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Fig. 1 Meso-scale analysis of the"6.3 torrential rain event” in Northern Taiwan for 3

June 1984, showing that a meso-§ scale wave formed causing multi-cell
thunderstorms in the warm sector of wave—case 1.
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Fig. 2 NOAA-7.8 VIS imagery for 15L 2 June 1984 Showing that a squall line occurred

over the sea north of Taiwan-case L
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Fig. 3 Radar PPI echoes of Kaohsiung and Hwalien, respectively, of “6.3 torrential

rain event”—case 1.
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Fig. 4 Distribution of total rainfall associated with 4 cases discussed in this paper.,
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Fig. 5 Meso-scale analysis of the “6.10 torrential rain event” for 10 June 1985, showing
heavy rain caused by local distortion of the shallow, slow-moving cold front
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in autumn season—case 4.
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Mechanism and Structure of Orographically
Enhanced Frontal-rains in Northern Taiwan during

Transitional Seasons

Tsung-Yao Wu and Shih-Ting Wang

Central Weather Bureau

ABSTRACT

Four prominent heavy rainfall events associated with the frontal activities
in Northern Taiwan during the transitional seasons have been selected for
the study. It is found that the orography in Northern Taiwan plays multiple
roles in the events. The first two cases both cccurred in the early summer
season. For the case on 3 June 1984, heavy rainfail was caused by a2 meso-8
scale wave which formed along the shallow, slow-moving cold front, and
induced by the orography of Northern Taiwan. For the second cdse on 10
June 1985, heavy rainfall was caused by the distortion of shallow, cold front
due to the obstruction of hills in northern tip of the island. The other two
cases both occurred in the autumn season. The heavy rainfalls in the two
cases in Northern Taiwan were caused by the passage.'of the deep cold
fronts with rainfalls concentrted directly on the wind -ward side of the
mountain. - _

The prerequisite condition of these 4 cases is the existence of unstable
air mass ahead of the fronts. However, the orography in Northern Taiwan
played different roles in these 4 cases as metioned above,

In this paper, both synoptic and meso-scale analysis techniques are
applied. In addition, hourly sequence of weather reports. and soundings
of these four cases are also discussed. Finally, four schematic types of
orographically enhanced frontal-rain events in Northern Taiwan during
transitional seasons are worked out to meet practical forecast purposes.
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The Comparison between Satellite Derived and

in Situ Measured Sea Surface Temperatures

Pay-Jen Liu and Cho-Teng Liu
Research Associate Associate Professor

(NTU/Institute of Oceanography)

ABSTRACT

The thermal radiation of the sea surface can be remotely sensed up on
the satellite and used to derive the sea surface temperature (SST). To remove
the atmospheric moisture contamination on the measurements, we adopted -
Strong and McClain's (1984) empirical method of deriving SST with two
infrared channels of AVHRR data. The satellite'data, provided by the Central
Weather Bureau, are NOAA-7/AVHRR High Resolution Picture Transmission
(HRPT) data at 06 Z of September 14, 1983, Each derived SST represents an
area of the size of 12 pixelsx12 pixels, which 'is about 129kmx13.2km in
this study. To overcome the inaccuracy imbedded in the forecasted satellite
orbital parameters, we use small islands and satellite’s orbital equations to
pinpoint the geographical position of each pixel, in order to compare satellite
derived SST(Ts) against co-located SST (T¢) measured by the Conductivity-
Temperature-Depth (CTD) instrument. From the comparison of 44 pairs of
" Ts and T¢, Ty is biased 0.35°C lower than T, with rms difference of 0.6°C,
which is much better than the 1.5°C accuracy of ship injection temperatures.
McClain (1985) reached similar conclusion: Ts, computed from their empirical
formula, is biased lower than the ship-observed SST by 0.3-04°C, with rms
deviation of 0.5-0.6°C. The computer-contoured SST distribution, derived out
of this single satellite image, agrees well with the 10-day (September 11-20,
1983) mean SST disiribution published by Japan Meteorological Agency.
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Table 1, The best track positions of typhoon
HAL (2000Z-2500Z June 1985}

B

i@ [ | Bk | elw o
T — S | mE |
A |, b i | Gmbd | (/) | i | cemyn)

20| 00 (150 1306 984] 23 | 280 15
20| 06 152 1298 979 | 0. | 285| 15
20 | 12 | 155 1288 976 306 | 200 16
20|18 |159] 1278 975 35 | 2957 18
21| 00163 1268 969 | 35 | 25| 18
21|06 |169) 1256 969 43 | 295| 20
21| 12179 1242 965 | 48 | 305| 28
21|18 187 1228 965| 48 | 05| ' 30
22100191 1213 965 | 28 | 285| 28

- 22|06 [19.9 1203 965 48 280 22

22|12 1197 1197 965| 48 | 95| 16
22118 |204] 1190 961 | 45 | 315 16
2300211 1179/. 9611 45 | 310| 18
23106214 1169 965! 45 | 285| 18
2312 {217] 1163 965 45 | 300 16
23|18 {21.81 1154/ 865 45 280 . 14
24 (00 (221 1153 970 | 45 | 860 8
24 | 06 (228 1153 975] 30 | 360 _
24 |12 233 1153 975 | 30 | 30| 10
24|18 (239 1151 980] 25 | é0| 10
25 [00 |24.20 1151 os8| 20 | 360 '8
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Fig. 1 300mb Stream-line chart at 2000Z June 1985

B~ EEREATEER (7446 5210 12Z GMS #i2 k)
Fig. 2 Typhoon HAL (211200Z June 1885 GMS IR Imagery)

(2)




—

{ |
0
INNE

o #oW R/

= p’u“a:: e TR

|2 fn s 7%{4
PSRBT E SA2g B g By (exan)
=00 2 UNE. TQOMB 1285,

15 1850

E=~ 74%6 F208 00Z 700mb R&KE

Fig. 3 700mb chart at 2000Z June 1985

lig

12

1N e, 12

o it diL M

—_n B
] ‘U puy = i 3

T8 22 R SR
TREST 4 G2 0 g M o
00 2JME . FOOMBI0Es.....

18 \\@1/

21

13

\

By~ 74426 §21H 00Z 700mb R4 MHE
Fig. 4 700mb chart at 2160Z June 1985

(3)




R (HhDTRE) BT RE LRGBEEW - 220 20F (it
) B Z RO EAR 18,7 o HUEL123.3%
s FRDRBE 965 221 o 721 H 208F (M) LB
BALHERABEDEZEMBAR » BMERER
FUBSETIRRY Slm/s o {EygiRG/EAgEA sl i
BEREREE (EE - B o THRE > B
BREZERREICHHE AR » 68
HEBBHEERET TR  BELBRFHHANER

F22H B R ERR R R o IR
BT 82kts (HERIME) MiHE » BRdts »

Fls i 48kts (HEER108) M, - 7
HIERAFER R AN » BT LA
FIRIE © 23 F W BT HI LIS RN » A E
W - B ERBHES (RELREA) » &
S mR R - R24E 21 GEhEE) il
SRR B o R P LT R R
#e545m /s » FEBEELIEHE DRI » 250

1R (5 EF) BBRBA MRS o EiRER

B EEINE (210 8240 2K 1E) RRERE
R124% - PARHRERMEFRE

o PR RBREWHEEAR
Table 2. Sequance of typhoon warnings issued b_y CWB for typhoon HAL (21-24 June 1985)
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BEL2AE 24 (M) HEEE (BFE) - H Table 3. F:‘.Ye fixes for typhoon HAL by
AE300EEE L (B 1)+ %236 00ZE24R00Z iroratt _
2R » B 2 A EAE23F 00ZE23E 127 f3iA R[5 | & | fem | sem [URERSERT B
TR » TIR24H 00Z AR AGER - WHBE 19 23|13 150 | 1904 55 o84
EEBRESRFLZE (BE) » AAREER o0 |osli151 152 | 1208 65 979
gigﬁgiﬁ?) TREZGS  EURERE 5 log )5 150 | 1208 65 976
{:)3&]%2@4[: 20 21|37 160§ 1273 65 —
T s o el et R 0 I Rl Rl Bl B B %9
B (52) FRAETEBREH (210 067 21 |09 |oo| 170 | 1254 9o 964
210 12Z) #5505 - By 700 BEREALEE 21 | 1132} 17.7 | 124.3 — R
WREUEE (F=) TAREREERNE 21 | 20156 | 190 | 1228 — ~
E21H21Z » B2732GPM o T 28 Hbi Fp.Co 45 HEME 21 | 23{33]19.1 | 1214| 65 961
BEMAEEE22H 18Z £461HE - BREERA 22 |08 41| 190 | 1202 75 —
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Table 4. Eye fixes for typhoon HAL by the Radar station at kaohsiung
B |5 | # | e | mm eman | BB 8 | 5| & | k| mm | ware ] ol
22 | 06 | 00 192 1202 — | 22| 21| oo |208] 1188 32 13
22 L o8 | 00 |195} wosmNrriaL] — f 22 | 22 | oo | 2091 1186l 300 9
22 | 09 | 00 | 196 | 1204 300 6 | 22| 23 | oo | 210 1184 300 13
22 12 00 19.7 | 1201 310 8 23 | 00 00 21.2 | 118.1 320 19
22 | 13 | 00 |[198 | 1109 320 g || 23 | o1 | o0 | 200 1179 200 16
22 14 00 199 | 1198 320 9 23- 02 00 211 | 117.7) 300 17
22 | 15 | o0 | 199 [ 198 320 9 | 23 o3| oo |22 1174 - 300 7
22 | 16 | 00 | 199 | 1198 320 2 il 23 | 04 | oo |203] 1172 280 | 10
22 | 17 | 00 |201 ]| 1194 a0 | 9 { 23 | 05 | 00 |214 | 1171 310 12
22 18 00 20.2 | 119.3 340 9 23, 06 00 215 | 1169 310 12
22 | -19 00 205 | 119.2 340 9 23 07. 00 216 | 116.8 _310 13
22 | 20 |00 | 207 | 1190 340 9 |23 |08 | oo [207] 168 30 | 10
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Table 5. Eye fixes for typhoon HAL by satellite

B |G| o |k wmlae| s |55 (xi|m)a |5 s ]|x sl
20 | 00 ) oo | 152 [ 1304 21 [ 18 | 00 | 189 | 1225) 23 | 12 {00 | 216 | 1160
20 | 03 | 00 | 152 | 130 21 | 21 | 00 | 192 | 12200 23 | 16 | 00 | a7 | 157
20.| 06 | 00 | 152 | 1209 22 { o0 | 00 | 192 | 1220 23 | 18 | 00 | 218 | 1153
20 | 00 | 00 | 154 [ 1208] 22 | 03 | 00 | 191 | 1206f 23 [ 21 | oo | 218 | 1152
20 | 12 | 00 | 157 | 1204] 22 | 06 { 00 | 192 | 1205) 24 | 00 | 00 | 221 | 1153
20| 16| 00 | 157 | 1204 22 | 0o | 00 | 195 | 1200] 24 | 03 | 00 | 227 | 1155
20 | 18 | 00 | 162 1281 22 | 12 | 00 | 198 | 1198| 24 | 06 | 00 | 231 | 1155
20 | 21 | oo | 162 | 1270 22| 16 | 00 | 202 | 1105f 24 | 09 | 00 | 233 | 1153
20 | 00 | 00 | 166 [ 1267 22 | 18 | 00 | 204 |1192) 24 | 12 | 00 | 233 | 152
21 [ 03 { 00 | 167 | 1263 22 | 21 | o0 | 207 | 1187 24 | 16 | 00 | 238 | 1155
o1 | o6 | o0 | 172 | 15 25 1 00 | 00 | 209 | 179 24| 18 | 00 | 239 | 1158
21 [ 09 | o0 | 173 | 1253)-28' | 03 | oo | 211 | ma7ay 2¢ | 21 | 00 | 238 | 1158
21 | 12 | 00 | 179 | 1242l 23 | o6 | 00 | 214 | 117.0] 25 | 00 | 00 | 240 | 1152
21016 ) 00 | 189 | 1234 23 | 09 | 00 | 216 | 1168 25 | 06 | 00 | 245 | 157

~EEREEERFMERRER

HERATEYERESESRENLE »
ARz G SRR REE « & hERRR
RBREN -

ORI

YR A B A A R > TET SRS
AR B 987.128 0 2 REMEA - HARIFE01
BEE L L o BRI » B SR EE H RR
» RAE22F MBS TE22 A 2085 CHriie) 270 » gHl
FE23 H e BB R R » B R EA o '

OB, -

. LA RITE iRy 253m/s RRIR - L)
AR 35m/s B o EEBLIN R HEL
41.2m/s B8 » EFHEBH 65m/s B o BIHS
SR - BBy BLAE LB R AT B SRR » T
o T P B b RLRFTIA N o PRI B
S RS 25 24 N A

ST ,

BRI DR R SRR (BHR)
TR Ak L 150.2 AE R AR 15484 ER S ¢
LI S LA LS 158 A A » SRR ETE

o ERFALIHE - HEEIOREIT » Fbrfsk
FEWRIG » REERFEA -
I~ BERBREERRZIKE

CFRLETHR
R (CWB) -~ REUTWOREA (RITD)

 ZHROETRRBRE L REMERARER

GHOAS - NFEBRERES » SRHBBLAER
BLH « HEBER WERAAR » FOITR RS
BB RR T » HREWHRTT o
OITARRER .
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Table 6. The meterological summary of CWB stations during Typhoon HAL'S Passage

—_— BESE (mb)| B M & X B & (m/s) | BXAZE (m/s) BRAIOM/s)LlE B X B & £ (mm) B oK & & (mm)
R L L L e e e e e CE e Bﬁ%%’j‘ga WS ER 8 A[L7 5 1 W AEDE A B B SER B S
wee | 987.1123 04 18] SE |30.323 01 34{10003(25.6) 94| SE [21.0123 05 10[21.14.00—23.24.00  3.723.09.00—2310.00  3.2123.09.00—23.09.10|  6.223.05.01—23.10.29
# g | 997.1)23 16 00| SE |26.323 05 15| 997.8285 78| SSE |14.223 10 51[22.00.39—23.18.20]  2.6/22.19.00—22.20.00  15[22.19.22—22.19.32|  17.4122.06.00—23.08.40
% 4% | 9044123 04 05| S [33.0(23 04 03 '9044[21.6 98 S |21.4123 07 30(22.0500—23.17.000  2.32218.00—22.19.00  0.922.18.20—22.18.30|  7.6[22.12.50—23.06.50
FrF# | 996723 07 10 SE |13.7)23 07 30| 996.9(24.0] 88| SW | 6.022 11 10 2.822.18.00—2219.00]  1.1/22.18.20—22.1830| 11.0]22.12.32-~23.06.30
% b | 995323 04 05| SE |23.023 06 52| 995.9(29.1 83 SE |10.023 07 0023.06.50—23.07.000  25[23.00.00—23.01.00  1.323.0041—23.0051  6.0{22.11.25—23.07.10
¥ % | 91723 0115 E |15.0/22 22 50| 99223021 64] E [10.7]22 23 1022.19.30—23.02.30; 0.
E | 991922 15 I7NNW | 6.5(23 14 41 997.2(209 73NNW| 3.5)23 15 00 ' 8.023.17.20—-23.18.20|  7.823.17.58—23.18.08 10.4}22.15.10—23.18.20
# B | 992522 20 38| SW |11.5022 12 20| 994.9|20.5 80| SW | 7.622 12 03 5.52318.00—2319.000  2.0[23.18.35-23.18.45  5.623.02.40—23.19.45
HAM | 885923 03 00| E |21.8022 21 40| 886.4/23.1) 75| E [11.722 21 40) 3.222.16.20—22.17.000  16[22.17.40—2217.50|  7.3122.16.20—23.11.20
% # | 9920022 18 10| SE [22.3[23 08 52| 996.8(28.0] 81 SE [12.523 13 45(23.08.40—23.16.40|  0.622.16.00—22.17.00{ 04 22.16,30—22.16.40 1.0[22.13.20—-23.12.15
% # | 9920722 18 00| SSW |119[23 13 25| 994.2/28.4 78/ SSW | 8323 13 0 1.823.09.40—23104¢ . 0.623.0950—23.10.00(  3.822.11.39—23.13.00
FIEIL | 7534023 01 45| SE 133223 17 01| 756.3)157| 79| W | 3.523 00 00 4.423.00.00—2301.00  2.0}23.09.54—23.1004 39.523.05.40—23.18.05
E | 3010122 21 50 SE |22.7(23 18 50[22.19.00—24.08.00{ 14.022.18.00—22.19.00{  2.422.11.00~21.11.02| 158.0[22.03.00—23.20.00
% W | 99222 20 36| SSE |237[23 10 59 9977|281 78| SSE |14.5(23 15 49[23.07.22—ft ## | 35.0(23.08.00—25.09.00 17.023.08.20—23.08.30 78.022.11.15—23.12.40°
% | 991822 16 22| SSE (24.023 05 43 994.4(27.7] 75| SSE |14.2(23 05 5023.05.50—23.16.500 11.0022.14.05—2215.05 3521440221450 37.922.08.05—23.15.20
W8 | 992222 17 53 SE (314123 07 55 996.1{26.8) 84 SE [24.3(23 07 58(22.07.00—t g o]  1523.00.00—23.0055  0.4123.09.10—23.09.26;  3.322.13.20—23.00.55
15 # | 991922 17 00| NE |19.0{22 08 12 996.0/28.0] 80] NE ;12.0122 08 15[22.02.00—23.02.00{ 14.122.08.50—22.09.50 46022.09.40—22.09.50  89.9{22.04.00~23.11.03
M i | 993222 17 00| NNE (41222 06 32| 994.8|25.3] 100] NNE|25.322 06 3422.01.50—23.16.50] 7.4/22.05.56—22:06.56  2.0[22.06.07—22.06.17] 24.7[22.04.58—23.13.25
A R | 9944122 15 52| NNE |25.622 11 4| 9966|262 96|NNE | 114122 04 4022003022004 . 28.9123.10.10—23.11.10)  12.523.07.18—23.07.28 154.8/21.04.00—24.05.00
% 3 | 996.222 16 35| NE (16722 05 59| 998.7|27.7| 81| NE | 9.0122 06 51 30.623.08.20—23.08.10f 127)23.08.28—-23.08.38 134.822.04.00 ~23.14.30
Foo#: | 997.822 14 25| NNE [17.522 08 02(1001.5(26.2] 89| NNE |10.5122 08 10/22.01.30—23.13.20] 23.9 22.18.59—-22.19.55 11.0022.18.57—22.19.07) 150.2(22.04.35 —23.16.10
16 % 1000223 05 00| S {13.023 11 17]1001.0/29.2 84| SSE | 7.3023 60 00 11.0123.16.00—23.17.000  6.0/23.16.30—23.16.40 96.3122.04.30-23.16.10
T B| 999.0123 06 00| ESE - [15.023 00 07| 999.1|26.7| 95| ESE | 0.0]22 23 50]22.06.24—23.19.22) 6.0{23.04.00—23.05.00  3.0023.04.40—23.0450| 24.4i20.23.20—23.05.10
998.1[23 04 01) SE [24.003 04 02 9982(27.2] 85| SE |13.223 04 10722.08.53—23.12.34  5.39230321—23.0421  5.1[230321—23.03.3] 39.622.04.50—23.17.20
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Table 7. Eye-fixed error summary for typhoon HAL.

BEST TRACK CWB - JTWC RITD
B [®@i N E (@&l N | B OLE =AY E ;‘fn%) N E (k :{%) |
20 | o0 | 150 | 1306 152 | 1309 | 35 | 161 | 1308 | 25 | 150 | 1305 | 11
20 | 06 | 152 | 1208 152 | 1209 | 11 | 154 | 1208 | 22 | 152 | 1208 | o
20 | 12| 155 | 1288 157 | 1293 | 54 | 156 | 1291 | 33 | 155 | 1201 | 33
20 | 18 | ‘159 | 127.8 162 | 1283 | 64 | 162 | 1283 | 64 | 163 [ 1284 | 75
21 | o0 | 163 | 1268 163 | 1268 | 0 | 163 | 1269 | 11 | 163 | 1267 | 1
21 | 06 | 169 | 1256 169 | 1259 | 33 | 169 | 1257 | 11 | 166 | 1258 | 42
21 | 12 | 179 | 1242 179 | 1246 | 44 | 177 | 1245 | 40 | 173 | 1245 | 75
21 | 18 | 187 | 1228 187 | 1233 | 55 | 186 | 1234 | 65 | 184 | 1230 | 40
22 | 00| 191 | 1213 193 [ 1210 | 40 | 193 | 1212 | 25 | 194 | 1200 | 50
22 | 06 | 193 | 1203 194 | 1205 | 20 | 194 | 1201 | 20 | 192 | 1202 | 12
22 | 12 | 197 | 1197 198 | 1198 | 12 | 197 [ 1197 | o0 | 197 [ 198 | 11
22 | 18 | 204 | 1190 204 | 1194 | 44 | 205 | 1190 [ 11 | 202 | 1190 | 22
23 | o0 | 211 | 1179 201 (179 | o | 212 1o | 1 | 210 (w79 | 11
23 | 06 | 214 | 1169 215 1169 [ 11 | 217 | 170 | 35 { 216 | 1169 | 22
23 | 12 | 217 | 1162 217 |6l | o | 217 | 161 [ o | 216 | 161 | 11
23 | 18 | 218 | 1154 218 | 1154 219 | 1151 | 35 | 217 | 1156.| 25
s — 2% 2% .28
BN WEEAE RSB TS E R AR
Table 8. Summary of forecast position-errors for typhoon HAL "

P BEST TRACK CWB JTWC " RJTD
Aoy N | B |BRD N | B EEI N B [BE N | B g
21 | 00 | 163 | 1268 185 | 1268 [240 | 185 | 2267 l2s2 | 170 | 1270 | 80
21 | o6 | 169 | 1256 184 | 1258 |165 | 186 | 1262 [200 | 180 | 1260 |130
21 | 12} 179 | 1242 184 | 1256 (155 | 180 | 1261 {200 | 180 | 1260 .| 190
21| 18 | 187 | 1228 187 | 1246 {190 | 186 | 1252 [255 | 185 | 1250 | 230
22 | 00 | 191 | 1213 186 | 1233 {210 | 192 | 1231 {176 | 185 | 1235 |236.
22 | 06 | 193 | 1203 192 | 1228 |258 | 204 | 1221 {220 | 19.0 | 1220 | 176
22 | 12 | 197 | 197 203 | 1213 |170 | 212 | 1213 1175 | 192 | 1208 | 127
22 | 18 | 204 | 1190 217 | 1200 |i76 | 229 | 1201 {207 | 209 | 1190 | 55
23 |00 | 211 | 1179 229 | 1172 |209 | 234 | 1183 253 | 222 | 1163 | 200
23 | 06 | 214 | 1169 223 | 1175 |121 | 241 | 1187 |264 | 225 | 1150 |231
22 | 12 | 217 | 161 | 233 | 1178 |242 | 229 | 1183 |253 | 225 | 1150 | 145
23 | 18 | 218 | 1154 '238 | 1193 |451 | 241 | 1188 |418 | 230 | 1160 |143
24 | 00 | 221 | 1153 251 | 1151 {330 | 251 | 1155 |330 | 235 | 145 [176-
24 | 06 | 228 | 1153 251 | 1134 [308 | 249 | 1130 |314 | 240 | 1140 |179
24 | 12 | 233 | 151 204 | 1138 176 | 245 | 131 [237 | 230 | 130 | 242
24 | 18 | 239 | 151 235 | I122 |201 | 242 | 1125 |250 | 235 | 1125 | 264
Wi - 230 256 175
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Table 9. Forecast error summary for typhoon

HURRAN P. C. CWB-81 ARAKAWA CLIPER
Indl;::aél Vector R. Angie| - : ‘
error | Angle V. R.A. A, V. R.A. A, V. R.A. A, V. R.A. A.
error | dev, ’

12HRS 6.20.18 21.0 10.9 2.1 63.1 294 76 435 29.5 7.1 62,2 68 |— 23 - — —
6.21.00 1024 392 |—11.2 | 1054 185 |— 65 | 1054 185 |— 65 | 1064 185 |~ 65 —- — —
6.21.06 1235 4.9 08 | 170.6 0.0 26 1235 49 08 | 1144 381 |- 76 — — -
6.21.12 83.9 77.6 147 | 136.8 58.1 189 102.1 99.0 17.7- 89.4 54.7 133 — —_ —
6.21.18 . 99.6 86.8 19.3 | 1317 122.8 29.0 | 121.0 99.1 216 | 1175 | 1139 246 — — —
6.22.00 2643 | 1164 |— 54 [ 1130 75 84 | 2795 985 [— 31 | 2281 77.1 22.0 -— — —
6.22.06 101.2 52.8 |-3L1 118.2 912 |—-223 286 679 |—20.2 | 1379 484 |—119 — - —
6.22.12 63.1 281 |- 7.2 87.3 415 |- 117 90.4 206 |— 44 559 36.7 |—105 — — —
6.22.18 128.3 365 |—109 99.6 914 (240 135.2 456 |—16.2 485 357 |[— 84 -— — —
6.23.00 127.8 727 7.0 | 111.8 | 1056 211 | 128.2 88,6 12.3 60.0 56.2 178 — — —
6,23.06 67.4 67.4 74 | 1072 | 107.2 15.8 834 83.4 124 97.0 97.0 18.3 — — —
6.23.12 82.2 1018 |— 95 1016 1277 |- 15 822 1018 [— 95 149.3 179.8 8.3 - — —
6,23.18 1708 | 1566 |—T77.56 | 1625 | 1529 |—68.7 | 1618 | 1466 |—76.7 | 226.8 | 3008 |-—394 — — -
AVERAGE | 1104 665 |— 7.8 | 1154 734 |— 24 1189 695 |- 57 | 1149 818 14 — — —
24HRS 6.20.18 138.3 72 |~ 12 | 2423 59.3 74 | 1857 45,5 54 | 1928 614 75 | 3217 | 2712 149
6.21.00 191.2 56,5 |- 31 | 2829 49 36 | 2086 458 |— 2.0 | 2027 141 23 t 2594 | 673 |- 5.7
6.21.06 176.5 40.9 93 | 2516 29.0 114 | 1976 38.5 9.7 167.7 17.5 6.3 § 3056 127.9 25.9
6.21.12 1544 93.4 136 | 166.8 | 1549 18.7 | 231.0 | 1411 19.8 | 1119 90.3 11.7 | 1781 129.3 18.1
6.21.18 131.5 44 73 | 1457 | 1219 185 | 2385 387 14.8 | 2259 69.4 173 | 1204 | 1203 15.8
6.22.00 390.0 1485 {--14.2 93.0 185 |— 05 | 4588 1943 |—10.3 2348 63.7 1.1 135.7 38.8 7
6.22.06 226.0 828 |[~151 75.2 832 |— 97 | 1278 | 1488 {—139 | 2359 986 |— 125 90.2 5.8 12.3
6.22.12 55.6 155 1.0 | 1953 31 23.1 187.1 397 142 | 1956 | 1271 |— 111 157.3 77.8 214
6.22.18 1749 29.3 19.2 | 265.7 | 2626 322 | 2273 436 17.1 1942 | 1942 17 | 3139 | 1653 47.8
6.23.00 365.3 | 396.7 276 | 463.0 | 4954 634 | 3766 | 4105 37.0 | 3068 | 3413 37.7 | 4346 4683 38.2
6.23.06 2516 | 308.9 |—126 | 249.0 | 3479 77 | 2480 | 3206 |— 64 | 2571 | 3281 |- 7.1 | 2639 | 3623 7.8
6.23.12 2421 | 2826 |—414 1576 | 2775 |—188 | 1175 | 2367 |—34.0 | 3656 | 4180 |[—423 | 2106 | 337.1 {—17.7
6.23.18 3081 | 3181 |—659 | 2069 | 251.1 -|—504 | 2838 | 2607 |—699 | 3964 | 4191 |-681 151.2 3030 |—29.2
AVERAGE 2158 | 1373 |— 58 | 2150 | 1623 82 | 2376 | 1510 |— 14 2375 | 1725 [— 43 | 2264 190.3 121
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Table 10. Farecast error summary for typhoon HAL

CLIPER

HURRAN P. C. CWB-81 ARAKAWA
I‘g‘;{ﬁl Vector R. Angie : - _ .
error | Angle V. R.A. A, Y. R.AL A. V. R.A Al Y. R.A. A,
error dev.

