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Table 1. Earthquakes whose records are used in this study.

Epi. Hypo.

No. e Time %frt) L(%‘; %2;31 (%Islt) (Dk:Islt) ML
1 1993/425 15313  23.119 120,676 3.8 632 737 333
2 1993/425 31387 23121 120677 4.15 6.31 755 3.74
3 1993/425  54:072 23119 120681 424 673 795  3.49
4 19931215 49431 23213 120524 125 1273 1784 57
519931222 22:200 23211 120510 1171 1384  18.13  4.63
6  1994/120  50:15.6  24.065 121.852 4945 15941 1669  5.58
7 1994/7/4  07:582  23.180 120750  7.08 1191  13.86  4.09
8 1994/10/5  13:245 23156 121720 3128 11111 11543  5.83
9 1995124  17:152 23319 120759  14.12 215 2572 451

10 1996/127 39313 23170 120772 137 14.03 141 413
11 1996/2/10  02:368  23.178 120769 561  13.85 1494  3.98
12 1996/9/5  42:07.9 22001 121367 1476 14898 14971  7.07
13 1998/2/14  22:173  23.084  120.735 3 1337 137 392
14 1998/3/12 03217 22981 120664 1405 2034 2472 439
15 1998/7/17  51:150  23.503  120.663 28 3778 3788 62
16 1998/8/16  13:03.8  23.203 120532 8 11.49 14 48
17 1998/11/17  27:325 22832 120790 1649 3989 4316 551
18 1998/1220  34:045 23220 120539 284 1171  12.05  3.88
19 1999/4/18  32:11.1  23.165  120.656  4.08 217 462 3.19
20 1999/430  45:057 23172 120.672 5 387 632 3.82
21 1999/6/17  18:149  23.176  120.601 8.3 379 912 328
2 1999/7/7  53:13.4 23319 120735  13.78 201 2437 5.1
23 1999/7/7 06292 23313 120745 1134 2008  23.06 455
24 1999/7/9  36:51.7 23322 120.748 97 2105 2318 453
25 20012/12  57:01.7 23.149 120684  6.05 5.4 8 2095
26 2001/9/12  38:354 23112 120692  7.17 801 1075  3.65
27 2002/930  35:13.5 23328 120614 812 1845  20.16  5.04
28 2003/11/6  58:444 23124 120451 1763 1935 2618  4.96
29 2003/12/10 38135 23.067 121398 1773 7886  80.83  6.42
30 2003/12/17 27253 22606 121311 322 9278 9821 543
31 20042/8  39:446 23179 120629 7.9 193 822 335
32 2004725 04:19.0 23.088 120712 415 1139 1212 3.86




33 2004/9/2 07:50.9  23.201 120.499 7.51 14.54 16.36 4.26
34 2005/4/11 01:55.7  23.268 120.532 52 15.8 16.63 4.63
35 2006/4/15 40:554  22.856 121.304 17.9 76.47 78.54 6.04
36 2006/12/26 26:21.0  21.687 120.555 44.11 163.56 169.4 6.96
37 2006/12/26 34:15.1 21.970 120.420  50.22 133.92  143.03 6.99
38 2007/7/9 03:51.4  23.150 120.601 4.72 3.8 6.06 3.51
39 2007/12/23 50:22.3 23.103 120.672 7.62 7.61 10.77 4.2
40 2007/12/23 31:10.8  23.099 120.664 7.76 7.65 10.9 3.28
41 2008/3/4 13:36.9  23.208 120.698 11.58 7.68 13.9 4
42 2008/3/4 31:47.5  23.207 120.696 11.32 7.39 13.52 5.22
43 2008/3/4 42:32.6  23.213 120.707 11.95 8.68 14.77 4.58
44 2008/3/5 51:40.3 23.201 120.690 11.4 6.52 13.13 3.59
45 2008/7/3 05:37.4  23.190 120.670 15.13 4.24 15.71 4.28
46 2008/7/26 15:104  23.203 120.549 14.96 10.78 18.44 4.13
47 2008/7/26 51:21.8  23.209 120.548 15.04 11.09 18.69 431
48 2008/12/6 55:284  23.179 120.593 9.29 5.57 10.83 3.75
49 2008/12/6 34:46.2  23.177 120.597 9.01 5.02 10.31 3.53
50 2008/12/23 04:43.8  22.946 120.551 17.09 25.62 30.8 5.32
51 2008/12/26 08:30.2  23.182 120.610 7.11 4.16 8.24 2.81
52 2009/2/13 51:43.3 23.167 120.620 6.09 2.48 6.58 2.78
Sy= Hg// Vs (6) FLBk - HmSE - MR - BEIRERE - N
1€ B QA Ry Nakamura A 2 H 1) B2 55 45 AL~ FEE(V) ~ FAB(NS) ~ HPE(EW)
A Lbk o SR B A NakamuraFr$g H i i =5 A BRI AR B B e Sk e JEE B P
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Figure 1. Distribution of the TSMIP free-field station KAUOO1 and the epicenter locations of
earthquakes used in this study.
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Table 2. The Peak Ground Acceleration of records in three components are used in this study.

