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Stations of the TREIRS
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Station distribution of the Taiwan Rapid Earthquake Information Release System
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Figure 2. Function of station coverage used in this study.
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Figure 4. School distribution of Taiwan and potential damage earthquakes were selected in

this study from 1900 to 1998.
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Increasing & Decreasing station Areas of TREIRS
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Figure 9. Distribution of eight areas (A1-A8) suggested to increase stations and six areas

(B1-B6) to decrease stations.
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OPTIMIZATION OF STATION DISTRIBUTION OF THE TAIWAN
RAPID EARTHQUAKE INFORMATION RELEASE SYSTEM

Yih-Min Wu
Seismology Center, Cetnral Weather Bureau, Taipei, Taiwan

Tzay-Chyn Shin
Central Weather Bureau, Taipei, Taiwan

Yi-Ben Tsai
Institute of Geophysics, National Central University, Chung-li, Taiwan

ABSTRACT

In this study, we investigated the optimization of station deployment of the
Taiwan Rapid Earthquake Information Release System (TREIRS) by analyzing the
existing station coverage, potential damage earthquake from 1900 to 1998, and
easiness of setup seismic rapid reporting station. The results suggested that there
are eight areas should add new stations and remove a few stations from six dense
coverage areas.

Keywords: Earthquake, Seismic Rapid Reporting System, and Potential
Damage Earthquake. l
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R AR o

BEA | iSRS SRR IER R A
EEATELR UV ESML - B FAREm TR
77 EF R~ HE MR R RUEN SRV TR -
— HTHEHR TR o RIS AARIRIT— 8
CAF (HEERBIVE 2770 » PR —EHE Y
TR PERAGHINT ¢

SB— | £ EANEIMAERBREOEERE
BY H EakER UVI {8 @ 57 FEER - JIEER
UVI 8 e EY - 03k 3 » ATLARE KR 0
A HEEE - QFRIETH UVIEREE -

HEE T | TEFRET RO R AIE LR E &
SR (R GE -~ £TEERX) -

SR KSR BENERSERRR2
HRTER CAF f o HE b - THEA BREEERINR
ROTREEIEEE M CAY (8 » HEENMNEA
25 %THMEE 25 %FH9E - EEERFRET
¥ CAF{H ©

S 3% CAF fE R LHE H IS K UVI
i SRR H A9 UVI TB5RIE -

BEEE | SRR E BBENRS AR
BETE - TEERA BUTZEE KAy UVI BRlE9%5
UV FEHE 7 RIS R B UV E8E - =
H TR PSS B A B UV B - 38
83 R A S B I R » B2 M
ERBILIRL - L UVI SR 55
BUVI FOiRE-

B s TSRS - LUE AT 1995 E 1997
BRI TRLAE, - R B TR R
BERA - WL B TERYE 0 SERMNE
BB A T B A ISP (0 2 S (g
RE TR S S S TR B S TR B
TERGEE o K 0 7E CAF {HA05 875 0 Al e pe
THaE - B 8 BRI ERE -

#* 4 SRANOEBNRBR  HPEREXE
CAF B4R B 89 SR BS A% [ 2 R R = 9% B » A<



%3 EHEEEEENEZFER UVIE-

( a) EdeRlE,
H9AN0R [10FH 12 H

. 10.1 | 82 | 6.0
107 (1091109 [ 109 [ 101 | 81 | 6.0
108 | 1091109 [ 109 [ 101 [ 81 | 6.0
108 11091109 (108 (100 80 | 59
. . . 1081109109 ]108]100] 79 | 59
59 | 78 [100]108)|109}109]108]| 99 ]| 7.8 | 59
6.0 {79 [100[1081109]109]108| 99 | 7.7 | 58
60 [ 80 | 1001081091109 | 108] 98 | 7.6 | 58
60 [ 80 | 101108 109}1095]108] 98 | 76 | 58
61 [ 81 101109109109 ]|108] 97 | 75 | 57
6.1 | 82 1102 [109]109(109]107[ 97 | 74 | 5.7
61 [ 83 1102109109109 ]107] 96 | 7.3 | 57
62 | 84 1102 [109]109([109]107[ 96 | 72 { 5.7
62 | 84 1103 11092109109 1107] 95 1 7.1 | 5.6
62 [ 85 110311091109 |109)107] 94 | 7.0 { 5.6
63 [ 86 1031109109109 106]| 94 | 701 56
63 [ 87 |104]1109]109]109}1106] 93 ] 69 { 5.6
64 | 88 |104]|109] 169 [1091106] 92 | 68 { 5.5
65 {88 |104]|1109]11069[109|106] 92 | 6.7 | 55
66 | 89 1105110911069 ]1109]{105} 91 | 66 | 55
67 |1 90 |105]1091109([109]105] 9.0 | 65 | 55
68 | 91 1105 109]1109]109]105] 89 | 64 | 54
69 | 91 1105]1109[1091109]104] 89 | 63 [ 54
69 | 92 1061109105 |109]104] 88 | 63 | 54
70 1 93 [ 106109108109 ]104] 87 ] 6.2 | 54
71 194 [106 109109109 1104 ] 86 | 6.2 | 54
72 | 94 | 106|109 ] 1095|109 103 ] 85 | 62 { 5.3
73 195 110711091109 [109)103 | 85 | 6.1 j 53
96 110711091109 ]109 102 84 | 6.1 | 53
96 110711091109 |1095 102 | 83 | 6.1 | 53

9.7 10.9 10.9 | 10.2 6.0




T3

( b ) BLDhHIEE

1.3 89 111|121 ]122] 122
74 1 90 1121211221122
7.5 91 | 1121121 (122 ] 122
7.5 91 | 113|121 (122 ] 122
7.6 92 | 11312111221 122
7.6 93 | 11412111221 122
7.7 94 1114 1121|122 122
7.7 95 | 114|122 | 122|122
7.8 96 | 1151122122 ] 122
7.9 97 | 11511221122 | 12.2
7.9 98 | 1te | 1221221122
8.0 98 | 1161122 | 1221122 . . .
8.0 09 [ 116|122 1221221121 11.0] 8.8 7.1 6.1
81 |100 117 (122]122] 122120 11.0| 88 | 7.0 6.1
81 [ 101 | 1.7 (12211221122} 1201109 | 8.7 7.0 1 6.1
82 (101|117 1122|1221 122]12.01109 ] 8.7 6.9 | 6.1
83 1021118122 (1221122]120]108] 86 | 69 | 6.1
8§83 |103{11.8 1122 (12211221201 107| 86 | 68 | 6.1

84 [104 (118122 (1221221119 )1107] 85 | 68 | 6.1
84 [ 104 [ 11.8]122¢4122]1122[119]106] 84 | 6.8 | 6.1

85 [105f{ 1191221122122 (115]1031 84 | 67 | 6.1

85 (106 119122 1221122 119 (105 83 { 6.7 | 6.1

86 {10.7]1119]122 (1221122118 [104] 83 | 66 [ 6.1
86 1070119 ]122 1221221181103 | 82 | 66 [ 6.1
87 |1087112.0]122 1221221181102 ]| 82 | 65 [ 6.1
88 |108]12.0] 1221122122 ]|11.7]1102] 8.1 | 65 | 6.1
88 |109]120] 1221122 12211171101 81 [ 65 { 6.1
89 109120 (122 {122 122 {11.7 | 10.0| 80 | 64 | 6.
1101120122 | 12211221116 99 | 79 | 64 | 6.1
110121 11221221122 1167 98 | 79 | 64 | 6.1
11.1 12.2 12.2 | 11.6 7.8 6.1




FHEABER UVI ¥ 8 UVIRaH

>~

Bl anEHREE

(ERBERABSRAM)

A

fEPEE M ERE AR

N

ek 8 Rl 6 UVI i S T A R Ty

B 9RUVI HH#E CAF A raaes & UVI

o AW UVI B

8 AT LR MRS BORERERIRH EIE

F4 BT RSB BRI TIRAREET - Heh » TRERA(DETR CAF BRI £ RIHIEZ
HEHE - FIEQ)7E CAF R RNTRIIE & a2 $EaHE -

UVig 2 0 1A £2 EAFg 3 5L ¥y g
. (a)y& L3k
Hakk 17.9 53.0 71.3 838 2.50
A1) 23.1 64.8 25.1 95.6 1.73
BIEQ) 22.3 64.6 84.2 949 1.75
(b) 22 zh ) 2
HH ok 16.2 43.4 65.4 78.7 2.89
RHE() 21.8 59.9 86.2 93.8 1.85
fa#ix(2) 216 58.7 85.6 93.8 1.86

— 23—



Fest UVI

Fest UVI

15

12

15

i2

Taipei Station

X
I s
% ‘* x g
| e K
L I

b %0l

e

X x
¥x
R

L% S "xxl x

x* x";x xx

x
B, e

X

X
x

x*
lﬁt:‘:m‘m .

x x

gg‘;;“l a«xnx x

1 L [] i ' 1 i L 1 L L
0 3 ] 2] 12 15
Obs UVI
Chengkung Station
T T S — T T T T T T T T
x ¥
= x X I! i -
x u % %
i . ¥ :u - ,ﬁ * h
]
| :N: x x’&: k ¥ ?&x N
- x Txoxoxommy wgw ¥ X u xx e
* ) x X ’F;”‘i ﬁi L ’
L x . x)z % x X % % -
» X ?x" xz! *':&txx X -
x X x{n | P ] X x
. £ L x x X
X, x M ox ;"K x !xx -
o0 L e S ]
x % ‘x*,!”‘ !;&
- ’ﬂ *f h X =
b, 4 ﬂ',:’gi‘ o ]
tx AT T 2 ¥
1 1 L i ' [ A I ] I 1 Il
Q 3 6 9 12 15
Obs UVI

&9 HrksH UVI BRIESETERIEZ HES 1 o

— 24 —



B9 A B B A TR AR SRR TR — I BN LU A
B ERY TR - R RIRAE A AL AN I o Bl
L 2.50 71 2.89 M IRERE: » (BATRIRET]
(ERRRE I TS A RIREE 172 R 1.85 - B
HR A B S S B el HE S R B o o AT PR AR
UVI RSB E T BARLBRSENEER
( 93 %LAL) BHBHBEEMRIFE 3 IR - He
EEEET | DNAEREREST 60 %X LT
ZE o FHE LR B B R IR RE 3 LAPIAIME
LA HUE 80 9% LN » HAPIREIRZETE 1 DIPIAY
EEERESH 50 %R o A—HH - RERTR
7] CAF fEZRIRAVFAE » TR BT 2
B iER GBS CAF {EEE BRI R 51 -
AAREHTA A BREESR - FLEEH SRS
9 CAF BB ZMEHEE RN Z BRI 7 22
1Ak KRB A EREHER RS E 2 H UVI
{8 - HHA (R LRARIERME « T8 ERENR
HREFLAINER - BT ITHEE -
9 2RIt EH UVI BElERFRE (&
4 FREQD ) LHEST - NG - BHLLUVI
FREAVFRABR AR - EREEN UVIE
BlgRARgw] - REFHEHIARNEL 3 2N
MEGEEIR IR IRE R L UV L - ZER
BETRER I S AR FERERF — B TR -

h - RS

AR I A T B LTI 2 1994-1996
FaaEE T DUV - SN H 8= 2R
R ORISR A REENEE - SRS
WA EAOIERE o b BRI B R
BRI BORSR - HL 0 SIMpIE R E R Y
AR E o AT R

LEUFEAT - AL REmEE UV @

WA N > DL UV T SHEEAR

1~ 2 fBAEE - TERESREMREEE 10 ~ 20

% HyEHE - BETATHEA RO R AT

KWER - EM L > ERE Liu and Feng

( 1990 ) FHE&LILRARMRES 1982 F
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ABSTRACT

A successful forecast of the Ultra-Violet Index { UVI } mainly depends on

the correct estimation of cloud attenuation effect. Since the cloud amount may

become one of daily forecast items at the Central Weather Bureau in the future,

this research conducted analysis of UVI and observed cloud-amount data at

Taipei and Cheng-Kung stations from 1994 to 1996, in order to provide a UVI

prognostic method based on cloud amount information.
We first isolated the cloud effect on the UVI. The clear-sky UVI value of
each station was determined from the UVI observations, and a Cloud Afttenuation

Factor ( CAF ) was defined as the ratio between the observed UVI and the clear-

sky UVI. The corresponding relations between CAF and cloud amount were quan-

tified by four categories of cloud amount: (1) clear, (2} scattered, (3) broken, and ()

overcast. A UVI forecast method was proposed based on the statistical characteris-

tics of CAF and cloud amount.

The predicted UVI by this forecast method has

root-mean-square errors of 1.72 and 1.85 at Taipei and Cheng-Kung stations,

respectively; 60 % of the forecast events have absolute errors less than 1. The

standard deviation of predicted UVI is very small regardless of the value of

observed UVI, which indicated that this UVI prediction method can maintain

certain forecast performance under different sky conditions.
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Fig 1. The track of typhoon WINNIE issued by CWB

# 1. BieRsEZEHE - o B B M AR AL P O (T R SRR B LR R
Table 1. Center location and intensity of typhoon WINNIE analysed by CWB

R L o U AR LR | BE A E(km) -
(EBE [Ji@eN) | BECE) | (Hpa) | MiEms) | i | H# e
081614 | 24.0 | 131.1 | 945 43 300 | 100 AT AR
081617 | 24.1 | 130.6 | 945 43 300 | 100

081620 | 241 | 1301 | 945 43 300 | 100

081623 | 24.1 [ 129.7 | 945 43 300 | 100

081702 | 242 11293 | 953 40 300 | 100

081705 | 243 | 1287 | 953 40 300 | 100 | Sefei bbe CEE S
081708 | 24.5 | 1283 | 953 40 300 | 100

081711 | 248 | 127.8 | 953 40 300 | 100

081714 | 252 T 121 | 953 40 300 | 100

0817171 253 | 1266 | 953 40 300 | 100

081720 | 253 | 1262 | 953 40 300 | 100

081723 | 255 | 125.7 | 953 40 300 | 100

081802 | 258 | 125.0 | 953 40 300 | 100

081805 | 26.0 | 1245 | 953 40 300 [ 100

081808 | 26.3 | 1242 | 953 40 300 | 100

081811 | 27.0 | 1234 | 953 40 300 | 100

081814 | 272 | 1224 | 953 40 - 300 | 100

081817 273 | 1221 | 953 40 300 | 100

0818201 27.9 | 121.9 | 960 38 300 | 100

081823 | 287 | 121.1 | 965 35 250 | 80 e - R R 2R
081902 29.5 ] 1201 | 970 33 | 250 | 80 R L REBR
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Fig 2. The track of typhoon AMBER issued by CWB

#2. THRASEIM - FRERRDHHEGRESCELRERCERE
Table 2. Center location and intensity of typhoon AMBER analysed by CWB

B LB FLRE R LR BEEE KD 5
(A E8) JL@CN) | =ECE) | (Hpa) | Bfws) [ w8 | +8& A

082708 | 19.1 126.2 a50 43 200 80 S b BB
082711 19.4 125.9 950 43 200 80

082714 | 194 1254 950 43 200 80

0827171 19.5 125.4 950 43 200 R0

0827201 19.7 125.1 945 45 250 100 Ergiie ol e i
082723 19.9 124.6 945 45 250 100

082802 | 20.3 124.2 945 48 250 100

082805 | 204 124.1 a45 48 250 100

082808 | 20.7 123.7 945 48 250 100

082811 21.1 123.3 945 48 250 100

082814 | 214 122.9 945 48 250 100

082817 | 21.7 122.7 945 43 250 100

082820 | 22.1 122.5 945 43 250 100

082823 | 22.8 122.2 945 48 250 100

082002 | 234 121.6 945 48 250 100

082905 239 121.2 9350 43 250 100

082908 | 24.2 120.8 058 40 250 100

082911 24.5 120.3 965 35 250 100

082914 | 24.8 120.0 965 35 250 100

0829171 253 120.0 970 33 250 100

0829201 26.0 119.6 975 30 250 -

083002 | 27.3 118.1 995 20 150 - iRfee bk | ReE 2R
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Fig 3. The sequence of water level, harmonic analysed water level, and difference between
the observed and harmonic analysis at tidal stations, during 14 LST 15 August to
14 LST 20 August of 1997
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#3. 8H16H14#E8 A 19 0 14 - BIBRENAT A8 - + ERIIG eI RERER
999 fAFEFHLREK
Table 3. Hourly storm surge at tidal station during 14 LST 16 August to 14 LST 19 August
of 1997 Missing data:-999,

BT L
s
Rffe] | 2FE jg‘]g\ TIE | #7777 | e |TRRE ENSE | RS | mReR | {EEE | BRI | R
081614 18 5y -l 2 0 13 12 7 12 6| -2 -1
081615 17 8] -17 3 4 13 14 6 8 0] -2 4
081616 20 9] -18 -1 | 10 10 5 4 10 -23 0
0816171 20 10| -19 -3 2 8 18 6 12 7 21 |
081618 18 61 -13 -2 3 10 23 6 g 8| -26 3
081619 24 3 -9 5 & 7L 27 6 12 121 -0 0
081620 25 6 21 90 8 11 32 8 15 9| 24 4
0816211 27 10 51 110 8 21 24 9 18| -999| .24 -1
081622 27 8 6] 109 6 23 27 81 22| 999 -25 |
081623 27 10 51 100 4 300 22 12] 20| -999| -19 2
081700 27 5 5 89 4 3] 14 4| 2 170 23 4
081701] 25 5 5] 68 4 |l 20 10] 30 130 -19 4
081702 25 4 S| 52 2 38 11 13{ 29 14| -19 4
081703 27 0 -8 36 6 32| 21 13l 32 141 -16 3
081704} 26 30 -12] 30 7 38 41 26 10] -10 6
081705 26 20 -18] 33 6 32 23 51 27 51 -13 8
081706] 29 3| -13] 44 8 300 24 120 28 6 -15 9
081707| 31 0 6] 41 9 33| 39 151 36| 19| -1 1]
081708 36 6 S 18 11 271 42 7] 34| 26| -1l 10
081709 36 10 13| 35 10 260 42| 22| 32| 26 -8 12
081710 43 16 16| 40 10 33 37] 21 250 24| -10 12
08171t 34 16 13 38 i1 4] 364 181 30 26 0 11
081712 40 190 2201 33 10 300 278 26 261 2 3 8
0817131 36 17 18] 27 9 31 251 24 36] 20 2 3
0817141 43 13 121 20 71 9991 40| 24f 291 28 3 10
081715 40 18 8 14 7 2501 350 2| 28} 2l 1¢ 10
081716 42 1 1i 18 7 281 50 17| 3l 23 8 7
081717 45 12 9| 50 8 27 46 14| 32 19 2 12
081718{ 42 16 8 61 7 23 47 22 32 21 2 13]
081719 50| 28 il .8 9 20| 57 8] 36 12 3 14
0817201 51 13 21 114 8 17 69 13 4] 25 -1 B!
081728 58 251 300 138 10 2| 63 170 39| 32 -2 12
081722] 64| 46| 38| 149 11 30 58 25| 48] 37 -5 13
081723 64| 55 401 154 10 Ml 660 23] 58] 36 3 13
081800 60| 66| 56| 155 10 35F 59| 25 52| 42 7 15
081801 70| 48] 48] 129 7 39| 59| 35 36| 38 6 22

— 33—



#3 MLE
Tabel 3. ( Continue )

B -
e

BERE | B j% VIR | iy | T (s e | | B | T | Benh

081802 58 58 44 102 5 36 46 26 50 31 9

081803 65 49 33 93 8 4] 5% 29 54 24 1

081804 54 62 45 92 10 43 65 32 38 6 }

1

0818061 76 65 471 106 10 36 67 33 31 0

3
2
081805 719 50 35 95 11 41 64 39 231 24 11
6
5

081807 86 89 541 119 10] 999+ 77 27 53 6 1

081808] 83 o1 57| 168 16| -999 g0 31 6l 40 8

081809 8! 76 ST 176 H 27 71 34 53 47 12

081810] 94 81 50 213 13 32 73 38 54 45 2}

081811 73 75 48| 266 9 32 65 36 52 47 20

0818121 70 59 27 7T 34 50 39 51 40 16

8
DE1813 63 52 37 57 5 23 31 47 45 49 18 0
081814] 55 45 6 39 5 26 35 43 46 39 16 0
081815 47 27 -4 30 4 27 37 44 43 35 23 7
081816] 49 30 7 23 9 30 51 47 39 33 23 9
081817 43 19 -8 23 7 31 5] 39 39 29 21 7
081818] 37 171 -18 50 9 33 46 32 39 22 16 8
081819 38 11} -21 72 8 25 43 27 42 13 12 7
081820f 30 1] -28 80 10 25 43 19 40 24 7 8
081821 231 <131 34 111 11 28 36 14 41 3l 7 6
081822 12| -19) 40| 125 12 30 29 10 39 22 2 0
081823 150 221 42| 122 1 26 23 12 38 26 1 7
081900 13] =231 411 115 9 34 20 15 41 26 3 5
081901 10)] 251 -44 97 8 43 21 19 36 15 0 5
081902 71 221 -44 18 8 45 16 22 41 23 Ji 8
081903 50 251 -52 52 8 43 15 20 33 17 3 9
081904 1| =261 -55 40 S 47 16 16 33 22 6 8
081905 1] 251 -49 31 11 49 10 6 30 -5 ! 7
081906 2| 22 -42 40 9 44 g 4 28 6 3 g
081907 41 -7 37 &9 12 35 -1 -4 29 § 10 8
081908 1] -10] -31 8 12 321 -0 -6 27 15 14 5
(81909 6 51 =20 20 13 301 -12] -10 20 18 14 4
.08191'0 13 6] -15 26 12 24 -6 -1 20 i0 14 b
081911 13 1| -18 23 1] 27 2 -5 20 91 -6 4
081912 12 ST =27 18 10 28 3 -2 12 21 -4 8
081913 T -1 -29 14 9 29 -2 -1 8 il -2 4
081914 31 -4} 33 9 11 32 -8 3 7 15 -16 -1
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-999 {LREHAL -
Table 4. Hourly storm surge at tidal station during 17 LST 27 August to 17 LST 30 August
of 1997 - Missing data:-999 -