* 36HRS -6.20.18 208.9 284 57 394.5 126.5 18.0 3327 112.8 154 — — — — — —
6.21.00 141.8 154 1.6 3333 771 127 2146 22.3 38 — — — — — —
6.22.06 1447 1139 6.7 311.4 125.9 13.4 2270 148.5 112 — — —_ — — _—
6.22.12 143.0 136.1 0.0 251.3 205.9 18.1 298.6 2920 18.1 — — — — — —
6.22.18 133.6 114.9 84 226.5 2114 19.5 3665 | 3314 194 — — — s — —
6.23.00 380.2 3802 [— 76 157.0 157.0 36 596.1 596.1 |— 2.8 — — — — — —
6.23.06 319.8 76.7 |— 6.5 15.2 846 0.6 69.1 781 |— 53 - — — — — —
6.23.12 586 1420 3% 296.6 248.0 344 2582 1434 210 — - _— — — —
.6.23.18 68.3 214.1 25 207.0 242.5 26.7 214.2 141.3 20.6 — — —_ — — —
6.24.00 466.0 626.0 |— 14.0 496.6 685.4 26.3 356.7 559.9 9.9 —_ — — — — —
6.24.06 402.6 557.3 |- 315 350.2 618.0 |— 1.6 | 2756 5318 |— 29 — — — — — —
6.24.12 354.4 5516 |- 423 245.6 515 9 — 153 115.3 322. 3 |— 209 — — — — —_ —

AVERAGE 235.2 2464 j— 54 2746 2749 130 2771 | 2731 7.8 — — — — — —
48HRS 6.20.18 1768 1054 4.0 405.2 235.8 18.2 428.7 262.6 205 — — - 321.5 271.2 164

6.21.00 1724 30.3 0.4 3815 1895 122 303.1 146.9 7.0 — — — 244.7. 301 |]— 12

6.21.06 220.3 1334 8.6 420.8 212.3 15.3 3519 212.2 15,8 — — — 487.3 3530 26.5
6.21.12 224.2 293.2 13.3 364.8 2715 2211 503.2 558.3 247 — — — 318.7 2325 188
6.21,18 193.8 333.3 126 | 356.3 365.3 248 562.7 792.6 273 — —_ — 307.3 3122 216
6.22.00 4457 7310 {— 5.8 2325 505.6 5.6 764.3. | 10464 44 — —_ — 341.2 576.1 13.6
6.22.06 3182 111 2.3 924 3756 |— 70 81.1 /41 |— 338 — — —_ 2330 4785 15.2
6.22.12 96.6 470.5 0.5 469.2 526.7 424 | 388.3 4131 38.0 — — — 3209 | 5824 218
6.22.18 1011 5007 |— 5.5 4127 5327 414 3389 420.0 37.1 — —_ — 260.0 603.2 18.2

6.23.00 550.7 943.7 |— 206 690.1 990.8 37.1 492.0 903.7 159 — — — 432.8 870 5 6.7
AVERAGE 2509 | 355:3 1.1 382.6 4206 212 4314 516.7 18.7 — — — 326.7 431.0 15.8
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Report on typhoon “HAL” in 1985

Yann-jang Lin’

Junior Meteorologist, Forecasting, Center, Central Weather Bureau

ABSTRACT

HAL, the fourth typhoon occurred in the North-western Pacific in this
yvear -and it was the first tropical cyclone invading Taiwan area in 1985,
HAL’s maximum wind speed near center reached 48m/s, its moving

direction kept steady but moving speed was varied when it drew near Luzon

Island and crossed Bashi Channel.

Only a few damage was reported in the southern Taiwan ruring its

passage. After HAL passing away Taiwan, it induced the southwesiern

airflow that brought the very strong wind force in Tainan and’ Kaohsiung
area and the heavy rainfall in Taitung area.
To verify the mean error’s of HAL position prediction by five objective

typhoon track forecasting methods will be discussed in this report. Com-
paratively, the results show that HURRAN’s method was the best one.
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Table 1, Warning Procedures issued by the CWB for typhoon Jeff
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= 2 B ox B B & 2 &% #H #
BuBRfeE S (Jeff) nkBS06 EE74eE (19854 Table 2. The meterclogical summary of CWB stations during Typhoon Jeff’s Passage

- REFREmb) | B M & A B i (m/s) | &K E E(m/s) BE(0m/s) LLE ®ROK B OK & (mm) B K B (mm)

g | B g B BE B D) S [ERRE] B [BE BB E AEE RS SRR SER KA E 0 g aEn n s BE B RsEE B S
o 97973003100 W {419 30.03.02 992.3124.1) 100, W |29.8] 30.05.0926.15.00~30.12.55 50.4130.03.35~30.04.38 13.4[30.04.13~~30.04.23 247.9[29.02.05~-30.07.35
# 5 997.5| 30.04.35| SW|189| 30.04.25 997.5/26.3f 87] SW |12.0| 30.04.27|30.04.15~30.08.34| 70.8120.07.10~29.08.10| 18.0[24.08.00~29.08.10 225.8/29.03.30~30.09.40
# | 908.0] 30.02.25NNW [22.0| 30.02.35 908.521.1f 100[NNW | 14.5! 29.16.32(29.16.00~30.02.00{ 82.5{29.07.40~29.08.40| 17.2120.07.50~29.08.00 178.8[29.03.36~30.08.52
33| 997.9] 30.03.15 NW |16.8) 29.22.51) 1000-0 23.1¢ 98| N'W | 10.0} 29.22.00 - 60.3129.07.90~29.08.30|  14.0129.08.00~29.08.10) 153.9(29.03.15~30.08.50
% b 997.9| 30.05.30] W |16.0| 30.05.43) 998.2/26.7) 82 W | 7.2} 30.06.00 — 52.0[29.14.10~29.15100  21.022.14.40~28.14.50 153.2(28.16.28~30.02.55
4710010 30.04.15] NW {10.4] 29.11.40{ 1004.0{ 26.31 90| NW | 6.7i 29.11.50 — 30.6129.11:15~29.12.15  16.0/20.12.00~20,12.10]  40.3[29.10.45~30.00.40
= :{10019] 20.03.30| NE | 6.4) 20.11.501004.3/ 209 61| N | 3.2| 29.12.20 — 1.7|30.03.25~30.03.45  1.530.03.30~30.03.40]  1.7/30.03.25-—30.03.45
#% 1210014 30.03.10[NNW | 86| 29.10.021004.8/30.7 7HNNW | 7.0| 29.11.45 - 2.7[30.08.08~30.09.08  2.0[30.08.28~30.08.38  2.7[30.08.08~.30.08.38
H A 892.7| 30.04.00{ SSE | 6.5 30.04.40f 892.919.2| 96| SSE | 4.7| 30.03.40 — 19.2130.04.30~30.05.300  8.0{30.05.00~30.05.10 24.4[28.17.00~30.07.20
‘% #11001.2| 30.04.00[NNW | 6.5 29.13.48] 1004.0 31.4| 7UNNW | 4.1| 30.13.40 — — — - — - -
¥ 210015 20.17.300 N [10.8] 29.13.53) 1002.5{ 315 67] N | 7.5 20.14.00 — 7.528.16.40~28.17.40f  2.0/28.16.40—28.16.50)  8.0[28.16.36~28.23.00
Pl 758.0( 30.0400| E | 7.0[ 20.06.05 759.812.2 98 E | 4.4| 29.06.50) - 8.0[28.17.00~28.18.00f  3.1128.17.30~28.17.40]  19.7[28.12.40~29.17.05
% /3 60.5] 3005000 — | — | b | L|NNW 157 29.23.40129.04.00~30.07.00]  3.0128.16.49~28.17.30|  1.8[28.17.10~-28.17.20]  4.1|28.12.47~30.07.0
& 7510022 30.03.50NNW |12.6| 29.13.37 1003.6] 31.6| 63[NNW | 9.2 29.13.13 — - — — — — -
& #:10010] 20.16.00) NW [16.3) 29.14.03 1002.8{30.8 68| NW |10.8 29.14.10[29.14.10~28.15.000  — — - _— - -
it 5| 1001.8] 30.04.10) NW | 92| 29.12.04 1004.2/30.0| 76| NW | 7.6 29.11.38 — - — — — — —
tE #{1000.2) 20.1650| NW |10.2] 29.14.42{ 1001.0{29.6| 77| NW | 7.4 29.12.25 — — — — — — —
Wl 998.2 30.02.00|WSW|32.9| 30.02.46| 9985258 88WSW|24.4] 30.01.36/20.0250~ — - — — - — —
% R 9976 goesdl s |102] 300730 9992209 55 5 | 5. 300520 - —~ - —~ - — —~
= | 997.9| 30.04.00| ENE | 8.0 20.13.01|1001.5/32.3| 60| ENE | 5.2} 29.13.03 — 0.6{28.17.20~28.18.20|  0.428.17.20~2817.30|  0.6[28.17.20~28.18.30
& | 997.6| 30.0347| NE | 8.3 28.09.11{1006.6{30.2, 69| NE | 6.2 29.11.20 — -~ — — - ' — —
it 15| 998.2| 30:04.00| NE | 8.0[ 28.16.20{ 1008.1}30.5| 69| NE | 4.7/ 29.16.30 - 0.8029.10.45-29.11.45|  0.4129.10.45~29.10.55  1.9128.18.45~29.13.05
& T 9986 30.,8%;88 N |13.0 20.05.05 10025/ 29.5| 65 W | 6.7) 29.03.50[20.03.10~30.05.30{ 10.0{20.09.00~29.10.60]  2.8!28.09.10~29.09.20)  33.920.07.10~20.19.20
& | 9989 30.03.00| W |14.4| 29.05.061002.3 20.9) 52AWsSW| 7.2 29.03.50 - 4.229.17.00~29.18.00]  3.0120.17.20~29.17.30(  19.2{29.07.20~30.00.40
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Table 3. Summary of 24 hour’s sﬁbjective forcast position errors for typhoon Jeff

ARG s km
H #1 |{BEST TRACK CWB PGTW RITD
A EZ)yy N E N E A N E Az N E R
20 | 00 | 252 | 1262 | 248 | 1247 | 701 256 | 1244 | 956 | 262 | 1251 | 1104
06 | 255 | 1243 | 249 | 1228 | 1774 | 254 | 1230 | 1363 | 259 | 1241 | 480
12 | 258 | 1237 | 249 | 1221 | 1983 | 254 1224 | 1350 | 256 | 1227 | 953
18 | 263 | 1231 | 256 | 1218 | 1245 | 257 | 1224 | 827 | 255 |'1218 | 1354
30 | 00 | 269 | 1225 | 259 | 1216 | 1139 | 263 | 1214 | 67.2 | 261 | 1218 | 894
| o6 | 276 | 1218 | 264 | 1208 | 1351 | 264 | 1208 | 1322 | 263 | 1214 | 1434
12 | 279 | 1215 | 273 | 1203 | ve1 | 274 | 1210 | 510 | 272 | 1204 | 665
18 | 285 | 1210 | 280 | 1199 | 1329 | 287 | 1203 | 762 | 305 | 1200 | 2231
| oo | 203 | 1206 | 204 | 1199 | 382 | 202 | 1202 | 270 | 293 | 1213 | 400
06 | 301 | 1205 | 304 | 1204 | 333 | 295 | 1202 | €60 | 300 | 1210 | 157
FigiE 112.3 86.9 96.7
b ~ BLEB R A ETRR R4 BT B AR By
Table 4, Summary 24 .hour’s objective forcast position errors for typhoon Jeff
R km
H #1 | fasck | ARAKAWA HURRAN CLIPER CWB-80 PC
alFIv] e v e |se|N{E j@me|N|E |me|N| P BN B %
28 {00 |25.0] 1288248 127.4] 162022.9 127.4) 2303231 126:3| 248.321.8) 124.9) 359.0 23.0| 1268 2108
06 |24.9] 127.624.9] 1269 74.9(24.2 1299| 224.8/24.8 1288| 64.3235 128.7) 1700/ 23.0 1269 2110
12 |248 1268248 1264 00/23.3] 1277 1714{24.7 125.0] 184.0/23.0( 128.0| 202.8)233 127.4 1679
18 |24.90 1259(25.2 1256 46.6/24.80 1250| 95.7j246 1237 226.9|24.0( 1250 125.3)234| 1248 1781
29 | 00 252 125.2/25.9) 124.8 86.9/25.5 124.4| 304|252 1254 22.0125.1) 124.9) 348245 1240 1483
06 |255 124.3258| 1228 14720251 1222 2320|249] 1235 1008 —| | —|247 1221 2574
12 |25.8 1237254 12311 73.5\24.6 122.9) 158.5|24.8 1225 1704 — —| —|246| 121.8 2468
18 126.3 123.1258! 1221 86.6/257 1231 66.0/25.0] 1222 1669 —| | —|254] 122.6] 107.3
30 | 00 |26.0| 1225266 122.3 33.0|26.1 122.3 88.1|25.2) 121.9{ 191.3|27.3] 1235 61.2/26.0( 1224 99.0
06 |27.6 121827.4] 1216] 270|268 1202 1215|26.4 1210 134.528.1 1216 585267 1211 1044
12 |27.90 121502756 1208 78.2/275 122.0|  63.8(20.0; 118.8| 316.528.4| 1235 225.0/27.3) 1216/ 666
18 |28.5| 121.0,28.8 1202 88.3/29.6 120.1) 140.1)28.1} 120.0) 118.4/29.3 1204 1030287 121.1 243
31| 00 |20.3 120.6{20.7 1201 476|300, 1108 789|29.4| 1197 48.330.1| 1109 887206 1197 504
T 732 132.3 154.0 142.8 146.3
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Table 5. Summary of 12 24 48 hour’s forcast vector error for typhoon Jeff

Bfr i km
T— B % & ) cwB-80 PC HURRAN CLIPER |[ARAKAWA
B (RE) : : : '

;;;éggﬁgqﬁzg~aﬁh;ﬁﬁgﬁﬁ124\m;| 24 | 48 | 12 | 24 | 48 | 12 | 24 | 48 | 24 | 48 | 12 | A
2700 o78.2| 5336| 987.1 159.8 300.2) 6186| 212.5 259.4| 105.3| 3379 375.2| 124.1 192.0

06 329| 1620] 4708 89.0| 2465 4946| 546 1867] 3334 609| 2212 1333 1297

12 127.5| 2137] 4738 9570 166.2| 3315 1309 1725 379.0| 104.1| 1505| 1569 39.9

18 34.5| 1185 2925 54.6| 1806 3324|- 227 904] 1011 37.2 1754| 99.5) 626

2800 483 510 440 451 150.1| 2654 67.9 1135 816 220 1181 451 1155

06 451 3700 583 683 2322 3448 1103 2114| 3152 96.7] 257.7| 912 1550

12 ‘441 767 146.2| 59.8] 208.0| 406.6] 67.9 1349 307.2] 140.3 3459 96.9) 516

18 370 881] 2009 318| 1107 1887 206 6.0 3232 1686 360.7] 867 113.1

2900 112.3) 3855 88.6) 1214 795 687 185.7 384.1 295

06 55.9| 594.7 115.1 1251 171.1|. 294.6| 148.8 349.0 24.0

12 189.4| 2024 770, 239 . 674 439 87.6| 2308 95.3

18 731 1104 2230 1139 1169|2109 116.4| 252.0 67.6

3000 815 2759 680 55.7 79.5| 2589 68.1 1516 36.3

06 80.0] 1819 30.5| 138.9 66.7} 209.2[ 105.4| 254.8 1339
FRE 810 133.8) 323.1| 755 1426 25440 87 1297 2166 120.0] 250.1| 1042 890

F7 AES MBS R M B TR IE AR e
Table 6. Summary of 12 24 48 hour's fbrca_st right angle error for typhoon Jeff -

- Bfr:km

T W & E | cwB-a0 PC HURRAN CLIPER |ARAKAWA
EE (AR : ) y
Wmﬁ 24 |48 | 12 |24 |48 |12 | 24 | 48 | ¢ |48} 12 | 2
2700 260 2193 9367 164 1469| 5601 517 1553 199 1419 3556 213 518

06 32| 1577 4659 605 2026 4645 173 847 927 173 400 957 58

12 1177 207.1] 3302 265 1662 324.2] 1167 170.4| 2655 850; 72.3 1510 58

18 313 108.1) 2719 265 177.0] 3335 84 275 '89.0| 185 964 995 371

2800 413 75 209 424] 1003 2404 498 143 809 208 38 451 724

06 358 309 517 44 1809 3448 344 1503 3152 867 2204/ 743 530

12 417 625 1783 483 2047 4195 54| 134.9) 287.5 1405 317.2) 79.2 512

18 a10| 8.0 3013 31 1073 1519 141) . 486| 2579 1663 2957 87.2 1107

2900 110.3 535.0 66.4 1257 - 66.6| 167.9 163.1 264.) 295

06 559 801.3 1106 261. 17.11] 313.2) 1396 314.1 219

12 176.6 512.6| 44.1) 3085 44| 3205 98.1| 3374 107.8

18 201.8| 504.7 110.3 479. 245.4 592.3) 159.2) 403.3 1748

3000 291.4) 8108 257.3 591. | 287.00 774.6] 2409| 520.1 2438
06 | 227.5 721.5 2014 693. 349.6| 8884 342.9 6204 363.0
Ty 52,2 1460 467.7| 28.5| 155.4] 3791 44.7| 1364 319.6] 130.0 275.44 8L7| 949

(30)
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Table 7. Summary of 12. 24 48 hour’s forcast angle ‘deviation for typhoon Jeff

' B AE

TR # B cwea PC HURRAN | CLIPER |[ARAKAWA

BE G :

;;égéﬁ%;zzjaﬁﬁﬁ\_ﬁﬁxﬁ124\a§| o4 | 48 | 12 | 2 | 18 | 12 | 2 \ 8 |2 | 8| 12| u

2700 —132 89 192151 65 125137 94| 53 43 222—177— 79

06, 86| 200/— 276 - 76| 17.2— 125 115 170179 24— 32 11— 14

12 — 303 276376~ 93 205— 216314 220—204 81— 93—301 01

18 67 81204 58 143—148 21 14— 27 s81-133 209 63

2800 115 12— 37 123— 68-107 136 62— 49 34— 62 107 126

06 138 50— 52 83— 121—170] 25— 7.4—208— 97226 o8 19

12 135 112— 67— 12.3— 20.6{— 215 — 185 — 212 26.4|— 17.9)— 30.0— 17.9— 7.1

18 117 160/-112 08— 194— 17.7— 5.0/— 115/~ 30.9)— 27.1)— 34.3— 25.6/— 14.1

2900 20.0/— 14.3 —154-- 98  |-140— 58— 330/ 379 — 51

06 5.1/ 20.8 — 198117 — 23.0|— 27.6— 25.7— 334 — 40

12 354— 6.1 —11.0— 04 — 18— 42— 149/—223  |—157

18 — 08 36 17, 88 — 08 92— 204 249 — 84

3009 — 07— 09 ~ 81 08 — 28 92— 105139 — 21

6 105 144 60, 116 6.1 33— 168 219 — 201

T 28] 120/~ 84— 17— 34— 74— 49— 15— 103— 10.1]— 179~ 49— 46

Report on the Typhoon *Jeff” in 1985

Yung-Kuei Chiang

Junior Specialist of Weather Forecasting Center, C. W. B.

"ABSTRACT

Jeff, the sixth typhoon in the western North Pacific, was the second one
which attacked Taiwan in 1985. It oringinated on the Southeastern sea of
Chichijima at. 221800Z July. After seven days it swept the northern and
northeastern pai-ts of Taiwan.

Although Jeff's center passed across the Pengchiayu

between 3Jam.

and 4am. 30, July, only a few damage was reported. Except that the northern

and northeastern parts of Taiwan got the more rainfall, other paris got

less during it's passage.

(34)
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Table I. List of selected typhoons for this study (1959-1877)

m_ R,

Biltie
Ellen
Iris
Joan
Lousie
Sarah
Amy
Harlotte
Emma
Freda
Mary
Shirley
Trix
Elaine
Betty
June
Lorna
Pamela
Sally
Hope
Joan
Kate
Nora
Opal
Sarah
Wanda
Amy
Dinah
Gilda
Karen
Shirley
Trix
Wendy
Agnes
Faye .
Gloria
Betty
Doris
Ida
Sally
Babe
Dinah
Freda
Harriet
Jean
Mary
Rose

R
(2 #D
G i
G 0
(B %)
(& fh #)
(I )
(%
(E #% #)
(-9
(% % =)
E OB
(Zm #D
¢ )
B
(R )
(B
G-I
(i % B
(B 3D
G- QIE -
(B &)
W &
(% KD
G D
@F D
(5
(%)
(€I 9
(F  #
' )
(& D
G
G D
(2 #2480
CII 3
(B 45 1)
(8
(BB B #0
G-
TN )
()
€I )
(35 B )
(G}
(5 W
G )
GE

* 60 o

F

B % H M

1959

- 7.12.00Z~ 7.17.06Z

8. 2.06Z~ 8. 9.06Z
£.19.00Z~ 8.23.00Z
8.26.06Z~ 8.30.187
8.30.062~ 9. 6.18Z
9.12.12Z~ 9.17.00Z
10, 3.06Z~10. 7.06%
10, 9.00Z~10.18.18Z
11. 7.06Z~-11.13.127
11.13.00Z~11,20.00Z
6. 3.18Z— 6.11.187
7.29.12Z~ &, 2.18Z
8. 4.00Z~ 8.10.00Z
8.20.00Z~ 8.25.06Z
5.22.06Z~ 5.28.12Z
8. 1.06Z~ 8. 8.12Z
8.20.12Z~ 8.26.12Z
9. 8.12Z~ 9,12.18Z
9.25.06Z~ 9.29.18Z
5.16.06Z~ 5.22.12Z
7. 7.06Z~ 7.10.127Z
7 18.12Z~ 7.24.00Z
7.26.06Z~ 8. 2.12Z
8. 2.06Z—~ 8. 6.12Z
8.15.06Z~ 8.22.12%
8.27.12Z~ 9. 1.18Z
8.581.06Z~ 9. 7.12Z
9.26.182~10. 4.06Z
10.20.06Z~10.25.12Z
11,12.127~11.16.122
6.13.06Z~ 6.20 18Z
6.26.06Z~ 7. 1.06Z
7.12.12Z~ 7.18.187
7.19.12Z~ 7.22.18Z
9, 1.06Z~ 9. 8.127
9. 5.127~ 9.13.12Z
7. 2.06Z~ 7, 6.18Z
7.12.00Z~ 7.15.127
8. 4.00Z~ 8. 9.06Z
9, 6.06Z— 9.10.18Z
5.30.18Z~ ¢, 4.12Z
6.13.00Z~ 6.19.18Z
7 .8.06Z~ 7.16.00Z
7.23.06Z~ 7.27.00Z
7.31.06Z~ 8. 7.00Z
8.15.06Z~ 8.19.12Z
9. 1.06Z~ 9. 5.18%

Tz
e

e
e
R
i
b

b
¥

i
Yl

k2
#
Rz



A

48
49
50
51
52

53 .

54
55
56
57
58
59
60

61

62 -

63
64
65

67
68

69 -

70

71 -

72

74
75
76
7

78 .

79

80

81

8z
83
84
85

87
88"
89
90
9
92
93
94

95

9

98

73

TRE B B,
Exl Trix
rhgs Irma
e Judy
HREE Mamie
fE Nina
o) - Susan
R Tess
rhig Alice
B bl Cora
R Elsje
il Helen.
k) Violet
g Anita
R Billie
rhpE Clara
BR7 Marge
thig Nora
ERF Carla
g Dinash
el Gilda
MR Babe -
2] Dinah
S2]iy Freda
rhps Gilda
=] Harriet
ERAN Lucy
Gl Nadine
hig Rose
thig Agnes
R Bess
Gkl _ Inma
s Susan
rhfE Rita
R Winnie
Fatl) Betty
i Wilda
Rzl Billie
[l Fran
BRpe Georgia
2 ficy Iris
1313 Joan
LBEL Nora
Bzl Patsy
iy Vera
ey Emma
R Gilda
BRE Jean
il Lucy
frdics Rose
TR Wendy
iy . Bess

#H

(#%) Table 1 (continued)

£ LY
B 1965
(F | 1966
(F i) 1966
(H® F) "
(I i) h
(#& "
G "
G B #) o
(& D "
(¥ @ ) i
G W) "
(3K B 1967
X 1R ED "
(2 F "
(B 3 H5) "
(T 3 "
(G D) fr
(8 &) r
(& W #
F &) 1967
& 1971
(® 5 "
(3 =) "
(F 2 "
(G [y #
(7% [EED) "
(&) "
(G # o
(3 B I
(R # "
(R 1) #
€73 it 1972
& ) i
B B) 1r
(B "
(W = 1973
(2 #D "
G2 =) "
(& Bt 85 i
(3 3 # i
(m &) "
% &) 1973
€= ) "
(D) Ir
g =) 1974
F B "
& & "
(& ) "
(B # "
GE ) "
(R . #> ]

¢ 51

% B p

9.10.12Z~ 9.17.18Z
5.11.18Z~ 5.21.12Z
5.25.12Z~ 5.31.18Z

7.16.00Z~ 7.17.182
7.17.12Z~ 7.19.182
8.12.12Z~ 8.16.06Z
8.13.18Z~ 8.17.00Z
8.30.00Z~ 9. 3,122
§.31.122—~ 9. 8.12Z
9.11.18Z~ 9.18.00Z%
9.19.00Z~ 9.24.00Z
4. 3.06Z2— 4,11.122
6.26.00Z~ 6.30.067Z

7. 2.00Z~ 7. 8.00Z
7. 7.00Z~ 7.11.12Z
8.24,12Z~ 8.28.12%
8.27.12Z~ 8.29.187
10.12,18Z2~10.19.12Z
198.18,1272 10,27 1ol
11.14.00Z~11.17,18%
5. 3.00Z~ 5. 7.06%
5.25.06Z~ 6.30.067

6.14.12Z~ 6.18.00Z -

6.24.12Z~ 6.28.06Z
7. 2,067~ 7. 7.00%
7.16.06Z~ 7.22.127
7.20.00Z~ 7.26.12Z
8.10.00Z~ 8.17.007

9.15.06Z~ 9.19.06Z -

9.17.00Z~ 9.23.06%Z
11. 8.00Z~11.15.12%

7.7.00Z~ 7.14.06%
7.16.06Z~ 7.25.18Z
7.31.12Z~ 8. 2.00Z

8.12.00Z~ 8.17.127Z
7. 1.12Z~ 7. 3.12Z
7.13.06Z~ 7.19.00Z
7.29.00Z~ 7.30.00Z
8. 9.06Z~ 8.12.18Z
8.10.06Z~ 8.17.12Z
8.18.06Z~ 8.20.127Z
10. 2 00Z~10.10.06Z
10. 6.06Z~10.14,00Z
11.19.12Z~11.26.062
6.13.06Z~ 6.18.067
6.30.06Z~ 7. 7.00Z
7.17.00Z~ 7.20.00Z
8. 9.00Z~ 8.11.06Z
8.28.06Z~ 8.31.067Z
9.24,06Z~ 9.30.00Z
10. 9.06Z~10.14.00Z

(a@

#HEEE

il
il
b

iz
Hela

HapE
%

i
Hrlz
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100 -
101
102
103
104
105.
108
107
108
109
110
m
112
113
14
115
116
117
118
119
120

BB

Della
Elaine
Gloria
Irma
Nina
Ora
Betty
Elsie
Flossie
Dat
Marge
Ruby
Billie
Fran
Thelma
Vera
Amy
Rabe
Carla
Dinah
Freda
“Kim

F— (#) Table 1 (Continued?
R

#_ W
UE
SO
(5 4 i
F )
B
D
B
X % )
(% % )
D
3 )
%
®
#  2
(% %)
G D
& %
C )
S
IR
(% B #)
m

1974

_®__F&__ 8 M

10.21.00Z~ 10.27.00Z

10.24.06Z~ 10.31.06Z

11, 3,182~ 11, 9.12Z
11.22 12Z~ 12. 2.06Z
7.31.122~ 8. 4.00Z
8.10.06Z~ 8.12.06Z
9.18.00Z~- 9.23.127
10. 9.00Z~10.15.00Z
10.20.00Z~10,23.06Z

8.18.18Z~ 8.23.00Z

11. 6.00Z~11.11.00Z -
6.23.06Z~ 7. 3.00Z -

8. 3.00Z~ 8.10.12Z.