Hypo. PGA(gal) Rec.
No. Inten. Dist ML Length

(km) NS EW (sec)
1 3 7.37 3.33 8.5 10.28 11.24 31
2 3 7.55 3.74 7.9 11.48 7.3 31
3 3 7.95 3.49 13.46 18.3 20.82 31
4 4 17.84 5.7 32.78 61.54 54.2 43
5 3 18.13 4.63 5.62 13.04 7.9 31
6 2 166.9 5.58 2.34 5.98 7.3 32
7 3 13.86 4.09 3.7 7.36 10.7 36
8 2 115.43 5.83 3.46 6.46 6.58 36
9 3 25.72 4.51 5.8 8.02 9.98 37
10 3 14.1 4.13 5.86 16.68 8.2 36
11 2 14.94 3.98 3.12 7.36 6.52 35
12 2 149.71 7.07 3.28 5.68 4.72 54
13 3 13.7 3.92 2.76 10.04 7.42 36
14 3 24.72 4.39 3.34 8.26 6.04 36
15 4 37.88 6.2 15.14 24.58 35.58 59
16 3 14 4.8 9.16 12.26 7.84 46
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Figure 3. The relations of PGA and magnitude (upper panel) as well as hypocentral distance (lower

panel) are analyzed in three components.
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3. AT =T R RARIERE B (FAP) e HFHE AR (Pre. F) DU i KR AR e LR
ERES

Table 3. The Fourier Amplitude Peak (FAP) and relative Predominant Frequency (Pre. F) as well as
Fourier Amplitude Ratio (FAR) and relative Pre. F. of records in three components are analyzed.

FAP Pre. F FAP Pre. F FAP Pre.F FAR Pre. F FAR Pre. F
A\ A\ NS NS EW EW NS/V NS/V  EW/V  EW/V

1 141 16.08 1.75  11.15 3.69 7.77  17.03 5.72 16.13 7.89
2 1.86 16.17 237 1211 2,11 1247 1215 53 10.41 53
3 244  16.07 4.1 11.78 3.49 6.82 11.47 11.6 14.02 52
4 17.24 331 3145 8.47 36.38 1.77  13.49 7.05 8.23 7.03
5 1.63 16.83 4.89 9.84 3.19 8.79 8.17 7.31 5.92 4.17
6 2.69 3.53 5.8 2.7 6.78 2.17  10.15 7.16 11.35 5.52
7
8
9

No.

1.75 2.85 2.7 9.9 2.87 6.91 7.59 13.35 9.86 11.43

4.4 4.18 6.7 3.49 5.98 4.17 6.26 4.38 5.41 52

1.86 3.98 3.07 8.82 4.86 691 11.09 11.69 6.77 5.48
10 1.95 2.52 3.76 4.11 292 291 1751 9.89 14.01 7.9
11 1.23 4.87 252 1242 4.57 6.88 1594 10.73 13.98 9.69
12 7.75 1.08 12.36 3.43  14.86 1.05 43 10.1 5.94 6.88
13 1.72 3.1 3.25 4.23 2.28 3.17  15.72 9.52 8.5 9.69
14 1.85 8.48 3.48 7.02 43 8.48 9.46 8.91 11.29 5.83
15  19.63 1.68  30.24 1.63 2337 218 8.8 6.85 14.53 6.85
16 4.24 1.85 6.29 9.06 6.58 5.6 8.06 6.85 6.02 7.28

17 6.29 1.95 7.45 1.98 7.03 2.08 5.17 6.82 11.52 6.8
18 1.11 10.5 1.71 7.36 2.23 9.54 6.86 4.64 7.43 8.7
19 0.87 10.53 1.79  12.63 2.76 9.29 9.61 7 12.84 6.55

20 1.75  30.01 439 1244 4.44 835 12.77 12.18 14.06 9.13
21 0.63 11.2 1.31 7.17 2.31 6.93 34.42 7.19 5995 7.19
22 3.18 3.49 4.63 3.59 7.01 8.51 591 6.67 11.88 6.88

23 3.76 4.03 7.74 7.78  10.56 8.62 9.74 10.74 13.35 6.8
24 1.94 6.26 3.7 6.09 5.28 8.56 9.84 10.38 9.96 10.38
25 .13 12.73 1.96  11.02 1.52 6.76 9.68 8.88 8.3 9.75

26 1.53 7.02 221 7.98 4.03 8.27 7.76 15.61 6.71 3.11
27 8.56 4.73  14.04 3.08 18.5 4.73 7.48 7.19 10.05 7.19
28 2.84 9.89 3.22 7.87 3.35 6.12 6.64 6.49 4.38 5.19
29 2351 249  33.79 0.95 28.76 23 4.65 9.8 4.21 9.8
30 3.05 3.04 3.23 2.67 3.62 3.01 3.77 9.03 4.5 9.4
31 0.96 13.49 1.78 8.64 2.09 6.52 9.37 8.64 8.67 9.93




32 1.12 8.36 2.19 8.53 1.8
33 1.65 8.77 3.05 9.09 3.8
34 1.76 5.68 1.82 8.12 3.27
35 4.95 1.04 6.36 1.56 1141
36 11.37 1.66  12.98 1.39  16.08
37 1035 2.03 16.19 32 1834
38 1.98 11.33 3.24 8.84 242
39 1.97 1331 4.97 5.52 8.32
40 0.04 3.17 0.05 9.64 0.09
41 1.82  13.39 3.41 8.97 3.87
42 12.67 8.41  32.69 6.74 2249
43 4.44 4.26 12.1 6.81 8.94
44 1.29 9.55 2.16 9.01 2.24
45 394 13.17 4.01 13.15 5.14
46 0.17 2.76 0.2 8.86 0.35
47 0.72 2.73 1.24 9.58 24
48 3.65 1051 1096 8.64 10.78
49 1.65 11.54 2.75 8.68 2.81
50 3.86 1 53 1.6 4.95
51 1 11.62 1.85 8.86 1.37
52 1.59 1151 2.09 11.6 3.69