BT 0 oy

W | B | F |BTE] B | BE | SR | SRR | 00 | RRE | TESD | RO | B
082717 - 8 13 26 26 20 12 6 -2 0 8] 25 3
082718 8 7 30 23] 19 12 7 -2 2 -3 <26 1
082719 3 5 29 24 20 9 9 -3 4 41 22 6
082720 7 2 27 25 17 10 10 -1 5 1| -22 5
082721 5 2 27 23 21 il 9 2 7 g1 -21 3
082722 5 3 22 23 20 9 12 2 7 -4 5
082723 3 1 18 19 15 12t 10 3 11 17] -21 5
082800 5 3 14 22 15 12 13 3 91 -164 -I8 |
082801 5 1 17 25 17 14 11 4 6f -361 -13 6
082802 7 3 22 25 21 11 9 ¢ 9 22| -20 8
082803 7 7 19 27 20 12 gl . G 9] -18} -19 7
082804 7 8 22 26 19 13 2 -2 9] -12] -20 7
082805 8 8 251 200 . 18 13 7 -6 11 18] -15 6
082806 6 13 29 26 17 15 5 3 17 11| -23 7
082807 5 5 32 23 20 18 6 -2 i6 3] -18 9
082808 6 6 30 28 18 19 9 -3 13 91 -17 11
082809 3 4 25 24 18 23 12 -3 17 71 -21 14
082810 2 1 22 23 18 20 9 -2 13 161 -1 12
082811 2 1 21 2] 16 21 9 1 10 71 -19 16
082812 6 21 .12 26 18 22 8 2 9 71 -7 14
082813 4 -3 13 23 18 20 13 4 1] -14] -14 17
082814 3 -3 22 32 22 19 12 6 3 6 -2 22
082815 2 -4 26 30 28 18 13 -1 -2 33 -2 20
082816 -3 -7 25 26 27 16 3 1 -] 30 5 31
082817 -2 -8 30 27 26 16 8 ! 1| -66 3 28
082818 -2 -6 32 32 27 2] 3 9 5 21 -2 29
082819 2 -2 38 29 30 22 4 1 6 -5 1 36
082820 } -] 41 31 21 22 -2 3 91 -18 12 34
082821 4 -2 36 34 26 23 5 5 15] -18 14 31
082822 2 -4 33 26 22 22 9 51 9991 -13 20 29
082823 4 0 33 32 21 26 11 10} -999 7 33 26
082000 5 -2 32 35 25 24 17] - 16 171 -18 31 24
082901 3 -5 34 39 24 23 12 24 25| -138 33 22
082502 -6 -8 3l 40 17 22 14 6] 999 77 35 25
082903 -1 -13 48 46 24 20 1] 341 -999 16 39 28
082904 -2 -10 47 44 34 21 6 321 9991 301 30 33
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Table 4. { Continue )
RN o

R | ERE | g iETE B | BE | S | W | M | g | e | B | e
082905 -] -2 38 48 36 23 15 40 999 304 14 38
082906 0 16 41 48 36 20 3 421 999 323 § 29
1082507 -3 25 55 48 42 18 2 331 -9%9 | .999 3 33
082908 -3 19 60 49 40 20 3 24 9991 -599 1 33
082909 -2 23 61 51 48 20 -1 15| -999 [ -999 -2 33
082910 -4 23 45 44 49 22 4 -4 6] 999 | -999 -6 31
082911 -5 23 43 33 50 21 ) 41 999 -99%¢ -13 30
082912 9 5 53 35 52 21 -6 -1 9991 9991 -999 | -999
082913 -10 3 46 36 47 16 -1 0 9991 909 | -900{ .900
082914 -17 11 37 31 36 18 -8 -1 999 999 | 999 969
082915 -13 5 38 34 4] 13 -12 -6 -099 | 99| -09%| -999
082916 -18 5 31 38 46 13t -4 S 26 -99% 1 -099 [ 699
082917 -15 -4 28 33 39 16| -16 S -234 999 989 099
082918 -11 30 25 35 37 120 -12] -1l 15] -999| 999 -999
082919 11124 23 27 32 11 -10 -6 -l10] -999] 9991 -999
082920 -7 184 31 29 28 14 -5 -5 -5 9991 899 | 999
082921 2| 190 39 25 27 13 -7 -4 1] 9991 -999 | 999
082922 -1 189 37 30 26 13 -2 -4 61 9991 0991 999
082923 il 157 38 37 34 15 -2 -3 10 -999| -99¢| -999
083000 0] 133 3] 38 36 18 0 -6 31 <9991 9991 -999
083001 31 106 34 35 35 16 3 -3 2 9964 099 | 699
083002 1 04 29 28 39 12 6 -5 -7 <999 -099| 699
.1 083003 -2 29 22 33 31 il 3 6] -131 999 0091 999
083004 2 790 26 33 33 12 3 -8 -8 -999( -9991 -999
083005 6 88 17 26 2 11 3 -9 -4 9991 -99%) -999
083006 3] -999 20 24 29 10 -1 -10 3] 999 9991 699
083007 5 0 16 21 32 6 -1 -8 0] -9991 -999| -699
083008 2 10 29 22 35 9 0 -7 6] -999F -099| -G99
083009 6 14 33 17 38 6 5 -6 134 9991 -999| 699
083010 8 18 4] 25 40 g 4 -7 161 9991 -999{ -999
083011 8 23 4] 34 4] 11 6 -3 15 -999 ] 999 999
083012 11 21 37 36 36 12 7 -2 0] 999 -999| -999
083013 16 30 34 36 42 12 8 -3 31 999 9991 -999
083014 1{) 26 27 30 44 13 8 0 -4 9991 -909| .999
083015 10 14 27 29 42 10 8 -3 -10] -999 1 -999 | -999
083016 7 10 21 22 33 10 5 -4 141 9991 -999 | -999
083017 5 2 16 25 35 10 0 B0 184 999 -999 | 999
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REPORT ON TYPHOON SURGES OF 1997
—TYPHOON WINNIE AND TYPHOON AMBER—

Shu-Fen Tseng, Beng-Chun Lee
Marine Meteorology Center, Central Weather Bureau

ABSTRACT

The aim of this paper is to describe the storm surge phenomena, induced by
the two enajor typhoons WINNIE and AMBER in 1997. When typhoon WINNIE
passed over the northern Taiwan waters, its structures were well defined and its

influencing area was large. The circulation of WINNIE caused big storm surges

directly toward the northern coast of Taiwan and dropped the pressure down

deeply. The maximum surge vp to 2.6 m was measured at Hsinchu tidal station.

Whereas typhoon AMBER made landfall at the northern part of the Shiowguluan

creek. During the influencing time of typhoon AMBER, the storm surges

observed at Yunlin and Chiayi were obviously larger than those at the eastern

coast of Taiwan The surges of other coastal area were relevant to the distance

between typhoon center and coast. After landfall, AMBER’S structure broke very

soon, the surges were small over the coast island-wide.

Key Word: Typhoon-induced storm surge
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Fig 1b. The 850hPa and 700hPa chart at 0000UTC August 3 of 1998
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K1 BAERESERE - BEMLEEDERRE
Table 1. The best-track positions, intensity and movement of typhoon OTTO
i M s & ¥ Shie %% |Et ek BEFEL
UTC) %) R i K| B ik (m/s) (km)
Al a|ey| &AWN | £&®E) |(hPa)| (degree) |(km/hr)| 34 | BFA | CAUR |+ 8UR
81212 15.0 124.9 998 NNW 12 18 23 100 -
81218 15.5 124.8 998 NNW 13 18 23 100 -
813100 16.7 1245 | 998 | NNW 18 18 25 150 -
813106 18.6 123.7 | 994 | NNW 23 23 30 150 -
8|3 (12 201 1234 | 990 NW 25 25 33 1 150 -
83118 21.3 122.2 | 990 NW 25 25 33 150 -
814100 22.0 121.8 | 985 Nw 20 30 43 150 -
8§ |4 106| 133 121.2 | 985 NW 20 30 | 42 150 -
8 |4 |12 246 119.9 | 990 NW 20 25 33 150 -
814118 253 119.5 | 995 NW 18 20 28 150 -
8|]5]00| 263 118.6 | 998 NW 15 18 25 120 -
815|106 260 118.0 11000 SW 5 - - - -

— 48 —




®2. BRBEEEHRZMEE-BR

Table 2. Warnings issued by CWB for typhoon OTTO.

FREY LT _ SREK .
iR A B & B X i ‘ x

HE121118]13[09[45 |BEEdiREeEd Rbiid

BE121218 (311120 (et ed kbR

M EL213]8 (3 114(55 |etipmkasMid ~ kkdtihd MEFE &R CERE

Pe 12148317045 e me¥ ki Robihd MihkF s &R Lk THRE

PEE1215(8]3(20|50 |6¥Musid EXEGRE

PAE|2]6[83(23[25 [64RMiEEAE ~ APIRBALE |&XERE - AITRBHMIE

Peb|2171814|03/05 |6¥misdadm - AMARUEGE |4XELE AR MRE

ME |2 88406025 |6Mmicsha - 2MALNEE X ERE - RIRLHE

PeE]21918 4108140 |6R¥Mu&HE s 2IIRLMGE 4R ERE - 2IREHRE

el 1211018 |4 11|50 |[¢¥Mustd - 2REMAR |6XE50E RVIRLNRE

BrE 2111 8|4 [14]55 |6¥MsRd  £rMALMEGE SR ERE - RIRSHURE

FEE 1212814 |17(55 [4XMEEHE > 2MIRLHBAER X ERE - £MRBUWE

Feb | 213|814 (20050 [&Ximwp~téthid £ - 5B% (& LRE B X OHRLE

Mk [2]14] 8|4 {23120 [&MMmek -~ dudpihi £ BT 4 HIRE M- N BPRE

Pk | 2115] 8 1510320 |2k ~bofid & HHd SN ASHILE

Pe b | 2 116) 8 1S |05(30 |4k~ sbopipd ~ & ~ S5 d [Sinteld

E 121171815 (091(00

& - IAEFIRREE RIS  EHEEE
b (B 2a) WERERBERIT - BAKRMES
#roE 3 H 1200 UTC - #EXEELE (E 1c )
SR » AR 2 & SRR SR Lo - PERE
TR SR 2 8 T (R S A
7o ‘

E2bf& 8 H4 HO0000 UTC 9 BZEH -
BEHMENELCHEIAESE - IWERE Y
FEBEA  PORHIRARES 30 m/s - SHE
SHNIREG > EREE L > BERERT G
BEJRALFE (B 3a ~ 3b ) « £ 4 H 0600 UTC
(18 3e ) B HEE A MR E e - RS ACERE
SREBAE RIS - HEGRERBMS - B 3d
£ 040700 UTC 22 =@ - o7 REE P LI
B - £ EYIRIERRRS - BRI
2B ARBEHERE 30 m/s > ABEM T
2> E 18 BF ( 1000 UTC ) RETHBRIEH LS

e EEKBEEE TRE 25 m/s - HET A
HEFF IR AL - B RPEIR R - HK BE RS
20 m/s » £ 8 A 5 H 0000UTC K > FiElE 18
m/s > HULRRE LA E 998hPa ¢ 6 fEI/NFIRERRK
BV R o

M- RERASSHBENEERREES
i

ORBAH (K3 ) -

BIERERLLZE 2 3 (REEEM > PRERE
1997 ) MEFEREEELEE (B4 ) > BEESL
AR ThEE B e Bl h R LR - e SR EERE
Fm A ek - DURRFRIETS > WilE 4 8
6 BF 10 7 ENHIR H A %BE ( 983.8 hpa ) - B4
4 H EFRRENCE RIS - g RR
BINFIERIRIER 11 BFE 13 B AAMHIR &
(K5 » HARIHISTE 12 B 21 5318 973.2hPa -

— 49 —



®3. BRERERSHEMERKRERKIR

Table 3. The meteorological summary of CWB’s stations during the passage of typhoon
OTTO. (HERB LST)

EAE ® 16 R (hPa) B R & X R ik (m/s) & X R ik(m/s) % K % k¥ (mm) K 7k #2 ¥ (mm)
S5 | #@ | MR (Rd| Re | M Rt | Rb | akm (el dessntml | TO | desan (BB BMEL
BEM 11002.0 04/18:15 313 |S 04/20:30°  [18.5 [SE  105/00:08(1.1  [04/12:12 1.1 |04/12:20  |1.6 |04/06:40~0412:20
i 995.9 04/17:37 [27.1 |sSW 041832 [108 |SE  |04/18:40[2.0  |04/06:40 08 [04/06:40 (5.0 |04/06:30~04/19:20
e dp 1382.GPM [04/17:34 298 |S 04/16:56 ~ |14.6 |S 04/07:3210.7  104/07:00 0.5 04/07:22 |09 [04/06:54~04/09:10
#F# 19984 04/17:03 [11.6 |SE 04/15:01  |3.4 [INNE [05/03:00{1.1  |04/07:24 0.5 104/07:30  [1.3 |04/07:24~04/08:30
£ 9968 04/17:49 [21.3 |ESE |04/16:220 |9.3 |ENE |04/16:280.2  |04/14:20 0.5 [04/14:20 |03 |04/04:36~04/16:10
#4 1994.2 04/15:50 [14.8 |[SW  [05/04:51 |51 [SW  [05/04:43(5.5  |04/22:13 1.5 [04/22:30  110:2_|04/22:08~05/00:40
B 19955 04/15:22 1258 [SW  [04/21:30  [13.8 |SSW 104/21:37[28.5 |04/21:16 100 [04/21:36  [61.5 {04/04:40~05/04:40
& 995.5 04/15:12 [19.2 |SW  |04/21:07 |68 |S 04/21:09|21.3  |04/20:50 55 104/21:20  |81.0 [04/04:25~05/06:40
B A® [1383GPM [04/14:38 [14.9 |SW  ]04/16:35  [6.6 |SSW |04/16:3943.0 |04/15:40 9.0 [04/16:23 134.9/04/01:52~05/08:00
HBH 1000.2 04/14:29 [19.5 [NW  |04/17:39  [11.8 INW  [04/18:21]29.0  |04/17:41 1.5 |04/17:41 75.5 {04/07:10~05/06:05
2% 8 (10052 05/01:38 [24.7 |WSW |04/18:43 18.7 |SW  |04/19:55[13.0 |04/17:13 45 {04/1724  |33.5 |04/10:40~05/05:20
FTEd [3040GPM [04/15:40 |16.5 [NNW [04/13:55 |70 |NW  [04/14:00{85.0 |04/14:28 18.0 |04/14:28  |412.5/03/23:38~05/05:48
I 3008GPM [4/13:22 {359 [NNW [04/15:51 17.0 |SW  {04/19:30|69.0  |04/13:50 17.0 {04/19:30  |238.0{03/23:20~05/03:00
A& 9972 04/14:01 [19.4 (WSW [04/19:35  [10.1 [SSW 104/19:36163.0  |04/19:13 185 04/19:30  [244.3/04/02:20~05/08:30
& 999.6 04/13:18 [17.1 [SW  [04/19:19  [11.0 |SW  [04/18:30[48 5  |05/01:20 160 105/01:20  |155.004/02:35~05/07:20
£33 1000.9 04/13:00 [16.9 |W 05/02:34  [102 |SW  104/17:27{35.5  |05/02:25 160 [05/02:44  |127.5/03/14:20~05/06:10
0% -3 1002.0 04/04:15 [15.8 [NNW [04/11:58 |78 |NNW |04/11:50{23.0 |04/10:00 20.0 |04/10:02  [92.5 [03/16:35~05/05:30
M 1000.1 04/16:55 {17.9 |SW  [04/16:22 |63 |SE  [04/16:41{10.5 |04/05:50 6.5 |04/08:00  [25.1 |04/03:50~04/18:12
B 1000.1 04/16:57 [23.9 |S 04/16:11 129 {SE  |04/15:49{18.0 [04/17:00 72 [04/17:40  [61.0 {03/22:30~04/21:30
ic#& 110018 04/16:44 [17.6 |S 04/15:31 129 |SE  |04/14:04{20.0 |04/07:00 4.0 |04/07:00  [90.5 |03/21:21~04/17:10
A 9732 04/12:21 492 INE  [04/11:30 (268 |N..  104/11:34{34.2 |04/11:20 116 [04/11:50  ]176.0/03/15:43~04/16:10
&% |oss4 04/12:43 [26.5 [INNE [04/12:43 9.1 |NNE [04/12:50{7.0  {04/05:00 3.0 |04/05:20  [59.2 {03/18:23~05/06:20
ARK (9945 04/11:39 {155 INNE |04/13:52 |54 |N 03/21:02(8.5  |04/05:47 3.5 |04/05:48  {51.0 {03/22:01~05/05:40
W |og3s 04/06:10 |68.2 [NNE [04/06:15  [45.5 {NNE |04/06:12{34.0 {04/08:19 8.5 ]04/09:00  |120.5/03/15:00~05/06:22
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B 2a. 1998 & 8 A 3 H 0000UTC v RAZEH
Fig 2a. The GMS VIS image at 0000UTC August 3 of 1998
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Fig 2b. The GMS VIS image at 0000UTC August 4 of 1998
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Fig 3a.

The 850hPa and 700hPa chart at 0000UTC August 4 of 1998
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Fig.6. Time sequence of minimum pressure and maximum wind speed for typhoon
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Fig.7a. The accumulated precipitation at CWB stations during typhoon OTTO’s passage
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Fig.7b. The gust wind at CWB stations during typhoon OTTO’s passage
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#4. HESHAIHI4KEES H YK PRRFHAERRIGBIENE N KERMET
Table 4a. Accumulated rainfall and gust winds from 0314LST to 0508LST of Aug. 1998,
during Typhoon OTTO attacking the taiwan area

BALRE ( OTTO ) #R@5% 9802

8 H3HI14%%E8 H 5 H 8B ILRHNERAA M=

2 g A TH SR R Rk 85 B

k% gﬁmgl Rk (ko) R EH (ﬂj&ﬂ;—: ; ﬁ(ji?trj;ﬂ HRAR (ﬂlé‘yig
B MLk ;

%4k ] 11 31 7 0417 | 63 11 | o421
x| 5 54 10 | 0420
= #| 25 36 8 0417
#  m| 49 23 6 0415 | 48 10 | 0417
% & 0.9 27 6 0417 | 60 11 | 0417
o 23 6 0416
£ K 0.3 46 9 0417
& 3] 0.3 43 9 | 0417
#4510 23 6 0417
&  #| 81 38 8 0422
B4 62 25 6 0422 | 52 10 | 0422
n A%l 135 30 7 0417
2 | 224 34 5 0419 | 72 0417
BT L] 404 33 7 0414
A &l 237 39 8 0420
& @] 155 20 5 0420 | 34 8 0420
5 ]| 108 31 7 0418
] 91 25 6 0414 | 35 8 0416
A 3| 178 48 10 | 0412 | 98 15 | 0412
& &} 59.2 29 7 0414 53 10 | 0414
£ &| 51 31 7 0414
m o & 95 32 7 0414
M el 1921 91 14 | 0406 | 135 |17 »a.k| 0406
T G 39 8 0420
2% &l 34 | 34 7 0419 | 49 10 | 0419




#Fd4b. 87 E8 A3 HESASH  hRERBEFERFMIERESE

The daily and total accumulated rainfall (mm) at each CWB stations, during

Table 4b.

Typhoon OTTO’s passage.

8A38 [8R4m [8ASE |& 3t

Bl 0.0 2.0 10.0 12.0
i 0.0 5.0 0.0 5.0
i 0.0 0.9 0.0 0.9
#TH 0.0 1.0 0.0 1.0
Bt 0.0 0.3 0.0 0.3
hid 14.0 9.0 1.0 24.0
4 0.0 51.0 1.0 62.0
&+ 0.0 64.0 17.0 81.0
A A% 0.0 130.0 58.0 188.0
B 0.0 74.0 2.0 76.0
rEh 0.0 320 5.0 37.0
FEk 1.0 343.0 69.0 413.0
A 1.0 235.0 19.0 255.0
b 0.0 200.0 450 245.0
& 0.0 71.0 84.0 155.0
ha 17.0 65.0 50.0 132.0
ik 2.0 89.0 13.0 104.0
il 0.0 250 T 25.0
Hr 0.2 49.0 13.0 62.0
i 9.0 82.0 0.0 91.0
A 32.0 144.0 8.0 184,
&k 5.0 54.0 0.2 59.2
AR 20.0 29.0 7.0 56.0
ki 310 99.0 2.0 132.0
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5. PREFEEEDOHRITRREN R ERE

Table 5. Center location and intensities of Typhoon OTTO observed by the Satellite Center

of CWB
B |EE BB e | REE BUARRE TR AR EHE S | Rk
Ai B | B Y [ | T/CI/DSWihr KMER) | kgl | mm)
81 2| 6|EVV| 14.8] 125.4|P 1.5/1.5/D/6
121EA | 14.8] 125|P 2.0/2.0/D/6
15/EA | 14.8] 124.9|P 2.0/2.0/D/6
18|E/1 | 15.2| 124.7|P 2.0/2.0/8/6 [325/10/6
21EM | 16.3] 124.3|P 2.5/2.5/D/6
23|EI/V| 16.8] 124.5{P 2.5/2.5/D/5 |350/16/5
81 31 O|EVV| - 17]124.5P 2.5/2.5/D/6 |350/16/6
1|E/V] 17.3] 1243]P 2.5/2.5/D/7 1350/16/7
2{EVV| 17.9] 124.4{P 2.5/2.5/8/5 15/19/05
3[E/V | 18.1f 124.3[P 3.0/3.0/D/6  |360/17/6
4{E/V | 18.3] 124.1|F 3.0/3.0/D/7T |345/17/5
S{E/V | 18.5] 123.8|F 3.0/3.0/D/6  |340/17/6
6lE/V | 18.7} 123.6/F 3.0/3.0/D/6 |330/18/6 125/NW  |210/SW
7\E/V | 18.7] 123.6/F 3.0/3.0/D/6  {340/15/6
8|E/V | 18.9]123.6/F 3.0/3.0/D/6 {335/12/6
9IE/V | 19.1] 123.5|F 3.0/3.0/8/6 {330/13/6
10|E/V | 19.5] 123.5iF 3.0/3.0/S/6 1335/13/6
1{EA | 19.9] 123.5|F 3.0/3.0/5/6 |350/13.5/6
12|EM | 20.2{ 123.4|F 3.5/3.5/D/6 {355/15/6 165/NNW [210/SE
13|EA | 20.4] 123.2|F 3.5/3.5/D/6 |350/17/6
14[EM | 20.5] 123|F 3.5/3.5/D/6 1340/16/6
15{EN1 | 20.8] 122.8|F 3.5/3.5/D/6 |340/17/6
16{EN 211 122.5|F 3.5/3.5/D/6 1330/17/6
17|EA | 21.2] 122.3|F 3.5/3.5/D/6 {320/16.5/6 165/NW
18|EA | 21.5{ 122.1|F 3.5/3.5/S/6 |315/17/6 165/NW
19{EA | 2171 122F 3.5/3.5/8/6 |330/16/6
20{E1 | 21.9] 121.8|F 3.5/3.5/8/6 |320/17/6
21{E/N 2| 121.7|F 3.5/3.5/5/6 |315/16/6
2(EA | 221} 121.7|F 3.5/3.5/S/6 |325/13/6
BIEA | 2220 121.6]F 3.5/3.5/S/6 [325/12/6
8| 4| olvIis| 22.11121.7|F 4.0/4.0/D/6 [325/8/6
UE/V | 22.2] 121.8|F 4.0/4.0/D/6 [325/5/6
0E/V | 224 121.7|F 4.0/4.0/D/6 1350/6/6
3[E/V | 22.6] 121.7|F 4.0/4.0/D/6 [360/6/6
4|E/V | 2291 121.6]F 4.0/4.0/D/6 [350/7.5/6
SIE/V | 23.2| 1214|F 4.0/4.0/D/6 |350/10/6 100/NW
6|E/V | 23.5[121.2|F 4.0/4.0/S/6  [340/13/6
7IE/V | 2351 121|F 4.0/4.0/8/6  [330/14/6
8IE/V | 23.7] 120.7{F 3.5/4.0/W/6 1325/15/6
9|EIR { - 23.8] 120.5]F 3.0/3.5/W/6 |320/16/6
9{VIS | 24.21 120.5|F 3.0/3.5/Wi6 1325/19/6
10|E/V | 24.4] 1204|F 3.0/3.5/W/6 |330/18/6
1|EA | 24.6{120.1{F 3.0/3.5/W/6 |320/18/6
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12{EA | 247} 1198iF 3.0/3.5/W/6 1310/16/6
13|EA | 249] 119.6|F 3.0/3.5/W/6 _1320/18/6
14|EMA_| 252] 1194(F 3.0/3.5/W/6 1315/16/6
15|EA | 2531 1194|F 2.5/3.0/W/6 1330/17/6
16|E/1 | 2541 1194|F 2.5/3.0/W/6_1320/13/6
17|EA | 25.81 119.4[F 2.5/3.0/W/6 1330/13/6
181E/1 26] 119.2[F 2.5/3.0/Wi6 1340/13/6
19[EA | 26.11119.1{P 2.5/3.0/W/6_1340/12/6
201EA | 26.11119.11P 2.5/2.5/W/6 |345/10/6
21EA | 26.1)119.2|P 2.5/2.5/W/6_]335/9/6
22|EM | 263]119.3(P 2.5/2.5/W/6 1350/9/6
23|E/V | 262 118.5{P 12.5/2.5/W/6_{300/9/6
OIE/V ]| 262[118.4{P 2.5/2.5/W/6 _|285/7/6
HE/NV | 262|1183[P 2.5/2.5/W/6 1285/7/6
3{E/V ] 26.11 118.1{P 2.0/2.5/W/6 1270/9/6
6lE/V | 2591 11791P 2.0/2.5/W/6