9. 4.00Z~ 9.13.12Z
7.21.002~ 7.26.00Z

7.28.00Z~ 8. 1.06Z.

8.20.00Z~ 8.23.18Z .

9. 2.00Z~ 9.10.18Z
9. 3.00Z~ 9.5.00Z. .
9.14.12Z~ 9.23.18Z
9.23.00Z~ 9.25.00Z

11.8.00Z~11.17.00Z .

Fig. 1.

N
Selecied. Typhoon data domain (10~35°N, 110~150°E) used in this study
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Fig. 2

i

[] a_.; BhRAER
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FEE A BT BB s A R

Flow chart of the typhoon track
forecast for HURRAN method

—7 —

(D —248)2—0.001(y,—24)2( D —248)
+0.0005(W—-71)(D—-248)v _»
—0.388u,—0.0007(D —248)% +-evere i

CLIPERZEHBEERESEREESE (1976)
SEADNEITHE » W AR E R B R R
HZEE R (FEc) » TR ERARIZE
A/ PIFZALE » HERIE=FR -

& PC ,

PC BREAEATEENRE, & BIER
> FUCLIPERE « EAMEAERABEWR
ARz TEEREREr RESHEESTHY
HRHEE: | HEH B RA B o (Aoki and Nomoto,
1977y o TG ATHER AT (predictor) 23
#ER CLIPER #21FE - PCEFHPCHFE
iR Persistency 8 Climatology ME2H
—{EFE AU MS » HERBEIT

LR RGBT

AR I E P TR B 2 BB R E S o TR
W AR AT AR M BRER TS
BEAREFREB(HE)R » Bl1951~19704 2 204200
ZRIZZ 2BE » BREZPLREERBORE
AR MAZERETFIATII48E (g
TR E T HBEEIBEZIRIUER » T iRE5R
ZEFRFUEETERABZER) -

WHRPLEBZAT 108 —
WAERI2 ~ 24 ~ 36 ~ 48 Mgz BEE D
ZICHREE o

B ERR Rz BERT (9F) —

#F—a CLIPEREFREREXZTAFET » EEREEFER
Table 2a, List of predictors, regression coefficients and constants for CLIPER method used

in eastward distance Xin

Cs;
j P X X X X : X
i=1 i=2 i=3 - i=4 i=5 i=6

1 - B — 35259 | —1312392 | —244816 | —44.1376 | —55.8091 ; — 60.2307
2 o Uy 13.6931 23.3026 32.3736 38.9367 43.2710 46.2606
3 L) - 26374 | — 32155 | -~ 53420 — 68198 | — 7.8610 7 —" 8.8089
4 {yo—24) 0.8151 3.5845 8.0739 14,1080 21.2714 29.1163
5 Vo 0.6863 3.9494 9.3212 16.3548 24.0725 32.9118
6 v iz — 00022 - 00079 — 00132| — 00197 | — 0.0225 | — 002138)
7 (¥Yo—24)vou — 00006 | — 000687 — 00204 | — 0038 | — 00599 | --70.0355
8 (x0—68) | 0.1242 0.5136] 1.0445 1.6980 24776 3.2912

e 65



#—b CLIPER kit LIEME Y TARIES T » TSR A 0L _ .
Table 2b. Same as Takle 2a except for northward distance Y o
T ——
Cij
i P(jo ; T
i=1 i=2 i=3 i=4 l i=5 i=6
1 i i 7.6055 30.3085 67.6932 120.2714 186.0261 263.1565
2 Vo 13.5991 229154 31.9428 38.9470 44,4839 18.4173
3 V_12 — 25751 — 24846 | — 3.6976 — 4.3809 — 47250 | — 44567
4 Vol Vv _i12)? — (.0002 0.0050 (.0097 0.0132 0.0107 0.0113
] (W—71) v _12 0.0046 0.0093 0.0095 0.0229 0.0320 0.0430
6 vo(W—T1) 0.0023 0.0251 0.0632 0.0953 0.1338 0.1696
7 (Vo)®v_1a — 00015 — 0.0078 — 00133 — 00166 - 0.0181 | — 0.0176
8 (v —24)2v, — 0.0003 — 0,0060 — 0.0161 — 0.0320 | — 0.0487 | — 0.0649
9 (D—248)2v ;2 — 00001 ; — 00004 | — 00007 | — 000612 | — 0.0017 { — 0.0022
10 vo( D —248)2 0.0004 0.0002 0.0002 0.0003 0.0004 00004
11 (Yo—24)2{ D —248) — 0.0002 — 00010 | — 0.0028 — 0.0055 — 0.0088 | — 00127
12 (W--T1)(D —248)ov_y2 0.0001 (.0005 0.0012 00019 0.0027 0.0037
13 g 0.1431 0.3880 (.8941 1.6667 2.7682 4.1213
14 {D—248)2 — 0.0001 — 00007 | — 00022 | — 00044 : - 0.0073 | — 0.0110
Foc HAREAFERE CLIPER 32 THNE T REEHRIEK
Table 2¢. List of predictors and regression coefficients used for western Pacific area
¥ OB 2| E BN TIER G R\ A S E REEETFERE &K
243.36670
You 1940045 Yie LoV - 146905
- ~ LU —0.00189
[ Vo 2167126 " VoV_1U_zg 0.08111
it E4 LD —0.10198
fir UV, — 0.01571 i LoWD 0.00013
2 % LoéD 0.00053
A H
Lot — 0.00197 D2lf_y ; 0.00006
VoUaU_s2 i 0.04328
Xu 5.51924 Xin 19.50797
—~ — Uy 48.31984
o) R
VoW - (,01479
PE Us 22.44386 T
VoUW 0.01089
iz fir
Lo2U 12 —{.01478
B® b
~ ~ Ug? —(.03215
BEGY ¥R
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Fig. 3

BAERI2~ 24~ 36~ 48/ ez VR IER:
AT12~ 24~ 36 ~ 48/ N2 RIR A o
OFEREEZAT (20@) —

HI12~ 24~ 36 ~ AB/NIEZSEE R 1) » 3
B 0 5 B R 7 40 B B PR T 24
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V5 ' . €
¥ ¥ )

B PCE -4 BB

Fig. 4. Domain of analysis typhoons for PC
method

Objective forecasting chart computed by HURRAN and CLIPER method for
HAL typhoon at 200600Z June 1985
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ZREBL 7 PO MY » BTHREEE
£ 8 (Synoptic meteorology) Z g
REBRIITM I 2 TR o
2R MRS TEM
Bl B3k PC szl » 1012~ 24 ~ 36 ~ 48755
Bz BRERSTERET » BLIGREZ THRA T
{EE AR TR o 2 BREETYA104HE

TER R FORTERE » TR L A AR

2 o AL AT B A R AR o S PTRDRHRE
BIAEDLSE » B17 A2 RN 4H6 AI6E=ES
RISAHZER « WEIE 7 Bita 437 (TTER
i) 8 AEtA852 (115{Em) 9 FitE7114E (115
{EERE) -

PG ERAREZRR » =P 2 FRE
TSR LR e IR o & ABUIERIAR
WHEEE0.95 » REQ.97 » HE12 ~ 36 ~ 48/ NEFTRR
REFOREFHRASHE IMATE 76 hRH
(TR » 1979) » A FLIEIE - HESRE
TR B -EAT AR B EREE » FTET
BAL2INFF 2K o B —B R B RS
B TR B R E RS o ARE R REE
[Al 2 TR R R B A G R R R HE S 2 B b2
o BB RS8R 124/ N TR AR/ N kg o S B o SRR I RS,
TSR TR LA AAM R IR TT— 3 o MBETHE K
A FEAR RN B THIR S rh SRR B » SR
Z R R ENELR o

TR ZE E AR
REZEMRT 2T
Lat : [  Lon : #&®  Prs
Ve 1 EEZHEAERTE
Vy EEEREGE

Ax RS KA E
Ay s R Z EE AR SR
JAL = fnsfRe 2 A

F=a PC EMAH2NGTENLZ EHGRE

: rh;b%m

Date : H#j

Table 3a. List of predictors and regression
coefficients of PC method for
24 hour prediction

% | om &

mAEE & W|mA®TF A o

constant 3.114 constant 16.840
Latos 1.106 | Lonae 0.6277
Vy_a 1.835 (Vi 2.343
Axon 0.5455 |V 0.3748
Date 0.01734 | Lat, 0.2661
Vy-z1aa —0.2134 |Date 0.4380
Preeo —(.009451| Lon_ss ¢.3221
| TA T 0.2244
mul. cor. coe. 0.95 mul. cor. coe. 0.97

#=b PC EETR A GZIHHE T 2R
Table 3b. List of predictors, regression coefficients and multiple corrélation coefficients
of PC method for 24 hour prediction in different month o

= 4] — B = A A i A = + - A
A O#% W [ -
| THHRRAT ‘ RERL | TASRET | RGN | TEREY | EREY | SRR i PIETNEY
Const 1.308 | Const 0.730 | Const | 9.150 Const 0.473
Latge 0.997 | Long 0.974 | Lat 1.006 Lon 0.9834
24 N 154 Vyoiz 1.143 | Vi 1.758 | Vy_a2 1.139 Vi-1z 1.679
V12 (0.215 V12 0.2595
Prsee™ 00,0482
(0.959) 0.982) (0.958) €0.982)
Lat—f&pe Lon—iRE Prs—h 508

Vs V- BT BV EE 2 MREE ~ FREER 5
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£ 1 Axogg=Long,+Lon-gs—2Llon_z -3
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1980)8| A » HhiEREE R AIMA PC Eamble
EME o HEAMALIE2HE (Space-time
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INITYAL: _16.9 125.9
PREDICTIONS BY CHB-81 {CASE):
12HR: 18. 1 124.1 (37)
24HR:19.2 122.5 .
36HR:20.5 121.5
48HR:21.9 120.6
&0HR:23.5 119.8
72HR:24.5 119.1

tIES

18 ;1

FORECASTED BY P.C. |
12HR: 17.9 124.5
24HR: 19,0 123.0
IgR: 20,1 1223
agHR: 21,2 1213

{

e

Bz LIPCERANALOG (CWB-BL)EATH I 2 BAE B TR

Fig. 6. Objective forcasting chart by PC and ANALOG (CWB-81) method
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B PC (Persistency and Climatology)
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BaR12NGRIBEGR 3
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Fig. 6. Divided area diagram ‘of determining

weighting for ANALOG(CWB-81)method
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W)=W(EB)=W(B)=W(22)=4
2.7R:

WWA)=W(E)=WIHN=W{16)= 3-,
W(L)=W(8)=4
3.88:

W@)=WE)=W=WO)=W(@)= W(12)"' :
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W()=W(8)=W(13)=4
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C W) =W(8)=W(16)=4
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. W(H=WA)=W({16)=W(20)=W(2l)
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=92 o
WL =W(2)=4
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S. I.::Efl;W(I)l C()=P(D)| -3

HEE—-ENHELEE (similarity index) »
R B N2 B R R ALE o

SRt > RIS EEN B AR e I
s, | BB TR RS o AR MR R ARG
EER B LR R, » HIFF3 (Rank Number
) B RETEE (FM)

AR R RN TS BB

R ERREIRE, » (RERREME LR
SRIFFF 5RA64E » BI AR RRAVARE -

B REMBERELENBETE  BE
A o7 [ 5B 7R G R AT TR FE AN 1k » INE-EETR o

B TERS RS DR BT R BB B 5 Ty
ERR B LR » MIREE R R » MKy
ZRFERREXR  bRE—S BIET R g
& BAEREENTERER (Jarrell and So-
mervell, 1970) » #ERECAALEIBITERS B By
IR R L2/ AR W B REFRABERR » &
FEHELUEZ = ~ [~ S50 5 INEI T B4 524 -

4B~ T2NERALTE. o SR DAEIETF SR AVBRTE » M@
B o _
S5 T M B M THER B ES i Bl e
BTAF LR B SR » BAESE
—RUREMGRERNTELE » FIFEEAR
BRFTE TR R4 12 | 72 /MR E T R
(Jarrell and Wagoner, 1973) :

M Ll ANALOG (CWB-81) HETHLET HI M RRs s (BefE « 10854 6 H19~2l5?ﬁiﬁﬁé£ﬂ.)
Table 4. Format of similar typhoonfcalculated byJANALOG (CWB-81) method

8504 HAL E5 6210016.3126.8
620i815,9127.8
6£201215.5128.8
620 615.2129.8
620 015.0130.6
6191216,1132.2
619 012.5135.0
....... T LT
0.80 1.30 0.20 3.80 2.50 6,30 -1.20
111.80 108.89 92,12 114.86 119,80 146,31 © 333,43
$.00 1.00 2.00 1.00 1.00 1.00 1.00
I.QO 2.00 -2.00 2.00 1.00 .00 1.00
195% BILLIE DATA NO.w 22 Ke 2
713 17.2 1z8.0
1940 NADINE DATA NG.= 25 Ke 3°
6 < 18.6 129.1
1960 oLIVE OATA NO.» 26 K= 11
4 24 14.1 122.8
1961 BETTY OATA NQ.a 26 K= 11
S 24 16,4 125.%
1961 FLOSSIE DATA HO.m» 1§ K= S
?1? 16,4 123.9
1962 IRIS DATR NO.= 16 K= 9
5 28 15.9 124,2
1962 KATE ‘'DATA NB.w 25 K= 3
? 19 18.5 123.2
1963 POLLY DATA NO,s 19 K= &
6 1 17.5 131.5
1963 SHIRLEY DATA HO.= 31 K» 11
6 15 16.8 130.4
1953 TRIX DATA NJ.= 21 K= 7
& 27 14.5 122.5
1963 RAGNES DATA ND.= 22 XK= 12
720 18.0 122.3
1965 EHMA DATA HO,= 18 Ke @
6 23 16.4 123.5
1966 WINNIE DATA NO,= 29 K= 15
4 29 14,5 122:3
1964 DORLS DATA ND.= 15 K= 6
713 12.0 131.%
196< ELSSE DATA KRD.a 1?7 K= §
716 14.1 126.8
1965 anY DATA XD.= 24 K= 13
S 26 15.3 123.4 .

NXWHs

=-2.00
21.54
2.00
1.00

-5.640
S54.04
1.00
1.00

-3.80
%D.16
3.00
2.00

-8.20
90,38
5.00
2.00

=4.40 =0.20

50.61 3.

1.00 2
1.00 2

0.60
13062
2.00
NGe 15

11

NG 15
HiWuws 13

NXWW= 11

L UIT .

HXWde 20

RéWWe 15
Nxuu= 20
HYWs 16
NXWye 10
HXUN= @
Hxwus 14
HXWWe @
Nuubs 8

Hrba 11
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Fig. 7. Track translation of the analog typhoon
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Fig. 8. Vectorial modified diagram of the
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Verified results of 12 hour prediction

Table 5a
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Table 5b Verified results of 24 hour prediction
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Verified results of 36 hour prediction
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Table 5¢ Verified results of 48 hour prediction

HURRAN CLIrER PCTIFDR
VECERAR RANZAR ANGLE VECERR RANEER ANGLE VERERR RANERR
- 2178 NI -85 5. 0.0 514.0 -11.2 6.9 359.3 720.8
261.6 253.4 -36,1 16.9  347.% 281.5 -29.4 13.§ .5 379.3
Jee.n 620.4 -12.0 4.0 260.5 316,2 -11.% 10,5 4A%,8 611.5
117.4 383.% -7.0 4.5 288.5 397.9 7.4 0.0 119.2 $51.9
I21.7 35403 +15.7 10,8 497,64 404.1 -26.5 16.9 570.7 594.4
23,2 ' 395,1 -26.8 5,8 1.7 4e8.7 -i9.3 0.0 8.5 5718
461.9 5976 -6.7 6.3 FO1.0 2BL.5 -4.0 11.5  wevsr  sesie <865
717,83 2904 -15.0 1.8 272.9 286.3 -14.2 27,0 299.6 399.¢ -14.%
85,2 34, 7 -35.0 17.3 5693 5I7.4 -35.6 33.6  627,7 «05.i -3d.8
252.0 247.7 -12.3  S.A  492,0 247.6 -24.5 1,2 %44 3ei.l -l8.4
127.¢ I07.8 -5.1 5.7 905.5 290.5 -36,6 4.4 ¥91.0 316.8 -14.6
1770 %¢5.4 --2,2 11.5 196,27 364 -15.7 11.0 3037 ¢23.0 G.0
560.0 10,1 -14.9 1.2 S39.1 351.8 -b6.6 27.6 7&7.I 943.3 6.0
374.2 1.2 -S.1 53.2 4597 270.7 -17.0 &1.2 6B4.5 6432.% -30.0
253.% 1§T.5 -9.8 7.5  37¢.4 IAT.6 -16.4 19.0 314,95 458.0 -1.5
226.27 267.9 ~14.5 15.0 186.0 219.7 -84 1¢.7 139.7 18.1 -3.1
297.1 2572 14,7 280.5 219.2 0.0
67,7 &I4lF 2.0 799.7 715.7 0.0
456.7 3380 15.6 srves §55.5 0.0
163.6 <55.% 3.9 599.1 826.1 -20.%
503.3 517.1 7.2 a.0 0.0 0.0
365.8 &19.2 5.1 cpB. | S82.1 -30.3
269 .6 Fd IT1.3 2997 -6.8
5p3.0 &. 76,6 8.6 -9.%
.0 . 417.1 250.7 -81.0
7.7 263.6 585.3 0.0
2319.3 .
3¢3.0
316.3
655 (
212.%
275.9
277.4
5245
.3
160.8
106.7 9.0
Ms.8 6.0
376.% 0.8
472.4 aatn
4 -9.2
229.5 ~26.1
259, 1 -1l
573.6 73 2
90,7 -
139 -2%.9
5.7 ew
244.8 ~44.2
2117 ~16.%
az7.8 2
D .0
.3 -Q
7 .0
e 9
.e Y
T -]
» .8
5 .S
6.5 Ls5.7 1
181.0 450}5 . ]
.1 384.1 .3 . 3
151.8 " 373 0 3 . 0
sa4.0 55ils K1 t °
L5 wmepe .8 1 a
70,8 2<il1 .2 1 .0
2.6 2994 1 .7 &
141.2 78,6 ] .0 -
426.0 544.8 o 0 2.1
237.3 13,7 .5 [ . 0.¢
1111 55,4 .8 .4 . 0.0
7.7 440,0 ] .0 . 0.0
242.7 1571 .9 8 . ]
120.8 226,64 .2 I . 0.0
1703 26347 .2 . .3 . 0.0
323.0 302.4 -146.9 15.2 29L.5 268.6 <11.4 1¥.a 280.5 3¢3.5 -9.8
237.3 34k 6--18.4 22.6 294,64 217.5 ~22.8 3(.0 802.7 ™S5.i. 0.0
179.8 2858 -3 7.8 237,53 4.1 -2,9 7.5 785,27 468.8 mrves
$.0 - 529.1 340.8 -23.7 38,1 322.0 408.6 -].6
4.3 372.2 312.6 -56.64 3l.2 64424 423.6 -29.8
40.5 458.9 1968 -97.8 65,2 856.6 363.8 wress
9.0 . 0.0 0.0 0.0 ¢ 0.0 0.p
7.7 166,17 P61.5 -B.0 4.3 1¢6.2 598.5 -3.5
T 0.0 264.1 607.9 “24.0 0.0 c.o 0.0 0.0
y 18.1 188,64 273.3 -11.% 13.7 46l.1 63¢.6 0.0
0 0.4 0.0 ¢.0, a.0,- .0 9.0 0.0 D0.0
: 0.0 0.9 0.0° 0.0 0.0 0.0 0.0 0.0
292.2 15810 -47.8 6.7 420.0 274.1 -61.8 33.4 418,3 3294.9 -
390.5 333.7 -23.3 3¢.7 51S.1 302,1 -1B.8 31,2 264.2 293.7 -17.1
280.7 2472 -4.t 12.9 3z1.0 286.2 0.9 17.0 44l.0 270.0 0.0
200.8 216.4 -10.8 29.2 170.5 147.0 -6.8 15.0 24¢2.2 196.0 ~17.%5
41%.7 373l ~27 3.1 469.7 $65.9 -75.6 0.0 sle.l 406.7 -2 5
177.5 214.3 -10.7 ©.0 260.1 2¢0.4 -15,5 10.8 174.9 306.7 -5.8
340.0 517.7 -24.6 4.2 3B4.7 &04.0 -72.27 4.4 0.0 0.0 9.0
373.0 716;2 0.0 30.7 493.0 .799.0 0.0 33.0 0.0 0.0 0.0
2.7 438,9 -19.9 6.1 334.4 4B3.1 -29.1 21.7 0.0. o 0.9,
320.3 94,0 -30.% 27,9 . .6 50.1  904.8 3
199.¢ *18.0 -¢.0 8.7 . . . 977.8 R
401.3 293,55 -9.2 40.9 763,9
09,7 234.4 -B.2 10.9 717.5
192.% 3eniz -21.7 6.0 474.7
215.0 174.7 -19.2 12.6 £35.8
0.4 S07.4 0.0 1, 165.0
. n.g 0.1 0. 0.0
4.4 440,64 -25.2 1B. arese
12,9 M98 -39 9. 982.7
9.8 432.3 -36.2 24. 6.0
08 235.5 -le.l 0. 3131
594.8 N0 & -17.7 0. 2 i
376 2389 #23.4 0. 3.6 5%¢.2
347.8 238.2 -5.0 ls. 9.6  609.8
345.0 201.3 -I1.4 19, 1.7 $3%.
271.8 29307 -Im.6 %, 0.6 1763
183.9 373.8 -12.1 17, ©,2 1355
455.8 749,03 -33.7 0. 2.7 o,
2921 330,83 7.4 0. EN
9.0 9.0 8.0 0. a.0 0.
48%.] 31£.% -35.7 72, 58.9  A0Z.
a.9 0.c 0.¢ 0. 0.0 9.
39C.3 3747 -6 1. 18,7 A0%,
1748 2e2.s -6 13, 17.0 <o,
04.0 344.3 -14.0 15, 17.7 &,

AHALOG
VECERR RANERR 246!
.4 294.3 500.¢ -128.3
6.3 36215 310.5 -28.%
0.0 ¥4 0B.1 -11.2
6.6 3p3S ?95.8 -7.0
7.1 4419 SB&.1 -17.%
5.4 469.0 691.2 .
4.1 5 5449 1
1.5 I¥] 5
7.0 o .5
0.9 .2 H
11.9 4 2
7.3 s K]
41.8 .3
az.1 ]
4.3 5
a.4 -
10.8 .9
1.3 ]
50.2 o
18.7 .
0.0
8.8
21.?
0.0 ' 29¢.8 al3.1 -5
0.0 6.0 0.0 0.0
1.8
11.)
8.7
36.8
0.8
-0
R
2
e
.3
8
.0
.Q
1
.3
.0
.9
1
.o
0
.0
.2
4
.2
4
N:]
-Q
.8
.0
H
.2
.0
H
%
10.4
10,
16,
27,
0.
21,
51,
ol
0.
12,
9.
Q.
0.
2%,
17,
11.
65,
3.
is.
33,
102.
9.
16.
0.
19,
1]

k(1) weoex ZURIEMD 1,000 REH 100 FLL LK o

@ 0.0 FRMEATRRE A RRE
- 78 -

- ——

e
ORI s wo noQmDMm

ML g i g R e e D
S S R A I Y

O LA (3 = 4+ Cr 08 4 = B0

PP A A TP ST Y

-G
ANDEIIUND QPONSOFOEASONAROOON@E M IWENORORDERTEE T L e
Srwmooow o =} !

"
=



— 9] —

FEIREFHTA 60 /NBE 2 BEBRAER

He

*

iction

d

Verified results of 60 hour pre

Table 5e
HURRAY

YECERR RAMNERR

653050‘5355056‘17’!‘7343050?-’0"TDU“—I!DD[D]AVS\JGOSJ‘QQQDuﬂvoI- O!ﬂsf-lquﬁml ........ 2 oM oQanornennaRReEERRn LEANGnsQoEEenRnEeeRTE
....... BN ID AT WO D L OGCANOODD G50 someoD NG d “n i G GOSNO lu&!&ﬁilvl?? COE G RO COmGOINO DBy yoON it GG now
E:auuSDmthvuuﬂﬁnNHHamlwooso,mow:unnuurenoooae guNgoceeo ST bl AT adadat g it-Jd- i 2!10 ZOonERISTR AR RRARTARE TN -na e

25.1

ﬂ"ﬁ

N T L B Lt L S e L S L L Ll e Lty 0O DO0SEMNOgranG
3....1.. ...07230&5?}09GSDUUO6106:3090}005?900‘0751 LD O PG D - —~o Dh!?lh??ﬂﬂﬂﬂt?l??ﬂﬂoo Py Ly omo
iMH%ﬁ 0?03000 SRTYVEESy ey TREZT Ve P l.ﬁ@!ﬂthU.l%?] ]_D 047.&01 e Lt FouTen cogzRgrogony
L] _ 1 [ T - 1 Ll Ll ] 4 1 L] r LN | LN e g 5 [}
OJJOTOGGBSDB 256&0.099»031-095020&GSBBUQOBQGZQSSPOO&529965007531562‘0 coao
bt Sdn] hene v noueeesTIn 1o R rooennamnegnene
- covionyisgr inddnddornoddrnainon ar secqanmgndsogyceaRooac noMe
=T HESE- TR s deb-Eodatigiiod oo St ot M i o S Y Tl Tl B
34 R OIRA geonone JRINARICASENYRASA B R Shannonn JIGRERE SHN ThkhET SR R
? ™~ y

301
e
t
7
8
o
?
82.

