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Fig. 1. Streamline analysis at 200mb for the period of September 3-14, 1985.

The airreport and rawinsonde data are indicated by circles and stars,
respectively. And the winds without any symbols are GMS cloud
winds. A full bar, a half bar, and a pennant represents the wind speed

of 10 kt, 5 kt, and 50 kt, respectively.

—_7 —



UTC (1p ) FEMB 45kt BHAEMN 11 B

0000—1200U TCRIZpEAM (B 1q > 11 )
> 11 H 1200UTC Ishigakijima ( 47918)
SRR 55 kt (B RMEESE BT W & K B &

) o WiRR 12 B 0000 UT C# A& Mg ([ 1
s ) o HRSIRIEE R 45 kt » 258 AKEE
s IRIGECEREZEE (B1t—-1x) » AR
14 B 1200 U T C % 3 A 75 BAS PITE 8L o

T 40
VAR INRY
H o
F\g . /\é ﬁﬁ
30
I
m,,svffidﬁ = 07
NG T i
Y ’A'\}.
™ ) /\{2',7“ 10
5 .
100 110 120 130 140 150 160 170 180 170

B2 : 198549 4 3 H 0000UTC— 14 B 1200UTC 200mb AL EE » AESERE 12 1>
FEE » BO B 0000UTC B » 2208 1200UTCHAE o

Fig. 2. The track of the cold vortex center for the period of September 3— 14, 1985. The solid
circles and open circles indicate 0000 and 1200 UTC, respectively.
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Fig. 3. Time cross section of the Panchiao rawinsondes for the case of September 1985. (a) The
winds and temperature anomalies. (isolids°C) in the period of 0000 UTC September 9
— 1200 UTC September .14. A full bar and a half bar represents 10ms™ and 5 ms™,
respectively. (b) Mixing ratio anomalies (g kg™, solid is positive, dashed is negative) for
the period of 0000 UTC September 9 — 0000 UTC September 13. Anomaly is the
deviation of the observed value from the mean of September 1985.
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(8711) DINAH DATE 1987/08/27/00 OHR
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figure 2 The same as figure 1 , but for model B
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" figure 3 The same as figure 1 , but for model C
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STUDY OF AN EQUIVALENT BAROTROPIC
TYPHOON TRACK PREDICTION MODEL

Ching-Yen Tsay  Der-Song Chen

Central Weather Bureau

ABSTRACT

. In order to reduce systematic errors of the barotropic typhoon track prediction

model, two improvements were made in the initial treatment of data.

The first

. improvement was to modify the bogus typhoon input method. The initial bogus
typhoon stream function was obtained from the vorticity filed by solving the Poisson
equation twice —— first for the model domain, and then for the typhoon influence

domain.

Prediction errors were reduced significantly after this modification. The

second improvement was to add a bogus f-gyre initial field in the typhoon influence
domain. This modification resulted in additional improvement in the typhoon track
prediction, especially for the predicted typhoon speed in first 12 hours. The speed

“error at 12 hrs for the original model is — 14.5km/hr. After the first improvement the
speed error is —10.8km/hr, and after the second improvement, it is —3.8km/hr (Mimus
means the prediction speed is slower than the real typhoon speed).

Key words: Barotropic, g-gyre
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Table 2. Study trend for long-range forecasts based on based CWB’s
Meteorological Bulletin publications (77 reports in total)
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Table 3. Study trend for long-range forecasts based on MSRCA’s

Atmospheric Sciences publications.
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Table 4a. Mean errors of per ten days for the period of 1979-1988 —
temperature forecast term.
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Table 4b. Yearly mean errors for the period of 1979-1988 — temperature

forecast term.
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Table 5a. Mean errors of per ten days for the period of 1979-1988 (mm)
— rainfall forecast term.
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Table 58. Yearly mean errors for the period of 1979-1988 (mm) —

rainfall forecast term.
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Fig. 3a. Temperature forecast error trend of per
ten days for Taiwan areas

W% T

5%

0%

s |

B =r EEAAENERGFEZLRED
Fig. 3b. Rainfall forecast error trend of per ten
days for Taiwn areas.
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rainfall forecast terms.

Table 6. Absolute maximum and minimum errors for temperature and
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Appendix: Table of mainland China long-range forecast operation.
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ON THE DEVELOPMENT AND COMPOSITE EVALUATION OF
LONG-RANGE FORECAST IN RECENT 10 YEARS

Henry Fu-Cheng Liu

Central Weather Bureau

ABSTRACT

" 'The main purpose of this paper is to study the development of long-range weather
forécast, and to investigate, evaluate the accuracy of long-range forecast issued by CWB
in past ten years ( 1979—1988). We try to find whether there exists any defficiency
both in routine operation and in research, then, to improve the accuracy of long-range
forecast. :

Monthly weather outlook of CWB was formally issued on Dec. 30, 1978. Up to
Dec. 31, 1988, there were 10 years of issues. This outlook is widely utilized by various
users, such as agriculture, industry, commerce, fishery, engineering, communications,
military, medicine and other outside activities (mountain climbing, ceremory, ball
games etc.) '

There are three conclusions can be derived from the evaluation and verification on
the long-range forecast issued by CWB during 1979—-1988:

(1) Errors of temperature forecast:

Forecasts on southern and eastern Taiwan were, generally, lower than observation.

Times of forecasts between lower and higher (than observation) on northern and

Central Taiwan were about the same. The forecasts on Central Taiwan have the

highest accuracy. The lowest is on eastern Taiwan, the second is on.southern

Taiwan. The third is on northern Taiwan.

(2) Errors of precipitation forecast:

There were higher forecast (than observation) on Central southern and eastern

Taiwan, and lower on northern Taiwan. The highest accuracy is on the forecast

on Central Taiwan, the lowest on northern Taiwan, the second and third ones are

on southern and eastern Taiwan respectively.
(3) In maximum absolute forecast errors:

There appeared positive and negative errors of temperature forecast in middle ten-

day of January, 1983 on northern Taiwan (+6,4°C) and last ten-day of February,

1979 on Central Taiwan (—4.8°C) respectively. The positive and negative error

of precipitation forecast happened in the last ten-days of July, 1984 on Eastern

Taiwan (+200.0mm), and the last ten days of October, 1988 on northern Taiwan

(—539.6mm) respectively. These show the difficulties of long-range forecast.

Key words: Pattern method, Periodical methods, Teleconnection correlation methods,
Verification, Error .
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Fig 1 : CWB Sattelite VIS imagery on 0733 UTC of July 9,1987 (The Whife Cloud
circle near Center of /the picture showing the Position of typhoon THELMA)
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Fig 5 : The best track of Typhoon THELMA ( 090000 UTC - 150600 UTC , July,1987 )
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Fig 6 : Surface synoptic Chart on 0000UTC 9,July,1987.
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S ERBRARER FERR&ER (T6 57 B)
Table 3 : The best track positions of typhoon THELMA

B Wk o B|y e e ® %klmiﬁ RRALE (KM)
B | UTC | d #& | ® & iMBE ngE] %T? ﬁKﬁsﬁL, EKTSEL 43:01{'1‘{% IOKT%S&
09 00 16.0 | 142.4 | — | 295 | 18 50 60 130 90
06 16.2 | 141.2 | 990 [ 290 17 50 65 130 90
12 16.4 | 139.8 | 985 | 290 | 14 55 70 130 30
18 16.6 | 138-4 | 980 | 275 | 12 55 70 130 30
10 | oo | 17.0 | 136.9 | 975 | 285 | 14 80 100 | 180 50
06 17.5 | 135.5 | 970 | 290 | 14 85 105 200 60
12 17.8 | 134.0.[ 960 | 285 | 15 90 110 210 70
18 17.9 | 132.5 | 960 | 280 | 14 95 115 180 85
11 00 17.9 | 131.2 950 | 275 | 13 105 130 150 65
06 17.9 | 130.1 | 935 | 280 | 12 110 135 150 70
12 17.9 | 128.9 [ 915 | 270 | 12 120 — 200 90
18 17.7 | 128.1 | 915 | 270 9 120 145 200 90
12 00 17.7 | 127.4 | 918 | 260 7 120 145 160 70
06 17.9 | 127.1 | 920 | 260 6 115 140 165 70
12 18.3 | 126.7 | 920 | 310 6 105 130 160 70
18 19.0 | 126.5 | 930 | 310 5 100 125 150 70"
13 00 20.1 | 126.2 | 940 | 350 8 90 110 140 60
06 21.2 | 126.0 | 955 | 355 | 10 85 105 135 55
12 22.2 | 125.6 | 950 | 345 | 11 75 90 250 100
18 | 23.4 | 125.5 | 950 | 360 | 12 75 90 250 100
14 | 00 | 24.8 | 125.1| 950 | 350 | 13 85 105 135 55
06 26.0 | 124.9 | 950 | 355 | 13 85 105 135 55
12 27.3 | 124.9 | 950 | 360 | 14 85 105 270 105
18 | 28.3 | 124.9 | 950 | 360 | 13 80 100 260 90
15 00 | 29.9 | 125.5 | 950 | 020 | 12 80 100 120 45
06 | 31.9 | 126.3 | 955 | 025 | 18 75 90 130 45
12 34.4 | 127.2 | 955 | 020 | 24 70 85 230 80
18-| 36.8 | 128.2 | 980 | 020 | 24 60 75 200 | 55




P : 8705 BiMA THELMA £ EAMAMETAR 24 N2 BRERSR T ( 767 ARZHEM (km) )

Table 4 : 24 hours forecasting error verificafion for different objective prediction method
¢ July, 1987. Error unit : km )

H  #3 |BEST TRACK| ARAKAWA HURRAN CLIPER CWB- 81 PC
H | |N|E|RZN | E [#E|N|E [B#ZE|N|E 2% N|E 822N |E |22
9 | 00 |16.0{142.4
06 [16.2(141.2
12 [16.4(139.8 X
18 |16.6[138.4
10 | 00 |17.0136.9/18.8 | 18.8 |137.3| 202 {18.2|136.9] 132 | 17.5 (138.0| 128 |18.6|136.5( 181
06 [17.5135.5[19.3 | 19.3(135.5) 198 |19.0 136.1) 177 | 18.2 (136.7 | 147 [18.7(135.7| 134
12 117.8(134.0/19.5 | 19.5 |134.7) 201 (18.8(134.3| 114 |18.7[135.3| 168 [18.5|134.2| 80 |18.9135.3] 182
18 |17.91132.5 19.1(133.9) 197 |17.6(133.2| 80 | 18.8{134.1{ 194 [17.3/133.9| 161 {18.3 [134.4] 204
11 | 00 [17.9]131.2 19.1(131.8| 146 [18.5/130.8| 78 |18.4 |131.9] 92 [18.3|130.6| 77 |18.3131.5] 54
| 06 [17.9(130.1 18.8 |130.9/ 130 (19.5|130.4| 179 [19.2(130.7 [ 156 19.7(130.6 198 |19.3 [130.5| 160
12 {17.9(128.9 19.6 (129.0( 187 19.1[128.7| 134 | 19.1(129.0] 132 |10.3 128.3| 166 |19.5(129.3] 181
18 [17.7]128.1 19.8 |127.4] 242 [18.6(127.4| 123 | 19.2[127.5| 179 [18.6|126.8] 168 |19.1 |127.4] 171
12 | 60 J17.7(127.4 18.6 |129.0} 194 |18.4{127.2| 80 |19.0(127.4| 143 [18.0126.9| 62 |18.8|127.6| 123
06 [17.9(127.1 19.2(124.9] 270 |18.3 125.7] 153 | 18.7|126.1 | 137 [18.1|125.7| 148 |18.7 |125.4 198
12 |18.3]126.7 19.7 [123.5| 367 [18.7 [124.4 244 |18.8)124.9 196 |18.6 (124.4| 242 {18.9(124.3]| 259
18 [19.0]126.5 19.5 [123.6| 306 |17, |124.1| 827 | 17.7 [124.4| 262 |17.5|124.4| 275 {18.5 [123.8| 287
13 | 00 [20.1[126.2 18.9 124.0| 264 |17.0(124.2| 400 | 17.5[124.9| 316 |17.1(124.7| 365 |18.0|124.4| 297
06 |21.2(126.0 19.41124.7| 239 [19.0(125.1| 259 | 18.3124.5| 354 {18.5(125.3| 306 [18.7 |124.5] 316
12 |22.2 125.6 18.9 {123.91 389 |19.6 (124.2| 308 {19.3{123.6] 359 |19.3|124.9| 324 | 19.4[124.4| 323
18 |23.4[125.5 21.6(124.4| 216 | 21.0{124. | 280 [21.4|124.7) 229 |20.9 |124.4] 288
14 | 00 |24.8[125.1 23.3(125.1| 165 |23.7(126.5| 158 | 22.7|125.7| 235 |24.1121.5| 271 | 22.91125.0| 209
06 [26.0(124.9 24.6|124.2) 162 [24.3|124.5| 189 | 23.6 (123.5| 282 [25.0(125.3| 113 {25.0 |125.0] 110
12 {27.3(124.9 27.2124.0| 89 [26.1124.4| 141 | 30.4|122.3 423 |26.8 |124.5| 68 |26.8(124.8| 60
18 [28.3124.9 28.1124.0) 90 (27.5|125.0{ 89 | 31.5{122.2| 436 [28.1125.4| 53 |28.1(125.4] 53
15 | 00 30.3 |123.8 30.4(123.8 32.7|121.4 31.5]124.5 30.5{125.3
06 30.8 [122.9 30.0(123.9 | 30.6(123.0 31.0(124.4 31.3 [125.1
T 5 4038/19 3581/20 4619/20 3621/20 3479/18
R oE 213 179 231 181 193
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Table 5 : 24 hours forecast error for 5 institutes ( July, 1987. Error unit:km )

B #i | BEST TRACK CWB JTWC RJTD BABT RPMM-
H|®B|N|E. N | E |382%|N | E |#8%| N | E 82| N | E |#2| N | E. | &=
9 | 00 16.0|142.4
06 [16.2|141.2
12 |{16.4 [139.8
18 |16.6 [138.4
10 | 00 |17.0 [136.9 17.8]137.3| 98 [19.3[137.3] 256
06 [17.5 [135.5 18.5 |136.0| 122 {20.0(135.6| 275 [18.0 |135.0| 55 |19.0 |136.0
12 |17.8 {134.0 19.01134.6| 146 |19.2 [135.1| 192 |17.5 |134.0| 33 |19.0 |135.5| 205
18 |17.9 1325 19.11133.5| 168 {18.2|134.7| 232 |17.5 |132.5| 44 |18.6 (134.2] 194
11 | 00 |17.9 |131.4 19.0/131.6| 123 |19.6 (132.2| 205 |18.0 |131.5( 15 |18.6 |131.4| 77 |18.2 |i34.2
06 |17.9 [130.1 19.0(130.2{ 121 [20.2 |131.5]| 202 [19.0 |130.0{ 121 |19.1 |130.6| 142 |18.8 |130.3] 101
12 |17.9 [128.9 19.3(128.4| 163 |20.8]129.3| 322 [19.0 |128.0| 153 |19.8 [129.7]| 225
18 |17.7 |128.1 19.61126.8| 249 |20.2 [127.5| 282 [19.0 (127.0| 183 [19.6 [127.8| 211
12 | 00 |17.7 [127.4 19.0]127.0| 149 | 20.8(127.2{ 342 |19.0 |126.0| 205 |19.2 |127.2| 166 |18-2 [125.6]| 196
06 |17.9(127.1 19.1(125.7| 197 |19.8(126.0| 238 |18.5 |125.5| 180 18.3 |125.4] 183
12 |18.31126.7 19.10124.3| 265 |19.3 |124.6| 245 [19.0 |124.0| 202 |19.2 [125-1] 194 [18.8 [124.8| 206
18 {19.0{126.5 18.7(123.9| 273 |18.8 |124.6| 199 |18.5 [125.0| 118 |18.9 |124.9| 167
13 | o0 [20.1[126.2 18.2]124.0} 310 |17.7 124.5| 218 |18.0 |125.0 262 |18.0 |125.0| 262 [18.2 |124.1] 302
06 |21.2126.0 18.2|124.4] 369 |17.6 |124.2] 438 |18.0 |124.5| 385 |18.2 |124.4] 369
12 |22.2 125.6 19.9(123.4| 310 | 19.9 {124.7| 263 |18.5 |124.0| 428 [19.3 [125.1] 322
18 |23.4/125.5 21.11124.1| 276 |20.3 |124.6| 348 |21.0 [124.0{ 289 {20.3 |124.3| 354 {20.5 (124.0| 340
14 | 00 |24.8|125.1 22.2(123:9| 300 |23.8(125.9] 175 |24.5 [125.0| 34 {24.4 |126.4] 108
06 |26.0(124.9 24.2(124.2| 204 |26.2 126.1| 84 |25.0 |125.0| 110 |24:4 |125.6] 183
12 |27.3 |124.9 25.91123.7| 194 |26.7 |125.1| 70 |26.5 |124.5| 96 |26.1|132 | 154 [25.1 124.9} 242
18 |28.3[124.9 27.4|122.9| 218 |28.5|126.4| 147 }29.0 |126.5| 173 |28.8 (126.0| 120 |28.0 |124.6| 44
15 | 00 29.8|122.6 30.0 |126.7 32.0 {129.0 30.5 [126.1 — | —
06 30.2{125.0 31.4 [127.2 32.0 {127.0 30.7 |124.9
g 4255/20 4823/20 3176/19 3448/17 1614/8
R’ = 213 241 167 203 202
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REPORT ON TYPHOON THELMA OF 1987

Research & Development Center
Central Weather Bureau

ABSTRACT

THELMA, the first super typhoon; in the western North Pacific, was also the first
one to attack Taiwan in 1987. It originated over the vast southeast oceanic area of
Guam, and was upgraded to typhoon at 111200Z July.

The: track of THELMA was rather peculiar due to its unusual shape of route. It
moved steadily west-northwestward to a position 550 km east of northern Luzon, and
there made a sharp turn toward north. Afterwards it kept on moving along the
125.5°E longitude until it arrived at the high latitude area and there mixed into the
extra-tropic cyclone over the north Japan sea. '

THELMA didn’t hit Taiwan directly during its' movement by-passed east of
Taiwan so that no severe damage reported, but only some minor roadway-cuts at the
northeast conner of this island.

Currently CWB used six different typhoon objective predicting methods to
predict the typhoon tracks. However, each of them was not very accurate. Among
them, the Hurran method was the best one in this case.

Key words: Objective prediction, Best track
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OUTGOING LONGWAVE RADIATION ANOMALY,

NOV 1987,
Contour interval 15 Wn

Aomalies are computed as departures from the 1974-1983 base
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Table 1 : The summary of Typhoons information in 1989 in Western North Pacific
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Table. 2 : Summary of typhoon occurrence in the western North Pacific since 1947
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Table 4 : Heavy Rainfall by Gerald and Lynn.
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Annual Tropical Cyclones
Report

A GENERAL REVIEW OF TYPHOONS IN THE
NORTH-WEST PACIFIC OCCEAN IN 1987

Research and Development Center
Central Weather Bureau

ABSTRACT

There were a total of 24 Typhoons in the North-west Pacific Occean in 1987,
General speaking, both occurrence number and movement were in normal condition.
However, the intensities of -6 supper typhoons were stronger compared to those of
typhoons occurred, especially in the previous years, especially in the recent 2 years.
The turbulent clouds observed within most of typhoons also displayed the tropical

feature. The damage caused by the winter typhoons was seemingly correspondent to
the experience of overlap of different seasons. i
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F— B RR R REREI#HE (TTE5-6 8)

Table 1 : The best track positions of typhoon SUSAN

3

B A 4 REKM

A BBy e | B R A R &
I L DY I N Bl E T TA Y Py
MB | DEC | km/br | m/s | m/s |30KTS |50KTS
30| 06| 18.4 | 119.7 | 994 | ENE 6 18 23 80
12| 18.4 119.2 | 994 we | — 20 25 80
18| 18.3 | 119-0 | 994 |SELIE 23 28 80
31/ 00| 18.4 | 118.5 | 990 ﬁf}?ﬁg 3 28 33 120
06| 18.8 | 118.1| 985 ﬂ’)—l\;g 355 30 38 120
12| 19.1 | 118.0| 980 |[N—NE|8—12| 33 40 150 50
18| 20.0 | 117.8 | 975 |N—NE [8—14 | 35 43 150 50
1|00 20.2 | 117.8 | 975 [N—NE |8—14 | 35 43 150 50
06| 20.6 | 118.1| 970 NE 10 40 48 | 150 50
09| 20.8 | 118.5 | 970
12| 21.0 | 118.8 | o970 |[NE2 . 13 38 48 150 50
15| 21.2 | 119.2 | 968
18| 21.5 | 119.7 | 965 NE |13-17| 38 48 150 50
21| 21.6 | 120.4 | 965
2 00| 22.3 | 120.9| 970 | NE |20—-30| 35 48 150 50
03| 22.7 | 121.6 | 975 NE [25—30| 33 45 150 50
06| 23.3 | 122.5 | 975 NE [25—30| 33 45 150 50
09
‘12| 24.0 | 124.4 | 985 NE [28—38| 30 38 150 50
18| 25.4 | 126.5 | 990 NE 40 28 35 150
3/00| 26.2 | 129.1| 992 'NE 45 23 28 150
06| 26.7 | 130.7 | 996 | ENE 45 15
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R=: 8802 Hile AARIN % a0 i 24 /Ny AL B REHR

Table 3 : Evaluation of 24 hour forecasting errurs issued by different units.

1TTE£5—6 A
, REEMN (km)
H i [BEST TRACK CWB JTWC RJTD
H B N E N E B EIN E mE|N E ;o

30 06.116.8(119.2

12 118.4]119.0

18 (18.41118.5

31 00 {18.8|118.3

06 [18.81118.1 (18.9| 121.1|312.5|18.9| 121.2 | 322.9|19.0{120.0 | 199.0

12 |19.3|117.8(18.4}119.2|122.8 [19.2| 119.8 | 182.2[18.5{119.5 | 149.6

18 [19.9]117.8 [18.3] 119.0|215.7 {19.4} 118.9| 126.5{18.5/118.5 | 170.3

1 00 |20.2|117.9{18.7| 118.8189.6 |18.6| 116.5{ 228.2|18.5|118.0 | 187.3

06 |20.6|118.2119.8| 118.4| 90.4 |20.2| 117.3 | 102.7|19.0{117.0 j215.4

12 |21.0|118.820.1| 118.9( 99.5 {21.2| 117.0 | 186.1(20.5|118.5 | 63.1

18 {21.5|119.7 [22.3| 118.9]120.1 |21.7| 117.0| 277.021.5/120.0 | 30.7

2 00 [22.3]120.9[22.0| 119.8|116.8 |21.8| 116.8 | 421.7[21.0|118.5 | 284.0

06 [23.2|122.7 22.2]120.0(295.3 |21.7| 117.5 | 553.9(21.5|120.5 | 291.7
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Table 4 : Evaluation of errors between issued by different units and best

track. A TT%#5—-6 A
BEBM (km )
B # |BEST TRACK| CWB JTWC RJTD

H | | N| E [N| E

%‘%
ik
z
=

M E|N E

%Ig
ik

30 06 |18.6| 119.2 |18.4]|119.7 | 56.6 [18.4| 119.7| 56.6 |18.5[ 119.5 | 33.2

12 {18.4| 119.0 |18.4|119.2 | 20.9°|18.4| 119.1| 10.4 |18.5| 119.0 1.1

18 |18.4| 118.5 |18.3(119.0 | 53.4 |18.3| 118.9| 43.2 (18.5|118.7 | 23.6

31 | 00 {18.8]118.3 |18.4|118.5 | 48.7 |18.2] 118.2| 66.8

06 {18.8]118.1 {18.8]118.1 0 18.8] 118.1| © 18.71 119.0 | 94.4

12 (19.3} 117.8 |19.1{118.0 | 30.3 |19.3| 117.8] O ]19.3 117.8 0

18 {19.9(117.8 |20.0117.8 1.1 {19.9} 117.6| 20.7 |19.9{ 117.6 | 20.7

1 00 {20.2|117.9 (20.2|117.8 | 10.3 [20.3| 117.5| 42.7 [20.2| 117.5 | 41.3

06>20.6 118.2 [20.6|118.1 | 10.3 {20.5| 117.8| 42.6 [20.5| 118.1 | 15.1

12 {21.0| 118.8 |21.0(118.8 0 21.2} 118.9| 24.3 [21.0| 118.7 | 10.3

18 [21.5|119.7 [21.5]|119.7 0 |21.2] 119.1| 0.5 121.5|119.8| 10.2

2 00 {22.3| 120.9 (22.3[120.9 0 |22.5] 121.2] 0.4 [22.2]120.9 1.1

06 23.21122.7 |23.3{122.5 2.5 [23.5] 121.9| 9.4 |23.2] 122.7 0
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Table 6 : Observed gust wind and accumulated rainfall over Taiwar fom

060100 LST to 060220 LST

RAR®E (&)

REWE(AR)

ik % | BREWE (2K ¢ Kts) i %

¥ & I 26 49 (10D 4 M 103

-3 ke 73 31 (7 H =) 172

H ] 129 — % % B 118

i % 82 33 (7 A | W 97

% i 69 40 ( 8) + & 112

B 8 il 68 42 (D X & Wl 98

=) it 34 25 ( 6) X & b 51

H i 52 30 (7 Kk B % 134.5
th 24 24 ( 6) PN # 114.0

& B 9 66 (12) A 1 112.0

B A = 36 106 (16) 1 % 119.0

£ il 92 — i ¥ 121.5

mo2 W 62 25 ( 6) J& R 91.0

% % 51 32 (7

& % 47 49 (10)

=] K 120 54 (10)

1t i 89 32 (7

i ¥ 208 62 (11)

= W 333 56 (11)

VN = 208 53 (10D

ik & 125 75 (13)

i g 75 118 (17)

% i 2.8 48 (10D

® ¥ B 11 80 (13)
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Table 7 : Statistical tables of damage caused by typhoon SUSAN
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REPORT ON TYPHOON SUSAN OF 1988

Research and Development Center
Central Weather Bureau

ABSTRACT

. Susan, the second typhoon occurred over the South China Sea in the western
North Pacific regions, was the first one to landfall Taiwan in 1988. During its life cycle
(late May to early June), Mei-Yu front was approaching Taiwan area. This is one of the
possible reasons which caused Susan passing over the southern tip of Taiwan and

rapidly weakening.

There are two heavy rainfall centers. One was in northeast Taiwan which was
produced by the typhoon circulation interacting with a frontal system. The other one
was enhanced by the topographig: lifting effect_over SE Taiwan.
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. Table 1 : Time of selected wind and
' wave data for Tungchitao
station.
mEAB |+ = B - A = A
mMEEH 19883 1 983.
139865 : 19865
1986 1986|1986
1987 1987 1987
1988

R2 I REBNGBRAEHNERER

Table 2 : Items of observed wind and wave
~data for Tungchitao station.
BB 4 R # 2
g
21
2
i
2| Rk
§| Bt
N
#3 RS BUBERBRES S AMEN
_ (EﬂEﬂHﬂﬂﬁﬁ%ﬁ>0 5% )
Table 3 : Correlation coefficients between

‘wind and wave field for Tungchitao
station.( only for correlation
coefficients larger than 0.5)

= — = A
VAVG VGUT VMAX WDIS|VAVG VGUT VMAX WDIS| VAVG VGUT VMAX WDIS
WNCA -.78 -.70 -.70 -.78
TMAX|.56 .59 .57 .56 :
HiomM|(.88 .90 .88 .89).87 .89 .88 .87| .91 .91 .92 .91
TioM|.83 .83 .83 .83|.78 .79 .79 .79| .72 .88 .68 .72
HioA|.94 .0 .83 94195 .8 .9 .95 .%6 .89 .0 .%
T10A(.85 .83 .8 .8 |.7 .70 .73 .77) .81 .73 .73 .81
HaMx|.88 .90 .88 .89(.90 .8 .0 .90 .92 .92 .92 R
TaMx|.84 .86 .85 .851.74 .73 .75 .74} .82 .78 .78 .82
nawv|.4 .90 .89 94194 & .87 M| .% .89 .89 X
T3AV(.73 .74 .74 .74|.77- .70 .74 .78 .82 .73 .73 .82
for|.92 .88 .88 .92|.75 .61 .66 .75 .92 .8 .81 .92
TTOT|.89 .87 .85 .89|.79 .74 .77 .80} .83 .74 .74 .83
F 4 ABEBL EEE
Table 4 : Standard deviations for ob-
servation items for Tungch-
itao staion.
+ = A - A - A
PAVG 2.12 2. 94 3. 74| .
PMAX 2.15 2. 93 3. 569
PMIN 2. 28 3.10 3. 90
| VAVG 4. 26 3. 69 3.73
vVGUT 7. 35 5. 86 6. 383
VMAX 4, 99 4. 28 4. 855 |
WDIS 4, 28 3.863 3,70 ¢
WNOA| 36.50] 44. 46 26. 89
HMAX [233.28(184. 171204. 11
TMAX 18. 68 22. 22 33.61
H10M|[165.85(124. 768{140. 24
T10M 11. 03 9. 89 13. 60
H10A|128. 16 99. 00]106. 52
T10A 7. 79 7. 79 8. 37
H3MX|127. 24 97.371110. 63
T3MX 10. 62 9. 18 12. 683
H3AV}|100. 43 7. 64 84. 53
T3AV 8. 34 7. 50 8.63
HTOT 61. 82 61. 22 56. 36
TTOT 8. 95 6. 77 6. 86
WSFC| 4.28| 3.73| 3.78
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Table 5

wave height for Tungchitao station.

have been rounded up/down)

‘(all values with one decimal

(c) February

(a) December

(b) January

S
Q
= = © o~ ) ™ ©
) I = R o
A b2 = & = 3
b
23]
>< >< >< >< >< ><
Ulko oo culo oy oo~ o t~fn i cofr o <rpo oo
ZlS il S QI S P o 6O F PR O <
OEEEREGPNT S oSES IS
(S &3 CO N N B N O B i €0 3 [ © O 00 &3
OIS NS NG e ra G N e <k 1 60
—41 LI [ o LI | 1
> >< >< >< >< >
<0 — 00k 1 O 7 3 B [ H 00 00
lor3 3 10 00 b 60 00 S<t
SRR rI TR TEfTIPeT
V 1 1 1 i !
o o o o >< >
[
NS O O3 <0 = 3 00pO L O PR
<+ 00k D Ot I ik O OB [0 < SR S €
Gr&wz — f— N vt < 1
>
o o =) =) o =)
O
S S0 © M NN S NI RO S
& SOl i oied —oedis =
CRKCR IR QSR NSRS
>
>< >< > >< >< o
I [E= 153 €00 O 0 13 000 = kN RO NI &0
6 ¢ S 60 LA < <KD L <
=3 42_41_21@388 PG
ol ) ) ) P AT
>< >< >< >< >< ><
X .
<ff0000kn <o 0 o M RN MO 00
o o~ 09 — >
et v EE RN e
P 1 1 1 1
>< >< >< >< >< ><
@) )
SINNLOLN S O S 0 €0 O YT it
I N i L6 D03 00 Rl B NIt <5 L3k —i ¢
UBRNDEs - SRTOR=Y
P [ ) 1 ] 1
b = < < > =
- < (@) (@] = < (@]
o = — — [as] [as] 3
-]
jen jani e jan oy T .