12{E1 26| 117.11P 2.0/2.5/W/6
18]EA | 27.81 116.5[P 1.5/2.0/W/6

QIE/V | 27.8] 116.5(P 1.5/2.0/W/7

E : flihpGaasat ZE

vV TAKEE
1@ ALYMREE

D:
S :

W

developing
steady
weakening

G : Good 10-30km
F : Fair 30-60km
P : Poor 260km

5 : 325 710 76 : 325 ° / 10KHS ./ 6hr

T/ Ci/ DSW ./ hr
1.5.71.5./D ./ 6hr
T,number, C; humber
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* 6a. EEFEILEEAREOEMSE
Table 6a. Center location of Typhoon OTTO observed by the Kaohsiung ( 46744 ) Radar
station
IS A BY AT Bu7im | BLEE st
BHEZ) | b HRAE ()  |[(BHINF)
08040472 23.0 121.6
0804052 233 121.4 331 35
080406Z 23.3 121.3 270 10.5
08040772
080408Z 23.6 121.1
080409Z 23.8 120.9 318 17.8
0804102 23.9 120.8 316 14
080411Z 24.1 120.8 340 17.8




ROb. (CHEEEGHRITREA OERR
Table 6b. Center location of Typhoon OTTO observed by the Hualien ( 46699 ) Radar
station

i RV AT-) Bl | B | ey
AHKEZ) | db& | B () (BB
080318Z | 21.16 | 122.59 339.3 254
080319 | 2131 | 122.47 323.7 20.5
080320 | 21.50 [ 122.29 316.7 28.7
080321Z | 21.60 | 122.16 308.5 16.3
080322Z | 21.69 | 122.08 322.6 137
080323Z | 2185 | 121.99 329.5 19.8
080400Z | 2193 | 121.88 3104 14.2
0804012z | 22.11 121.76 321.7 23.7
080402Z | 2239 | 1218l 3302 31.0
080403Z | 22.66 | 121.67 334.8 33.4
080404Z | 22,91 121.53 332.2 317

% 6c. MRETEENHEARBE A CELR
Table 6¢. Center location of Typhoon OTTO observed by the Lu Tao ( 46780 ) Radar
station

[ i BAUGA | BUEE | o
BEE®) | JHE | RS (BE) (B ™
080317Z 211 122.4 340 18
0803187 21.3 122.2 320 11
0803197 213 122.1 27 04
080320Z 21.5 122.0 310 14
0803217 21.6 121.9 315 11
0803227 21.7 121.8 330 11
0803237 21.9 121.8 360 07
0804007 22.1 121.9 360 08
08040127 223 121.8 360 08
08040227 22.4 121.6 300 13
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Fo6d. IMUERILHRITREALE R
Table 6d. Center location of Typhoon OTTO observed by Wu Fen San (RCWF) Radar

station
HR¥fE TR RVAT=S BiyAR | BEREE sk
AHEZ) | dti& RAE (FE)  [(AB/IINE)
0804027 22.53 121.74 22
0804032 22.88 121.59 338 42
0804047 23.03 121.44 298 25
080405Z 23.11 121.36 318 24
0804062 23.22 121.29 336 15
080407Z 23.50 121.14 292 25
0804087 23.56 121.04 304 24
0804092 23.80 120.63 302 19
080410Z HEE (T
080411Z EIRSENT
0804127 HEEENL
0804137 24.70 119.9 340 13 .
0804147 24.90 119.9 349 25
0804152 25.12 119.67 302 33
0804167 25.30 119.8 355 26

F7a. RIERASETERENAENES 24 /NSRRI SRR TR E R
Table 7a. Error of selective track-forecast techniques for typhoon OTTO 24-HOUR MEAN
FORECAST ERROR ( KM )

cLIP CHB HURA PGTH RITD BCGZ VHHH RPMM
CLIP 7 251
251 0 NUMBER X-AXIS
OF TECHNIQUE
CkB 7 251 7 188 cases | Exwor
188 -62 188 0 P e
TECHNIQUE | DIFFERENCE]
HURA 7 251 7 188 7 274 ERROR | YX
274 22 274 85 274 0

PGTHW 6 212 6 155 6 248 6 229
229 16 229 74 229 -18 229 0

RJITO 6 212 6 155 6 248 6 229 6 238
238 25 238 83 238 -9 238 9 238 0

BCGZ 6 212 6 165 6 248 6 229 6 238 6 224
224 11 224 68 224 -24 224 -5 224 -14 224 0

VRHH 2 200 2 68 2 270 2 201 2 140 2 127 2 137
137 -62 137 68 137 -133 137 -64 137 -3 137 9 137 0

RPMH 4 242 4 198 4 261 4 279 4 275 4 283 1 216 4 316
316 74 316 118 316 64 316 37 316 40 316 33 214 -1 316 0
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R 7b. RUBELELHHAMRAEZ 48 /)RR RIS TR TR iR

Table 7b. Error of selective track-forecast techniques for typhoon OTTO 48-HOUR MEAN

FORECAST ERROR ( KM )

CLIP CHB HURA PGTH RITD BCGZ
CLIP 3 724
724 0
CWB 3. 724 3 548
543 -175 548 0
HURA 3 724 3 548 3 638 -
630 -85 638 90 638 0
PGTW 2 679 2 487 2 603 2 561
651 -127 551 64 551 -51 551
RITD 1 651 1 361 1 385 1 524 1 683
663 31 683 331 693 208 663 159 683 0
BCGZ 2 679 2 487 2 603 2 551 1 683 2 594
504 -85 594 107 594 -9 594 42 575 -107 594 O

FTc. HRELRRF TFS R EMB 08 BICR BN T HRAR 2 L
Fig.7c. The forecast errors of TFS model and EMB model for Typhoon OTTO

TFS ATRMERE (B A])

g8 12 HR 24 HR 36 HR 48 HR
080212 89 248 254 362
080300 137 133 338 -
080312 66 145 276 -
080400 145 226 - -
080412 45 - - -
35 96 188 289 362
EBM #RATE#ERZ (B o8)
a3 12 HR 24 HR 36 HR 48 HR
080212 192 447 552 704
080300 162 228 349 448
. 080312 141 181 285 -
080400 106 174 - -
080412 186 - - -
34 158 258 395 576
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8. BITREIERANM > 87 F8 H4HOKES H 17 REHNELAMABZNEDT
Fig.8. The distribution of accumulated rainfall in Taiwan area during typhoon OTTO’s
passage



%0300
BAER

9a. HRFEEEHEACHEE 24 /N TR TR QR ERE R ILBE
Fig.9a. The position forecasts of CWB and the best track of typhoon OTTO (1998)

EBM TYPHOON TRACK FORECAST DATE (98/08/02/122-98/08/04/12Z)
; H T T H

9b. EBM 13 2 T e 18 B B AT B R B (E P R LU B B
Fig 9b. The forecasts of EBM model and the best track of typhoon OTTO (080212UTC ~
0804120TC)
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TFS TYPHOON TRACK FORECAST DATE (98/08/02/12Z-98/08/04/12Z)

9c. TFS 2 THHRPE R LR E G R (ERE R ELIRE
Fig 9c. The forecasts of TES model and the best track of typhoon OTTO (080212UTC ~

080412UTC)
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REPORT ON TYPHOON OTTO OF 1998

Hsin-chin Hsu
Weather forecast Center, Central Weather Bureau

ABSTRACT

This article mainly deals with typhoon Otto ( 9802 ) about its origination,
evolution, track and meteorological factors. Discussions on its verification of vari-
ous subjectives and objectives tracking forecasts are also included.

Otto originated over the ocean east to Luzon of the Philippines and then
moved northwestly toward Taiwan. Its center landed on the Chen-kung town
( Tai-tung ) and later moved off, land to the sea from the Tai-chung area.

After passing through the Taiwan Strait, it made a second landfall on Mainland
China, and finally dissipated as a tropical depression over land.

The observations shows that there was a peak gust of 68.2m/s observed at
Lan-yu. Owing to the effects of cloudbands within the southwest quadrant of
Otto and the topography of Taiwan, a maximum accumulated rainfall of 412.5mm
was observed at the A-li-shan and also the heavy rain near its mountain area
during Otto’s passage. Severe property damages and losses of life in the south
part of Taiwan were reported.

The 24hr and 48hr official forecast errors of the CWB were 188km and
548km respectively.
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£ 1. BREERRERSHLERL - RERBUEBRERE
Table 1. The best track center positions, intensity and movement of typhoon YANNI
LS PLEE | PO 58 BE | EPUEKRRE | RESE
(UTC) (%) RE | EE j‘j{aj e (m/s) (km)
B | B | B |tk | =& | (hPa) (km/r) | Fg | B | CHRE | R
9 |27 |1822.6 {122.4{ 998 FEE | NNW 13 18 25 100 -
2810012291222} 998 82 | NNW 7 18 25 100 ---
06125711222} 996 | RE N 10 20 28 100 -
12244 (122.4] 996 g N 12 20 28 100 -~
18125.0 {122.7] 996 #E | NNE 12 20 28 100 -
29100258 1123.4] 996 #EE | NNE 18 - 20 28 100 -
06272 11243] 985 | #®pE | NNE 18 25 33 100 =
12} 28.7 [125.6] 980 CRE N 19 30 38 150 -—-
181309 (127.21 975 iR | NNE 30 30 38 150 -
30100 33.0[126.9] 980 | &% | NNE 28 28 35 150
06 34.5 [127.1] 985 A | NNE 32 25 33 150 -
121355 [127.5] 992 | &%= | NE 32 -




Bt %5 I 6 R U B S B Y R R A AE 300 ~
302 © K 2 - (B aEi R IR A 5
P - AEMEEBOBIBIR - SRR IE -
EF9 A 29 B 06UTC & - 1hifele < 2 &5
BEG @l S RS S - RO HIQ
¥ W7E29 B 18UTC ZEEI&H - (HRLOREB
WREGE 975 B~ LHRAZREFEHHERE
150 2B o Tl kbERe R BRI EILR - 5aREN
AT - F R ISR RE o

C BiER A 2 RER T NI ERBRR
=R

PR ESR B E E T OATER R B RZ R E (L
HH o K2 FIHHEE 6 NEHEZER - B 9

A28 H 02 B (M5l ) EAJCES 2L RE
C HRE A OENERINE 42 - TATILEE
ghIRE 9 H 28 H 06 B (M75EF ) BIABRRIZINE
RREE, - HBEE A OE B RN 4b FrHl - 1ERe
FERBHAN - HFRE R A EEEN
BREBTPRRRRREP OELFRZSZE - K
1 K& 7 SRR RS L AR E R - BR3
# 4 L8 BERUEN A E AN FE
TEABIRRE MBS IS TR - R 5 JIHIPRER
BB HTEEK ( CWB ) -~ ¥EHHE#E ( CLIPER
B HURRAN ) -~ RRIAHIZREEUES ( TFS )
AR E EEER A ( EBM ) MITEE)HTEHEN
Z 24 FHLAZ NFRBFHIS TR ERE o T
RERBDEHTERSE > 24 /NEFEL 48 /NP

127, 19084SER=27" X K
500hPa ANALYSIS-..) |/

CONTOUR INTERVALS 60.00 AND 5.00

1. 9 27 H 12UTC Z 500 BtH&SESRRE (FS5HRE 60gpm » FEHKEES C)

Fig.1. The S00 hPa analysis.chart at 12UTC September 27 of 1998

(contour interval of

geopotential height is 60 gpm and contour interval of temperature is 5 °C, whereas
contour lines of 5850 gpm are added as dash lines.
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Table 2. Warnings issued by CWB for typhoon YANNI
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CONTOUR INTERVALS 80.00 AND  5.00
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Same as Fig.1. but for 00UT
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CONTOUR INTERVALS 60.00.AND  5.00

4. 9 H 30 H 12UTC Z 500 HiamE S KRR (5 5HRHEIE 60gpm » FEHRMEES °C)
Fig.4. Same as Fig.1. but for 12UTC September 30 of 1998.
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Fig.8. CWB official forecasts and the best track of typhoon YANNI
(092712UTC-092900UTC )
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Fig.9. The forecasts of CLIPER (CLIP) and the best track of typhoon YANNI
(092712UTC-092900UTC)




3. PREFFEHE P OBIRREE G KSR (G ERE
Table 3. Center locations and intensities of typhoon YANNI observed by the Satellite Center

of CWB
BFE(UTC) i EfL SRE(GET
A H i varE & e T/ICUDSW/hr
9 75 06 156 1327 P 1.0/1.0
2 131 1335.7 p 10710
18 163 133.0 3 1.071.0
76 00 183 130.6 P 1.071.0
06 154 297 P 10710
2 8.9 13538 P 13713
I8 0.0 1251 P 15713
77 0 205 135.0 p 13715
06 308 1243 3 15715
2 377 1353 P 3.072.0/D/6
B 773 1536 P 357257076
73 00 33 8 1733 F 25/2.5,5/6
06 238 1221 F 3.0/5.0/D/6
2 244 o) F 3.0/3.0/D712
18 749 1227 F 3.005.0576
79 00 759 1253 G 3.0/3.0/5/6
06 373 1243 F 3.5/3.5/D/6
2 387 1256 F 4.0/4.0/D76
13 310 263 F 3.074.0/576
30 00 327 1268 F 3.0/4.0/5/6
06 343 1275 F 3.5/4.0/W/6
2 365 129.0 P 3.03.5/W/6

HIEE © PAURERBREAN 60 AR > FRFEMRE 30 LRE 60 ARZH - G ARENMRZERE 10
REE 30 QNEZH-

IR TERRE SRS 330 B K 336 o INEHEBREEEE » (KA 8 15 0 5 X 5
B 48 /NBEAIE 519 AEK 892 AH » REN PR ANV R TS A R E K o

AHAWE (E 11 ~ @ 12 ) - He TFS M7 @13 59 A 28 H 02LST X 29 H 02LST
FrEd R EREE HTREEREL . FHFEEK ALY MR 2 EE - BRI IRRER R -
RIBZIER - Z5 EBM #ERBI BN FESE LD ErRRSTSN - (ARES B IR
SRR - ERRARTACREL ¥ R R RECHEEAA - TR RS

FRECEDE LR - o EROED LB E S BRI ASER - KRER
B BRRAVEMMARBEEpE 0N SOTMRRCHEN (E14) .
- | BRI B RSB A M G T+ G

LAREEBEGE BRI R - &
iR R BTG BT R RER - BBEAZ g ol i AR T BRI B o DUTHR
AL RS AR SR8 (B 7 ) - RRT g @R 48 S 000 REE - 8516 KR %



Fda. fCHETEEL (46699 ) HiGlBE A L EREENR
Table 4a. Center locations of typhoon YANNI observed by Hualien ( 46699 ) radar station

FFEILST) it TR 5 W FEL
H H 15 (%) (3] () (km/hr) UE 4 (R
9 28 02 2232 12287 TETENE(46699)

03 22.44 12243 "
04 2244 12214 269 32 z
05 22.36 122.26 133 18.9 "
06 22.62 122.16 301.5 125 ~
07 22.72 12230 523 18.3 "
08 22.9 12233 3442 205 z
09 23.01 122.20 336.3 135 "
10 23.14 122.29 34.6 17.7 T
11 2336 12234 95 248 "
12 23.49 12225 3235.5 162 "
13 2339 12227 354.7 113 "
14 23.75 122.22 3342 17.9 z
15 23.82 122.25 214 3.4 z
16 23.96 12231 21.9 173 '
17 24.14 12237 16.6 20.7 "
18 2424 122.43 274 12.4 "
19 2428 122.56 71.9 135 "
20 2431 122.58 37.8 3.9 "
21 24.4 1226 122 1.1 "
2 24.32 122.58 3505 132 "
23 24.62 122.65 30.0 12.7 -
24 24.82 122.70 133 22.8 "
29 01 24.97 122.74 11.7 173 "
02 25.08 122.79 25.7 2.8 "
03 2521 122.77 349.6 152 "
04 25.28 122.92 65.1 17.0 I
05 25.40 122.99 25.6 15 "
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F4b. LT EN ( 46685 ) EMBIEREE AL BEERNL
Table 4b. Center locations of typhoon YANNI observed Wu-Fen-Shan (46685) radar station.

FFEILST) b= R FiE R BELS
A H r (%) () (53) (km/hr) UE 2 (FRAT)
9 28 06 229 1223 338 10 |4 ILI05(46685)

07 22.9 1224 270 3 "
08 229 1223 314 12 "
09 231 1222 333 14 "
10 23.1 122.1 315 11 "
11 233 1221 0 3 "
12 235 1222 4 15 "
13 236 1222 14 8 2
14 23.7 122.2 350 12 "
15 238 1222 339 1 "
16 239 1222 359 12 "
17 24.0 1223 30 25 "
18 242 1224 49 15 "
19 243 122.4 22 13 "
20 244 122.4 359 11 "
21 245 122.4 44 14 z
22 246 122.5 31 11 0
23 247 122.6 26 17 "
24 248 122.7 16 12 "
29 01 25.0 122.7 7 17 "
02 25.1 122.7 10 17 "
03 252 122.8 3 13 "
04 253 122.9 T 17 "
05 254 123.0 3 13
06 2553 123.2 11 21 ”
07 257 123.3 24 24 ,
08 259 123.4 36 27 .
09 26.0 123.6 43 19 "

— 81—



K5, BiEReRHRERBEE - A R HEAERERESE (BIAR)
TableS. Error statistics for CWB’s forecasts, statistical and dynamic models for
typhoon YANNI

ssppeng [CWB 25 CLIPER | HURRAN TFS EBM
(UTC) 1oy /(a5 148 /i |24 /\BS 48 /[NES| 24 /[\EF | 48 /B | 24 /)NES |48 /NES | 24 /)NES |48 /)i
092706 127 | 323 | 39 | 316

092712 172 | 643 305 945 144 389 340 918
092718 i 114 | 604 | 233 896 | 202 819

092800 | 223 | 892 | 242 | 744 265 349 317 649 304 865

092806 | 283 878 135 689 169 422

092812 | 331 151 199 411 416 439
092818 | 537 405 456
092900 | 421 466 367 442 382
092906 | 407 364 238
S 331 791 258 | 543 246 639 350 519 366 8§92

3

-

£

[E 10. HURRAN i AR (R BUSIERE BUR (RIS R 2 LLBE ( 092712UTC £ 092900UTC )
Fig.10. The forecasts of HURRAN (HURA) and the best track of typhoon YANNI
( 092712UTC-092900UTC )



K6, BRBERSHHRARERERIR (FHBHAR)

Table 6. The meteorological elements summary of CWB stations during typhoon YANNI’s passage
0 T RME TR AR REEE FCAHHE] R, BATHER A% 7K B (mm) ek i (mm)
P et 5310 Bt | asE) | Mg | BERD | R | A EEE | R | B 1L ACLAD5E] +535% AL LA R 2R
(Ps) | (ST | Oy (LST) [(%RH)| (LST) | (ws) | () (LST) | (ws) | () (LST) (LST) (LST) (LST)
GifEml [ 996.8 | 29/03:43 | 26.1 | 28/01:43 | 82 | 28/01:44 | 269 | 340 | 29/04:25 | 21.8 | 320 | 29/05:30 | 42.5 | 28/12:00 155 28/12:10 | 166.6 |27/23:02 - 29/06:25
KL 999.0 [ 200142 | 274 | 28/05:24 | 83 | 29/05:42 | 19.0 | 130 | 28/0547 | 9.4 10 | 28/11:28 | 27.5 | 2840912 9.0 28/09:35 | 125.0 |27/23:00 — 29/08:00
WEE | 139891 29/03:00 | 21.6 | 28/09:08 | 94 | 28/11:03 | 232 | 340 | 29/03:06 | 16.7 | 350 | 29/03:24 | -22.5 | 28/06:24 11.0 28/06:24 | 2252 | 27/19:01 —29/08:00
Pyl (100071 2903:06 | 239 [ 2813:12 [ 92 [ 29015:00 | 173 | 340 [ 29/09:57 | 9.7 | 350 | 29/09:47 | 27.0 | 28/07:44 14.0 28/06:21 | 250.6 |27/23:00-29/15:00
4t 10004 | 29/02:02 | 27.7 | 28/13:38 | 78 | 29/07:29 | 13.1 | 330 | 29/07:49 [ 58 | 290 | 29/03:58 | 40.0 | 28/09:29 13.0 28/06:11 | 1458 |27/23:00 - 29/08:00
PR 1001.0 | 28/14:25 | 262 | 28/16:18 | 86 | 28/02:46 | 13.5 20 [ 28/11:45 | 73 10 | 28723:02 | 210 | 28721:17 10.5 28/20:19 | 114.0 |27/18:18 - 29/13:06
il 1000377 28/14:28 | 27.5 | 28/13:09 [ 69 | 28/00:19 | 21.6 | 20 [ 28/11:32| 149 10 [ 281138 | 2.0 | 29/04:19 1.0 28/18:10 80 | 28/01:05-29/08:10
i 999.6 | 28/14:33 | 27.7 | 28/12:46 | 77 | 27723:00 | 119 | 70 | 28/12:58 [ 5.1 20 | 28/13:03 | 29 | 28/20:55 12 28/21:17 11.8 | 28/02:30 - 29/05:30
[1)7 | 8908 | 281433 | 216 | 28/10:07 | 87 | 28/02:56 | 7.7 | 250 | 29/01:06 | 3.2 210 | 28/14:59 | 5.6 | 28/06:58 20 28/22:08 303 | 28/00:42 - 29/03:20
218 1003.4 | 28/15:00 | 283 | 29/07:50 | 72 | 29/07:50 | 22.4 | 360 | 28/07:25 | 11.0 | 360 | 28/07:05 | —- 0
gid5E, | 10016 | 28/14:28 | 281 | 29/08:28 | 71 | 29/09:00 | 27.0 2 28/09:23 | 19.0 1 28/09:27 | 0.7 28/02:53 03 28/03:42 1.6 | 28/01:21 —28/08:05
Rt | 3079 | 2871434 1 19.0 | 2971007 | 67 | 27/10:46 | 107 10 | 2818321 48 80 | 29/05:28 | 8.0 28/06:25 35 28/18:20 425 | 28/02:35 - 29/04:40
Fil* [ 20087 28/15:00 | 88 | 28/13:10 | 99 2:10] 100 | 270 | 281950 | 7.7 28/06:00 | - 2.0 2800620 | 685 | 27/23:00 - 29/04:00
¥ 996.9 | 28/14:26 | 269 | 28/11:00 | 88 | 28/15:00 | 11.1 10 | 28/15:40 | 6.1 350 | 28/19:49 | 40 28/12:07 13 28/12:54 6.9 | 28/06:30 - 29/06:30
5 999.7 | 28/14:57 | 27.7 | 28/15:25 | 78 | 28/00:32 | 14.5 10 | 2872251 | 86 | 360 | 28/13:41 1.0 | 28/18:00 0.5 28/18:20 1.7 | 28/07:20 - 29/04:10
e 9992 | 28/14:30 | 29.8 | 28/13:08 | 73 | 28/00:06 | 156 | 20 | 2820140 | 82 340 | 282041 | 06 28/09:30 02 28/09:30 1.8 | 28/03:30 - 28/10:30
s 9957 | 28/15:34 | 2909 | 28/16:06 | 72 | 28/11:23 | 199 | 300 | 28/01:03 | 7.0 | 360 | 28/06:06 | 1.0 | 28/02:25 05 28/02:25 40 | 28/02:25 - 28/09:20
T 996.6 | 28/19:18 | 27.0 | 28/14:39 | 81 | 28/15:09 | 30.5 | 30 | 27722/41 | 180 | 30 | 27/23:00 | 120 | 2%/12:06 9.5 27/12:43 69.0 |27/05:18 —28/09:36
PN 9954 | 28/15:11 | 29.1 | 281525 | 76 | 28/15:46 | 7.6 9 28/15:54 | 3.8 5 28/16:27 | 39 | 28/03:00 12 28/07:16 | 21.8 | 28/00:03 - 28/08:22
Py 996.6 | 29/03:23 | 31.7 | 29/10:00 | 66 | 29/09:00 | 6.6 65 | 28/00:34 | 2.3 360 | 28/00:43 | 80 | 28/01:00 20 28/01:00 | 49.5 |27/05:38-28/13:10
33 996.2 | 28/17:32 | 32.1 | 29/11:31 | 73 | 29/09:39 | 133 s 28/01:50 | 8.2 4 2772331 | 220 | 28/04:32 6.0 28/04:55 | 61.0 |27/04:40-28/15:50
(T 9953 [ 281553 | 312 | 291118 | 75 | 29/11:19 | 165 | 70 | 28/11:07 | 9.0 40 | 28/11:14 | 150 | 28/04:15 55 28/04:50 | 126.0 |27/22:05—28/19:20
L 997.8 | 29702:16 | 28.1 | 28/12:04 | 69 | 29/09:00 | 10.7 | 50 [ 28/12:34 | 5.7 20 | 28/12:38 | 245 | 28/05:06 150 | 28/05:12 | 157.5 |27/23:00-29/03:10
GEm 996.9 | 29/03:39 | 30.0 | 29/10:06 | 60 | 29/12:26 | 17.4 | 110 | 29/08:24 | 104 | 80 | 28/05:15 | 340 | 27/16:50 13.5 27/22:46 | 235.8 |27/02:40 - 29/03:20
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Table 7. The daily and total accumulated rainfalls (mm) at each CWB stations