7
2.
&
)
=

eer

ocgouLe .M.Lll.LLL.lm..LLLL. 6w wi
R S R P B FETaH
L T g t-tnh‘ NS a0 ded O Hranm

$22.9 508, -21.4

1,000 2 5% 100 BELL % o

b3 f
(2) 0,0 FRIME O] Bk AEEHE ©

2.1
mangb

OUQUDﬁUDUGDUUUODQOUOOOOOODOUODQUUDDD 0CO0CoOROCDO0B000000R0ds0000P0R00000Ce000DAReRCRR000eR00aGR0

......... io D GEEO0O000E6ET oRocaEatE00005000060560000000¢0648d000U000080000080000000000R00

0.0

o e e e e e

OOGOJUDDﬁJOOﬁﬁﬁﬁUJJJJJO Oﬂﬁjﬁﬂﬁﬂﬂﬁnjnoﬂ 0000000&&003000900000&OODGDDNJJOAOODDDOOUJJDOOUUOQOOD00000000
P A S O N CCOOBE 00000000000 000RBOOoOGD Dmommmmnoouooooooooounoounonﬁoononnnuuouunoonooomﬁooonooooooo

0.0

000DDODDOOQUUDODOOOUDUDQOGOJDDUBDDDOJJ&JJJJJmﬂOOﬂJﬂﬂﬂAJJJO 0000000JDGUﬁﬁﬁﬂqoODDOOOODDODQJJO&JJJ&GDUDDOODDOODAJJQOOODD?GO
00&&&&00&&&&&&0000&000000000UUDO0000OOOQUDDDUOOOODOOQODOOO nmmDOODOODUDDOUODDDBUOOODDDDﬁOUOQDDQOUDDOBUUDDUUDBODUUUDﬂOBOD

2.0

LlatL)

VEEERR RANERR

OUOUUDDOGOOQDDDDDODDDDOOOOOOﬂJJUﬁﬂﬂﬂﬂﬂﬁﬂJJJJJ&JOOOGOOGDUODO DDBODODODDBDUUDBDDODUDO DﬂOOﬁﬁDDODOOOJDOOUDDDOHnOQOﬁDDﬂﬁODDDO
EECOeasEE00R000000666000000C000008088S000R0DeR0DRRDRROTDoDan BEcdGHo00C668000060006000G00A000RR000

0.0

8
Q
0
1]
0
0
]
o
Q
Qq
Q
9
]
U
o
[}
2
%
L]
1]
[}
a
0
2
.0
.9
e
0
o
]
a
a
[
D
[
o
&
a
0
0
0
0
)
[
[
0
0
L
E
]
-0
-0
o
.0
B
¢
9
[4
1}
.9
.0
N
-a
g
]
Q
o
N
.a
-0
-0
-0
0
-0
.0
Q
]
©
g
Q
-0
-0
B
G
5]
-0
.0
0.0

QODDUOOODUUBBOUOOOOOOOJOOJJJJ ...................... .... .‘.........,.............. .
00000000000000000@000UUUOQOGUOUUUOD DDUDDOOOUODDDOOUQOOUUDDO0000DﬁD000OODDDUODOOOOODDOQODUOOODDDOO

Q
[
a
1]
.0
.0
Q
Q
Q
1]
o
o
0
0
]
1]
-0
-0
.0
.0
0
0
0
0
o
o
q
a
o
0
)
0
0
2
1]
Q
0
o
D.
2
Q
N:]
.0
]
v
o
1]
0
N
i )
1]
0
o
)
o
a
Q
]
.0
n
.0
0.0

UDOUGDOUOBBB00000000OOUJJDOJJDDOOGJOOOODDﬂﬂﬂbﬂﬂﬁﬂjﬁmﬂﬁmjﬁUDDDJOODUODOﬁmmD&GUDDUOOODnDDﬁ&JAQUJDOJODODOOODODUEOJOODDDGUDD
~ooo =3 OUOODOQGOOGOOOO000000000UBDODD0000000000000600000000DnﬂouuuueunmuuonDOOOUDDD

EUnBUBDUDD900000000000000000000000000000000

cLirenR
Q. 0
0.0
(1) #x0nn

vic:un RANERR

UDODD000000DOODBOODDDDDOOOOO%DJOBOOOo0000&0000000&0000&00&@00 =

........................... 0OOODDO00000000000000000000OBDGDUODDDOOUDDOGnDDDODDO00OeﬂﬂﬂooﬂooanooooonvooonuOunDDDODOD

1033106?62[5‘9607953!1665015}0... ..................... P @O N B0 A e o aNaaRRaneEReeRTT tmgmmaggereanenaTe "~
6146!2&2520!&01275055500D??aﬂ@!!ﬂﬂ&&?lchDOﬂ?iT’0?1c?Sﬂ0420100696SUGSIDDZDQOQSESQODODDG9597660300&65116706000 ]
LRAROOARNIER TS Ak Smn e _na -1 -

ANGLE

1.
3.
4.
.,
19,
0.
2.
5.
22.
6.
8.

-2.1.

: Dy oo—Gons - LslUElaS?SSS&??b!?&LLDhﬂEO o 3[7[66182287D!0 n
Nﬂﬂnﬁﬁdmmﬂumwmoonit?nscq00 44.2. (SRl it ..ﬂ..225 EpTTVIZ 02..1%&.Q4d4_ o =

T T v g .
>

1
L] 06182065995815?61943?556?GIDDD?J.u
[ " :
*
H

Comy 5?5«.51?3!0
I pesnppocdady Hutnsy
& B

....... MMM A M ONe 000 0m
RIALE YEWLe wnmmAn s e vnmnfes

3823y PR e (D=0 D@

G —— = . .

Qg Pannala A
-

50s.7

0
o

70,7 -21.%
3 -1
25
211.5 995.5 -l

439.7
67.2 634

TN Do @) 3 2 0T 3 T

£}
0

e L L L

2957

3.6

b
209,
38
248
267
147
376
433

P O B D YR D
.

CASE

f

~

.
.

ik



FHERERR T2/ Z BB

af

§§

— 22 —

Verified results of 72 hour prediction
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Preliminary Study on the Application of Typhoon
Track Objective Forecasting Methods
Used for Taiwan and Its Vicinity Area

Shinn-Liang Shieh', Henry Fu-Cheng Liw®, Chung-Shan Wang®

ABSTRACT

This study is to find out 2 most objective prediction guidance to im-
prove the operational typhooQ forecasting technique by examining and
analyzing various typhoon track forecasting methods (HURRAN,CLIPER,

PC and ANALOG (CWB-81)

which have been used to predict typhoons

occurred in the western North Pacific ocean in 1959-1977.

According to this approach, the mean error of the HURRAN method is
smaller than those of the other three methods and the mean error of the
PC method appears to be the largest in four methods, It is very important
to recognize the characteristics of .each method and to apply these methods

on the proper occasion.

1 Director, Weather Forecast Center, Central Weather Bureau
2 Section Chief of Long-Range Forecast Section, Central Weather Bureau
8 Section Chief of Computer Center, Central Weather Bureau
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A CASE STUDY OF A SEVERE WEATHER
OUTBREAK OVER THE MIDDLE EAST REGION*

Tiros Peijiun Lee 1
Central Weather Bureau

ABSTRACT

It was decisively wintry weather for the eastern Mediterranean countries
during the beginning of March 1980. Torrential precipitation along with
high winds, damaging hails, and severe thunderstorms stunned most of the
areas of Lebanor, Syria, Israel, and Jordan. A 20 cm snowfall accumulated

“in Jerusalem, Israel while Amman airport, Jordan received 60 cm (uncon-
firmed). At“the same time, gusty- winds of up to 50 kts were reported in
Israel and Jordan. A Cypriot cargo ship snak 200 km south of Cyprus.
Fortunately, the crew was rescued by the Israeli Navy.

Aside from the strbng synoptic scale setup, the intriguing aspect of the
storm was its development in the presence of a rather complicated environ-
ment where air-sea interaction and orographic effect may have played a
crucial role in convective activity.” Results indicate:

(1) The forcing mechanisms are provided by the synoptic troughs and
upper level divergence along with the propagating jet streaks,

(2) When -the cold air funnels through the Aegean Sea, the differential
moistening and heating processes from the Mediterranean Sea in
combination with the cooling aloft ahead of a cold cutoff low
_destablizes the entire troposphere of the storm environment, favor-
able for a convective response,

(3) A branch of low level jet (LLJ) brings warm and moist air from the
northern coast of Egypt into storm area,

(4) Two surface troughs pass through the Middle Eas. region.. The first
one brings about the primary convective outbreak. The second one,
which ‘is initiated downstream of the maximum oceanic heat fluxes
in the wake of the cyclonic flow aloft results in a renewed surge of
the convection,

(5) A mesocyclone moves into the storm environment.

* WA 53R 1A RERBM:TSHEIASE BT HM:T437287 .
1hE s REmESEL



1. INTRODUCTION

To gain a physical understanding of
significant weather events has always been
the most challenging task of meteorolo-
gists. Maddox (1980) uses the term
mesoscale - convective complex (MCC) to
document the quasi-circular. convective
cloud systems of the Central United
States that may produce heavy precipita-
tion, flash floods, and all sorts of severe
weather phenomena. In Asia, researchers
are making every endeavor to seek for the
possible mechanisms in association with
heavy rainfall of the Meiu front during the
late. spring and early summer (Ninomiya
and Akiyama, 1971), which often brings
about tremendous human life losses and
property damage. The meéchanisms for
this heavy rainfall may include, wave-
-wave interaction between quasi-stationary
front and migratory subsynoptic waves,
diabatic effects in maintaining frontal
intensity, and interaction of tropical and
mid-latitude systems.

In the spectacular Presidents’ Day
snowstorm of 18-19 February 1979,
Bosart (1981) presents the evidence that
the incipient cyclone is a shallow baro-
clinic disturbance which forms along a
Carolina coastal front. He suggests that
differential heating and moistening due o
land-sea contrast in combination with cold
air damming to the east of Appalachian
mountains are important physical mech-
anisms for incipient cyclogenesis. In
the same case study, Uccellini et al.
{1984) have shown that an unbalanced
intensifying subtropical jet streak and a
‘devetoping LLJ characterize the pre-

- cyclogenetic environment.

The eastern Mediterranean severe
weather case was also noted by its de-
velopment under the prominent influences
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of polar- jet. (PJ) and subtropical jet
stream (STJI). In addition, the presence
of mountain chains and warm sea compli-
cate the storm environment.

The impacts of orography on atmos-
phere cyclogenesis have been extensively
investigated and considerable literature
exists on this subject, e.g., Petterssen
(1956), Petterssen and_ Smebye (1971),
Tibaldi et al. (1980), Buzzi and Tibaldi
(1982), and McGinley ™ (1982). It is
widely accepted that cyclogenesis on the
synoptic or subsynoptic scale cannot be
explained by the barotropic process of
lee trough genesis alone, Rather, a finite
amplitude baroclinic “instability process,
acting with the mountains, may be res-
ponsible for an amplification of the initial
disturbances.

The paper is organized as follows:
Data and methodology are described
in section 2, followed by a synoptic
overview in section 3. Section 4 includes
detailed subsynoptic. and mesoscale
analysis and oceanic-heat flux computa-
tions. Cross-section analysis is described
in section 5. The discussion appears in
section 6 and concluding remarks in
section 7, ‘

2. DATA AND METHODOLOGY

In order to look into the temporal

‘evolution of the vertical motion, and

vorticity structure, a south-north-cross-
section is chosen approximately along
30°E with grid distance equal to 1.5°
latitude (~165 km). The vertical interval
is every 50 mb starting from 1000 mb up
to 200 mb. Al sounding stations are
assumed located right on the cross-section.
The vertical motion is obtained by kine-
matic method while the contribution to
vertical motion in the direction normal



to the cross-section is neglected.

One of the important purposes of
this study is to examine that to what
~ extent the modification of the continental
air has undergone when the cold air
funnels through the Aegean Sea into the
Mediterranean basin.. By this reason,
oceanic sensible (F;) and latent heat
fluxes (Fl) are computed according to
the standard bulk aerodynamic formula
given by

Fg = @ C, Cy (Tsea — Tair) | V]
-
Fy e L C, [as(Tsea)—q(Tair)] {V|

where Cy and C, are exchange coef-
ficients taken equal to 1.6x10°3 (Brown
and Liu, 1982).

T
Tl b, T o

Fig. 1. Geographic map and orographic

obstacles over the Mediterranean
area (Reiter, 1975).

3. SYNOPTIC OVERVIEW

Fig. 1 shows the geographic map and
the major orographic obstacles along the
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Mediterranean area. Fig. 2 shows the |q.
cations of the surface and the rawinsonge
stations mentioned in the fext. The
stations used in the cross-section analysis
are also illustrated.

ALLPPOL
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LA™ 1% g Dpreasess
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Flg 2. Surface and rawinsonde station
location map. Crosses indicate
stations used in south-north cross-
section analysis. '

On 00Z/29, the 500mb chart (not
shown) indicates a huge low pressure
systemm centers over northern Bulgaria
covering most of eastern Europe. The
large scale flow closely resembles an
inverted £ with northerly flow behind
and southerly flow ahead of the low. In
the ensuing 24 h (Fig. 3), the low pressure
system appears quasi-stagnant. Fig. 4
iltustrates 1000/500 mb thickness pattern
on 00Z/1. The. near coincidence of the
1000/500 mb thickness and 500 mb’
geopotential field is an indication of the
equivalent barotropic structure of the
vortex. Another significant feature in
the first 24 h is that the 500 mb. trough-
axis, which is located upstream of the
Acgean Sea on 00Z/29, is lifted out
through the Crete Island. Two consecutive



soundings of Heraklion, Crete (16754)
on 12Z/29 and 00Z/1 (Fig. 5) portray
nicely the windshift and the cooling
below 650 mb after the passage of the
_trough.  Note also the low tropopause
characteristic along with a cold cutoff
vortex,

4\"

e
| d
' \.'u 1
! \

13

Fig. 4, 1000-500 mb  thickness (solid/

dash lines) every 6/3 dam for

00Z/1 March.
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Tig. S Soundmg‘s of Hexak\mn C”Ikete
(16754) for 12Z/29 February
(solid lines) and 00Z/1 March 2

(dashed hnes)

F1g 6. 250.mb analysis vaiid 00Z/29
February. Heighis (solid/dot
dashed) every 12/6 dam, isotach
(dashed) every 10 m s! if wind
speed =40 m s’

The most dominant feature at 250 mb
is the appearance of the strong PJ which
is turning anticyclonicaily into central
Europe on 00Z{29 (Fig.6). The maximum



wind speed exceeds 140 kis at Scandi-
navian peninsula (off the map). In the
exit region of the jet streak the air cuts
across the height contours toward the
higher heights, suggective of a thermally
indirect circulation near the Alps. Further
to the south, a powerful STJ is meander-
ing around 24-34°N with maximum winds
exceeding 150 kts.

The 850 mb chart (Fig. 7} at 00Z/29
depicts two well-defined - low pressure
systems over the Turkish plateau and
eastern Europe. A uniform baroclinic
zone extends from Romania southward
into northern Africa. One weak trough,
embedded in the baroclinic zone, is
situated over the Aegean Sea in cor-
respondence to the short wave trough
aloft. Another weak trough is located in
the Middle East. In general, the Mediter-
ranean region, northern Africa, and
Middle East countries are experiencing
cold advection, except neutral or slightly
warm advection is prevailing ahead of
the Aegean trough. The onshore flow
along the southeastern Mediterranean is
starting to pick up 24 h later due to the
increasing pressure gradient in association
with the approaching trough. A 50 kits
wind is observed along the northern coast
of Egypt.

At 500 mb, the situafion becomes
more interesting on 12Z/1 (Fig. 8) as the
cut-off system eventually starts to move
southward in response to the southward
digging jet streak. The slow-moving
trough between Crete and Cyprus has
acquired 2 negative (north-northwest to
south-southeast) tili.  This trough has
sharpened further by 00Z/2 with the
development of strong northwesterlies to
the rear of the trough axis.

The 8350 mb low center on 12Z/1
is over northern Turkey and the trough is

88

850 mb analysis valid 00Z/29
February. Heights (solid) every
3 dam, isotherms (dash/dot dash-
ed) every 4°/2°C. Solid circles
indicate a temperature-dew point
difference of <4°C,

Fig. 8. 500 mb analysis for 12Z/1 March.

just off the coast of lsrael and Lebanon
(Fig. 9). The first convective outbreak
starts about 6h carlier. The winds are
increasing noticeably and turning more
meridionally. The southern half of the
trough, however, secems to be already



passing the northernmost tip of the Red
Sea where strong low level northerly flow
has replaced west-southwesterlies. By
00Z/2, the low separates into two centers
(Fig. 10). The wind direction along the
coast suggests that the trough axis stili
anchors next to Lebanon but just reaches
the Israeli coastal line, Clearly, the cold
advection is dominating most of the
region even in front of the trough.

L =3 £l

Fig. 9. 850 mb analysis for 12Z/1 March.

N “.,_

Fig. 10. 850mb analysis for 00Z/2 March.
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The most drastic change of the
synoptic situation occurs between 00-
12Z/2 when the 300 mb cut-off low
develops southward over the Middle East
and there remains another weak center
over central west Turkish plateau (Fig.
11). Meanwhile, the wind is increasing
by 41 kts at Bet Dagen, Israel (40179)
in 12 h while the temperature report at
Damascus, Syria (40080) is —35°C which
indicates a pool of cold air right over -
Lebanon. ’

Fig. 11. 500 mb analysis for 12Z/2 March.

The 250 mb chart at 12Z/2 (Fig. 12)
in general depicts a very similar flow
pattern to that at 500 mb, yet there is
no evidence of the cut-off low appearing
over the Middle East. Strong winds are
reported south of the cold pool over
Israel and Jordan in accordance to the low
level thermal gradient. The core of the

'STJ is still confined to the northern

border of Saudi Arabia while the PT is
creeping -southeastward with an average
wind speed close to 100 kts. These two
branches of the flow come across each
other near the northern border of Egypt.

+ 89
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Palmen and Newton (1969) assert that
the maximum ascent/descent often occurs
immediately in - front of/behind the
trough when the strongest winds are
present at the base of the trough axis.
In this case, therefore, we may speculate
that the subsidence would be reinforced
over the southeastern Mediferranean Sea.

Fig. 12. 250 mb analysis for 12Z/2

March.

~ Fig. 13. 850 mb analysis for 12Z/2
March.
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At 850 mb (Fig. 13), a subsynoptic
low center is located over the north.
castern corner of the Mediterranean Sea,
A separate center remains over the eastern
Black Sea. Cold advection has ceased
over Isracl and Lebanon. In fact, weak
warm advection is indicated from the
coast of Israel inland in the strong, moist
westerly flow ahead of the off-shore
trough.

4. SUBSYNOFPTIC
AND MESOSCALE ANALYSES

4.1 Surface Analysis

In this section a close look at the
organization of the surface disturbances
is depicted by a series of detailed surface
analyses beginning 00Z/29 and ending
12Z/2.

The 007/29 surface analysis portrays
a rather benign pressure pattern (Fig. 14).
The Turkish plateau is occupied by a low
pressure system. Across the sea, two
weak troughs can be recognized.‘ The
westernmost one, sitting immediately
under the 850 mb trough representing
the leading edge of the cooler polar air,

L
'

92/29/092 1980 _
e

_ SURFRGE

Fig. 14. 2 mb interval surface isobar
analysis for 00Z/29 February.
Dashed lines are intermediated
values.



is moving steadily toward the east. 12 h
later, ship reports indicate that the main
"trough is close to 28°E while the pressure
gradient behind this trough is increasing
gradually as a result of cold advection.

The situation becomes more exciting
on 00Z/1 (Fig. 15) as the trough passes
30°E and the pressure pattern becomes
more asymmetric. Thunderstorms stretch
from southern Tuwkey -southwestward
into the Mediterranean Sea along with
the trough axis. Note that the diurnal
effect is unfavorable for the development
of convection since locally it is early
morning. The surface-based lifting index
(SBLI) analysis at the same time (Fig. 16)
reveals a swath of unstable air along with
the surface trough over the -eastern
Mediterranean Sea and apparently demon-
strates high correlation with the observed
thunderstorms.

During the following 6 h, the SBLI
minimum and the surface trough maintain
close coincidence (not shown) and the
most unstable air reaches the coastal
region on 12Z/1 (Fig. 17). The convec-
tive activity is basically outlined by
the contour 2. Another important feature
during this period is the spawning of a
mesocyclone to the northeast of Cyprus

j 0317017007 V380
o ane e
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(Fig. 18), which is probably due to the
strengthening northerly flow impinging
upon the Turkish plateau after the east-'
ward propagation of the 850 mb low
(see Fig. 9). Noticeable windshifts in

Fig. 16. Surface-based lifted indices
(SBLI) analysis for 00Z/1 March.
Shaded stations report convective
precipitation. -

i G Lo A .r!%m o 9MILIET 1
Fig. 15. Surface analysis for 00Z/1  Fig. 18. Surface sectional map every
March. 1 mb interval for 12Z/1 March.
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northern Israel suggest that part of the
trough (hereafter referred to as T1)
has moved inland though some coastal
stations still report southwesterly winds.
High winds are observed in southern
Israel and a closed circulation forms on
the lee side of the mountains characteriz-
ing the increase of cross-mountain wind
component,

During the next 12 h, thunderstorms
and heavy snow overspread most of the
Middle East area and the pressure of the
mesocyclone falls below 1000mb on
00Z/2 (Fig. 19). Meanwhile a new trough
(hereafter referred to as T2) develops in
the eastern Mediterranean’ Sea in response
to oceanic sensible and latent heat fluxes

in the cool, cyclonic flow. The fluxes,
which wil! be discussed later in this
section, maximize on 06Z/2 as the pres-
sure gradient over the Mediterranean Sea
strengthens, '

Fig. 19. Surface sectional map for 00Z/2
March.

The surface map at 06Z/2 (Fig. 20)
reveals the approach of T2 and very
strong onshore flow throughout the
southern Lebanon and Israel. Heavy snow
at Sechem, Israel (438, elevation ~700m)

reaches 43mm (liquid water) during th,
past 6 h. Recall that at this moment the
500 mb cutoff low is starting to enter
this area. The 12Z/2 sounding at Aléppo,
Syria beautifully captures this critica
situation (Fig. 21). Comparison with
the 00Z/2 sounding, it reveals a layer of
casterly wind components in the 700.
500 mb layer at 12Z/2, strongly suggec-
tive of a cyclonic circulation to the
south.

Fig. 20. Surface sectional map for 06Z/2
March.

Fig. 21. Soundings of Aleppo, Syma
(40007) for 00Z/2 March (solid
lines) and 12Z/2 March (dashed
lines).



At 12Z/2 (Fig. 22), the mesocyclone
is moving south-southeastward parallel to
the coast of.Lebanon. -Sustained winds
of 70 kts at Jerusalem, Israel (40184,
elevation 809m) and 35 kts with gusts
up to 47 kts at Amman Airport, Jordan
(40270, elevation 768m) are reported.
The SBLI (not shown) basically depicts
a similar patternﬁ the most unstable air
is situated in the vicinity of Israel.

& \ .
IR ER i‘Low w1 eeenn L350

Fig. 22. Surface sectional map for 12Z/2

March.

‘4.2 Oceanic Heat and Moisture Fluxes

It was noted that although the middle
and upper troposphere have experienced
dramatic cooling over the Middle East
during the period, the surface temperature
and dew point show much less change in
the boundary layer. Apparently, appreci-
.able air-sea interaction has been going
on as the cold air travels across the
Mediterranean Sea. A quantitative
assessment of oceanic heat transfer will
be surveyed in this section.

Fig. 23 illustrates the composite
SST during 29 February to 3 March. The
average temperature is between 14-17°C

over the Mediterranean Sea while the

Aegean Sea is about 5°C colder. Basically
hoth Fy and Fy start to pick up on
18Z/29 (not shown). The center of
maximum F/F{ is positioned to the
southeast of Greece while the magnitude
of Fy is about two times that of Fg.

By 06Z/1 (Fig. 24), the heat fluxes have

Fig. 23. Composite sea surface fempera-
ture from. 00Z/29 February to
00Z/3 March.

\ 5 r - - - - r -

Fig. 24. (a) Sensible heat flux.
(b) Latent heat flux for 06Z/1
March.

cgal



steadily increased and at the same time
the axis of the maximum heat fluxes
has rotated from northwest-southeast to
east-west. It is suggested that the first
cold surge has been funneling thfdugh
the Aege_an Sea into open water. Compar-
ing with surface analysis, eg., Fig. 15,
we can picture a very nice relationship
between the surface trough (T1) and the
fluxes where the maximum value is
positioned behind the trough, The
relative miximum fluxes on the northern-
most portion of the Acgean Sea imply
that the air is not subjected to enough
warming and moistening processes until
it is some distance offshore.

The fluxes are greatest at 06Z/2 (Fig.
25) as the total flux exceeds 1100 W m™
over the central Mediterranean. In
addition to the channeling effect, part
of the cold air also crosses the western
plateau (the plateau slopes down to thé

Fig. 25. Same as Fig. 24.  BExcept
for 06Z/2 March.

for
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west as shown in Fig. 1) after the 850
low advances to the east. The increase
of the sensible heat flux is due to tpe
increasing wind speed as well as the
air-sea temperature contrast while {he
increase of the latent heat flux is mainly
contributed by the increasing wind speed.

5. CROSS SECTION ANALYSIS

In this section, the diagnostic ageo-
strophic circulation are investigated along
the south-north oriented cross-section.
#, Be, and ( on 00Z/1 are shown in
Figs. 26 and 27. Along the cross-section,
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Fig. 26. South-north cross-section analysis
for @ (solid lines) and @e (dashed
lines) for Q0Z/1 March.
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Fig. 27. South-north cross-section analysis
for vertical motion (x1073 mb s™)
for Q0Z/1 March.



it indicates relatively low static stability
and less baroclinicity - throughout the
troposphere over the Middle East (Fig.
26). Noted that the strong temperature

. gradient between Istanbul, Turkey (17062)

and Ankara, Turkey (17130) is mainly
caused by the deviation of the stations
from the cross-section since the coldest
temperature is very close to Istanbul.
In reality, the isotherms are south-
southeast to north-northwest oriented,

i.e., cross-section-perpendicular € gradient

should be greater. The vertical motion
(Fig. 27) depicts low level weak ascent
between 35-42°N and descent elsewhere.

On 12Z/1, fe¢ analysis (Fig. 28)

reveals a convectively unstable layer in

the lower troposphere near 40179, The
ascending motion becomes more vigorous
and the maximum center is located to
the south of the strongest baroclinic zone
{Fig. 29). The vorticity diagram (not
shown) implies a LLJ, flanked by the
maximum cyclonic vorticity 2.7x1075s™!
at 700 mb, transversing through this
region.  Recall that T1 arrives in the
Middle East around 12Z/1 when convec-
tive activity starts. This low level vortici-
ty maximum provides additional evidence
of the approaching trough. '
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Fig, 28. Same as Fig. 26. except for
12Z/1 March.
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. Same as Fig. 27. except for
'00Z/2 March. - |

In the following 12h, the € surfaces
become more and more separated over
the Middle East while the south-nerth
temperature contrast remains weak along
the cross-section (not shown). The up-
ward motion is still constrained between
34-42°N with strongest ascent near
450mb (Fig. 30). By 12Z/2, u-component -

~wind shows that a jet with maximum

wind speed 81 ms’! emerges at the
250 mb level over Israel (Fig. 31)." More-
over, this jet is extending downward
as 270°/154 kts at 400 mb 270°/63 kts
at 700 mb, and 270°/42 kts at 900 mb
are reported at 40179. As one can

it
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‘Fig. 30. Same as Fig. 27. except for
127/2 Mazch. '
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imagine, the vorticity map (Fig. 32)
reflects a spectacular shear vorticity
(since the winds are basically zonal) on
both sides of the jets. The —8.8x107s™!
vorticity at 32.5°N implies the absolute
vorticity less than zero, so inertial instabi-
lity would be present on the anticyclonic
shear side of the jet. Thus, upper level
divergence is enhanced. The most striking
phenomenon is the couplet of cyclonic/
anticyclonic vortex tube near 800 mb
which strongly suggests that some sub-
synoptic scale disturbances exist above
the Middle East. The vertical motion
(Fig. 33) shows that the rising area has
shifted to the south and separates into
two maximum centers while all of Turkey
is experiencing subsidence, Ascent/
Descent to -the south/north implies a
thermally direct circulation as would
‘be expected as this region lies in the
entrance region of a strong jet forced
by confluence between the polar and
subtropical westerlies,

6. DISCUSSION

In this section, an overview of the
Mediterranean case is conducted to
unveil the probable mechanisms involved
in this severe weather outbreak in the
beginning of March 1980.

As we saw in section 4, the large scale
is dominated by a strong mid-troposphere
cutoff low in association with a south-
ward digging jet streak toward the Middle
East region. The upward motion with
the trough axis spreads over the Middle
East area on 00Z/1 to set off the first
convective activity. Kinematic vertical
motion suggesis that the upward motion
is maximized in the middle and upper
troposphere. By 12Z/2, as the storms
continue, the 850 mb analysis for the

Fig. 31. South-north cross-section analysis
for cross-section-perpendicular
winds for 12Z/2 March.
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Fig. 32.-South-north cross-section analysis
for wvorticity distribution for
12Z/2 March.
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first time reveals that a branch of a
highly ageostrophic LLJ originating from
the north African coast into Iraq brings
- weak warm advection into Israel. This
point is further reinforced by the 127Z/2
sounding at Aleppo, Syria (40007)
which nicely delineated the easterly
components as well as the veering of the
winds (see Fig. 21).