8.3 6.43 11.03 6.64 9.96
8.79 6.83 9.38 9.17 43
4.72 5.54 0.24 3.87 4.17
1.65 5.24 3.27 4.87 3.28
1.45 7.13 8.3 7.69 5.84
6.69 9.07 9.7 6.45 7.29

10 17.96 9.07 15.81 10.68
7.68  12.57 8.44  20.14 8.42

9 10.03 6.59 19.72 6.6
12.26 9.18 6.99 11.19 5.27
798 17.46 6.49 9.54 1.54
6.82 2295 11.8 15.93 7.03

9 15.14 9.88 13.11 17.11
8.94 8.23 8.62 16.78 8.24
6.46 7.5 14.86 8.96 6.54
6.76 8 1.76 17.04 6.58
8.88  29.95 6.9 50.55 6.9
9.03 8.65 5.21 18.57 6.53
3.19 1645 9.7 10.53 4.92
7.39  25.29 7.32 54.69 7.32
897 2181 5.36 36.16 5.36

Remark: FAP=Fourier Amplitude Peak (unit=cm/sec). FAR=Fourier Amplitude Ratio.

Pre. F=Predominant Frequency (unit=Hz).
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Figure 4. The relations of predominant frequency and magnitude are analyzed in three components.
The regression line, plus and minus one standard deviation as well as the Coefficient of

Determination R Squared are also shown in the figure.
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Figure 5. The relations of predominant frequency and hypocentral distance in three components.

The regression line, plus and minus one standard deviation as well as the Coefficient of

Determination R Squared are also shown in the figure.
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Figure 6. The relations of peak Fourier Amplitude and magnitude are analyzed in three components.
The regression line, plus and minus one standard deviation as well as the Coefficient of

Determination R Squared are also shown in the figure.
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Figure7. The relations of predominant frequency and magnitude are analyzed in three components.

The regression line, plus and minus one standard deviation as well as the Coefficient of

Determination R Squared are also shown in the figure.
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Figure 8. The relations of predominant frequency and hypocentral distance in three components.

The regression line, plus and minus one standard deviation as well as the Coefficient of

Determination R Squared are also shown in the figure.
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Figure 9. The relations of Fourier Amplitude Ratio and magnitude are analyzed in the NS to V

component and EW to V component, respectively. The regression line, plus and minus one
standard deviation as well as the Coefficient of Determination R Squared are also shown in the

figure.
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Figure 10. The relations of Fourier Amplitude Ratio and hypocentral distance are analyzed in the NS

to V component and EW to V component, respectively. The regression line, plus and minus one
standard deviation as well as the Coefficient of Determination R Squared are also shown in the

figure.
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Figure 11. The relations of Fourier Amplitude Ratio and predominant frequency are analyzed in the

NS to V component and EW to V component, respectively. The average of Fourier Amplitude

Ratio, plus and minus one standard deviation are also marked in the figure.
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Analysis of Seismic Strong Ground Motion
in Xiaolin Area, Kaohsiung

Kun-Sung Liu

General Education Center & Hazard Mitigation Research Center, Kao Yuan University

To investigate the strong ground motion characteristics, including the source, path, and site
effect, in Xiaolin area, Kaohsiung is the purpose of this paper. Fifty-two strong motion records with
magnitude ranging from 2.8-7.1 were collected from the Taiwan Strong-Motion Instrumentation
Program conducted by the Central Weather Bureau of Taiwan, R.O.C. In strong motion records, the
ratio of Fourier amplitude spectrum (FAS) component in the horizontal to that in the vertical is first
found to decay with magnitude on Richter scale and hypocentral distance and interact nonlinearly
with them. The average values of FAS ratio in north-south (NS) and east-west (EW) to the vertical
component are 11.4 and 13.6, respectively, and the predominant frequencies in NS and EW
components are about 8 Hz and 7 Hz, respectively. In addition, FAS ratio appears significantly high

values of 50-60 in response to the resonance of seismic excitation.

Key words: Xiaolin, strong ground motion, site effect, the resonance of seismic excitation
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Megi (2010 Oct) & Lupit (2009 Sep) Typhoon Track
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Fig 1. Typhoon track of typhoon Megi on October 2010 (solid line) and typhoon Lupit on September

20009.
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Domain Circle in Taiwan (50,100,150,200,250,300,350,400,450,500 km)
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Fig 2. The proposed 50-500 km domains based on the shape of Taiwan coastline. The distance

interval is 50 km.
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Fig 3. The incremental typhoon counts with the distance away from Taiwan coastline based on the
typhoon data during June-October from 1970-2009. The domains used for counting the typhoons

are presented in Fig. 2.
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JJASON Taiped (466920) Typhoan Raiafall ITASON Hualien (466939) Typhoos Rainfall
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Fig 4. The relationship between the distance domain (Fig. 2) and the mean rainfall amount during the
typhoon influence period defined as the typhoon center is located within the distance domain.
The rain is measured at 8 meteorological stations: Taipei, Taichung, Kaohsiung, Alishan,
Hualien, Taitung, Hengchun, and Jihyuehtan (from top to bottom and from left to right) The
mean rainfall per typhoon (total rainfall amount divided by the total influence hours, with
the interval of 6 hours, of each typhoon) is represented in the conventional box-and-whisker
plot which shows the median, upper quartile, lower quartile, sample maximum and sample
minimum of the samples. The x coordinate shows the distance (km) of the distance domain and

y coordinate shows mean rainfall per typhoon (mm/six-hours).