during typhoon YANNI’s passage

i lpa 9F27H | 9H28H8 | 94298 5t
SR 17 136.0 289 166.6
e 7.0 [18.3 i3 125.0
854 a2 148.5 325 2252
T 5.6 178.0 67.0 2506
=iE 03 140.1 5.2 1458
Fre 7.0 88.0 181 114.0
s 0.0 353 13 80
Zh 0.0 10.6 12 s
=R 0.0 26.0 13 303
i 0.0 0.0 0.0 0.0
==a 0.0 16 0.0 16
B 0.0 325 10.0 053
T 04 54.8 133 685
== 0.0 64 05 6.9
L 0.0 17 T 1.7
=1 0.0 I8 0.0 I8
e 0.0 10 0.0 10
g 353 337 0.0 69.0
K 0.0 718 0.0 218
L 9.0 305 0.0 193
Heh 105 505 0.0 61.0
TE 5 1245 0.0 126.0
R 107.5 1253 30 7358
e 55 1415 0.5 13753

FiFEE @ T {NSRMED
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# 8. HiEREZENM SRR R EE - RN EER R
Table 8. The maximum wind and the peak gust at each CWB stations during
typhoon YANNI’s passage

A ‘ %k?ﬂ@% R E
7 BUR(m/s) | ¥R HIRBSELST) | Eo(nvs) | $RERS| IRFFRA(LST)
A 21.8 9 2905 269 10 2905
=i 9.4 5 2811 19.0 8 2806
e 16.7 7 2903 232 9 2903
T 9.7 5 2910 173 8 2910
=i 5.8 4 2904 13.1 6 2908
B 73 4 2823 | 135 6 2812
ey 14.9 7 2812 21.6 9 2812
& 51 3 2813 11.9 6 2813
HAE 3.2 2 2815 77 4 2901
B 11.0 6 2807 20.4 9 2807
EEE 19.0 8 2809 27.0 10 2809
[SET 4.8 3 2905 10.7 3 2819
ST 10.0 5 2820
== 6.1 4 2820 11.1 6 2816
=5 8.6 5 2814 145 7 2823
i 8.2 5 2821 15.6 7 2821
HE 7.0 4 2806 19.9 8 2801
iR 18.0 8 2723 30.5 11 2723
PN 3.8 3 2816 7.6 4 2816
=E 23 2 2801 6.6 4 2801
RLh 8.2 5 2724 133 6 2802
EiE 9.0 5 2811 16.5 7 2811
RS 5.7 4 2813 10.7 5 2813
Erim 10.4 3 28053 17.4 8 2908
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TS - ERHT U R AE =S 100
NIE - HERIRA FER 2 ETE 65 A& -
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EREEREEE - bRe Bk = R LR
b= - BT BIERSY - BB SRR H et b
RGN - RO AR ILE A FRAEB L

o

R

TERFRTE X+ SR GRIE b - & DS IRy
42.5 NEK 151 DEER S o EFRERERKEER

W S R 75 TH > S ER oy Bk £ B AE P EE AT
Py LAdbitsE R EBRITEE LU © 252 ~ 5ab K
BRIk A ST (B 16 ) FIEHR 28 HiF
SO EILERE St A e R 2 A - KRS E
HONA > TR 25 28 H AR R GIEREE
HEERALE AR AN AR5 o M s ERY fE5E A At
EEHMRERE (B 17 ) o EREF R YIER
FEZ s - EBIRRRNEEIRR o ZERFEWRT
LR TR - 1b B 802 B SRR ek ) R 9 e R B P 0
(B 18 ) » BURHBARAME 7R 8 4 i AR B
TR AR - (BReEBER 1R AT [ ERT R
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11. TFS A2 IR EUS TR R A RS 2 e ( 092712UTC % 092900UTC )
Fig.11. The forecasts of TFS model and the best track of typhoon YANNI (092712UTC-
092900UTC)

12. EBM #\Z THEREE R EUG R R BR (£ C 2 HLigE ( 092712UTC % 092900UTC )
Fig.12. The forecasts of EBM model and the best track of typhoon YANNI (092712UTC-
092900UTC)
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REPORT ON TYPHOON YANNI OF 1998

Der-Song Chen, Kang-Ning Huang
Research and Development Center
Central Weather Bureau

ABSTRACT

Typhoon Yanni (9809) was the minth typhoon in 1998 over the northwestern
Pacific Ocean; it also was the third typhoon that the Central Weather Bureau
(CWB) issued warnings in the year. Typhoon Yanni formatted around 22°N -~
123.3°E at 15UTC of September 27, and then moved northwestward toward
Taiwan. This typhoon did not make landfall on Taiwan, the interactions of trough
and typhoon Yanni let it turn to northward when it was near Taiwan. After the
typhoon passed 24°N, it changed its moving direction from northward to north-
east-northward by the effect of trough, and made landfall on the southern part of
Korea at 06UTC September 30 finally. Yanni was a weak typhoon and no serious
damage was reported when it invaded Taiwan.

The 24/48hr forecast errors of TFS and EBM were 330km/519km and 366km
/892km respectively. The 24hr and 48hr official forecast errors of CWB were
331km, 791km respectively.
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Figure 1. The epicenters of the earthquakes recorded by broadband stations during December 1995 to
September 1996,



event date time* lat. 1lon. depth** ML ANP HWA YNG
A 19951218 16:17 24.02 121.68% 22.1 .8 =z X
B 19951220 23:56 24.05 121.71 33. X
C 19951225 19:05 22.82 121.36 12,
D 19960107 16:17 24.62 121.63 41.
E  199€0108 13:04 24.09 122.23 15.
FO19960117 12:12 23.28 121.62 25,
G 19960120 04:24 23.34 121.40 1le6.
H 19960122 19:22 24.93 121.72 66.
I 19960123 14:23 24.51 121.56 58,
J 19960202 16:53 23.82 122.38 1.
K 19960205 08:57 23.89 121.71 23.
L 19960305 14:52 23,93 122.3¢ 6,
M 19960305 17:32 23.90 122.30 10.
N 19960326 15:42 24.27 121.89 31.
O
P
Q
R
5
T
U
vV
W
X
Y
Z

L
I ®

XoOoXox W

19960328 17:53 24.02 122.29
19960329 03:28 23.97 122.33
19960407 16:55 23.47 120.686
19960410 14:14 22.97 121.51 13.
19960419 07:26 23.71 121.80 29.
19960528 231:53 24.05 121.58 25.
19960609 01:30 24.04 121.58 47.
19960721 05:11 24.45 122.44 65.
19960727 00:26 24.33 122.03 7.
19560729 20:20 24.49 122.35 65.
19960810 06:23 23.89 122.65 5.
19960905 23:42 22.00 121.37 14.
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Table 1. Data collected by the broadband stations from December 1995 to September 1996.
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Event M
1996/03/05 17:32

to=4.2s, 11=1.2s, {2=2.4s
Moment=5.12 X 10?* dyne om
Strike=57", Dip=78", Rake=72

error=0.5802

aEF T B m &
Time, s8¢

B 2(A). AW BIRARHIAE - RIFRRIRRE - S\ )RR AR RE(T) - BiE

i % o 15 2o 5 W

Thme,sec

R LI TP REF R A - WEM -

Figure 2.(A) Focal mechanism solution, source time function, and the observed (top) and synthetic
{(bottom) displacement waveforms for the events in this study, The mechanism diagram is

§ & 1o 15 X 25 3o

Time,s6¢

-V

plotted on the lower hemisphere of equal area projection. For the event M.
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Event O

1996/03/28 17:53

to=1.9s, t1=1.1s, t2=2.2s
Moment=2.30 X 10?* dyne - cm
Strike=210°, Dip=17°, Rake=73"
error=0.6113
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¢ & 7o 15 20 35
Time,sec
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” ‘w/\/\"\/\/\/

ANP- Wd YNG-

ANP- YNG-

[ 2(B). [FIE 2(A) - #E2 O -
Figure2.(B) The same as Figure2(A) for event O.
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Event P

1996/03/29 03:28

t0=0.0s, 11=1.4s, t2=2.8s
Moment=1.09 X 10?2 dyne * cm

Strike=93°, Dip=66°, Rake=83"

error=0.5616
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fo 15 20 25
Timse,sec

ANP{}D M
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0 5
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EW

2(0). [EIE 2(A)  HFEP -
Figure2.(C) The same as Figure2(A) for event P.
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EventT

1996/05/28 21:53

to=0.4s, 11=1.3s, t2=2.6s
Moment=3.32 X 10% dyne * cm
Strike=85", Dip=73", Rake=114"
error=0.5580

Hagnitude: 5.} (ML
D!P 1 37 ID'

RFI(EI 45 D“

& 28 2];53:22,35
Vication ,z% fgl L4728, %85 o ///"'

10 15 20 25 &0

Time, sec
0 § o 15 20 25 30 0 & 10 18 20 25 30
Time,sec Time,sec

ANP- M YNG- W«v/\,\,\/”\’\

ANP- ‘/\/\/\,\J\J_,V\ YNG-
NS NS MM\[V

ANP- YNG- —MMA
Vo e T
[ 2(D). [HE 2(A) - H2EE T B2E P ERIENEATE < BRI -

Figure2(D) The same as Figure2(A) for event T and focal mechanism solution determined by P-wave
first motion..
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Event W
1996/07/27 00:26
to=0.9s, t1=1.2s, =2 .4s

Moment=1.02X10%* dyne + cm
Strike=90", Dip=86", Rake=-29°

error=0.6498

\

0 & 10 15 20 25
Time,sec

0 5 1o 18 20 25
Time,sec

[ 2(E). [FliE 2(A) - B W -
Figure2.(E) The same as Figure2(A) for event W.
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Event X

1996/07/29 20:20

to=1.8s, t1=1.3s, t2=2.6s
Moment=2.44 X 10% dyne - cm
Strike=223", Dip=51°, Rake=136°
error=0.4830

|

[

0 5 10 15 20 25

Time,sec
d & 10 15 20 25 6 5 fo 16 20 25
Time,sec Time,secC

ANP- _M YNG-
SV
ANP- ,,._/\“’“»«»\/J\. YNG-
YA :
ANP- YNG- ___A_.\,J\,\/
B N e Y

2F). [HE 2(A) » B X -
Figure2.(F) The same as Figure2(A) for event X.



EventY

1996/08/10 20:20

to=0.7s, t1=1.2s, 12=2 .45
Moment=3.29 X 102 dyne * cm
Strike=242°, Dip=47°, Rake=124"
error=0.6925

)

0 5 10 15 20 25 a0

Time,sec
¢ & 10 15 20 25 30 0 & 10 15 20 25 30
Time,sec Time,sec
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ew | T\ EW

w/"\/\__/—/\/

B 2(G). [FIE2(A) HEY »
Figure2.{G) The same as Figure2(A) for event Y.



Event Z
1986/09/05 23:42

to=4.9s, t1=3.2s, {2=6.4s5
Moment=3.70 X 10%* dyne - cm
Strike=238", Dip=29", Rake=138"
error=0.5563

g 10 20 Jo 40 36 &0
Time,sec

o 10 20 dv 4o S0 60 ¢ fo Fo 30 40 sU 60 d o 20 b 40 50 éo
Time,sec Time see Time,sac
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- - =
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Figure2.(H) The same as Figure2(A) for event Z.



Harvard USGS This study

M
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T
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X
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Rarvard UsGs This study
NPL(S,B,R); NP2{S,D,R);| NPL(S,D,R); NP2(S,D,R);|NPL(S,D,R): NP2(S,D,R);
Moment. (dyne - cm) Moment {dyne- cm) " Moment {dyne-cm)
M | 68,79,78: 296,16,147; 57,78,72; 294,22,145;
7.33x 10 5.12 x 107
P | 362,17,145; 65,80,76; 210,11, 41;79,83, 98; 43,66,83; 290,25,105;
5.20 x 0™ 3.4 x 10 1.09 x 10%
X | 176,51,46; 53,56, 130; 223,51, 136; 344,57, 48;
1.77 % 10%° 2.44 x 10%
Y | 286,29,151; 42,76,64; 242,47, 124; 17,52, 59;
3,42 x 10% 3.29x 108
Z | 217,39,113; 8,55,73; 12,47,62; 229,49,117; | 238,29,138; 6,71,68;
| 1.86 x 10* 9,4 x 10¥ 3.70 x 10%

[ 3. ARG E MRS - STE - HIRAEEAA  CMT RF USGS i Hhis - BRIl F oM a G S m .
Figure3. Comparison of focal mechanism solutions ,nodal planes and seismic moment to that determined by Harvard group, USGS and this study.

The mechanism diagrams are plotted on the lower hemisphere of the focal sphere suing equal area projection.
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MOMENT TENSOR INVERSION USING BODY
WAVES RECORDED BY
BROADBAND SEISMOMETERS IN THE TATWAN
REGION

Chi-Fong Chang"? and Masataka Ando'
"Research Center for Earthquake Prediction,
Disaster Prevention Research Institute, Kyoto University
Institute of Applied Geophysics,

National Taiwan Ocean University

Abstract

Two three-component broadband seismometers (STS-2) were installed at Anpu and Hualien
Weather Service offices by the Central Weather Bureau in December 1995. The accumulated broadband
data inciuding the data recorded at station Yonaguni Island af the Japan Meteorological Agency during
December 1995 to September 1996, offer an opportunity to find the source parameters, focal mechanismsg,
seismic moments, and moment tensors of the earthquake offshore east to Taiwan in terms of the moment
tensor inversion method. The focal mechanisms obtained by this study are generally consistent with the
CMT solutions of the Harvard group and USGS, but the seismic moment is smaller than that of the
Harvard group. _ '

Key words : Broadband seismometer, moment tensor inversion method.
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Abstract

In the current stage of model development of NWP, it becomes as a necessity to advance the
application and to arouse possible potentiality of NWP products. The development of statistical
forecast technique is one of the advanced utilization of NWP products. Because of statistical forecast
guidances, which are extracted from the synoptic weather signal of NWP forecasts, the forecaster can
learn a better future features of variation and intensity of the local weather elements.

In the third phase of CWB meteorological forecast modernization, the development of the
statistical forecast system has been initiated, To support the future development of NWP model in
CWB, this deulopmnet of the system is designed to provide a flexible environment, which offer prompt
process to maintain and to form the statistical forecast model. This system is mainly designated to
execute multiple statistical forecast schemes (PP, MOS, etc) for different NWP models simultaneously.
Also, to prevent the interruption of the WINS operation system caused by model maintenance, the

external windows have been concerned to input the maintenance parameters. Four consecutive



sub-systems are included in this system : (1) collecting and preparing input data, (2) developing
forecast equations, (3) operating the WINS statistical forecast system and (4) verifying the forecast
products. The mutual working procedures among the four sub-systems have been described deeply
and detailedly in this paper, ‘

Currently, three forecasting gpidances, which based on the CWB_LAFS products, are developing.
They are 12-hour PoP, daily maximum/minimum temperatures and daytime cloud cover amount. Not
only this system is highly expected to improve the service performance of CWB short-range forecast,
but the technical forecast schemes will be migrated to support the median- and long-range forecast

programs in the future.

Key words : Statistical forecast
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TYPHOON | DATE | 4HR | 48HR | 2HR TYPHOON | DATE | 24HR | 48HR | 72HR
Tom 96001400 | 235 |23 | 418 97101700 [93 |28 | 2%
96091412 { 165 | 151 |24 o017 J 102 {207 | 158
96001500 175 | 122 | 30 97101800 [ 226 {346 | 134
96091512 |34 |60 |46 901812 1193 (190 |7
Violet 96091400 | 264 | 280 | 268 g7101900 | 267 {215 |1
96091412 [ 116 {126 | 204 01912 | 145|233 | 333
06091500 |91 1221 1453 O7102000 [ 112 1193|292
96091512 | 124|233 [ 236 97102012 | 26 | 215 {23
Dale 96110812 | 204 | 154 | 280 9710200 | 236 | 308 | 435
Emie 90111012 [ 193|197 |39 OTI0010 | 168 |28 | 193
Peter 97062412 | 58 1157 138 | Joanm 7101600 |70 |78 |1
Rosie 0NN {7 |8 | 14S om01612 |6 {113 | 10
G700 165 [ 20 om0 | 126 | 263 | 338
GO |70 |9 4% oroiTiz | 131 (1% | 255
O07200 |46 |91 | 6l6 9701800 | 182 [ 326 | 556
07212 | 112 |5 GTI01812 | 168|401 | 452
g07300 |45 |3 | 607 gI01900 | 73 |39 |26
Winme ~ { 97081400 {95 {75 |3 97101912 1 106 {61 | 260
97081412 160 j46 | 10I oo {22 |14 |30
97081500 | 125 |18 |14 oo 91 |07 |4
o7081512 |61 89 M 02100 171 1390 | 635
Amber | 97082602 [ 130 [ 197 {167 97102112 | 186 | 388
Bing 97083112 | 204 [ 310|267 | Keith 02 1149 | U |39
Ginger | 97092512 [ 142 {180 |54 9710300 | 164 | 245 | 678
07092600 1129 | 236 | 623 97110400 | 108|279 | 331
Ivan 97101600 | 201 | 286 |4ll e RN VR R PR
97101612 | 84 |14 |24 oTiI0s0 |33 | 1%

S TS ERERRRS T NI S B SR WAL RIS
Table 1:Date , typhoon name & 24/48/72 hours TES forecast errors(km) of 34 selected cases
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(b) Forecasting Errors of 72H/48H
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Figure2b. 72/48hours comparison forecast errors of TFS for 54 cases.
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Figure3. 72 hours forecast track(thin line) of TFS and best track (coares ling)for typhoon
Viloet(1996/09/14/00 UTC).
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Figured. 72 hours forecast track (thin line) of TFS and best track (coarse line) for typhoon
Winnie(1997/08/14/12UTC)
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Figure5. 72 hours forecast track(thin line) of TFS and best track(coarse line)for typhoon
Amber(1997/08/26/12UTC).
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Figure7. 72 hours forecast track(thin line) of TFS and best track (cbarse line) for typhoon Rosie (from
1997/07/20/12 to 1997/07/23/00 UTC, interrals 12 hours})
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Figure8. 72 hours forecast track (thin line) of TFS and best track (coarse line) For typhoon Keith(from
1997/11/02/12 to 1997/11/05/00 UTC, interrals 12 hours)
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PRELIMINARY RESULT FOR 3-DAY FORECAST OF
THE TYPHOON TRACK FORECAST SYSTEM IN THE
CENTRAL WEATHER BUREAU

Der-Song Chen, Tien-Chiang Yeh, Kang-Ning Huang, and Shinn-Liang Shieh
Central Weather Bureau ‘

Melinda S. Peng
Naval Research Laboratory, U.S.A.

Abstract

Typhoons often cause the most damage among all weather systems in the Taiwan area. So typheon
forecast is one of the most important tasks to the Central Weather Bureau (CWB). There are two reasons
that we try to study the feasibility of extending the forecast range of the typhoon track forecast system
(TFS) from current 48 hours to 72 hours. One is that the CWB’s TFS performance has improved in recent
years; the forecast product of TFS now has become the major guidance to the CWB’S forecasters in
typhoon seasons. The other one is that the computer resource was upgraded in 1999. In this study, 54
cases are selected from 1996 and 1997 for TFS simulations. The results show that TFS is able to perform
the reasonable forecast to 72 hours. The mean 72 hours track forecast error of 54 cases is 332 km. The
mean increment of errors is 77 Km from 48 hours forecasts to 72 hours forecasts. Since the new function
of extending the forecast range to 72 hours shows positive results to TFS, it has been implemented in the
TFS operational environment. The operational tests started in the 1999 typhoon season.

Key words : Typhoon Track Forecast System.
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tHlomogeneous Comparisen of TS, CWEB and CLIPER Forccast Errors in 1999
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‘TFS Forccast Errors for Typhouns Maggie, Sam and Dan in 1994
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THE OPERATIONAL FORECASTS OF THE
TYPHOON TRACK FORECAST SYSTEM
IN THE CENTRAL WEATHER BUREAU IN 1999

Kang-Ning Huang, Der-Song Chen, Tien-Chiang Yeh, and Shinn-Liang Shieh
Central Weather Bureau

ABSTRACT

The Typhoon Track Forecasting System (TF¥S) has provided 48 hours objective typhoon track
forecast guidance since 1994 (Chen et al. 1995). Some changes of the forecast system in year 1999 are: (1)
The forecasting range was extended from 48 hours to 72 hours. (2) The initial conditions and the lateral
boundary conditions were from a higher resolution global forecasting model of T120. (3) The derived
winds from satellite observations and synthetic observations (Terng et al. 1998) were included in the
global model analysis. (4) A subjective selection function was included in the initial typhoon vortex
bogussing procedure.