< J :
S S
Z o~ %) o <2} w © = - o~ © ™ ) ~
> . > ) o . ) o~ o o o W
[ = 8 3 & 3 o & 23 & & &
>~ by
=3 3
> >< >< >< >< > . >< >< >< >< >< ><
o o oo wfcownlo o ole <t~ N858504807301150376
Lo o il e cSlen o A S o © < e o 20 00 ey o oo N Sl B eAl— F Sl = e
SitieEsogdsaiegessies | | CEBINESEOSSRINAREER
T e SFITKDS E L AN D= L C AN D MRS IR
R R [ 2N} i 1 [} [ T [ | ot [} 1|
>< >< >< o >< > o o > = > ><
<< <0k 0260i03 60 D oo — Ok <K oo oo oW ¢ O OB N
31000 N eled 00 kS i <k e i~ ¢ Slem 13 3N 1 S — NS L3 Sled
SIJRTIPOIRLONPQ RSO TR O P SE{IRLRNRTIRENEY T
> >
>< [= > >< >< o >< >< >< >< >< o
= 1=
R O3 = <t Ofe o1k 00 I, < o0 N NS LN T 00— MO W I € 00
RO FN S O S - NN S SR In- o TS S S i ait=eo —in— Qi led S o3
= — — | O\ (e} i
> ! >
o o o o =) =) o o =] o =) o
V974566592124899495 Vlﬁ9742075159284864
: o t~ko 5 AR A = b bl AL Ca AN
> >
>< >< >< >< >< >< >< >< >< >< >< ><
100 B0 N T NGO 4 0D O LI H 00 1L LY b D < ! N OIR N HD D O
o3 e et N o0 {3 ) oo 671671620556090
M3ﬁ41136@22 fw R e} 239 <
ol ) h ) ol [ T i
> > >< >< < 3 >< > >< >< >< ><
A352013391733253707 A932098522420830024
= IS ol aleiodS S rfer eS8 S et oI S
M2W%263862M4%570w:{%.. = RTNET = T
a8 [ ] 1 [l 1 _
>< >< >< >< >< >< >< >< >< >< > >
U
Vn02002n099rDQ,2200000400000 V41113r&867311244261
AR AN 0 DOSIN I L. . L1
o) < <tlerd 3¢} < o0 <ttt < 630916974345243706
<RIFBEHRETS FETIRI? < ONNT A N AN
P LR i P 1 1
b = < X > I b = < b > =
—~ < o O = << @] ~ < O O = << (@)
£ = — — ™ o) = Yy = — — ™ M | &=
bt e = o = st ont T ot oot js o) ju o e ot

—112-



(c) February

(all values with one decimal
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wave height for Tungchitao station.
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Table 6 : Coefficients of polynomial correlation equation of each significant
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Figure 1 :Frequence distribution of wind direction for Tungchitao station in

(@December
(Wind direction shown

(b) January
in sixteen segments)

( ) total days of sample date, ([ ) percentage %
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Figure 2 :Scatter diagrams of each significant wave height and average wind
speed in December.
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STATISTICAL ANALYSIS OF WAVES AND WINDS
FROM REAL DATA OBSERVED AT TUNCHIDAO

Yeu-Woo, Lin

R&D Center
Central Weather Bereau

ABSTRACT

Using statistics, this paper surveys the relationship between wave and meteorologi-
cal data observed at Tunchidao during the winter season. The results show that the
mean wind speed on the surface highly correlates with the significant wave height/
period; furthermore, there is a series of simple regression equations for computing
significant wave height from wind speed only, so that we can make the quantitative
forecast of wave characteristics.

Key word: Multiple Regression Equation (MRE),
Polynomial Regression Equation (PRE)
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Fig. 2 :The advection of enquivalent potential temperature ( 0., 2°K /DAY )
and temperature advection(right-hand side) at 850mb level. The
solid line indicate positive value or warm advection, but the dashed
line indicate negative value or cold advection. The heavy dashed line
represent the distribution of cloud area in 12h.
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Fig. 4 : Satellite IR images from 12 UTC May 26 to 00 UTC May 28, 1985.
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A STUDY OF THE MESOSCALE CONVECTIVE SYSTEM FORECASTING
OVER SOUTHEASTERN CHINA DURING THE MEI-YU PERIOD

Tai-Kuang Chiou

R&D Center
Central Weather Bureau

ABSTRACT

The major heavy rainfall producers during the Mei-Yu season over southern China

and the Taiwan area are mesoscale convective systems (MCSs); therefore the study on
forecasting problem of the MCSs becomes now very important. Conventional sounding

data and satellite images are used to analyze the enquivalent potential temperature
(0¢), 0 advection and temperature advection for those MCSs from 1981-1987 over
southern China and the Taiwan area. The subjective and objective methods will be
conducted. The objects of this paper are to find out the affecting factors of the
development and movement of MCSs and then to establish a few predicting rules of

thumb.
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The results show that the relative maximum areas of the advection of 8, and warm
advection on 850 mb level directly relate to the development and movement of MCSs.
The trace of the local change of the potential instability has a potential ability to

predict MCSs in 12 hours.

Key Words :

Temperature Advection,

Mesoscale Convective System, Enquivalent Potential

Instability Burst.
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STUDY ON THE EARTHQUAKE POTENTIAL IN THE TAIWAN AREA

Tzay-Chyn Shin

Peih-Lin Leu

Seismological Obervation Center

CWB.

ABSTRACT

 The most common type of earthquake is due to the sudden rock break in response
to geological force within the earth. Right after an earthquake, the geological force
startes to accumulate for the next earthquake. This fact indicates the peiodic occur-
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rence of earthquakes. Based on the cumulative energy released from historical earth-
quakes, seismologists can realize the situation of earthquake potential. In this study,
the Taiwan area is divided into nine different tetonic provinces. Using earthquake data
collected from 1935 to 1988, the cumulative energy released trend is analyzed. The
areas with high occurrence possibility of earthquake are Chai-Nan, Taitung, Taichung-
Hsinchu, and Hwalian. On the other hand, Kaoshiung and Lanyu are temporarily
stable areas.

In the analysis of the earthquake frequency, the b values of earthquakes are cal-
culated regionally. The mean b-value of 1,18 is categorized as young state of geological
processes. The high b values of 1.3 and 1.4 are in the Central Mountain Range and the
Chai-Nan area respectively. The smallest b value of 1.05 is at Lanyu.

Key word: Earthquake potential.
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REPORT ON TYPHOON WARREN OF 1988

Research and Development Center
Central Weather Bureau

ABSTRACT

Typhoon WARREN, labeled No. 8805, was the second one to attack Taiwan in
1988. It initiated over south-southwest sea of Guam and became a typhoon at 13/00Z
July. Because of influenced by subhigh, WARREN moved mostly toward the west-
northwest direction and passed through the south sea area of Taiwan during 18 to 19

July.

For the accumulated rainfall (from 18/00Z to 19/12Z), station Lan-Yeu had the

most amount of 87m.m. and station island Dong-Jyi with the strongest wind speed of
27mj/s. Objective typhoon track forecast methods appeared that CWB-81 had the
smallest mean error of 130.5 km. Since typhoon WARREN passed through the south
sea area of Taiwan, it did not cause serious damage but brought some rainfall for the

souh area of Taiwan.
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Fig.4 : Surface synoptic chart at 14/00UTC, July,1988.
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Fig.5 : Surface synoptic chart at 15/00 UTC, July,1988.
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Fig.6 : Surface synoptic chart at 16/00 UTC, July,1988.
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Fig.7 : Surface synoptic chart at 17/00 UTC, July,1988.
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Fig.8 : The variation with time of maximum wind speed, lowest pressure dnd'
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Fig.9 : Surface synoptic chart at 18/12 UTC, July,1988.
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Fig.ll» : 700mb chart at 18/12UTC,
July,1988.
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Table 1 : Warnning procedure issued by CWB for typhoon WARREN.

|w o |mae & # = 35
B M fi =+
Bl M| B|R| S B + L E '
# k|2 117 8] 45| B+iEmk » EEREHEE —_ 5 7
® Lk |2]|2|17|14]|55] R E -
Bk » B HEE %%ﬁ@g
3 ERWEEE ( TEELIFE ).
f’?@ 2 | 3|17(21]15 B ( B
LiFE )
Bt > ERREEEE |
W OB |2 | 4|18 4|25]| > EBEKEN A k
‘ B - EMEEHEE
w B |2 518|935 ﬁ%@?ﬁ%ﬁ%ﬂb%%‘%ﬁ i £ E
% k|2 )| 6|18{15(45| E i E
B4 iEik 0 ZEEIREE HEEmE > =
HWEET » £MBEAE B mRE
woBE 2|7 182110 mEEAEE B > &
HIE
B4k » RDEEHE > Z %Fﬁ_’ %E"Ffdl
w |2 8 |19] 4|10 BEREYEREFEE BEREH > &
FIthE
B BE|l219(|19]9130 il Tk & E
3 R B » ZEBEREEM iR &Mt
W M| 2101915 15 | o &
. » ROLEEH > ZEEKES | EHERSME .
3 0 &
@ B |2 |11[19 21100 Lo & e

—147-




—8¥1—

x_: %ﬁﬁé@%@%@ﬁﬁﬁ?ﬁ 24 /NESTEERAL B R R B ET R

Table 2 : 24 hours forecast error for objective forcast methods.

REBN (kin)

H  #| BEST TRAOK ARAKAWA HURRAN CLIPER CWB—BI FO
Aa| N [ E [N [ E [#%| N | E |##%2| N | E [#%| N | E |#%| N | E &=
15| 12 | 13.8136.0
18 | 13.9(134.8
16| 00 | 14.0[133.4 ]
06 | 14.8]123.0
12 | 15.3]130.4 15.1(133.4/319.2 | 15.3[131.2| 84.9| 14.8{132.3009.2| 15.1[131.7|139.7| 15.0|132.5|225.4
18 | 15.8]128.3 16.1|132.3/424.4 | 15.40130.7 58.1] 17.1]127.0[198.1| 15.4[130.6 |247.6| 15.6|131.5|339.6
17| 00 | 16.3]127.2| | 15.4]130.3[342.7] 15.00128.6 £06.0| 17.6[124.7|29.1| 15.0[128.4 [191.3| 15.4|129.5|262.8
06 | 16.9]125.6 16.2|128.0|364.5| 16.90127.3 [178.9 | 18.9[124.0[276.5| 16.9126.7 |136.8| 16.3|127.2|181.1
12 | 17.8]124.0 18.0126.4[252.2| 17.6[125.6 [148.4| 19.7(121.6]342.1] 17.9[124.6| 63.8| 17.5|125.7|181.2
18- | 18.3]123.7 18.1|122.5(127.3] 18.3/123.8] 10.4] 20.2[119.5[453.7| 18.60121.7 |511.3]| 18.0|123.2| 61.8
18| 00 | 18.6122.6 18.6/122.4(229.4] 18.4[122.6[209.8| 18.7(122.8]187.9| 18.7[121.8(292.1| 18.4|121.1|303.3
06 | 19.4|120.7 19.5[120.7 11.0] 19.8/121.5] 93.9] 19.0[121.2] 68.1] 19.9/120.9] 58.8] 19.1|121.2| 61.5
12 | 20.1]119.4 20.3[119.4 22.0| 19.8]119.2] 38.9] 19.6/119.7| 63.2] 20.3[119.0| 46.8] 19.5/119.1] 61.3
18 | 20.7|118.2 i
17| 00 | 21.8][117.0 21.0[117.3 93.2] 20.5[116.9(143.8| 20.7]116.8[122.7] 20.1116.7|135.5| 20.7/118.0|158.6
06 | 22.6/116.3 21.7|116.5101.1] 21.1[116.3(166.3| 21.1| 16.4(165.3 21.1[116.5]166.3| 20.7[117.1]204.1
12 | 23.5[155.3 23.2]115.6 44.8| 23.5116.3[100.9| 22.6(113.5|111.2] 23.6|115.6| 32.7| 23.6|116.1] 81.4
18 | 24.3[113.5 24.4)114.5100.8| 23.2[113.8]128.7] 23.0[114.3]164.2| 24.0[113.2| 44.7] 24.2|111.5100.9
20| 00 | 24.8{112.6 24.0|113.5126.5| 23.9]112.4[101.0] 23.5(113.6]164.0| 24.4]112.2| 59.5| 24.0/112.9| 53.3
r B
v x 175.6 133.3 204.0 130.5 162.6
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Table 3 : 24 hours forecast error for 6 instit des.

HEBEMN(km)
=2 CWB JTWC RPMM VHHR BAB]J RJTD
Bz Best Track T o Tme | N | & |#2| N | E [BE| N | E |82 N | & [®2| N | & &=
13 [ 00
13 | 06
13 | 12
13 | 18
14 | 00 14.11.140.8 14.5 | 137.7 ]
14 | 06 14.21139.2 14.0 | 139.6
14 | 12 13.8 136.0 | 14.3] 138.7 13.5 | 140.1
14 | 18 13.9 134.8 12.9 | 140.4 13.5 | 139.0
15 | 00 14.0 133.4 | 13.5|137.8 13.3 | 136.8
15 | 06 14.8 132.0 13.6] 136.1 13.9 | 136.8 12.5]137.5 14.0 | 137.5
15 | 12 15.3 130.4 | 13.8{135.2 | 85.5| 13.5(136.0| 33 . 13.5 | 136.5 | 62.8
| 15 | 18 15.8 128.3 13.9| 134.3 | 53.4| 14.0 | 135.1| 33.7 14.5| 135.0| 69.4
- 16 | 00 16.3 127.2°| 13.9]134.3| 96.1| 12.8|135.2]233.5 14.4 | 134.0] 77.1 14.5 | 135.0]179.2
‘f 16 | 06 16.9 125.6 | 14.0| 134.0 | 230.1| 13.2|135.2384.1 , 14.4[134.0(217.2| 14.5 | 133.0[111.4
16 | 12 17.8 124.0 | 15.0{131.5 | 121.4] 14.5| 131.4] 138 16.0 | 130.2{ 79.9 15.0 | 132.0] 173.1
17 | 18 18.3 123.7 | 15.3[130.3] 219 15.5 | 130.3] 214.4| 14.2 | 131.0] 336.6 15.6 | 130.7 | 255.1| 17.0| 131.0] 314
17 | 00 18.6 122.6 | 15.8| 123.9 353.2 16.5. | 129.5| 243.1
17| 06 19.4 120.7 | 17.0] 127.7 | 221.3| 16.5| 127-.8] 235.9| 16.4 | 127.2| 177.4 16.7 [ 127.7] 222 18.0 | 127.0(190.1
17 | 12 20.1 119.4 | 18.0| 125.4 | 148.2| 17.8 | 125.4| 146.6 17.6 | 128.8[189.9| 19.0] 125.0] 168.3
18 | 18 20.7 118.2 18.8] 123.6 | 56 19.2 | 122.5[ 157.5{ 17.8 [ 122.6] 127.5 18.0 | 124.0| 45.5| 20.0 | 123.01266.9
18 | 00 21.8 117.0 19.11 122.7 | 205.3} 19.4 | 121.5] 334.2 21.4 | 119.4619.5| 20.0| 121.5!|366.8
18 | 06 22.6 116.3 19.8] 121.1| 60.5{ 19.8| 120.8| 45.2 20.2]120.2|102.1| 21.0| 120.5|177.2
18 | 12 23.5 115.3 | 20.7[119.8| 77.8| 21.3|118.8]145.1| 19.2 [ 118.6]129.1| 20.0[117.8 | 165.7| 21.3| 119.0|138.3| 21.5 ]| 119.5| 154.3
19 | 18 24.3 113.5 20.9) 117.5| 75.3| 21.2|117.7| 75.3| 19.5 |117.0| 181.1] 20.6 |117.0 | 124 21.8 ] 117.6|135.1| 22.51 119.0!214.2
19 | 00 24.8 112.6 | 21.2)116.8| 67.1| 21.1|116.5| 72.5] 20.5 {117.3] 186.3| 20.6 {117.1 | 132.4| 21.3]116.7| 63 23.0 | 118.0] 166.1
19 | 06 ' 22.0{116.3] 66 | 21.8|116.2| 88.6| 21.5 [116.8| 131.3| 51.1 [116.0 | 167.8| 21.6] 115.4| 143.2| 23.0| 117.0| 83.5
19 | 12 23.9] 116.5 | 128.6] 23.0( 114.9| 68.3] 22.9 | 115.4| 66.8] 22.1|114.4] 179 23.51 115.2| 10.1] 23.0] 116.0] 99.8
20 | 18 : 24.6|115.5| 20.3] 23.2|114.9] 185.8 22.8 [112.9 | 175.1] 23.4] 114.3]127.6| 23.0| 115.0] 200.1
20 | 00 24.2)113.8| 137.1] 24.6| 113.2| 63.9 24.0|112.0  106.1 25.01 116.51289.3
20 | 06 26.3| 115.7 25.5| 115.7 27.01 114.0
20 | 12 25.5 | 115.1
ES ZES 137.2 148.8 162.0 150.2 155.6 193.9
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Table 4 : The weather element from CWB’s stations during

WARREN passage.

. ﬂi;w@ § %% ) %'ﬁi\g 2 B %@%ﬁiﬁ N T
| S alAE 8 (& e |Ar | AR A & 5| aE@)FES 88| oo 8 K 5|8 | B 5
H W | 708 [ESE| 8.0|18|13|40 |FNE|18.1(18|13|32|1002.9 [31}18| 15|00
S B 706 |SSE |10.9(18{15|00 |[WSW|19.9[19|12|43|1025.28 |28 {19 1|53 11 | 18|19 1|19 935
¥ =1 691 |SSW|18.9| 18|22 |58 | SSW|(28.1(18|22|58|1014.24 124 119( 2|10| 67 | 19|12|45{19]19| 40
B B 693 |SSW| 3.8 182310 5.3{19]13|10]| 1023.2>5 191 2| 4 2 119/18] 11919 40
% x 1690 | — | — === =] = [=[=|=1 = 84| -|=|=| =]~ =|=|=]~=
=) it 692 |ESE| 9.7{18|23|50 |ESE}| 1.1|19{00|40| 999.8 |31(18(15|20] 10 | 19|17;36}19|20| 00
N o 757 w 3.7/ 1814|130 | W 7.0| 18] 13|50 999.7 (3118|2000 47 | 19/14|50|19|17{ 15
=) H 749 |SSW| 7.0[19|15]20|SSW| 4.9(19|15|13| 999.0 |30|18| 17|00 1 [19/14,24|19|14] 50
& & 777 |ESE [17.0| 19|16|00 | SSW| 7.3|19|16|08] 996.1 (2818|1718 — | —|—|—|— 1 — | —
B A & 765 |SSE| 9.0/ 18|20|50| ESE| 5.0/18| 20| 45| 993.2 6|18 | 18|00 0 ) 18] 11{45(18]11]55
x t 755 |SSE |22.7|19|05|50| — — {—|— |—|1006.7 |17 |18 | 17|00 28 | 18| 8{30|19| 5| 30
frooE W 753 |SSE| 5.2/ 19|08 |02 | SSE| 1.8|19|07|59]1008.0 (30|18|17| 3 |||
* = 748 |SSE|13.8(19/14|30| SSW| 6.6( 19| 14| 19| 998.7 |31|18]| 17|48 171 31 19120 00 |
= =3} 741 — 5.1{-19| 11|00} SSW| 8.3| 19| 13| 28] 998.7 18| 16({22f 25 | 17|13 19120 40
= i3 744 S — === = ==~ — 26— |—\i—1 — |—=1—|—|—{—|—
& bid 699 |SSW| 2.2/ 19]12|10| SSW| 3.8 19| 10| 44| 1004.7 |30|19| 2/30| 16 | 18| 11| 8|19 2| 5
#r # 761 |SSW|12.4|19|15|10| SSW| 6.6[ 19| 15| 00{ 1004.2 |32 |18|17|05| 48 | 18| 9|14 19 18
= - 766 |ESW| 4.9| 19| 15|50{ SSW| 1.0| 19| 15| 47| 1003.2 |28|18|16}17| 37 | 18| 6/00|19|10| 15
X = 754 |ENE|11.8| 18|16|15{ NNE| 0.0| 18| 16| 10| 1004.2 | 30| 18| 1613 94 | 18} 5| 1|19|15] 40
11 B 759 |ENE| 9.4| 18| 14{30| NNE| 1.5| 18| 14| 17| 999.5 [26]18| 14|24 68 | 18] 5| 12|19 36
) L 702 |ENE |23.7/18|04|50| ENE| 5.4 18] 04| 50{ 1005.2 |30| 18| 14| 39| 88 | 18/ 00| 3|19 48
& # 735 | SSW|12.6/ 19{08|00| SSE| 3.0/ 19| 06| 58| 997.9 129|19| 16|33 16 | 19| 11|20 19|19 42
R &' B 730 | SSE|27.0119{02|50] SSW| 0.0| 19| 17| 22| 987.2 18| 16; 50| 38 | 19| 11} 15}19|18| 15
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Table 5 : Accumulated rainfall from 18/00 UTC to 19/12
UTC July from CWB's stations.
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Figi: The IR images on 0000 UTC from 18 to 22,SEP.,1988.
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Table 1 : Warning issuéd by C.W.B, for Typhoon KIT.
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Table 2: Summary of meteorological data of C.W.B. stations during Typhoon KIT passage.
(*+*+ :missing data )

st E(mb) $__ i (mb) B x R | & % B |~ EBASAR|FoeRAEkE
B & ARS |B G| ERs BA|ARe |BREBRs (B alre|ans |8 als e 8 | B mmwn| B mmsn
¥ A4 1003.8 |18 21:30| 994.9 |23 15:15/20.4 (23 11:05 [ 23.6 |21 22:30| 24.0 |ESE |22 05:43| 17.8 |ESE |21 22:06| 31.2 |21 21:40] 10.0 | 21 22:00]
BBEAIL | 947.2 |18 11:00| 937.7 |22 04:00{ 29.4 {23 13:48[21.1 |20 06:30| 16.4 | NW |19 17:20| 4.2 | SW|20 21:00| 50.4 |20 21:10] 13.6 |19 22:10
B 8| 923.2 (18 21:00] 913.7]22 04:3525.0 {23 14:10(19.7 |20 05:55] #xxx |+ + + |sssxsrsxs] 12,3 S |22 05:25| 41.5 |19 22:30| 10.7 {19 23:10
¥ 7K [1012.0 [18 09:27]1002.0|22 04:00] 32.5 {18 12:52|22.9 |20 05:00| 13.7 | SE |21 22:42| 6.2 | SE|21 22:40| 36.4 {19 22:00f 9.6 |19 22:20
# B [1011.4 |18 21:03[1002.0{ 22 03:57| 30.3723 11:36|23.8 |18 06:24| 17.5 |ENE |20 21:00{ 11.6 N{19 19:24| 43.5 |20 20:05| 15.1 |20 20:23
& #J611013.5 [18 21:00/1003.4 (22 04:00| 33.0 (23 14:04{ 24.5 |19 20:22| 17.0 |ENE {18 16:30| 8.7 |EME |21 22:30| 32.5 |19 19:50] 9.5 [19 19:00
$i  47[1008.9 |18 21:00] 998.4]21 02:00]35.0 (18 13:35| 24.4 |22 06:30| 14.1 | NE |20 21:03| 6.3 |NNE |19 12:10| 1.7 {23 16:45] 0.8 |23 16.50
H W [1015.3 |18 21:111005.4|22 04:06]31.4 |23 10:34 23.2 |18 04:35| 13.0 |[NNE {19 18:26] 7.1 |NNE |19 18:30| 57,1 |21 08:00] 16.5 |21 08:30
# #82(1012.7 |18 20:09]1002.7| 22 15:52] 29.8 |23 09:57| 23.3 (19 05:45| 18.8 [ESE |21 08:39| 8.1 |SSE |21 08:50| 45.3 |19 06:54| 18.7 [21 09:10
&1 FE EE(1009.9 |18 08:22| 998.8|21 01:55{32.8 |18 13:56| 25.0 |18 05:32| 16.9 | NE |19 15:38] 12.4 |NNE |20 13:56| 4.3 |23 16:20| 3.8 {23 16:25
o & h|1002.9 |18 08:15| 992.3|20 16:16] 33.3 (18 14:22|23.7 |23 05:39| 16.6 [WSW |23 14:37| 4.6 (WSW|23 14:50| 3.2 |23 14:00{ 3.1 |23 14:05
! & £ (1013.1 {18 07:56|1003.9|21 15:05|31.8 |18 12:18|23.9 |21 07:06| 11.8 | NE |19 18:53| 5.3 |NNE |20 23:40| 42.0 |21 06:22| 12.3 |21 06:14
HE®& | 903.6 |18 21:00| 893.7|21 02:00|27.4 |20 14:03] 19.5 |22 01:10| 7.0 |SSW |23 23:49] 5.0 |SSW|23 23:50| 4.8 |21 15:00] 1.3 {21 15:30
¥ i ]1011.4 |18 08:10{1001.4]21 01:41(31.5 |23 12:28| 24.8 |21 23:04] 19.6 | NE {20 21:40] 10.7 | NE |20 22:20| 20.8 |22 13:10{ 9.2 |22 13:50
FTEl | 767.4 {18 22:00| 759.9]21 05:00(19.4 {20 11:30| 9.7 (18 06:00| 6.8 E |22 22:36| 3.5 E|22 22:40| 13.0 {23 14:20| 4.5 |23 14:40
¥ 211009.0 {18 08:22| 999.0]21 00:58(33.2 |18 13:33] 23.4 |22 07:06] 13.2 S |23 12:38| 8.4 |SSW|23 12:50| 7.0 |22 18:25| 3.0 |22 19:13
E Il| 645.8 [18 11:00| 638.6[21 02:00(14.8|18 14:00] 2.8 |18 06:00| *#x+ | x x |sxsxrxxx| 18.3 | SE|22 04:30| 8.0 |21 00:00] 2.0 |21 09:10
HEE |1007.0 (18 09:00( 997.4 {21 02:00{ 30.4 |19 13:28| 23.8 22 04:06| 24.0 | SW |22 13:58| 18.3 | SW]|22 13:42| 8.7 [23 05:20] 6.0 |23 05:20
BX ZH|1010.2 |18 23:00|1001.0{21 15:25(31.6 |18 09:48| 23.3 |20 05:00| 14.9 | NE |19 19:23| 8.0 | NE|[19 19:30| 44.0 |21 07:40| 16.1 |21 08:00
% 75 (1010.2 |18 08:06 |1001.2 |21 14:34|32.2 |18 11:49] 22.4 |22 22:00| 15.8 S 23 14:34| 8.9 S[23 14:40| 30.0 |22 16:55| 10.4 |22 17:27
% B |1012.6 |18 22:00|1003.6|21 03:21|32.8 |18 13:30| 24.4 |21 04:51i 12.3 | SE |21 03:30] 4.5 | NE|18 11:10] 67.0 |21 03:30| 18.0 {21 03:50
& M |1012.1 (18 20:44[1002.3 |21 14:31]32.2 {18 11:02] 24.7 |23 01:58| 16.0 S |22 01:21| 8.2 S|22 01:30| 29.3 |22 03:20| 12.5 |22 03:40
A & [1012.6 18 22:14]1002.1 |21 00:17{33.9 |18 12:35| 24.3 |21 09:53| 19.6 N {21 00:16| 10.6 N|21 00:20| 57.1 |21 08:00] 20.0 {21 08:05
M M 976.7 |18 21:28| 966.8|21 03:53{29.3 |23 11:30| 22.0 |19 20:15| 29.2 | NE |20 08:38| 22.2 | NE|20 0s:28| 32.2 {18 12:20] 23.0 |18 12:32
f& % (1009.9 |18 22:00(1000.0 |21 03:23|33.0 |18 11:50| 22.2 |21 09:35] 19.7 |ENE |20 10:22| 9.6 |ENE|[20 10:20] 51.9 |22 05:11| 18.5 |22 05:14
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Fig3: The 6-hour variations of maximun sustained wind speed, maximun gust wind
speed, Central pressure, 30kts wind radius, T-No. value for Typhoon KIT,
from 09191800 UTC to 09220000 UTC.