1970-2009 JJASO Typhoon Rainfall over Taiwan
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Fig 5. The mean eight-station (Fig. 4) total rainfall amount per typhoon with respect to the distance

of the distance domain (Fig. 2). The analysis period is from June to October during the period of

1970-2009.
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1970-2009 JJASO Typhoon Track (350km-300km)
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Fig 6. The difference between the distance domains of 350 km and 300 km. The first record of the

typhoons are marked by ‘+’ in the typhoon tracks. The accumulated rainfall amount per typhoon

of the extra typhoons counted by the 350 km domain is presented in the box-and-whisker plot of

the typhoons within the 300 km domain.

EENESIS R e =il N v S == o i) AT E Ay
fi20-75.Z[#] » H B — e R 7k 2R
75%(20094-10 H e 356 R\) - BURK 7B
JE AL MG B\ REN T A A -

AN HT1970F200946-10 H i £
T3 HE R A o i JEL {1 85~ 30072 BL AR [ A
e R B~ RS SR A L e R
FoflE B - DUk A4 IR e JRV P K IR 1R 2R
S BRI ] P B0 G (1 9) = e e o ] LB
HEE 203002 B o (3] 1 e Jo\ 18 8 LE R T T
A BEL 2 - 7 I A 2 0 i J ]

A 1AS{E » Ty3002 B8 E A2 N 2173
118 Mg Ja\ (B 2 841l ) - 7 v IR SR R JRy 2 A e

B i A e R {1 B th B B PR R TG R
B BB - 2Ry 1 64 e 2 {1 2 -
PRIV E 2 1946 - (HATLE3002% B
B Ao » BR300 B [ A 18 Bk =
WD o 2 VERUR VY I IR ] P 510 o AH B £R B
T - RERTAIBEER TP H#E - 3002
FRLE [ DL R SR B S o M B i e {1
B W= FHAMHBE R B AEE.TNLL -
RF = e Ja (8 B g LS g A - (3



29°N

27°N

25°N

23°N

21°N

19°N

p7en B

1“&._ e s

112°E 114°E 116°E 118°E 120°E 122°E 124°E 126°E 128°E 130°E
7. 1970-20094F FHAb A1 G LS 18 50 < SR 8] -+ [ bR 5 TR #iE fy 190°E-120°E; 21°N-

26°N - [EIFEE3002 FELHERE] - e b5 o B AR e i 28 — KR -
Fig 7. The rectangular and 300 km domains defined in the text and the typhoon frequency (shaded)

distribution. The three typhoon major paths over the northwestern Pacific are marked by the

thick lines.
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(a) 1970-2009 JJASO Typhoon Track
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Fig 8. The difference between the rectangular and 300 km domains, (a) the typhoons counted in the
rectangular but not counted in the 300 km, (b) the typhoons counted in the 300 km but not in the
rectangular and (c) the box-and-whisker plots of the typhoons of the rectangular (left) and 300
km (right) domains, the “+” marks the typhoons not counted in the reference domain but counted

in the other.



1970-2009 JJASO TC Numbers of BOX, 300km, CWB_warming
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Fig 9. The time series of the annual typhoon counts within the rectangular (thin dot line) and 300 km
(thick dot line) domains and the number of typhoons that CWB issued typhoon land warning
or sea alert (solid line). The typhoon caused annual economic loss (unit: Billion NT Dollars) is

presented in bars.
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Table 1. The correlation of the typhoon counts in the rectangular box domain (BOX) shown in Fig.1,
the 300km domain (300km) shown in Fig. 1, the number of typhoons that CWB issued typhoon
land warning or sea alert (CWB) and the typhoon caused annual economic loss (Disaster). The

typhoon data used for the calculation is during the months of Jun-Oct from 1970-2009.

Corr BOX 300km CWB Disaster
BOX 1

300km 0.74 1
CWB 0.73 0.70 1

Disaster -0.06 0.21 0.25 1




BFUBIR R B HE - [ M SR 3008 BLAK
B e 3 B R R M K
HiE - W TERRELLEERIRTE
#i[E (119°E-120°E; 21°N-26°N; Chu et al.
2007 & Lu et al. 2010) AN FE B EH
E1E - AMERF S 2 R AR PR AE (A Ay St 2
73 T LM o £ 2 35 SR B =R DA B
Ao SIHMBRT G JE\ R R A 1 3 5
RIS EE © 23 HT1970-2009 4 i f 4 il
A [Pk T A o o e L {18 B - 15 E( 6300
2 L [ Bl 1] 8 L T 2 T A A R R SR
52 Jry s Ml 1 e {8 B ER 2 D
HAHBR CREE D« b4 i R 47 24 KT
R KRR A ST - FRRGE T
3007 B Ry e JEL 6 ¥ L B E TR A B
ARRH M -

AR LAASCHR H Y 8 2 = i 52 52
S EL TR I e T SRk R TR - R IR GRS
R FEBIRRE N - DU HEff SR gE i =
168 Bl J\ Y 2 %

7N BERR

REAE > 20060 PHALAT A e R B 1 pE R
HEZFTEE - sCBLPREE /=
AL SR B R B E CWB95-3M-06,
196-219 -

AE R~ TR SR « ZER R, 1998:
BA(1897-1996) % B Jite B\ < ¥t 7t 53 4T
KJER - RR R R & E e R E R
E

Chen, C.-S., and Y.-L. Chen: 2003: The rainfall
characteristics of Taiwan. Mon. Wea. Rev.,
131, 1323-1341.