TFS has provided the operational forecast for 15 typhoons over the Western North Pacific in 1999.
The averaged 48 hours distance error is 276 km. In homogeneous comparison, the error is smaller than
. both the CLIPER forecasting error (423 km) and the official forecasting error (296 km) of the Central
Weather Bureau. For the 72 hours forecasts, the averaged distance error is 516km. Although the error is
stilt smaller than that of CLIPER error, however the error is significant grown from 48 hours forecasts to
72 hours forecasts. Large forecasting errors were found for cases of typhoons in recurving, moving into
the westerly, and in the lower latitude over the South China Sea. TFS tends to forecast too late for
recurving, and too slow when moving into the westerly. Large right side errors were also found for the
forecasts of the typhoons moving westward in the lower latitude when they were over the South China
Sea.

Key words : vortex bogussing, initial condition, lateral boundary condition.
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THE SUMMARY OF
TYPHOON OBSERVATION ANALYSIS AND
STATISTICAL FORECAST STUDIES IN 1999

Shinn-Liang Shieh and Tien-Chiang Yeh
Central Weather Bureau

ABSTRACT

Typhoon is one of the most severe weather systems in theTaiwan area. The associated strong winds

and heavy rainfalls caused the most loss of human life and property among meteorological disasters in the

area. To reduce the impact of the destructive typhoon, the study of improving typhoon forecasts and flood

mitigations was selected by the over the National Science Council as the highest priority over the

National Science-Technology Research Program. "The Summary of Typhoon Observation, Analysis and

Statistical Forecast Studies" is one of the integrated research project under the Program. This report

briefly introduces the objectives and the approaches of the studies. Major achievements of the studies

during the period of from August 1998 to July 1999 are aiso summarized.

Key word: Typhoon, statistical forecast
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Comparison of Observed and Predicted Isoseismal Map

1999,0921 Chi-Chi Earthquake
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Final Displacement Distribution
21 Sep. 1999 Chi-Chi Earthquake
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SOME SEISMOLOGICAL ASPECTS OF THE
CHI-CHI EARTHQUAKE

Peih-Lin Leu, Wen-Chi Hsiao, Tzay-Chyn Shin and Chien-hsin Chang

Seismology Center, Central Weather Bureau

ABSTRACT

The Chi-Chi earthquake is the largest inland earthquake in Taiwan in the 20™ century. It caused
severe damage in central Taiwan. Three possible induced earthquakes triggered by mainshock are being
examined from stong ground motion data.  The occurrence of these three triggered events can be used
to explain the difference of preliminary isoseismal map issued basing on real-time data and the final one.
They can also explain why a wide area of aftershock distribution was observed. On the other hand, the
overshot of ground motion ai those stations located near the northern end of ChelungPu fault is probably
the reason of complex surface ruptures observed between FengYuan and TungShih.

Keywords:Chi-Chi earthquake, Induced ecarthquake, Isoseismal map, Overshot
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A VERIFICATION ON THE CWB’S PROBABILITY OF
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Kuo-Chen Lu and Shinn-Liang Shieh
Central Weather Bureau

ABSTRACT
The skill score, Brier score, and reliability of the CWB’S Probabililty of Precipitation (POP) for
the period of 1993-1998 were calculated to evaluate the forecasters’ performance. Verifications of the
POP for each local area and the overall performance for Taiwan were also analyzed.

The result shows that the overall skill score was increasing year by year. By comparing the skill
scores of the local area forecasts, we found that the skills used for northern Taiwan are higher than those
for southern Taiwan, and those for western Taiwan are better than those for eastern Taiwan. A seasonal
difference shows the wintertime skill score is better than that of the summer time. But during the
periods of seasonal change, e.g.  April and November, the forecast skill is much lower than its seasonal
average. According to the spatial distribution of wet and dry biases, we found that a wet bias is
signnificantly on the east side of Taiwan and some dry bias on the west side of Taiwan.

Keywords; Probability of Precipitation , Skill Score,
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Table 1. Reliability analysis of statistical regression forecasts on PoP using LAFS objective
analysis data during Apr. through Jun. In 1999.
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Table 2. Same as Table 1, except for LAFS on 12-h projection.
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Table 2, Same as Table 1, except for LAFS on 36-h projection. -

#

T

D:7

11

W

D:4

14
12

11

W

D:5
-D:4

W

W

D:5

10
10

11

W

W

D:5

D:5

W:

10 D:7

W

9

7

W

W

13 D:4

10

W

D:7

W

H & (08-20)

16

W

5

W
W

27

8 D:1

:0

W
W

5
8
g

W :

|
01

D
D

W

W :

W

5
2

W

W
W

01

D

03

05
' 5

w

01

W

03
:5
' 8

W
W
w

01

D

'3

W

& [E (20-08)

<7

W

:5

W
W
W
W

1

D:

12
03

D

w
W

24
1
03

w

3

W

3
1

W

D

W
W

24

D
D
D

'3
03

23
o4

A4
W

:3

?:__\__}

E G
CE:
o

&

40

il

o

1%
H

E

i

&

o

i
o

fia
ik

i

*

o

=
i

It

s
£

*

A1

0

L

ToF W | W6

b =
7

e

£ B | W:4

*

H ] | W:5

a2 —

(RIR SR RAEAR S 2

Rz 6

freE: R 17



FH PUERAFEHERRE TR NS S

Table 5. Overall skill score of statistical regression forecasts on PoP during Apr. through

Jun. in 1999,

4 Bire R AR R

[ T~
B‘Efnﬁ%ﬂ\\ B RE08-20) #  RE20-08)
TEIRIFE: -
12 /)N TR -1.30 9,73
24 7INRFTEER 1.44 -1.46
36 /NEFTETR 4.73 0.63
5 BinH iR R TR R TS
IR
TS B [E(08-20) 7 fEl0-08)
TERIGFER
12 /NEFFHLR 8.0 14.28
24 /NEFTEER 8.27 17.45
36 /NESTEER 13.80 15.66
6 AR Rk R T R
FgEs T E [5(08-20) 7% 008
T R
12 /NEFTEER 22 -11.13
24 /NEFIRER 3.23 -1.65
|36 /NRETEYE 5.14 0.2
4 - 6 B E e R B G B AT S e R R TR R i 140 2 LR
12 /JNSFTESR 0.72 EHEOHTE TR
24 EETRER 7.27
36 /[NEFTEER 12.59
b 3 7.22 10,81
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Table 6. Predictors sclected by regression equations for PoP forecasts in the period of 08-20 LST
during Feb. through Apr. in 1999,

| Total X1 X2 X3 X4 X5 X6 X7 X8

7 |

0001600 1 1

0004800 6 3 1 1 1

0004300 7 1 2 1

0005000 17 1 9 1 3 1 1 1

0095100 5 4 1

0006000 3 1 2

8500100 4 2 2

8504800 5 2 2 1

504900 2 1 1

8505000 i 1

8505100 5 3 1 1

8506000 3 1 2

8508800 b) 3 2

7000100 6 1 1 1 3

7001600 2 2

7004800 6 2 2 1 1

7004900 4 2 1

70056000 6 2 2 2

7008800 13 7 2 1 2

5004800 1 1

5004900 8 Y 2 3 1

5006000 1 1

5008800 15 7 3 2 1 1 1

50A8300 9 6 1 1 1

38—
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Table 7. Same as Table 6, except for 20-08 LST.

I§ FF|  Total X1 X2 X3 X4 X5 X6 X7
B F
0001612 1 1
0004812 4 2 2
0004912 5 1 3 1
0005012 16 2 8 1 3 2
0005112 5 1 3 1
6006612 1 1
8500112 5 3 1 1
8504812 1 l
8505012 7 2 2 1 1 1
8505112 4 1 1 1 1
8506012 4 2 2 1
8508812 5 3 2
7000112 | 10 2 5 1 2
7001612 i 1
7004812 3 1 1 1
7004912 1 1
7008812 17 10 1 2 4
5001612 1 - 1
5004912 ll _ 1
5008812 .13 3 2 6 2‘ -1
50A8812 7 6 1
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Table 8. Same as Table 6, except for May. Through Jun. in 1999.
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Table 9. Same as Table 8, except for 20-08 LST.

[ 7 Total X1 X2 X3 X4 X5 X6 X7 X8
B F
0001612 4 1 1 2
0004812 3 1 3 1
0004912 9 1 3 2 1 2
0005012 7 ' 3 3 i
005112 7 1 1 1 3 1
0006012 3 1 1 1
0008812 2 i i
8501612 2 i 1
8504812 4 1 3
8504912 7 3 2 1 1
8505012 2 1 1
8505112 22 6 9 3 2 | 1
8508812 8 2 2 2 2
7001612 2 1 i
70048312 2 1 1
7004912 7 3 3 1
7005012 1 1
7005112 2 1 1
7008812 14 11 2 1
5000112 6 3 1 2
5001612 4 2
5004812 1 1
5005012 1 1
5008812 19 4 3 5 3 1 2 1
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AN EXAMINATION ON THE PROBABILITY OF
PRECIPITATION STATISTICAL PREDICTION
OF THE CENTRAL WEATHER BUREAU : DURING THE

PERIOD FROM 1 APRIL TO 30 JUNE 1999

Huei Min Wang and Jong Gong Chern
Research & Development Center, Central Weather Bureau
James C. Su
Techniques Development Laboratory
Office of Systems Development
National Weather Service > NOAA

ABSTRACT

The perfect prog of probability of precipitation statistical prediction guidance implemented on the
WINS system of the Central Weather Bureau and operated in April 1998 has been over one year. With
the purpose of knowing the performace, this article verified the output of probability of precipitation
statistical prediction guidance from April to June 1599,

From the forecasting varification, we found that the regression model for 12-h, 24-h and 36-h
projections had a wet bias, The reliability analysis also revealed the same bias. This systemic error
was caused by the LAFS output overforecasting of 700 hPa relative humidity, 500 hPa relative
humidity. During this period, the overall skill score was 7.22 which means the performace of
regression model improved over climatology persistence forecasting guidance was 7.22%. Through
this examination, we conclude that the MOS (Model Qutput Statistics) development in the future is the
best way to improve the accuracy of precipitation prediction.

Keywords: Perfect Prog , Model Output Statistics.
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Tablel. The best-track positions , intensity and movement of typhoon Nichole.

B E: 9,4 BE FORE | EXRAR | REREE | BEHFH | HBBHRE
(UTC) (hPa) m/s km degree km/hr
98070812 221 118.6 1000 15 350 9
98070818 224 118.6 1000 15 000 5
98070900 22.7 118.9 998 18 100 045 7
98070906 22.9 119.3 998 18 100 060 7
98070912 23.0 119.7 998 18 100 075 7
98070918 229 120.2 998 18 100 100 9
98071000 23.5 119.8 1000 15 330 13
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Fig 2. The enhancement curve(BD) satellite imageries for tropical storm NICHOLE,
the data is from 0000UTC July 8 to 10,1998.
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Fig 3a. The streamline analysis of mean flow(500/700/850MB) at 0000UTC on 8™ of July, 1998.
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Fig 3b. Same as Fig 3a, except for 1200UTC on 8™ of July, 1998.
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Fig 3c. Same as Fig 3a , except for 0000UTC on 9™ of July, 1998.

B 3d. f0E 32 HES 8747 B 9 H 20 B -
Fig 3d. Same as Fig 3a , except for 1200UTC on 9" of July, 1998.
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Fig 4. The radar echo of Kaohsiung Meteorological Radar station at 0500UTC on 9™ of July, 1998.
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Fig 5. The hourly pressure of station 46740, 46741, 46748, 46730 and 46735.
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Fig 6. The hourly mean wind speed of station 46740, 46741, 46748, 46730 and 46735.
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Table 2. Warnings issued by CWB for typhoon "NICHOLE"
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Table 3. The meteorological of CWB's station during typhoon Nichole passage.

s RIERME (hPa) BB A RE (m/s) B K JEGE (m/s) SR, (1omssBA L) e A7k B (mm) oK FE B (ms)
e | PSR (A Bee | Bl | SR I RE RE I RE] BE | EFEIAIE — /i | BEISIE | 58 | BERAMAIE | BB GGl

SR | 1003.8] 10/17:07 | 169] NNE | 10/07:53 | 1005.7 | 28.0 | 88% | 11.8 | NNE | 10/07:57 | 10/07:57-10/14:00 0.5 | 1007:551 05 | 10/07:55) 09 | 9/10:25-10/09:05
g 10013} 10/03:11 1 93 | SSE | 9/09:59 | 10063]329]49% | 5.t | NE | 9/15:10 |— — - — -~ — —
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Table 4. 24-hour forecast error statistics for tropical storm NICHOLE, in the table, forecast errors from

objective forecast techniques and different official forecasts from the Central Weather Bureau

and other centers are included.
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- REPORT ON TROPICAL STORM “NICHOLE” OF 1998

Tai-Kuang Chiou
Meteorological Satellite Center, Central Weather Bureau

ABSTRACT

Tropical Storm Nichole was the first typhoon occurred over the northwest Pacific Ocean in 1998.
The system was first found over the south China sea; it developed and moved northward along the
western edge of the Pacific Subtropical High.  After moving around Pratas Island, it intensified into a
tropical storm intensity at 0000UTC on the 9" of July and then moved northeastward. Later, Nichole
turned east-north-eastward; finally it landed on the Tainan area and the intensity gradually dissipated and
later moved away to the sea from the Chiayi area at 2300UTC on the 9™ of July. The averaged 24hr
track forecast error of the Central Weather Bureau was 129 km, and was the best among all official track
forecasts. Although Nichole was a tropical storm and had only one-day lifecycle, it brought torrential

rainfall and strong gust wind on southern Taiwan and caused serious damages.

Keywords: tropical storm, Landfall, torrential rainfall
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Tablel. The best-track positions, intensity and movement of typhoon MAGGIE.
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Figl. The surface analysis chart at 0600UTC June 2 of 1999
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Table 2.  Warnings issued by CWB for typhoon Maggie.
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Fig2. The surface analysis chart at 0000UTC June 3 of 1999
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Fig3a. The sea surface temperature chart at 0000UTC June 3 of 1999.
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Fig3b. The sea-level pressure chart at 0000UTC June 3 of 1999.
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Fig3c. The 500hPa temperature and wind arrow chart at 0000UTC June 3 of 1999
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Figdd. The 500hPa height chart at 0000UTC June 3 of 1999.
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Figd. The GMS IR image chart at 0600UTC June 3 of 1999.
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Fig5.  The surface analysis chart at 0000UTC June 5 of 1999.
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Fig6. The BD color image chart at 1200UTC June 5 of 1999.
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Fig 8a. The surface analysis over Taiwan area at 0800LST June 6 of 1999.
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Fig 8b. The sea-level pressure(hPa) chart at 0000UTC June 6 of 1999.
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Fig 8c. The 500 hPa height chart at 0000UTC June 6 of 1999.
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typhoon Maggie’s Passage(1999).



# 3. BEREFESHMRRERMETE
Table 3. The meteorological summary of CWB’s stations during the passage of typhoon MAGGIE.

[ s BERAE(hPa) | BRI AEGE(/S) | BRI (ns) ROAPEZK B (mm) BEKIE R (mm)
& BE REE (B EA | R ORGE|Eud| RS | FERilaAE HoreEl  REREIAE ®E LETehl oA
EEB |999.0 06/14:57 {298 |S  106/13:23]22.3 ISE  [06/09:00{9.2 06/07:00 5.6 06/07:49 16.4 [05/14:42~06/18:00
HelE 9942 06/13:59 {29.5 |SW |06/14:07|13.9 |SSE [06/14:10(6.5 06/05:05 2.5 06/05:23 32.9 (05/08:48~06/14:50
BEER * |1348.0 06/10:01 {36.8 |S  106/08:19]18.7 |S  [06/11:25{12.0 |05/16:43 4.0 05/18:46 86.6 |05/08/30~06/20:05
PTFI 1993.9 06/13:23 183 |S  |06/01:10(3.2 |NE [05/05:1312.5 [05/16:44 35 05/17:19 52.9 [05/09:05~06/23:00
=PI 992.6 06/13:10 [23.8 |S  |06/07:13|11.8 |[NNE|06/13:17{2.5.  |05/16:42 1.5 05/16:50 11.2 [05/08:05~06/21:00

BT 983 .4 06/07:36 {26.2 [NE |05/10:59/13.1 |NE {05/11:00] - - - - - -

1BiE 987.0 06/05:43 |22.9 [NE [05/15:02]15.5 [N |05/14:53]1.0 06/20:40 05 06/20:40 1.0 |06/20:40~06/21:40
= 986.3 06/05:38 |10.1 |ENE |06/17:52/4.5 [NE |06/18:12] - - - - - -

BAE* 13245 06/05:55 |20.7 |[SE |06/08:59|8.8 |[SE [06/09:45{3.5 06/20:15 1.0 06/2.:56 4.1 |06/03:35~06/22:06
B 987.6 06/05:28 |24.1 |SW |06/15:50{12.5 |SE |06/13:49(1.0  |06/15:50 0.4 06/16:10 1.0 |06/13:50~06/15:30
HER 1986.5 06/07:05 {32.0 |SE {06/11:33(22.2 |SE [06/14:11{5.0  |06/20:05 3.0 06/18:20 15.5 |06/15:40~06/21:35
PTER(L* [2995.0 06/03:50 [23.6 [SW |06/09:03|8.2 {S  |06/08:38/6.5 06/06:00 35 06/06:40 27.5 |06/01:40~06/21:05
Eil 968.3 04/04:15 41,1 |SE  |06/06:40|17.7 |E  [06/14:03[15.0 |06/08:00 38 06/08:00 108.0{05/16:30~06/24:00
bt 996.6 06/04:34 (12.1 |[SW [06/13:42|5.9 [SSW |06/13:47{1.0  |06/18:58 05 06/19:38 1.0 |06/18:30~06/20:40
e 985.6 06/06:10 |25.8 |SSW [06/12:14]16.1 |S  |06/16:57{1.4  |06/13:10 0.4 06/13:22 2.9 [06/05:20~06/14:10
k7.3 982 8 06/06:32 1238 |S  |06/08:08{11.2 |SE [06/09:30]36.5 |06/11:55 9.0 06/12:15 69.0 {06/00:30~06/17:10
=K ] 974.8 06/05:21 1420 |S  |06/06:24|19.4 |SE [06/06:26|25.0  |06/06:12 11.0  {06/06:40 156.5/05/15:00~06/17:42
HM 996.8 06/08:10 16,6 |{S  |06/06:37|6.5 |SE [06/06:09]|12.0 106/04:15 3.8 06/14:16 40.1 105/09:40~06/22:24
53] 997.8 06/08:59 |25.0 {SW |06/09:06]13.7 |SSE |06/08:30({21.8 |06/19:43 6.0 06/20:21 97.0 |05/10:18~06/24:00
1EE 999.4 06/07:50 {16.3 |SSE |06/07:57|11.0 |SSE |06/08:34{27.0  |06/19:17 5.0 06/19:25 122.0/05/14:15~06/20:45
Ih 996.4 0604:04 (232 |NE [05/15:08{12.2 |SE |06/09:29{37.0 |06/18:08 140 [06/18:33 154.0/05/14:41~06/20:40
a 993.3 0603:31 |18.6 |ESE 106/03:43{7.4 |[E  |06/04:34[46.5 [06/08:40 145  |06/18:56 192.5/05/17:15~06/20:10
R 983.0 06/02:26 |41.8 [NE [06/02:23|31.1 [NE [06/02:29{7.5  |06/00:23 2.5 06/00:38 48.8 |05/12:03~06/16:59
AR 989.2 06/03:24 [25.1 |SE [06/01:48]12.6 [E  [06/06:04{30.5 |06/17:23 140  |06/17:50 137.3/05/06:36106/19:36
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13a.  EBM #53{. FHERES K S5 e U B AR LLak
Fig 13a. The forecasts of EBM model and the best track of typhoon Maggie
(060200UTC~060700UTC)

CWB TFS/PE DATE (99/06/02/12Z-99/06/07/00Z)
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Figl3b. The forecasts of TFS model and the best track of typhoon Maggie
(060200UTC~060700UTC)
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Table 4. Center locations and intensities of Typhoon Maggie estimated by the Satellite Center of CWB.

