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Fig 1. The best track for typhoon FRED.
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Table 1. The best-track positions, intensity and movement of typhoon FRED.

R# BE | 8BF |BORE | SR | RESR | BET | BEhHE
{UTC) (hPa) m/s km degree km/hr
94081506 | 18.1N | 141.5E 998 35 120 320 9
94081512 18.3N | 140.6E 995 40 120 285 9
94081518 18.1N | 139.6E 992 45 130 260 10
94081600 18.0N | 138.7E 985 55 150 265 9
94081606 17.8N | 137.7E 982 60 180 260 10
94081612 17.6N | 136.8E 980 60 180 255 9
54081618 17.5N | 1359E 975 65 220 265 9
94081700 17N | 134.5E 970 65 220 285 14
94081706 18.5N | 133.1E 970 70 250 295 15
94081712 18.7N { 132.4E 965 80 250 285 7
94081718 | 18.8N | 132.0E 960 85 250 285 4
94081800 190N | 131.5E 958 90 250 295 5
94081806 i9.5N | 130.7E 948 100 300 305 9
94081812 20.1N | 129.8E 945 100 300 305 10
94081818 20.7N | 128.8E 945 100 300 305 11
94081900 21.3N | 127.8E 940 100 350 305 11
94081906 21N | 126.9E 940 105 350 295 9
94081912 ' | 22.1N | 126.1E 935 110 350 300 8
94081918 22.5N | 125.4E 935 110 350 300 8
94082000 229N | 124.9E 935 110 350 310 6
94082006 235N | 124.6E 935 110 350 335 7
94082012 244N | 1243E 940 110 350 345 9
94082018 254N | 123.8E 940 105 350 335 11
94082100 263N | 1229E 950 920 300 320 12
94082106 269N | 122.0E 960 80 300 305 10
94082112 274N | 121.1E 970 T0 180 300 9
94082118 28.0N | 120.1E 930 55 150 305 11
94082200 28.5N | 118.8E 988 45 120 295 12
04082206 290N | 117.4E 995 40 100 295 13
94082212 29.6N | 116.1E 998 35 100 300 13
94082218 30.2N | 115.1E 998 35 100 305 11
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Fig 2. GMS IR imagery at 0000UTC 15 AUG 1994,
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Fig 5. The 500hkPa weather chart at 0000UTC 20 AUG 1994,

r \ l:___.-...._.__:"h_‘l.
\\ N f/f%

)
122 '.Qgi:i'.ﬁ!.c‘lg\\-

300/560/700054" MENN!

6. BLE8358 A 19 H 1200UTC 300/500/700 = K i H
Fig 6. The 300/500/700hPa mean flow streamline analysis at 1200UTC AUG1994.

— 190 —



f R 2 0/\
ff{(,e \»

N ! -
ES L

ST ) w
/ & i
\//3"

B 7. BE834:8 A 21 H 1200UTCH; & e e BB e R R FT A B 20k
Fig 7. Synoptic report at 21 1200UTC August as Fred makes landfall on the east coast of China.

30'N

CHINA

o i

264°N
1228°E

g:on:: BIR-REFL (ARS) ~jAg - - ."

8. RIE834F8 H 21 H 81 H IEA S (CKS) B 2 H#]
Fig 8. CKS Radar imagery at 0000UTC 21 AUG 1994,

— 191 —



950 PR
B o035 \ /
P \ / — BER
—~ 580 ---HERE |
® \ / R
. 97%
T %0

965 |

960

955 Lt

199 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 & 10 12 14 16 13
Y !

#

R (aFe)

B 9. EEMRA6695 - BH46T08 K R IHA6TO0 5 Sl T i SR R A 84 B (S 7 )
Fig 9. The hourly pressure of station 46695, 46708 and 46706.

FRIA  {F20H 2205 DA RRE RS » %21 H
¥R EHI R SR (S » 21 H 108 DI ZF
WriEIA 0 R R R A B G R R B
A s

ORE:

B0 M - SRS H = ARSI
BB AT ¢ FEEEEES H 20 H 200RF DL #2 B
W 2 HRALEERR - BARHER
40.0m/fs » 21 HOB SRR AREERE#
53.2m/s » HEEREGERERTIRGS » & LA RGER—
B AE/ > —EE21 5SS BER
AN BALRYEGERIE A » FELTRE DI AR - B
{RUbTEEH AR » DU My » A BBk
Bl -

SRR :

FERE e S T A 0 & B B AR R
11 HE TR 2EFRLCEE - sdbmen st
HEDEEA » BT It 19 8 228323 0 21 H 17
590 SRR K B RIS 11.0mm - 8375 F253.1
mm » HAHE &S L2 A 110.6mm » HREHE105.9

mm » A2 RE > W 12(20H 1200UTCH # 2
ZENETHETHRASTERIFERET - B
REMTR b8 - RItHEEZEHENHE
B HiligeEtpestem  WmERARE - 5
#h FEIUBRGIELFERANE » EILRWHE
BH184.9mm » MERSREETHNERY > £
BETHW -
I :
HEBERERERREBENZRFEBAT
H1 > 21 B AR 12 SR A R I RE SR - HER
BERRERE » SRRIBHBETI R » BEE38.5C > Ik
RERARERTH TENREZ— > B8 n &
21 H8nF R M ERRAVES R - KR SEAIRE
B = R - RAEERO PR RS LR - o B
BEREIFLE -

m -~ BERBANLRRS
F R R BE BT £ MR IR AL HERT - 78
EARE R - BRI K EOERES
SO B e AR IHTHRSG » AR PN B Y O B

— 192 —



45

a0 b
T — 48695
------ 46642
PRk -~ — 45741
ff 25
-
; 20
S
s 15
l[] -
. 7
5 - f"'{- LA = A 4
Nt 0 Tttt T W S > - (4
I I T ol

........