——, ——, C.-L. Liu, P.-L. Lin, and W.-C.
Chen, 2007: Statistics of heavy rainfall
occurrences in Taiwan. Wea. Forecasting,
22, 981-1002.

Chen, S.-H., P.-H. Lee, M.-H. Yao, and Y.
Shen, 2007: The agro-meteorological
environment and disasters occurring
potential in the central region of Taiwan.
Crop Environ. Bioinformatics, 4, 345—
352.

Chu, P.-S., X. Zhao, C.-T. Lee, and M.-M.
Lu, 2007: Climate Prediction of Tropical
Cyclone Activity in the Vicinity of Taiwan
Using the Multivariate Least Absolute
Deviation Regression Method. 740, 18,
805-825.

Kubota, H, B. Wang, 2009: How Much Do
Tropical Cyclones Affect Seasonal and
Interannual Rainfall Variability over the
Western North Pacific. J. Climate, 22,
5495-5510.

Lu, M.-M. P.-S. Chu and Y.-C. Lin, 2010:
Seasonal Prediction of Tropical Cyclone
Activity Near Taiwan Using the Bayesian
Multivariate Regression Method. Wea.
Forecasting, 25, 1780-1795.

Wu, C.-C. and Y.-H. Kuo, 1999: Typhoon
Affecting Taiwan: Current Understanding
and Future Challenges. Bull. Amer.
Meteor. Soc., 80, 67-80.

——, T.-H. Yen, Y.-H. Kuo and W. Wang,
2002: Rainfall Simulation Associated
Typhoon Herb(1996) near Taiwan.
Part 1 : The Topographic Effect. Wea.
Forecasting, 17, 1001-1015.

Zhang, F., Y. Weng, Y.-H. Kuo, J. S. Whitaker,
and B. Xie: Predicting Typhoon Morakot’s
Catastrophic Rainfall with a Convection-
Permitting Mesoscale Ensemble System.
Wea. Forecasting, 25, 1816—1825.



Defining the Tropical Storms/Typhoons Invading
Taiwan by Influence Domain— a Climate Perspective

Ching-Teng Lee, Mong-Ming Lu
Central Weather Bureau, Taiwan, R.O.C.

ABSTRACT

A new method for defining the tropical storms/typhoons (TSs/TYs) invading Taiwan by
determining the influence domain is proposed based on the geographic shape of Taiwan’s coastline
and the precipitation brought by TSs/TYs. The June-October data analysis of the stations over Taiwan
area during 1970 and 2009 obviously indicates a downward trend of the accumulated rainfall amount
with the distance between the stations and the TS/TY center. If the distance is greater than 300 km,
such trend is not evident. Therefore, the boundary of the influence domain can be determined by
extending 300 km outward of Taiwan’s coastline. The proposed domain is more reasonable than
the rectangular area of 21°N-26°N and 119°E-125°E that has been previously utilized (Chu et al.
2007; Lu et al. 2010) in terms of the better estimation of TS/TY-induced accumulated rainfall and the
number of the TSs/TYs invading Taiwan officially released by the Central Weather Bureau. The new
definition proposed here also appears better than the old ones in reflecting the real impact caused by
the TS/TY track or the economic loss, and more practical for the climatological research of TSs/TYs

and the development of forecast models.

Key words: typhoon, rainfall brought by typhoon, typhoons invading Taiwan
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Table 1. Definitions of East Asian summer monsoon onset (Kueh and Lin 2001, Wang et al. 2004).
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COR of UBS0-U200 & PCP_W12 in Moy (1948-2002)
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Figure 1. The correlation coefficient between area-average vertical wind shear and accumulated
precipitation from 12 stations of western Taiwan in May from 1948 to 2002. Solid-line box is the
area of vertical wind shear used in this study, while dash-line box is the area of Uscs from Wang
et al. (2004).

COR of UBS0 & PCP_W12 in MJ (1948- 2002)
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Figure 2. The correlation coefficient between area-average 850hPa zonal wind and accumulated
precipitation from 12 stations of western Taiwan in May and June from 1948 to 2002. Solid-line
box is the area of low-level horizontal wind shear used in this study, while dash-line box is the
arca of EASM from Wang et al. (2008).
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Figure 3. The accumulated precipitation from 12 stations of western Taiwan (bar), Vshear (open

circle), and Uscs (solid circle) from 2001 to 2010. The value of precipitation is shown in left

vertical axis (Unit: mm), while in right vertical axis is the wind speed (Unit: m/s). The abscissa

is time (five-day running mean, eg. May 3 means the average from May 1 to May 5).
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Figure 4. The accumulated precipitation from 12 stations of western Taiwan (bar), Hshear (solid

circle), and EASM (open circle) from 2001 to 2010. The value of precipitation is shown in left

vertical axis (Unit: mm), while in right vertical axis is the wind speed (Unit: m/s). The abscissa

is time (five-day running mean, eg. May 3 means the average from May 1 to May 5).
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Figure 5. The accumulated precipitation from 25 stations around Taiwan (bar), Vshear (open circle),

and Hshear (solid circle) from 2001 to 2010. The value of precipitation is shown in left vertical

axis (Unit: mm), while in right vertical axis is the wind speed (Unit: m/s). The abscissa is time

(five-day running mean, eg. May 3 means the average from May 1 to May 5).
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Table 2. The onset dates defined by Uscs, H2008, TWPCP, Vshear, and Hshear from 1948 to 2010. “?”
indicates that the onset date can not be identified by that index. (Unit: Pentad)