I e N e 2 W T L e L e e AR TR v [EW D
FEE T o] we ks MEREM Cy/Ds W/ [ / ST BRI aowgpy | oy | onm)
6 6E 13.1] 120.8[Poor |2.5/2.5/D/Ghd] 107/9/6hr

9 13.2] 129.5|Poor  {2.5/2.5/5/3hr| 163/6/3hr
12 13.4] 129.1|Poor {2.5/2.5/D/6h1}290/14/6hr
15 13.6| 129.3|Poor_|2.5/2.5/D/6hd 330/10/6
18 13.81 129.3{Poor_|3.0/3.0/d/Ghr |020/10/6hr
21EN 14.11 129.2{Poor |3.0/3.0/d/6hr{350/11/Ghr
61 31 OIE/V 1 14.6] 129.1|Poor 13.5/3.5/D/6hri345/8/6hr
313.5/ 15| 129|Poor {3.5/3.5/D/6hr350/9/6
6lE/V 15.3] 129/F 3.5/3.3/58/6 {350/8/6
olE/V | 15.8] 128.8[F 35/3.5/5/6 |345/8/6
121EA | 15.8] 128.5]F 35/3.5/S/6hr | 34076 5/6hr | 170/N¥
1S[EA | 159] 128.1]F 3.5/3.5/S/6hr | 28077 0/6
18{E/l 16.5] 127 .8{F 3.5/3.5/S/6hr|315/9.0/6hr
2[En | 16.8] 127.5]F 3.5/3.5/SGhr |330/10.0/6hr
al 0[E/V | 1711 127.11Good [4.0/4.0/D/6h] 320/9/6hr 170/N%
AE/V | 17.3] 126.7/Good |4.0/4.0/D/6hd] 315/9/6hr
GIE/V | 17.4] 126.4|Good |4.5/4.5/D/6h{295/7/6hr 230/NW
7[E/V T 17.50126.3|Good 14.5/4.5/D/7hr
RIE/V | 17.5] 126.2|Good |5.075.0/D/3hi]295/8/3

9IE/V | 17.5} 126.11Good |5.0/5.0/D/3hr 290/6/6
10]E/V | 17.5] 126]Good [5.0/5.0/D/3hr
1LHE/N 17.4] 126|Good [|5.0/5.0/D/6 1270/4/6 250/AVG
12]E/ 17.4] 125.9]Good |3.0/5.0/D/6__{270/4.5/6
13{E/ 17.4] 125.8|Good {5.0/5.0/5/6
14]{E/]I 17.4] 125.7|Good |5.0/5.0/S/6
1S|E/1 17.5] 125.6|Good |5.0/5.0/S/6__1270/4.5/6
161E/1 .| 17.6]125.5{Good |5.0/5.0/S/6 | -
17{E/N 17.71 125.4|Good 15.0/5.0/S/6_ 1290/5.3/6
18{E/T 17.9] 125.2|Good |5.0/5.0/S/6_|305/8/6
19{E/l 18.11  125|Good [5.0/5.0/S/6 _{310/10/6
20{E/I 18.3] 124.9/Good [5.0/5.0/S/6__1320/10/6
211EA 18.31 124.8|Good {5.0/5.0/S/6_ {315/10.5/6
22|E/ 18.4] 124.8|Fair  |5.0/5.0/8/6  {310/10/6

23{E/V | 18.7] 124.7|Fair 15.0/5.0/S/6 1315/11/6 250/avg

61 St O{E/V | 18.9] 124.5{Fair _|5.0/5.0/S/6_|325/11/6 230/avy
HE/V | 1891 1243 {Fair  {5.0/5.0/S/6  1330/10.0/Ghr
21E/V 19] 124 2{Faic [S5.0/5.0/8/6_ [320/9.5/Ghr

MNENV | 1911 124 1{Fair  [5.0/5.0/S/6  |325/10.0/6hr  [230/avg

E/V 1 19.31 124iFair  [5.0/5.0/S/6  {320/11.0/6gr
E/V 19.4] 123.9{Fair 5.0/5.0/8/6 1315/10.0/6hr
E/V | 19.6] 1237 Fair  |4.5/5.0/w/6 {315/10.5/Ghr
E/V 19.8] 123.5(Fair 4.5/5.0/w/6 1320/11.5/Ghr
E/V 19.9{ 123.4[Fair 4.5/5.0/W/6  {320/10/6hr

OC |~I IO




F4.(8

olerv [ 20.1] 123.2[Fair  [4.5/5.0/w/6 [320/12.5/6hr " -
10|EN 20.2] 123|Fair 4.5/5.0/w/6 1315/12/6hr
11EN 20.4] 122.7|Fair  {4.5/5.0/w/6 {310/15/6hr 220/w
12|EN 20.5{ 122.3|Fair  14.5/5.0/S/6 |305/15/6hr
13{E/1 20.5{ 122|Fair 4.5/5.0/58/6 [295/15/6hr
14{E/1 20.5| 121.9{Fair  [4.5/5.0/8/6 1295/15/6hr
1S{E/T | 20.6] 121.7|Fair |4.5/5.0/S/6 }290/14/6hr
1 16{E/ 20.7} 121.5{Fair 14.5/5.0/S/6 1290/14/6hr
17|E/1 20.8] 121.2|Fair - {4.5/5.0/S/6 1285/14/6hr 220/nw 40/nw
181E/1 20.9] 120.9{Fair  4.5/5.0/S/6 |285/13/6hr
19{E/1 - 211 120.7\Fair  {4.5/5.0/S/6 |290/13/6hr
20{E/L | 21.1]120.7|poor |4.5/5.0/S/6 1295/12.5/6Ghr
21|E/1 21.4] 120.6{Fair {4.5/5.0/S/6 |310/13/6hr
22|E/V | 21.5] 120.4|Fair [4.5/5.0/S/6 |310/12.5/6hr
23|E/V | 21.8] 120.3{Fair [4.5/5.0/S/6 1320/12/6hr
6| 6| OJE/V | 22.2] 119.8|Fair |4.5/5.0/S/6 |325/15/6hr 155/nw 80/nw
11E/V ] 2231 119.4|Fair  |4.5/5.0/S8/6 |320/17/6hr
2lE/V | 22.3{ 118.9|Fair 14.5/5.0/S/6 [305/19/6hr
3|E/V | 22.3] 118.7|Fair [4.5/5.0/S/6 |300/19/6hr 180/w 75/w
A{E/V | 22.3{ 118.5|Fair 14.5/5.0/S/6 |295/19/6hr
SIE/V | 22.4] 118.4{Fair [4.5/5.0/S/6 [290/17/6hr
6|E/V | 22.5| 118.1|Fair |4.5/5.0/8/6 |285/15/6hr 240/nw 70/nw
7IE/V | 22.6] 117.9|Fair {4.5/5.0/S/6 1280/14/6hr
8IE/V | 22.7] 117.6|Fair {4.5/5.0/S/6 1290/12.5/6hr
9{E/T 22.71 117.3{Fair  |4.5/5.0/S/6 1285/12.5/6hr  |200/nw
10{E/I 22.7) 117.1|Fair__|4.5/5.0/S/6_ {285/13/6hr
1HEN 22.8] 116.7|Fair  14.5/5.0/S/6 |285/15/6hr
12{E/1 22.81 116.5{Fair  {4.0/5.0/s/6 |280/15/6hr
13|E/1 22.8] 116.3|Fair [4.0/5.0/s/6 1275/14/Ghr
14|E/1 22.81 115.8|Fair  {4.0/5.0/s/6 ]270/15/6hr
15|E/ 22.8] 115.6|Fair 14.0/5.0/s/6 |270/15/6hr
18{E/I 22.7] 114.6|poor 13.5/4.5/w/6 |270/17/6hr
21{EN 22.5] 113.6{poor {3.5/4.5/w/6 1260/17/6hr
6l 71 OJE/V | 22.2]112.9|f 3.0/4.0/w/6 |250/16/6
| 3|E/V ] 2171 112.8if 3.0/4.0/w/6  |220/10/6
6JE/V | 21.5] 112.7|f 3.0/4.0/s/6 {195/7/6
SIE/V | 21.3]1112.4{f 3.0/4.0/s/6  |225/5/6
12{EN1 21.4] 111.8{poor [2.5/3.5/W/6 |265/7.5/6
AS{EN 21.6] 111.8]poor {2.5/3.5/W/6 |300/5.5/6
18]E/ 21.7} 111.8}poor {2.5-/3.5-/W/ |360/3.5/6
21{E/A -] 21.7{ 111.3|poor |2.0/3.0/W/6 1280/5.0/6
6| 8} OIEA 22.61 111.6{poor [2.0/3.0/W/6 [100/9.0/6
6|E/V | 23.3]111.2|poor |2.0/2.5/W/6
12|EN 24.51 110.4|poor  [2.0/2.5/W/6
181E/1 24.5] 109}poor 11.5/2.0/W/6
E {AREEMEE G :Good 10-30km D : Developing
VI ROEE F:Fair 30-60km S : Steady
I ST ER P:Poor >60km W :Weakening
@1 : 32510/ — 325° /10KHS/6hr
T/CVDSWrhs : 1.5 /1.5/D/6hrs —T: number , Ci: number }3F3 1.5




CLIP

CHa

HURA

PGTH

RITD

BCGL

VHHH

RPMM

cLip CH3 HURA
13 228
229 0
19 229 20 170
177 -51 170
18 235 18 174 18 288
288 53 288 114 288 ¢
18 235 19 166 18 288
159 .75 155 .11 159 -129
18 229 13 170 17 296
175  -53 178 9 177 -118
19 229 19 177 186 288
151 .77 161 .25 159 -129
4 162 4 246 4 337
194 -168 194 -51 194 -142
6 301 6 190 6 224
250 .51 250 59 250 25
CWB: qiki g

PGTH

20
153

19
177

18
159

194

250

153

155

22

159

248

-53

177
72

RJITD

20
175

18
151

Il
194

6
250

175

175

-24

172
22

225
24

BCGL VRUH RPMM
NUMBER X-AXIS
oF TRCHNIQUE
CASES ERROR
Y-AXIS
TECHNIQUE | DIFFERENCH]
ERROR Y-X
19 151
151 0
4 190 4 194
194 3 194 0
6 174 1 157 6 250
250 75 174 16 250 0

PGTW: &, RITD: HA BCGZ: M VHHH: &#t RPMMJEIRE

%5, BERESETEENRERE S 24 /RS TER S EREILRER
Table 5. Error of selective track-forecast techniques for Typhoon Maggie 24-HOUR MEAN ERROR

(KM).
CLIP

CLIP 15 655

655 0

CWB 15 655

311 -344

HURA 15 655

655 0

PCTW 14 640

279 -361

RJTD 14 663

270 -392

BOGZ 15 655

275 -379

VHHH 2 751

251 -500

CWB: s &R

CwB

16
305

15
655

15
279

15
281

15
275

2

251

305

311

‘344

298
-18

305
-24

311
-35

296
-44

PGTW: BHE; RITD: HA BCGZ: &M

HURA

15
655

14
279

14
270

15
275

2
251

655
0

622
-342

670
-400

655
~379

718
-466

PGTW

16
277

14
288

14

274

1
261

277
0

288
0

279
-5

159
101

RJTD

15 281
281 0

14 270
281 11

2 14
251 107

BOGZ VHHH -

15 275
275 0

2 220 2 251
251 31 251 0

VHHH: &k RPMM:IEFRHE

F 6. IHIEBEESRE L EITHI AR S 2 48 /N RGBS L TES T R Lk
Table 6. Error of selective track-forecast techniques for Typhoon Maggie 48-HOUR MEAN ERROR
(KM).



EBM HOUFHSE (i )

HH 12hr 24hr 36hr 48hr
060212 17 51 63 176
060300 26 12 119 157
060312 39 132 215 262
060400 132 223 288 348
060412 69 117 136 121
060500 7 135 163 324
060512 160 218 253 483
060600 153 297 498 -
060612 94 7 . -
060700 - 182 - - -
ENZ) 94 162 217 267
TFS B\ EERRE (B AH)
H 12hr 24hr | 36hr | 48hr | 60hr | 72hr
060212 | 44 135 185 401 511 688
060300 | 111 | 173 279 344 281 381
060312 | 6l 202 275 227 206 424
060400 | 94 107 127 70 138 511
060412 | 52 13 79 326 734 1064
060500 | 11 84 23 157 318 -
060512 | 93 113 201 363 - -
060600 | 157 212 245 ] - -
060612 | 106 | 100 ] . i
060700 | 36 . ] ) ; }
g 77 138 177 270 365 613

# 7. R4 /E EBM B0 TFS R SIS 16 RE R A THIRER L
Table 7. The forecast errors of EBM model and TFS model for typhoon Maggie.

— 82 —



BRAEARIEE - SkfEdeRE) - AR
R AR

(=) BBHRBE R AR B RS AT kI
WET EEPEIEmrYEES - sEREEHIE
Mol - HH LIRS E 192.5mm > HREE
FF 156.6mm - DIEGET 5 » (E&EHE 42.0m/s
RIRR R R AR oA » HZOZ RIEL 41.8m/s (3932
14 %) -

(EDEEER 24 /R RERF(CWB)HITHE
HIELR T - KBTI ERAEER - feHE
] CLIPER g2 HURRAN 15iif CWB B3 - #f

SEFRTRET T » BEAOR S 1 BTRAER CWB
L TREIE - HERE - 0K - FEEEZ TEEN
% CWB Z TR 2 - 1 J7H » £ 24 /)
IRFTEMIERE b TFS 88 EBM R
48 /NFFTHMIRRZ L > —EHETS -

2E
HRGELIT » 1997 1 BERET

TYPHOON REPORT: TYPHOON MAGGIE OF 1999

Hsin-chin Hsu

Weather Forecast Center

Central Weather Bureau

ABSTRACT

Typhoon Maggie(9906) originated over the ocean east of the Philippines, and moved northwest

toward the Bashi Channel on the fifth of June, then turned westward. ~ After passing through the Taiwan

Strait, it moved westnorthwestward along the southeastern Coast of Canton to the Hong-kong area, and

decreased its intensity to a tropical depression around southern Canton.

The observation shows that there was a peak gust of 42.0 m/s at Hengchun. Owing to the

topography of Taiwan, the precipitation accumulated at the eastern part of Taiwan and the maximum

accumulated rainfall of 192.5mm was observed at Taitung.
The 24 hr and 48 official forecast errors of the Central Weather Bureau were 170km and 305km

respectively.

Keywords: Errors of typhoon track forecasting.
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THERRBAZEERZ&
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o R B R R R R HETITEP
W E

=YL E T HERER R R

REHEE)  BHR AR TR R AT AT REAE

FERARYIECE - EIEREATREAVEL - LUSMEHE RS RIEL > B2RER

AR (ensemble forecast) Fr-FEAYH L -

ch oA R R EETERRE A (5 KLAIAD FIEH (5 KDL EE 30 K ) 89%H
b SRIREEE LR (multimodel ) RIEETEIE (lagged average method )
BUERE I - ARHIFERRl I AR R S R -

3t 1999/2000 HE2ZEF1 2000 5FF 2= » 500 hPa SR TERAS REUr » 248
FRETEH (multi-model ensemble forecast) B¥EREE IR R e A EHEATE
HAHE TS AREX  HHRENES  EEENTIBRMEERLE—TE

LA AITHEGER -

BMRT - REFER - IDEFEE - SEARERE
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ARMEL 1 iR - BU R BETERR I {5
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ARE R RS o I TE RS R
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=~ ki@

iR T (CWB) i TRETEIRAY R AR
TRRA MBS CETISENER - - FIF
SRR A2 EARRZER (time lag) A9H]
6% BEFIRE R R R ZEREHELS  7F
B=UEHTRER T7SL18 & HE—AHR EE
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& B P AN RERR

X RUMERNE WIRE  f(x)ERE

J

SR
TA$R4E = w, J(x)

2 ERF R ST T

TR AFOE AT 30 REIARY
JESR - ST HAEBEAEMEES - B0
EEHEIRT 5 RBVTESR - EAaE S REAEE
30 KHITHER -

B 5 RASTESR - BUSHRARERERRT
T B R g SR ER N EE GTS

( Global Telecommunication System ) FRigi2
B R EHFE R 0 (ECMWE) - REIBIZEER
BFRD (NCEP) ~ ARG REE (IMA) &
HitTESR P ORI TERS R - LR AR
e+ B2 A AR DUE B 29 HE # (weighting)
KILHREPS - ETERBLAITRR -

ded 2 H Al R B B TSR L
Fir EE (L TR RS I T L SE Ry TR - A
DU = EAHTRER R R e kg R g )
ZERTAESRIE - ERET 35 KIOTESRA ) - ¥
EISRZEENY 5 [EwisBe TAmAR - T8
BIFERAESE > SHEITHIRIUII TR 5 R
HITESREREH - T TR TR SRR

( spread ) il ELERTEIRAE RAIRIESBEAVE
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Thé Ensemble Forecast System of the Central Weather
Bureau

Ting-Huai Chang’, Chien-Han John Tseng?® and J.-C. Joseph Chang® '
' Computer Center, Central Weather Bureau
? Research and Development Center, Central Weather Bureau

ABSTRACT

The most principal aim of developing the ensemble forecast is to look for the largest
perturbations inherent in the initial fields that influence the weather changes for the following weather
scenario, and to investigate the occurrence of the largest diversity inherent in the model forecasts in order
to enhance the confidence on the forecast results of the models.

The Ensemble Forecast System of the Central Weather Bureau, for the short term { within 5 days )
and the extended term (over 5 days up to 30 days) respectively, is based on the multi-model and the
lagged average method. And this research clearly elaborates the structures and the developing process of
the Ensemble Forecast Model.

The analysis on the 500hPa geopotential height forecast results during 1999/2000 DJF and 2000
JJA shows that no matter whether it is in the winter or in the summer, the accuracy of the multi-model
ensemble forecasts compared to those of the global-model forecasts has increased to a large amount; and
even superior to forecasts made by portions of the foreign operation centers.

Key Words © Ensemble Forecast, Lagged Average Method, Multi-Model Ensemble Forecast

" Current affiliation : Department of Atmos. Sci., Chinese Culture University
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Statistical Forecast Guidance Analyses
of Daily Maximum/Minimum Temperature
During July ‘98 — June ‘99

Twen — Wen Lo and Jonq — Gong Chemn
Research and Development Center
Central Weather Bureau

Abstract

The statistical forecast guidance of daily maximum/minimum temperature (Tmax/Tmin) by the
Perfect Prog. Scheme, was officially operated in the Ceniral Weather Bureau during July 1 "98 to June
30 "99. In according to the forecast analysis, the same characters of model behaves are found in both
variables (Tmax and Tmin). In the measurement of accuracy, forecast MAE was increasing while
forecast increment increasing, Also during this period, cold bias was one of the major dominated
phenomena for which the winter season has the strongest cold bias, except a weak warm bias existed in
the Mei-Yu season. From the point of forecast distribution and tendency, the most reliable guidance was
appeared in winter and spring seasons, while summer season shows lowest forecast confidence.

In the cases of winter and Mei-Yu seasons, the central mountain plays as the major mechanism factor
to drive the geographical forecast difference consistently for all extended forecast evolutions. However,
the geographical forecast difference between the statistical forecast model developing and forecasting
stages shows the different essence between ECMWF objective analysis and LAFS (Limited Area
Forecast System) forecast fields.

In winter, the scattered distribution among observations and different extended forecasts of Taipei
station, are of consistence in the case of Tmax, while the case of Tmin shows forecast deficiency in the
lower extreme range. As to the Mei-Yu season, serious warm biases in the range under median value of

observations are observed in most of the forecast events.

Key words: statistical forecast, forecast guidance, MAE and bias
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Fig 1. The best track for tropical storm BABS.

—20_



# 1. WLARRR RS R R LR EERE -
Table 1. The best track positions, intensity and movement of typhoon BABS.

B A HE s FoAE | RARG | RRER | BHFS | BRRAE

{UTC) . {hPa) mfs km degree km/hr
98101512 12.0N 134.2E 998 18 100 WNW 18
98101518 12.IN 133.5E 998 18 100 WNW 17
98101600 12.2N 132.7E 998 18 100 WNW 15
93101606 11.8N 131.8E 998 18 100 W 15
98101612 11.6N 131.5E 995 20 . 100 W 10
98101618 12.0N 131.3E 995 20 100 W 10
98101700 12,0N 131.6E 905 20 100 W 10
93101706 12.0N 131.0E 995 20 100 W 10
93101712 120N 130.3E 990 23 120 W 10
98101718 12.0N 129.9E 990 23 120 W 10
98101800 12.0N 129.6E 990 23 120 W 10
98101806 12.0N 129.2E 960 23 120 W 10
98101812 12.0N 1290.2E 990 23 120 Y 10
93101818 16N 129.2E 990 23 120 W 10
9101900 106N 129.6E 985 25 120 WNW SLY—8
98101906 10.5N 129.5E 980 28 150 WNW 5
98101912 10.5N 129 4E 980 28 150 WNW 5
©8101918 11.0N 129.0E 975 30 180 WNW 5
98102000 11.5N 128.3E 970 35 200 | 80 WNW 10
98102006 11.7N 127.7E 960 40 200 | 80 WNW 15
98102012 12.AN 127.2E 950 43 200 [ 80 WNW 15
88102018 12.7N 126.4E 950 43 220 | 100 NwW 15
98102100 13.IN 125.6E 950 43 250 | 100 NW i3
98102106 13.3N 125.1E 950 43 250 | 100 NW 15
98102112 13.6N 124 3E 950 43 250 | 100 NW 12
98102118 13.9N 123.5E 950 43 250 | 100 NW 12
98102200 14.2N 123.2E 960 40 250 | 160 NwW 10
98102206 | ~ 14.6N 122.6E 960 40 250 | 100 NW 12
98102212 14.9N 122.0E 960 40 250 | 100 NW 12
98102218 15.3N 121.4E 960 40 250 | 100 NW 12
98102300 16.2N 120,6E 970 35 250 1 100 NW 15
98102306 16.5N 119.4E 970 35 250 | 100 NW 15
98102312 16.5N 119.0E 970 35 250 | 100 NW 15
98102318 17.0N 118.5E 970 35 250 | 100 NW 11
98102400 18.0N 118.2E 970 35 250 | 100 [NW—NNW 11
98102406 17.6N 117.1E 970 35 250 | 100 NNW 11
98102412 17.8N 116.7E 965 38 250 1 100 NNW 11
981024138 18.3N 116.5E 965 38 250 1 100 NNW 9
98102500 19.4N 116 4E 965 a8 250 | 100 NNW 9
98102506 19.7N 116.3E 965 38 250 | 100 NNW 9
98102512 20.3N i16.3E 965 35 250 | 100 N 9
98102518 20.6N 116.4E 965 35 250 | 100 N ]
98102600 21.1N 116.5E 963 35 250 | 100 NNE 9
98102606 217N 118, 7E 975 30 250 1 100 NNE 9
98102612 224N 117.3E 975 30 250 NNE—NE 13
98102618 23.IN 117.9E 975 30 250 NE 13
98102700 23.TN 118 4E 980 28 200 NE 15
98102706 242N 118.8E 990 20 150 NE 15
98102712 24.9N 119.2E 995 18 100 NE 15
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Fig 2a. The streamline analysis of mean flow(500/700/850hPa) at1200UTC on 15" of October, 1998.
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Fig 2b. Same as Fig 2a » but for 0000UTC on 20 ™ of October, 1998.
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Fig 2c. Same as Fig 2a » but for 0000UTC on 25" of October, 1998.
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Fig 2d. Same as Fig 2a » but for 0000UTC on 26 ™ of October, 1998.
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3. EtMESRER it EEE - BES8TEI10 520 A 8-
Fig3. The enhancement curve(BD) satellite imagery for typhoon BABS, its time is 0000UTC on 20" of
October, 1998.

0000UTC 23 " of October 0000UTC 24* of October 0000UTC 25™ of October

0000UTC 26 ™ of October 0000UTC 27* of October
4. ELARRER Z R BREFREERE B 874 10 H 23 H 8 & 27 T 8Kk -
Fig 4. The enhancement curve(BD) satellite imageties for typhoon BABS, from 0000UTC on 24 ® of
October to 0000UTC on 27 ™ of October, 1998.
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Fig 5. The radar echo of Kaohsiung Meteorological Radar station at 0000UTC on 26 ™ of October, 1998.
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Fig 6. The hourly pressure of station 46692, 46777, 46748, 46741, 46735, 46744 and 46759,
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Fig 7. The hourly mean wind speed of station 46692, 46777, 46748, 46741,46735,46744 and 46759.
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Fig 8. The total rainfall of all CWB’s weather stations during typhoon Babs’ passage.
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Fig 9. The total rainfall distribution of all CWB’s automatic rain gage stations during typhoon Babs’

passage.
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Fig 10. A comparison of 24-hour and 48-hour forecast tracks issued by different operation centers for

typhoon BABS based on data of 0000UTC on 25% of October, 1998.
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Table 2. Warnings issued by CWB for typhoen BABS.
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Table 2. Warnings issued by CWB for typhcon BABS. (Cont.)
AN EED - 5 5% B
HrE| S (922622115 |[LBkk - £PiRT - HRESHERE £MAEHME | B
&R S BI s

. SAMLL BT - AU EE .
7 23 b R Fa5 g
| S | 10|26 35 Bk EAERE  AMABILE | B
. WML EE -~ RV HIE .
; 5 J10-1]27] 0 |1 ; g - BALE | 2
HrE 7 0 R L ks EREHE - £PATRME | BE
. ] ERELERE R, o, o
| 5 [102)27| 1 fos 2B ST SHERE ~ APIABERE | B
. SRMELEE - R &8 ‘
g 3 7 & A
| 5 |11 t27 10| et EMEWE - AFIRBHABE | A
. SRMIELED - LT BE .
sl 5 111-1] 27 & 5 - E AR T
o 11-1 3135 | e bt LMEWE - APIRBAHE | BE
. EAMEEEE - RIVEHR .
p 5 21271 4 p &~ E % | 3@
A 1 05 | et SHEWE ~ MR HRWE | BE
. LHEMAELET - R &S .

sl 5 f12]27] 5 |50 43 g - ETAR T
5 1 2R Lk SHEWE - 2R BARE | BE
. ' SBmULAED - RV EE .
; 5 112-1|27] 6 ; E - B E
Bk 15 R ik ERAEHE - £MAHMAME| BE
. ] EAMAEAE  RDEE, o, o o
M| 5 (122(27] 7 |20 (SRR EMEWE - AFIEBHABE | A
| 5 | 13|27 8 |40 |48 miEEAEE LBENE ~ TR BBME| 8H
BrE| 5 [13-1127 | 9 |25 |4t &Em HEHENE - 2FIASRAKRE | 8
B | 5 13227 |10 15 |2 2RGaEE SHENE - AFAEMBE | B
B S5 | 142711155 |48 mMiEsam EBEME - 2PIAHBNE | BH
Mpe| 5 [14-1)27 |12 |40 (58 ME LR £BEWE ~ £FIAEBME | BE
HrE| 5 |142|27 |13 |25 |6 RM AL AT EABEIE - 2MABIEILE | BA
X ‘ " . HAr Lt R BB B
| 5 |15 |27 14| 55 |4k g & b2
| 5 | 4|5 |pmmaeniga [ T 8k
. . . BTt~ A~ A~ 5
; 5 1151 15 | 40 | & 3 & 9 JL 31 ) B
s | 27 40 |6 MSAR S M RE | e %Y
. . . FAY DA~ BRI~ B B
; 5 1152) 27 | 16 | 10 | & % sk & & 2 3L 353 _
L WAKREAAIAEG [y 00 B
| 5 (1627|1755 |emummnsmusma (100w BECERIEEY 0
| S (16127 | 18|40 |6 Mk R & M b4 @ ig;f;f;&i"%@‘iﬁ‘wﬂ‘ .
x| 5 [162]27 19|15 |sRmnm emuamm |0 p SEEAERY gy
i | S | 17 127 |21 |05 |aMBuR &L ER |[£PMABHENE A
| 5 |18 2723 |05 %4 MubAEE AL BB A

EAE

40—




% 3. EiAEERE G PR R ERFE = -
Table 3. The meteorological of CWB’s station during typhoon Babs’ passage.