EZ= A RAVENMARSKEREN —EX
Table 3 : Summary of meterological data of Typhoon KIT.

i M| O & B PO |RPLBRKEE | B g |t & A
(UTC) (JTWC) £ B CHA|E A N e % 2 ALK
B|B|®| & E|& E| mb OM/S) | M/S) KM /HR KM
9 [19 |18 | 18.0 121.8 | 999 | 18 23 WNW 18 120
20 | 00 | 18.3 | 120.8 | 999 18 23 | WNW , 18 120
06 | 18.7 | 119.8 | 995 20 25 NW 18 150
12| 19.3 | 119.1 | 995 20 25 NW 18 150
18 | 19.8 118.5 | 995 20 25 NW 18 150
21100 | 20.4 | 118.0 | 992 | 23 | 30 | NW/NNW 8 150
06 | 20.8 117.5 | 992 23 30 NW,/NNW 8 150
12| 21.4 117.0 | 985 28 35 NNW 11 150
18 | 22.3 116.5 | 980 28 35 NNW 13 150
22 (00| 23.1 | 116.1 | 985 | 25 | 33 NNW 13 150
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Fig4 : The 10-day mean sea surface temperature chart with corresponding
positions of KIT'’s best track on Septemper,1988.
(Light solid line : The bert track,
Heavy solid line : The SST contour line, :
Dashed line : SST deviation contour from 10-day mezin)
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Fig5:The daily variation of 5880gpm contour of 1200 UTC on 500mb charts, and

the corresponding positions of KIT's best track from 18 to 22,SEP.,1988.
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Fig6:Histogram of 5-day total precipitation amount for C.W.B. stations from

18 to 22 SEP.,1988. \
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EN:mHRAMEE ERASEBHERAESERNILBERBEWREE ( » 1 BREEL)
Table 4 : Typhoon centers determined by different authorities and their
errors for Typhoon KIT. (*** :missing data)

B f|ME KA H A IBRERKRB | P REER |F B H|REBER
REI(UTO) |BieEHRS0 | & & B | (BHEM) | (BEEAL) BERXRAKB|(HE)D
A | B | # [LAT.[LONG. |LAT. [LONG.|LAT. |LONG. | LAT. |[LONG.|LAT.|LONG.[LAT.|[LONG,
9 [19]18(18.7|121.7 [18.0|122.0{18.0 | 122.0°(17.3{121.5|17.5|122.5 |18.0(121.8
9 |20(00{17.5/120.6 [19.0|121.0 [17.9 | 120.6 | 18.2 | 120.8 |##% | s#x* |18.3/120.8
06 (18.9]119.3 |19.5|120.2|19.8|118.5|18.5|119.8 |18.8|119.8 [18.7]119.8
12 (19.4|118.2{19.8[119.5[19.3 | 118.6|19.3 | 118.7 |#%x | »x*xx [19.3]119.1
18(19.7/117.9(20.2 [118.9 |19.8 | 118.5 | 19.9 | 117.8 |*#** | *xx++ |19.8|118.5
9 |21]00(20.3(118.1(20.2(117.8 [20.3|118.3|20.3|118.0 |*### | xx*%x [20.4/118.0
06 [20.6(117.8 |20.5[118.0 {20.5 | 118.0 [20.8 |117.8 |[*#»# | x#xx+ |20.8(117.5
12(21.4[117.2|21.8 | 117.1 [21.4 | 117.3 | 21.7 [ 117.2 |*##* | xxx»x |21.4|117.0
18 (22.1|116.5 |22.5|116.5 |22.3 | 116.8|22.2 |117.0 |#x#x | xxx+x |22.3|116.5
9 |22(00(23.2(115.9|23.4|116.2(23.0|116.3|23.2|116.5 | ###* | x#x*= [23.1|116.1
@& ®m|l10] 10 | 10 10 | 10] 10 | 10 | 10 | 2 2 |10 | 10
;i&,éﬁ{ 0.25( 0.31 {0.38] 0.25 [0.20| 0.38 |0.17 | 0.28 | 0.30| 0.35
B | fodary  0.40 0.45 0.43 0.33 0.46
EER2KM| 44,5 50.0 47.8 36.7 - 51.2

EE mERE BRI RESBE T/ RED OB TRREEZRERE ( oo ERELR)
Table 5 : 24-hour center forecasting error verification for different authorit-
ies for Typhoon KIT. ( *##*+ :missing data ) '

B | B R OA| AR KlbhREER|FE # H UINMEZEE

BRICUTC) | W AEHFDL | f & M| (EFeg) BEXREH BTV

F | B | | LAT. |LONG.| LAT. |LONG. |[LAT. |LONG.| LAT. |LONG. |LAT. |LONG.

9 11918 21.1 | 117.5 | *#%* | s###= | 19,7 | 118.5 | 19.7 | 119.2 | 19.8 {118.5

9 12000 18.6 | 119.2 | 22.0 | 117.0 | 19.8 | 117.1 | #%#% | ##*xx | 20,4 |118.0
06 | 21.0 | 115.6 | 21.5 | 116.5 | 23.2 | 115.9 | 20.5 | 116.2 | 20.8 [117.5
12| 21.5 | 114.4 | 22.0 | 116.0 | 22.4 | 115.8 | #x#% | ***xx | 21.4 |117.0
18| 21.3 | 114.8.| 22.0 | 116.0 | 23.2 | 115.9 | #x»x | *xxxx | 29.3 | 116.5

9 |21(00| 22.1 | 116.7 | 22.0 | 115.0 | 22.2 | 117.2 | *»*x | #x%xx | 23,1 |116.1
06 | 22.3 | 116.4 | 22.5 116.0 | 22.3 117.0 | ##ex | *kkks | sommn | krxkr
12| 23.4 115.2 24.0 116.0 | 23.8 115.8 * ok kK ITTEL kokckg | K okkokok
18| 24.2 | 114.5 | 24.5 | 115.0 | 24.7 | 115.8 | #%kx | #%xsk | xuwnx | xxrsx

9 1 22(00| 24.8 114.1 27.5 118.0 | 25.4 114.8 * ok kK * koo K Rk gk | Kokokkx

B = # 6 6 5 5 6 6 2 2 6 6

B3 |, 67| 0.90 | 1.50 | 0.86 | 0.92 { 0.98 | 0.90 | 0.20| 1.00

EF

CBE) oo 1.75 1.26 1.33 1.02

PHFRZEKM 195 140 148 114
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EA: R FREFENM ARRBANEEN TN RRARETE(AE) —8E

(T :TRACE, --- : NONE , W& EAFTFHA)

Table 6 : Daily total precipitation amount(mm) for C,W.B. stations
for Typhoon KIT during 18-22, SEP.,1987.
(T:Trace,-- : None )

# %B M| 9/18 9/19 9/20 9/21 9/22 & F
% B M -- 98 28 32 2 160
B 8 W 36 217 110 63 5 431
# ®| 64 171 129 69 5 438
X & 1l 61 168 109 53 7 398
W ViN -- - 98 28 32 2 160
B B 21 104 89 113 10 337
OB W 11 300 36 53 5 405
X & L 21 223 60 84 10 298
& & 14 120 29 56 5 224
M+ B 21 88 62 71 " 8 250
4Ty L -- -- - 7 12
=4 B 178 145 81 174 12 590
2 & = 99 225 76 134 30 564
£ A 36 128 36 67 11 278
73 i 105 219 107 217 15 663
H <) 42 170 38 140 11 401
& = -- -- -- 5 16 21
B o - -- T 9 12 21
w . 4 35 53 175 43 310
H A & T T 1 29 3 33
¥ ] T T 29 110 139
frooB 12 T 6 36 23 77
5 =l - -- T 34 37 71
£ W -- 2 6 75 - 22 105
" OE OB -- -- -- 33 90 123
B Iy 8 44 89 252 56 449
o) ] 19 -- 1 54 120 194
& | 5 25 79 284 57 450
= i3 -- T 5 99 138 242
X = 9 60 69 182 103 423
B 5 53 49 174 72 9 357
& E=3 3 12 59 . 139 75 288
i
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Fig7:Daily precipitation distribution F1g9 Daily precipitation distribution
on 18 SEP.,1988. on 20 SEP.,1988.
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REPORT ON TYPHOON KIT OF 1988

Research & Development Center
Central Weather Bureau

ABSTRACT

Tropical storm KIT (8816), which formed on 18 Sep., 1988, and later moved
northwest steadily and passed the Ba-ShiChannel, made a landfall around the southern
coast of mainland China, and caused some damages. During its 4 days life cycle, the
lowest central pressure was 980 mb, peak values of the maximum sustain wind speed
and the maximum gust wind speed were 28 M/S and 35 M/S respectively. The average
vector error for eye fixes and 24-hrs position forecasting are 47.8 km and 148 km
respectively. Since KIT did not strike Taiwan directly, there were no large damage
happen; eventhough, the heavy precipitation did appear at I-lan, Su-O, Chen-kung, and
Tai-tung.

Key words : Curvature, Incipient disturbance.
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Fig. 1 : The satellite image for 00UTC 1 October
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Fig. 2 : Six—hourly maximum wind speed and lowest centre pressure of typhoon

NELSON with its speed of movement.
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Table 1 : Centre positions of typhoon NELSON according to its best
track. .

A e 0 & B posmlsninpas| B X R R R 4 &
= U?C i | m| MB | DEC |KTS ?w:ffffk KlfTJSEL L @+ @
1] 12| 12.2 | 136.1| 998 | 280 | 10 45 55

18 | 12.4 |135.0| 996 | 290 | 11 45 55 60
2| 00| 12.8 | 134.0| 992 | 300 | 12 45 55 | 100
06 | 13.4 | 133.0{ 990 | 300 | 13 55 | 60 | 125
12 | 14.1 | 131.8| 985 | 300 | 13 65 70 | 130 30
18 | 14.7 |130.6| 980 | 300 | 14 70 80 | 150 60
3| 00| 15.5 | 129.4| 975 | 300 | 12 75 90 | 190 65
06 | 16.1 | 128.4| 965 | 310 | 10 90 | 100 | 200 75
12 | 16.8 |127.5] 960 | 310 | 12 100 | 110 | 210 85
18| 17.5 [ 126.6| 955 | 320 | 12 115 | 125 | 220 95
4| 00| 18.5 | 125.8| 935 | 320 | 10 120 | 140 | 280 | 120
06 | 19.3 | 125.2| 925 | 330 8 130 | 150 | 230 90
12 | 20.0 | 124.7| 915 | 335 7 140 | 165 | 230 | 100
18 | 20.7 | 124.4| 915 | 360 6 140 | 165 | 230 | 100
51 00| 21.3 | 124.4| 915 20 6 140 | 165 | 210 | 100
06 | 21.9 | 124.7| 920 20 7 140 | 165 | 210 | 100
12 | 22.5 [125.1| 920 | 40 | 11 140 | 155 | 200 | 100
18 | 23.3 | 125.9| 925 45 | 10 130 | 145 | 250 | 125
6 | 00| 24.0 [ 126.7| 935 55 | 11 125 | 140 | 230 | 105
06 | 24.6 | 127.7| 940 55 | 12 115 | 135 | 225 | 105
12 | 25.3 | 128.9] 945 55 | 12 115 | 130 | 225 | 120
18 | 25.9 | 130.0| 950 55 12 115 | 125 230 | 100
7| 00l 26.6|131.1| 950 45 | 14 115 | 125 | 295 95
06 | 27.6 | 132.2] 950 55 | 15 115 | 125 | 225 90
12 | 28.5 | 133.6| 955 55 | 16 100 | 110 | 220 90
18 | 29.5 | 135.0| 955 55 | 16 90 | 110 | 220 90
8 | 00| 30.4 |136.5| 955 55 | 18 85 | 100 |. 225 | 100
06 | 31.4|138.3| 960 60 | 22 75 85 |- 225 | 100
12 | 32.5 | 140.6| 965 60 | 20 70 80 | 225 90
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Table 2 : Warning procedures issued by CWB for typhoon NELSON

- % BB o B M = - o = . =
g W H LH§T 2} % I B T W R

w | 5 1 3 | 21 | 15 | HEYEE ~ Btk - H A,

Bk 11| 4 | 0| 40 | mmmm - B+ R

w 2 4 4 | 15 | BERYST ~ E-Ek - - SRR,

w Lk o—1| 4 | 5 | 45 | KifEE ~ Bk ___

w" & 3 4 8 | 50 | WHEEH ~ Bt ik HE~LR~BE~EW

B 3—1 | 4 | 11 | 40 | ®WEEE ~ LHEE ~ 215k E~AEBEE-~TW

w = 4 4 | 15 | 20 | HWESEE ~ ALEEE - B 15K HEE~ G ER -~ G AR R

w R 4—1| 4 | 17 | 35 | R ~ JLHEHE ~ Bk e~ Bt~ B~ TR~ B~ R

w B 5 4| 21 | 10 | REEE ~ LIEE - Bk BEEILH - bEnE

w B 5-11 5 0 | 45 | WEHEE ~ ILEEE ~ Bk BERALE - bEtE .

W 6 5 | 4 | 20 | REEE ~ ALHWE ~ BV SRR St T 75 ~ A1 BER AL

w 6—1| 5 | 5 | 30 | HHWEE ~ ALECIE ~ Bk vt ~AIER{ERE ~ At ~ E00 - 16 ~ A5~ BER AL

B 7 5 | 9 | 40 | WEEE ~ LHBE ~ vk A HE At EW TG S8 ER AL

w | 7—1| 5 | 11 | 40 | REEE ~ LHMEE ~ B L5 ~ARYEEEEE ~ S0~ B ~ 16 ~ 55 ~ EER AL

u B -8 5 | 14 | 55 | REHEE ~ LA - Bk AR ~ AL ~ E ~ BRI

w 8—1| 5 | 17 | 40 | REWHE ~ ILIEE ~ EL1Si5k i ~ At~ B~ AREFTIUL

w E 9 | 5 | 21 | 10| REEE - LEEE - Bk ' —

5 9-1| 5 | 23 | 40 | MEEE - ILHERE - Bt Bk —

® Lk 10 6 | 3| 40 | REEE ~ ILEMEE ~ B4 sk - R
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Fig. 4 : The satellite picture of super typhoon NEL SON centred in the Philippine
Sea near peak intensity on 0709UTC 20 October (040709UTC October

NOAA visual. imagery ) .
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Fig. 6 : The satellite images of the evolution of super typhoon NELSON from

Oct. 2 to Oct. 5, 1988.
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Fig. 7 : NELSON's best track is superimposed upon the areas where tropical

cyclones rapidly intensified during. summer and early fall (20 June—
16 October ) for the years 1956 to 1976 ( Holliday and Thompson, 1979)
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Fig. 8 : NELSON's best track superimposed upon climatic areas of super typhoon

occurrance. Areas of first supper typhoon intensity include number of
occurrance from the period 1959 to 1970 ( Annual Typhoon Report, 1970)
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from 30 Year Mean (1956-1985).

Oct. 1~ 10 1988
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Fig. 9 : NELON's best track is super imposed upon the deviation of ten—day mean
sea surface temperature from 30 year mean ( 1956—1985 ) .

The shade area indicate negative anomaly
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Fig. 10:Comparison of cenire determination of typhoon NELSON by six objective
methods.
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Table 3 : Forecast errors of centre determination of typhoon NELSON by different units as compared with

best track.

(X : no data )

A # IBEST TRACK| 1. CWwWB 2. PCTW 3. RJTD 4 BAB] 5 RPMM

A U%C i mg| o | mR | RELE| AR mE | dra | me | mae | ws | melde | we | B

3 06 | 16.1/128.4| 15.9]128.5| 25 [16.0 {128.5| 16 | 16.1|128.5{ 11 X X 16.2|128.5| 16
12 | 16.8(127.5 16.6 |127.5| 22 |16.7 |127.6| 16 | 16.7(127.5| 11 | 16.8|127.5 0] 16.7|127.4} 16
18 | 17.5(126.6 | 17.4|126.6| 25 |{17.6 |126.5] 16 | 17.5(126.5| 11 |17.5(126.5| 11 | 17.5|126.5]| 11

4 00 | 18.54125.8| 18.2(125.8| 33 |18.3 |125.9| 25 | 18.4(125.9| 16 | 18.4|125.9| 16 | 18.5(125.9| 11
06 | 19.3]125.2]19.4(125.2| 11 {19.3 |125.3| 11 | 19.5(125.2| 22 | 19.5|125.2} 22 | 19.5]|125.1] 25
12 | 20.0(124.7 19.9|124.6| 16 |20.0 (124.8| 11 | 20.0 |124.7 0120.1(124.7| 11 | 19.9|124.7| 11
18 | 20.71124.4 | 20.8|124.3| ‘16 [20.6 i24-5 16 [ 20.8|124.4| 11 | 20.7|124.4 0 | 20.7124.2 ( 22

5 00 | 21.3(124.4|21.3(124.3} 11 '|21.3 |124.4 0 |21.41124.3, 16 X 7 X 21.41124.3] 16
06 | 21.9/124.7|21.8 124.5 25 [22.0 124.6| 16 |21.9|124.4| 33 | 21.9|124.5{ 22 | 21.9|124.7 0
12 | 22.5|125.1} 22.5|125.1 0 |22.5 [125.3| 22 |22.5(125.2| 11 | 22.6/125.2 16 | 22.51125.2| 11
18 | 23.3{125.9 23.4125.9} 11 |23.5(125.9] 22 |23.4125.9) 11 X X 23.41125.9] 11

11 1/11 153/11 98/8
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RN : g ERARCEBEREY 24 /NSO BERRELRE (77HE108)
CEf7 : 2B ) (X : BRERH)
Table 4 : Verification of 24 hours forecast errors by different objective
methods for typhoon NELSON. ( X:no data )

H #|1.BEST TRACK |2 ARAKAWA] 3. HURRAN 4. CLIPER |5 CcwB-81 6. P—C

H Uﬁ’i#‘c dodE | R | BRZE [dbde | R HE s mER | e ke || B2l ds AR BRZE | deE | ER ||

41 12 120.0/124.7 19.1(123.9| 132 19.2123.5| 195| 19.4|124.0| 101} 19.5123.7| 123| 18.9]124.3| 129
18 |20.7[124.4 19.9|123.4| 141(20.4(123.1] 147| 20.0{123.4| 134| 20.7|123.2| 132| 20.0l124.0| 89

5] 00|21.3124.4 21.1/122.6| 199 21.0(122.6] 201| 20.8(122.6| 206| 21.6(122.8| 179| 21.0[123.7| 84
06 ] 21.9(124.7 22.9(122.7| 246 23.6(123.1| 257| 23.1123.4| 195| 24.1(123.0| 306| 22.7(123.9| 1924
12 | 22.5/125.1 23.20122.6| 286 22.2(122.3| 310| 22.5[122.4| 297| 22.8(122.8| 255| 22.9/123.5! 181
181 23.3]125.9 24.01123.0| 328 24.3(123.5| 286 23.3(123.4| 275| 24.5[123.6| 285| 24.7(124.3| 29

6| 00 24.0[126.7 24.51123.7| 335| 23.5|124.7| 227| 23.9(123.8| 319] 24.9[124.9| 198| 27.6(129.4| 495
06| 24.6127.7 24.0(124.0| 412 24.3|125.9 201| 24.1(124.4| 367| 24.1|126.1| 184] 25.0(125.8| 214
12 | 25.3(128.9 '24.9]125.6| 366 25.7(127.9| 118| 25.4(126.5| 264| 25.6(128.1 94| 26.4(127.7| 179

* 5 2245/9 1906/9 2158/9 1756/9 1721/9

M oE 272 212 240 : 195 191
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R ERASEBARABERE 24/ PMEERRPOMEZREERE (T7TE£108) (B : RE) (X : RFERED

Table 5 : Verification of 24 hours forecast errors by different units

for typhoon NELSON.

(X :no data )

H # [BEST TRACK]| L CWB 2. JTWC 3 RJTD 4  BAB]J 5.  RPMM
A Uﬂicjb%ﬁii@:{tﬁﬁ@%ﬁ%jhﬁ%ﬁ?&'%:{tﬁ%ﬁ%ﬁ%ibﬁ?ﬁ%‘ﬁé"%kﬁﬁﬁ%%
2 12 |14.1131.8| X X X [13.11133.4| 208 X X X X X X X X X
18 |14.7 [130.6|13.3 [131.6| 189|12.8 (131.8| 247|13.0(133.0| 198 X | X | X | X X | X
3 .| 00 |15.5(129.4|15.0[130.6| 143]13.9(130.1| 192| 15.0[130.0] 86| X X X |14.1{130.7] 210
06 |16.1(128.4]15.7 [129.6| 139]15.3(129.7| 168|16.0 |128.0| 45| X X X | 14.8 |128.5| 143
12 |16.8 [127.5]17.7 [128.4| 140{17.2 [128.0| 70| 17.0 [127.0| 59| X X X X X X
18 |17.5|126.6|18.2 [127.1| 95| 18.5(126.9| 115|18.5(126.5| 111| 17.3[127.3| 80| 16.6 |126.8] 101
4 00 |18.5|125.8|18.0 |125.8| 55|19.1(125.8| 66| 19.0(125.5| 55| 17.7|126.2| 98| 17.3(125.5| 136
06 |19.31125.2]19.0(124.7| 64|18.9126.2| 118|20:0 (125.0| 80| X X | X |18.3[124.6| 128
12 |20.0[124.7]19.5 [124.0| 95|20.2|125.4| 80| 20.5 [124.5| 59| 19.6/125.0| 55| 18.8 [123.7| 172
18 |20.7 |124.4|20.6 |123.3| 122|20.8(124.7| 35[20.5]124.0| 49| 21.0/124.3| 35| 19.7 [123.0| 189
5 00 [21.3(124.4|21.8|122.8| 184[21.3|124.8| 44| 22.0|124.5| 359] 22.6[124.5| 143 | 21.6 |123.4| 115
06 |21.91124.7|23.2(123.4| 202{23.5(125.7| 208|24.0124.0| 78| 23.8[124.2| 216 | 22.7 [122.6| 247
12 |22.5(125.1]23.0(123.6| 216]|23.0/125.1| 55| 24.5[124.5| 230| 24.4(124.2| 231| 22.8 |122.5| 288
18 |23.3(125.9]23.5 ({123.3| 286|23.7(124.6| 150|24.0 |124.5| 172| 24.5|124.5| 203 | 23.1 |122.5] 375
6 00 |24.0(126.7|23.9 (123.8| 319|24.3|125.5| 136|24.5(125.0| 195| 24.9]125.0| 212| 23.0 |124.7| 246
06 |24.6(127.7|24.0 |124.5| 358|25.1(126.5| 143|24.5(125.5| 242| 25.1|125.1| 291| 24.9 |126.2] 168
12 |25.3(128.9]24.9(126.9| 224|25.0{127.5| 157|25.5128.5| 49| 25.6(128.4| 64| 24.9(126.7| 246
3 2831/16 2192/17 1951/16 1637/11 2764/14
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REPORT ON SUPER TYPHOON NELSON OF 1988

Research and Development Center
Central Weather Bureau

ABSTRACT

Nelson, the 19th typhoon in the western north Pacific, was the first significant
tropical cyclone of October and the only super typhoon of 1988. It initiated over the
southwest sea of Guam at 06 UTC 1 October and upgraded to a middle intensity with
65 knots at 12UTC 2 October. It continued to intensify rapidly and reached the super
typhoon intensity at 06UTC 4 October 1988. The typhoon’s intensity peacked at

140 Kts at 12UTC 4 October.
intensity at 0OUTC 6 October 1988.

Nelson weakened and was downgraded to typhoon

Nelson first moved west-nerthwestward and then northwestward toward the

Taiwan area.

It turns to move north-northwestward and then recurved into northeast-

ward near the eastern part of Taiwan. Finally it passed over the Japan Sea. Nelson
only induced the local heavy rainfall in the northern Taiwan mountain area and created
intense gust winds on some areas of Taiwan during the period. '

The results show that the track of typhoon Nelson was controlled by subtropical
high steering flow and the middle-level major trough. The P-C method of six object
forecast methods is the best one (191 km) of track forecast for this case.
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Table 1:

1044-1982E W AWM B HBMKIH X (FEH1082)
The statistic of applied steering Table 4A: Vector errors of model forecasting

flow levels from 1944 to 1982.

700| 850
L] 850 700 500 300 200 B MLISLWE N | 500 700
300 | 500
1944 1978 2 2 10 9 4 1 2
1980 '
8. v |v|v v
1062
EXIN N v v v v

il(a)lﬂ)?”ﬁﬂ@!ﬂmfﬁﬁ BHMURE, TEBEABRADEHZHAR

B RN
Table 2A:

The vector errors of forecasting
position of model for four typhoons
in 1987, by using the initial fields
of wind and georotential field
respectively.

LB (DEREARE

Table 2B: Same as Table 2A but the cross-track
errors .are calculated.
LAl -3 Y
in Y 1w ool m® 0A B @ w® |
it i
5] LR oo
kN ®
TIELRA 1087 182.8 1e THELHA 1887 12 182.8 12 77.6
380.0 24 24 385.4 24 41.8
671.2 0 36 | 648.5 36 97.5
7-13-127 055.9 LE) 7-13-122 48 011.5 43 78.9
YENOR 1087 179.9 12 YEHON 1987 | 12 178.9 12 204.8
404.1 21 24 382.8 24 247.8
143.8 35 36 | 520.5 38 121.8
7-20-124 11909.8 138 7-20-122 48 734.3 48 78.0
DINAN  1UBT 75.0 12 DLHAK 1987 12 75.0 12 32.6
216.5 24 24 | 218.8 24 82.0
383.0 36 38 | 278.2 36 99.5
8-28-007 744.6 43 8-28-002 48 | s20.4 18 73.7
GERALD 1987 60.7 12 GERALD 1087 | 12 68.9 12 115.4
132.4 24 24 90.0 24 2198.5
286.2 36 36 120.8 36 258.0
0-4-00% 304.0 18 9-9-00Z a8 287.3 18 485.0
126.0 12 12 127.0 12 130.1
i ] 292.3 24 » <l 24 208.17 24 147.7
521.1 K 38 | 393.5 30 144.2
801.2 1% 18 | 013.4 48 178.9
E3 LEFATBE4EFRAZBASHEREZ-HER
. s 1
Table 3: Table of essential geopotential
fields resolved by trough and
. .
ridge systenms.
2 ® ] 3 BXR | BES
N B %
A & ME 120 E; | 1984-7-12-122 DORIS, 1959-9-21-127 VERA 3 6.5
225 NEHE 1962-8-4-002 0PAL
1 {® M E 120 E: | 1906-7-17-122 HIHA, l901 -8-21- ozz LORKA 9 18.6
| 30 KEHE 1963-7-13-12Z YENDY, 9
B. 1961-9-20- ooz TILDA
1977-9-4-122
1964-7-2-122 BETT‘I
1955 3 lB 00Z HARY. 8 17.4
[ L {530 W, 191 002 BETTY,
EEE® l‘JGZ Zl-OGZ AGHES,
1970-9-10-00Z GEORGIA. 1960- ﬁ 24-122 XIT
L i B 25 N, 1969-9-2-127 LOUISE.1974-10-13-12Z2 CARMEX 6 13.0
] EXE & 1964-6-30-122 YINHIE,1963-6-16-12Z SHIRLEY
1989-7-22-12Z ¥I0LA.1961-8-5-00Z JUNE
Al BBFOSIS B, | 1975-8-1-122 HINA, 1959-3:2-122 ELLEH . [ 8.7
" 145 EX & & 1960-7-13-002 POLLY, 1962-7-30-00Z HORA
B | ®EP LR N, 1959-9-13-007 SARAY 2 4.4
WS EXE @ 1963-9-3-00Z GLORI[A
A | 13125 €. 1967-7-5-122 BILLIE.1972-8-9-00Z BETTY 3 6.5
WREEISS £ 1970-5-20-00Z OLGA
121z £ 1962-9-3-122 AHY, 1965-6-17-122 DINAK 4 8.7
B | 2E] 1971-9-19-12Z BESS, 1962-7-28-12Z HORA
%1
v
s 1078-10-11-002 Ok, 1963-10-7-122 KIT 4 3.7
CiARE 1966-3-22-122 KIT., 1970-9-9-00Z GEORG A
E§
D|EX T1-7-22-007 NADINE. 1961-9-10-00Z PaHELA| 3 6.5
tio 975-19-3-122 ELSIE
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positions by using 700mb georotential
fields as initial data.

40 )Mb (), BARARSE

Table 4B: Same as Table 4A.but the cross-
track errors are calculated.

R -
i
B Om o il Noosoow
RN
%«
DORIS 19064 121 297.7 VURIS 164 12 544
247 | 287.4 24 170
36 | 2701 6 167.8
7-13-121 i | 23 7-13-122 a3 213.0
NINA 1966 12 153, 4 WA 1966 ] 12,8
24 | 210.8 24 19.0
: 36 | 294.1 3 102.2
T-17-12% 48 170.3 7-17-120 4 136.3
HARY  1uul 12 4 HARY 1006 12 22,0
24 5 24 5.5
36 | G4 d . 36 82,06
8-16-007 48 290.3 B-16-007 “ 175.0
SHIRLEY 19063 | 12 4.8 BHIRLEY 1u03 1z 1309
24 1.7 . 24 332.0
36 3.8 1 3209
De16-122 48 T G-16-127 48 520.7
WINA 1076 | 12 | 432.9 RINA 175 .12 1608
24 | 458.3 24 128.4
36 | 405.3 306 66.3
8-1- 122 48 | 410.4 B-1- 127 4 202.0
SARAH 1959 | 12 159.3 SARAL 1USY 12 158.3
] 24} ose.n 24 12.6
16 0.4 16 59.5
g-13-002 48 1204 0-13-007 44 93.5
BILLIE 1807 | 12 3.6 BILLIE 1007 12 2.8
24 1900 24 80.2
. 1 118.1 . 36 42.2
7-4-002 48 120.5 7-6-007 | e 12005
ARY 1962 | 12 108.3 any 1082 1 40.7
. 24 163.2 24 .1
36 | 206.0 1% 7.3
9-3-127 48 | 425.1 9-3-124 | 4 213.2
ok 1078 | 12 1070 LT 1078 12 . N
24 | 204.3 24 0.3
4% 57,1 . 36, 2
1o-11-00z" | 48 | 324.4 - 10-11-007 48 47
NADIHE 197) 12 ‘$0.¢ HADENE 1071 12 60.9 N
24 | 19y 24 191.8
36 | 321.7 kL 321.7
7-22-007 48 | 404.3 7-22-002 48 289.9 7
12, { 171 12 78.5
¥ o8 20 ] 218.7 R 24 103.4
36 282.9 36 |. 1551
¢8| 3011 48 226.5

X5 ZETHFEZEHHEESE
Table 54: Average vector errors of three
different method.

kit :
ﬁ | BB WA| NURRAR WM MO
24 190.9 157.7 218.7

48 400.4 4680.0 301.1

£F50G) Bs(), BERFHIEARSE
Table 5B: Average cross-track errors
of three different. method.

5
W

:g BB M A ] NURRAN WIEB WA
20 | 1050 90.1 103.4

48 271.5° . 204.3 226.5
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Fig 1A: 48hr forecasting field

and track of the typhoon Thelna
by using 700mb wind field of
13/1200 UTL ,July, 1987 as
initial data.

NTHELHA 1987, :
v ..osoo- 7/1413'3\/ :

.figjtuvoo?xa:ny;crg%m)\n}; 2] ! (e) B&mﬁlﬁmTllELMl\anz@M{uw} (Best Tlnck)

@1 (b)

i (2)

Fig 1B: 48hr forecasting field
and track of the typhoon
Thelma by using 700mb
geopotential height of 13/
1200 UTL, July, 1987 as
initial data.

Fig 1C: The best track of
typhoon Thelna.
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Fig 2A: 48hr forecasting field
and track of the typhoon Venon
by using 700mb wind field of
20/1200 UTL .July, 1987 as
initial data.

B2 (a)

2(c) BEMRMVENONZ REBE W (Best Track)

B2(b) M2(), BRUTOEEHSERSMARN
Fig 2B: 48hr forecasting field Fig 2C: The best track of

and track of the typhoon Venon typhoon Venon.
by using 700mb geopotential
height of 20/1200 UTL, July,

1987 as initial data:

mmﬁmmuumfam)\z 1987 8.8 28E
mﬁaﬁMZMd\ﬁ&iﬁfﬁﬂi&iﬂMiT

Fig 34: 48hr forecasting field
and track of the typhoon Dinah
by using 700mb wind field of
28/0000 UTL ,August, 1987 as
initial data.