&5 Uscs H2008 TWPCP Vshear Hshear
1948 26

1949 30

1950 26

1951 25 26 26 26
1952 27 29 29 33
1953 26 27 27 ?
1954 31 31 30 ?
1955 29 31 29 ?
1956 31 ? 27 ?
1957 32 27 29 27
1958 29 26 29 28 29
1959 30 29 30 29 30
1960 30 28 28 30 32
1961 27 28 28 28 28
1962 28 28 32 29 32
1963 30 30 31 30 31
1964 28 27 30 30 30
1965 29 29 26 217 30
1966 25 ? 30 26 31
1967 29 28 29 28 29
1968 34 ? 28 29 29
1969 29 28 28 28 29
1970 32 31 26 27 27
1971 25 29 31 31 ?
1972 26 26 26 27 27
1973 33 32 ? 26 31
1974 29 29 30 30 30
1975 31 30 28 26 28
1976 26 ? 25 25 25
1977 28 27 27 27 27
1978 29 28 28 28 28




1979 27 ? 27 27 27
1980 27 ? ? 29 ?
1981 31 28 27 30 27
1982 31 31 30 31 31
1983 31 29 27 30 27
1984 29 30 28 29 28
1985 30 ? 30 30 30
1986 27 26 27 27 27
1987 32 33 27 32 32
1988 29 28 29 29 29
1989 28 28 30 30 30
1990 28 27 28 29 31
1991 32 33 34 33 34
1992 28 34 32 28 28
1993 32 30 29 31 29
1994 25 30 25 25 25
1995 27 27 27 28 28
1996 26 33 25 26 25
1997 28 27 28 28 28
1998 29 28 31 29 29
1999 30 29 30 29 25
2000 26 27 33 28 32
2001 26 26 26 27 26
2002 26 28 27 28
2003 32 28 28
2004 28 28 28
2005 26 27 26
2006 28 29 28
2007 28 28 28
2008 30 25 28
2009 31 30 30
2010 29 29 29
EalivEy 29 28 28 28 28
FEHE 2.29 2.13 2.09 1.71 2.11
Q1-Q3 27-30 27-30 27-30 27-29.25 27-30
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A Study of Heavy Rainfall Index
during Taiwan Mei-Yu Season

Meng-Shih Chen

Weather Forecast Center, Central Weather Bureau

ABSTRACT

Whether the onset index of South China Sea summer monsoon (SCSSM) suggested by Wang
et al. (2004) is applicable to identify the commencement of Taiwan Mei-Yu season has been surveyed.
The index of East Asian summer monsoon (EASM) proposed by Wang et al. (2008) has also been
considered to see if it is appropriate to determine whether wet or dry in Taiwan’s Mei-Yu. This study
attempts to design new practical indices for both the above purposes, and then compare the onset days
with those referred by the SCSSM/EASM indices suggested by Wang et al. (2004) and Hung and Hsu
(2008).

The onset of seasonal transition varies with each region as EASM advances northward, as
indicated by the results. Different propagating routes may not necessarily represent that the monsoon
has not commenced yet. The onset index of SCSSM can probably represent the monsoon onset in
that area, but it fails to reveal the large-scale transition feature from winter to summer surrounding
Taiwan. Instead, the vertical wind shear index may be more suitable for describing this significant
conversion of large-scale monsoon systems. More specifically, if the low-level horizontal wind shear
near Taiwan changes from anticyclonic to cyclonic following the transition of the vertical wind shear,
heavy rainfall tends to occur. In other words, while the large-scale system conversion along with an
unstable local environment gets ready, the onset of Taiwan Mei-Yu is identified, with the implication

of higher probability for heavy rainfall occurrence afterwards.

Key words: Taiwan Mei-Yu, East Asian summer monsoon, onset, heavy rainfall
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Table 1: Main properties of the CWB NWP computer systems in different phases.
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Table 2: A summary of the time of different observation datum be received, applied, and achieved in
CWB NWP system.
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SA (METAR) 1988-01-01 2000-11 LAPS {E
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CU (CLITMP) 1999-11 1999-11 SHIFRERI
NCPE pre_bufr data* 2001-05-07
NCEP Ozone data 2002-12-29
UX (Dropsonde) 2003-05-21
SB$ 2003-09-01
Radiance 2004-01
TD (QuikSCAT g &) 2004-12-27 2009-11-23{Z
i = SRR 2006-04-30
RO TARBQPESUMS |
TR E LB R

ZF *: NCPE pre_bufr data®Rawinsonde, Dropsonde, PILOT, AIREP, PROFILER, VAD, SATOB,
SYNOP, METAR, MARINE, WINDSAT -
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Table 3: Data numbers of different data types that be received in CWB NWP system in 2001 and
2010.
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The Numerical Weather Prediction System of
the Central Weather Bureau (I): Overview of the
Development of the System

Tien-Chiang Yeh, Chuen-Teyr Terng, Li-Mei Huang,
Chin-Tzu Fong, Ting-Huai Chang

Central Weather Bureau

ABSTRACT

In 1976, the Central Weather Bureau (CWB) commenced the application of its computerized
meteorological operational system, which has been significantly improved through four-phase
evolution of the Numerical Weather Prediction (NWP) systems. For example, the horizontal model
resolution has markedly been increased from 70 Km in 1989 to 5 km in 2010. Nowadays, the NWP
results can be transmitted across varied computer systems in real time and displayed on the screens in
front of the forecasters according to their decisions. This current situation considerably differs from
that of the past when the computerized system has not been introduced and the meteorological codes
had to be decoded and manually plotted by meteorologists. This report documents the transition
of the CWB NWP systems, which include the computer systems, meteorological data, numerical
analysis, and forecast models through the past 35 years so as to better understand the development of
the CWB NWP operations.