P EBERE(hPa) B R R RSy KBRS B 0misELE B KB (mm) R KRS
BiE | eep [Eum|EuE| MR | SR [miElme| R A e | Eeese | —wleeiesnn] o @ amehenn] B EhsaiE
=pin 1008.4 [26/14:3 | i8.3 | ESE [27/05:0 | 1009.4| 23.9] 86 { 9.4 |ENE|27/05:1 - 27.5 |26/20:29 | 10.0 [26/20:56[201.4| 26/08:00-27/16:35
HEE 1008.9[26/14:0 | 15.6| NE |26/11:0 [ 1011.9124.0{ 96 | 10.1 [NNE|26/10:0 | 6/10:00-26/11:0 | 58.0 |26/09:00| 150 - 12440]  26/09:00-27/16:40
PrFix 1009.6|26/12:4 | 16,1 [NNE[27/04:4 | 1011.1]20.6} 100 | 7.9 [NNE[26/17:0 27.5 126/21:08| 85 [26/21:23]169.1] 26/09:00-27/16:12
et 1478.6 [26/13:3 232§ [27/04:2 | 1491.8]| 18.6] 98 [ 103 | SE [27/07:1 | 7/07:11-26/08:0 | 24.0 [26/21:23| 55 [26/21:23(2915] 26/00:00-27/16:36
Einil 1006.7 [27/02:0 } 15.3 |NNE[27/02:5 | 1006.7] 24.2| 88 | 8.4 | NE [27/02:2 - 09 |26/08:53] 05 [26/08:53] 3.4 | 26/03:10-27/14:15
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Table 4. Center locations and intensities of typhoon BABS observed by the Satellite Center of CWB,

B (UTC) | @& | &8 |[REAE| TPCE 10270700 | 243N |118.8E] P | 2.012.5
16250000 195N |116 4E P 3.5/4.0 10270800 24.4N 1118.8E P 2.0/2.5
10250300 | 197N [T16.0E| P | 3.5/3.0 10270900 | 24.5N |1189E| P | 2.072.5
10250600 | 190N [115.6E] P | 3.5/4.0 10271000 | 24.6N |119.0E| B [2.023
10250900 | 200N [1163E| P | 3.5/3.0 10271100 | 24.7N {119.1E| P | 2.0/25
10251200 | 203N [Ti62E| P | 3.5/3.0 10271200 | 248N [1192E| P | 1.5/2.0
10251300 | 203N |1162E| P |3.5/40 10271300 | 25.0N |[1193E| P [1.5/2.0
107514060 | 204N |116.2E| P [3.5/4.0 10271400 | 25.IN |1194E] P | 1.572.0
10251500 | 205N (1162E| P [3.5/40| | 10271500 [253N [119.6E| P | L.0/13
10251600 | 205N |1163E| P | 3.5/4.0
10251700 | 207N |116.3E| P |3.5/4.0
10251800 | 207N [116.3E| P | 3.5/4.0
10251900 | 20.8N [116.3E| P |3.5/4.0
10252000 | 208N [116.3E| P |3.5/40
10252100 | 209N [1164E| P | 3.5/4.0
10252200 | 209N [1164E| P | 3.5/4.0
10252300 | 209N |116.4E| P |3.5/40
10260000 | 2L.IN |1165E| P |3.5/40
10260100 | 213N [116.6E| P | 3.5/4.0
10260200 | 214N [1166E| P [ 3.5/4.0
10260300 | 215N [116.7E| P |3.5/4.0
10260400 | 21.6N |116.7E| P | 3.5/40
10260500 | 21.7N |116.8E| P |3.5/4.0
10260600 | 21.8N {116.9E| P | 3.5/4.0
10260700 | 219N |1169E| P | 3.5/40
10260800 | 220N [I117.0E] P [3.5/40
10260900 [22.IN |1172E| P | 3.5/4.0
10761000 | 222N [1172E| P | 3.5/4.0
10261100 | 224N |117.2E| P | 3.0/3.5
10261200 | 225N |[117.3E| P | 3.035
10261300 | 226N [117.4E| P [3.0835
10261400 | 227N |1175E| F [ 3.083.5
10261500 | 22.8N [117.6E, F_[3.053.5
10261600 | 229N [117.76] F | 3.03.5
10261700 | 23.0N [117.8E] F | 3.0/3.5
T0261800 | 23.1N [117.0E| F_|3.0/3.5
10761900 | 23.2N [1179E| F | 3.03.3
10262000 | 23.2N [117.9E| F [3.0/3.5
10262100 | 23.3N [118.0E] F [ 3.0135
10262200 | 234N |118.1E| F_ 125530
10262300 | 23.6N |118.1E] F_[2.5/3.0
10270000 | 23.7N |[1182E| F | 20723
10270100 | 23.8N [1183E| F |2.0723
10270200 | 239N [1i184E| P | 2.07235
10270300 | 23.9N [1185E| P | 2.0/2.5
10270400 | 24.0N [118.6E| P | 2.0/2.5
10270500 | 24.IN [118.76] P |2.0125
10270600 | 242N [TiS.8E| P | 2.0725
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Table 5. Center locations of typhoon BABS observed by the Kaohsiung Meteorological Radar station.

#M(UTC) ; B8R | BE |4
102610 214N |116.5E
102611 21.5N [116,6E
102612 21,6N |116.7E
102613 216N [116.8E
102614 217N |116.8E
102615 213N 118 9E
102616 220N LIZ0E
102617 ZLIN|LZIE
102618 22N [117.2E
102619 23N 1T7.3E
162620 RAN|ITA4E

102621 225N |IIT4E

102622 22.6N {117.5E

102623 22N |117.5E

102700 22.3N | 117.68

10279} 229N [1TT.6E
162702 229N [IT7.7E
162703 23.0N }117.8E

02704 23.2N [118,0E

102705 234N |T18.1E

102706 23.5N |118.2E

102707 236N [1183E

102708 2LIN[iI8.5E

02709 23BN JILIESE

2710 239N J11E.6E

2711 240N | 118.7E

W2712 242N [1183E

102713 242N [119.1E

102714 242N [118.1E

B3
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* 6. BTAREAHTEILEEE V0 NSTEREREC Hl - Hp CLIP » plE R R R
W CWB: i@ QB E HIER - HURA : @S RiREHE - PGTW : &< B BITER -
RITD : HACZ TR - BCBZ * N2 % HITH% - VHHH @ Fd57 ZHTER - RPMM : JE
TRECFEER -

Table 6. 24-hour forecast error statistics for tropical storm BABS, in the table, forecast errors from

objective forecast techniques and different official forecasts from the Central Weather Bureau

and other Centers are included.
24-HOUR MEAH FORECAST ERROR {KM)

cLIp CHB HURA PGTY RITD BCGZ YHHH RPHH
CLIF 45 212
212 0
Cig 45 212 446 116
114 -9 115 0
HURA ~ 43 212 43 116 43 205
205 -7 205 88 205 a

PETH 212 45 116 205 l:lﬁ

44 42
125 -87 125 9 137 77

RITD 45 212 46 116 43 265 46 125 47 105
105 -107 105 -11 105 -100 103 -22 195 0

[ilers M 137 34 109 33 142 33 122 34107 34 114
114 -22 - 114 5 116 -2% 112 -9 114 714 2

ViHH 15 131 15 90 15 158 15 13% 15 87 13 &3 4
124 -7 124 33 124 -31 124 -11 124 37 114 25 1%3 120 .

RPEH 5 146 6 127 5 177 6 137 6 150 5 127 2 64 6 4
155 9 411 283 195 -22 411 274 411 261 156 27 141 79 411 lé

A B
C D
A Fm X F Y THIREFRE R R I
B FR X #i LRI T 24 /EFRRAZE(KM)
C IR Y 8 EFRIR TR L 24 /NRFRRZE(KM)
D FoR Y SifEeR iR X MTHER T AT RORE AT

— 43—



REPORT ON TYPHOON “BABS” OF 1998

Tai-Knang Chiou
Meteorological Satellite Center, Central Weather Bureau

ABSTRACT

Typhoon BABS was the twelfth typhoon occurred over the northwest Pacific Ocean in 1998.
The system formed at 1200UTC on 15th October 1998 southwest to Guam, it developed and moved
westward along the southemn edge of the Pacific Subtropical High. After it moved near the Philippine
Island, it intensified to a typhoon intensity at 00D0UTC on 20th October and then moved
northwestward. Later, it moved into the South China Sea, it turned north-north-eastward and the
intensity gradually downgraded by felling of northeasterly monsoon at 0000UTC on 26th October.
Finally it turned northeastward and the intensity decreaged to a tropical depression and moved far away
from Taiwan area at 1500UTC on 27th October. The averaged 24hr track forecast error was
116 km and was lower than 177km (mean error of official track forecast from 1971 to 1991).
Although it did not make landfall over the Taiwan area and dissipated gradually, it created torrential
rainfall and strong wind because of combination flow typhoon circulation and northeast monsoon over

the areas of the northern, northeastern and eastern Taiwan and caused serious damages..

Key words : combination flow of typhoon circulation and northeast monsoon
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Fig. 1. The surface analysis at 1800UTC 3 July of 2000.
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Fig. 2. The infrared satellite imagery at 1800UTC 5 July of 2000.

Z — =400

C;;;;/N[”\:i 11002 21 030
o Ji 70

1000§294'050

JON

03007 16 06

8002 05 070 20n

C/J 07007 04 060 T 0007 04 045
1l

5002 ** 030

0F ﬁqg 130 1408

3. 2000 £ 4 GEHE RV e AR R -
e L RMEREERE - B ORGP ERELL L - B 24 /NFZAERER - HERS
53R UTCIRFH ~ T8 (kts) R se REGE (kis)

Fig. 3. The best track of typhoon 0004 (Kai-tak).
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1. 4 PEHRE, (B Kai-tak ) SRRSO R A ERE A

Table 1. The best track center positions, intensity and movement of the typhoon Kai-tak.

B B | db | R | U |0 | R | B | BR | B |7 B0R| 104k | B | Wt
UTC)| & | & | KB | LE | UK #IT | B | BE | B
E | 6 [(hPe)| KA | K Kl |(B®)| 8 | B
® | & (OB B
(km | (m/s) H)
/hr)
7[5 [00 |87 |120.8 [995 |- {15 [TD. |NE |10 |— |=—
06 189 |1205 [995 |~ 15 [ID. [@®g |- |- |-
12 (189 1202 995 |- |15 [ID. [®g - |~ |-
18 [19.0 1200 [992 |65 (18 &  |@% |~ 120 |- R
716 00 [194 [119.8 [990 (85 23 &@  |[Weeg |-  [120 |-
G o8 OE P B5 | NP 20 |- &L
06~ |96 [T95 985 90 5 |@ |\W 150 |-
2 D9 [P0 10 0 NW [ [0 |-
B ol (U835 [0 0 @ e [~ [0 |-
77100 197 1187 [975 110 [30 [ |[z7#@ |~ [150 |-
06 1195 |1186 [970 |120 [33 || {188 |- |1350 |~
T3 (194 |1i86 965 (130 35 | [;18% |— |150 |-
1§ (195 [1I8.8 (965 (130 35 [ 5788 |~ |50 |- |[EL®E
718 [00 1198 |118.6 [965 (130 [35 [ 788 |-~ (150 |-
06 [20.1 [119.4 [965 1130 [35 | |NE 8 |150 |-
09 [203 1200 965 (130 35 | NE 150 |-
2 [205 |120.4 965 [130 P35 |& [NE [0 [150 |-
1§ pI1 |i2i2 Pro (120 33 @ N |12z |50 |-
T 00 P27 (1213 [970 120 133 ;NP3 150 |-
06 |46 |1216 975 (110 PO e [N |6 |50 |-
T2 264 [1212 [980 (100 |28  [s@ [N |34 [150 |-
13 [270 (1213 [980 (100 28 &g NP5 150 |- WeEb
18 [280 |1213 [9%0 (100 |28 J&@ N 38 |10 —  |@E&
7i0[00 (304 [1Z1.8 [985 [90 125 |@ |NNE [40  [130 |-
06 326 |1223 (990 (83 |23 |@& |NNE |42 [150 |-
12 344 [1228 993 |12 [20 & |NNE [T [150 [
18 64 |1234 (995 |65 |18 @ |NNE [#1 {150 |—
TT[00 (385 11235 [996 |54 |15 |[ID. [ENE (30  |i50 =T
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= 2a. 5 4 PFEEAESENTRERR (a) SHEEEL - (b) RESRZER (o) DoanlLEE
IR R
Table 2a. Radar fixes of the center location of typhoon Kai-tak from {a)Kachsiung(46744),
(bYHualien(46699), and (¢)Wufensan(46685).

(a) 25 4 SRREE LS E R UL (46744)7E (U BB BE

L
R M TR - wr Ac DsDs FsFs
(H HES) B BE | (Emm) | (EECE) | (B ki)
070807 20.1 119.1 5 — -
08 20.1 1192 5 o0 10.7
09 20.1 119.2 5 0 0
10 202 119.4 5 53 19.6
11 202 119.4 5 — —
12 20.2 1194 5 aua —
131 20.2 119.4 5 -—- -—-
14 202 119.5 5 65 7.0
15 20.3 119.6 5 60 10.7
16 203 119.7 5 69 12.5
17 20.4 119.9 4 66 27.0
18 20.5 120.2 5 71 28.6
19 20.6 120.4 1 50 30.0
20 20.6 120.4 1 0 0
21 20.6 1204 1 0 0
22 20.6 120.5 1 80 7.1
23 20.7 120.6 1 64 10.7
24 20.8 120.8 i 60 17.9
070901 21.0 121.0 1 42 35.7
02 21.2 121.2 1 43 35.0
03 21.3 1214 1 - 18.0
04 21.4 i2i.4 2 -— 10.7
05 21.6 1214 1 ——- 214
06 21.9 1214 4 - 32.1
07 222 121.4 4 -— 32.1
08 227 121.4 4 -— 33.5




(b) £ 4 BRNE A G S RER(46699)E [ SgRhE R

RREREIC B 7 - _— Ac DsDs ¥sFo
(BHE) (IERERE) (E@E: &) (B © kts)
070903] 21.23 121.35 3 —
04 2122 121.40 3 103 4.9
05 21.40 121.50 3 37 24.0
06| 2198 121.38 2 346 67.0
07 22.38 121.42 2 5 44.5
08] 22.85 121.46 1 5 572
09 23.13 121.55 1 17 319
100 2336 121.51 1 o
(c) £ 4 SERE RO A D SR HG(46685) AL TR E R
B G , Ac DsDs FsFs
CHRRL| E BE | () | (ERcED | (GBE k)
07090900]  23.0 121.4 5 20 20.0
0930 23.0 121.4 5 20 20.0
1010f  23.1 121.4 5 15 20.0
1030 233, 121.3 5 15 20.0
1100 235 121.5 2 15 25.0
1130] 235 121.4 5 15 25.0
12000 236 121.5 5 15 27.0
1230 24.0 121.5 5 5 30.0
1300 244 121.8 1 5 30.0
1330 24.8 121.8 5 5 30.0
1400 24.6 121.6 5 5 27.0
1430, 248 121.6 5 5 27.0
1500 24.4 121.8 7 0 30.0
1600 255 121.5 2 340 35.0
1700 257 121.4 2 340 35.0
1800 25.9 1213 2 340 30.0
1900 26.1 121.5 2 340 35.0
20000 263 121.3 2 350 35.0
2100| 265 1213 2 0 38.0
2200 26.7 121.3 2 0 38.0
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2 2b. hRFEERRSEE ORI 4 FREEER S T OE B EETER
Table 2b. Center location and intensity of typhoon 0004(Kai-tak) analyzed by the Satellite Center of

CWB.

. . BERL | s ety i A (AR
AIB|%| FEER | me | e | s |0 | O D) g | gy | R
7 3 |18 [BIR/R 16.00 115.1¢__ |Poor 150|150
7 3721 [EIRIR 16.20 11910 |Poor 150 |1.50
7 {4 00 [IR/EIR/VIS 16.30 119.00 Poor 1.30 1.50
7 |4 |03 IR/EIR/VIS 16.70 £119.40 Poor 1.50 1.50
7 |4 |06 IREEIR/VIS 1770 12020 |Poor 2.00 |2.00 WE |6
7 |4 |09 [TRZEIRAVIS 18.20 12060 |Poor 200 [2.00 o |6
7 & [12 [[RUEIK 1830 126,60 [Paor 06 (200 a6
7|4 i [EIRIR 13.50 12060 - |Poor 200 {2.00 B 6
7 [& [18 [EIRIR 18.50 12070 |Poor 200 1200 R 6
7 |4 21 [EIRIR 560 (13070 (oot 200|200 |6
7 |5 |00 |IR/EIR/VIS 1866 [120.70  [Poor 200 (200 ey |6
7 |5 |03 |IVEIR/VIS 1870 [120.70  |Paor 700|300 P
7 |56 |IR/EIRVIS 880  [120.7¢  |Foor Z00  |2.00 |6
75 09 [IRVETRIVIS T80  [120.70  |Foor 200|200 = |6
7 |5 12 |[BIAR 189011986 [Foor 350250 510 |mm |6
775 (15 [EIRIR 1900 (11970 |Poor 250 (250 [3.80 \|@m |6
7 {5 118 |EIR/IR CB 19.10 120.30 Poor 250 (250 |5.40 |BR@ (12
7 |3 |21 |EIRIR CE (1920 12020 |Poor 2.50 [2.50 [3.50 |mm |12
7 |6 |00 |IR/EIR/VIS  |CDO 1940 12000 |Fair 2350 [2.50 [3.50 |34t 16
7 16 |03 [IRVEIR/VIS CDO [19.50 119.80 Fair 2.50 |3.00 370 [kEriE (6
7|6 |06 (TREIR/VIS  |[ECP |19.50 11576 |Fair 300 [3.00 |450 |;m |6 A ]
7T |6 [09 NR/EIR/VIS |ECP |19.50 193¢ |Fair 350 350 300 |mm |6 Vi L sesn
7 |6 [1Z [EIRAR CB_ |19.90 1890 |Fair 350 [350|IE0 [mEm |6 Y LR
7 |6 |15 [EIRAR CB  [20.10 118.80  |Fair 330 (350 390 | |6
76 |18 EIRAR CE_ |20.00 118,60 |Fair 350 [3.50 [4.50 &AM |6
7 |6 [2f [BIRAR CB  [19.70°  |118.50  [Fair T30 [3.50 [5.60 [|FE |6 :
7 |7 [00 IREIRVIS |CB  [19.70 TI8.60  |Fair 350 [3.50 |4.50 {6 L
T [7 |03 [REIR/VIS |CB|19.70 118560 " |Fair 3350 330 [480 [pam |6 R
7 17 |06 IVEIRVIS  [EVE [19.60 1870 |Fair 400 [#00 ([420 (3@ |6 LS
7T 17 09 IREIR/VIS  |EYE |19.60 1870 [Fair - [4.00 [|#.00 [4.70 |&@ |6 Ve CEE
7 |7 |12 [FIRAR EYE (1960 itge0 " |Fair 400 [#00 [480 |mmm |6 R
7 |7 |13 [EIRAR EYE [19.70 1890  |Fair 350 (400 [3.50 l|wkem |6 Yo SR
7|7 18 [EIRR EYE [19.70 11900  [Fair 350 (400 (410 |as |6 v LR
77 2 [FRAR EYE |19.80 119,107 |Fair 330 (400 (310 [mm 15 WL SR
7 |8 |00 IR/EIR/VIS —[EYE [20.00 119.30  |Fair 350 [400 [4.20 & |6 . 1o FRE LiE
7 |8 [03 [R/EIR/VIS |EYE |20.00 119.30  |Fair 350 [300 [3.50 |&W |6 WL LR |
7 |8 |06 IR/EIRVIS |[EYE [20.20 11970 |Fair 350 (400 380 |ixm |6 i ]
718 |09 [IRETR/VIS |EYE [2030  |119.70  |Far 350 (400 [400 |pem |6 L e
7 8 |12 [EIRIR EYE |20307 [12030 |[Far 350 [4.00 400 | |6 L R
7 |8 {15 [EIRIR EYE [20.70  |120.60  |Fair 350 [400 [3.60 (mEm 6 Vi I P R
7 |8 |18 [EIRIR EYE |21.20 12100 |Eair 350 (300 1330 (@ |6 Yo I TR
78 217 [EIIR EYE [21.90 12130 |Fair 350 300 1420 [HH |6 e L]
7 9 |00 [[REIR/VIS |[EYE [22.70 12130 {Fair 350|400 (400 (@ |@ Wi LRE R
7 |9 [03 [IWEIR/VIS |EYE [23.50 3740 [Fair 350 400 [430 [3m |6 Yo LI L
7719 [06 IREIR/VIS |CDO |24.50 12170 |Fair 300 3.50 430 |mes |6 LR
7 |2 [09 [EIRIR CDO |25.60 12130 [Fair 300 1350 [4.20 |gkEE |6 S [ e
7 |9 |12 [EIRIR CB 2630 T21.10  |Fair 300 |30 [340 [mem |6 % LI %R
7 19 |15 |BIRIR CB - |27.10 12120 |Farr 300 [350 [410 & |6 Y W
719 {18 [EIRIR B [28.00 12130 |Fair 300 [3.50 [3.50 | |6 ]
710 |00 IR/EIR/VIS  |[CB  |36.40 12180 |Fair 250 [3.00 [400 |mEz |6
7110 |03 (IWEIR/VIS |CB 13130 |122.00  [Fair 750 [3.00 [350 (3@ |6
T 110 106 |IR/EIR/VIS CB 32.60 122.30 Fair 2.50  |3.00 {3.530  (Em 6
7 |10 |00 TWEIRVIS  [CB [3370° ~[12280 |Farr 250 300 350 [was |6
7 |10 |12 [EIRJIR CB 3450 12400 {Fair 200 250 390 [was |6
7 110 |13 |EIRIR CB  [35.60 12470 |Fair T50 |Z00  [0.00 Tz |6
7 (10 [15 [ETRVIR CB 3530 123307 [Poor 200 250 [0.00 g3 |6
7 (10 |18 |EIRIR CE 3600 123.60  |Poor T30 [z00 (000 |wss |6
7|10 [21 [EIRAR CB  |37.00 123,80 |Paor 150 |200 J0.00 [gag |6
7 |ti |00 |EIRAIR CB (3880 12420 [Poor 1350 |200 [000 |wE3 |6
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Fig. 4. The ten-day (1 to 20, July of 2000) mean sea surface temperature (top) and anomalies (bottom)
over the Pacific area.
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5a. 2000 £ 7 B 9 H 0600UTC gaifEHmE K E 4 -
Fig. 5a. The surface analysis at 0600UTC 9 July of 2000.