 Bosart and Lin (1984b), in their
- diagnostic study of the intense Presidents’
Day storm, discover that the cyclogenesis
along the eastern coastal front is initiated
by surface air that ‘has been most sub-
jected to warming and moistening. The
Fq is roughly 3 times of F¢ in their
* study. In Bosart’s Texas coastal rainstorm
case (1984a), the ratio of F 1 and FS
is up to 5:1. In this case, the flux pattern
is similar to that mostly seen in the wake
of the cycloneftrough system as drier air
flows offshore in a manner described by
Petterssen et al. (1962). The magnitude
of Fl is about twice as much as F . Also,
the environment outlined here is quite
different from the continental U.S. where
in a strong cold outbreak the air may
be subjected to a long history of subsiding
and drying over the continent before
the latent heat flux begins. Here, in
contrast, the air parcels do not have a
long upwind continental trajectory, there-
fore, they do not have enough time to
be dried out as shown in the remnant
moisture at 850 mb. This can be one of
the reasons of relatively small difference
between FS and F 1-

Despite of the strong oceanic heat
fluxes, there does not appear to be any
substantial cyclogenesis in the surface
analysis which . presumably is due to the
cold advection prevailing in the lower
levels. Nevertheless, as the warm and
moist air -arrives in the Middle East,

in situ with the upper air cold pool, it
results in a convectively unstable environ-
ment over the Middle East. The synoptic
trough provides the overall forcing
mechanism while the mesocyclone deline-
ated in the surface analysis véry likely
acts to further enhance the subsynoptic
scale convergence. Moreover, the topo-
graphic lifting helps to concentrate the
activity upwind of the higher elevations.

Over the continental U.S., it is well-
known that winter cyclones tend to
accelerate as they approach the Great
Lakes and slow down while moving away
(Petterssen and Calabrese, 1959). The
warmer water acts as an iniportant source -
of vorticity generation in the winter,
which tends to modify the speeds of
winter cyclones. As shown in section 4,
the 850 mb trough moves from the
Aegean Sea into the central Mediterranean
then quasi-stagnates just offshore of the
Middle East for about 24-36 h before it
advances inland. The isochrones of the
surface trough (T1) also show a tendency -
to be slowed down when it reaches

"30°E (Fig. 34). Thus, the modification

Fig, 34, Isochrones of surface troughs T1
(solid lines) and T2 (dashed lines)
from 00Z/29 to 12Z/1 March.
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of the relatively drier and colder conti-
nental air by the underlying warm water
must have heen appreciable. A set of
soundings will be examined here (o
demonstrate the consequence of dif-
ferential  heating/cooling process. The
soundings of 122/1 and 00Z/2 for Beruit,
Lebanon (40100) are shown in Fig. 35,
At 500 mb, the temperature has cooled
~5°C and ~3.5°C at 700mb in 12h
whereas the {emperature remains nearly
unchanged from the surtace to 850 mb.
Clearly, the differential cooling/warming
process tends to destabilize the entire
troposphere.  Fig. 36 shows the same
pair of soundings for Bet Dagen, Israel
(40179).  Again, mid-level cooling of
~4°C is seen with no temperature change
at 850 mb. The importance of boundary
processes can be also welljustified as we
examine the Q vector computation
(Hoskins et al., 1978) in Fig. 37. The
maximum ascent (—9x102 mbst) is
located at 300 mb over northern Syria,
yet the storms are mainly concentrated
to the south and southwest along the
coastal region where the synoptic scale

forcing mechanisms (quasi-geostrophically)
are weake_r.

Fig. 35. Sounding of Beirut, Lebanon
(40100) for 12Z/1 March (solid
lines) and 00Z/2 March (dashed
lines}.
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Fig. 36. Soundings for Bet Dagen, israsl
(40179 on 12Z/1 (solid lines)
and 00Z/2 (dashed lines).

McGinley (1982) in his diagnostic
study of the lee cyclone concludes that
the lee cyclogenesis often involves two or
more distinct stages in which barotropic
and baroclinic processes may act together,
Tibaldi et al. (1980) in their case study
of Alpine lee cyclogensis (also frequently
referred to as Genoa cyclogenesis) indicate
that the cyclogenesis is a result of condi-
tional baroclinic instability process. They
also conclude that the relative orientation
of the barrier with respect to the on-
coming synoptic flow is crucial to the
formation of the cyclone.

There is hardly any literature studying
the cyclogenesis in the lee of the Turkish
plateau aithough the climatological study
does show a relatively high frequency
over this area (Petterssen, 1956). In
section 4.1, we have noticed that a lee
trough lies along the southern Turkish
coast and a mesocyclone manifesting
itself along the coastal region of Syria
on 0GZ/2. This cyclone maneuvers
further inland onto Lebanon. Although
there is no additional development of
this cyclone, the environment is ripened
and convectively unstable, thus any
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forcing mechanism would further enhance
the convective activity.

Fig. 37. Q vectors at (a) 850 mb, (b)
500 mb, and (c) 300 mb for 00Z/2
March.  Arrows are Q vectors.
Solid lines/dashed lines indicate
ascent/descent with the unit
103 mb st

7. CONCLUDING REMARKS
A detailed case study has been made

of an interesting Mediterranean subsyn-
optic scale cycione based on various

. the Israeli coast,
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analysis schemes for the period 00Z/29
February to 12Z/2 March 1980. The
purpose of this study was to shed some
light on the probable mechanisms of
severe weather outbreak in the presence
of strong synoptic scale forcing (et
streaks), air-sea interaction, and topo—
graphic effects.

The results clearly demonstrate the
role of boundary layer processes in
warming and moistening cold, dry air
over the ecastern Mediterranean Sea. In
conjunction with cooling aloft ahead of
a cold cutoff cyclone, a steeper tempera-
ture lapse rate is established, favorable
for a convective response. Secondly,
these heat and moisture fluxes help to
maintain a persistent trough offshore of
Thirdly, the initiation
of the trough (T2) downstream of the
maximum oceanic. heat fluxes in the
wake of the cyclonic flow aloft brings
about a renewed surge of convection as
the principal short wave trough crosses
the coast.

At 00Z/29 February, the large scale
flow presents a quasi-stationary cut-off
low system over eastern Europe and a
benign baroclinic zone is in place over
the pre-storm environment. As a strong
polar jet heads southward, the trough

axis associated with the low system starts
to rotate counterclockwise and becomes
northwest-southeast oriented in resem-
blance to the difluent trough described by
Palinen and Newion (1969). At 12Z/2,
the 50 mb low center crosses Lebanon.
Meanwhile, warm advection is seen at
850 mb in a strong southwesterly flow
from the north African coast to the storm
area. The kinematic « in the cross-section
analysis which utilizes all the mandatory
and significant level winds porirays the
southward displacement and intensifica-
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tion of the low level upward motion.

Evidently, the mesoscale cyclonic
circulation is spawned within the lee
trough area south of the Turkish plateau.
The relationship of large scale flow and
the terrain, the steepness of the mouniain,
and the shape of the coastline may be the
contributors for its debut. Hardly any
suggestion of the baroclinic instability,
e.g., perturbed temperature fields 'as the
functien of time, along with the me-
socyclone is outlined in this study. This
agrees with the findings of other scientists,
e.g., Tibaldi et al. (1980), who believe
that a finite-amplitude baroclinic process
is needed to organize the lee cyclogenesis.

Several aspects for future study are
suggested. The variety of physical pro-
cesses such as diabatic effects, differential
roughness along the coastal lines, involved
in the formation of mesoscale cyclonic
circulation need to be further investigated
with better observational network and
temporal resolution. The role of the
mesocyclone in association with- the
severe weather event also requires quan-
tification. In addition, the interaction
of PJ, STJ, and LLJ in connection with
the cyclogenetic processes also need to
be documented in the future.
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Tablel The financial loss caused by various meteorological
diasters of Taiwan during 1966~ 1973,

{N.T.$1,000) T
Xx
& A R % | @ £ | % F R (EYE
b4
55 474,546 315,273
56 887,301 58,238 6,552
&7 549,200 434,742 3,904 98,014
58 3,502,746 137,717 23,303
59 396,056 45,751 143,439 354,352
£0 1,412,818 41,619 420,914 21,930
61 232,928 753,198 180 17,147
62 670,158 19,701
63 419,949 962,001 102 4,334
64 3,759,438 1,083,980
65 280,744 672,760 32,521
66 1,770,935 469,826 112,858
67 225,459 32,848
68 149,268 43,489 66,608
69 794,884 12,987 170,699
70 2,468,436 272,065
71 3,312,942 408,369
72 61,536 3,831,243 3,372 323,049
28 3 21,369,344 9,595,807 984,452 818,826

TR RESR

WA ( Tanshui Station )

5 B ( Chung-Chang Region }
% # B ( Yun-Chia Region ) \
& §1 B { Southwest Region )

1 ¥ B ( Soulh Region )

# B ( Eastcaast Region )
L25LE { Rast-mouniain Region )
#ElE ( Central -mountain Region )
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HE LR se ( Wuehi Station 1-——y
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AR A5k { Chiayi Slation )—*

Sdmas ( Tainan Station } —s

a— G U ( Taitung Station )

Sl 35 { Kaohsiung Station b—» 3@

24 1135 { Hengchun Station )——;

1 EEZRERESE (BHHEH 0 1980 )
Fig. 1 The agroclimatic divisions of Taiwan

{ Kuo & Young, 1980)
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Fig.2 The current crop schedule in Northeast region,
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FFig. 4 The current crop schedule in Chung-Chang region,
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Fig. & The current crop schedule in Southwest rcegion.
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Fig., 8 The current crop schedule in Easlcopast region.
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Fig. 10 The current crop schedule inCentral-mountain region,
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Fig.12 The frequency of various hazardous meteorslogical elements and

the safety cultivation period in Northwest { narth part ) raeion,
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Fig.18 The frequency of varios hazdrdous meteoroloegical vicments and
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the safety cullivalion period in Yun-Chia region,
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Fig. 18 The {requency of various hazardous mueteorological clements and

the safety aultivation period in Southwest ¢ Tainan }region.
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the safely cultivation peried in South region,
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Fig.20 The frequency of various hazardous meteorological clements ad

the safety cultivalion period in Eastceast (notth part Yregion.
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 he Studs of the Influence of Meteorological Factors

" ‘on the Saf_ety"ffCrop Cultivation Period in Taiwan

Wen-Ping Tseng, Chun Chu, Chea-Yuan Young

.- ABSTRACT

. There are lots of hazardous weathers such 'as cold wave, “Methu"

typhoon ‘and monsoon, which frequently cause serious damages to crops
““in’ Taiwan. These damages ‘also have regwnal and seasonal occurrence,

" This study intended to develop ‘protecting methods against these meteor-
" ological -disasters in the viewpoint of agroclimatology.” Thereby, a safety
crop cultivation period for each agrochmatlc region in Taxwan is
scheduled according to the frequency of dally absolute lowest temperature,
dally average windspeed, and continuous rainfall in ten days The results
can be applied by farmers to arrange farming operation safely, so as to
efficiently utilize the aboundant agroclimatic resources in Taiwan. "
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Appendix I Fix positions from radars for typhoon Nelson

—~E B

= H )= (47918) = HE  (46744) ik 3 (46659)
AR e @] B R TESR| A e TERE R TEEE
B )RR B | s | e | W s (o | m | B | e | e
17 ¢ 24,3 1271 11 24.8 124.1 03 25.6; 121.3] 06 24.8 124.6
0 18 24.2; 126.8 12 24.8] 123.9 04 25.6{ 121.1 o7 24,71 124.5
19 | '24.2! 126.8 13 24.8) 123.7, 05 25.7) 120.§ 08 24.8 124.5
20 — — 14 24.9| 123.6 06 25.6) 120.6 109 24.8'124.3
21 24.3) 126.5 2 15 25,1 123.4 07 25.5) 120.5 10 24,7 124.2
%) 23 ‘
22 24 .4} 126.2! 16 25.1] 123.3 08 25,5} 120.5 22 11 24.8 124.1
23 | 24.4 126.0 17 | 25.4) 123.1 09 | 25.5/120.3 12 | 24.9/124.0
) 18 | 25.5 122.8 10 | 25.6 120.2 13 | 24.9/123.7
00 2473 125.8 v -
g | 1) 251y g o 11| 25712000 g | M4 | 248185
01 24.5) 125.8 -
20 25.50 122.4 12 25.8| 119.9 15 25.11 123.4
02 24.5) 125.6 ‘ :
| 21 25.5| 122.2) 113 25.7| 119.¢6] 16 25.1) 123.2
. 03 24.7] 125.3,
22 22 25.5; 121.9 14 25.61 119.3 17 25.4} 123.1
04 24.6! 125.1
: | 23 25.4 121.8 15 25.6 115.0 i8 25.5 122.7
05 24.6) 124.9 —
i 16 25.5) 118.7 19 25.5 122.6
06 24.7) 124.8 00 - —
H 23 _ Cop | 25.6) 122.3
07 247 124.9 01 25.5) 121.4 .
08 24.7) 124.5 02 25.4| 121.3
B
09 24.7 124.3 03 | . 25,6 121.3
[}
10 | 24.8124.2 |
i i

C EMAEMTSE2 B4R SEAW-TSE2R5H BERMTSF 4 R12A
Lep R E S RRASIEEE
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8 A16 HO0ZALH 14°N, 143°E » gl#hiam it
Ji%0 200 ABZ¥EE » LT BEILERE (TD
) pESESBRO/ERE 178 00Z 3=
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Appendix II Fix positions from radars for typhoon Nelson .

®. W @D 5 & B e
R \ @B AWy TR BL ARy %‘Iﬁiﬁtﬁ‘l B | R | T8 ®
B || e | m 55 | e | o B s | dom | om | R~ don | s
03 | 24.1120.50 21 | 24.4)126.4 11| 2a.1] 128.0} 05 | 24.6/124.9
| o4 | 241 129.2 22 | 24,4 126.2 12 | 24.1 128.0 06 | 24.6| 124.6
05 | 24.1] 129.0 23 | 24.4 126.1 13 | 24.3/122.90 . | 07 | 24.6) 124.4
06 | 24.1128.9 - | s | 2da 1z 08 | 2.7 1244
o7 | 201 128, 0] 25 0 | 5 | 201 1.4 0 | 207 1202
08 | 24.1128.7 01 | 2.5 125.7 16 24.2‘ 1273 i 10 | 2471241
" 00 | 24.1) 1284 02 | 24.8 125.5 17 | 24.3 127.0 u | 2071200
A 0 | el 128 B | 28 125.# 18| 20219 2 | 12 | 248 1238
11 | 24.1)128.2 04.) 24.6 125.0 R | 19 | 24.3 126.8 13 | 24.7]-123.6
12 | 24.1 1281 05 | 246 124'8{ 20 | 24.4] 126.6] 14 | 24.9)123.5
13| 24.1 1279 (06| 2471247 a1 | 24.4 126.4 15 | 2.0 123.4
no| 1| 2611276 22 | 24.5/126.2 g | 16 | 25.1 123.3
' 15 | 2.1 127.4] { 23 | 24.5 126.0] 17 | 25.4]123.1
16 | 2.2 1202 18 | 25.4) 122.9
17 | 24.2 127.0] (00 2.5 125.9 19 | 25.5 122.7
18 | 24.2 12,8 o | 245 1.25'7 20 | 25.50 122.4
o | 2.2 176 02 | 245 125.5
a0 | 289 1265 03 | 24.6 125.3)
: 04 | 24.6/125.1
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Fig. 1 The best track for typhoon Nelson in Aug, 1985
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Fig. 2a GMS5-3 IR imagery at 007 Aug. Fig. 2c GMS-3 IR imagery at 00Z Aug.
17, 1985 19, 1985
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Fig. 2b GMS-3 IR imagery at 00Z Aug. Fig. 2d GMS-3 IR imagery at 06Z Aug.
18, 1985 19, 1985
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Fig. 3 10-day mean sea surface temperature from 11 to 20 Aug. 1985
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Table 1 Fix positions for typhoon Nelson

B (Z) B | o L {8 "g B ol & K B oW BEALE km g
el A e | e | m | v |+ =
Bl A |®| N | °E BB &
mb o lkM/H | KTS | KTS | @ @ st
8 | 18] 00 | 21.0 | 129.8] 990 | 30 17 w0 | s | 20| - | Tz5
8 | 18|06 | 20.7 | 139.4 99 | 310 17 45 1 s5 | 20| - | Tzs
8 | 18 | 12 | 224 | 1385 980 | 280 | 18 55 | 70 | 350 | 8 | T25
8. |18 | 18| 226 | 135 o975 | a5 | 17 65 | 80 | 400 | 100 | T4.0
8 | 191 00| 227 | 136 980 | 285 | 15 6 | 8 | 300 | 100 | T4.0
8 | 19| 06 | 22.0 | 1358 980 | 275 15 75 | 90 | a0 | 100 | T45
8 | 19 | 12 | 2.0 | 13a9 o5 | =5 | 16 75 | 8 | a0 ] 100 | T4.5
8 |19 | 18| 23.1 | 134.00 ors | 20 | 16 70 | e | 300 | 100 | T4.5
8 | 20| 00| 231 | 1331 o0 | 20 | 14 70 | 85 | 300 | 100 | T4.5
8 | 20 | 06 | 23.1 | 132.4] o7 | 275 | 12 75 1 o0 | 300 | 100 | T4.5
8 | 20 | 12 | 23.2 | 1318 90 | 280 | 12 75| 9 | 30 | w0 | Ta5
8 | 20| 18| 233 | 1310 90 | 300 | 13 80 | 100 | 300 | 100 | Tas
8 {21} 00| 237 | 1302 ov0 | 285 | 18 80 | 100 | 300 | 100 || T45
8 | 21 o6 | 240 | 1200 970 | 215 | 10 8 | 105 | 300 | w0 | T5.0
8 21 12 24.1 128.0 965 275 18 90 116 300 ‘ 100 T5.0
8 | 21 | 18 | 242 | 126.9] o065 | 285 19 90 | 10 | 300 | 100 | T5.0
8 | 22| 00 | 245 | 125.8 o960 | 280 | 19 80 | 100 | 300 | 120 | T5.0
g | 22 | o6 | 247 | 1207 65 | 280 | 17 g0 | 100 | 300 | 120 | T4
8 |22 | 12| 208 | 1238 60 | 200 | 18 80 | 100 | 300 | 120 | T4.5
8 | 22 | 18 | 254 | 1228 955 | 275 | 20 75 | 90| 300 | 120 | T5.0
8 | 23100 | 255 12160 950 | 275 | 19 70 | 8 | 300 | 120 | T5.0
8 23 06 25.6 120.6 955 270 15 70 85 250 100 T4.5
8 | 23 | 12 | 25.6 | 119.8] 90 | 265 | 18 701 & | 200] 8 | T45
8 | 23 { 18| 255 | 184 90| 20 | 2 50 | 65 | 120 ] 30 ] T45
8 | 24 | o0 | 255 | 172 w2 | 20 | 25 3 | 45 60 | — | T3.0

_ AR AT AT R » 7R AR

=~ RRRAEE 40°N B » SRR HER0 N ELE » JR3#E25° N
AEREREEREES—RBRE  BEK  HE - (RIEBINHRE TR T o Rk

FREREF RS TONRL LA RIS GRS -

ST A TR o 3 R B R - 1

R A Ti— S S B TR » T R Lo R 5 o

TR » CLEIRS IS B TR » S FERRESIYAEES  gET a TLUA
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B, (Nelson){RM8510E @m7442 (198548) Table 2 The meterological summmary of CWB stations during typhoon Nelgon passage
RACHEE (mb) BOmM & A RO (e | B K R OE@m/ | B ROm/HEl b i d X 3 x b (mm) Br & 2 B (mm)
T
Wit | 5w os | B | R | 0 R 4 | S | SaE | W |RA BE R 5 A sER B 4R w sEs w278 e ow osza om 2 Be|E ® sEE w4
% H: 6 | 938.8) 23, 05. 45 [ESE | 69.8} 23, 07. 02 | 968.4] 26.7 91%| ESE| 62.7| 23, 07. 03 [ 23. 05, 00~23, 21, 00| 26.2 23, Q7. 00~23, 08, 00| - 7.2 23. 07. 40~23, 07. 50 | 165.6] 22. 03. 20~23. 17. 41
bz B 1966.923. 06, 15| S 46,1| 23, 07. 50 | 969.3| 25.9| 97%| SW | 27.1 23. 06, 25 | 22, 16. 01~23, 11, 20| 27.0; 23. 07, 00~23, 08. 00 7.00 23, 07, 22~23, 07, 32| 201.5| 22, 04, 05~23, 20. 30
.44 ¥R : 878.4| 23, 07. 35 [NNW| 44.7[ 23. 04, 03 | 890.0{ 22.4| 100%| NNW| 29.8| 23, 04, 03 | 22, 09, 20~23, 15, 30 | 35.7) 23, 00, 00~23, 01. 00 | 13.5 23, 00. 10~23, 00, 20 | 318.0} 21, 21. 58~ ¥ W
#roF W | 974,00 23. 07, 47 | SE 66.01 23. 11. 17 | 979.9] 22.0x 98% SE 20.0 23. 10. 40 | 23. 03, G0~23. 12, 00 | 48.5) 23. 02. 00~23. 04, 00 | 10.2} 23, 03, 10~23. 03. 20 | 478.7| 21, 22. 00~23, 20. 08
-3 dt | 972.8 23. 08, 15 (WSW, 42.3 23, 10. 10| 977.6; 26.1 90%|WOSW| 20.6) 23, 08. 27 { 23, 05. 30~23, 11. 30| 23.0} 23. 05. 00~23. 06. 00 5.5 23. 05, 50~23. 06. 00 | 190.2 22. 05. 12~23, 20. 20
411 Pr | 987.0) 23, 12, 30 |[WSW| 25.1| 23. 13. 10 | 987.3] 24.8 97%|WSW| 15.5 23. 13, 20 | 23, 05, 55~23, 16. 50 | 35.1) 23. 08. 20~23. (9. 20 | 13.8 23. 08, 40~23, 08, 50 ; 206.1| 22. 06. 25~23, 23. 10
-3 g2 | 994.5) 23, 03. 40 [NNW( 13.1} 22, 23, 59 | 996.21 26.6] 899 g}éq“\;( 5.4 gg %‘é % * H wB| 22.4 23. 09, 45~-23. 10. 45 7.2 22, 22, 39~-22, 22, 49| 232.5 21, 19, 20~23. 21. 06
& B [ 994.4] 23, 15, 00 | SW | 24.0/ 23, 19. 50 | 997.1) 25.2{ 99%} SW | 17.3] 23, 12, 45| 22, 15. 55~23. 20, 00 [ 24.7| 23, 19, 00~23. 20, 00 6.5/ 23. 19. 30~23. 19. 40 ] 169.3] 22, 09. 40~23, 20, 0
B A #l |885.423.03.05| W 23.0] 23. 09, 25 | 887.3] 20.3] 98% W 12.7) 23, 09, 30 | 22, 17. 00~23, 22, 00 | 27.21 23, 10. 00~23, 11, OO 9.6 22, 23. 0022, 23, 10 261.1} 22, 10. 10~23. 20, 40
¥ W | 996.3] 23. 16. 40| W 14.0; 23, 08. 13| 908.2! 27.6] 86% W 8.7 23. 07. 35| H3 g 2.2 23. 08, 50~23, 09, 40 1.9¢ 23, 09, 00~23, 09. 10 3.1 22. 00. 35~23, 11, 20
® ¥ [ 996.4) 23. 02, 00 \WSW. 12.9 23, 12. 27 | 998.1) 27.1) 877 WSW| 9.¢{ 23. 12. 40| % H | 18.9] 23, 06, 500~23. 07, 50 6.9 23, 07, 30~23. 07. 40 | 78.2| 22. 15. 30~23. 20. 00
BTOE [l | 752.8 23. 0_4. 00 [WNW| 21.0) 23. 02, 43 | 753.2 14'.1 9O%IWNW| 9.0 23. 05, 00| & Hy | 70.0| 23. 03, 00~23, 04, 00 | 22,2 23, 03, 25~23. 03. 35 | 491.8 22, 13. 45~23. 20. 00
x £l gf)g]g? 23. 02, 50| — . — — —_ —WNW| 14.7] 23. 09, 00 | 22, 22, 00-~23,.21. 00 32.5| 23. 00. 00~23, 01, GO 5.4 23, 00. 10~23. 00. 20 | 302.2 22. 12, 30~23, 21. OO0
b3 B O[997.1; 23, 04. 00| W 19.1( 23, 09, 22 | 999.0; 27.9 89% W 12.2t 23. 09, 25 | 23, 09, 20~23, 11. 15 2.8 23, 10, 35~23. 11. 35 1.6; 23, 11. 10~23. 11, 20 5.8/ 22, 19, 50~23, 11, 35
= He [ 996.7123.03. 00| W 15.9 23, 11, 42 | 998.8| 29.0 8% W 11.3 23. 06, 50 | 23, 05, 00~23, 11, 10 2.5 23, 02, 03~23, 02, 35 1.5 23, 02, 05~23, 02, 15 3.0{ 22. 20. 45~23, 02, 35
WoEE | 997.00 23, 17, 00 |WSW| 20.2{ 23. 07. 50 | 098.6| 26.8| 91%/WSW| 16.5 23, 07. 50 | 23, 05, 00~23. 21. 00 — —_ — - —] —
fd, FF | 995.3 23. 03, 00 | NW | 12.6 22. 23, 28 | 996.2) 27.7| 84%| W .8.6 23. 09. 50 | 22, 21, 00~23. 14. 00 1.0| 23, 03, 26~23, 03. 48 0.6) 23, 03. 26~é3. 03. 36 1.0| 23, 03. 26~23, 03, 48
Wk |989.5 23. 02. 05 [WSW! 41.8 23. 05, 46 | 991.8] 25.6) 97%WSW| 31.50 23. 01. 40 | 22. 10. 20~ £ &% & — - — - - —
x # [ 990.00 23. 00. 17 | SSW | 17.6| 23. 12. 20 | 993.7| 28.8] 76% SSW 8.6/ 23, 12, 36 | 22, 23, 20~24, 00, 58 | 3.9| 23. 21, 00~23. 22. 00 2.3| 23, 17. 13~23. 17. 23| 15.7] 22, 16. 50~23, 21. 00
Zx W | 987.6] 23, 02, 45 | SW | 13.5/ 23. 11, 15 | 989.6| 34.5 45% SSW 7.7 23, 16, 40| H H 1.1; 23, 05; 05~23, 06. 05 0.5) 23. 05. 20~23, 05, 30 2,41 23, 05, 05~23, 09, 30
E41} #: | 985.4 23, 05. 50\ SSW | 18.9 23. 15. 45 987.7| 20.3} 74%| S 12.2) 23, 14. 30 { 23. 10. 30~23, 19. 55 1.7| 23, 04, 50~23, 05, 50 0.5( 23, 05. 20~23, 05. 30 5.7| 23. 00, 40~23. 08, 50
i JE ) 982.1] 23, 08, 08 |SSW{ 10.3} 23. 00. 57 { 986.9) 25.0] 86%| SSW 6.2023. 01, 00| = H 2} 1.8} 23, 02, 00~23, 03, 00 0.5) 23, 02, 30~-23, 02, 40 6.4 22, 11, 10~23. 12, 50
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22, 1985 23, 1985
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Table 3 The winds and precipitation from Peng-chia Yii, Taipei and Wuchi stations during Nelson passage—
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Table 4 Varification of typhoon track forecasting for typhoon Nelson
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Fig 5. Surface chart at 00Z Aug. 17, 1985
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Fig. 5b Surface chart at 00Z Aug. 20, 1985
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Fig. ¢ Surface chart at 12Z Aug. 20, 1985
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Fig. 5d Surface chart at 12Z Aug. 21, 1985
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Fig. 6a 850 mb chart at 12Z Aug. 20, 1985
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Fig. 6b 850 mb chart at 12Z Aug. 21, 1985
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Fig. 6c 850 mb chart at 12Z Aug. 22, 1985
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Fig. 6d 850 mb chart at 12Z Aug..23, 1985
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Fig. 72 700 mb chart at 00Z Aug. 20, 1985
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Fig. 7b 700 mb chart at 12Z Aug. 20, 1985
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Fig. 7c 700 mb chart at 00Z Aug. 21, 1985
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Fig. 8a 500 mb chart at 00Z Aug, 21, 1985
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Fig. 8b 500 mb chart at 00Z Aug. 22, 1985
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Fig. 8c 500mb chart at 00Z Aug. 23, 1985
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Fig. 8d 500 mb chart at 00Z Aug. 24, 1985
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Fig. 9b 300 mb chart 00Z Aug. 22, 1985
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Report on the Typhoon “Nelson” in 1985 |

Chun-Yen Kuo

Junior Specialist of Weather Forecasting Center, C. W. B,

ABSTRACT

Nelson, the tenth typhaen in the western North Pacific, was the third
and the severest one which attacked Taiwan in 1985. It originated over the
- gea south-southwest of Chichijima at 180000Z August, and moving west-
northwest with about twenty kilometers per hour until it over the land of

China.