Key words: Numerical Weather Prediction, model, observational data, computer system
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Table 1: Milestones of the Development of the Central Weather Bureau Global Forecast System.
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Table 2: The model configuration of the Central Weather Bureau Global Forecast System in 2004 and

the major differences between the configurations in 2004 and in 2010.
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Table 3: Numbers of data used in the operation of the numerical model forecasts at CWB, NCEP and
ECMWEFE, respectively. The values were counted at 12UTC November 20 for 2001, and were
the mean of 12UTC August for CWB and NCEP and at 12UTC September 13 for ECMWFE,

respectively, in 2011.
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Figure 1: Monthly mean anomaly correlations of the CWB GFS model day-5 geo-potential height

forecast over northern hemisphere between 20 to 80 degree latitudes on 500 hPa, from 1995 to

2010. The 12-month running mean is shown in the smoothed curve. (Figure provided with help

from Mr. H.-M. Kuo, Central Weather Bureau)
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Figure 2: Trends, from July 1998 to September

2001, of the day-5 CWB GFS model forecast error of

the zonal averaged mean temperature (°C) between 850 hPa and 500 hPa.
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Figure 3: CWB GFS model, with single-layer soil model in upper panel and multi-layer soil model

in lower panel, monthly mean day-5 latent heat flux forecasts during the operational test on July

2002. Areas of over forecast are shaded. Contour intervals are 50 W/ m2.
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Figure 4: CWB GFS model, with OSU two-layer soil model in upper panel and Noah soil model in
lower panel, monthly mean day-5 1,000 hPa temperature forecast errors during the operational

test on December 2009. Scales (°C) are shown in right panel.



A A20084F i BEFT R ST = RO A
e Be B e i B A T B — A W 1Al = (two-
stream),Z T EAERES 2001) » AR A
MR EREB SRR ELER 2
b » RECEZE RS F AR #E -

S ERBEREABE R
20094E 5| #ENCEP 2 ER 5 =0 i FH 2 SAS
(Simplified Arakawa Schubert)f& 22 25 ¥
#(Pan and Wu 1995) » [t /F I EAKAEE
THRR G EEZERA - [FRFRIT T
it (down draft)i 2 35 I e 12 AY Bl = 1
B BB KGE TR B BE B B Ry SE R - B
S - REZKE AR 5 7 60 15 Fe /K RO B L
B A - s B Rk LR E ik 42
ITHERAY33% » EHEOTEERARR - 540
A BV RN A R 2 - R
500h P a5 R [ A V-V e A B T Sl R Y
R EGUE (RIES) » tE—P s
B A THER T B (I S 2009)  FUASAS
HEZHOENES & 5Ug @R 2L
T3 EFRIRFARE T BT - 5IENCEP 2 BRAE
A S HEYIE R Ef (nonlocal) J5%E(Troen and
Mahrt 1986) » [L /T ZFE T Kifji(large
eddy)EA I IEREBELE - HASKE KR
REE SR A _E A% - s R AT i
JEHEERBS - BRENES  SRREER
BB Z B E ST » BERTER A TR
b B TS A B B HE R (PR BLYG 2010) o

= BREFHFERRR

IR R R — U R & 5 TH i
KA — &AL (RFS) » — R
(MFS) B — g Ji, % 1 TH A =0 (TES) - =
FARL » 22 7K S ek Bl e A i Bl 2 35
f o R AT SO0 N B IJg 111 X
SIA%EER19894E7 H 1 HELMESE » Hh RS
HIENT I 45 N IR &9 H 101 X 81

FEEER 19904 1 H 1 H L 1EZE - e R % A 7H
AR 19904 1 H 1 HAETESE - JeR60
O BLEAT FE R N B G T B RE I A R T02
BT EE TG 121 X 884%E - HRAS
— AR &S TR M AT E R i Jeng et
al. (1991) ~ Peng et al. (1993) » HidPeng et
al. (1995)

R SR G e B A R A T A
ZL(LAFS; Local Area Forecast System)ji?
1994 FE R o5e Bk - BB — A IR E IR 7H
R R+ FLAE B AR R B IR AT R 2 R
B0 EAEREL - eSS AU PR B TH R
A X 1 L B B o RO AR =2 e AT S Ty
M E 208 - ST — M B RE Bk
L 2Jd BRI (nest model) - ARG HEAR
FHO0NH » Z#E 161 X 121488 - Ml
FHASEE20 0B - & 91 X 918 EL - 79
B R P 38 AU R i TR i (B B —
AR E SRS GRS - fh i
KBFE R - £Jg ZTKE E- ¢
2B - AU SR F Harshvardhan
et al. (1987) 2B LREL - B2 ERR
HKuo (1974) 2EALERFIL - HINBetts
and Miller (1986) 2 H{LmE - fHE &
ATH REESE(1994) ~ BREAEE(1994) ~ IL5E
(1994) ~ B ELZZ(1994) - Z50h > KA
PR Uit 3, 7 i A 3 o2 R o0 T AR % P A £
P4 (OT) » WEARIERR M IEB P 4a (L B B
BA TS > HEA LR EE
(1994) ~ WNELFE(1994) -