5b. 200047 5 11 H 0000UTC R B EEEE -
Fig. 5b. The visible satellite imagery at 0000UTC 11 July of 2000.
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6a. 2000 4F. 7 A 7 H 1200UTC 300/500/700 HiA ( &Z=E ) FHERTRE -
Fig. 6a. The 300/500/700 hPa mean flow streamlines at 1200UTC 7 July of 2000,

6b. 2000 4£ 7 B 7 H 1200UTC 500/700/850 BiE (=%EE ) FHRE -
Fig. 6b. The 500/700/850 hPa mean flow streamlines at 1200UTC 7 July of 2000.
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6c. 2000 ££ 7 A 10 H 0000UTC 500 HiHEZ[E -

Fig. 6c. The 500 hPa analysis chart at 0000UTC 10 July of 2000.
¢¥EﬂBQEOTHOQE14ﬁH%Eﬁ%§E

hRESBREHRO
7.2000 £ 7 A 9 H 0600UTC fTHMART 2 ER -
Fig. 7. The infrared satellite imagery at 0600UTC 9 July of 2000.
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Fig. 8a. The surface analysis at 0000UTC 6 July of 2000.
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Fig. 8b. The first warning of typhoon 0004 issued by CWB.
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Table 3. Warnings issued by CWB for typhoon Kai-tak.
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Table 4. Meteorological summary at each CWB observation station during the passage of typhoon 0004 (Kai-tak).

st £ 18 £ (hPa) B M & ARk (0/s) A R#&(n/s) BL 0% W) (il & 1 ok (om) Bk 8% (on)

1 ) | mae | ma | wecw | s | me | wmea) [ow | e [roa| ewnw) | s | smome-se))

CE 987.2 09/14:41 | 17.§ ¥ 09/16:33| 1.5 ESE | 09/05:47 | 15.0 09/16:25 5.0 09/16:30 72.0 | 08/10:50-09/23:05

o -Fi 987.8 09/14:54 | 27.1 ENE | 09/16:56 | 5.8 S¥ { 09/16:57 1 18.0 09/17:29 6.5 09/13:54 85.5 | 08/12:30-03/23:45
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Table 5. The maximum winds, gust and rainfall observed at CWB stations on July 8-9, 2000,

R RGE(KAT-TAK)
7H8H00HEE 7 H 9 H 21 Bz BENE M AERME =

s

YETHOH 21 (AR #

0004

b [ BENE AT HAER R | AR HR IR
(mm) | EEK ) EERE |G | Kes)  [BIERS ot
HFLAE

¥ (R g 177 50 10 0917 84 14 0916
2 g 123

o B 194

M| 257 26 6 0912 53 10 0914
W oz 151 45 9 0905
BByl 85 27 6 0908
W Akl 54 35 8 0917
# Jdb 57 35 8 0917
@ 52 19 5 0818 34 8 0901
= 37

B/ B 41 36 8 1919
H H & 46 23 6 0911
E ) 166 23 6 0911 45 9 0917
FOE (L] 104

2 & 27

& Fi| 48 33 7 0917
= W 19 27 6 0914
e #E| 259 32 7 0911
W ol 258 37 8 0911 62 11 0008
& @ 198 48 10 0911
A &l 165 48 10 0905
" &| 246 24 6 0820 54 10 0904
B W] 154 61 11 0907 109 17 0908
% 0 W 4 35 8 0908
H = Bl 67 39 8 0917 48 10 0915
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Fig. 12. The accumulated rainfall(in intervals of 20 mm) from 6 (Q0LST) to 9 (23LST) July of 2000.
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Fig. 13a. The radar echoes from Kachsiung
station at 1528 UTC 8 July of 2000.
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Fig. 13c. Same as Fig. 13b. but for 0130 UTC.
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Fig. 13b. The radar echoes from Hualien station
at 0000UTC 9 July of 2000.
ik
,"”ig Wﬁ.'-.
,l Lk i
LA R oW
N &/ AR
T T
LT
G
|
- H
JAINE?. __L
I F {

KNCMOSA CV (dba) Swa 08 30Z 09-Jul-00

13d. 2000 £ 7 A 9 H 0830UTC 5L E=
Al TR PR i Rk iR ] -
Fig. 13d. The radar echo composite chart at
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Fig. 13e. The 0.5 velocity (Kts) data for Wufensan (46685) station of CWB at 0831 UTC ¢ July of 2000.
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Fig. 14a. The stepwised track forecasts of CWB TFS/PE model (500hPa height centers) for typhoon
Kai-tak.
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Fig. 14b. The stepwised track forecasts of CWB TFS/PE model (surface pressure centers) for typhoon
Kai-tak.
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Table 6. Mean track forecast errors of typhoon Kai-tak from EBM model.

‘EBM. model forecast error [ 2000cp !

KALZTAK
12HR : 24HR

ERRORS DIST ANG SPD D90 DIST ANG SPD D30
00070600 111, 47. 4. B59. 259. 54, 8. 136.
00070612 147. 61. 11. 76. 337, 100. 12. 175.
00070700 54,-129. 1. -15. 178. -75. 5. -96.
00070712 73. -39, 4. -37. 236. -55. 4,-128.
00070800 125. -39. 5. -67. 201. -26. 4.-106.
00070812 84, -1. 7. -3, 84. 7. 1. 44.
00070900 21, -4. -1. -16, 151. -10. ~-1. -78.
00070212 231, -26. 7.-122. 491. -31. 2.-263.
00071000 221, -20., 10.-109. rrddkkdakkikidbbiidd

NCASE : 9 9 9 9 8 8 8 8
MEAN : 118. -12. 5. -26. 242. -11. 4. -39.

ARSMERN : 37. 5. 656. 44, 5. 128B.

36HR
DIST ANG SPD D3SO0
428, 60. 10. 221.
523,-136., 13.-188.

351, -64. 5.-188.
339. -40. 3.-181.
103. -B. ~-1l. -54,
126. 5.- -2. 47,
317. -14. -4.-157.

P S L L2222 A A
Adkok ok ok ok ok kR ko

7 7 7 7
312, -23. 4. -72.
42. 5. 1la8.

48BR
DIST ANG SPD D30
557, 24. 11. 138.
732.-107. 11.-346.

416. -42. 5.-224.
263. -19. a.-137.
i88. -3. -4. -28.
285. 4, ~-6. 48.

Fhkhhkkhk bR hdk kA A kKF
P s S22 2L AR L L A A
P 2 2 2 AL S L]

6 6 6 [
407. -20. 3. -82.
30. 6. 153.
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Table 7. The error of selected track forecast techniques at (a)24hr and (b)48hr for typhoon 0004

CLIP
CHE
TFsS
HURA
PETH
RJTD.
BCeZ
VFHH

RFM#

CLIF
CcHE
TFSS
.HURA
PETH

RJTD

BLGEZ

VHHH

(Kai-tak).

cLIP

15
243

16
164

5
1z5

14
48

16
220

16
187

13
242

14
222

&
342

283
283
-118

253
~127

298
-50

283
-62

283
-128

268

-25

287
-64

3oy
35

CLIP

12
655

12
518
212

10
642

12
657

12

12
642

12
551

655
655
=137

616
-403

685
-42

655
1

€55

655
-12

655
=163

CHE

18
162

14
248

18
214

18
164

15
235

16
216

333

162
148
-7
168
162
51
162
177
57

175
40

203
129

cHa

14

466

262

10
642

14
601

14

14
575

14
524

466
464
-201

507
135

466
135

466

466
103

4686
57

7a

TFsS

140

240

218

211

250

220

46

140

125

114

149
77

140
7o

127
122

127
92

il6
229

7b -

TF5s

262

£as

609

618

544

262

212

275

262
346

262

262
353

262
281

24-HOUR MEAN FORECAST ERROR (KM)

HURA

14
243

14
231

14
166

11
250

12
227

6

1342

48-HOUR MEAH FORECAST ERROR (KH)

248
0

248
- 16
248
-81

25%
-9

255
~27

2758
&6

HURA

10
642

10
675

10

10
650

10
531

642

542

33

642

542
7

6542
-111

PGTH

18
214

L]
164

15
235

16
216

7
333

214
0

214
-50

227
7

233
~16

272
61

PETH

14
601

14

14
875

14
524

601

601

601
4]

601
-77

—75-—

RJTD

18 164
164 0

15 177
235 57

16 175
216 40

7 231
333 101

RJTB

14 459

14 459
575 116

14 459
524 64

VHHH 2PMM

BC6Z
18 235
235 0.
14 248
211 -37
T 262
33 7o
BCGZ

16 216
216 0

7 209 7 333
333 124 333 0

VHHH

14 575
57§ Q

14 575
524 .51

14 524
524 0
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Fig. 15a. Surface analysis over the Asia area at C000UTC 11 July of 2000.
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REPORT ON TYPHOON 0004 (KAI-TAK) OF 2000

Henry Fu-cheng Liu
Weather Forecast Center, Central Weather Bureau

ABSTRACT

This article mainly deals with typhoon 0004 (KAI-TAK) of 2000 about its evolution, movement,
rainfall and central pressure observed over the Taiwan area. Discussions on the verifications of various
subjective and objective track forecasts are also included.

Typhoon Kai-tak formed over the ocean northwest of the Philippine Islands and moved northward
toward Taiwan. The typhoon center landed Taiwan at Chengkung, and moved north to north-northeast
toward the East China Sea after invading Taiwan. Finally, it dissipated as a tropical depression.

The observations showed that there was heavy rainfall over the northern, northeastern and eastern
parts of Taiwan when Kai-tak invaded or was nearby. Owing to the the rainbands within the northeast
quadrant of typhoon Kai-tak and the effects of the topography of Taiwan, the maximum accumulated
rainfall of 638mm was observed at the Binglong station during the period of Kai-tak's invasion. In
addition, a peak gust of 54.5m/s and a minimum pressure of 978 hPa were also observed at the Lanyu
station. The total losses were about US$ 1.8 million.

Of all subjective track forecasts for typhoon Kai-tak by the Central Weather Bureau, the averaged
24hr track forecast error is 162km in distance and 466km for the 48hr track forecasts. Among all track
forecasts available at CWB, the TFS/PE model presented the smallest track forecast error; its mean

distance errors are 140km for 24hr forecast and 262km for 48hr forecasts.

Key words: typhoon Kai-tak, track forecast.
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Table 1. The best track center positions, intensity and movement of Typhoon Yagi.
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Table 2a. Center locations and the related intensity of Typhoon Yagi analyzed by Satellite Center of CWB.
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Table 2a. Center locations and the related intensity of Typhoon Yagi analyzed by Satellite Center of CWB. (Continued 1)
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Table 2a. Center locations and the related intensity of Typhoon Yagi analyzed by Satellite Center of CWB. (Continued 2)
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Table 2a. Center locations and the related intensity of Typhoon Yagi analyzed by Satellite Center of CWB. (Continued 3)
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Table 2b. Radar fixes of the center location for Typhoon Yagi by Wufensun station (46685)
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105248 15 23.8 125.9 2 313 21
i6 239 125.7 2 317 17
17 24.0 125.6 2 302 17
18 24.1 125.5 2 300 18
19 242 125.4 2 330 18
20 24.3 1254 2 335 10
21 24.4 125.3 2 330 16
22 24.5 125.1 2 300 20
23 246 125.0 2 310 16
10H25H 00 24.6 124.9 2 306 15
. 01 24.7 124.8 2 300 12
02 24.8 124.7 2 327 17
03 249 124.6 2 304 10
04 25.0 124.5 2 323 15
05 . 25.1 124.5 2 359 12
06 252 124.5 2 359 7
07. 25.2 124.5 2 285 4
08 252 124.5 2 343 7
09 25.3 124.4 2 330 10
10 254 1244 2 348 10
11 25.5 124.4 2 360 10
12 25.6 124.4 2 343 7
13 256 124.4 2 350 6
14 25.7 124.3 3 355 13
15 25.8 124.4 2 37 10
16 25.8 124.5 2 79 11
17 259 124.6 2 37 17
18 26.1 124.6 2 360 12
19 26.1 124.6 2 42 3
20 26.0 124.7 L 2 96 6
21 26.1 124.9 2 80 12
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Table 3. Warnings issued by CWB for Typhoon Yagi.
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Table 4, The rainfall, maximum winds and gust observed at CWB stations from GOLST 25 to 08LST 26
October of 2000,
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Table 5. Meteorological summary of CWB’s observation stations during the passage of Typhoon YAGI.

i ar F A% (hPa) 5} i K ik (/s ) REXRBE(/s) X EE K E(mm) 17k i § (mn}
Frib (L) | R# B& ML) | R | A& BERI(L) | — B | AedRmyM(L) |+ ordd | Aedbedmi(L) | #4E | symIOmH-8 1))
44k 1011.4 24/14:53 | 11.9 | ¥SE | 24/15:45| 5.7 E 24/15:45 | 0.7 25/17:10 0.4 25/13:35 2.0 | 24/14:50-26/03:25
HFH 1012.5 24/14:50 | 11.0 N 25/05:19( 3.2 N¥ 25/05:01 2.5 25/14:34 0.5 25/14:37/ 20.0 | 25/10:48-26/03:25
34 1 1510.4CGPMY | 25/14:00 | 17.6 N 26/01:24 | 11.4 N 26/01:03 | 10.0 26/00:16 2.5 25/23:11 73.0 | 24/14:50-26/03.25
4y 1010.0 24/14:18 | 4.2 NE 24/16:48| 8.8 NNE | 25/1C:54 | 0.5 26/02:32 0.% 26/03:22 1.5 25/23:30-26/08:30
ki 1009.7 24/14:50 | 8.7 NNE 26/14:461 4.1 N 25/14:59 - - — - - -
15 1009.8 24/14:34 | 20.0 N 25/11:19] 13.3 NNR | 25/11:22 - - - - - -
8 Fi%|1508.0(CPY) | 24/02:48 | 4.4 NRK 25/12:13| 2.9 S 26/01:43 - - - - - -
Ak 1609.8 24/14:26 ] 6.6 KNE 25/17:18| 3.4 N 25/14:40 - — - - - -
FT 2L 764.8 25/03:35 | 5.2 E 25/02:14 | 2.7 ENE | 25/01:57 = - - - — -
Eoali | 3180.0(GPM) | 24/02:11 | 16.1 E 24/23:04 ¢ 6.7 NE 24/02:09 = - - - - -
4 1009.4 24/15:01 7.8 N 26/18:541 5.0 NN¥ | 26/16:44 - - — = - —
fio¥ -4 1009.7 24/14:06 } 1.6 N 24/13:181 5.2 NR 24/13:28 - - - - - —
15 3. 1010.3 24/14:22 | 11.7 NE 24/21:49] 5.8 NE 24/18:15 — - - - - -
PYia 1012.3 25/13:50 | 14.4 ENE 28/02:22 7.5 N 26/02:24 | 9.5 26/02:01 3.5 26/02:24 15.8 | 24/14:50-26/03:25
im 1010.7 25/14:13 | 16.5 SE 25/11:32| 6.1 NE 25/10:41 — - — - — -
i # 1011.1 25/14:3% 1 9.4 E 26/13:44| 7.3 E 24/15:10 - = - = — -
it 1608.6 25/13:53 } 6.8 ESE 25/13:19 4.3 E 25/13:25 - — — - - —
%] 1009.6 25/03:52 | 15.C NE 26/23:14] 8.3 NNE | 26/22:25 | 3.0 26/08:09 0.7 26/08:33 4.2 26/07:45-26/10:20
4R 1010.1 25/04:00 | 8.5 SSE 24/16:27| 3.9 ENE | 24/13:37 | 15.5 26/01:09 6.0 25/20:12 41.6 § 25/19:54-26/03:00
N 1010.4 25/03:56 | 6.4 E 24/16:07 3.2 WK [ 25/21:31 1.8 25/21:46 1.6 25/21:4b 2.1 24/14:50-26/03:25
e 1009.3 25/03:49 | 20.1 NE 25/00:42| 14.6 NE 25/01:40 = - - - - =
RS 1011.2 25/15:39 | 22.4 NE 28/01:121 15.6 NE 26/01:18 — - - - — -
#dn 1011.23 25/03:50 | 16.1 ENE 26/01:22| 7.8 NE 25/13:58 = - — - - -
KT h 1010.3 25/03:46 | 21.2 NE 25/17:55 | 15.9 NNE | 25/18:16 - - = - - -




#* 6. BREFEEN - MTEERERE R (a) 24 /NRHEL (b)) 48 /) il AR TR HSER
FhubaoA ik
Table 6. Errors of selected (a)24hr and (b)48hr track forecast techniques for Typhoon Yagi.

(a) 24-HOUR MEAN FORECAST ERRQR (KH}

CLIP CHB TFSS EBM HURA PGTH - RITD BCEZ VHHH RPMM
cLIP 14 116
116 0
NUMBER X-AX15
CHB 14 116 16 188 OF TECHNIQUE,
190 T4 188 Q CASES ERROR
¥-AX1S ERROR
TFSS 7 109 7 188 7162 TECHMIQUE | DiFFERENCH
162 53 162 .25 162 0 ERROR ¥X
EBM 7 199 7 188 7 162 7 196
196 87 196 7 196 33 196 0
HURA 14 116 14 190 7 182° 7 186 14 170
i70 53 170 .20 172 9 172 -24 170 ]
PGTH 11 116 16 188 7 162 7 196 14 170 16 150
189 42 1560 -38 146 .16 146 -50¢ 159 .11 150 0
RITD 14 116 16 188 7 162 7 196 14 170 16 150 16 211
214 098 211 22 192 29 192 -3 214 44 211 61 21l 0
BCEZ 6 105 6 270 3 127 3 227 6 216 6 238 6 288 6 274
274 168 274 a 246 118 246 12 274 57 274 36 274 -14 274 9
VHHH 3 157 1 298 1 412 1 311 3 250 3 196 3 259 1 388 3 427
427 270 427 129 AST 44 AG7 146 427 177 427 231 427 68 400 11 427 O
aPHM 5 101 5 227 3 109 3 211 5 148 s 216 5 220 3 296 0 ] s 270
270 168 270 42 233 124 233 22 270 122 270 53 270 5D 342 46 o 0 270 0
(b) 48-HOUR MEAN FORECAST ERROR (KM)
CLIP CHB TFSS EBM HURA PGTH RITD BCGZ RPEH
CLIP i1 288
288 O
NUMB .
CHB 11 288 12 464 oF | enquE
494 205 464 0 CASES ERROR
¥-AX1S FRROR
TFSS 6 305 6 498 6 301 E
a1 -3 301 -196 301 D ERROR ¥x
EBN 6 305 6 498 6 301 & 350
350 44 350 -148 350 48 350 0
HURA 11 288 11 494 6 301 6 350 i1 303
303 14 303 -130 342 40 342 -7 303 0
PGTH 1l 288 12 464 5 301 & 350 11 303 iz 41
433 144 411 .53 429 127 429 79 433 123 41 0
RITG 11 288 12 464 6 301 6 350 11 303 12 411 12 437
462 174 437 -27 453 151 453 103 462 159 437 25 437 b
BCEZ 5 229 5 675 3 316 3 500 5 470 5 614 5 635 5 707
707 487 707 31 670 353 670 170 707 237 707 sz 707 72 707 0
RPHH 1272 1 379 6 0 0 0 1 92 1 492 1 451 0 0 L 346
346 74 346 -33 0 0 0 0 346 253 346 -146 346 -105 0 0 348 0
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Fig. 1. The satellite infrared imagery at 1800UTC 21 October of 2000.
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Fig. 2. The best track of typhoon Yagi (2000).
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over the Pacific area.

Fig. 3. Ten-day (11 to 20 > October of 2000) mean sea surface temperature (top) and anomalies (bottom)
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Fig. 5a. Surface analysis over the Asia area at 1800UTC 24 October of 2000,
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Fig. 5b. The satellite infrared imagery at 1800UTC 24 October of 2000.
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Fig. 6a. The 500/700/850 hPa mean flow at 1200UTC 25 October of 2000,
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Fig. 6b. The 300/500/700 hPa mean flow at 1200UTC 25 October of 2000,
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Fig. 6d. The satellite infrared imagery at 1800UTC 27 October of 2000.
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Fig. 7. The surface analysis over the Asia area at 0000UTC 27 October of 2000.
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Fig. 8a. The surface analysis over Asia area at 1200UTC 23 October of 2000.
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Fig. 9a. Surface analysis over the Taiwan area at 1200UTC 25 October of 2000.
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Fig.9b. Radar echoes detected by RCWF radar station at 1200UTC 25 October of 2000.
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Fig. 9¢. The isohyets (accumulated rainfali over the Taiwan area) for the period of 00LST 25 to OSLST
26 October of 2000,
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Fig. 10a. Barotropic analysis for 1200UTC 25 October of 2000,
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Fig. 10b. The 500 hPa upper-air analysis at 1200UTC 25 October of 2000.

—102—




CWB EiM FORECAST TRACK (00/10/22/127—-00/10/25/127)
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Fig. 11a. CWB EBM forecast track for Typhoon Yagi {Date: 00/10/22/12UTC-00/10/25/12UTC)

CWB TFS/PE DATE (00/10/22/122-00/10/25/127)  OP

TYPEIOON — YAGE

i
o ¥E

VOR 850MB

Y

11b. Hrg g Rt R, TFS/PE HE=THRIEI(LL 850 SHMERE)
Fig. 11b. CWB TFS/PE forecast track for Typhoon Yagi (Date: 00/10/22/12UTC-00/10/25/12UTC)
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Fig. 11c. CWB TFS/PE forecast track for Typhoon Yagi (Date: 00/10/22/12UTC-00/10/25/12UTC)
operated by PS.
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REPORT ON TYPHOON YAGI OF 2000

Henry Fu-Cheng Liu
Weather Forecast Center, Central Wéather Bureau

ABSTRACT

This article mainly deals with typhoon Yagi's evolution, movement, rainfall and central pressure
observed over the Taiwan area. Discussions on the verifications of various subjective and abjective
track forecasts are also included.

Typhoon Yagi formed over the northeastern ocean of the Philippine Islands and then moved
westnorthwestward toward Taiwan.  [ts center did not make landfall on Taiwan but passed by some 280
km east to the eastern coast of Taiwan and later on moved northnortheast toward Japan, and finally
dissipated as a tropical depression over the Ryuku islands.

Observation data showed that there was heavy rainfall over the northern, northeastern and eastern
parts of Taiwan when typhoon Yagi was nearby. The maximum accumulated rainfall of §6mm was
observed at the Anpu station during the period of Yagi’s approaching to this island. In addition, a peak
gust of 16.5m/s was observed at the Suao station and a minimum pressure of 1008.6 hPa was observed at
the Chengkung station. There were no damages to Taiwan.

As to the subjective track forecasts for typhoon Yagi done by the Central Weather Bureau, the
averaged 24hr position forecast error is 188km and the averaged 48hr position forecast error is 464km.
Among ali track forecasts available at CWB, the TFS/PE model presented best. It's position errors are

only 162km and 301km for 24hr and 48hr forecasts, respectively.

Key words: typhoon, pressure, distribution of rainfall, tropical depression, frack forecast
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