows the wind field at 1000 hPa level. The full bar is 10 ms™.
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interval of 10°C. The wind bar shows the wind field at 1000 hPa level. The full bar is 10 ms™.
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Fig. 5. The difference between CTL run, NOWI and NOTW run of RSMS module at 1000 hPa. (a)

and (b) are CTL—NOWI at 00 UTC 21 and 00 UTC 22 Dec. 2001, respectively. (c) and (d) are
the same as (a) and (b) but for CTL —NOTW. The dashline represents pressure (hPa). The solid
line stands for temperature (K). The thin arrow is CTL’s wind field. The bold arrow is NOWI
and NOTW’s wind field. The gray shaded area is height difference of terrain.
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Fig. 10. The time sequential from 15 UTC 20 to 06 UTC 21 Dec. 2001 of the simulated surface
temperature and wind field at the west and east of Taiwan by the CTL run of RSMS module. (a)
A0, (= —0.6 K). (b) The wind field (m/s) and isotach (=10 m/s ).
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Taiwan Local Circulation and Wu-Yi Mountain Effect
during Cold Surge Period

Chi-Chang Liao Fang-Chuan Lu
Department of Environmental Information and Engineering, National Defense University

Department of Computer Science and Information Engineering, Nan Jeon Institute of Technology

ABSTRACT

As located to the south-east of Wu-Yi Mountain (WYM), the weather of Taiwan is affected
by the land-sea distribution and complex terrain. When the cold-air leading edge moves out from the
Mainland during the cold surge period, the system is subject to the influence of WYM. The results
of numerical simuation point out that the main impact of WYM on the cold surge system is to make
the pressure increase windward and decrease leeward, and the temperature increase leeward. The
wind field is guided by WYM with changing directions and increasing the speed around Taiwan.
The presence of strong northeasterly winds in winter over the Taiwan Strait and the northern part of
Taiwan is mainly induced by WYM. Under the Impact of such strong winds, the cold-air leading edge
accelerates southward over Taiwan Strait. Without the presence of WYM, the temperature gradient
would increase and the surface temperature would be lower over the Taiwan area during the cold
surge. Also the coverage and intensity of the leading edge of cold air would increase with a thicker
layer of cold air aloft.

Key words: cold surge, nested spectral model, mountain effect
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during 3-10 August 2009 (UTC).
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Figure 2. The surface analyses at (a) 000UTC 06, (b) 000UTC 07, (¢) 000UTC 08 (d) 000UTC 09 and
(e) 000UTC 10 August 20009.



(©) | (d)

3. (a)Z(e)7rh 8 H6H =8 H 10 H 4 H00UTCHIALI MR EE -
Figure 3. The satellite infrared image at (a) 000UTC 06, (b) 000UTC 07, (c) 000UTC 08 (d) 000UTC
09 and (e) 000UTC 10 August 2009.
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Figure 4. The satellite retrieved total precipitable water image of typhoon Morakot (left panel) around

1300LST 06 August 2009. The 12 hours accumulated rainfall amount after satellite observation

(right panel).
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Figure 5. Same as Figure 4. but around 1300LST 07 August 2009.
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Figure 6. Same as Figure 4. but around 0100LST 08 August 2009.
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Figure 7. Same as figure 4. but around 1300LST 08 August 2009.
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Figure 8. Same as figure 4. but around 0100LST 09 August 2009.
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Figure 9. Same as figure 4. but around 1300LST 09 August 2009.
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Figure 10. The images of typhoon invaded Taiwan from 2005 to August 2009.
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Figure 11. The interactions of a large and
a small vortex with different intensity
ratios, small versus large: (a) 3:1, (b) 2:1,
(c) 1:1, (d) 1:2, (e) 1:3. (adapted from
Ritchie and Holland 1993).
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Figure 12. The track for typhoon (a) Typhoon Haitang 2005, (b) Typhoon Billis 2006 (¢) Typhoon