HROR SRR R R = B E T R
JRET SR - BTTRRNUEEE - = EEiR
A% ~ 2 EH 30 L IR EF I 1y TH R
(Non- hydrostatical Forecast System) » f&
FENFS » = J& LIRS 2 A& BE 53 1 Fe4S
15~ BLSVH - AR B A Ry 191127
145x139 ~ BL61x91 » [K] A =X i /= g AT



fOO 000 vs 120

090601—14 14day mean old

80N
5‘%2n53b;=~ A

70N {002
= 564
60N R 054080, 2

50N N
40N 47
30N -
20N
10N
EQ 1
10S
20S 4+
30S

0= )
)
,

5700 700
40S fiil,-ﬁ—l e - ~-HHB0 T : ,..-—-..g?“‘“'“—u—-
80E 100E 120E 140E 160E 180 160W 140W 120W 100W 8OW  60W
fOO 000 vs 120 090601—14 14day mean new
80N - : .
==—5400
70N 40 =)
60N &3
N3
SON T i . A L
~ . 4 £ i
BN R B8O b5 202
- Sy e e AT—s o
30N 20& -
20N - K
10N
Q]
105 4
20S 58205820
5160
305 L22558500==
405 ’-/C“- e A .- .
80E 100E 120E 140E 160E 180 160W 140W 120W 100W 80W  60W
5 ~ rh o sd S fe 2 ER A A 8 IR == 32 F g 2 Ut (L ED BT R (R &) o THER B B b
B o B R 2ENT. 2T » 500hPars B ;5 H THEG () EL AT (B i) < $iE - it

FERE = AW IRGR < SRR TR -
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Figure 6: The error standard deviations (in meters) of the geopotential height forecast of models
NFS (curves with Xs) and LAFS ( with Os) on 850 hPa (upper), 500 hPa (middle), and 300 hPa

(lower) during the operational test period from September to November 2001 .
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Figure 8: The ETS (upper) and bias (lower) of the NFS middle meshes (lls) and LAFS inner meshes
(@s) model precipitation forecasts during 11 May to 10 July 1998 during SCSMEX.
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Figure 9: The ETS of the precipitation forecasts in different model configurations (line patterns
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Table 5: Forecast errors of 12 hours, 24 hours and 48 hours typhoon track forecast from CWB
Typhoon Forecast System in 1994 to 2003. The model grid resolutions, numbers of typhoon, and

numbers of forecast cases are also indicated.

12hr 24hr 48hr
1994 — 60 km 97 km 210 km 452 km

17 of 34 typhoons (130 cases) (129) (121)
1994 — 45 km (rerun) 104 km 185 km 369 km

17 of 34 typhoons (130) (129) (121)
1995 — 45 km 111 km 203 km 421 km

18 of 25 typhoons (168) (159) (128)
1996 — 45 km 94 km 172 km 338 km

24 of 29 typhoons (231) (209) (164)
1997 — 45 km 97 km 162 km 264 km

20 of 31 typhoons (180) (162) (129)
1998 — 45 km 108 km 183 km 369 km

14 of 17 typhoons (106) (92) (68)
1999 — 45 km 93 km 161 km 270 km

15 of 23 typhoons (96) (83) (55)
2000 — 45 km 86 km 149 km 299 km

21 of 23 typhoons (187) (168) (128)
2001 —45 km 88 km 162 km 314 km

23 of 26 typhoons (229) (211) (163)
2002 — 45 km 83 km 147 km 293 km

19 of 26 typhoons (175) (158) (126)
2002 — 45 km /15km nest 88 km 137 km 268 km

19 of 26 typhoons (175) (158) (126)
2003 — 45 km/15km nest 99 km 163 km 326 km

21 of 21 typhoons (218) (200) (161)
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Homogeneous comparison of NFS, TFS-nest, CWB for 17 typhoons
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Figure 11: The mean forecast errors of 24-h, 48-h, and 72-h typhoon track forecasts of NFS (in left of
each group), TFS (middle) and CWB (right). The cases were selected from 17 typhoons in 2002

and 2003.
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Figure 12: Observed (with typhoon symbols) and NFS model forecast tracks of (upper panel)
Typhoon Durjun (2003) at 06 UTC September 1 and (lower panel) Tropical storm Milor (2003)
at 06 UTC November 2. Two forecast tracks are with (curves with Ws) and without (with Ns)

including dropsonde observations in model initial fields.
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Figure 13: Trends of the CWB typhoon track model forecast errors, in 24, 48, and 72 hours forecasts,

from 1994 to 2010.
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The Numerical Weather Prediction System of the
Central Weather Bureau(Il): Overview of Forecast
Models

Tien-Chiang Yeh, Chin-Tzu Fong, Tzay-Ming Liou, Der-Song Chen,
Kang-Ning Huang, Wen-Mei Chen, Feng-Ju Wang, and Jing-Shan Hong

Central Weather Bureau

ABSTRACT

35 years have passed since the first introduction of the computer system at the Central
Weather Bureau (CWB) in 1976 to build up the automatic facilities for weather service. An overview
of the system development has been documented in Yeh et al. (2012). In this report, the evolution
and current condition of Numerical Weather Prediction (NWP) models of the CWB were reviewed.
The improvements of the numerical forecast system in CWB were found to be mainly associated with
the increase of the model resolutions, progress of the model dynamics and physics, employment of
3-dimensional variation analysis scheme in objective data analysis, and the incorporation of the near
real-time non-traditional observations, such as the radiance data detected by satellites, in the analysis.
The refinement in typhoon vortex bogussing and relocation methods and application of ensemble
forecast techniques in the regional forecast were also contributed to the improvement of the typhoon

track forecast and rainfall forecast at the service of the CWB.

Key words: Numerical Weather Prediction, typhoon track forecast, model, objective analysis,

3-dimensional variation
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