Strong winds and heavy rain swept the northern and northeastern parts
of Taiwan, a great damage was created, during Nelson passed across the sea
north near coast of Keelung. Fortunately, the damage was decrease to the
least as possible because of CWB’s accurate forecast, average displacement
“error of 24-hour forecast only 48 km/hr, and most of people could take
precaution during the period of typhoon Nelson passage,

(60)



S

ISSN 0255-5778

Yolume 32, Number 2 June 1986

METEOROLOGICAL BULLETIN

{(Quarterly)

D (O I e o ————

CONTENTS

Originals

Preliminary Study on the Application of Typhoon Track Objective

Forecasting Methods Used for Taiwan and Its Vicinity Area

--------------- Shinn-Liang Shieh, Henry Fu-cheng Liu, Chung-Shan Wang (1)
A Case Study of a Severe Weather Qutbreak over the

Middle East Region «-eereeerenseirseesensenssenvsssnasnnnnn Tiros Pei-Jiun Lee (26)
The Study of the Influence of Meteorological Factors on the

Safety Crop Cultivation Period in Tajwan

.................................... Wenwping Tseng’ Chun Cku, -Ckea—Yuan Young (44)

Report

Report on the Typhoon “Nelson” in 1985 - roeresnsissinsnnniivns Chun-Yen Kuo (62)

CENTRAL WEATHER BUREAU

64 Park Road, Taipei

Taiwan, Republic of China

e
BE—#REE LY
09085750035

e e A b r——

W OEE MW | 9 OER OBV AESElIS o g S5 YT



H £/
BTSRRI
PR B M T B TE B e eev e eeevee v v e me s oo JREE ) (80)

BER L B H B A2 BT oo oereeeee oo oo REEHE OB (99)
S5 e A 7 LS B BRI L BETE. oo oeoe e BB ST (109)
VL EGETE IDMS L fIBIZE v erervesreennirecsreesransensaesesnnsnssens BRI (119)
wm &
 REC MRS ——BERE (8519) U EAE (127)

E%%%%%%%%%%%-}%%%%%%%%%%%%%%%%%%%%%%%%%i
i H OB & TR RER AR S FALH A Bkt ﬁ
i %75 A % = & & 3% : 3713181 i
E it kB &% ® & %

& ®
k ThER ¢ A @ %
®  E =] z LSS i #H X i S
¥ e P 5 % % S
i g w oz S ﬁ
% Bno K # O R g
% I S £ k3 K
® - S A S *
i BO% g (et R L) ;{g
E B8 =€ #5 Z 3 % & E i
sk R & T TR A E A R F) *
¥ o ik B E k8% 486 2105408 ¥
i = = 3016802 « 3018572 ﬁ
Koo o K o e Ko Ko e e K K o e e e e Yo S W K o Yo e e Hr F W R e Yo Y W e KR



FHBRES T2 BE=(75E 9 B)

XIS FERZAG TR

5%

—

A B KRR R R K
s FEAREEREY o RTECILTTER&ER &SI
EAb A B - LA AL K EEE B -
RE A E— RIS L E R EE
s L EPEE B AN » LB R F e
RAERESHRATE D » SR BT
i o

P » RS2 T - PR 0 3
BT » LA R » B RREa -
HRMEEE MU  BEERE » IRERILER
SEFZ AREYE ol - HEBEH 2 ABER
HHRAZHEE » $ERRGEGHZIME (5
_.)o

RITBBIATE » A RHEE - FIEFE » R
Eefr 3 KO B SR s - TRETIER o WTH
A R R B TH BBk AR R A E
FLIETEMRR o R 4T » 5 B4 R s
S RIRIRATI_ LI » IEMT T » BB SRpims
B HAMBERBRSEAMES - - M2k
B> BT RERIRR R R A » sEH B ER
R R R B B S A R o AR
H BOBN7E e B A P A SIS 2 4 B R BB

ggb 1

BREREZZR » SNELTERNZER » W%
AR BTt 2 ] » AET I ER IR RE &
ooz —~MPrs » BERBLMSTERRRERPRES
REIH

T EEASEEEL2ERART

s (D2 AER) 1951-1980
ZFRRELEE (16580) MEEE 25
(F—) » REME24% » Hk516.3% 2 i
s BFIREIL.O%ZH AR E » =5 & 4fmas53.2
% » BABEABEHSIEFHZER - HEARS
5.1%  BEAMBERAEHEBREMME 12.2% <4t
Rz WEBEEL » B 1.77% » &R Bdbiers
il 5.7% o I RERGEZILT » e KimE
Eﬁgz%ﬁ P ZBEILR AL S A = R g
B o
FH—ARLEN « 104827 405 5 T iR
AR A » BRIUEFLEEGRE » FIn1951~1960
2 B E AT 5 (2 549.9% + 1961~1970852
% » 1971~1980811354.6% o HAb Rt BERZ
S > e REdb by 2 & B R A E IR -
ERERERE » FRAZEESR » KERE
BB AL » WH A RRIRMEARE - filiiE2
SUBSE T AR PSR » BN EHE I 2 B o
MEEHMEERL RN RE—H » RERSEE

F— FEIPSEEATT R BB ES
Table 1. Annual frequency (%) of wind direction of Taipei (1951-1980).
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Fig 1. The municipal regions of Taipei and its topography.
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Table 2. Prevailing wind diréction of selected stations in Taipei Basm and

near sea shore.
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Fig 3. Monthly frequency (%) of wind
directions at Taipel (1971-1980).
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Table 3. Monthly mean wind speed of selected statlons .
in Taipei Basin and near sea shore (m/s). '
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Table 4, Monthly maximum sustained (10 min) wind speed of selected stations
. in Taipei Basin and near sea shore (m/s) (1951-1980).

(SAL=A ] 2E e

splealraln g+ Alt—nl+=a]z &

B e 13.8 712.8 13.70 15.3) 16.0) 27.3
#r . W | 14.9) 205 18.5 15.7) 17.0 19.8
W | 183 213 25.0 18.3 24.0 25.0
“ x| 19.7 17.7 19.7 18.3 19.0 20.0
35 v | 207 18.3 17.3 15.7 18.3 18.3

29.8 33.0 26.2 235 13.8] 13.7. 33.0

42,0 16.5 344 213 158 16.7 42.0

3.0 382 36.0 278 250 243 43.0

36.0 3.2 367 2.0 23.7 2.0 36.7
! |

23 430 B 23 B 160 430

B » BRIER RN » TR H S o

E~ELFERBERZAEEL

RS » ARUEE SRR - b
WHHERT > SRS RBE IR S o R
PR e - TR o S RSB S » B
FERD » BEE b2 BESE R B Wi

ﬁﬂl?3ﬁ’4wﬁﬁr7ﬁﬁuk’m$ﬁﬂ‘

2 M BETR o

- RRERBITI18MEZ RERSGREHE

FIH &k aaE R4 A BTEIE » 7E24E BIERE
ot (M) Bl BURREHESS » R E N R
B0 TR 7 R DL L3658 2 A0 AR 5 G
s REpE Ty SIS RS SHEES » b
bl » AT 2R T4 M 2 BB TR o
b4 BIEGEE (EM) RITER LA
BE» ETHESENERE  BE=/ RS
WA Z BT R ATHERE I
o JUA B » R EARES TR B IRIE % » b
i S IBRE - THARIE ARG B4 R AZem > it
o HE—EREFES  LERTABARS - A
PEER - SREAS » THERBSBAZLFR
T o o

FEH R R T RE BRI
EYRGHE (BRI B) ZARE ; ARENS ek
WEBRZ S » RRNSEPEET R
TR B » FA R AT (R &
BH (AA) » BEEE—EHE o 78 L35
ZREFRIES BLRE » A& RELEE « 41
B2 AR » SRELE « AIindE
RUALE, » HPEBRRSREZRE » SRR

DETRE 0 B RITEREAR » REARARIES
2R o FEEEINLL o ARAEERRZEE EH

R ©

W2 ERAE1971~1080 2 1042 4 B & TR R INEA
c BERTHIVEZTHARBAREE - AT

O LRBEMEN 2 SRS
FRETFARKLE > SERZS  SRARAT

86°~89°2 1) » ARENIE MIFRMAMBRIL » ARUEE

5 2.3m/s o EREILAETHERE (1971~1980
) FR3.0m/s » MIAETE B2 T4 AR 3.2m/s
R £ 3 RAEIEE + BEF IR

A REE o

EBERAAAEAASER A LAZAR
R F143153°  ElE R R R 0 AR B123° r BN EH
JE, » SEEE A RS A AKEARE - WEEAZF
HARBRERE 0.7m/s » MAEAAZTHEE
- (1971~1980) AIF 2.5m/s » FJ REIL 2 HER
SR FEE o THARE ©

N RFELE RN SRS FRE SR
s BILUEIOENTT E » 254 A2 AREFR T
75°~98° » FAELSEBMAMEL K § 08°~288°
TE WBERBHAEFRILER - ZEHEFEEH -
B REER e KRR R R RA TR, (RS2
BEHE » BLEREFERE) + TE6~8 F=5
Y BEEEE S AHZ ARERE/) c EFREA
AR » +—AZAREERE » BRELSEE
BRE -

A=A EEEZAEMZBIE

2R RN 2 72 R B S R B RS R
B BE 2 ma? ERER REFL L B2 iR

v 93 .



EH - b4 AARERERE (1971~1980)
Table 5. Monthly resultant wind of Taipei in 1971-1980 (deg and m/s).
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86 86 84 89 26 288 172 99 95 94 90 90
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2.6 2.6 1.9 2.0 1.7 0.1 1.1 0.6 2.8 3.2 3.2 2.7
99 97 84 81 a0 99 133 100 84 950 90 83
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2.0 1.3 2.7 | 1.4 0.9 | 0.4 0.8 2.5 1.5 4.3 3.8 2.7
. D| 86 94 90 88 76 104 244 107 79 79 84 83
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I —_—
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S| 2.5 2.4 2.5 1.7 1.2 0.4 0.6 1.1 0.9 3.0 5.1 2.5
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5! 3.3 2.1 2.3 1.4 2.1 0.7 0.4 0.7 1.5 2.6 2.6 2.4
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1.7 ) 1.8 1.9 2.1 2.2 0.4 1.9 0.4 1.9 2.6 2.7 2.4
1050 88 5 84 83 90 94 149 277 84 91 89 90
S 1.4 2.6 2.4 1.9 1.8 0.5 0.4 0.1 2.2 3.1 3.3 3.1
i D| 89 89 86 86 8% 153 153 123 | . 88 86 88 87
§ 2.3 2.2 2.1 1.6 1.6 0.5 0.8 0.8 2.0 3.0 3.2 2.6
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Fig 4. Annual variation of vertical wind

distribution over Taoyuan (1956-
1981).
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Table 6. Monthly mean rainfall amount of selected stations in
Taipei Basin and near sea shore (mm).

A=A =R mA | ak | AR |GR|AR A A+ A A +2A
I
I 4k 102) 123 160‘ 141 214) 264] 243 259i 2771 117’ 84} 79| 2061
b/ (I 80/ 104/ 118 94/ 167 211 208 258 335i 103l 61‘1 61 1799
B il 1420 146 158 134 186i 217‘ 140 205! 266| 219‘ 147i 118 2058
# K a8l 3600 315 201 299‘ 269‘ 123 189; 389| : 332‘ 380| 403 3608
| . . .
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“Table 7, Monthly mean rainy days of selected stations in
Taipei Basin and near sea shore.

B EEVEEAE-TRES

B | [ A A

T AlrAl=als s

e
Ak 15.2{ 14.8] 15.9 13.5[ 15.9) 15.8] 13.0] 13.3 14,0 i4.5 14.8 5.1 -175.¢
i 3] 12.20 13.2] 12.4] 9.2 12.3) 13.3 11.1] 10.8 12,2 1.7 i1.4 12.9 1421
o A | 16:6 14.9 15.4 12.6 13.1 12.20 9.0, 10.6] 11,9 14.0{, 14.3 143 1589
& 3 20.5i 19.1 19.7 16.51 19.5I 15.2| 8.6 11.8F 15.4] 187 21.1i 20.9‘ 206.9
* ERIRILGTR 2 ACAREI 1053 — 197245 i » (A 51951 10804
FA~ B AP A & A T E W RS g
Table 8 Monthly mean thunderstorm days of selected stations
in Talpei Basin and near sea shore.
B E R E R R A R A N =YY s
A 4k 0.1 0.4 1.3 2.4 3.20 6.8 8.3 6.4' 4.4 0.7 0.03 0.03 34.0
N 1L 0.20 0.5 1.0 1.7 2.7 5.4 7.4 6.1 2.8 0.4 0.0 0.1 28.5
e 7k 0.2 0.3 117 1.9 2.4 4.7 6.4 4.6 3.0 0.4 0.0 0.1 25.1
& %5 0.03 0.3 1.3 1.5 3.1‘ 5.4 3.6/ 3.0 2.4[ 0.6 0.1 0.1 21.2
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An Investigation of the Topographical Influences of

Taipei Basin on Prevailing Wind and Rainfall
Chi-Hsun Chi

ABSTRACT

Climatological data of CWB and CAA stations in and nearby Taipei

Basin are analyzed in order to investigate the topographical influences in
Taipei Bagin, particularly to the monsoons and its accompanyed rainfall
during winter and summer seasons, The primary conclusions may be summ-
arized as follows:

I.

The annual frequency of easterly wind as high as 53.2% and with its peak
to 79% in November at Taipei, is clearly as a result of tunnel effect to
Chilung River Valley, which makes easterly prevailing wind for nine
months and every month for Sungshan.

Higher average wind speed at Anpu and Sungshan can be responsible
for saddle and plain effect respectively. On the other hand, Taipei
located in basin and Chutzhu is shadowed by the mountains so that
recorded weaker wind speed. )
Topography control the NE monsoon is much important than to the
southerly monsoon, due to its shallow and dense. In summer, sea breeze
is also a significant factor which caused higher wind speed at Anpu and
Tanshui. Extremely wind speed and number of days with strong winds
are much sensible by topography.

According to the monthly wind rose of Taipei, not only to the high
frequency easterly wind were recorded but also its strength. In Octaber,
the easterly wind at Taipei increase most rapidly.

The summer mongoon over Taipel Basin gradually change its direction
from south-south-west to southeast. However owing to the hasin effect,
the winds recorded at Taipei change to the south-socuth-east first, then
to the south-east.

Significant mean rainfall recorded at Chilung due to its facing to north-
easterly wind, less precipitation in Taipei Basin, even lower at Sungshan
owing to the mountain shadow effect.

Annual average rainy days as high as 207 days at Chilung. More rainy
days at Taipei then Tanshui. This is quite different from rain amount.
The reason is more showers and thunderstorm in Taipei Basin than along
the sea shore. Less rainy days at Sungshan also caused by shadow effect.
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Table 1 The relationship between solar radiaticn and sunshine duration around Taiwan
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Table 2 The possible total short wav

e solar radiation adopted by the

simplified setimation method (247 calfcme-day)
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Table 3 The accuracy of the monthly solar radiation in Taipei predicted

from equation (1) and equation (3)

i 4
# B2 BN - b ; c Gz S T - O o I
= ) . 0.1742 0.5971 ) — 0.9209
. 1975~1980
= @ 0.2220 0.6182 —0.0631 0.9299
=& M 0.1739 0.6555 — 0.8606
: 1975~1984

& @ 0.1666 - 0.6524 9.4872 0.8607

;‘ i ?""

7 2

o o

i:._, A ~1:‘s i::'_

= 41 (&) 4

a :‘l' ) b?. E'—

S B

S 8 4

- s .1

=g o 7

ooy e

¢

B = 0.8868

0 e e T R I R

] 1 - Ir A = =

+ “ =t &4 put i i

H OB #1000 W.H/ms-day

13 R = 0.8345

G P b i i

[ R T S
H ¥ {E1000 W-H/mi-day

1 E’ﬂ t .‘ [ET Y § 2 A -:\ - 2] E .
iz %%&]5%119%)%@?@%&“{@&’3%% (FEet W %(?ggdﬁlﬁgﬁéﬁ;ﬁﬁﬁﬂmﬁﬂﬁbtﬁ (Beati

Fig. 1 The comparison between the obse-
rved data and the predicted data of
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Fig. 2 The comparison between the obse-
rved data and the predicted data
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A Study on the Distribution of Monthly Solar

Radiation in Taiwan

Hsien-Te Lin Ruey-Chyuan Si
Associate professor of the Masteral student of Graduate
Department of Architecture, Schocl of Architecture, National
National Cheng Kung University Cheng Kung University
ABSTRACT

This paper develops a simplified estimation method of monthly solar
radiation and establishes the distribution maps of monthly solar radiation
for the purpose of physical environment design of architecture in Taiwan.
Through the analysis of various methods used in Taiwan and Japan, the
Yoshida’s regression equation is decided to be used for predicting the monthly
solar radiation in Taiwan. With the evaluation of the observed solar radiation
data in 6 cities, Taipei, 'Taichung,_ Tainan, Kaohsiung, Haulien, Taitung,
this equation is verified to have high correlation coefficients (0,96~0.75)
between the observed and the predicted data, and to be a good estimation
method of high accuracy. Furthermore, the predicted data of monthly solar
radiation in 75 weather stations are obtained by using this equation and the
distribution maps of monthly solar radiation in Taiwan area are established.
From these maps, thedistribution characteristics of solar radiation in Taiwan
are discussed. Finally, the limitation of these distribution maps and solar
data obtained here and the evaluation of this paper are also mentioned.
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Lg MAGNITUDE CORRECTION
FOR THE CENTRAL MISSISSIPPI VALLEY
SEISMIC NETWORK*

Peih-Lin Leu,' Tzay-Chyn Shin®

ABSTRACT -

Using carthquakes that occurred in the region of the Saint Louis Univer-
sity Central Mississippi Valley Seismic Network, the observed Lg-wave ampli-
tude magnitude is modeled as ' _

M=S+R+D

where S is the source term, R is a station correction, and D is a distance cor--
rection. Observations of 458 earthquakes, recorded by similar instruments,
peak magnification at about 10 Hz, in the three years period from 1982 to-
- 1984 were fit to this model. The results indicate some important features.
Assuming a coefficient of anelastic attenuation of ¥ = 0.003km™, the
distance corrections increase as distance increased. This indicates that a
smaller gamma value should be used in the magnitude estimate. The distance
correction can be dropped if a ¥ = 0.0004km™ is used. The station correc-
tions reveal station site effects. The stations located in the Embayment need
a negative value to correct observed magnitude, whereas,'a positive correc-

tion is required for stations installed in the Upland.

INTRODUCTION

In the time domain, Lg-phase ampli-

‘tude data are assumed to satisfied the rela-

tion (Ewing et al., 1957)
A=A AR sinA°) V2 (18)

where A is the observed amplitude at
epicentral distance A(km), A, is a constant

for a given frequency and is refated to the
source spectral level, and ¥ is the coeffi-
cient of anelastic attenuation. The term
(RosinA°Y V2 represents the amplitude
decay due to geometrical spreading, A° is
the epicentral distance in degrees and Ro
is the radius of the earth. The term A3
represents the decrease in amplitude due

-to dispersion, since the Lg-wave is as-

. "mﬁ;a;m 17544 G158  RERN : 754E 4 F21B
L gutEsEnReEaEL:
.2- B PR KB R A%
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sumed to be a higher-mode surface wave |

Airy-phase traveling with group velocity
of 3.5 kmfsec for a continental path
(Nuttli, 1973). The term e* accounts
for frequency-dependent absorption. The
parameter 7 is frequency dependent, and
is related to the specific quality factor, Q,
by

y=xflQU

Where U is the group velocity of 3.5km/sec
for Lg-wave, and T is the frequency of the
wave.

If the epicentral distance is less than
25°, the geometrical spreading factor can
be simplified to

(R,sinA°) /2 = AT1/2

Therefore, the Lg-amplitude equation be-
comes
A=A A‘Sf-f:e"m
[+

The measurement of Lg magnitude was
modified by Herrmann and Kijko (1983)
as

My = 294+ 0833 logio () +

(D
0.4342 v 7+ log (4)

"~ The difference. between an Lg-magni-
tude estimated by a network and by an in-
dividual station may be due to site effects
at the station, to the radiation pattern of
the source, or to a different geometrical
spreading relation at short distances. To
further understand the variation of magni-
tude, we propose a model to describe
observed magnitude as being comprised of
a source term, a station term, and a dis-
tance term.

Model definition

The observed magnitude estimate, 7,
for a given event, i,  at a station, j, is

modeled as the sum of the source magni-
tude, S;, a station correction, Ry, and 4
distance correction, Dy, (ij) 1t can be ex.
pressed as

my, = SiF Ryt Dy, 5) )
The k (i, j) specifies the distance range
between the source i and receiver j. The
CTTOT, € jijs between the observed and cal-
culated values of magnitude is

Rk @)

We consider Ng events and Ny recording
stations. The -epicentral distances are
divided into Ny, different ranges. The un-
known values of 8, R and D in equation
(2) can be determined simultaneously
from 1local network data by means of
least-square analysis. Since many data are
available, the results can also be used to
investigate the effects over small areas.
The simultaneous normal equations
can be expressed in matrix form as follows

€k~ Mg

AX=Y

where A is a symmetric matrix, X is un-
known vector including source term, sta-
tion correction, and distance correction.
Vector Y includes the summation of
magnitude with respect to individual
event, a particular station or distance
range,

Normaily X can be solved by applying
any inversion technique. Since large data
sets are expected to be used in this analy-
sis, the matrix of large rank cannot be
inverted directly on a small computer due
to the limitation of program size. In
order to overcome this difficulty, we sug-
gest using a matrix partitioning technigue
developed by Herrmann (1981) to solve
the matrix inversion.

Usually when modeling physical data,
all variables are subject to some constraints
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so that they are not really independent of
each other. Using these constraints, it is
possible to eliminate some of the variables,
and proceed with a smaller set of inde-
pendent variables. In our study, the
model ' is an extraordinary case in which
the elimination of variables is very incon-
venient and undesirable from the point of
view of automatic matrix array generation.
Instead of using a very complicated com-
puter program, we preferred to use an
alternative technique involving Lagrangian
multipliers and propose a weighting
constraint as

¢ (RI > R23 res s RNR) = ENSJR] = 0
}

ﬁb(Dp D‘ls ‘e :DND)éENDkaz 0

where Ng is the number of events for the
j’th statiojn, and NDk is the number of
records in the k’th distance range.

Applying a Lagrangian multiplier to
the model established, we obtain

d62 +7\1 d¢+kgdw=0

where N; and A, will be relatively smaﬂ in
the solution. '

Model Testing

Inorder to test if the model established

is appropriate and if the program con-
structed using this model is correct, we
simulated a set of data of five earthquakes,
two distance ranges and five stations (re-
ceivers). Using the same notation men-
tioned- above, N is 5, Ng is 5 and Ny, is
2, The true values are

§;,=5.0
S5,=4.0
S;=3.0
S,=4.5
Ss=3.5
R;=0.2

R,= 0.1
R,= 0.0
R,=-0.1

R =-0.2

D, (<50 km) = 0.1
D, (50 km ~ 100 km) = -0.1

First, we would like to sec the im-
portance of the constraints. In this experi-
ment no constraints are imposed. There-
fore, the last twe columns and the last
two rows are not used in the first matrix.
Consequently, A; and A; are not needed.
The solutions are Y

EVENT 8 95% confidence interval
1 -14.12 £ 0.,0003 '
2 -15.12 % 00003
3 -16.12° = 0.0003
4 1462 + 00003
5 -15.62 + 0.0004

STATION R 95% confidence interval
Ast 25.60 * 0,0005
Bst 25.50 £ 0.0005
Cst 2540 £ 0.0004
Dst 2530 = 0.0006
Est 2520 + 00001

DISTANCE D. 95% confidence interval
050  6.18 0.0007 '

+
50100 -6.38 £ 0.0001

From the mathematic view point, the
small 95% confidence interval value indi-
cates that the solutions are reliable. But,
as we anticipated, all variables are adjust-
ed relative to each other-and the solutions
may not have too much physical meaning.
The relative differences in the source, sta-
tion and difference terms reflect those of.
the model values, but an arbitrary- offset
of coefficients is present such that the
magnitudes computed are correct.

In the second experiment, we use the
constraints outlined above. The solutions
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are very consistent with the expected
values. They are listed as follows

EVENT S 95% confidence interval
1 5.00 T 0.00002
2 400 * 0.00002
3 "3.00 + 0.00002
4 450+ 0.00002
=) 350 + 0.00003
STATION R 95% confidence interval
‘Ast 0.20 + 0.,00003
Bst 0.10 = 0.00003
Cst 0.00 + 0.00002
“Dst 0.10 * 0.00002
Est 020 £+ 000003
DISTANCE D 95% confidence interval
0-50 0.10 £ 0.00001
56100 -0.10 * 0.00002
A =-8.0977¢-08 A, =-2.7675e-07

It is worth to note that excellent agreer
ment was found since the original model
had TR=0, ZD=0. If the ZR are not in
fact zero, then this technique will never
be able to determine this unless there is an
additional independent constraint, such. as
a statement that the R at one station is
by definition zero. To further understand
the model and also to simulate closely the
actual data set, random noise was added
to each simulated observation. All noise
was required to be less than half of the
station correction and the summation of
noise is zero, which obeys.the constraints
we used above. The solutions are

95% confidence interval

EVENT S
1 500 £ 0009
2 399 + 0010
3 299 * 0011
4 450 £ 0011
5 350 £ 0013

STATION R 95% confidence interva]
Ast 0.20 T 0.011
Bst 0.12 + 0012
Cst -0.01 + 0010
Dst 008 % 0.010
Est -0.21 + 0.014
DISTANCE D 95% confidence interval
0-50 0.10 + 0.053
50-100 0.10 + 0010
where

A = 2.2769¢-08 | A, = 1.0942e-07

The increase of the 95% confidence
interval value is caused by the random
noise added. However, the solutions are
still very stable. This test further con-

firms the applicability of our model and -

computer programs.
DATA AND RESULTS

The data for this study consist of
scismograms of 458 earthquakes (Figure
1) occurring in the period 1 January 1982
to 31 December, 1984, in the area of the
Central Mississippi Valley Seismic Net-
work, operated by Saint Louis University.