&3 (a)

® > (b)

B3 (e) BRRNDINMIZREREE (Best Track)

B3 (), BRUTOEEXEBARARS

Fig 3B: 48hr forecasting field
and track of the typhoon Dinah
by using 700mb geopotential
height of 28/0000 UTL. August,
1987 as initial data.

Fig 3C: The best track of
typhoon Dinah.
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W) BRESSOCEMIMREBAZINTEIEN g4 o) ma @, EAATOEEFHEBGARS . B4 BARDBEROZREREA (Bost Track)

Fig 4A: 48hr forecasting field Fig 4B: 48hr forecasting field Fig 4C: The best track of
and track of the typhoon Gerald and track of the typhoon Gerald typhoon Gerald.
by using 700mb wind field of by using 700mb geopotential .

9/0000 UTL ,September, 1987 height of 8/0000 UTL, September.

as initial data. 1987 as initial data.

i

e

-3

B M, NEHMARSAMBHMEI2 EE BT H-M, &E
%, HFR2B 2w EHSEEE EE . ARLR3I0° R BEEE EEIZERE

A0 N, W E 10 £k
Fig 5 : Pattern I .The pattern Fig6: Pattern I .The pattern Fig 7 : Pattern I .The pattern -
of extending westward to 120° E of extending westward to 120° of extending westward to 130° E
of 3180 G.P.M.isoline and ridge E of 3180 G.P.M. isoline and of 3180 G.P.M.isoline and high
is located along 25° N . ridge is located along 30° N. pressure center is located

along 30° N .

BEE BERMELG L EAUNEAUAR 5o gma SEEOERS L UG ERZRA Eio FRM BEELERUSE 20 SN
Fig 8 : Pattern Wl .The pattern Fig 9 : Pattern IV .The Fig 1 O : Pattern IV.The
of extending westward to 135° E pattern of high pressure pattern of high pressure
of 3180 G.P.M. isoline and high center is located at 30° center is located at 25°
pressure center is located along N, 145° E. N . 145° E. :
30° N
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Fig 1 1 :+ Pattern V .The .Fig 1 2 : Pattern V .The
pattern of trough is pattern of trough is
located at 125° E.and low located at 130° E.and low
pressure center is located pressure center is located
at 55° N. at 35° N.

B 3E, BACR O itds-n B 15%1‘231
"

b
20°

; BB 130° EMENE, EAEM R O M55 N
EREZHEBERG

Fig 1 3 ¢ Pattern V .The
pattern of trcough is
located at 130° E.and low

pPressure center is located
at 55° N.
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Fig 14 : Pattern V .The Fig 15A: 48hr forecasting
pattern of low pressure field and track of the
;e";zgéiz located at 50° typhoon Doris by using 700umb

geopotential height of 7/1200

UTL, July, 1964 as initial
data.

W1b(a) BAEMIINALITO0ORE S KB MA L -
msmmlm1zzmm'.snel=una48):1\n§ @8 (‘b) BEREMNINAZ MESS B (Dest Track)
183 17 4R 58 10 8 35 . . .
Fie 16A: 48hr forecasting  Fi& 16B: The best track of
field and track of the typhoon Nina.
typhoon Nina by using 700mb
geopotential height of
17/1200 UTL, July, 1966 as
initial data.
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Fig 15B: The best track of
- typhoon Doris.

S B 7 (2) BRIMRENARYIATOOBEMEHBMAZ

10654 8 16H 0024 ) 34 #¥ [ 1y 484 bF
144 50 1 4% 45 A0 4 9

Fig 17A: 48hr forecasting
field and track of the
typhoon Mary by using 700mb
geopotential height of
16/0000 UTL. August, 1965 as
initial data.
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Fig 17B: The best track of
typhoon Mary.

BRI HARYZ MR B (Best Track)
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Fig 184A:

by using 700mb geopotential
height of 16/1200 UTL, June,
1963 as initial data.

B BT 7 SHIRLEY 54 7005 & 7% I 18 44 A
19634 61168 1228 W s sE M 09 48008 |g 43 (p)
PES TN
48hr forecasting field
and track of the typhoon Shirley
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Fig 18B: The best track of

typhoon Shirley.
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Fig 19A: 48hr forecasting field

and track of the typhoon Nina
by using 700mb geopotential

height of 1/1200 UTL,August, .

1975 as initial data.

B/(7 (b) BEREBNINAZRESE® (Best Track)

Fig 19B: The best track
of typhoon Nina.
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Fig 20A: 48hr forecasting field
and track of the typhoon Sarah
by using 700mb geoprotential
height of 13/0000 UTL, September:
1959 as initial data.

Wzo (5) RAMBHSARMZRENEE (Best Track)

Fig 20B: The best track of

typhoon Sarah.
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Fig 21A: 48hr forecasting field
and track of the typhoon Billie
by using 700mb geopotential
height of 5/1200 UTL,July.,

1967
as initial data.
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Fig 21B: The best track of
typhoon Billie.
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Fig 22A: 48hr forecasting field
and track of the typhoon Amy

by using 700mb geopotential
height of 3/1200 UTL.,September,
1962 as initial data.
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B 22 (b)

Fig
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THE INFLUENCES OF 700-mb GEOPOTENTIAL FIELD ON THE TRACK
OF TYPHOON IN THE NORTHWESTERN PACIFIC OCEAN

Tzyy-Yuh Maa

Graduate Institute of Geography
Chinese Culture University

Lie-Shieu Fang
Director of Computer Center
Central Weather Bureau

ABSTRACT

In this research we use the geostrophic.equation to transfer wind field into
geopotential field and to put these geopotential data into the equivalent barotropic
model (Tsay, 1976). First of all, we try to identify the possibility by using the
geopotential data of 700-mb as initial data in this model for the cases of 1987. Then
we select 46 cases without the influences of Fujiwara effect from 1945 to 1978 and
divide them into five categories according to the combined patterns of subtropical high
and Eastern Asia trough. Each of these categories is tested by using geopotential data
and evaluated by the best track of every typhoon to see how the tracks are influenced
by the 700-mb geopotential field. _

We also choose 7 typhoon cases of 1979 of FGGE level Il data to verify the
conclusions that we got from the above tests. By vector error and cross-track error,
we find that using geopotential field as initial data is better than using wind field as
initial data in the equivalent barotropic model, escapecially for the 36 hours to 48
hours forecast.

Key words: Geopotential field, the equivalent barotropic model, Fujiwara effect, Best
track ‘
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Abstract

In this work, some aspects of se-
ismicity of the Juisui area in the mi-

ddle part of eastern Taiwan are stud-
ied. Results show that seismicity is
lower in this area than its northern
and southern neighbours. The maximum
depth of events located in this area
is about 120km. Seismicity in the depth
range down to 4 km underneath the Coa-
stal Range which lies in the eastern
side of the Taitung Longitudinal Valley
is very low, the depth of the peak nu-
mber of events in its western side (
i.e. on the land) is about 11 km; while
those in its eastern side (mainly
below the ocean) are 15 km for shallow
events and 23 km for the deeper ones.
During the studied period, temporal
var iation of seismicity can be divided
into several intervals.The b value is
about 1.23:0.09.

Keywords : Sersmicity, b value

SEISMICITY IN THE JUISUI AREA OF EASTERN TAIWAN
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ABSTRACT

In this paper some aspects of seismicity of the Juisui area in the middle part of
eastern Taiwan are studied. Results show that seismicity is lower in this area than in its
northern and southern neighbours. The maximum depth of events located in this area
is about 120 km. Seismicity in the depth range down to 4 km underneath the Taitung
Longitudinal Valley is very low. The depth of the peak number of events in its western
side (i.e. on the land) is about 11 km, while those in its eastern side (mainly below the
ocean) are 15 km for shallow events and 23 km for the deeper ones. During the study
period, temporal variation of sefsmicity can be divided into several intervals. The b

value is about 1.23£0.09.
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OVERVIEW OF THE MESOSCALE FORECAST SYSTEM AT
" THE CENTRAL WEATHER BUREAU

Shang-Wu Li, Hway-Jen Chen and Wen-Mei Chen
Central Weather Bureau

ABSTRACT

The forecast model of the Central Weather Bureau Mesoscale Forecast System
(CWBMFS) is a 12 layers, hydrostatic primitive equations model. The horizontal grid
system uses the Arakawa C-grid scheme. The grid size is 45km in both x and y com-
ponents. The model centers at Taiwan and covers an area of 4500km x 3600km. The
physical processes of this model include radiation, cumulus and PBL parameterizations.
Time integration uses the efficient split-explicit method.

A primary evaluation is carried ‘'out on the first three months operational data.
Some objective methods are used in this evaluation. Cases analysis includes a frontal
system and a Taiwan cyclongensis. Cases examination shows that the model has an
ability to predict these phenomena in the Taiwan area. The objective scores indicate
that the error of geopotential height increases with time integration. The 850mb
temperature field error presents a significant land/sea distinction. '

Key words: NWP, Mesoscale model.
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F= 1990 1~3AZAOBTFERE(EZEEIB ER= 199.051~3ﬁ2(A)¥§Z§E%‘@(%B)(B)

850mb HE ( AR)C)850mbEETH 850mb HE (AR )(€)850mb JHE (T
B|ECCT) ZREER =
Table 2: Mean error from.Jan. to Mar. of 1990 (A) SLP, Table 3: Same as the Table 2 but for Standard deviation.
(B) 850mb-geopotential height, and (C) 850mb
temperature.
() YYMM 012 024 - 036
(A)  YYMM 012 024 036 9001 2.53 2.09 3.1
' 9002 2.51 2.03 2.77
9001 -3 -1.68 -1.12 9003 1.80 - 1.94 2.48
9002 .03 ~.50 .15
9003 -.14 - .43 - .46
(B) YYMM 012 024 036
(B) © YYMM 012 024 036 9001 15.54. 13.36 18.41
9002 15.15 15.00 16.33
9001  -9.05  -17.12  -12.37 9003 .30 13.08°  14.05
9002 -4.79 -9.91 -5.47
9003 -4.33 -8.07 -9.69 '
(C) YYMM 012 024 036
4y -6.05  -11.7 -9.3 l
9001 1.41 1.61 1.7%:
9002 1.34 1.78 2.06
()  YIHM 012 024 036 9003 1.15 1.56 1.86
9001 .18 -.23 -.19
9002 35 13 - 32 %pd 19904 1~3FEFEREZS RS
9003 .10 -0 -.73 Table 4: Same peoriod as the Table 2 but for S1 score of
the SLP.
iy | 0.21 -0.25 -0.41
‘ TYMM 012 024 036

9001 60.54 59.69 66.08
9002 61.37 60.53  67.64
9003 60.99 60.72 66.54
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Fig.1: The domain of the Mesoscale Forecast System.
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Fig.2: Horizontal error distribution of (a) SLP and (b) 850mb geopotential height at 24hr and 36 hr prediction

during Feb. 1990.
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Fig.3: Same as Fig, 2, but for 850mb temperature prediction in 24 and 36hr for (a) Feb. and (b) Mar.
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(d)1H 180022 24/ N5 4R35 )

Fig5: Sedsu_rfacg _st_rt:.amlin’eg'-(-a)'Objec;ive‘anaIySi:s at.12Z on Jan. 1 1990, (b) 12hr prediction
~ of 00Z oniJan. 1 1990, (c) Objective analysis at 00Z on Jan. 2 1990, and (d) 24hr

prediction of 00Z on Jan. 1 1990.

- = EEEE ) d e
FA 19904 % (2)850mb 34745 (b) IR TER R B ERZ 24/ e TSR
(¢)th RETRAHS L ERZ 2SR ()R REBRRHZI2ZFRITTE
Fig.6: Case of Taiwan area cyclongenesis at 00Z on Jan 2 1990, (a) Analysis field of 850mb,
(b) 24hr prédiction of Regional Forecast Model; (c)-24hr prediction of Mesoscale Forecast
Model, (d) 12hr rainfall accumulation of Mesoscale Forecast Model.
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Bt (2)19902H 230002 m Ry (D) 1990422210002 24/_]\53;ia*ﬁzimﬁidmﬁa
Fig.7: Surface streamline for frontal case, (a) 00Z Feb 23 1990 and (b) 24t prediction corresponds
the same time of (a)
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Fig.8: 850mb wind fiel%,} (a) same as Fig.7(a), (b) same as Fig.7(b).
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Fig.9: SLP, (a) same as Fig.7(a), (b) same as Fig.7(b)
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Fig.10: 850mb geopotential height (solid) and temperature (dash). (a) Same as
Fig.7(a), (b) Same as Fig.7(b).
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Fig.11:(a) Predicted 12hr rainfall accumulation. (b) Predicted 24hr rainfall

accumulation.
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| BERSHENE s AV REREE  ZUHE
BERE - BREBFEAFERABSZES » UHK
BARAES - Rt 2 BRAKE (MBS BE-
EES ) RRAEHBERED o Rit » %NS
ERTHELBE - BB S » METEHRRE
femE BRRZ BI% » Rk - A RS
FEETER R 5 LM & B e B SR
HHEE s BENEEAEA LRAEAEE -
B4 DEREETNS » BRTRBEDER
TR R » AR RREE  FTHBRER
B BIEF A RS SR R 2 R Kk

BhAEER  HATKRSZEERN » SREBHEER
2 B B MR R A 2R AR
i~ ERGEIEZIEE  LRREHEZBES
o &I RATRIEYE RN » AEIRBFK
BREEZHE  LEARENOER  MBREFRE
s EHE BEREE LT 22 ( Thompson
1975)¢2® o

YEE B MR BRIE » McQuigg (1975)%%
ABLUEHTE » TEBTFI=%  (VEMEE (
technological change) (2)R R MEM ( meteor-
ological variability) 3)E#F#E ( random
noise ) o FHMBETIE LB MHELR ~ IEREYF]
A~ BBANER s BENER RREEMNS &
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HLL B (time ) HBATEMEF2MRE
3 g uﬁﬁi%ﬁ%ﬁﬁZﬁ o MIEMEEH
FEHEZHESIEGNE » 610 : B4R FHAY
EREBAF] o

Thompson (1969) ?® iR B #EEF 447 1920
F 1968 EHRRBEAR MHBHER/INEEER
W LM ( time trend ) RBHA
3% » WLUE B ( dummy variable ) ®BR2Z
o HFiBZ BRERFIAT

?:A+i§1 Bifi(year)+ )Z;l Ca(Xi—‘E;)Jr?élD i(Xi—X; )2

R?= 0.80 ~ 0.92
fi(year) : BefI %
Xi-n: REEE > BENEREE (NAERE=

A)REAZERAZADBZENENDE o
Xi-r REBE 2 SRFHE

Das &Madnani (1971)?® FIf 1906 =

1966 £ 228 » LIS IR BT ED B KRS B
mr: .
Y= 430+ 33.7X1 —49. 7X; + 9. 65X,
R2=10.90 .
Xy ERMBENEE
X2 : AR fﬁﬁgﬁﬁ
Xs LA TRABEWNHEE
HpXRLEEAMNEADR 2.5 mm 2 HE T 5%
s A

7 &£ H B E 8 B
7K 1

8 ~ 14K

15 ~ 21K o

22 R#E MU E 10

Das (1932) " BEHEABYHBREE
P RUEMEBEREZEREERXS
/fc: 33.76 +1.44Y+ 0.781t —0.107ry+
0.437r,
R%*=0.94
Yo B ERERE (M %£#)
Y ;R R R B ‘
t B —-FETATHEERBEZRE

ro! B—BRXR-AE=ARNESBE2FHE
L BFERAARNEES B2 FEE
75 Chang et al. (1963)¢15> % &k & gt
EEEEZ WG MEr—HeXs
Ya,Yp=—0.61+2.70A—1.09A2
Ya: BREEE
Yp: BEEREER (Potential Yield)
A BEREEHBERTH (BLEAAR
0.73)

Singh & Bapat (1988)*”’ FIFFEIE Kalh-
apur MELBFHRI2EIZMEAZ “CO740 " &
o DISSERE I S » BRI By
HERS B ~ log X~ VxFIl /X o phibp s
PRAESAEZERYE ( X1) ~ BEEEE (X2)
BERER (X)) F=EIEENEE X4,Xs)

o FMERARBERL » FHit > EAGES %
HEHEX BN RRREAEERZ T/ o ER
/f: a1 +biXi+c1Xe+diXs

R?=0.51~0.73 ,
B2 B BRI EH A ( stepwise regre-
ssion ) #FEZ o pr 5 TSR » WEERTPIE
ERI=MEA » &R 0 TR E R AR5 %373
%+ B mAE K o

N SMAEAL 28 2 BT 37 2K » S RAG KRR
WA RS » ILAERET o T E ST AIEE & RN
25 s BERRRETE (%1989 » 1981 » &
%1972 5 BH1979 > B2 1980 » HE1979 »
B 19800 #1972 » 1973)12229:4555758512
2 s EEDERBEREREESE RS

o BERL » AXHBIE S » BRE A G EHE

KHRZREGE-BE ~ W EREBT » AR
BREANEE  BREH B ~ RSB
KELBBRBFANRTF ( predictor ) ZHEEFFEK

o HEMMHE T IR ZHE B

D# BN ARRZ ;s LREBNERXZHRESR
SBHH o :
REBALEERNERZERGHE > A2
YR e 2 B ( Saccharum officinarum
LORWRESR - REABTUEERE » RERETY
HeWEBRITHEE -
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=~ BHEBE

&R PTe T R 5 A4 (RiE 5 B4 1R B
SR BeBBs B LEARERE > KX
EHHREERRAEAE o BROTBEZ B2
s BRLEERGA s EENERE=RFEHEES
BRHETTD W o R = REUR EEE S0 IR 4
ISR B K o
(LN

A LHTFIF 2 FURBER SRR R B RR AR
BERBR& » B~ EENEHE=051958F
1988 ERIZ RS BAER o '
DEE

AXFIEAZ 1959 F 1988 EREHREBE
 HREBAEEENS  REBSNAELIRZ « 68
SN TR RS " F125R 4158 (1960 —
19894 ) Y9 o Hehy BIFERRIELEHIIBE
SRS KEEH > ROERNRIRAET ALY
CEENKENS  HEERAFERRENE
B2R BRUSEZKEEEETS
ER AR '

LRSS WA E

A HEREXEEKE - BEAEE=S
& > R LUBKRET 5 A4 o Wit - BT fidE
EEHAMEY ) RAKEHEAAZEREHAZ
EEH CGRESRBPERN » XhIUAZHEEZ)
LER(TAEZENA ) RBEEH (ZAET
B ) BEREKE ReWE - WBRE s ENAH-
FEM -+ BAREE ~ KRB HBEE - BBREER &K
WE~ FHAKE Y BRABREAZEAR 17.1m/s
Z AEARE RFS+—EER 8 HESHZ
FEBE > KB-+-ERE > WK 155

HhFEEERER R BERE KR 70°F (
¥Wol.1C) 2 2BEREME (Das 1933)9%, +R
HREEAR BEHLEAR 70°F 2 £E 1% -
WLRERTF (Lyall 1980) 0 FRARFKS
2 ( stress) » RERS
Humidity Factor=( 100 —RH ) * logT

RH : HMEWRE (%)

T:BHE(C)

2.5 S R

LI SAS PROC REG, SELECTION=
STEPWISE, SLENTRY and SLSTAY ¥5
0.15 ~ 0.2 ~ 0.3F1 0.4 2 AFEKEE 5 7 FEHEE
WEEEEENNE S - IBEG 2 ARRHKM
WMBHE?2 o

3. %= (DI, Disaster Index)

ReBnERERERS  RAGHHERS
M > TR KERBH -

MEHE1

HEZERBHEEL s TEMESE=RERE
B HEESREHERKEZER O » KKE
B S RBRUBEE ZKBER  IENERE
HEESR - HFPRAKESEREESE » 5
FRBAKRESETMBEE BN s HAKERE
HARESRNBKE S RENEERETHRES AR
R EEEERERETERE S BARBEAR
10955 » H K=K (DI)B1 + IMI0%ERO o

(2% 2

KEEHABE - MEMKEMRE » LRHE
WEBLTEE L ~ TEEMAS HEEN > BRAIREAS
s R EREHE 2 s PERAMRERREE » H
REEES]  R2z52  RERRAMAXRESEE
B HRERESL1  GRIRO0 o

4. ¥R IER R 45

AR FEEE ( multiple regression)
Zﬁ%ﬁ&’ﬁﬁﬁﬁémﬁﬁﬂmﬁﬁZﬁﬁ~
HRLE ~ BUsE A ~ BEANFAR s REEEHR
By 5 TS » BHLRRR R SRR EZ - BRE
SHEAERNEREERNME I RERBAAR
Kb o REMETHE » b 2 FER 2 & BRKE
s BRI BT RIS 2 IS BIR AR o

B A R B SR R S TR AR

()& R#ER ( CK model ) : —RGBX » K
BERERY -

Y=a+bX;+ZciXi+e

BRI (model 1) : —RABK

Y=a+bX;+2ciX;i+dDI; +e

@#RX [ (model [ ): ZWHEXR

Y=a+b:X;+b:X124+Xc:i X +2 diX;?

+eDIj+e
@R ( model [I): S#EX [ 48R » 5
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Table 1 The weather predictors in selection for cane yield model of sugarcane in

Taiwan area.

R & =} L

L4

.WEATHER PREDICTORS

X, SEMRFE (mm)

X; WHNE (mm)

X BAZE+AMTE (mm)

Xs 2HMWE (mm)

Xe 4 BEMIZNAK

Xr MRMIET R K

Xs S EHREEZEE (C)

Xo MEMIREAHEE (C)

X100 2HMRBEHEE (c)

Xu 5 BEPSE A BEEEE (C)

X1 HEHFEBEESE (T)

X1s SREMBERE<=10CHK

X 14 5 BN B BB (/NS )

X1s 22858 A BB (/N5 )

X1 2HEEE (mm)

Xv 2 AT HARSE (n/s )

X1 280 B B AR
>17.1m/s ZHE

X1 S EIBRERT

Xao 5 HHRERT

X 2HRERT

# X2 28 30 cm +18HHBEE (C)

X2z 2HI50cm LB AHBEE (C)

Total Rainfall from Oct. to Apr.* (mm)
Meiyu Rainfall (mm )

Total Rainfall from Jul. to Oct.¥(mm)
Total Rainfall from Sep. to Oct.* (mm)

No. of Days of Daily Rain >=100 mm from
Oct. to Apr. * ‘

No. of Days of Daily Rain >= 100 mm from
May to Oct. ¥

Total Day-Dégree of Air Temperature from
Oct. to Apr.* ()

Total Day-Degree of Air Temperature from
May to Oct.*(<C)

Total Day-Degree of Air Temperature from
Sep. to Oct.* ()

Mean of Daily Range of Temperature from
Oct. to Apr.* (<)

Mean of Daily Range of Temperature from May
to Oct.¥( )

No. of Days of Daily Min. Temperature
<=10<C from Oct. to Apr.*

Total Sunshine from Oct. to Apr.* (hr)

Total Sunshine from Sep. to Oct.* (hr)
Total Evaporation from Sep. to Oct.*(mm)
Mean of Daily Windspeed from Sep. to Oct.t
No. of Days of Daily Max. Instant
Windspeed>17.1 m/s from Sep. to Oct.*
Mean of Daily Humidity Factor from

Oct. to Apr.*

Mean of Daily Humidity Factor from May to -
Oct.*

Mean of Daily Humidity Factor from Sep. to
Oct ¥ ‘ '

Total Day-Degree of 30cm Soil Temperature
from Jan. to Oct.*¥ ()

Total Day-Degree of 50 cm Soil Temp erature
from Sep. to Oct.*(<C)

FRERAZ  WHRREAE—-AZ+H -

* from Oct., 1958 to Apr., 1959, and so on.
+ from Sep., 1958 to Oct., 1959, and so on.
% in 1959, and so on.
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Table 2 The selected weather predictors for cane yield models in different stepwise

selection level.

Hh 5 EEERE R K BB F| A i R - H 1 %
Region Kind Selectin Selected weather predictors
57 1. i it +0.15 X5 X16 X4
Changhua Total 0.20 X1s5 X16 X4
0.30 X15 X1e X4 Xi3
+0.40 Xis X1e X4 Xao Xo Xoz2 Xio X21 Xi4
B fF +0.15 Xz0
M. F 0.20 Xz0 X7 X2z
0.30 Xao X7 Xz2 X13
+0.40 X7 Xpp Xys Xo X4 Xi2 X1 Xio
# # +0.15 X1z X11
C. F. 0.20 X1z Xu Xz
0.30 Xi2 X11 Xs
» +0.40 X5 Xis Xio Xo Xo1 Xis Xy Xz0 X0 Xo2 X5
yia N | & +0.15 X17 Xi1s Xis Xa0
Hualien Total 0.20 | Xi7 X5 Xus Xao )
0.30 X17 Xi3 Xis Xao
0.40 Xi7 X135 X1 Xa20
B e +0.15 Xa2 5
M F 0.20 | X Xis T
+0.30 Xg X3 Xag . A
0.40 Xs X1z X1
W +0.15 X1z Xas Xz
C. F. +0.20 X7 Xz Xi5 Xis X5 Xn L
+0.30 X7 X3 X1z Xis Xis X3 X11 Xo N
, 0.40 Xz Xz X1z Xis5 X538 X5 X1 Xo Xua
= ® i it +0.15 X0 X112 Xs
Taitung Total 0.20 X0 X113 Xs
0.30 Xao0 X11 Xs X6
+0.40 Xpo X11 Xs Xis Xi7 Xao
B iz +0.15 X1z
M. F 0.20 Xi2 Xs Xs
+0.30 Xi2 Xo X5 X11 Xis Xg Xig X7
0.40 X1z X6 X5 Xi1 Xis Xs Xzz Xuo Xuz
W +0.15 Xos X2 Xe X3
C. F. +0.20 X3 Xz Xo X3 Xy1 Xig Xzo
0.30 Xz3 X2 Xo X3 Xu1 Xus Xo2 Xug
0.40 Xos Xz Xe Xz Xi1 Xig Xzz Xis Xis Xas

# They include the SLENTRY
+ BYEEEERZBRKE

and SLSTAY.

The selection level for building cane yield model
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R B R SR B A 5 08

Y=a+b:X:+3ce:iX; +3d;: X, 2+ eDI;+e
EMmEER P » X) BRI > LR
WRE1959FB 15 196058 2 » KILIEHS
WIEERI 1988 8 300

X AR &

DI;: ¥EHEH j=15RK2 o
FiEBEKAMEESF M SAS PROC REGEE>

5. Ay

FFﬁ%U?wu)’és/ﬁ17%%mﬁ
ZWRT » FELIZREHHE (Root MSE ) B B
BENLSERBEGEEREER MR, Bos
RERE (R?) ~ BIERERE ( Ra) 218 o

=% &£

HUREREERE 5B EH > KEREH R

MEREES %1 BEEKEZRT » 2
BRAAEB/REDHE » BEHBERED -,
BERERB (R?) 218 ; MREAEEESER
(R3~%K5 ) o

AU B M S EE SRR
BESLAZETARNE s AEMRBEREE
TEIE HBEE - 2B AR~ 20K
ESRIRERT ~ EURERT S 208 E
RT-52300m £ 18 7 SRR S+ 00 B A o B RS
ERAANGIERG RS -~ 5 RIMTE - e
MEWAE - 2HRBEHEE - hEHFE AR
=HE -~ SENBREREIREN0OCHY -~ 55
ﬂ%ﬁﬁﬁﬁ~éﬁﬁ§ﬂ?\éﬁwmiﬁﬁﬁ
IR ERE S+ 5 8 o I E A
AR+ EY Hoh AR E R
[ B HR2MRBERBENETE

TCEMER 2 M EREER T AREER
B~ SREMBEERBIRSRIOCHEE ~ 250
THRFEHE ~ FENRERTRAEMRERT
FRAH B o TR0EEEER A0SR R
BHWNE - RUPFBEARE - SEMEER
BELE S HRUKBOEEDE - 7ENRESR
B/INRERIOCZ B~ 2004 B BiS 8 ~ 288
FHERESME ~ 2 RABREIAEAR 17.1

m/s 2 ISR ERE S+ E a8 o &R
B ROR R kY - Tk BRI i e — st

BRE B M EERER S o8
ﬁ%ﬁﬁﬁﬁﬁﬁﬁ\%ﬁﬁﬁﬁﬁﬁﬁﬁ*ﬁ%
ﬂ%ﬁﬁ&%%ﬁ\éﬁ%%ﬁ%~éﬁa¥%ﬁ
HIBME ~ M RINRE R TR2HB0 on 8 £ 5 R
FLHE B o HIFE R B ISR R
B2RWE - SENENEY - S RURESs
BRIE ~ ZERUKE A W25E ~ GEPRE B b
Z=HE ~ 20/ BB ~ 28] B T5EESE
SERIRERTRR RS HE BN - BE
FER B A ISR R ~ 5 RaFE &
Wi~ SRYZEN A~ SROSE A8 5E
TEEHINE B RES B ~ 2H0300m -+ 1B A AUREIE B0 om
TB BB SN\ EHR S o

A A EEREE RS S —RIE
BB ZRE BB HUBERE 0.68 F 0.84>
TEEME A 0.57 = 0.58 » B EHIEKZE 0.45
F0.60 - HtHEEEMNRESSE » B HE
e BERRNEEEERS S0, 10 %
16.82%~ 0.10 %% 18.87 %#10.18 %% 13.93
% o TLEHMERHFZVEEREERS NS 0.16
%E11.44 %R 0. 98 HBFE11.46 % o HEHEL
i BIERMEWEERER SIS 0.53 %% 21.74
%~ 0.11%% 18.47 %M 0.13 %% 17.78 % »
EILL e A B ~ k%w%ﬁﬁﬁ%%Zﬁgﬁﬁﬁ
FHER

HHE AR RBRIBERES 1 KT
R o Bk mE B 2 MW EEEERPa
B2 BB > REER 1 BMPTEE 2 EXBR N
» MRERERY - BFEEEERF S A8
BORBESR 1 RERBMEMZEXMER (X 3R
6 ) o

TEEHERMGEREERF OS2 Q8 » B
S 1 IEHAEH 2R ERN  SAE KT
B RWERBEAFAIE, BB AIEES 1K
EfRBT R 2R B FEREEER R R
HEBRIDR SR KETR ARG A B (%
4MFET ) o

BRI > M E R s
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Table 3 The statistical analysis of cane yield model with disaster index defined by

disaster area in Changhua region.