198 18 20 22 0 2 4 6 & 0 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18
&k

B M {3bcEF)

B 10. SHEMA6695 + 1346692 F: £ RTA6T4 1 | 3 4 A R

Fig 10. The hourly mean wind speed of station 46695, 46692 and 46741,

350

300

250

200

150

() W3

100

50

I

E M ;
S -
& o !
B

we |

o o

b J UL
% e
Wy
& ok
3%
A ob

5w m
W

b ot e

ElE

B 1L E SR S R AR BT RE
Fig 11, The total rainfalls of all CWB'S weather stations.

— 193 —

b
ot
¥ op

g9 |
Bl &t

i Wi

=




1994-08-78 11:333

. ) 2 — »
B 12, EEI8348 520 H 1200UTCHL Mg 2 B
Fig 12. GMS IR imagery at 1200UTC 20 AUG 1994,
40 . 80

38
36 &
3 b
32 |

ol

2

26

24T

2y ' —A=gE(C) |
—+— IR (%)

26 e 20
21| 018¥ 4 T 10 13 16 19

B M)

E13. A HA6766 I8 B B B R L OHU )
Fig 3. The hourly temperature (°C) and relation humidity (9¢) of station Taitung (46766).

— 194 —



B - HBSHATT
LARKE : FZ B « KB~ ABR
B ~ EAAGELR -

2B ¢ WA SO -
3N ¢ BRI - B
FALL ~ SRR SIS - HORE BN
-
LENREESE | ABSFEE TR -

A EHRANREREREER
P B R HL A BB A e - RS

RIFEWE - FESEFBCUNEER N LEEM
{RRASETIS » EEA b - FHEAH B i B U e R AR

F 2. HENREEERRIN R
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Table 3. The meteorological summary of CWB’s stations during typhoon Fred passage.
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Table 4, Satellite fixes of Typhoon "FRED", Table 5. Eye-fix for typhoon Fred by 46699 radar

RHI(UTC) | MEE | G |WATEEE| THCL# .

08150600 | 18.7N |141.8E| 5 | 2.5/2.5 i RE R ik
08151200 | 18.4N |1408E| 6 | 2.512.5 2008001, | 28 148 | <6630
08151800 | 18.IN |139.7E| 6 | 3.0/3.0 200000, | @28 1247 | 469
08160000 | 17.8N |1388E| 5 | 3.053.0 ZAL00RK, &0 i 46699
08160600 | 180N |1375E| 3 | 35835 OLIL, | s WS | 46699
08161200 | 17.5N |136.8E| 4 | 4.0/4.0 002001, | 23 | -2 | 40609
08161800 | 17.5N |136.1E| 4 | 4.0/4.0 PoIB0OL, | 23 47 | e
08170000 | 17.8N |1353E| 3 | 4.5/4.5 goLNL | A 1248 | e
08170600 | 18.IN |133.8E| 3 | 4.5/4.5 CpTSOOL | 2 1247 | 460
08171200 | 185N |1329E| 5 | 5.0/5.0 ~0lo00L. | | 298 145 | WMo
08171800 | 187N |132.1E| 4 | 4545 201700L ot Lds | #eaw
08180000 | 18.8N |1313E] 4 | 4.5/4.5 201800L |  24.1 1246 | 46699
08180600 | 19.6N |130.7E| t | 5.0/5.0 2019000 | 241 1246 | 4669
08181200 | 202N [130.1E] 3 | 5.5/5.0 202000L | 242 1245 | 46699
08181800 | 209N |1289E| 3 | 6.0/6.0 202100L | 245 1245 | 46699
08190000 | 21.2N |127.98] 1 | 6.0/6.0 L. | = 1244 | 46699
08150600 | 21.9N |127.0E| 1 | 6.0/6.0 ZR300L — leaa | 8ee
08191200 | 222N |1260E| 2 | 6.5/65 L | B e | Ao
08191800 | 22.3N |1255E| 2 | 6.5/6.5 il Wi Bal || Aded
08200000 | 22.8N |1250E| 1 | 6.0/6.0 Eloitly | B4 Hed | s
08200600 | 234N |1247E| 1 | 6.0/6.5 2000L. | 26 sk | A
08201200 | 243N | 12478 1 | 55060 AL | 25 1237 | 466
08201800 | 25.6N |1239E| 1 | 5.0/5.5 210300L: |  <6d sl Wi
08210000 | 265N |1229B| 1 | 5.0/5.5 2oL | 262 s | w6
08210600 | 269N |122.1E| 1 | 5.0/5.5 ZI0T00L | 364 e
08211200 | 27.5N [121.3E] 3 | 4.5/5.0 LOM0E- | 264 1230 , 4569
08211800 | 27.8N [1203E| 4 | 3.5/4.0 RE ¢ TERETRERBERE — 46699