Krosa 2007, and (d) Typhoon Morakot 2009.
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Figure 13. The 12 hours accumulated rainfall amount before landing. for Typhoon. (a) Haitang (2005),
(b) Billis (2006), (c) Krosa (2007), and (d) Morakot (2009).
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Figure 14. The 12 hours accumulated rainfall amount after landing. for Typhoon. (a) Haitang (2005),
(b) Billis (2006), (c) Krosa (2007), and (d) Morakot (2009).
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Figure 15. The sequence diagram of total precipitable water and 12 hours accumulated rainfall
amount (after satellite observation) for every 12 hour. (a) Haitang (2005), (b) Billis (2006), (c)
Krosa (2007), and (d) Morakot (2009).
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Applying Retrieval Satellite Data to Typhoon Heavy
Rainfall Analysis and the Potential for its Prediction

Chien-Ben Chou,  Chain-Wen Wu,  Luh-Hsiang Chi, Keng-Lu Chang, = Mei-Hui Liao
Meteorological Satellite Center, Central Weather Bureau Taipei, Taiwan R.O.C.

ABSTRACT

The satellite total precipitable water (kg/m®) is the amount of water vapor in the column from
the surface of the Earth to the space. The microwave instruments SSMI and AMSU can be used to
retrieve the parameter. It could be a useful physical parameter related to the heavy precipitation. In
order to study the cause of heavy precipitation induced by Typhoon Morakot, we collect the image
of total precipitable water associated with all typhoons that invaded Taiwan in the recent five years.
The daily accumulated rainfall amount in Taiwan area in the same period with those typhoons also
has been collected. The analysis results show that heavy precipitation by Typhoon Morakot is caused
by convective systems of the typhoon itself and abundant water vapors existing in the southwesteries
induced by the typhoon. And such abundant water vapors in the southwesteries may be caused by the
depression in the South China Sea .The abundant water vapor of Typhoon Morakot has never been
seen in the five-years data. Our study shows that the satellite total precipitable water image is useful
to observe the water vapor content variation. The potential of 24 hours rainfall forecast associated
with typhoon in Taiwan area by using total precipitable water image also has been studied. The
results show that total precipitable water image with other aguidance data (eg. 24 hours typhoon track
prediction, historical data of rainfall and surface analysis) could be useful information on this topic.

Key words: total precipitable water
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average temperatures of four stations from 2000 to 2009.
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minimum temperatures of four stations in winter of 2000 to 2009.
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Analysis and Forecast of Daily Temperatures Using
Partial Bayesian Time Series Model

Po-Hung Lee

Weather Forecast Center, Central Weather Bureau, Taiwan, R.O.C

ABSTRACT

Numerical models have been developed very soon in recent years, but the problems for
numerical models are the uncertainty of the initial data, physical parameterization, and the impact of
topographic factors. Therefore statistical downscaling methods based on numerical model outputs
will have more systematic errors which affects the accuracy of statistical forecast. Some papers (Hu
1977, Tol 1996, Franses et al. 2001) use time series analysis method to explore the characteristics of
station data, which requires two assumptions, one is the time series data have a linear trend, the other
is the data are realized values of a stationary time series, but most of data in the world do not satisfy
the two assumptions. This paper explore the partial Bayesian time series model, which does not need
the two assumptions, while is intended to generalize the two assumptions of time series analysis by
the Bayes’ theorem and include the experiences of the experts to the prior probability density function.
In addition, it also considers the correlation of data. Therefore, the model is more useful and provides

more information of the data to the researchers.

The model has been applied to daily temperatures of Taipei, Taichung, Kaohsiung, and
Hualien stations from 1961 to 2009 in Taiwan. The results show the partial Bayesian time series
model provides more complete information of trend and seasonal components of daily temperatures.
To test the model forecast skill, 2000~2009 daily average temperatures, daily maximum temperatures,
and daily minimum temperatures are forecasted and also compared with those by the two methods,
persistence and optimal climate normals. The average skill scores for the four stations are 15% to
35% with persistence; the average skill score for Kaohsiung is —10%, and for other stations between 0%
and —6% with optimal climate normals. Generally speaking, the partial Bayesian time series model is
skillful than persistence and is not significantly different from optimal climate normals.

Key words: Bayesian statistics, forecast temperatures, maximum temperatures, minimum

temperatures, time series analysis
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