5. L.U. Network
CUMULATIVE EARTHQUAKES( 1982+ 1964)

+3 *
*®
* * s
- . —
e *
E L3
=
=] _
g _

LONGITUDE

Figure 1. A map of earthquakes in the period
1982 to 1984 used for this study. Total
number of events is 458.
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S.L.U. Network
STATION LOCATION
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Figure 2. Map of the SLU network. 23 stations
used in this study are shown in the

+34
~81.5

-87.5

figure. The region of the Mississippi

Embayment is shaded,

The network consists of 24 stations in the
Mississippi Embayment region, 7 stations
in the Upland region, and 9 stations in
southeastern IHinois,
map of the 23 stations of the SLU Seismic
Network used in this study. The region of
the Embayment is indicated by the shading
(Hadley and Devine, 1974). The 23 sta-
tions used in this study were restricted to

~ those with similar instrument response

Figure 2 shows.a.

(peak magnification at 10 Hz). The coor- .

dinates of these statioris as well as their
net amplifier gains between seismometer
and the computer are given in Table 1.
‘The normalized instrument response is
plotted in Figure 3.

The observed magnitudes were cal-
culated by using equation- (1) where re-
duced ground amplitude (A} is provided
by the SLU network and the coefficient
of anelastic attenuation (v) is 0.003 km™

10 e
T I o _
1.
010° [ _
<L r ]
L= ;
a) 3
LiJ
N
=
=10 E
= ]
O ]
=z R
1@2 NETETTS R Ll 1o
107 10’ 10° 107
FREQ. (Hz)
Figure 3. Normalized instrument response.
TABLE 1
Saint Louis University Network
Station Latitude Longitude Magnification
Code _ N° w° (db)
LDMO 36411 ~ 89563 68
POW 36.152 91.185 74
RMB 36.888 90.278 68
LST 36.523 89.731 56
CRU 36.595 89.020 62
DMMO 36.704 89.745 68
DON 37.176 890933 63
DWM 36.805 89.490 56
ECD 36.060 89.940 62
ELC 37.285 89227 74
GRT 36.264 89.420 62
NKT 35.850 89.554 62
PGA 36.060 90.620 62
JHP 35.605 90.510 62
WCK 36.934 88.874 68
CSIL 37.632 88.790 78 .
NRMO 36.487 89.588 62
NMMO 36.588 89.552 56
TPMO 36.540 89.852 68
BPIL 38.200 88.600 72
GOIL 37.300 88.560 60
CCMO 38.720 90470 . 68
NHIL 37930 88.170 66
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{(Dwyer, ef al., 1983). The determinatian
of reduced ground amplitude in the SLU
- network is either done by selecting a peak

TABLE 2
Distance Correction Terms

amplitude with period at about 0.1 sec- _ 95%
ond from digital data on-a Tectronix ter-  Distance D Co_nfidence N
minal or by selecting a sustained ampli- _ interval
tude (third largest) from develocorder 020 DI 0022 % 0010 38
manually, then corrected for the corres- 2040 D2 0069 £ 0020 333

onding instrument response at the ob- 4060 D3 0100 = 0050 129
P | ponse _ 6080 D4 0128 * 0044 160
served frequency . The -dlffEIenCe in 80~1 00 D5 0.082 + 0.033 229
methodology, peak versus third largest 100.120 D6 0040 + 0010 18
peak, will not inttoduce a major error in 120140 D7 0052 =+ 0012 116
the magnitude estimate since logarithms  140-160 D8  0.161 + 0030 151
of amplitudes are taken, }gg;gg B?O g}g? f gggg 27

- - _ . * K 1
The. distance ran.ge are seiparated by 200250 D11 0248 +  0.067 79
20 km interval for epicentral dlstan(_:es less 550300 DIZ 0248 +  0.089 66
than 200 km. For records at distance 300500 D13 0383 t 0.135 38
greater than 200 km, a 50 km interval was
TABLE 3
Station Correction Terms
95%

Station R  Confiden.e DI D2 D3 D4 D5 D6 D7 D8 D9 DI0O DIl DI2 DI3
: interval
LDMO 0.03 0005 76 19 1 2 1 4 1 0 1 0 0 20
POW 0.05 0.004 1 0 1 1 3 11 41 74 6 3 13 2 2
RMB  0.04 0.003 0 0 11 45 48 74 10 7 4 3 17 11 1
LST  -0.01 p.00s 73 24 6 0 4 1 1 0 1 0 0 5 2
CRU 008 0.007 0 1 30 11 5 1 1 2 0 0 2 0 1
DMMO 0.02 0004 18 42 16 11 9 4. 1 0 1 0 0 9 i
DON 003 0.004 0 1 7 31 39 19 11 7 4 4 4 12 2
DWM  0.16 0.010 -4 3 4 6 1 1 0 0 0 0 0 i 1
ECD 0.0% 0.008 9 6 8 6 0 0 4 4 0 0 2 0 1
ELC  0.27 0.03 37 51 4 9 45 22 20 22 5 2 8 2 1
GRT 007 0005 26 25 7 3 1 5 2 0 2 1 2 4 1
NKT (0.22 9.05 i 15 13 g8 9 a 1 i4 1 4 7 4 i
PGA 0.13 008 0 0 1 3 3 10 1 1 20 4 0 i 1
NMMO 0.29 0.07 50 3 1 i 2 0 0 0 0 0 o o 0
TPMO  -0.11 0.07 8 25 3 0o 3 5 0 1 0 0 0 3 1
NRMO 022 0.05 75 24 4 2 3 2 1 0 1 1 0 2 0
IHP 0.26 0.11 0 0 1 0 3 5 3 6 2 0 2 0 0
WCK 0.00 0.004 3 74 5 16 35 13 8 3 3. 4 5 1 7
CSIL 059 0.12 0 0 1 2 0 0 2 4 2 2 0 1 2
BPIL, 049 0.18 1 0 0 1 1 2 1 0 0 ] 2 0 0
CCMO  0.15 0.09 0 0 3 0 4 2 i 1 1 2 12 5 1
NHIL -0.06 0.018 0 0 1 1 3 2 0 0 0 0 1 0 1
GOIL 002 0.077 0 20 2 1 0 3 8 5 3 12 1 1

|

A; = 3.58783E-05, A, =3.59471E-05
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used and for distances greater than 300
km, a single correction was used. In
general, we have 458 source terms, 23 sta-
tions, and 13 distance ranges in the analy-
sis, and 1950 amplitude magnitude obser-
vations. The solutions are listed in the
order of distance corrections and station
corrections in Table 2 and Table 3.

DISCUSSION AND CONCLUSION

Another way to express the suitability
of a solution is by the distribution of resi-
duals. Figure 4 plots an example of the
magnitude residual histogram for the sta-
tion LDMO. The top histogram in the
figure shows a magnitude residual histo-
gram before the magnitude correction
(my, ), where a magnitude residual histo-
gram after the magnitude correction (8) is
given below it, In general, a more con-
centrated pattern of residuals about zero
is found in the second plot. This implies
an improvement in magnitude calculation
by use of the correction terms. The other
22 stations all have similar resuits.

The similar detection condition for all
the stations (see some examples in Figure
5) indicates our results might not be
biased by different recording usability
between stations.

The station corrections are plotted at
the corresponding station location on a
map in Figure 6. It is easy to see that the
station corrections in the Embayment
region (shaded area) are small negative or
are positive values, except at the station
TPMO (-0.12). On the other hand, the
stations in the Upland region  are mostly
negative or' are small positive values,
except at the station CCMOQ (0.14).

To see if the distance corrections are
contaminating the station corrections, we
fixed the distance corrections at zero,

STATION
TOTAL NUMBER
17 STN. DEV.

LDMO
:107.
10. 218

=

NUMBER’
I

By 5

e -0.0 Lo
AVG. AMAG (UNCOR. J ~AMAG (LNCOR. )

AMAG CORRC.  <-0.030
26 STN. DEV. _ :0.209
[« =4
)
o
=
e
] i
T i

-l.d ‘ -0-a ‘ ‘ ‘ .7
AVG. AMAG - (AMAG-COR.)

Figure 4. Amplitude magnitude residual histo-
grams for the station LDMO. The top
histogram shows the residual distribu-
tion before correction applied whereas
the lower histogram shows the residual
distribution after station correction and
distance correction applied,

even though the F-test analysis indicated
that such a correction is needed. The sta-
tion corrections from this model, model
2, are listed in Table 4 with the above re-
sults for comparison. In the last column
of Table 4, the ‘E’ represents station lo-
cated in Embayment area and ‘U’ in Up-
land. Examining this table, we found
similar results from both models. This tells
us the model stability and also implies
that station corrections are not related to
the specifies of the correction due to the
distance term in the magnitude formula.
Distance corrections obtained in the
previous section increase with increasing
distance. This tendency indicates that
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Figure 5. Histogram showing number of detected event at some stations as a function of magnitude.

SLU. Network
STATION CORRECTION

=
+34—F i /i///’ I ,
—G1.5 LONGITUDE —87.5

Figure 6. The amplitude magnitude station cor-

rection and the corresponding station
location. The Embayiment region, a
thicker sediment near the surface, is
shaded. In general, the station in Em-
bayment region has negative station
correctionn. On the other hand, sta-
tions in the Upland region have posi-
tive value.

TABLE 4
Station Amplitude Magnitude Correction
Station Model1' Model2? Model3®  Region
LDMO 003 .04 -0.03 E
POW 0.05 0.04 0.06 U
RMB 0.04 0.04 0.04 i}
LST -0.01 0.02 0.01 E .
CRU 0.08 0.03 0.08 E
DMMO 0.02 0.02 0.02 E
DON 0.03 0.04 003 U
DWM 0.16 0.12 0.16 E
ECD 0.09 -0.13 0.09 E
ELC -0.27 -0.25 - 0.26 U
GRT 0.07 0.05 0.07 E
NKT 0.22 0.20 0.22 E
PGA 0.13 0.14 0.13 E
JHP 0.26 0.24 0.26 E
WCK 0.00 003 0.00 E
CSIL -0.59 0.52 -0.60 U
NRMO 0.22 0.21 0.23 E
NMMO 0.29 0.28 0.29 E
TPMO 0.11 014 012 E
BPIL 0.49 0.46 049 U
GODIL 0.02 0.03 0.02 U
CCMC 0.15 0.25 0.14 U
NHIL 0.06 0.11 -0.04 U

. Model 1: Original modet

1
2. Model 2: No distance term model
3. Model 3: v = 0.0004km™ model

E: Embayment,
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Figure 7. The distance correction is related to
different gamma values. Cumve 1
shows the amplitude decay with
gamma = 0.003 km™ and curve 2 uses
a smaller gamma value (0.0004 km™),
The data points are obtained by using
the theoretical Lg attenuation relation
and the distance corrections.

either the geometrical factor or the
anelastic attenuation used is improper. In
order to avoid the contamination caused
by station corrections included in the ori-
ginal model, the data were reanalyzed
with -all station corrections fixed to be
zero., The results are plotted in Figure 7.
The solid line (1) is the theoretical ampli-
tude when the geometrical factor is 5/6
and gamma value is 0.003 km™. The cir-
cles are amplitudes after 2 distance correc-
tion which are obtained from the original

model, and the error bar indicates 95%

confidence interval., The stars are ampli-
tude after a distance correction obtained
from the model 2 with station cosrections
equal to zero. The results from both of
these model indicate the need of distance

et T T T
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Oz.u | ] J
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C. & 1.5 2.4 _' 3.4 4.4
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Figure 8, Comparison of amplitude magnitudes
before and after applying correction.
The straight line has a slope of one.

correction to revise the magnitude formula
equation 4 for the distance range (< 500
km).

The shape of curve 1 in Figure 7 indi-
cates that use of a gamma value smaller
than 0.003 km™ might be appropriate.
Using the circles in Figure 7, a simple re-
gression resulted in y = 0.0004 km™. The
solid line- (2) in Figure 7 corresponds to
the Lg-airy phase amplitude decay with
v = 0.0004 km™. Using this gamma value,
the station corrections are recalculated.
The results are listed on the third column
of the Table 4. The distance corrections
are very small and can be neglected. For
easy usage of these results we suggest the
magnitude determination as

_ A
mpg = 2.94 +0.833 logm (1'"0) +
0.4342y7 + Iogm (A)-R

with ¥ = 0.0004 km™. The term R is sta-

tion correction and is listed in the third

column of Table 4,
To see the improvement as the magni-
tude corrections obtained in this study are
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applied in the magnitude estimate, we
plot uncorrected magnitude versus cor-
rected magnitude in Figure 8. Offsets
with respect to a line of slope 1 occur at
both sides. This tells us that Lg magni-
tudes of large events are essentially over-
estimated by 0.2-0.3 magnitude units
without the magnitude correction, whereas
small events are underestimated by about
0.2 magnitude units. The fact that the
large magnitude were somewhat overesti-
mated is related to the larger gamma value
used in the previous analysis.
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THE RESEARCH OF DATA COMPRESSION ON IDMS *

Nan-Wen l Leel

ABSTRACT

Many data processing applications involve storage of large volumes
of alphabetic data such as names, addresses and numeric data such as
climatic data, telephone numbers, salaries. In order to reduce the data
storage requirements and the data communication costs, data compres-

sion technique is needed.

The data compression tfechnique _employed here is a modified
Huffman coding method. Repeating types of characters are taken into
consideration to reduce the redundancy in the data representation.

1. INTRODUCTION

1.1 Database Software Packages
Numerous universities and corpora-
tions are utilizing central databases with
general purpoée database software. The
two software packages which are most
commonly used are IMS, an IBM Corpora-
tion . product, and IDMS, a Cullinet
Corporation product. Both of these soft-
ware packages run on large general pur-
pose IBM or IBM compatible main frame
computers. IMS is a hierarchical database
system, and IDMS is a network database
system with -some relational features.
Although these software packages are
more efficient on general purpose com-
puters than proposed relational systems,
they both have very significant central
processing .unit requirements, have
massive disk storage requirements, and
move information to and from disk
storage frequently and in large amounts.

Both the IMS and IDMS software
packages have data compression and
expansion programs. When data is stored
in the database, the compression program
is called.. When data is retrieved from the
database, the data is éxpanded., While
both programs must be efficient, compres-
sion is usually done during batch loads
of data with no effect on response time
at terminals. However, expansion occurs
during usef access to the database from
terminals so the expansion program must
be very efficient.

1.2 Proposed Algorithm for Improved

Database Compression

In ‘Data Compression On A Database
System’, an August 1985 article in the
ACM Communications, Gordon V.
Cormack of the University of Manitoba
described data compression and expansion
algorithms which he believed to provide
impressive data compression on central
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databases stored under IMS. Programs
based on these algorithms have been used
at several universities with significant
improvement in data compression over
the programs previously used with IMS.

1.3 Purpose of The Project

The purpose of this project is to
analyze the data stored under IDMS and
then write programs for these algorithms
which can replace the data compression
and expansion programs currently used
under IDMS, The improvement in data
compression for IMS resulted from
the observation that data in the database
tended to consist of long strings of the
same type of character. For example,
names and titles are long strings of
alphabetic characters and numerical data
is generally grouped. While Huffman
coding is optimal with respect to average
compression, and other ad hoc techniques
take advantage of repeating strings of the
same character, techniques currently used
do not reflect repeating characters of the
same type.

“To carry out the project it was
necessary to have a general understanding
of Huffman coding since the data com-
pression algorithm used in this project
is 2 modified form of Huffman coding.
A general understanding of IDMS was
required in order to replace the currenfly
installed programs. Programs were
written to analyze data and determine
the compression codes to be assigned to
characters. These programs were tested
and debugged using sample data. Then
actual IDMS data was processed by the
programs to. determine the effectiveness
of the data compression, Then data
compression and expansion . programs

were written in IBM assembiler.
Unfortunately, at this time there is
very little data in the production IDMS
system at The University of Wyoming.
It was expected that the Human Resource
System and Student Information System
would be installed before the project
was completed. But these installations
were delayed. The amount of data should
be adequate when the Human Resource
and Student Information System are
installed. When this occurs, the analysis
program will again be run against the
actual data by Computer Services staff.
If the proposed algorithms provide more
significant improvements in compression
of the actual data, the currently used
IDMS  compression and  expansion

programs will be formally replaced by

the IBM Assembler programs developed
for this project. The code corressponding
to the algorithms in the IBM Assembler
programs can be used as is.

2. TYPES OF DATA COMPRESSION

- Two techniques that can result in
a more éffective encoded data representa-
tion are logical and physical data compres-
sion. Both of them can result in reduced
transmission time and a reduced storage
requirement, |

2.1 Logical Compression

Logical compression is utilized when
the database software is designed. The
software should be designed to reduce the
amount of space occupied by redundant
characters, and user transparent techniques
shouid be used for condensed representa-
tion of data elements.

If data in logically: compressed data
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bases are transmitted between locations,
transmission time will be reduced since
fewer data characters are transmitied,
While logical compression is an effective

tool in minimizing the size of a data-base,

it only reduces transmission time when
logically compressed data is transmitted.

Logical compression is normally used
to represent data bases more efficiently
and the frequency of occurrence of
characters or groups of characters is not
considered,

The following example illustrates the
use of logical compression when the
database software is designed. _

In a climatic data set, a ‘date’ field
exists in a record, then we can use various
notation to represent G1 April 1986:

(a) 01 april 1986 (character re-
presentation)

{b) 01 apr 1986 (character repfesenta-
tion)

(c) 01 04 1986 (character representa-
tion)

We know the maximum value for
DAY is 31, and 5 bits are enough to
represent it; the maximum value for
MONTH is 12, and 4 bits ate enough to
represent it.. If we use 7 bits to represent
YEAR, then a total of 127 years can be

represented and relative years ranging

from 1900 to 2027 are permitted. We
can see that the use of binary strings to
represent ‘date’ is very economical in
use of space.

2.2 Physical Compression

Physical compression consists. of
encoding characters using fewer bits
than the standard computer or data
' communications  bit  representations.

— 33 —

Typically, this has been done to reduce
the quantity of data prior to entering a
transmission medinm and the expansion
of such data into its original format
upon receipt at a distant location.

Physical compression takes advantage
of the fact that when data is encoded
as separate and distinct entities, -the
probabilities of occumrence of characters
and groups of characters differ. Since
frequently occurring characters are
encoded into as many bits as those
characters ‘that only rarely occur, data
reduction becomes possible by encoding
frequently-occurring characters into short
bit codes while representing infrequentiy-
occurring characters by longer bit codes. -

The use of physical data compression
for digk storage reduces the amount of
disk storage that must be purchased.
Also, fewer disk accesses and lower data
transfer to and from disk storage is a
result. There are storage and processing
costs associated with the programs which
must be compared with the savings which
result from the compression.

3. DATA COMPRESSION
TECHNIQUES

The first - interest in - character
compression techniques resulted from
transmission of characters over com-
municaiions Ymes.  These technigues
increased the amount of information

‘which could be transmitted in a given

period of time. A number of techniques
have been employed tfo compress
characters - for iransmission over com-
munications. lines. Null suppression
(replacement of most of the null characters
or blanks by a special ordered pair of
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characters), bit mapping (a bit map,
which is appended in front of an input
string, can indicate the presence or
absence of nulls and thereby can reduce
the size of the string) and statistical
encoding- are three of these compression
techniques.

Statistical encoding takes advantage of
the probabilities of occurrence of single
characters and groups of characters, so
that short codes can be used to represent
frequently occurring characters or groups
of characters while longer codes are used
to represent less frequently encountered
characters and groups of characters.

Huffman coding is a statistical encod-
ing method which was described in 1952,
Huffman showed that given probabilities
of occurrence of a set of characters, the
average code length is minimized. As the
use of computers and external storage
increased, Huffman coding was applied to
storage of characters in computer external
devices. Other techniques for specialized
data have evolved over the years.

3.1 Huffman Coding

The Huffman coding technique is
optimal in that it results in 2 minimum
average code length for a given set of
characters. In addition, Huffman codes
have a prefix property which means no
short code group is duplicated as thel
beginning of a longer group. For example,
if one character is represented by bit

string 101, then there is no other character
which will be represented by 10100 since
10100 will be interpreted as the combina-
tions of 101 and 00. Because of thig
special -~ feature, the compressed data
stream (bits combinations) can be decod-
ed immediately by tree node traversgl
if we read from left to right without
examining the entire block of input daga.

To wuse Huffman coding, each
occurrence of a character is counted in
order to determine the probabilities of
occurrence of each character in the data,

We arrange the characters in descend-
ing order of probabilities. The two
nodes with the smallest probabilities are
paired to produce another node whose
probability is the sum of the probabilities
of paired nodes.

Before the next pairing, sorting of
the new probabilities is needed to ensure
the probabilities have descending order.
Then two adjacent nodes with the lowest
probabilities of occurrence are again pair-
ed. By repeating this step, we finally get a
node whose probability of occurrence is 1.

By repeating the assignment of binary
0 and 1 to paired nodes at each pairing
step, the codes for each character can be
obtained by tracing back from the last
node 1o the starting nodes.

Huffman code can be generated
through the employment of a ftree
structure as illusirated in the following
two figures:

Initial st

Character 2nd 3rd

Set Probability - Step Step Step

- Cl 35 C1 35 Ci 35 C1 35
C2 A5 cz 15 Cc2 15 C5678 22
C3 15 C3 15 C3 15 C2 A5
Cc4 13 C4 13 C4 13 C3 151
C5 A2 cs 12 C5 A2 1 c4 130
Cé 06 Cé 06 1 C678 100
c7 - 031 C78 04 0
C8 010
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4th 5th 6th
Step : Step Step
Cl 35 |C25678 37 |C134 631
C34 28 |Cl 351 1C25678 370
C5678 221 |C34 280

C2 A50

From the pairing operation above,
Huffman codes and lengths for C1, C2,
C3,...C8 are:

character codes length .
C1 11 2
c2 00 2
C3 101 3
Cc4 100 3
C5 011 3
Cé 010 4
C7 01001 5
C8 01000 5

Huffman code for a particular char-

acter is selected so that its length is as.

close as possible to f ( —log p), where the
base is 2, p is the probability of occurrence
of that character in the text, and f(x)
is the closest integer greater than or
equal to X.

3.2A Maodified

Technique

" The central databases stored under
the IMS and IDMS databases typically
have data items which predominantly
group the same types of character. Names,
titles and addresses consist mainly of
alphabetic characters,  Salaries, social
security numbers, and financial data are
primarily numeric characters.

Far the project the Huffman coding
technique is modified to take these
repeating types of characters into con-

Huffman  Coding

sideration. Four data types were used,
alphab_etic, numeric, blank and other
symbols.  The ‘data types used were
intuitively selected. As experience with
the actual data is acquired, it may be
advantageous to change the data types.
For each data type, a code is assigned
to every kind of character appearing in
the data. To compress a record, an
alphabetic type code is assigned to the
first character. Then the first character
is checked to determine which type the
first character actually was. Then the
second character is assigned a code for
the actual type of the first character.
This process is repeated .until the entire
record has been compressed.

To expand a compressed record, it
is known that the first character is a code
of the alphabetic type. The code bits of
the first character are used to determine,
from the alphabetic type codes, what
the first character is. The first character
is used to determine the code type of the
second character. The code bits of the
second character are used to determine
what the second character js. Then the
code bits of the second character are
used to determine the code type to be
assigned to the third character, This
process is continued until the entire
record is expanded,

Modified Huffman coding is almost
the same  as Huffman coding, the only
difference being the assignment of codes
to characters for several different types.
For the modified Huffman Coding
technique, we count the number of times
a character is followed by an alphabetic
character, and for each total obtained we
divide by the total number of characters
in the data. This yields probabilities for
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the alphabetic type. This process is
repeated for each type, so that we have
probabilities for each type. Then foreach
type, character bit codes are determined.
The detailed process for this will be
described in another section of the paper.

4. DATA ANALYSIS

4.1 Input

Data was provided in a sequential file
with fixed length records which were
unloaded from the data base. Each record
contains a variable number of characters.

This file is processed to generate a new -

sequential file in which each record has
the number of characters followed by the
characters to be analyzed.

4.2 Analysis Process

The main program includes 5 sub-
~ programs. The Frequency Analysis and
Counts tables are generated by the main
program. The Length table is produced
by the subprogram ‘leng’.
table is produced by the subprogram
‘codex’. The program ‘sorting’ is called
for sorting of the counts before the
Counts table is printed out, The program
‘reseq’ is called by program ‘leng’ for
frequency sorting. The program ‘rever’ is
called by program ‘codex’ for probability-
sum sorting before the modified Huffman
code is determined.

In the text analysis program (main
program), we count the

(a) Total number of characters, i.e.
number of characters in the text.

(b) Occurrence of each characier in
the test data file. '

(c) The percentage of each character-
occurrenice in the appropriate data type

The Codes

and in the whole test data file, ie, the
percentage of occurrence ‘A’ for the
alphabetic type, and in the whole text.

(d) The total number of occurrence
of each character following a character
of each data type. '

This yields the probabilities of occur-
rence of each character of each data type
by appropriate division operations.

The tables produced by this process
are omifted in this paper.

The first character of each input
record is always regarded as an alphabetic
data type.

Applying the Huffman coding method,
we determine Huffman codes for each
character in the test data file. Then we
count the length of each code. Actually,
Huffman codes are not required for

‘characters because we are going to use

proposed coding method to generate
compressed codes. However, we need
those codes to calculate code lengths.
Note that codes may be different for
the same character if the types are
different.
The codes generated are stored in
compression-code tables. Each data type
has an associated table.” The characters

-

. are sorted with the longest length first,

and the shortest last. Initial table values
are formed using the rule below:

{cl ‘means the first character, with
the longest length, 21 medns the length
of the character with longest length (cl) )

(cn means the last character with .
the shortest length, ¢n means the length
of the character with shortest length (cn))

cl g1 210s followed by (15-21) 17s.
c2 2 (first €2 bits of previous
value} — 1, then followed by
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(15—22) Vs,

Then the final table value is formed
by shifting each of them(15—8i) times to

cn ¢n  (first &n bits of previous the right, filling with zeros from left.
value) — I, then followed by Then a one is in_serted in position (16—21)
(15—qn) 1’s, ' from the right.
‘ As an example:
character code-length initial code (15 bits) final code (16 bits)
T 8 1111113111111 0000000111111111
B 6 111110111111111 0000000001111110
A 6 111101181111111 0000000001111101
L 5 111011111111111 0000000000111101
J 3 110i11111111111 0000000000001110
P 2 1011111111111 0000000000000110

5. COMPRESSION

The code table are utilized in the.

compression program. Given a string
of characters to bhe compressed, the
alphabetic table is used to compress the
first character (the first character of each
record is always regarded as alphabetic
data type) via character linear searching,
and the SUbsequént characters are com-
pressed may use another code table as
determined by the data type of the
previous character, FEach character is

represented by a 16-bit string in code

table. The compressed code used in the
compression process is contained in the
rightmost several bits. Preceding each
compressed code is a bit with value 1
(this 1 functions as the delimiter), and
the rest of the bits are-all padded with
binary value 0’s. The length of each actual
code and the code itself are determined
by following steps.

Determine the code length of a

compressed character: _

1. Set  comparison = value (i.e.
comparator) cv to be 0000000000000100
(binary representation).

2. If the table value for a compressed
character is v, compare cv with v. )

3. If cv is greater than v, then the
count is the length of the code to- be
used. Stop.

4. If cv is not greater than v, then
add one to a count which is initially set
to 1. Double cv. Go to 2.

The shift instruction and mask instruc-
tions are used to move compressed codes
into output buffer, and then the number
of comptessed bits are moved into the
record-ength field. '

6. EXPANSION

The bit code length of a character,
which will be produced in the expansion
process, is not known in advance. So,
a binary tree structure is used in the
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expansion program. Four binary trees
are used for the four different data types'.
A code is expanded by examining the
input bit string one bit at a time. If the
current bit is 1, the search moves to
the left son, otherwise to the right son,
When a leaf is encountered, that means
a bits combination for a character ends,
a character should be produced, and the
next input bit is the first bit of another
character.