EEEN|E KR[EHRKE| AEEERK | RERE RIERERE RemhiR F
Kind of stepwise | No. of R? Root
yield Model level Indep. Var R%4; MSE Value
i 2 CK 0.15 4 0.57 0.50 6.775 8.342%*
Total 1 5 0.58 0.49 6.837 6.664%x
I 9 0.63 0.46 7.033 | 3.796%
m 8 0.63 0.49 6.897 4.415%%
& CK 0.4 10 0.74 0.61 6. 001 5.539%x
I 11 0.76 0.61 6.030 5.062%x
# 1 19 0.81 0.45 7.153 2.229
# 10 18 0.81 0.49 6.836 2.574
g | ok | o.15 2 0.46 0.42 7.900 | 11.546%s
M. F. I 3 0.47 0.41 8.006 7.592%%
I 5 0.49 0.39 8.141 4.635%*
m 4 0.48 0.40 8.032 5.866%*
CK 0.4 9 0.66 0.51 7.269 4.352%*
& 1 10 0.68 0.52 7.210 4.114%+
# 1 17 0.82 0.56 6.852 3.211%
# 1 16 0.82 0.59 6.649 3.608+*
EZN S| CK 0.15 3 0.54 0.48 9.676 | 10.076%*
C. F. I 4 0.55 0.48 9.698 | 7.744%x
# 6 0.56 0.44 10.070 4.819%*
m 5 0.56 0.46 9.866 6.016%*
& CK 0.4 12 0.84 0.73 6.974 7.602%%
I 13 0.84 0.72 7.188 6.606xx
# 1 22 0.88 0.50 9.484 | 2.342
# II 21 0.88 0.55 9.019 2.701

& Selected model
# Model is not full rank

+ and ** significant at 5% and 1% level, respectively.
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Table 4 The statistical analysis of cane yield model with disaster index defined by

disaster area in Hualien region.

ERER E R BR KR BB | e Rl ST REH IR F
Kind of stepwise |No. of 2 Root
yield Model level Indep.Var. R® Raas MSE Value
i | & CK 0.15 5 0.64 0.56 4.153 8.518%x*
Total I 6 0.64 0.55 4.224 6.893xx
il 11 0.68 0.48 4.516 3.482+*
i 10 0.66 0.47 4.562 | 3.619%x
B e CK 0.15 2 0.15 0.09 5.653 2.456
M. F I 3 0.16 0.06 5.755 1.597
Al 5 0.19 0.03 5.849 1.162
4 0.16 0.02 5.858 1.179
CK 0.3 4 0.29 0.18 5.381 2.554
I 5 0.29 0.14 5.491 1.963
I 9 0.38 0.10 5.618 1.367
8 0.32 0.06 5.762 | 1.214
E-] % CK 0.15 4 0.61 0.55 5.276 9.698x*x
C. F I 5 0.63 0 55 5.234 8.160%x
I 9  0.65 0.49 5.567 4.140%+
I 8 0.65 0.15 5.436 4.884%%
CK 0.2 7 0.71 0.61 4.861 7.586%x
8 0.71 0.60 4.942 6.459+*
i 15 0.79 0.56 5.214 3.419+
I 14 0.78 0.58 5.067 3.867*
CK 0.3 9 0.72 0.66 4.567 7.233%x
& 1 10 0.79 0.68 4.443 7.090+%
# 1 18 0.81 0.50 5.530 2.613
# I 17 0.81 0.53 5.365 2.921*

& Selected model

# Model is not full rank

* and ** significant at 5% and 1% level, respectively,
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Table 5 The s»tatisticél'analysis of cane yield model with disaster index defined by

disaster area in Taitung region.

EEE

[ N[ ERKE | AEEER heGy RREHTR F
Kind of stepwise | No. of R R?,4; Root
yield Model level Indep. Var. ] MSE Value
@ |  CK 0.15 4 0.35 0.25 8.440 | 3.360«
Total I 5 0.39 0.26 8.376 | 3.006%
il 9 0.45 0.20 8.699 | 1.799
8 0.42 0.20 8.715 1.882
& CK 0.4 7 0.45 0.27 8.284 | 2.557%
I 8 0.48 0.28 8.254 | 2.400
1 15 0.64 0.26 8.350 |.'1.685
il 14 0.64 0.30 8.131 1.887
B | CK 0.15 2 0.21 0.15 8.004 | 3.487x
M. F I 3 0.23 0.14 8.020 | 2.612
1 5 0.26 0.10 8.211 1.658
i} 4 . 0.24 0.12 8.110 | 2.023
CK_ 0.3 9 0.58 0.39 6.790 | 3.024%
& I 10 0.60 0.39 6.758 2.866%
# 1 17 0.86 0. 67 4.966 | 4.486%+
# I 16 0.82 0.60 5.478 3.721+«
R | CK 0.15 5 0.52 0.42 8.812 | 5.134%+
C. F I 6 0.52 0.39 8.996 4.109%x
|| 9 0.61 0.43 8.702 | 3.437+
# I 4 8 0.59 0.44 8.635 | 3.841x%
& CK 0.2 8 0.60 0.45 8.557 | 3.958%x
I 9 0.60 0.42 8.754 | 3.370%
# 14 0.71 0.44 8.661 2.601+
4 13 0.67 0.40 8.946 | 2.477«

& Selected model

# Model is not full rank

+ and =* significant at 5% and 1% level, respectively.
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Table 6 The statistical analysis of cane yield model with disaster index defined by

the strength, landing and disaster of typhoon attacking Taiwan in Changhua

region, _
EEER (B R | B R K| BEEEN | Rl | EERE R | R F
Kind of stepwise | No. of ’ RE . Root
yield |Model | level Indep.Var. K o] MSE Value
M Ft CK 0.15 4 0.57 0.50 6.775 8. 342%x
Total I 5 0. 64 0.57 6.319 8.620x+
B 9 0.67 0.53 6.605 4.601%x
o 8 0.67 0.55 6.449 5.428%x
CK 0.4 10 0.74 061 6.001 5.539%*
& I 11 0.83 0.73 5.039 7.955%x
# 19 0.86 0.59 6.188 3.156+
# I 18 0.85 0.61 5.991 3.536+
B fE CK 0.15 2 0.46 0.42 7.900 11.546%x
M. F I 3 0.54 0.48 7.461 10.053%*
i 5 0.58 0.49 7.417 6.565%x
4 0.57 0.50 7.351 8. 214x+
CK 0.4 9 0.66 0.51 7.269 4.352%%
& I 10 0.72 0.57 6.827 4.809%x
# 17 0.87 0.69 5.796 4.786%*
# 1M 16 0.87 0.71 5.634 5.343%x
- R CK 0.15 3 0.54 0.48 9.676 | 10.076%*
C. F I 4 0.61 0.55 9.070 9.749%x
# 1 6 0.61 0.51 9.451 5.98%%x*
# I 5 0.61 0.53 9.254 7.493%%
CK 0.4 12 0.84 0.73 6.974 7.602%%
& 1 13 0.87 0.76 6.579 8.125%%*
# 1 22 0.91 0.63 8.200 3.240
# [ 21 0.91 0.68 7.671 3.879*

& Selected model

# Model is not full rank

* and ** significant at 5% and 1% level, respectively.
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Table 7 The statistical analysis of cane yield model with disaster index definded by
the strength, landing and disaster of typhoon attacking Taiwan in Hualien

region.
ERFA|E R BHRAE|ABREK | pER |EEReRy | BEeig F
Kind of stepwise | No. of Root
vield |Model | level Indep.Var| ¥ R MSE Value
I CK 0.15 5 0.64 0.56 4.153 8.518%+
Total & I 6 0. 69 0.60 3.966 8.337+*
il 11 0.76 0. 61 3.915 5.177%x
i 10 0.69 0.53 4.309 4.286%*
| gl  CK 0.15 2 0.15 0.09 5.653 2.456
M. F I 3 0.18 0.08 5.678 1.875
I 5 0.22 0.06 5.763 1.341
m 4 0.18 0.05 5.784 1.370
CK 0.3 4 0.29 0.18 5.381 2.554
I 5 0.29 0.14 5.492 1.962
9 0.38 0.10 5.615 1.371
8 0.32 0.06 5750 1.227
W CK 0.15 4 0.61 0.55 5.976 9.689%x
C. F I 5 0.70 0.64 1.701 11.263%x
i 9 0.72 0.60 4.977 5.738%x
i} 8 0.71 0.59 4.985 6.301%*
CK 0.2 7 0.71 0.61 1.861 7.586%*
I 8 0.80 0.72 4.152 10. 244 %%
I 15 0.84 0.68 4.444 5.058%*
m 14 0.83 0.67. 4.505 5.176+*
CK 0.3 9 0.77 0.66 1.567 7.233%%
& 1 10 0.83 0.74 3.974 9.338+*
# 1 18 0.85 0.61 4.898 3.498+
# I 17 0.84 0.61 4.868 3.699+

& Selected model

# Model is not full rank

* and ** significant at 5% and 1% level, respectiwely.
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x8 BHMETE 2 KEHBEEEEXKITER
Table 8 The statistical+analysis of cane yield model with disaster index defined by
the strength, landing and disaster of typhoon attacking Taiwan in Taitung

region. . .
EERED K X[ ERAKE | BBBEYR| REfl (MERERE| REEHE F
Kind of | - stepwise |No. of Root
yield |Model level Indep.Var. R? R | MSE Value
w oz CK 0.15 4 0.35 0.25 8.440 3.360x
Total & I 0.45 0.34 7.910 3.953%*
I 9 0.52 0.31 8.083 2.453+
ol 8 0.47 0.26 8.336 2.301
CK | 0.4 7 0.45 0.27 8.284 | 2.557+
I ' 8 0.48 0.29 8.202 2.464+
I 15 0.61 " 0.18 8.775 1.438
m 14 0.61 0.24 8.478 | 1.650
B fE| . CK 0.15 2 0.21 0.15 8.004 3.487*
M. F, I 3 0.22 0.13 8.074 2.462
i 5 0.24 0.09 8.280 | 1.550
I 4 0.24 0.12 8.139 1.965
& CK 0.3 9 0.58 0.39 6.790 3.024%
1 10 0.59 0.37 6.865- 2,719+
# 17 0.69 0.26 7.452 1.600
# M 16 0.69 0.30 7.225 1.'793‘
EZR ) CK 0.15 5 0.52 0.42 8.812 5.134xx
C. F. I 6 0.54 0.41 8.823 4.423%%
# 1 9. 10.63 0.47 8.424 3.816%+
m 8 0.61 0.46 8.494 4.057++
& CK 0.2 8 0.60 0.45 8.557 3.958%x*
| I 9 0.62 0.44 8.604 3.567%*
# 1 14 0.73 0.48 8.324 2.905+
# 10 13 0.68 0.42 8.768 2.628+

& Selected model
# Model is not full rank

* a_nd ** significant at 5% and 1% level, respectively.
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Table 1 Summary of typhoon information for the wertern North Pacific Ocean
in 1988

S I R L TP
1| 1| 8801 |ROY &4k 010806Z~011818Z[252| 0606Z~18187Z 0806Z~17122 | 0912216062 57U 927
511 | 8802 | SUSANEH 0530062~060300Z| 90| 2902Z~0306Z | 3006Z~0300Z | 3112Z~0206Z | [ | 963
6| 1| 8803 THAD %2 |0620032~062506Z[123 1806Z~2506Z | 2000Z~2500Z | 22067~2400Z |shEE| 972
6 | 2 | 8804 | VANES SA {23 | 062700Z~062912Z| 60| 24122~2918Z | 2618%~2906Z — W 991
7|1 | 8s0s WARREN%@ 0713002072006Z (174 | 1106Z~2006Z | 1218Z~2000Z | 1418Z~19122 | #5927
7 | 2 | 8806 |AGNES ZLiE#% - |0730002~073118Z| 42| 28002~3118Z | 20122~3018Z = BT | 994
8| 1 |8807| BILL @ {080700Z~080800Z; 24| 0504Z~0812Z | 0700Z~0800Z — | 901
8 | 2 | 8808 | CLARA BIH  |0810212~081418Z 93| 0706Z~1600Z | 1018Z~1200Z — B | 991
8! 3 | 8809 DOYLEHE 6815122\4)323002 180 | 1306Z2~2400Z | 1512Z2~2106Z | 16002~2006Z |5574| 927
8 4 |8810| ELSIEXEA 0828187~ 84| 241272~ L 28127~-2918Z - 1B 997-
8 8810| ELSIE X @A 090106Z 0106Z | 3100Z~3118Z — ez | 991
8 | 5 | 8811 FABIANEE  |0830002~090318Z(114| 27142~0318Z | 3000Z~0306Z | 0106Z~0306Z |chjff| 968
9| 1|ss12| GAYEE . |090303Z~090400Z] 21 02067~0400Z | 0218704002 —  lam| oo
o] 2 | s HAL 58 09081 22~0917122 (216 0506717122 | 0800717002 | 10127~1600Z %71, 938
9|3 ULEKI ' 32| 28187~1400Z | 29187~1306Z | 31002~1218Z rhEE| 954
9| 4 |8814| IRMA 5 091206Z~091612|102| 1100Z~1612Z 712002»15'132 — 8| 984
9| 5 |8815| JEFF ik 0914062~091612Z| 54 | 12007~1612Z | 1400Z~1600Z ~ FEE| 991
9| 6 |16 |KITHS 091918%~092206Z| 60, 1822%~2206Z | 19182~2200Z|  — B | 984
9| 7 | 8817 | LEE =# 0921002~092500Z] 96 1606Z~2500 | 2100Z~2412Z — OB 984
9| 8 | 8818 MAMIEZS: 092206Z~092312Z| 30| 19062~2312Z 2206Z~2300Z — BREED 991
10 | 1 | 8819 NELSONE&H 1001152~10096_6Z 183 3014Z~0906Z | 01122~0818Z | 0212Z~0812Z |##lif| 898
10 | 2 | 8820 | ODESSABXHIS |1011127~1017097 141 | 0806Z~1800Z | 1112Z~1618Z | 1306Z~1612Z |chEE| 954
10 | 3 |s8821 | PATIE# 1018187~1023062 108 | 1606Z~2306Z | 1818%~2218Z | 20005~2200Z |15 | 968
10 | 4 |ss22|RUBY &R = 1021122102907 180 2018%~2900Z | 2118Z~2818Z | 2218%~26187 55711 916
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Table 2 Summary of typhoon occurrence in the western North Pacific since 1947
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Table 4 : Summary of typhoon warnings issued by the CW.B. in 1988.
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Table 5 : Statislics of typhoon life period in 1983.
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A GENERAL REPORT ON THE TYPHOONS IN THE WESTERN
NORTH PACIFIC IN 1988

R&D Center
CWB

ABSTRACT

During the year 1988, there were twenty six tropical cyclones occurred in the
western North Pacific, including Typhoon Uleki which became the third hurricane in
the past thirty years to form in the eastern North Pacific and cross the international
dateline while in a warning status. The total number of western North Pacific tropical
cyclones is nearly equal to the climatological mean of 26.8 since 1947,

For the year, there were 114 “warning days” in the western North Pacific, includ-
ing 15 two-cyclone days and 4 three-cyclone days.



Distinguishing features of the 1988 western North Pacific tropical cyclone season
were the low number of super typhoons (1), the short average lifespan of the tropical
cyclones, the aclimatic location of the monsoon trough and an active Tropical Upper-
Tropospheric Trough (TUTT). The northward displacement of the monscon trough
during the summer and early fall and the active TUTT may have accounted for the
relatively large number of tropical cyclones that had anomalous tracks. The normal
lifespan of a tropical cyclone in the western North Pacific usually exceeds four warning
days. This year a large number of tropical cyclones (13) were inl warning status for
four days or less.

Key words: Typhoon Uleki, short average lifespan, aclimatic location of the monsoon
trough, active TUTT.
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Table 1 Center positions of the best track of typhoon SARAH
A 1 S v A < S B o | B ) | #% %}] ok B M | BELE(KM)
A |UTCHE #%|®H & SﬁM 13.m }IJJEGW ﬁf;’}" érx %{?éﬁ IET{TSEL 3{:(:)[(’?8 —SI—UK’I%
06 18 20.4 136.5 996 270 13 36 46 80 —
07 | 00 20.2 135.4 995 270 12 36 46 100 —
06 20.1 134.2 990 270 12 _'46 56 200 —_
12 20.2 133.7 990 270 11 50 60 200 —
18 20.6 131.9 985 292 11 56 70 250 50
08 | 00 21.8 129.7 985 292 12 56 70 250 50
06 21.8 127.5 985 292 12 56 70 250 50
i2 19.8 124.8 985 292 10 56 70 250 50
18 18.3 125.3 980 292 10 66 80 250 50
09 | 00 18.4 125.1 980 292 6 66 80 250 50
06 18.3 124.1 980 292 6 66 80 250 50
12 18.2 123.2 980 280 7 66 80 250 50
18 18.4 123.8 980 0 0 66 80 250 50
10 | 00 18.8 123.8 980 0 0 66 80 250 50
06 19.9 123.9 975 337 8 70 86 30¢ 100
12 20.6 123.8 972 337 ' 6 76 a0 J 300 100
18 21.2 123.1 . 965 337 8 90 110 X 300 120
11 00 21.7 123.1 955 337 8 96 116 300 120
06 22.8 122.8 952 337 8 102 120 300 150
12 1 23.3 | 122.0 | 952 315 8 | 102 120 | 300 150
18 23.7 121.2 965 337 8 90 110 200 80
12 | 00 23.5 121.7 975 0 6 70 96 200 80
06 24.2 121.7 975 0 8 66 96 200 80
12 24.4 121.8 975 0 6 66 90 200 80
18 25.3 121.7 986 0 6 56 70 200 80
13 | 00 25.9 121.5 988 0 6 50 66 150 —
0§ 26.8 i21.2 990 0 8 40 50 150 —_—
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Fig 1 Variation of the maximum wind speed and lowest pressure near typhoon center of

typhoon SARAH with its speed for every 6 hours.
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Table 2 Warning procedures issued by CWB for typhoon SARAH
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Fig 2 The best track for typhoon SARAH.

WEE o (EE c AIRHEE B 0300UTCH »

5005 Bk RE 7 B9 BEIREE Y B R P » BIA
EERE  RAZSNAESE  ARERRE -3
79 A 1200UTCH » kP L 700 ZERUTERE
RIS MR PAILET (EMHc ) °
108 1200UTCHE: » B KK #m EER B ( AT
TR ) » BRSHPEWRBERAEI (EH
d ~EEd) 108 1800UTC # » Ak 169
ERSR S » WREH X AL < 11 8 1200UTC
%’@ﬁﬁaﬁﬁﬁaﬁ~%§%@imsm%ﬁ
BR BEE —EiLER - BERER LT
AR 7 EE A Wi RS B R PE 4 ETTERICIR 2K

BB » BRI RLIE 0900UTC EFELEE
EEE ([Ede ) » #E7R e TLIEREI0H1200
UTC Sl BEHBREERREARKK &

AN M2 EA A FIRBRAEE » BROR

118 0300UTCHEE BaaZIR A » 3 1171500
UTC 22 EEEmES » R REEERHEE
EERLENS M EBNBRRABHEZ® - XX
e B cp S ) BRGNS S - R R R MR
FATIfE 2 B p SR R R NE - HAMBIIR R R
i TEBERERE > MERIBT (Bt
a~tb) o120 0600UTC AAEHoNEER
tawmEE L R » MARBERERBZ P » BHER

- 5 -




= a FE7S%E 9BI1A0600UTCY Bk GMS -3 A4 B HEERE E=b REE78E9AI13A 1800UTCZ 84 GMS - 3 fIA R FHE EE
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Fig 3c. The GMS -3 IR image g000UTC on 8 Sep.. 1989.
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Fig 3d. The GMS—-3 IR image 1200UTC on 8 Sep. 1989.
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Fig 3e. The GMS -3 IR image 1800UTC on 8 Sep. 1989.
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24 hours forecast error for different objective forecast methods.
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Table 5 The weather elements from CWB's stations during SARAH’S passage.
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REPORT ON TYPHOON SARAH OF 1989

R&D Center
CWB

ABSTRACT

Typhoon Sarah (8919), was the first and the only one attacked Taiwan in 1985. It
was a tropical depression initiated over the southeastern sea of Guam at 061800UTC.
Sarah intensified at 081800UTC Sep. as a tropical storm and then became a typhoon
on 11030QUTC. It made a landfall over the south part of Hwa-Lien at }115UTC.

When Sarah approaching Taiwan, there was a secondary low pressure center
developed over the southeast part of Taiwan. After landfall, the original center of
Sarah’s circulation was replaced by the center of the secondary low, and kept on
moving to the north. Sarah’s lifespan was 7 days.

Due to the influence of Sarah, heavy rainfall took place all over the island, and
serious damage was caused, especially in the areas of Hwa-lien, Yun-lin, Chia-yi and
Tai-nan.

Key word: The secondary low pressure center.
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s BRRMAS BERREER MR ETRER EE
B RER o lﬂlkbﬁfFﬁM\&?ﬁ%%%ﬁﬁfﬁ%mﬁi%ﬁ
AR Z MM FERE o THEAI( rule) ] REER
RERZ— ZEHBREFFI AT
LGz R IER BB RBI TR 2 B
B —H B o BEFTIRERIR KB B — B FEH
Bart g F 4 ( Condition Clause ) » i B&
BRI T A S E R L » KRB TH R
2K L o |
2.4 b 8 Bl — A RUBRTS o

TO
(EEEE )

3L “IF " fEB R AIRYBA SR o

4Ll “ AND " igRiELL RAye T aE e -

5.5 L« THEN” BHIA o

6 EFEHMEURSLBERBHER ) BEE
BEEZHLL AND " sREE -

THRABEL « » " RIRLH AIEYRER o

% 3 WM AILZ EF 3L LI BNF ( Backus No-
rmal Form )RR » K< >HREEBIERIR
£ ( nonterminal) » & AIE# A ( terminal)
s {} e BRI E e — SRR A R BRI By 1
s RIL 0 BRI IS L8 2 BRI B R TR
BREERS HRBA . (RE4 )

#3. LBNFRTHUNZEENE

Table 3 :
{Function Attr1bute>

The grammar of rule presented in BNF form

= <FunctionHead> ( <ParameterList> )

{FunctionHead>

Function <FunctionName)>
Function_<FunctionName> { .

No separator is allowed in this token }

¢FunctionHead>
(FunctionName> = (Literals>
<RegularAttr1bute>

<Literals>

<RegularAttr1bute>

{Predicate> = IS
<Value> = <SeveralWords>
¢Value> =

{ProcedureAttribute>

towo

{ProcedureHlead> ::
<Procedureligad> ::

(RegularAttribute> <Literals>
<ProcedureAttribute> { Valid if conclusion mark on }

(Procedurellead> ( <ParameterList> )
Procedure <{ProceédurelName>
Procedure_<ProcedureNamed> {

No separator is allowed in this token }

(ProcedureNamed ::= {Literals>

(ParameterlList> ::= <{Parameter>

(ParameterListd ::= <(ParameterList> , {Parameter>
{Paraneter> = (RegularAttribute>
(Parameter> = ' (Several¥Words> '
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{SeveralWords> = <Literals>

<SeveralWords> = {SeveralWords> <Literals>
{EndMark> =, ) .
<EndMark> = 'EOF { End of File }
<NewLine> = /n

<Digitals> = (Digital>

{Digitals> = {Digitals> <Digital>
{Digital> =0 .. 9

{Literals> = <Literal>

{Literals> = {Literals> <Literal>

KLiteral> = a..z A..Z

{Statement)> ::= <PromptStatement) 4,
{Statement> ::= <TranslationStatement)
{Statement)> ::= <RuleStatement>

<PromptSta¢ement)

n

{PromptHead> <RegularAttributed <NewLine>
{SeveralWords> <EndMarkd> { Add into attribute list }
PROMPT

NUMERIC PROMPT { Set on numeric flag }

{PromptHead> HE
{PromptHead> i

{TranslationStatement>
tt= {Translationlead> <RegularAttributed> <NewLine>
<{Several¥Words> <EndMark> { Add -into attribute list }
{TranslationHead>
t:= TRANS

{RuleStatement)> ::= <(RuleNumber>
<1fHead> <ConditionPart)
<ThenHead> <ConclusionPart)

<EndMark>

<RuleNumber) = (Digitalsd { Set °f§ both condition and conclusion

marks
{IfHtead> ti= [F { Set on the condition mark:

Set off the conclusion mark }
<ConditionPart> = <(Clause>
{ConditionPartd ::= <ConditionPart> AND <Clause>
<ThenHead> ti= THEN { Set on the conclusion mark;

Set off the condition mark }
<ConclusionPart>::= <Clause)

<ConclusionPart>::= <ConclusionPart) AND <Clause>

{Clause> = <Function Attributed { Valid if condition mark on:
Add this clause into rule table )}
{Clause> t:= CRegular Attribute> <Predicated (Valued {

Add this clause into rule table )

x4 @éﬁéﬁkﬁkﬁ‘/}ﬁﬁﬁﬂﬂ Table 4 : Rules of the winq distribution during typhoon

intrude Taiwan area.

pronmpt intrusion
ﬁﬂ’k.!ﬁﬁﬂQR*.QQ.Q*.Q.*Q‘.ﬁhﬁﬂﬁﬁiﬁﬁﬂﬁ..ﬂﬁﬁti.h*hﬂtQﬁﬁﬂﬂﬂﬁlRQ!AQQ.Q.Q.!

This is an expert system for the wind distribution
during typhoon intrude TAIWAN area

Please answer the following gquestions:
,ﬁ*ﬂﬁﬁ.ﬁl!ﬁﬁhﬂ.ﬁhhﬂtlﬂﬂﬂ.tﬁﬁ*ﬁﬁh.ﬂﬂﬁﬁﬁ!ﬁﬂ.ﬁl.ﬁRﬂﬂnﬁﬁﬁﬂﬁﬂﬁQﬂhtnﬂ"hkh'ﬁ

Is it an intrusive typhoon (intrude 19-28N, 117-125g)?

trans first kind

first kind track

(Track pass TAIWAN area from 25-28N,122E ; Center of typhoon

landed at north of YI-Lan or passing northern ocean area of TAIWAN)
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prompt first kind
Does the track belong to first kind
(Track pass TAIWAN area from 25-28N,122E)?

.

trans second kind
second kind track

(Center of typhoon landed at 23-23N,between YI-LAN and TAL-TUNG)

prompt second kind
Does the track belong to second kind
(Center landed at 23-235N between YI-LAN and TAI-TUNG)?

trans third kind

third kind track

(Track passing TAIWAN area from 20-23N,121E,landed at land or
south of TAI-TUNG or passing through BAISHIH CHANNEL)

pronpt third kind

Does the track belong to third kind

(Track passing TAIWAN area from 20-23N,121E,landed at land or
south of TAI-TUNG or passing through BAISHIH CHANNEL)?

trans fourth kind
fourth kind track

(Center of typhoon move northward from ocean of eastern TAIWAN)

pronpt fourth kind
Does the track belong to fourth kind
({Center move northward from ocean of eastern TAIWAN)?

trang fifth kind
Fifth kind track
{Center move northward From TAIWAN STRAIT and have northeastern component)

pronmpt fifth kind
Doesn the track belong to fifth kind(center move
{Center move northward from Taiwan STRAIT and have northeastern component)?

1
if intrusion is no
then wind distribution is unknown

it}

if intrusion is yes
and first kind is yes
then wind distribution is D001

.

3

if intrusion is yes

and first kind is no

and second kind is yes

then wind distribution is D002

4
if intrusion is yes
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and first kind is no
and second kind is no
and third kind 1is yes
then wind distribution is D003

5

if intrusion is yes

and first kind is no

and second kind is no

and third kind is no

and fourth kind is yes

then wind distribution is D004

6

if intrusion is yes

and first kind is no

and second kind is no

and third kind s no

and fourth kind is no

and fifth kind is yes

then wind distribution is D003

EEEE R E R R AR BE S » B
BB A — & REMRE o Btk - 2% LIS Em
ﬁﬁ%%ﬁﬁ%ﬁ%ﬁ%ﬂ%%@ﬁ°%ﬁ’%ﬁ
EMRAEF  DEAREREMABTHKENEES
BRREAFIR FER SR » SRR I S 3 P9 B0 5 B 9
S T M2 AR » I TTE B AR R IS BB
LR R B

PROMPT

Track Pass Taiwan area from

25—-28N, 122E?

R & ZEMRT « Track pass Taiwan area

from 25—28N, 122E9? " skHu8

first Kind A& o

RS ZERE ST SR B o TR TR ANAE B AYSERE
o BIANE Fest B B, 1 25046 69 TR R B SR B R A
RRTIER B BV D4R 5T s Rt » AR ERBRAK
BT &R B 5 ey e Bk o

(e s TR

BRI R R RO 1 - 7 A0 SRR
SRR 1830 & 7 B RO (RO 3 » TR
iR A H BRI ? RERMERR mEME &
RAMER 2RSS ? JLLLERE > AN RS
TE» ZHRBEMOTF

AR AR T R A AR ( Backward
) HeRwER o RIZELL “ i RlfE 56 " B9 AR 3k

first kind

REBR AW » REY L BERERENEEE—
KHETERY “ FE5R " o MAKBR SLLASR » HAR%AY «
fBefE " AR (K ERIE ) - R R E &
RFLE “ Bl " RERL » CAEHHRRNR S
FARG o AR — “ R4 " TTRER B —HLAIAY “ k5
i "D o BB R THI B RE
SOBURBORTE « Bl " RERIB—RBL2RE 5.
(B8 v B M3 7 NB S0 » BINVE thf AR 1R
HRE L YA o HEARRE » BB > AT HFR
TR BB EEYE - MESH 6R SME
FERRBR LI o BIRAE BV AY B 25 66 P o B9 B8R o 348
AL IR #ERAN T - :

LR ERSnas B ek BT B RIS = TR 9 ( avail-
able) s B RHREGHE BE—Zole® ( stack ) s
MAAEDRMBEBEES o

2R GE RIS » LIS HEE In A REsHE R
28

SERASEIRBHBRZERL -

4. PEHnGR Bk o R —FT AR - T AR B
B TR 2 8 BRAE L B B9 RS SR 5015 o 3T )
 RUSRIRABE ML B M SR 2k MR 5 D44 el SR 48
RERGME MR RBEEEE

5.5 4. BT3B AR 1 040 B9 IR MY o B 2L
ERIE » RSB IR SR 10 I A B 40 B o »
AR R s A TR 2 RO (R R SRR
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EHER ) - TESHARR ST ( uavai-
lable ) o ERE » B ILAARE R >
SEIEVE 3 50 HH 53— B o 2 VK MR H R AU
PR 20 RUBEHEAE BR43 HER R (2 T A
REHM L T » BBV RBEE NPT HOR 7 2 PO o

(5) AR HE FA 72 4
AR B R 3 — BBk SR < B ABER T

DHBRRM " > BRI o A RFERRK
KR PWHY , WHAT , HOW, RULE NUM-
BER What if $33XiRishes » Wl em%
4 REHE R HOB A TR o HWRBMT -

WHY : R 50RH0 5 T POAL IR » bt @B IR

(AT BB M 35 » 645 e B A ST

Why & {5 7~ [ fF vk B9 o
WHAT : MERRMEHHERER » CEHOER
HHITEDH o

HOW : FPH L3 5 18 R - R &R
NI 2 B 5 R 18 HH 9B R » H OW 44T i
ERERFOBFHMBT ofER 0
H o

RULE NUMBER : #REHEHAIRE o

WHATIF : BAEEEMESE » AEHROE?