08220000 | 28.6N |118.6E| 3 | 3.035

08220600 | 290N [117.5B| 5 | 2.573.0

08221200 | 297N |116.2E| 5 =

08221800 | 30.IN | 115.4E| 5 =
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6. The error statistics for selected objective techniques for typhoon
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48-HOUR MEAN FORECAST ERROR (KM)
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Table 7. 24-hour and 48-hour forecast position errors for typhoon FRED,

WRNG
DTG NO. LAT
94081518 1 18.IN
94081600 2 18.0N
24081606 3 17.8N
94081612 4 17.6N
94081618 5 17.5N
94081700 6 17.9N
94081706 7 18.5N
94081712 8 18.7N
94081718 9 18.8N
94081800 10 19.0N
94081806 11 19.5N
94081812 12 201N
94081818 13 20.7N
94081900 14 21.3N
94081906 15 21.7N
54081912 16 22.1IN
94081918 17 22.5N
94082000 18 22.9N
94082006 19 23.5N
94082012 20 244N
94082018 21 25.4N
94082100 22 26.3N
94082106 23 26.9N
04082112 . 24 27.4N
94082118 25 28.0N
94082200 26 28.5N
94082206 27 29.0N
94082212 28 29.6N
A - -1
B i 434 T B AN 5 T R

BEST TRACK POSITION ERRORS
LONG WIND 00 24 48
139.6E 47 22 111 34
138.7E 53 22 103 59
137.7E 58 38 171 147
136.8E 64 57 191 248
135.9E 70 23 152 304
134.5E 76 87 157 328
133.1E 81 110 133 237
132.4E 84 66 103 191
132.0E 86 30 155 211
131.5E 87 23 122 97
130.7E 92 - 20 56 11
129.8E 101 31 131 66
128 8E 109 23 177 194
127.8E 115 32 100 9
126.9E 121 34 202 97
126.1E 126 34 193 144
125.4E 129 11 212 189
124 9E 128 11 205 227
124.6E 125 24 191 261
1243E . 118 . 45 190 356
123.8E 110 0 29 88
122.9E 102 11 67 48
122,0E 04 14 22 225
121.1E 85 29 116
120.1E 72 , 22 159
118.8E 60 22 213
117.4E 50 9 204
116.1E 41 9

AVERAGE 31 143 164
# CASES 28 27 23

O B RRER 3R S — R R R R TR, -
I M R RR » 7R i A A B i R e G

e -

) 71 5 e e R T B 1R ) R B B2 R 7 v IR O S B
BEE| » fTRTNERHIEE - FRERT A MR
75 T B L B AL o e P AR ET e (L DT Y

B LEEBERMEERARE - HUFBER
BSOS PIE W H RPN LT M
HRAFFERARSR -

SE e ik o B b AT E L 2
H SR S MR E N T RS B R R LR 8 - (EE K
o FE R -

A E AR B R AL B A » B4t
EHRIUE AT - MREHELHTS
HRAESE -
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FNEBRBEVRAREEEERPOLEASEE  Joint Typhoon Wamning Center GUAM, MARIANA IS-
IR ik aeE - LANDS, 1994: 1994 Aomual Tropical Cyclone
Report,

REPORT ON TYPHOON FRED OF 1994

Fred Fu-Dien Tsai
‘Weather Forecast Center Central Weather Bureau

ABSTRACT

This article deals with the formation process, the moving path, the distribution of winds
and rainfall, the pressurevariation, and the verifications of forecast tracks for Typhoon Fred,

Fred took its shape to the north-northwestern sea area of Guam around 0600 UTC15 August
1994, At the preliminary stage, it moved with a pro-westward to west-northwestward direction
toward the eastern sea arca of Taiwan, and with an increasing intensity to the level of intense
typhoon. As approaching the eastern Taiwn sea area, it gradually changed to a northward course,
passed throvgh the northeastern sea area of Taiwa.n, then turned northewstward and landed on
Mainland China and finally weakened to a tropical depression repidly.

According to the distributions of winds and rainfall caused by Typhoon Fred, it was due to
the northward-heading as it reached the ecastern sea area of Taiwan. The northern and
northeastern parts of Taiwan were free from the most severe influence. Therefore, the maximum
wind speeds and the lowest pressure measured accurred in Pengchiayu with a instantancous
maximum-wind-speed value of 53.2m/s, the lowest pressure value of 963.0hPa, and the most
abundant rainfall amount in the northern mountain range with an accumulated value of 331mm.
Besides, during Fred’s invasion, fohen accurred in southeastern Taiwan.

Verification of the typhoon track forecasts showed that the 24-hour forecast error of the
Central Weather Bureau was about 143km; and the larger error was due to the recurving process

of typhoon Fred as it approached the sea east of Taiwan.
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