B R FR P B 7 S S IR B E T L5 R 2 e

Bhek o AHAIMEE (IREALTHRAR

R SR KR, ) fnd ?

HEARBARL R AER :

HETEBROLOGICAL EXPERT SYSTEH
CENTRAL WEATHER-BUREAU
R. 9. €.

Press any key to continue.

B  BAT— % .

nsk Expert INITIALIZE | Bye~Bye
EAT k»\owledgebas::] Bye-Bye J
J i
8: TYFRGEN Please Enter Your Choice: 1
13 TYFIUND .
2: APPLE
3t SAHPLE
4: CONIFERS

RN E 02 4 3¢ 5 EMFRE » Kb
1 EARA [ REBBELES i | M#E » R
AR RMEREEN—E? BEE L & BEES

Yuowledge fa A ‘

INITIALIZE H Bue-Bye

FURR Lot ne thinkt Forget!

8: WIND DISTRIBUTION

dhat is your troalei @

EAERRARABESRMEREBARA
B 5 Gk Wt EER—EEE » B RK
AR MEMAERELESEEE » s+
' WEE# ZE Let me think ! s M F—FHET
7R

during typhoon intrude TAIWAH area

Please answer the following questions:

Js it an intrusive typhoon Cintrude 19-28H, 117-1258)7

Hhy Whatlf What Rule Forgel!

i just can recognize the following answers:
g: o
1 YES

What s your answer? ]

BT FI o SRPEEE 1 RA - BEAT—BE :
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Does the track belong to first kind
(Track pass TAIWAN area [rom 25-29M,1228)7

Hou Why Whatlf What Ruie roryet‘l

1 }ust can recognize the following answers:
8: Ho
10 VES,

What is your answer?Q

BEIE ] TREA » B3 T—HME :

Does the track belong to second kind
(Center landed at 23-25H between YI-LAN and TAI-TUNG)?

Answer How * Igﬁﬁ\‘%il Whatlf What Rule | l'oryet!‘]
i |

The system is trying to £lnd a value for WIND DISTRIBUTION using rule a3 3,
Rule 3.

1F

INFRUS10H I8 YES

first kind track

(Track pass TAIWAN area From 25-28M,122E § Center of typhoon

landed at worth of Y1-Lan or passivy northern ocean avea of TAIYAR) is NO
second kind track .

(Center of typhoon landed at 23-25N,between YI-LAK and TAI-TUNG) is VES

TREN
WIKD DISTRIBUTION IS Dasz

~ - END OF WY RUZSTION - -
fress (8pace Bard to continue.

HERRMEE : AREMH BAE—KH Al ke
BE S5l » FTLAF ROERIRE » REBIE I Al
PISEI » (% ¥ Space Bar BIBHR R/
EEROEEEL  REMEZZE Why ko

Does the track belong to second kind
(Center landed at 23-258 hetween YI-LAN and TAI-TUNG)?

fAnsuer Hou: Rule Forget!

Why i}wmn

The following facts have been determined :
first kind track
{Track pass TAIWAH area from 25-2BN,122E ; Center of typhoon

Janded at north of ‘71-Lan or passing northern ocean avea of TAIUAH) s HO
IHTRUSIOK 1S YES

- - END OF WAAT QUESTIOK - -
i Tress (Space Bar) te continue.

Does the track helong to second kind
(Ceriter landed at 23-258 hetween YI-LAN and TAI-TUNG)?

s
fuswer !M Why Whatlf | What Rule Forget!

What Is wour interseting topic? |

B FENTEK @1% » 35 AHRI5 M% 35
K RE - S8 —(E% » % ENTER@ » B

R R GG ANFI BB —EhsaH SHFARM - T
—HHPTR o

Does the track belony to second kind
(Center landed at 23-25H Detueen Y1-LON and TAI-TURG)?

W ket
fnsuer @l Why Whatlf What Rule Forget!

first kind track

(Track pass TAINAX area Trom 25-28M, 1228 ; Center of typhoon

anded at north of Y1-Lan or passing northerw ocean area of TAIWAN) is HO
was shown o be {rue by user eniry.

- - END OF HOW QUESTIN - -

Press (Space Rar) to continue.

#; Space Bargit Fi#% ENTER @M B F— B o

Does the track belong to second kind )
(Center landed at 23-25M between YI-LAN and TAI-TUNG)?

fAnswer Hou Why Rule Forget!

What s your assumption For SECOND KIND 7 No

LB B R A HE BT A5 B4 30 DA BT Ry 5
AFH o % Space Bar @& » FIHAYHEHH
% EEERRWhat > R H—5 > 1EE
BEHow, R NHZE@ -

HR R R R EENRBR SRR
JE?E]% No » i FENTER % » R &EIME
ZKENoFTARREEBINBEREHEIIL » M TE
EEFIR o
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Does the track belong to second hind ‘Does the track belony to second kind
{Center landed at 23-254 betuwean YI-LAH and TAI-TUNG)? {Center fanded at 23-25H between Y1-LAH and TAI-TUNG)?
L
finswer How LIVR Hhat Rule Target! Why Whatlf | What fule Forgat!
1%
1 Jtist can recognize the following answers®
6 Ko
The following conclusions are possihle & 1 YES
Rule 4
WIND DISTRIBUTION 18 D03
The following concluslons are possible @
Rule §.
WIND DISTRIBUTION 1S DAO4
The following conclusions are possidle ©
fule 6 !
WIND DISTRIBUTION 13 DES
- - END OF WHAT IF QUESTION - - hat 13 uoer avswer?
Press (Space Bar} to continue. . Wiat fs your ‘ansuer?] :
1 T % =~ P Y ot
% I Space Bar @R ENTER 6 2R FUSSRR L » IR Yes » FHBUR TR
T— B2 o
Does the track belong te second kind Does the track belony to second kind ‘
(Conter landed at 23-250 hetuzen YI-LAN and Tal-TIMC)? (Centar landed at 23-253 between Y1-LAY and TAI-TUNG)? [
foswor | How Hhy fale Tmyell How Wy Whatif | .What I} Rule Torget!
|
Conclusion @ v
WIND DISTRIBUTION 1S Depz
What is your assumption fer SECOND KINP ? Yes Prese Space Bar) ta ventisua. |
$M%RBEEE Yes @R » % FTENTER RS FRM SR BEoH=2D002 £% »
BEEBET—HERSEE - #: K Space Barfj » B # TSR 5EE BE Forget!
B# ENTER » RIHEI T —F@ o
Doas the track belong to second kind
(Center landed at 23-258 between Yi-LAH and TAI-TURG)T
fuswer Hou Why ‘Bule Furget! The following facts have heen determined @
WIND DESTRIBUTION  iS Ded2
second kind track .
(Center of tuphoon landed at 23-26K,hetween YI-LAN and TAI-TUNG) is YES
fiest kind track
The Followiny conclusions are possible : (Track pass TAIWAN area From 25-29M,12ZE ; Center of {yphoon
Rule 3 landed at north of Yi-lan or passing northern ocean area of TAIWAR) is NO
WIND DISTRIBUTION 18 DBO2 TNTAUS 108 1S YES

— EAD of THINKEHG -
Press (Space Bar) to continve.

- - EMD OF WHAT I¥ QUESTION - -
Prass (Space Bar) to contlove.

ER o B RAMNGEER YesF T AR R R UGS R MR R LUE A H
BEASREI o B o BEMIZKEE Rule MU E Hith » TEEIBBES BN » RAED002 R
FA » ¥ Space Bar @f% » B TIRBmERE 255 ARRE] » G 35 LT Al B B G & 2R B
Rule » I F—ZMEFRe JEERR B9 BLE o
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Wind distribution for typhoon intrusive TAIWAN area

ﬁﬁﬂthﬁ.ﬁﬁﬁﬁﬂﬁ.ﬁﬁ*ﬂﬁ.ﬁﬁﬁ‘.ﬁ.t Dool ﬁﬁ*ﬁﬁ*i.ﬁﬂ.ﬂ.ﬁt.ﬁﬁ.ﬁ.ﬁiklﬂﬁﬂﬁ
called northwestern typhoon ‘

max. wind area hearby northern coast

mean maxs wind (10min) Instaneous max, gust
Keel-Lung,Am-Fu,Tan~-Sui : >20m/s YI0m/s
Taipei NW 17m/s . 27m/s
southwestern plain <1i0m/s <15m/s
Kauo-Ping area 13m/= >20m/s
Qttknﬁalaﬁaaiaaaiaanhaaatkna D002 Qﬁﬁk&iﬁaﬁnnlnaﬂnat*itkaﬁhﬁaﬁﬁat
mean max. wird (10nmin) Instaneous max gust
eastern area >20m/8 230m/ s
taipei,northeen coast . Y20n/n >27m/s
(fan-sui to Keel lung) '
western coast (Tai-chung) 10-15m/a <20m/g
Chia-Yi, Pan-Hu 18m/s 23-24n/s
RANRARAMR AR A AR RO RS R AR AR AN pon3 tO'Q'Ahiﬁﬁh.ﬂﬂﬁﬂt!ﬂiﬁ!hhiﬂiiﬁktﬂﬂ

mean max, wind {10 min.) Instaneous max. gust

southeastarn area 15-20m/g 24-30n/sg
Kao-Ping area 217nm/s ’ ¢ 28n/s
Pan~Hu J18m/a 27n/s
Taipei,northern coast 13-20m/» 2)-29n/s
Tai-Chung,southwestern plain <15m/s= ‘ (20m/s
ltﬂﬁ*tthiiﬁkiuikﬁ*ﬁth.f.iiﬁﬁ 0004 ﬁﬁﬁﬁﬁﬁﬁﬁﬁ'ﬁtn.iﬁliﬁi‘ﬂ*iﬁtJﬁkthﬂﬁ
meai: max. wind (10min) Instaneous max., gust
southeastern area >15m/m >20m/y
northern coast >15m/s Y20m/a
Tai~Chung, southwestern plain _
kao-Ping»plain : 10-15n's 14-17m/a
Qili.i‘*ﬁklﬁ*ﬂ’ﬁﬂ.ﬁtﬁﬁ.hﬁllﬁ. Doos Q.ﬁ.hﬁﬁﬁ.ﬂﬂﬁﬁi.ﬁt'ﬁth*lﬁ..ﬁﬂ.mh*i
nean max wind (10nin) Instanaous pmax gust
Kao-Ping, Pan-Hu J)20m/s 25-34m/s
northern coast >13m/e +220m/s
eastern area, Sin-Chu.Tai-chung <10m/s {15m/s
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HRARREEREMOED » 4 TE
HyRE DRI SRS S RO SR n s » Ak IR E S A
EOME 8 B AT ELRA T AT Jo e M8 7 48 o

HI R B TR TR A2 BBk SRR I B 1T
1B (TSR BN DA > A REBRATES BRER
ERRE 5 T ISR TS » WEEFE Microexpert
B R T B 5 QA I A A T
DBEEBIRS 1981458 B2 [ A8k EmkEE
HL | RREBELEORER  BE B LR
BEERNER A | » FEEEENSSES S
FRBATRER » U B RFH IR B P o

AR T3 BT B S B R A > 1
AT S BB B 5 (HIRAISHETEA B Feig-
enbaum FHFR 1977 FEBEA THEH S (
LJCAL ) hBTgity : [ —HER R R M E
i A B AP B - T TE TR A M el
REMHHRFBE | o B E—SHEREE
EBMCEAREL > LA R R R8s
TR B R R ZIR 5 B0 TR » R E S5
Ft5 B o

BE 3K

Susan J. Scown, 1985 : The Artificial Int-
elligence Experience :

An Introduction. DEC

Winston, P.H, 1987 : Artificial Intellige-
nce,

TWER - BEHARE  BEATEEATNT

BHRE - 1987 FHFRRHEE TAPRHRS - #
Ut R Mige#E » TR- 76R R- 105%

BRERHE » 1990 : ARAFMODL TR » FRES
Je B SE ik 2558 331 5%

BEE S BARFMIER > 1981 : SEHE >R
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AN EXPERT SYSTEM FOR FORECASTING WIND SPEEDS
OF TYPHOON IN THE TAIWAN AREA

Chen Shi-yang
Deputy Director
Computer Center, Central Weather Bureau

Pan Dah-lurng
Scientist
Chung Shan Institute Science and Technology

ABSTRACT

An expert system for forecasting wind speeds of typhoon in the Taiwan area was
presented by using the Microexpert as a construction tool.

Under the interaction with users, the system will predict the wind speed distri-
bution of typhoon by inferring from the rules in knowledge base which was con-
structed by adopting the report written by Dr. Ching-Yen Tsay et al.

It is hoped that the presented system will serve as a good foundation for the
future development of expert system in weather prediction.

Key word: Expert Systerm , Decision Tree , Stack
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Table 1 : Normalized Instrument Response

e & S & il fiz

N OO0 I U R WNINRMRMEBEOOOCOOOO
GO O OO MO OOOUOUNO WML G RW

St it

494 18.
.162 10.
.635 0.

A
0.035 314.0
0.083 272.0
0.189 270.0
0.289 252.0
0.455 235.0
0.635 219.0
0.834 203.0
1.000 187.0
1.528 168.0
1.947 150.0
2.637 113.0
3.360 101.0
3.910 88.0
5.135 ‘ 72.0
6.233 59.0
6.952 47 .0
7.165 42.0
6.952 37.¢
5.903 26.0
4 0
3 0
0 0

X HHEZR

Table 2 : Relative Magnification
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INSTRUMENT RESPONSE OF MCR+S13
SEISMIC SYSTEM

Tzay-Chyn Shin, Yue-Long Liu
Seismological Observation Center,
Central Weather Bureau

This study obtains the instrument response curves of MCR600+S13 used by the
Central Weather Bureau Seismic Network (CWBSN). Applying current-feed method
the magnification at frequency is simply estimated by dividing digital output amplitude;
(MCR600) to the displacement of mass in sensor (S13). The instrument reponse curves
at each station show similar trend due to the same parameters set, except the gain
values. Therefore, a normalized instrument response curve is united by letting
magnification at 1 Hz frequency. The normalized factor of station is then the true
amplified factor relatively to the normalized curve.

Key word: Instrument response
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Table 1: Taiwan’s crustal model of P-wave velocities
determineel by Yeh & Tsai, 1981.
wE | EE(AR) PEHEE (AR /®)
1 0— 9 5.8
2 9 — 17 6.1
3 17 — 36 6.7
4 > 36 7.8
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Table 2 : Coordinates and altitudes of earthquake stations, CWB, 1972,

and mean P-wave’s residuals with their standard error for each

station.
] 1

uh Z4 it Bl & E | & i3 B P W

¢ ° ") C° ) (A R) FerfE (#)
L il 25 11 121 31 827.0 —1.7 +£2.0
froB 23 31 120 48 2406.1 — 0.5 +1.2
5 73 23 30 120 25 26.8 +0.7 =2.4
& | 22 00 | 120 45 22,3 +1.9+1.9
iy Bk 23 06 121 22 36.5 — 0.9 +1.6
0 i 24 48 120 58 32.8 + 0.2 + 3.0
1t i 23 58 121 37 17.6 — 0.4+ 1.6
" ] 24 46 121 45 7.4 +1.1+1.9
= | 22 37 120 16 29.1 — 0.2 £2.7
] lid 22 02 121 33 322.3
& W 23 32 119 33 9.4
= it 25 02 121 31 8.0 +1.4+1.6
N B 22 21 120 54 7.6 +1.1 2.8
=) ® 22 45 121 09 8.9 ) +0.942.0
=) 3} 23 00 120 13 12.7 + 2.7+ 2.1
=) F 24 09 120 41 83.8 + 0.9+ 1.4
R il 23 29 120 57 4.3850.0 — 0.3+ 1.4
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Figure 1 : Earthqueke stations (solid square)

and the Position of Jui -sui
( blank circle ).
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Figure 2 ! Distribution of earthquake

numbers against RMS.
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Figure 3 : Distribution of earthquake

numbers against ERH.
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Figure 4 : Distribution of earthquake

numbers against ERZ.
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THE ERROR RANGE AND P-WAVE’S RESIDUAL TO THE
RELOCATION OF EARTHQUAKES IN THE JUI-SUI AREA DURING
JANUARY 1969 TO MAY 1972 BY HYPO 71 PROGRAM

Chun-Wei Chan
Central Weather Bureau

Jeen-Hwa Wang
Institute of Earth Science Academia Sinica

ABSTRACT

This study redetermined the earthquake’s hypercenter and origin time which
occurred in the Jui-Sui area of 23°N-24°N, 121°E-122°E, during January 1969 to May
1972 by using HYPO 71 program with Taiwan’s crustal model of P-wave velocities
inferred by Yeh & Tsai (1981). Results are used to calculate the error of location and
P-wave residual for each station. The key results are: (1) About 70% of earthquakes
have RMS (error of origin time) less then 3 sec, ERH (error of epicenter) less then 20
km, and ERZ (error of focal depth less then 20 km; (2) Earthquakes with Mp> 4.4
have RMS less then 3 sec, ; (3) The distribution of number of earthquakes vs P-wave
residual almost fits normal distribution for stations Alishan, Hwalien, Hsinkong,
Yushan, Taichung; (4) At stations Hwalien, Hsinkong, Yushan, Alishan, which are near
the epicenters, the P-wave residual values are negative; and except at Anpu, the P-wave
residual values at the stations outside the Jui-Sui area are p()_sitive. The possible causes
which lead to the error of location and the P-wave residual are also discussed.

Key words: Epicenter, Hypocenter
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Table 1. The occurring frequencies and percentages of the various cloud types in four quadrants.

B RTLE| A2 H B

& R I I i v |FHRFSE| SRR ARy
BANE (| ks g k][5 |x| 8 8|k 2 5k 2 22 &
i Bl | o R | | W | g BB | B |E
N E | ZlZ2n| B2\ g 2l R 2wz 10l0!lV

Y B 204 |136 188 |151 [114 [156 |210 158 |164 |245 |164 |226 810 |572 |734 528 |421 532 |635

0000\ % |38.6/25.8(35.6|35.9|27-1|37.1(39.5|29.7(30.8 | 38.6|25. 8| 35.6| 38.3|27.0|34.7/24.9 [ 19.9| 25. 1 | 30. 1
R 528 41 532 635 2116 2116
W BT (152 (177 {145 [121 135 195 [157 (151 (229 [188 214 |744 |618 |677 504 |401 |503 |631

1200 9% | 3.7/30.2(35.1|36.1]30.233.7|38.8/21.2{30.0 | 36.3|29. 8| 33. 9| 36.5 |30. 3{33. 2(24.7 | 19.7| 24. 7] 30. 9
UuTC

M ki 504 401 503 631 2039 2039
Y (00+12)| 379 (288 365 296 (235 (291 |405 315 [315 |474 |350 |440 |1554]1190{ 1411|1032 [822 |1035] 1266

T3 E 4 M| 36.7/27.9/35.4/36.0|28.6|35.4 [39. 1|30.4/30.4| 37.4(27.8|34.8| 37.4|28.6| 34.0/24.8 | 19. 8| 24.9|30.4
KB (00+12)] 1032 822 1035 1266 4155 4155

R HRBAE BFEEE RBUSERE ( 0000UTC 381 5 1200UTCH 374 )2 B 4 1 o
Table 2. The percentage of the number occurrence for the various cloud types in four
quadrants to the total number of the data (0000 UTC: 381, 1200 UTC: 374).
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Table 3. The area for each cloud types in each quadrant divided by the total number of
occurrence of that cloud type in the same quadrant (average cloud amount)

(unit: 1° lat X 1° long; 12.3 x 103KM?).
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Fig. 3. The diurnal variations of the frequencies for the various cloud types in four
quadrants. X axis is observational time in UTC, and Y axis is the percentage of
the occurrence for the four various cloud types at. 3-h intervals, LII, Il and IV
represent the four quadrants and the letter C at the central part of the figure

indicates the center of cold vortices.
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The diurnal variations of cloud-covered
area for the various clouds in four
quadrants/cloud amount (that is, the to-
tal area of cloud divided by the total
number of occurrence). Y axis is area
(unit: 1° lat X 1° long; 12.3 x 103KM?),
X axis is observational time in UTC,
(a) convective cloud, (b) non-convective
cloud and (c) cirrus cloud.
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Fig. 5. Same as Fig. 4, but for the sum
of the three types of clouds (that
is, the sum of Fig. 4a-c).
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Table 4. The frequencies for the various cloud types in four quadrants at different stages and
percentage occurrence at each stage (intensifying: 177, maturing: 105, weakening: 193).
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Table 5. The percentage of the number occurrence for each cloud types in each
quadrant to the total number of that cloud type over the vortex domain at

" different stage (see Table 4).
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Table 6. The percentage of number occurrence for each cloud type to that all cloud

types in each quadrant (intensifying, I: 209, II: 278, III:

223, IV: 309;

maturing, I: 210, II: 132, III: 210, IV: 256; weakening, I: 339, II: 288, IIL:

381, IV: 398).
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Table 7. The averaged area of each cloud type in each quadrant at different stage (that is, total
area divided by the data numbers) (unit: 1° lat X 1& long; 12.3 X 103KM2).
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THE EFFECTS OF COLD CORE LOWS ON
TAIWAN WEATHER IN WARM MONTHS

George Tai-Jen Chen
Department of Atmospheric Sciences
National Taiwan University

Shui-Shang Chi
Meteorological Satellite Center
Central Weather Bureau

ABSTRACT

Sixty cases of the upper-level cold core lows in the warm months (June-October)
of 1982-1987 were selected to study the frequency, size and diurnal variations of
the associated cloud systems. The climatological characteristics of the clouds during
the life cycle of the vortex and the effects of vortex on Taiwan weather were also
investigated using infrared satellite imageries. Results showed: that the frequency and
area coverage of the clouds reached a maximum in the southeastern quadrant of the
vortex and a minimum in the northwestern quadrant. This tended to indicate the
distribution of the vertical motions within the vortex. The averaged ‘total area cover-
age of all kinds of clouds in each quadrant possessed an obvious diurnal variation with
a primary maximum in the-afternoon (1400-1700 LST) and a secondary maximum in
the early morning (2300-0200 LST). This variation corelated quite well with the semi-
diurnal pressure wave. .

Results also showed that the area of convective cloud increased rapidly from its
intensifying stage to the mature stage, then decreased. Area of non-convective clouds
increased gradually from intensifying to weakening stages. The area of cirrus clouds
only changed slightly throughout the life span of vortex. The variation of cloud area
again indicated the distribution and intensity of vertical motion at different stages
within the vortex. The effects of cold vortex on Taiwan weather depends on the
relative location with respect to the vortex, affecting time of the day and the life stage
of the vortex. For example, in case of a cold vortex located over the northwest of
Taiwan at its mature stage in the afternoon or mid-night hours, the severe weather
would be expected over the area to the SE quadrant of the vortex

Key words: cold. core low, cold vortex, diurnal variation, semi-diurnal pressure wave
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X : RigFH ( crop year ) i+ AR
BEgzE
HEA (1989 YVHRABUER (two-step
regression) jjﬁj ' BBy F146 EF156 A&
i~ EMERZED S ERIER - KAHES
RFEHETAARMZLE  ETEFESH - B
SHBERER » FEABE B WEMEHE
FUAERG H BN EAMREREK (R?) » S
A+ RARL BBl 2 RN E 2R K HTENHE
ZHHHRENTEOBEN %2 -
—RME > SBZBEREHEREE TFNY
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& o Nickell (1977)" # HI¥H BEE - ryE (
midrib ) R TS AR - ST 2 iy
e ( translocation ) #Hi4r349%38% o Mk
RRATEE & RIS 8 TRE B » 3 S 7E R B @5 2
Tz o B—MEH B2 REWR LR B mT
MR & > RIEHIERSIEZ 2 > $7E50% LU
K o Moore & Osgood ( 1985,1987)15:16> 7R Hi
BHESKR ( gale) EBRA ( hurricane ) B8
B > RPN ~ BT B 4 BB
REAWE  FESHRAERAEYE - 51y
BELSBENASES » ABS RERRE » Tk
HEERD ~ B G E 85 R SR o

Bt » Moore et al, (1985,1987)¢5:16 &} gt
BEHEREY %, BEHS P ABKLIH EE
BRAE BRAFRAZHEEHNESREMES
ZHRAESRRIER > BEATR=%: Egs
FHISSFH ( stalk growth termination ) (2)F%
FEVFEIR ( metabolic depletion )® Q) {L{E
REHA ( reduced assimilation)™ » 4 Bifh
BB RSE >tk TR SR R E S R £ 1 o
BUBBKXBHAEE, EEELR  BY—EHE
BHEAS

Y=za+bX+e¢

Y BAEEE (AN AH)

X : s
FIRMEARRMEEH REERGSE — gy « 8
FEERER " BURENENGR < BRSOk
fE " EDVBEREE B o — R vk
SDEEMET HE » E—EE AN G e
KB > TR AR o

B 54 % BB BB Y » B 48 h
CAENR > R EEHEHED ; — B8 RBEK
B BUHEERARRENGE o % T
TR B A K B L R S BT AR G
G R R RS o

HERL » R LABIR S > BLER H %

R RNTFRRE K EHH EEERE 5 -
BRI PR » MBS ERR A
R~ ERPES BRI - LR B (e WE BE
Z—IHETH -

ERERERS MEES R

=~ MEEFE

RBAOTRLES 2 » R ERWE L ~ 08
MEREZRERER 2 SR ET S0 - K=
JRMe JBE [ FC S 0 5 vk R SE 2R O IR PR R IR o

HRIE

AIFFE 2 REERFES 2B b R E 5
RITBRG S » Gp~ BEMARE =05 > 51958
FE1989FMZ REBEEH o

CEE

RXFRAZ 1959 5 1989 45 FF4E UK i
HEEMEEENS%  RIBSNAEHIRS « &8
PR A FIMGHE RS " 551257 54298 ( 1960 —
19904 ) o HepZ HIFER RIS L BB L S
BSZEER > RWERAERSEITFRY 2 i
REKRERS RHEEREEERTIVERY
Mo BRHUZEZ WEREETNE o
T EREBH AR

LISAS PROC REG, SELECTION =
STEPWISE, SLENTRY and SLSTAY#
BO.15~ 0.2~ 0.3F10.4 ZPUREKYEE » 5 0I5
BENEEEEERGR BN (K1) » Filim
ZABRRGBEBBRE2 o

MR (H ) :

EBREEERS EEREERX (FE£1990)®

‘ |16 FEEE —EEEER|
o 0 0 B
X 100 9%

!

.Eﬁﬁﬁ 2

FURAS EERES RE 82 K Sl &
R .
WEBEE5%® 1 BEEKES T » 5
BRABINEEEFR B E B 2 EBR 5
BEREFRY (R?) 218 ; MhE AREBE B
YALHIE : 5~ BERRNZ 2 EREEE
BR L EE NS > ERERHEEEERY 0.4
SEHOKHE ~ B EREREA 2 0. 15 71 0.3 Bk
BT SRR T35 1 % 5 BEE Kk
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Table 1 The weather predictors in selection for sugar vield model of sugarcane in

Taiwan area. '

St % B L

WEATHER PREDICTORS

X: S EPENE (mm)
Xs MW E (mm)
Xse CLAE+HAMWNE (mm)
X; ZJAMNE (mm) '
Xe HBEMERNAHK
X, RMEFBEK
Xs SEMEBEAERER(C)
Xo RRBEREE ()
Xw 2HRBEFEE (C)
Xu ZEMEEREXEME (C)
Xi: HEHREBBZESEE (C)
X3 ﬁ\%ﬂﬁﬁ%ﬁ<: 10 CH#
X ZEMMEAE B (/)
Xis A% B BEEE (/R )
Xie Z2HMEEE (mm)
Xi Z2MATFHEESME (m/s )
Xis 2B & A B B
>17.1m/s Z2HE

X SEARERT
X200 HEIRERT
X1 2INRERT

#Xo2 ZHI 30cm L BHBEEE (C)

Xos 2H50cm - BEEHKEE (T)

Total Rainfall from Oct. to Apr. * (mm)

Meiyu Rainfall (mm)

Total Rainfall from Jul. to Oct. % (mm)

Total Rainfall from Sept. to Oct.* (mm)

No. of Days of Daily Rain>=100mm from Oct. to
Apr. *

No. of Days of Daily Rain >= 100 mm from May to
Oct.

Total Day-Degree of Air Temperature from Oct. to
Apr.* (C) '
Total Day-Degree of Air Temperature from May to
Oct. #(C)

Total Day-Degree of Air Temperature from Sept.
to Oct.™ (C)

Mean of Daily Range of Air Temperature from
Oct. to Apr.* (<C)

Mean of Daily Range of Air Temperature from May
to Oct.#(C)

No. of Days of Daily Min. Air Temperature <=

10 ¢ from Oct. to Apr. *

Total Sunshine from Oct. to Apr.* (hr)

Total Sunshine from Sept. to Oct.* (hr)

Total Evaporation from Sept. to Oct.™ (mm)
Mean of Daily Windspeed from Sept. to Oct.”
No. of Days of Daily Max., Instant

Windspeed > 17.1 m/s from Sept. to Oct.T
Mean of Daily Humidity Factor from Oct. to Apr.*
Mean of Daily Humidity Factor from May to Oct.
=+

Mean of Daily Humidity Factor from Sept. to
Oct.* ‘

Total Day-Degree of 30cm Soii Temperature from
Jan. to Oct. #(C)

Total Day-Degree of 50cm Soil Temperature from
Sept. to Oct.™(C)

FREMTE  REEHERE—AE+A o
*+ from Oct., 1958 to Apr., 1959, and so on.

+from Sept., 1958 to Oct., 1959, and so on.

# in 19592, and so on.
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Table 2 The selected weather predictors for sugar yield model in different stepwise

selection levels.

o B | 9 (BBkEF | A 2 R B B 8B B
Region Kind of Selectin Selected weather predictors
yield level
% it | 4 F +0.15 X6
Changhua Total 0.20 Xie X9 Xo Xao
., 0.30 Xis X Xo Xy
+0.40 Xie X9 Xi5 Xo Xy Xa2 Xon
B fE| +0.15 X6 Xiz
M. F 0.20 Xis X3z Xo Xu
0. 30 X6 X1z Xo X
+ 0.40 Xie X1z Xo X Xio Xy X3 Xys
= ¥l +0.15 X0 Xas
C. F. 0.20 X0 Xoa
+0.30 Xio Xis X9 Xg Xis Xo1 Xus Xy Xoo X7 Xpp Xpg
0.40 Xio Xis X9 Xg Xy Xo1 Xy Xy Xoo Xy Xi2 Xop Xz
biz E | g +0.15 Xie X1z X4
Hualien Total +0.20 Xie Xy X7 Xoz Xus
+0.30 Xis X4 Xir Xp3 Xis Xao
0.40 Xie Xy Xiz Xz Xis Xzo X X Xus
£ fE| +0.15 Xis X
M. F +0.20 Xie X4 X2 Xs Xa3 Xis
0.30 Xis X Xiz Xs Xos Xus
0.40 Xie Xu X2 Xo Xoz Xis
E 22| #f11 +0.15 Xz X6 Xos X20 Xis
C. F. 0.20 X1z Xis Xos Xao Xis
+0.30 Xir Xis X2z Xa0 X1s X4
0.40 X7 X6 Xas Xoo Xis X4
=) oM i +0.15 X0 Xs X1z
Taitung | Total 0.20 X2 Xs Xu7
+0.30 Xz0 X3 Xyr Xiz X1y Xoy Xao
0.40 Xao Xs X1z Xiz Xy1 Xin Xaz2 Xus
E] fe| +0.15 Xz X4
M. F 0.20 X2 X4
+0.30 Xiz Xs X1 Xo Xy X6
0.40 Xiz Xa Xio X Xz Xi6 Xua
22 # +0.15 | Xs Xz Xy
C. F. +0.20 Xs Xoo X7 X1 Xy2 X
+0.30 Xs Xz X1z Xi1 Xiz Xa;1 Xao
0.40 | Xs Xp0 Xi7 Xi1 Xiz Xor X2 Xy Xio X4

# They include the SLENTRY and SLSTAY.
+ T E BRI SRR K

Selection level for building sugar yield model
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HpEFmB (R2)MAE0.28F0.79 (£3 ) o

TEEHIE : M~ BFRO 2 A BRNEEE
WAL FIRERR » M RVEBERERNTEE
1 %805 %REEKYE » BIFEEEERARE0.15
BERROKEE Y SRR T 5% 5 BEEEKEE 3 K
RERE (R?)#AE0.30F0.73 (£4 ) o

BRBE : # > BENZY R ERNERR K
RZBENNER  EFEFERES4ERE 1 %
B 5 %6 B KU » AR SHRIRAOEE 18 B K A3 5R
RIERRE KA ; HIhERmE (R2)HE0.31F
0.71 (£5 ) o

FHE L AREERERFTAES QBHS 0
AN

HAEZ R ERERR B EE #
B BERERRSEE s CAETAMTE S #E
HMRBAEREE - 200 RS 2RERE
COBEMRERT S 2RERT - 281 30cm £

BABREEKERES - BFEBEAR » AR

HEREEXNBAEREKE » LB EEEETR
AZER - WEBRERNHET=E g8y > K
PR ERFEAER » BNABMRLIENA &
~ SEMRBEAEE - 2 REEHER S E
JARIE BB 23518 ~ 2 BEINE B R BUR M RITR
ERF -

EE i B2 3R 2 R R EE MR RS RH R /AR B
B BERMESSEEEATHES LAETAR
WE ~ HRARE AR EBERLTH A 2K
RERRTFHENEERES  HPLAZETAR
WE 2775 T BB (R BRI R e B K 8 »
HHH AR o BFEEEENALE a8
ISR P B BB R H T TR ~ 4 BE IR B FRRS B
BEFHE~ 2HRKBERER T T HE K E 58
F o WWERBEXNNELEE B8 - BIERME
R - 2RKER - 2HETHREBE &
ERABEBEEAR 17. 1m/s ZHE -~ &
EERT > 28 50cm + B EHRRE K EHE
o

B R R D 2 A E RS A LR
B o B0 375 P PR S~ 5 BERR T OB B
THE~ 2R THEEHERETHE ~ R
RERFMRELEHS - BIEEREBEXERE

By BERMESEEN s LAETARTER
HAERHE mRMRE AW EHERKTHEMR
ERBE BYEBERRXTAS 2 BB BEmEat
EERERMLSUARR o 3 b BB BR 5240 e e A R o
RINRE R F2 7 HSET RN EKEE
FKHE » WHEH IR - «

LA AEREREEEX » B EN o 2
WEERR AT E BRI o £ EERE
EREESE S EMEGTTEYEREES
BIF0.68%F25.48%F10.22%%FE18.5% ¢
TEE AR A ~ BEMRWEREEEXS FIE 0.92
%% 18.23 %~ 0.38 %% 20.23%F10.20 %=
23.56 % o BERMEME ~ B IFMELYEEEEX
SHE0.61%FE18.91 %~ 0.02%%F 41.62%
FO0.06%FE 19.98 9% o
ELIR R GRE ~ REBMEMBERKEERZ KE
TREURATRE R

HHEAERZ BBRERER 1 RAKER
BEMERA o v

YLE - SEKXUFIREER » BREsHfE
EEENER 0. 15 BPKEEZHK]T » BEERE
0.4 BPOKE HWIRBEA RER T B » UERZG
EERERE RPOKES HREATER]Z1%
B 5 DERAE KN, » HMEREARE 1 BEHS5 %
B K s BRI (R2) 974 0.27F0.82
(%6 ) o

TEEIE : HERIQF REER o BN

 EEEMRIRE | %R 5 BEEKE . G FEE

BEAAAF0. 15 BHUKMEZ WRBEARBEAT H
B 115% 5 BRAZE KA 5 Hk g R (RP) #97
0.30F0.79 (&7 ) o

BRME  SEAZ FReERER 1 RAKE
BE R ABER > Hike i (R?) K7 0.31
Z0.76 (F£8 ) o

ZHWEZ AREESEXBES B #H S T
BT

YHEZ AERHERREXTREZ A
BERER 1 KA KERBMZENER - HE 20
B R B2 3R OR B R/ B ASE B K HE - UM
H A% o BIFEERBEIHE R R RS ~ R
WIRIE A B 20ME > 2 AR ER IS HHEM
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Table 3 The statistical analysis of sugar yield model with typhoon disaster index

defined by disaster area in Changhua region.

EEFY (B X | BERKE ARBER RERN|BERERNE | BEnHHE F
Kind of |Model |Selection|No. of R? © R%u; Root Value
yield level Indep. Var. MSE
i =t cK| 0.15 2 0.10 0.04 0.938 1.548
Total I 3 0.15 0.06 0.928 1.586
il 5 0.22 0.06 0.926 1.381
li| 4 0.18 0.05 0.930 1.400
CK 0. 40 8 0.50 0.31 0.793 2.630
& 1 9 0.58 0.39 0.747 3.051 =
# 0 15 0.66 0.29 0.803 1.803
+ M 14 0.63 0.28 0.808 1.823
] e CK | 0.15 3 0.19 0.10 0.936 2.087
M. F I 4 0.24 0.12 0.928 1.948
i 7 0.28 0.06 0.959 1.247
il 6 0.27 0.08 0.945 1.440
CK | 0.40 9 0.45 0.20 0.883 1.805
I 10 0.51 0.25 0.855 1.965
# 1 17 0.73 0.34 0.802 1.875
# I 16 0.73 0.39 0.771 1.158
E-) o) CK | 0.15 3 -0.28 0.19 1.191 3.308 =
C. F. I 4 0.31 0.20 1.187 2.792 *
| 7 0.34 0.13 1.234 1.635
I 6 0.31 0.13 1.236 1.726
&CK | 0.30 13 0.79 0.61 0.826 4.505 =«
I 14 0.79 0.59 0.853 3.933 %
# 10 24 0.93 0.60 0.838 2.813
# M 23 0.83 0.16 1.217 1.234

& Selected model
# Model is not full rank.

* and *+ Significant at 5% and 1% level, respectively.

CK model Y=a-+bX;+XcX;+¢

Model T
Model I
Model [[I

Y=a+bX;+XciXi+dDI;+e
Y:a+b1X1+b2X12+ECiXi +2d;X;? +eDIli+ e
Y:a+b1X1+Z‘,ciX; -+ 2diX;? +eDI;+e



4

TEEHEER 1 REAXEHEHERRERMER

Table 4 The statistical analysis of sugar yield model with typhoon disaster index

defined by disaster area in Hualien region.

ERRH | B K| BEUKE | GEBEN hERE| EFRERK REBHR F
Kind of | Model |Selection No. of R? " R2uy Root Value
yield level Indep. Var. MSE
1 | CK| 0.15 4 0.23 0.11 0.764 1.909
Total I 5 0.28 0.13 0.757 1.852
& T 9 0.58 0.39 0.635 3.024 =
n 8 0.32 0.06 0.787 1.220
CK 0.20 6 0.49 0.36 0.650 3.682 =
I 7 0.52 0.37 0.644 3.431 =
I 13 0.68 0.42 0.615 2.646 =
m 12 0.58 0.29 0.685 1.969
CK | 0.30 7 0.51 0.36 0.650 3.305 *
I 8 0.52 0.34 0.657 2.896 =
i 15 0.72 0.43 0.614 2.439
il 14 0.61 0.25 0.702 1.692
B e CK | 0.15 3 0.30 0.22 0.717 3.754
M. F. I 4 0.30 0.19 0.730 2.740
& 1 7 0.49 0.32 0.669 2.963 =
m 6 0.32 0.15 0.750 1.838
CK 0.20 7 0.37 0.17 0.739 1.861
1 8 0.37 0.13 0.7586 1.558
& 1 14 0.63 0.28 0.691 1.794
+ M 13 0.48 0.06 0.788 1.137
£ G CK | 0.15 6 0.55 0.43 0.682 4.621 %+
C. F. & 1 7 0.57 0.43 0.683 4.083 *=#
I 13 0.71 0.47 0.655 3.062 =*
I 12 0.65 0.40 0.698 2.619 =
CK | 0.30 7 0.56 0.41 0.690 3.937 *x
I 8 0.57 0.40 - 0.697 3.434 =
1 15 0.73 0.44 0.676 2.510 »
m 14 0.67 0.36 0.723 2.148
& Selected model
4# Model is not full rank.
xand** Significant at 5% and 1% level, respectively.

CK model
Model T
Model ]|
Model

Y=a+bX;+Zc;X; + ¢

Y=a+bXi+ZciXi +dDI1+¢
Y=a+bX;+bX:2+XciXi +2diXi? +eDI +¢
Y=a+bXi+ZciXi +XdiXi2+eDI;+e

—333—



%5

BRMEER 1 RAKEREEREEERTER

Table 5 The statistical analysis of sugar yield model with typhoon disaster index

defined by disqster area in Taitung region.

EERJE X |ERKE BEHERRERBBrRERy| #28HE F
Kind of Model |Selection|No. of R? RZ,4; Root Value
yield level Indep. Var. “ MSE
i 2t CK| 0.15 4 0.30 0.18 1.068 2.635
Total I 5 0.31 0.17 1.077 2.196
i} 9 0.51 0.29 0.996 2.322
& Il 8 0.50 0.32 0.978 2.676 *
CK| 0.30 8 0.46 0.25 1.022 2.227
I 9 0.49 0.26 1.020 2.111
# I 16 0.68 0.29 0.998 1.734
# I 15 0.68 0.34 0.963 1.983
H e CK| 0.15 3 0.45 0.39 0.939 7.053 *x
M. F I 4 0.47 0.39 0.936 5.625 %=
I 7 0.57 0.44 0.899 4.212 #»
& I 6 0.57 0.46 0.882 5.070 #*=
CK| 0.30 7 0.51 0.36 0.960 3.308 =
I 8 0.53 0.35 0.963 2.987 *
# 1 14 0.71 0.43 0.904 2.568 *
# I 13 0.70 0.46 0.880 2.906 *
# ] CK | 0.15 4 0.31 0.20 1.131 2.862 *
C. F, I 5 0.32 0.18 1.146 2,303
' il 9 0.54 0.33 1.040 2.568 *
& I 8 0.53 0.35 1.020 2.978 «
CK 0.20 7 0.43 0.25 1.096 2.406
I 8 0.45 0.24 1.105 2.153
il 15 0.67 0.31 1.053 1.874
I 14 0.66 0.35 1.022 2.120
cK | 0.30 8 0.45 0.24 1.103 2.167
I 9 0.47 0.23 1.110 1.980
0 16 0.68 0.28 1.077 |- 1.699
+ I 15 0.68 0.33 1.039 1.950

& Selected model

# Model
* and **

is not full rank,

CK model Y=a+bX;+XciXi+e

Model
Model
Model

I Y=a+bX;+2Zc;X;+dDI, + e
H Y=a+b:Xi+boXi2+Z ciXi +2d:iXi2+eDI+e
M Yz=a+bXi+Xc:iXs +2diX;24+eDI + ¢
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The statistical analysis of sugar yield model with typhoon disaster index

defined by strength, landing and disaster of typhoon attacking Taiwan in

Changhua region.

ERFENE RERKEGSHELR R e Y BERCRY | BEL R F
Kind of |Model [Selection [No. of R? RZ,4; Root Value
yield level Indep. Var. ' MSE
] L CK| 0.15 2 0.10 0.04 0.938 1.548
Total I 3 0.27 0.19 0.860 3.263
|| 5 0.31 0.17 0.870 2.199
i 4 0.29 0.17 0.870 2.493
CK| 0.40 8 0.50 0.31 0.793 2.630 *
& I 9 0.68 0.54 0.648 4.780 *x
# i 15 0.72 0.43 0.721 2.458
# I 14 0.72 0.46 0.704 2.748 *
] e CK| 0.15 3 0.19 0.10 0.936 2.087
M. F & I 4 0.33 0.23 0.869 3.111 =«
I} 7 0.34 0.13 0.919 1.637
il 6 0.34 0.17 0.901 1.960
CK| 0.40 9 0.45 0.20 0.883 1.805
I 10 0.53 0.28 0.839 2.117
# 1 17 0.75 0.39 0.774 2.070
# I 16 0.74 0.43 0.745 2.365
e~} # CK | 0.15 3 0.28 0.19 1.191 3.308
C. F. I 4 0.39 0.29 1.113 4.025 #
i} 7 0.41 0.22 1.168 2.194
m 6 - | 0.40 0.24 1.157 2.510
CK| 0.30 13 0.79 0.61 0.826 4.505 *x
& I 14 0.82 0.65 0.788 4.787 *x
# 1 24 0.92 0.51 0.923 2.282
# I 23 0.87 0.35 1.069 1.675

& Selected model
# Model is not full rank.

+ and x* S
CK model
Model T
Model I
Model [

ignificant at 5% 1% le\}el, respectively,
Y=a+bX,+3c¢;X;+¢
Y=a+bX:1+ZciXi+dDIz2+e¢

Y=a+ bt X;+bX:2+2 ¢ Xy +ZdiX;%2 +eDlg+¢
Y:a+b1X1+ZciXi+Zd;XiZ+eDIZ+e
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Table 7 The of statistical analysis of sugar yield model with typhoon disaster index
defined by strength, landing and disaster of typhoon attacking Taiwan in

Hualien region.

ERFI|E KX BRKEASREY PERE|FErERm HEy HiR F
Kind of |Model |Selection|No. of R? R?,4j Root Value
yield level Indep. Var. MSE
bl B CK| 0.15 4 0.23 0.11 0.764 1.909
Total I 5 0.48 0.37 0.643 4.416 *=*
& 10 y 9 0.79 0.70 0.445 8.477 *#
il 8 0.51 0.33 0.664 | 2.785
CK| 0.20 6 0.49 0.36 0.650 3.682 *
I 7 0.60 0.47 0.589 4.721
I 13 0.78 0.60 0.512 4.359 %%
i 12 0.62 0.35 0.654 2.296
CK| 0.30 7 0.51 0.36 0.650 3.305 =
I 8 0.61 0.46 0.598 4.033 *x
1 15 0.79 0.57 0.531 3.581 *
i 14 0.63 0.29 0.683 1.851
B i3 CK| 0.15 3 0.30 0.22 0.717 3.754 =
M. F I 4 0.31 0.20 0.725 2.850 x
& 1 7 0.50 0.34 0.658 3.175 =
i 6 0.33 0.16 0.747 1.888
CK| 0.20 7 0.37 0.17 0.739 1.861
I 8 0.38 0.14 0.752 1.602
# 10 14 0.60 0.22 0.716 1.594
# 0 13 0.47 0.04 0.797 1.089
- b} CK| 0.15 6 0.55 0.43 0.682 4.621 *+
C. F. & 1 7 0.65 0.54 0.613 5.809 *x
1 13 0.76 0.57 0.589 4.001 *=
il 12 0.67 0.44 0.677 2.866 *
CK | 0.30 7 0.56 0.41 0.690 3.937 #x
I 8 | 0.65 0.52 0.623 4.960 *x
1 15 0.78 0.55 0.603 3.394 *
I 14 0.69 0. 40 0.700 2.363

& Selected model

# Model is not full rank.

* and =+ Significant at 5% and 19% level, respectively.
CK model Y=a+bX;+3c¢iXi+¢

Model I Y=a+bX;+ZciX;+dDI;+e

Model_ il Y=a+b:iX;+b X2+ ZciXi +2d;X;24+eDIy +e
Model I Y=a+bXi+ZciX; +XdiX;%2+eDls+¢
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Table 8 The statistical analysis of sugar yield model with typhoon disaster index

defined by strength, landing and disaster of typhoon attacking Taiwan in
Taitung region.

EERINE X (BRKE GHEHEYE | AERY|BLERERY| REHHR F
Kind of |Model | Selection|No. of R? R%4; Root Value
yield level Indep. Var. MSE
& £t CK| 0.15 4 0.30 0.18 1.068 2.635
Total I 5 0.32 0.18 1.071 2.270
& 1 9 0.53 0.33 0.972 2.552 *
[ 8 0.50 0.31 0.982 2.629 *
CK | 0.30 8 0.46 0.25 1.022 2.227
1 9 0.51 0.29 0.995 2.333
# 1 16 0.69 0. 30 0.991 1.770
# 1 15 0.68 0.33 0.970 1.940
=] 5 CK | 0.15 3 0.45 0.39 0.939 7.053 *»*
M. F. 1 4 0.45 0.37 0.954 5.184 =+
I 7 0.55 0.41 0.923 3.834 *x
& 6 0.54 0.42 0.911 4.518 #*=
CK | 0.30 7 0.51 0.36 0.960 3.308 =
I 8 0.55 0.38 0.941 3.243 =
# 1 14 0.76 0.53 0.820 3.349 *
# I 13 0.76 0.56 0.798 3.801 *x
) % CK | 0.15 4 0.31 0.20 1.131 2.862 =
C. F. I 5 0.34 0.20 1.135 2.441
& 1 9 0.57 0.38 0.996 2.997 »
il 8 0.55 0.37 1.005 3.144 »
CK | 0.20 7 0.43 0.25 1.096 2.406
1 8 0.48 0.28 1.073 2.438
i 15 0.69 0.36 1.018 2.067
m 14 0.68 0.39 0.994 2.303
CK | 0.30 8 0.45 0.24 1.103 2.167
1 9 0.50 0.27 1.081 2.212
# 1 16 0.70 0.33 1.041 1.876
# I 15 0.69 0.35 1.023 2.034

& Selected model

# Model is not full rank.

« and ** Significant at 5% and 1% level, respectively.

CK model
Model
Model
Model

Y=a+bX;+XciX;i+e

I Y=a+bX;+XZciXy+dDIz+e
I Y=a+biXi+bX#+Zc;Xi+ZdiXi?+eDlz+e ¢
]]I Y:a+b1X1+ZciX1+Z‘,diXi2+eDIz+e
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Fig. 1 The estimated sugar yield by (A) Total (BM. F. (C)C. F. sugar yield

model in Changhua region
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STUDY ON THE RELATIONSHIPS OF WEATHER FACTORS AND
CANE AND SUGAR YIELD OF SUGARCANE IN TAIWAN
II. SUGAR YIELD MODEL

Yu-Fang Chang
Central Weather Bureau
Chun Chu Yu-Ming Pong

Professor Associate professor
Graduate Institute of Agronomy
National Taiwan University

ABSTRACT

The purpose of this research is to study the effects of weather factors and ty-
‘phoon on sugar production in Taiwan by multiple regression. Our goa] is to develop a
better mathematic model in order to benefit the settling of crop insurance claims.
Additionally, it is a valuable tool for predicting crop yield. We got the desired weather
variables of each model by stepwise regression, and including two kinds of disaster
indices (DI).

The number of independent variables of those built models was from 4 to 14.
However, their weather factors were not the same in the three regions. The different
kinds of models in the same region also varied. The t test of partial regression coeffi-
cients of time dummy variable in each sugar yield model, except the total and M. F.
model in Hualien region and the M. F. model in Taitung region, was nonsignificant.
The t test of partial regression coefficients of disaster index in each sugar yield model,
except that each model in Taitung region, was generally significant.

The coefficients of determinant (R?) of sugar yield models built in Changhua,
Hualien and Taitung regions were about netween 0.33 and 0.82, 0.50 and 0.78, 047
and 0.57 respectively. The error percentage of estimated yield of such models were
about between 0.20% and 24.70%, 0.46% and 20.96%, 0.02% and 41.62%.

Key words: Multiple regression, Time dummy variable, Weather factors,Disaster index,
Stepwise regression, Coefficient of determinant, Adjusted Rz(R:dj), Sugar
yield model.
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Table 2. Summary of typhoon warning issued by CWB, 1989.
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Table 3.2 Damages' Summarized after Sarah attacking
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Fige.

moved around the monsoon low, and also twisted because of Fujiwara effect.
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Appendix Table 6. The best tracks after JTWC Annual Typhoons

report 1989
.
B /4 e N | mEe £ BARE | B & B W s N | mEe £ BAEE | B =
R (kts) |nm/hr =2 (kts) {nmmhr
Tropical Storm Winona (O1W) Typhooa Cecil (04W)
. DIG H. BIIAT BI_ION
DIG W. BIIAT BI LON
89011800 1 16.5N  153.8E 40 19 85052218 1 13.6N  113.0E 45 8
89011806 2 16.4N  151.8E a5 17 89052300 2 14.3N  112.6E 50 7
89011812 3 16.2N  150.0E 50 20 89052306 3 14.8N  112.1E 55 7
89011818 4 15.8N  148.0E 50 23 89052312 4 15.28  111.5E 55 6
89011900 5  15.2N 145.7E 55 28 89052318 5  15.5N  111.0E 60 6
89011906 6 14.6N  142.9E 55 29 89052400 6  15.7N  110.4E 65 7
89011912 7 14.0N  140.0E 55 27 89052406 7 15.7N  109.7E 70 5
89011918 8 13.8N  137.2E 45 - 89052412 8  15.88  109.2E 75 6
89012006% 9 13.5N  132.3E 30 18 89052418 9  15.8N  108.6E 70
89012012 10 13.5N  130.5E 30 16
89012018 11 13.38  128.9E 30 12 Typhoon Dot (05W)
89012100 12 131N 127.7E 30 i6
89012106 13 12,38 126.3E 25 DTG W BrIAT ET.ION
* Regenerated 89060500 1 9.8N 130.7E 30 14
89060506 2 10.2N  129.3E 30 14
89060512 3 10.5N 127.9E 35 13
Super Typhoon Andy (02W) 89060518 4 11.0N  126.7E 35 11
89060600 5  11.4N  125.7E 40 12
. 89060606 6  11.8N 124.5E 40 14
brg B BLIAr BIION 15 89060612 7  12.2N  123.1E 45 16
82041718 1 6.18  147.08 8 89060618 8  12.6N  121.5E 50 15
89041600 2 8.78  146.4E zg 7 89060700 9  13.1N  120.1E 50 1
89041806 3 2.2N  145.98 7 89060706 10  13.6N  119.1E 55 10
89041812 4 9.68  145.3F a5 8 89060712 11  14.38 118.4E 55 10
89041818 5 9. 7N 144.58 50 6 89060718 12  14.9N  117.6E 55 10
89041900 6 8.7 143.38 55 4 89060800 13  15.3N  116.7E 60 9
89041906 7 9.7 143.58 g0 3 89060806 14  15.7N  115.9E 65 9
89041912 8 9.9N  143.3E 70 2 89060812 15  16.1N  115.1E 85 7
8so41918 9 10.1N  143.3E 75 5 89060818 16  16.4N  114.4E g5 8
89042000 10 0,58 143.5E 85 5 89060900 17  16.6N  113.6E 100 3
89042006 11 10.98  143.8E 100 7 89060906 18  16.3N 112.8E 100 3
89042012 12 11.5N  144.1E 120 10 89060812 19  17.28  111.9E 95 9
89042018 13 12.0N 145.0E 135 11 89060918 20 17'6N 111'15 as
. . 10
89042100 14  12.6N  145.9E 140 13 89061000 21  18.IN  110.2E 95 i
89042106 15 13.4N  146.98 140 15 89061006 22  18.6N  109.2E 80 10
89042112 16  1l4.2N  148.2E 140 17 89061012 23 19.0N 108.2E 50 g
89042118 17  15.4N  149.4E 135 15 89061018 24 19.4N 107, am s S
89042200 18  16.4N  150.5E 130 14 89061100 25  20.2N  106.SE i
89042206 19  17.4N 15;.23 120 1s
89042212 20  18.5N  152.5E 110 12 e (0
89042218 21  19.6N  153.4E 100 1s Tropical Stomm Ellie (06W)
89042300 22  20.8N  154.3E 85 0
89042306 23  21.6N  155.1E 65 10 DIG W BLIAT BT ION
89042312 24  22.5N  155.6E e 10 89062006t 1  16.4N  128.9E 25 10
§9042318 25  23.4N  156.1E s U 89062018t 2  17.38 127.4E 25 z
.89042400 26  24.4N  156.7E 30 89062218% 3 20.0N 126.1E 30 12
89062300 4 21.0N 126.8E 35 24
Typhoon Brenda (03W) 89062306 5  23.2N 127.9E 35 23
89062312 6  25.4N 128.8E 35 -
DTG W BT_ION t Tropical Depression Warning
89051518 1 9.8N  130.2E 30 12 * Regenerated
89051600 2  10.4N  129.1E 30 12
89051606 3 11.0N  128.0E 35 15 Tropical Stomm Faye (07W)
83051612 4  11.78  126.6E 40 15
89051618 5  12.38  125.2E 45 15 - H. BPIAT BT oK
89051700 6  12.88  123.8E 50 13 0606 1 i i 25 6
89051706 1 13.4N  122.6E 50 13 8507061 2 15.9N  1aa sm Py 6
89051712 8  13.98  121.4E 45 11 89070618 3 16.38 12878 25 7
89051718 9 14.5N  120.5E 35 11 89070700 4  16.7N  128.1E 30 7
89051800 10 15.2N  119.6E 35 10 89070706 5  16.9N  127.4E 35 9
89051806 11  15.8N  118.8E a5 9 29070712 6 17.0N  126.5p i a
89051812 12 16.5N  118.2E 45 8 89070718 7 17.0N 125.7E 40 11
89051818 13  17.1N 117.7E 50 8 83070800 8  16.7N  124.6E 45 11
89051900 14 17.7N 117.2E 55 8 89070806 9 16.7N 123.5E 55 11
89051906 15 18.4N  116.7E 55 10 89070812 10  16.9N  122.4E 60 16
89051912 16 19.1N  116.0E 65 10 89070818 11 17.2N  120.8E 40 16
89051918 17 19.8N  115.2E 75 10 89070900 12 17.3N  119.1E a5 14
89052000 18  20.5N  114.4E 75 8 89070906 13  17.5N  117.6E a5 11
89052006 19 21.1N  113.8E 70 8 89070912 14  17.7N  116.5E 45 12
89052012 20 21.6N  113.1E 70 89070918 15 18.2N 115.4E 40 14
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- mﬁg,Nm.Eﬁtﬁkﬁ@ﬁ P w ﬁﬁ.NM.Eﬁkﬁtﬁﬁiﬁ
i (kts) fnm/h r F | ) [nwhr
89071000 16 18.7N  114.0E 40 13 89072312 11 18.1N  107.0E 45 8
89071006 17 19.IN  112.7E 35 13 89072318 12 18.6N  106.3E 55 8
89071012 18 19.5N  111.4EF 35 11 89072400 13 19.2N  105.7E 55 9
89071018 19  20.0N  110.3E 30 12 89072406 14 19.7N  104.9E 40
89071100 20 20.5N  109.1E 30 15
89071106 21 21.2N  107.7E 30 Typhoon Judy (11W)
Super Typhoon Gordon (08W)
DIG u BT _LON
89072206 1 14.8N  138.8E 25 8
Joine] H. BILAT  BI_ION 89072212 2 15.4N  138.3E 25 8
89071106 1 18.6N 147.3E 30 19 89072218 3 16.1N 138.0E 30 a
89071112 2 18.5N 145.3E 30 12. 89072300 4 16.5N 138.0F 35 5
89071118 3 18.3N 144.0E 30 i3 89072306 5 17.0N 138.0E 35 5
89071200 4 18.1IN  142.6E 35 12 89072312 6 17.5N  138.0E 35 7
89071206 5 18.0N 141.3E 40 13 89072318 7 18.2N 138.1E 35 7
89071212 6 17.9N 139.9E 45 15 89072400 8 18.5N 138.2E 50 7
89071218 7 17.9N  138.3E 50 15 89072406 9 19.6N  138.3E 55 6
89071300 8 17.8N  136.7E 55 15 89072412 10 20.2N  138.4E 55 7
89071306 9 17.6N 135.1E 60 14 89072418 11 20.9N 138.4E 65 9
89071312 10  17.0N  133.8E 65 13 89072500 12 21.8N  138.4E 80 10
89071318 11 16.5N 132.6E 70 12 89072506 13 22.8N 138.3E 90 11
89071400 12 16.4N  131.4E 75 12 89072512 14 23.9N  138.0E 95 10
89071406 13 16.3N 130.2E 380 13 89072518 i5 24.9N 137.98 g5 12
89071412 14 16.3N 128.8E 100 13 89072600 16 26.0N  137.5E 90 10
89071418 15 16.4N 127.4E 115 12 89072606 17 26.8N  136.9E 90 10
89071500 16 16.6N 126.2E 125 11 89072612 18 27.6N  136.3E 85 13
89071506 17 17.0N 125.1E 140 12 89072618 19 28.4N 135.2E 85 13
89071512 18 17.5N 124.0E 140 14 89072700 20 29.2N 134.1E 85 14
89071518 19 17.9N 122.6E 140 13 89072706 21 30.1N 132.8E g0 15
89071600 20 18.2N 121.3E 120 11 89072712 22 30.8N  131.2E 90 14
89071606 21 18.3N 120.1E 110 12 89072718 23 31.8N  130.0E 90 11
89071612 22 18.5N  118.8E 100 11 89072800 24 32,78 129.2E 65 10
89071618 23 18.6N  117.6E 90 11 89072806, 25 33.5N  128.4E 60 13
89071700 24 19.1N 116.6E 80 11 89072812 26 34.6N 127.6E 50 18
89071706 25 19.7N  115.6E 75 11 89072818 27 36.4N  127.3E 20 17
89071712 26 20.4N 114.7E 70 11 89072900 28 38.0N 128.0E 30
89071718 27 20.8N  113.6E 65 11
89071800 28 21.1N  112.5E 60 12 Tropical Dapression 12W
89071806 29 21.4N  111.3E 55 12
89071812 30 21.78  110.CE 50 DTG " BI_IAT BI_LON " 1
i Hope 89072912 1 24.8N  124.0E 1
Tropical Storm (05W) 89072918 2 25.0N  122.8E 30 8
89073000 3 25.2N  122.0E 30
DTG W  BLIAT BT ION
89071600 1 20.8N  134.8E 30 8 Tropical Storm Ken-Lola (13W-14W)
89071606 2 21.0N 134.0E 30 9
89071612 3 21.1N  133.0E 30 12
89071618 4  21.5N  131.8E 35 12 DIG . BLIAT BI.ION
89071700 5 22.2N  130.8E 35 11 89073000 1 24.38  136.0E 30 14
89071706 6  23.0N 130.0E 40 13 89073006 2 25.1N  137.3E 45 18
89071712 7 23.6N 1268.8E 40 i0 89073012 3 26.5N 138.5E 45 20
89071718 8 24.2N  127.9E 45 ] 89073018 4 27,70 136.7E 45 17
89071800 9 24.5N  127.0E a5 7 89073100 5 28.5N  135.0E 45 -
89071806 10 24.9N  126.4E 50 7 89073112% ¢ 29.1N  130.9E 50 13
89071812 11 25.3N  125.8E 50 7 89073118 7 28.28  129.9E 50 8
89071818 12 25.8N 125.2E 55 10 89080100 8 27.5N 129.5E 50 5
89071900 13 26.6N  124.6E 55 7 89080106 9 27.0N  129.3E 50 2
89071906 14 27.2N  124.1E 55 7 89080112 10 26.8N  129.2E a5 2
89071912 15 27.8N  123.7E 55 7 89080118 11 26.8N  129.0E 40 2
89071918 16 28.4N  123.3E 55 4 89080200 12 27.0N  128.9E 40 8
89072000 17 28.6N  122.9E 55 4 89080206 13 27.7N  128.4E 45 10
89072006 18 28.7N  122.5E 45 4 89080212 14 28.5N  127.7E a5 12
89072012 19 28.8N  122.0E 35 4 89080218 15 29.5N  126.9E a5 9
89072018 20 28.9N  121.SE 30 4 89080300 1¢ 30.0N  126.0E 50 10
89072100 21 29.0N  121.1E 30 89080306 17 30.4N  125.0E 50 11
89080312 18 30.7N  123.8E 50 11
Tropical Storm Irving (10W) 89080318 19  31.iN  122.6E 45 11
89080400 20 31.3N  121.3E 40 12
DIG ¥ BI IAT ) 89080406 21 31.8N 120.0E 30 g
89072100 1 15.0N  116.7E 30 16 89080412 22  32.0N  119.0E 30 9
89072106 2 15.IN 115.0E 35 15 89080418 23  32.1N  118.0E 25
89072112 3 15.0N  113.4E 40 12 L
89072118 4 15.0N 112.2E 40 10 * Post analysis indicates 13W
89072200 5 15.5N  111.3E 40 11 and 14W were the same storm.
89072206 6 16.4N  110.7E 40 6
89072212 7 16.7N  110.2E 40 7
89072218 8 16.8N  109.SE a0 9 Typhoon Mac (15W)
89072300 9 17.1N  108.6E 45 9
89072306 10 17.5N  107.7E a5 9
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mﬁg.NM.Eﬁkmﬁﬁﬁ — &ﬁgwmwﬁ*ﬁ‘ﬁﬁﬁ
K OH =3 (kts) |nm/mhr =3 : (kts) [nm/hr
Jrie] W  BLIAT BrLION 89081406 13 30.58  151.7E 75 20
89080100 1 21.2N  151.0E 30 6 89081412 14 31.78  149.9E 75 17
89080106 2 21.8N-  151.0E 30 7 89081418 15 .32.9N 148.4E 75 17
89080112 3 22.5N  150.9E 35 7 89081500 16  34.2N  147.0E 70 16
89080118 .4 23.2N  150.7E 40 9 89081506 17 35.7N 146.2E 65 16
89080200 5 24.0N  150.2E a5 1 89081512 18 37.3N  145.7E 65 16
89080206 6 25.0N  149.8E 45 12 89081518 19 38.9N  145.2E 65 14
89080212 7 261N 149.2E a5 11 89081600 20 40.3N - 145.2E 55 12
89080218 8 26.8N  148.2E 50 10 89081606 21 41.58  145.4E a5 10
89080300 9 27.0N  147.1E 60 9 89081612 22 42.5N  145.6E 35
89080306 10 26.9N  146.1E 70 7
89080312 11 26.7N  145.4E 75 4 Tropical Storm Peggy (18W)
89080318 12 26.5N  145.0E 80 4
89080400 13 26.3N  144.6E 75 3
s000412 15  se.N  1i0ae  ge o D1 B BIIAT BT ION
: : 89081600 1 19.3N  148.8E 25 11
89080418 16 27.1N  144.0E 75 8 06 X
89080500 17  27.9N  143.9E 75 13 890816 2 20.4N 148.8E 30 11
89080506 18  29.2N  143.7E 75 17 89081612 3 21.5N  148.7E 35 9
89080512 19 30.8N  143.2E 75 19 89081618 4 22.4N  148.4E 35 7
89080518 20 32.6N  142.6E 70 b 89081700 5 23.0N  148.1E 35 5
89080600 21 34.2N 141.8E 65 18 89081706 6 23.3N 147.6E 35 5
89080606 22 35.8N 140.9E 50 18 89081712 7 23.6N 147.1E 35 8
89080612 23 37.4N  140.0E 10 I8 89081718 8 23.78  146.2E 35 8
89080618 24  39.1N  139.3E 30 14 89081800 9 23.7N 145.3E 35
89080700 25 40.4N  138.6E 30 11
89080706 26  41.2N  137.7E 30 17 Tropical Depression 19W
89080712 27 42.7N . 136.6E 30 g
89080718 28 43.6N  137.0E 25 ngs . W x
Tyt 89081700t 1 29.3 124.2E 25 7
: Owan. (16W) 89081712¢ 2 28.1N 123,78 25 5
: 89081800t 3 27.3N  123.2E 30 4
DIG W. BLIAT BILION 89081812t 4 27.2N  122.5E 30 3
89081100t 1 17.8N  143.4E 30 10 89081900t 5 27.0N  121.8E 30 &
89081106t 2 18.68  144.1E 30 g 89081912t 6  26.8N 120.4E 30
8sco1ilat 3 19.2N  144.88 30 12
89081200 4 19.4N 147.1E 30 5 t Tropical Depresion Warning
89081206 5 19.3N  147.6E 30 5
89081212 6 19.2N  148.1E 35 p Tropical Sto. (2
89081218 7  18.8N  148.5E 35 2 ropical Stom Roger (20W)
89081300 8 18.6N  149.2E 45 9
89081306 9 18.3N  150.1E a5 11 DIG W. BLIAT BT_ION
89081312 10 18.9N  151.1E 55 10 89082412t 1 25.38  124.0E 30 3
89081318 11 1998 151.7E 60 12 89082500 2 25.IN  124.7E 35 9
89081400 12 20.84  152.38 65 14 89082506 3 24.8N  125.6E 35 11
89081406 13 22.2N  152.2E 70 15 89082512 4 24.5N  126.8E 35 11
89081412 14 23,78  151.8E 75 16 89082518 5 24.4N  128.0E 35 25
89081418 15  25.2N  151.2E 75 11 89082600 6 26.1N  130.0E 40 24
89081500 16 26.2N  150.6E 75 11 89082606 7 28.2N  131.2E 40 21
895081506 17 27.2N  150.1E 75 13 89082612 8 30.2N  131.9E 40 18
89081512 18 28.4N 149.58 75 11 89082618 9 31.7N  133.0E 45 18
89081518 19  29.3N  148.7E 70 13 89082700 10 33.38  134.1E 50 23
89081600 20 30.4N 148.0E 70 12 89082706 11 35.2N 135.78 40 22
89081606 21 31.5N 147.4E 65 10 89082712 12 37.0N 137.3E 40 27
89081612 22  32.4N  146.8E 65 10 89082718 13 39.2N  139.3E 40 27
89081618 23 33.3N  146.4E gg 15 89082800 14 41.6N  140.9E 40
. 45.7E 12 \ . ;
::g:i;gg g; 245;3 L:.es 55 12 t Tropical Depression Warning
89081712 26 37.0N  146.3E 55 18 )
89081718 27  38.IN  147.1E 45 18 Tropical Depression 21W
89081800 28 40.2N  147.9E 40
t Tropical Depression Warning IS v N
890825061 1 28.5N  151.6E 25 18
Typhoon Nancy (17W) 89082518t 2 30.1N  153.9E 30 7
89082606t 3 31.4N 155.7E 30 12
89082618t 4 31.4N 158.8E 30 14
DIG - W. BI_LAT BT ION 89082706t 5 32.0N  161.0E 30 4
89081106 1 20.9N  155.1E 25 9 89082718t 6 32.2N  161.7E 30 3
89081112 2 20.6N  156.0E 25 8 890828061 7 32.7N  161.0E 25
89081118 3 20.3N  156.8E 30 8 )
89081200 4 20.5N 157.6E 30 7 t Tropical Depression Warning
89081206 5 21.1N  157.9E 35 6
89081212 6 21.IN  157.9E 45 8
89081218 7  22.5N 157.8E 50 9 Typhoon Sazah (22¥)
89081300 8 23.4N  157.5E 55 13
89081306 9 24.6N © 157.0E 65 16
89081312 10 26.1N  156.4E 70 18 DIG W. BLIAT BT ION .
89081318 11 27.6N  155.2E 75 19 89090600 1 20.9N  140.8E 30 1
89081400 12 29.2N  154.0E 75 24 89090606 2 20.6N  139.2E 30 14
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B P P Bl % ey | e ¢ ORE| B H
|52 (kts) |nm/h r ‘ B . (kts) |nm/hr
89090612 3 20.2N  137.8E 30 11 DTG W. BI_IAT ' BT ION o
89090618 4 20.0N  136.6E 35 g 89091706t 1 23.7N  124.9E 25 7.
89090700 5 20.0M  135.6E 40 g 89091718 2 241N  125.1E 30 12
89090706 6 20.1N 134.6E a5 14 89091800 3 25.3N 125.2E 35 13
89090712 7 20.5N  133.2E 50 18 89091806 4q 26.6N 125.3E 40 12
89090718 8 21.1N  131.4E 55 22 89091812 5 27.78  125.8E 45, 17
89090800 9 21.4N - 129.1E 55 21 89091818 6 29.0N  127.1E 55 18
89090806 10 20.8N  126.9E 55 19 89091900 7 30.3N  128.68 65 27
89090812 11 19.7N 125.3E 60 14 89091906 8 31.5N . 131.4E 65 30
89090818 12 18.5N 124.6E 65 7 89091912 9 32.9N 134.6E 65 37
89090900 13 17.9N  124.3E 65 4 89091918 10  34.4N - 138.6E 60 a1
89090906 14 17.7N  123.9E 65 3 89092000 11 36.3N  143.0E 55 a4
89090912 15 17.9N  123.6E 60 5 89092006 12 38.4N  147.8E 50
89090918 16 18.4N 123.6E 55 7
89091000 17 19.1N 123.8E 55 8 + Tropical Depression Warning
89091006 18 19.9N  123.88 55 7
89091012 19 20.6N 123.6E 65 Super Typhoon Angela (2
89091018 20 21.1N 123.2E 75 s ol (m
89091100 21 21.8N 123.1E 115 11
89091106 22 22.8N  122.7E 120 8 DIG ¥ BLIAT BTION
89091112 23 23.38  122.0E 125 8 89092906 1 13.5N . 139,78 30 g
89091118 24 23.0N  121.2E 90 4 89092912 2 14.3N  139.3E 30 g
89091200 25 23.0N  121.6E 80 12 89092918 3 15.1IN  139.0E 35 6
89091206 26 24.1IN  122.0E 65 8 89093000 4 15.5N  138.6E 40 4
83091212 27 24.5N  121.3E 60 7 89093006 5 15.8N  138.4E 40 2
89091218 28 25.1N  120.9E 45 8 89093012 6 16.0N°  138.3E a5 4
89091300 29 25.7N  120.3E 40 7 89093018 7 16.4N  138.1E 65 a
89091306 30 26.3N  119.8E 35 8 89100100 8 16.5N 137.7E 90 4
89091312 31 27.1N  119.6E 30 8 89100106 9 16.7N  137.3E 90 5
89091318 32 27.9N  119.8E 25 8 89100112 10 16.8N  136.7E 100 6
89091400 33 28.7N  120.0E 20 89100118 11 17.1N. 136.1E 105 g
89100200 12 17.3N  135.2E 115 /10
Tropi. 89100206 13 17.5N  134.2E 115 8
opleal Storm Tip (23W) 89100212 14  17.8N  133.4E 120 P
89100218 15 18.0N  132.7E 120 8
DIG W BT IAT BT_ION 89100300 16 18.1N  131.9E 120 7.
83090900 1 20.3N 153.9E 25 20 89100306 17 18.2N 131.2E 120 5
89090906 2 22.1N  154.9E 30 24 89100312 18 18.2N  130.7E 120 6
89090912 3 24.5N 155.0E 30 24 89100318 19 18.28  130.1E 115 7
89090918 4 26.7N 154.0E 30 21 89100400 20 18.28 12%.4E 115 9
89091000 5 28.2N  152.3E 35 13 89100406 21 18.28  128.5E 115 11
89091006 6 28.9N 151.08 35 8 89100412 22 18.2N 127.3E 115 12
89091012 7 29.3N  150.2E 35 5 89100418 - 23 18.2N  126.0E 125 10
89091018 8 29.8N 150.0E 35 7 89100500 24 i8.1N 125.0E 125 10
89091100 9 30.4N 150.4E 35 13 89100506 25 18.1N 123.9E 130 ‘10
89091106 10 31.6N 151.0E 35 14 89100512 26 18.2N 122.9E 130 9
89091112 11 33.0N 151.1E 35 10 88100518 27 18.4N 122.0E 130 9
89091118 12 34.0N 151.1E 35 12 89100600 28 18.6N  121.1E 125 10
895091200 13 35.0N  151.8E 35 q 89100606 29 18.7N  120.1E 115 8
89091206 14 35.6N  152.7E 20 15 89100612 30 18.7N  119.3E 75 7
89091212 15 36.0N  154.5E 45 18 89100618 31 18.6N  118.6E 75 7
89091218 16 36.6N 156.6E a5 19 89100700 32 18.5N 117.9 75 7
89091300 17 36.6N 159.08E 50 17 89100706 33 18.3N 117.28 70 7
89091306 18  36.58  161.1E 50 16 89100712 34 18.2N 116.5E 65 7
89091312 19  36.6N 163.1E 45 16 59100718 35 18.2N  115.8E 85 7
89091318 20  36.6N  165.1E 40 89100800 36 18.2N . 115.1E 70 7
: 89100806 37 18.1N  114.4E 85 g
. 89100812 38 17.98  113.5E
Tropical Stom Vera (24W) 89100818 39  17.7H  112.5E . 4
89100900 40 17.6N  111.6E 90 9
D16 ¥  BIIAT BT LoN 89100906 41 ‘17.5N  110.7E g5 10
89091206 1  18.0N  144.2E 30 16 89100912 42 17.5N  109.6E 90 10
89091212 2 18.7N  142.7E 35 19 89100918 43 17.4N  108.6E 85 8
89091218 3 19.6N  140.9E 40 17 89101000 44 17.4N  107.8E . 85 9
89091300 4  20.3N  139.2E 45 17 89101006 45 17.4N  106.9E 80 9
89091306 5  20.8N  137.5E 50 18 89101012 46  17.48  106.0E 60
89091312 6 21.3N 135.7E 50 18
89081318 7  21.9N  133.9E 45 20 Typhoon Brian (27W)
89091400 8  22.7N 131.5E 45 20
89091406 9 23.4N  129.9E 45 19
89091412 10  24.2N  128.0E 45 18 L ¥. BIIAT BIION
89091418 11  24.9N  126.2E 40 20 89093006t 1 20.0N  115.5E 25 !
89053018 2 19.98  115.2E 35 5
89091500 12 26.2N  124.SE 40 18 0010 ‘
89091506 13  27.3N  122.9E- a0 16 89100100 3 19.5N  114.8E 45 6
89091512 14  28.4N  121.6E 40 12 89100106 4 19.2N  114.3E’ 55 6
89091518 15  29.3N  120.7E 30 11 :giggﬂg i 190 ﬁ;”l’g > S
89091600 16 30.2N  119.9E 30 89100200 7  18.4N  112.4E 65 9
Typhoon Wayne (25W) 89100206 8 18.4N 111.5E 70 -9
89100212 - 9 18.4N  110.5E 80 11
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89100218 10 18.4N  109.3E 75 14 89101700 13  16,9N  128.8E 110
89100300 11 18.5N 107.88 75 13 89101706 14 16.9N 128.1E 115
89100306 12 18.7N  106.4E 75 13 89101712 15  16.7N  127.5E 125
89100312 13 19.1N  105.1E 45 89101718 16 16.4N  126.9E 125
o ) . 89101800 17 16.1N  126.4E 125
t Tropical Depression Warning 89101806 18 16.1N 125.7E 130
89101812, 19 16.2N  124.9E 130
Typhoon Collaen (28W) 89101833 20 16.4N  124.1E 140
891019 21 16.6N  122.9E 140
89101906 22 16.7N  121.5E
D1G ¥ BIIAT BI ION 89101912 23 16.8N . 119.9E gg
89100118 1 11.6N  150.3E 30 10 89101918 24 16.8N  118.4E 55
89100200 2 11.IN  149.3E 35 9 89102000 25 16.9N  117.1E 55
89100206 3 12.0N 148.4E 35 7 89102006 26 16.98  116.0E 55
:;:ggg;g 4 12.5N  147.9E 35 7 89102012 27 17.0N  114.8E 55
S  13.1N  147.5E 40 g 89102018 28 7.2N .
89100300 6  14.0N  147.3E 45 11 89102100 29 i?.gn :;g.;g §§
89100306 7 15.1N 147.1E 45 12 89102106 30 17.8N 111.4E 50
:gigggiz g i;-;: 146.55 50 12 89102112 31  18.2N  109.9E 45
17, 45,98 55 10 89102118 32 18.3N  108.5E 35
89100400 10 18.1N 145.5E 60 9 89102200 33 18.3N 107.2E
89100406 11 18.9N  145.1E 65 8 89102206 34 18.3N  105.9E e
89100412 12  19.6N  144.8E 70 6 o3 ’ 35
89100418 13 20.2N  144.6E
89100500 14 20,78  144.5E o . Typhoon Forrost (31W)
89100506 15 21.2N  144.2E 75 2
89100512 16  21.9N  143.8E 80 10 BT_LON
89100518 17 227N 143.2E 75 11 §§f02200 El 8.9N 150.2E 30 11
89100600 18 23.6N  142.6E 75 12 89102206 2 9.8N 149.5E 30 10
89100606 19 24.6N  141.8E 75 10 89102212 3 10.7N  149.CE 35 9
89100612 20 25.4N  141.1E 75 11 89102218 4 11.5N  148.5E 40 8
89100618 21  26.4N  140.5E 75 13 89102300 5  12.28 148.1E 45 9
891007¢0 22 27.78  140.7E 70 17 89102306 6 12.9N 147.6E 50 8
89100706 23 29,38  141.5E 70 21 89102312 7 13.4N  147.0E 55 7
89100712 24  31.0N  143.0F 70 31 89102318 8  13.8N 146.4E 60 8
89100718 25  33.4N  145.4F 70 20 89102400 9  14.3N 145.8E 60 10
89100800 26 36.5N  148.5E 70 54 89102406 10 15.0N  145.1E 60 9
89100806 27  40.4N  153.3E 70 89102412 11  15.6N  144.4E 65 8
89102418 12  16.1N 143.7E 70 10
Typhoon Dan (25W) 89102500 13  16.6N  142.8E 75 10
89102506 14  17.2N 141.9E 80 11
89102512 15  17.9N  141.0E 85 10
g W BLIAT BT ION 89102518 16  18.6N  140.3E 90 10
89100812 1 10.3N  138.4E 25 15 89102600 17  19.4N  139.6E %0 1
89100618 2 10.5N - 136.9E 30 15
89100900 3 10.7IN  135.4E 20 17 89102606 18  20.4N  139.1E 90 9
89100906 2 10.5N 133.7B 50 18 89102612 19  21.IN  138.5E 30 9
89100912 5  11.1N  131.9E g 1s 89102618 20  21.9N  138.1E 90 9
89100918 6 11.4N 130.0E 55 19 89102700 21 22.7N 137.7E 95 <]
89101000 7 11.8N 128.1E &0 20 89102706 22 23.6N 137.5E 95 10
89101006 8 12.4N 126.2E 65 19 89102712 23 24.6N 137.4E 95 12
89101012 9 12.9N 124.3E 65 18 89102718 24 25.8N 137.5E a0 14
89101018 10 13.5N  122.6F P 20 89102800 25  27.1N  138.1E a0 17
89101100 11 14.28  120.7F 65 21 89102806 26  28.4N  139.4E 80 23
89101106 12  15.2N 118.8E _ g 21 89102812 27 29.9N  141.4E 75 31
89101112 13  16.0N 116.8E 60 17 89102818 28 317N 144.3E 70 40
89101118 14 16.4N 115.17 60 15 89102900 29  33.9N  148.3E 50 a8
89102906 30  36.8N  153.0E
89101200 15 16.5N  113.SE 65 12 60
89101206 16 16.7N 112.3E 70 12
89101212 17 17.0N 111.1E 70 13 Typhoon Gay (32W)
89101218 18 17.4N  109.8E 65 12
89101300 19 17.8N  108.6E 65 13 ;
89101306 20 18.IN 107.3 65 13 o200 1 oom s 2
§9101312 21 18.3N  106.0E . 55 89110206 2  8.3N  102.0E 35 4
89110212 3 8.7N  101.9E 35 4
Supar Typhoon Elsia (30W) 89110218 4 9.1N 101.8E 45 4
89110300 5 9.3N  101.5E 65 6
DTG W BT IAT BT ION 89110306 6 9.8N 101.2E 75 6
89101400 1 16.4N  132.2E 30 15 89110312 7 10.2N  100.8E 90 5
89101406 2 16.3N  131.8E 30 4 89110318 8 10.4N  100.3E 95 4
89101412 3 16.2N  131.6E 35 2 89110400 9  10.5N 99.9E 100 7
89101418 4  16.2N  131.4E 35 2 89110406 10  10.7N 99.2E 100 10
89101500 5 16.1IN  131.2E a0 2 89110412 11  11.2N 98.3E 65 8
89101506 6 16.1N  130.9E a5 89110418 12  11.3N 97.5E 75 7
89101512 7  16.1N  130.8E 50 89110500 13  11.4N 96.8E 85 9
89101518 8  16.1N  130.7E 55 89110506 14  11.7N 95.9E 30 11
89101600 9  16.2N  130.6E 60 89110512 15  12.0N 94.8E 95 10
89101606 10  16.5N  130.3E 70 89110518 16  12.2N 93.8E 95 12
89101612 11 16.7N 130.0E 90 89110600 17 12.4N 92.6E 95 13
89101618 12  16.9N 129.4E 100 89110606 18  13.0N 91.4E 95 12
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0
89110612 19  13.4N 90.2E 95 11 89120200 29 15.2N  130.6E 100 I
89110618 20 13.7N 89.1E g5 10 89120206 30 15.6N 130.7E 95 5
89110700 21 13.9N 88.1E 100 10 89120212 31 16.1N 130.98 90 7
89110706 22  14.2N 87.1E 105 10 89120218 32 16.7N  131.3E 90 8
89110712 23 145N 86.1E 110 11 89120300 33 17.2N  131.9E 85 12
89110718 24  14.6N 85.0E 115 12 89120306 34 18.1N  132.8E 80 13
89110800 25 14.6N 83.8E 120 12 89120312 35 19.1N 133.7E 75 13
89110806 26 14.6N 82.6E 130 11 89120318 36 20.1N 134.5E 75 17
89110812 27  14.9N 81.58 135 11 89120400 37 21.0N  136.1E 65 14
89110818 28  14.88  g0.4E 140 13 Sa120406 38 21N 137.4E 55 15
89110900 29  15.1N 79.1E 20 12 89120412 39 22.5N  138.8E a5
89110906 30 15.4N 77.78 a5 12 t Tropical Depression Warning
89110912 31 15.8N 76.5E 35 12 * Regenerated
89110918 32  16.6N 75.5E 25 13
89111000 33  17.6N 74.6E 20 8
89111006 34 18.1N 74.0E 15 Tropical Dapression 35
DTG ¥ BL IAT BT _ION
Typhoon Hunt (33W) 89120700 1 11.0N  139.1E 30 4
89120706 2 10.98  138.7E 30 3
g ¥ BLLAT  BILON 89120712 3 10.9N  138.4E 30 2
89111612 1 12.0N  132.7E 25 10 89120718 . 11.08  138.2B 30 2
89111618 2 12.0N  131.7E 25 7 o ! 1IN 138.08 30 2
89111700 3 11.9N  131.0E 25 4 33120800 5 11';N 138,08 30 8
89111706 4  11.8N  130.6E 30 6 Sl20806 & 1L 138,38 20
89111712 5  11.8N  130.0E 30 7 8s120812 7 12.2n . ?
89120818 8 12.8N  138.7E 30 8
89111718 6  12.1N  129.4E 85 6 89120900 9 13.5N  139.0E 25
89111800 7 12.5N  128.9E 40 7 . -
89111806 8 13.0N  128.4E 50 7
89111812 9 13.5N  127.9E 60 6 Typhoon Jack (36W)
89111818 10 14.0N  127.5E 65 4
89111900 11 14.3N 127.2E 75 4 DTS H BI.LAT BT ION
89111906 12 14.6N 127.0E 90 4 89122300 1 10.2N  152.7E 30 11
89111912 13 15.0N  127.0E 20 4 89122306 2 10.9N  151.9E 35 ]
89111918 14 15.4N  126.9E 90 4 89122312 3 11.5N  151.2E a5 5
89112000 15  15.4N  126.5E 90 4 89122318 4 11.98  150.9E 55 5
89112006 16 15.4N  126.1E 50 4 89122400 5 12.2N  150.5E 65 5
,89112012 17 15.3N  125.7E 90 6 89122406 6 12.5N  150.1E 70 5
89112018 18 15.2N 125.1E 90 9 89122412 7 12.7N 149.6E 80 4
89112100 19 15.0N  124.2E 90 9 89122418 8 12.8N  149.2E 90 '
89112106 20 15.1N  123.3E 20 8 89122500 9 12.9N  148.8E 100 6
89112112 21 15.28  122.5E 90 8 89122506 10 13.4N  148.5B 110 3
89112118 22 15.58  121.7E S0 7 89122512 11 13.6N  148.3E 120 1
89112200 23 15.9N 121.1E 75 8 89122518 12 13.78 148.2E 125 1
89112206 24 16.1N 120.3E 55 7 89122600 13 13.8N 148.1E 125 1
89112212 25 16.3N 119.6E 40 4 89122606 14 13.8N 148.0E 125 o
89112218 26 16.4N  119.2E 35 5 89122612 15 13.8N  148.0F 125 1
89112300 27 16.5N  118.7E 30 89122618 16 13,78 147.98 120 3
. 89122700 17 13.5N  147.7E 105 3
Super Typhoon Irma (34W) 89122706 18 13.4N  147.4E 90 4
89122712 19 13.5N  147.0E 65 7
TG " BT_LON 89122718 20 i:.gg 146.5E 40 11
89112106t 1  17.78  164.6F 25 10 89122800 21 : 145.7E 30
89112118f 2 19.2N  163.0E 25 5
89112206t 3 19.7N  162.3E 25 -
89112500% 4 13.7N  150.6E 30 11
89112512t 5 12.8N  148.4E 30 10
89112600t ¢ 11.7N  147.0E 30 6
89112612 7 10.7N  145.9E 30 8
89112618 8 10.4N  145.2E 35 8
89112700 9 10.1N  144.5E 45 5
89112706 10 10.0N  144.0E 45 6
89112712 11 10.0N  143.4E 50 7
89112718 12 10.1N  142.7E 55 8
89112800 13 10.2N  141.9E 60 9
89112806 14 10.4N  141.0E 65 11
89112812 15 10.8N  140.0E 70 12 B
89112818 16 11.3N  138.9E 75 12
89112900 17 11.8N  137.8E 100 12
89112906 18 12.3N  136.7E 105 10
89112512 19 12.6N 135.7E 105 7
89112918 20 12.9N  135.0E 125 8
89113000 21 13.2N  134.2E 140 8
89113006 22 13.5N  133.4E 140 9
89113012 23 13.8N 132.5E 140 6
89113018 24 14.1N  132,0E 135 4
89120100 25 14.38  131.6E 120 4
89120106 26 14.5N  131.2E 115 3
89120112 27 14.7N  131.0E 110 4
89120118 28 14.98  130.7E 105 3
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A GENERAL REPORT ON THE TYPHOONS IN THE
WESTERN NORTH PACIFIC OCCEAN IN 1989

Research & Development Center, CWB

ABSTRACT

In this report, all of the Typhoons in western North Pacific in 1989 has been sum-
marized in a discriptive form. The data concerned also be reserved. After Survey,
it is found that the monthly frequency distribution biased to early winter; the
movement of most Typhoons was very correlated to the monsoon low or trough; also
some twisted tracks were easily seen to be influenced by both monsoon low and

Fuyiwara effect.

Key words: Monsoon low
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