7. CONCLUSIONS

The method employed here achieve
the saving in disk storage and disk access
activity. Generally speaking, the compres-
sion method can be expected to reduce
the size of raw data by approximately a
factor of three. The cosis on the execu-
tion of compression and expansion are
recovered by fewer data transfer. This
technique can be applied on any database
system,

8. ACKNOWLEDGEMENTS

This paper is extracted from the

author’s research which was sponsored
by The Central Weather Bureau, Republic
of China. _ .

The author wishes to express his
sincere appreciation to Dr. William
Walden, Director of Computer Services
of The University of Wyoming, who
directed this research. Appreciation is
also given to Dr. Henry Bauer, Chairman
of Computer Science Department for
his valuable advice.

9. REFERENCES

1. Cormack, Gordon (1985): “Data Compres-
sion on a Database System’, Communications
of the ACM, pp. 1336-1342.

2. Reghbati, H. K. (1981): ‘An Overview of
Data Compression Techniques’, Computer,
pp. 71-75.

3. Guiasu, Silviu (1977): ‘Information Theory
-with Applications’, McGraw-Hill Inc.

4. Held, Gilbert (1983): ‘Data Compression,
Techniques and Applications, Hardware and
Software Considerations’, John Wiley &
Sons. _

5. Johnson, David (1983): ‘Structured As-
sembly Language for IBM Computers’,
Mayfield Publishing Company, '

A A B & & IDMS L & AT &

F

i

2

X

'

EEREE B o AREDBIRIHSCEER » eSSk 5 AARS RIECPER -
SREEER ~ BRI ~ HHE o BT WA ERRF 2N R ER FRA AR - BRHRES

B AL BRI -

IR IR R B D MR R R R R AR AT T*T%’é']é’ﬁ%%#%‘%?a‘iﬂ@
HAY s MLEF RS R ST ERA A — ARV BRI -



R B v e R A & s
— B ER R (8519) & &

E [Lix

—-~m B

Efs: (BRENDA) R&BSTAEE B4 A F
KPEGETERE RS- L RERE o &
RS BRI BRI » RSBIEN RS o X
BREAK (9 A30H208F (1) ~10H5 HZIE!%)
Bk » B RRMRHE » REHETE LR
WLl (103 B 8KSLEE) » SRS P LHEE
BRBHEEHSAR » BEREIERARE - i
2R R LT B B AN » (R R
BEERE AL EEEMNME METENRS
2 LS I Y B R A o

AN SHE D WER AN - DRB B
B A AR — 20T » SR R B AR TR A b
» LA A SRR 2 R RSEF e SR % o

Z~ AR EE 2 B IR

9 B27F 8 Bredbagl2mE » B 144 B (E0E
MEEHEN) HESEEE RELERE &
B84/ #30H 20857 dkia 15. 85 » B4R 130.3
B EREREE NER HERSBERR
» s B AR (BRENDA) » iR5: 8519%% »
ORIRI9GEERE, » [ 2 kts BOSERE SHPa RS FE A 1A
BE) e 108 1 B 8 st LB EAIRIG. 21 » TG
129.9 FF » BERBHRERE » FOWERAR
SEAESEdy 35 kts BE 65 kts » hOEE
WEZE 900 B » HATH B RIS - BEIE
EdnteiOkts o 1 B20Eh LM BB E 17.8
s FiR120.2 8 - RRERTBRESEE » PL
SEHR R - BT AR EET TR
EEESE (4 kts) o 2 A 2BrEESMESEL

*EFHEH BE2A3E
1 k@& R IR Hete
at * AL RHRA 120°E s Rikng

g;l

#1785 B 129.2 [ » SR 4RMEO85EER » L)
3 kts WIEEREWAEEN B » LT
REHAR65 kts » B » BN AWEEER
MR MY HES o

FORI2/NRRHIMRFTEI: - 2 B 8RR
FEAf17.58 » HR 12008 » hOHHETRARE
WERIRE 70 kts » Ll12ktsHYEERE MFE LA |
» SHES GBI HE o 2 P 1485 b0z BB R b
18.3F » T 128.0f » EIZEERHE /1Y 9804
B2im. ko HERTEIEN S A BEEERE
T RE LR EREE » RithRERR (BF
HRBAR) 7ok 2 H168: 5 B A SR RSB
B —Ne LRORES o IEBRI R TR
B —TE RSP B A AL R ORI
FOB0ZEEL » D ViR KEEME 75 kts o

3 B 8B AL A 19,5 B BUR
125,65 + ENEEHRE A WST0AR 2 HE L »
DRESEDS » ZERAEI0AE (BEE) - &
OHESER A RESS kts » DITEILE A MEREERER
» SR IR T  RRARES B
9 107536 20 108 BT 440 [ B A e L PRV it o R
» SRR EREE A MR o DFELE AL AR

FEEBREREEEL 0 3 A20EPLES

T2l T > HE123.58 » EERAR 270
ABZWEE » ROKERA BEEEEO0 kts »
BEERTBRZ R HEERRTRECEAR
HE » WATNSRAMEERENT.TAR » X
BRI BT~ SRR, T AR AR
B S RIRRY. S5AR » 8.45 A RIEKER © It
5 11 R LA TR L 5 o » SER MR
WE ML © % 4 B 8 R OMBBEIM24.7

REAM 75E2H5R

(61)



F— ANERRERIHRER
Table 1 Warnmg procedures issued by CWB for typhoon Brenda
K KB b | BUBE | W k> s 000® :
Fapiag B =
B OB |E (BB RS T k| B £ |
% b l7l1l2|uu(2|16]5 | EMESRE C £ 8K -
" 21220 20| 50 B L —
" 7081323140 EERES - LEEE - Sk —
WLBEE| 7|4 (383910 i HOA :Hﬁ B
" 7|5|3{u|3|5|s| =z = Mo & & O B ~ LEnshi
" 763|203 f2t]0] " Ak FEBBE
" Tl714]|2 4] 3|50 m Ok R *
" 708|4[8i4]|09]l40 NS M E
" 7l9l4|ua|4|15]5 Ak HER ~ AeiE
. El7|w0l4|20/4]21|10 % B % & % W — RS [
i | 7¢Il 5.2 (5 (4|0C - _
FT ERRRRB R \
Table 2 The best tracks positions of typhoon Brenda
Alm )k ow)ow m | TLRE ) RARE lemsspe mw kmbe 0 5
9 |30 |12 | 158 130.3 996 35 240 4
18 15.7 130.1 994 40 340 12
10 | 1§00 16.2 129.9 990 65 340 20
0% 17.2 129.6 990 70 330° 14
12| 1.8 129.2 985 65 250 8
18 17.7 128.8 985 65 140. 6
10) 2 {00 17.5 129.0 985 70 310 24
06 18.3 - 128.0 980 70 290 12
12 18.5 1274 980 75 295 26
18| 191 126.1 980 75 310 12
0] 3 | 00 19.5 125.6 965 85 315 30
06 20.6 124.3 965 90 325 26
12 | 217 123.5 965 90 335 24
18 22.8 123.0 960 90 355 36 -
10| 4 | 00 4.7 122.9 965 % ‘ 350 32
06 26.3 122.6 965 90 35 - 28
12 27.6 123.5 960 90 25 44
18 29.4 124.7 965 85 35 40
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Table 4 Eye-Fixes for Typhoon Brenda by satellite
i My wlx = 'H# f e k% E o
A oo o® | # - Al B [ ®w | &
9 30 | oo 00 15.7 | 129.4, 10 3 16 00 | 22.2 | 123.0
06 00 16.7 | 130.0 17 00 | 22,6 |.123.0
12 00 16.0 | 129.7 18 00 | 22.7 | 123.0
18 00 16.0 | 128.9 19 00 | 22,9 | 123.1
10. 1 0| o0 15.7 | 129.5 20 00 23.2 | 123.1
06 00 16.2 | 129.1 - 21. 00 23.6 | 123.1
12 00 17.1 | 128.8 4 00 00| 246 | 1229
18 00 17.8 | 128.1 03 00 25.6 | 122.3
2 00 00 17.2 | 128.9 06 00 | 26.3 | 122.4
06 60 | 18.2 | 127.8 07 00 | 265 | 122.6
12 00 18.6 | 127.3 09 00 26.8 | 122.8
18 00 18.6 | 126.7 12 00 | 27.6 | 123.3
3 00| oo 20.1 | 125.1 18 00 | 29.7 | 124.8
06 00 20.5 | 124.2 5 00 00 | 32.2 | 126.8
12 00 21.7 | 123.6 06 0 34.5 | 130.0
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'Table 5 The meterqlbgical summary of CWB stations during Typhoon Brenda passage

 gAAWE (BRENDA) W3t 8519 REVAE (1985%) M

BEAEMmD) | B M & X A . ¥ o(m/s) | B Ak B H (/s | B ORQOm/s) B E B x B pid i (mm) EEE S 'ﬁ ¢(mm)
gt | R | R R | B | | BB | | B B | e | B e pERBea N B ewaze w18 n o gEr g am | B sER S
960.8 04. 12. 05 | NW | 61.2{ 04. 13. 15 | 974.2 23.8) 939 NW | 45.2 04. 13. 45 | 03, 02. 00~05, 01. 00| 30.7] 04. 09. 30~04. 10. 30 '11.2) 04.°06. 50~04, 07, 00 | 120.8! 03. 11. 48~04, 19. 57
086.6| 04. 11. 07 [WNW/| 31.8 04. 11, 43| 987.9 24.5( 94% NNE| 20.0 04, 07. 07 | 03, 15. 53~04. 13. 10 | 21.2{ 03. 12. 00~03. 13. 00 | 4.6 03. 12. 10~03. 12. 20 | 146.6{ 03. 06. 0104, 20, 02
805.8) 04. 11. 06 |[NNW| 40.1| 04. 10. 57 | 896.3 19.0] I0%INNW| 27.7 04, 11. 04 | 04, 03. 35~04. 19. 02 42.00 04. 06. 37~04. 07. 37} 13.5| o4, 0?1; 1804 07, 28 | 348.2] 03. 04, 2504, 19, 30
989.3 G4, 10. 05 | NW | 28.0{ 04, 07. 38 | 996.5 21.0| 96%| NW |' 11.0f 04. 12. 10 | 04. 12. 00~04. 12. 30 | 36.2| g4 02. GO0, 03. 00 | 16-0| 04. 02, 10~04. 02. 20 | 450.1 03. 11. 00~04. 19. 40
988.9 04. 09, 45 WNW| 30.0{ 04. 11, 18 | 991.4 24.3 92?5 fqvv 11.7) 04. 14. 10 | 04. 10. 20~04. 15. 30 | 14.0/. 03, 21. 00~03. 22. 00 | 5.00 03, 21, 22-;03. 22, 32| 82,6 03. 11. 00~04, 18. 50
995.2) 04. 06, 00 | NE | 20.8 04. 08. 251995.7 23.6) 952! NE | 11.0{ 04. 07. 00 | 04, 06, 50~04. 07, GO 2.3 o4. 0. no;m. 01. 00 0.8 04. 11, 20~04. 11, 30| 20.4) 03. 13. 30~04. 13. 10
993.9( 04. 04. 25| N - 17.0.‘04. 08. 20 | 995.9 23.8 86%| N '7.7 04. 0B. 10 - 4.5 04,"09, 12--04. 10. 12| 1.6 04 14. 23~04, 14. 33 17.] 04, 03. 40~04, 17, 30
902.3\ 04, 03. 30 | N | 38.0{ 04. 03, 30| 992.3 23.9 &% N | 28.0{ 04. 03: 30 § 03. 11. 00~04, 13. 20 | 3.5| 04, 08. 55~.04. 07. 55 | 1.5/ 04. 09. 30~04. 09. 40| 8.7 04, 05. 30~04, 17, 20
884.5) 04. 05. 15 WNW, 22.3 04, 09. 25 587.5 19.0] 99%|WNW ‘s.q 04. 09. 40 - 2.8 04. 15. 00-~04. 16. do 1.0 04, 14. 40~04. 14. 50| 19.3 04, 03..40~04, 17, 20
593.1 04. 02, 48 | N | 29.3|04. 01. 52 | 998.5 23.0, 86%| N | 14.0/ 04. 01. 50 | 03. 15. 10~04. 65. 15| 0.9 03. 21. 55~03. 22. 55| 0.2 03. 22. 35-03. 22. 45 | 1.1f 03, 19, 40~04. 06. 10
984.6 04. 04. 45 NN'W| 17.6/ 04. 08. 51| 998.7| 22.5 95%|NNW| 11.0/ 04, 08. 20 | 04. 07. 40~04. 11, 30 | 6.6 04. 06. 10~04. 07. 10| -1.9| 04. 06. 30~04, 06. 40 | 21.0 04. 05. 35~04. 17. 18

' 751.4| 04, 05. 36 [NNW| 14.0/ 04. 03. 28 751.9| 13.3 86%|NNW| 8.0/ 04. 03. 30 - 7.4 04, 10, 20~04, 11. 20 | 1.7/ 04. 11, 00~04, 11. 10| 31.7) 04. 07. 15~04. 16. 25
04, 07. 00 | — - - —~ | —|NNW| 16.7 04. 04. 40 | 04, 03. 50~04. 18. 00 | 14.7| 4. io. 00~04. 11, 00 | 4.0} 04. 10, 10-04.' 10. 20 | 81.1} 03. 10- 45~04. 20. 15

995.2) 04, 04. 00 (INNW| 22.1) 04. 08, 05| 998.6) 21.8 100%{NNW| 13.3( 04. 08. 13 |'04. 05. 53~04. 10. 48 | 3.4 04;‘05. 13~04. 06. 13 | 0.9 04. 05, 20~04. 05. 30 8.9 o 05. 10~-04. 16 40
995.0 04. 04, 00 NNW zs.é 04. 06. 28 | 996.0) 24.2| 91%INNW| 15.2/ 04. 08. 10 | 04. 05. 40~04. 12. 40 2.0 04 0B. 00~04. 09. G0 | 0.7 04. 08. 15~04. 08. 25 | * 9.0 04. 05. 10~04. 15. 16
996.9) 04. 04. 00 | NNE| 38.41 03. 18, 08 1001.1| .23.71 85%|NNE| 30.3 03. 18. 00 | 03. 11. 00~04. 12. 30 | 0.6| 04, 04.- 20~04. 05, 20 | 0.3 04. 04, 42~04. 04. 52 | 1.5 03, 23. 10~04, 06, 40
994.1f 04. 03. 40 [WNW| 16.1| 04. 08. 43 | 998.4. 23.7 96%[WNW| 8.8 04, 09. 10 -~ 4.3 64. 13. 00~04. 14. 00 | 1.6 04. 13. 14~04. 13. 24 | 12.7| 04. 05. 23~04. 16. 58
990.8 04. 08. 45 | NE | 58.5| 03. 12. 04 997.6 23.5 84% NE | 40.0003. 10. 49 | 03. 11. 00~ ¥ #X & | 22.0) 04. 00, 50~04. OL. 50| 4.8 04. O1. 10~04. 01. 20 49.6 03, 16. 10~04. 03. 30
990.01 04. 06. 30 | S | 21.3) 04, 09, 30 | 989.6 28.2 66%| S | 11.0) 04, 13. 50 | 04. 03, 50~04, 17. 20| 1.2 03, 22, 10~03. 23. 10| 0.3 03. 22, 50~03. 23. 00 1.4 03. 22. 10~04. 01. 40
987.8 04. 09. 21 | W | 13,8/ 04. 09. 15| 098.1) 34.5 36% W | 8.3 04. 10. 25 - 0.8 04, 01, 25~04. 02. 25| 0.4 04. O1. 55~04, 02. 05 [ 1.0 04. O1 .25~04. 02. 40
986.2f 04. 09. 17 NN'W| 23.6| 04. 02. 18 { 990.2] 26.7 73%| N | 17.0/ 03. 22. 40 | 03, O, 30~04. 03. 00| 4.1 04, 00. 00~04. O1, 00 | 1.9| 04. 00. 40~04, 00. 50 | 12.6} 03. 18. 19~04. 02. ao‘
985.10 04. 06. 00 | N | 20.9)04. 00. 18| 997.8 27.0| 67%| N | 11.5| 04. O1. oo. 03, 19. 15~04. 06. 48 | 7.5 03. 22, 00~03. 23. 00 | 2.0} 03. 22. 50~-03. 23. 00 | 53.5 03, 10. 10~04. 08. 00 °
986.6 04, 10. 00 | NNE| 20.6 04, 03. 46 {996.2 24.6] 90%|NNE| 13.0/ 04. 04. 20 | 03, 18. 55~04. 20. 00 | 12.9/ 04, 00. 46~04. O1. 46 | ~ 6.0; 04. 00, 54~04. O1. o& 104.5 03. 10. 00~04. 16. 20
986.0) 04. 09. 20 'NNE‘ 31.6( 04, 06. 35| 990.1 24.4; 95%| W | 14.2/ 04. 09. 35 | 04. 05. 24~04, 10, 40 | 16.4[+03. 15_. 05~03. 16, 05 ", 3.9.03. 15, 50~03. i6. 00 | 120.9 03, 11. 00~04. 09. 10
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Table 6 12, 24, 48 hours forecast right angle error summary for typhoon Brenda

BHA LURRAN | CLIPER |ARAKAWA|  CWB-81 PC
HRE(AR) . - i}
—_ ({ﬁ§§) 24 | 48 | 24 | 48 | 12 | 24 | 12 | 24 | 48 | 12 | 24 | 48
CZ)
0212 20,4 48,5 421.7| 7.8/ 521.0| 60.9 157.9] 7.5 7.5 364.9 18.6 24.1) 449.5
0218 80.6 176.4| 780.6] 64.2 646.5 42.1) 110.8| 60.5] 106.8 512.9 31.5 82.8 519.8
0300 20,3 118.0| —|130.6) —| 21.2 77.7 21.8/109.7, —| 32.4) 78.0 —
0306 90.6) 245.3 —| 74:2] —| 28.3 90.5 s2.5 289.0 —| 15.7157.6 —
0312 2159 —| —| | —|106.4 —|2387 — —j166.2 —~ ~—
0318 26,5 — —| —| |22 —{=ea] — - e | -
™oy oB o 120.1 147.1 605.7 69.2 583.8 78.2 111.5 111.2 178.3] 438.9] 90:0 85.6 484.7
#t AREBEREREEHRES ARREHE
Table 7 12, 24, 48 hours forecast vector error summary for typhoon Brenda
: R HURRAN CLIPER |ARAKAWA| cwBa P. C
Mmoo
oim o |4 |20 |48 |1z ) o4 | 12| 2|48 | 2| 20 | a8
TR (Z) i - -
0212 84.0! 281.7 661.9] 206.0| 631.6| 146.9| 353.9] 76.3) 264.1] 630.9| 42.9) 253.6] 689.3
0218 99.6| 262.91008.9| 223.8| 895.3 135.4 300.0| 101.1| 264:8] 850.8) 102.0) 305.5| 929.0
0300 103.7 326.8  —| 440.5 — 165.4 324.7 107.2 305.3  — 141.6 407.5 —
0306 | 107.1] s04.8 {3612 —|122.7/ 27,6 s0.9 3431 —| melor0n] —
0312 150.6 | | | —|1m.7 |7 —| | 41 - -
0318 9.2 | - —| —|13 —|wess - —jug | —
o R OE 122.4) 319.1] 835.4 308.6, 763.5] 155.6| 316.4| 116.2] 204.4] 740.8) 81.4| 309.4! 809.2
B SREERESCRRE L AR L
Table 8 12, 24, 48 hours forecast angle deviation summary for typhoon Brenda
, s HURRAN CLIPER. ARAKAWA|  CWB-81 P. C
R’ | |
hl o4 |48 |2 |48 | 1z | 2|12 | 2 |48 | 12| 2 | 4B
BER(Z) |
' 0212 —12.5(—18.5—31.6— 7.7)—33.2 34.0| 30.1— 2.7|— 7.5—20.1] 3.6|—12.6/—36.2
0218 ~23.0—30.5/-59.9—18.2~51.6 18.8 17.0~19.9)~18.2—44.1—11.928.253.3
0300 —~10.7l—28.4 —~d0.5| —| o0.8— 2.2]— 9.1—40.5] —|-14.7-31.8 —
0306 _22.8-38.3 —|-22.4 —|—14.3— 7.5-47.5-22.4) —| 2.6-17.4 —
0312 _os | | o e84 249 - -38 | —
0318 —zmg - o A —|-13.6 95 - —| 17 - -—
o R % —Bj—%£—%£—%2F&4—Oj 9.3—20.6~22.2-32.9  3.7—22.5—14.8
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EEE (BERILE) © BRANEREBEE
3 R I T S R SR R T & A
ERATHIN THI=S : (VEREM » AN
HWRRENERE Ry (BHE-) < @X
WS AT E R B T » IERIIR 208
o (WERBHBAF RIS - FIERREBRAT
o

T BERERSERERES S K

FRAUEAZRERKEEERR S Bt A
HURRAN, CLIPER, ARAKAWA, CWB-8l1,
PC %5 o L35 5 SR B R A D
EZHLE  HaaR:  EARERAEREES

Fh AWERAREEPEERER

Table 9 Subjective forecasting errors for typhoon Brenda & 3z£E{r : km

B Ml e &£ 8B & |4 %2 & £ R|W B = %
A R o[mz)| N | B | N | °E |mzE °N | E |® =
9 30 12 15.8 | 130.3 16.5 | 120.7 97 158 | 129.6 77
18 5.7 | 130.1 | 163 | 128.9 | 143 159 | 128.9 133

10 1 00 16,2 | 129.9 6.3 | 1209 | 11 16.0 | 129.9 22
06 17.2 | 129.6 16.4 | 129.5 88 7.1 | 1203 | 12

12 17.8 | 129.2 17.5 | 129.0 34 18.0 | 120.2 22

18 17.7 | 128.8 18.1 | 128.5 48 17.7 | 128.9 5

0 | 2 0 | 175 | 120.0 17.8 | 128.7 35 17.7 | 1287 24
06 18.3 | 128.0 18.1 | 128.2 28 18.1 | 128.2 28
12 185 | 127.4 | 185 | 127.4 o | ‘188 | 127.2 39

18 | 19.1 | 128.1 18.8 | 126.5 55 19.4 | 126.4 45

10 3 00 19.5 | 125.6 19.5 | 1256 | 0 19.5 | 125.6 0
06 206 | 124.3 20.3 | 124.6 33 205 | 124.3 - 11

12 217 | 123.5 21.7 | 123.5 0 215 | 123.5 22

18 2.8 | 123.0 227 | 123.0 11 2.7 | 123.0 11

10 4 00 24.7 | 122.9 24.7 | 122.9 0 2.5 | 122.7 29
06 2.3 | 1226 26,3 | 122.6 0 26.3 | 122.6 0

12 276 | 123.5 27.8 | 1235 22 27.8 | 123.1 43

18 294 | 124.7 20.4 | 1247 0 2.4 | 124.2 24

o 605 547
g 3 30'
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BIImLARE » HASRMEA s FE - FA o Hb
ARAKAWA #12524/\i5754 » CLIPER 424
FASPNIFTAS » Bt HURRAN, CWB-81 & PC
B4 12, 24 B 48 /N2 TRE

PR » EARE 125588 PC R
iy ARAKAWA 532 24/ME T 48/NTES L
CWB-81/7 » ifi HURRAN 5% o

FLRAERENREL » hRPTHI2 NG
LARAKAWAR & » 24/ NESHAI L CLIPER 2
17 5 48N ETRTI L. CWB-81 B4 » 12, 24, 48

ERAERERRERES (REN) - 12/
B ARAKAWA BiE (£F) » CWB-81

Table 10 24 hours forecasting errors for typhoon Brenda

2 24/ EFRIEL ARAKAWA Bl (B »
HURRAN &3 1+ 48 /\ESAIL. CWB-81 BF »
HURRAN g2t o '

BROT B 12/ L PC BT » 24 /)NRELL
CLIPER #1f » i HURRAN 7 12 /M§ai24- 1
RETHEL » BRRRE - '

BB RESR MG EE - TEEMR24/)
3 PR PR SR AR BR R VR LA » BRI TP : (1)
UEBEMRENE (RL) » MERPREE
RFHENMBES P EOABRIMALE » )24/
IR IS TRBRERENE (R » MBEER166
HEhREERFE 187 KRB o (HZH) Lol
TR RRERIEE » (E=+—) 2HREEFH

FT OWSRE AU SR ERRER

RREHfL  km

B W& £ B &8 &+ & & & B | B =] % B
Al B Ima, oN | cE N | B || N | B om0
9 30 12 15.8 130.3

18 15.7 130.1 16.8 128.8 172

10 1 00 16.2 129.9 17.3 127.8 168 16.6 128.1 . 159
06 17.2 129.6 17.4 126.8 23 16.1 127.3 | 192

12 17.8 129.2 17.5 126.5 113 15.9 127.1 230

18 17.7 | 128.8 17.0 126.0 80 16.0 126.0 227

10 2 00 17.5 129.0 16.5 128.8 110 16.2 128.1 149
06 18.3 129.0 16.8 127.2 167 18.2 127.9 14

12 18.5 127.4 18.9 126,0 159 19.3 126.2 159

18 19.1 126.1 19.5 125.3 91 18.8 | 126.6 B4

10 3 00 19.5 125.6 | 18.3 127.0 203 18.4 126.7 171
06 20.6 124.4 19.6 125.0 112 19.1 126.5 207

12 21.7 123.5 19.8 124.3 211 20.4 124.3 152

18 22.8 123.0 20.4 123.5 267 |  21.6 123.4 139

10 4 00 24.7 122.9 21.5 122.8 | 352 21.8 122.8 319
06 26.3 122.6 22.8 122.5 | 385 25.5 121.9 104

12 27.6 123.5 26.0 122.5 176 26.4 121.9 142

18 29.4 124.7 26.5 122.9 370 28.0 123.2 215

< 2087 2815
E o1y 187 166
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Fig.1 Satellite cloud picture during the period of BRENDA affecting
{from 3 00Z~4 03Z Oct., 1985)
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Fig.2 Mean sea surface temperature chart of ten days during the period
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Fig.10 System tracing chart at 500mb (from 3012Z September to 04127
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Report on the Typhoon “Brenda” in 1985

Shy-Jen Wang

ABSTRACT

Brenda, the 19th typhoon in the western north Pacific, was the seventh
one attacked Taiwan in 1985. It’s 'moving path is almost a parabolic one, but

moving speed was varied.

While Brenda passed across the eastern sea of Taiwan from 0318Z to 0406Z,
October, 1985, its moving velosity was getting faster. Except that the north’
and north-eastern parts of Taiwan got the rainfall and the stronger wind force

(especially in mountain area), other parts of the island got less during its
‘passage. After passing away Taiwan, it did not induce the south-western airflow.

for Taiwan area. That’s the__reasog that only a slight damage was reported.
Five object typhoon track forecasting methods were applied t» verify their
vector errors, right angle errors and angle deviation errors for 12, 24 and 48

hours Brenda predicted positions. Results show that PC method was the best one
in 12 hours forecasting. In 24 hours forecasting, CLIPER method was the best of

-all.
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Table 1 Accumulated average of annual
temperature at Taipei(1897--1985)

EREE |5EFHI0ETHRETH0EFS.
18971900 | 21.6*|
1901—1905 | 21.4 |
_ 21.6
1906—1910 | 21.7
- 21.7
19111915 | 21.9
2.7 - 21.6
19161920 | 21.5
19211925 | 21.6
21.6
1926—1930 | 21.7
o | 2.8 |——
1931—1935 | 21.9
- 21.9
1936—1940 | 21.8
1941—1945 | 22.1 |
' 22.1 ,
1946—1950 | 22.1 22.1
2.2
1951—1955 | 22.1
: 22.2 1
1956—1960 | 22.2
1961—1965 | 22.3
22,2
1966—1070 | 221 | 222
19711975 | 22.2 23 1 4
) .3 oo
19761980 | 22.4 | 2
19811985 | 22.4 |
5 4#”—%_&5 ** 2T
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Table 2 Accumulated average of January and July mean temperature at

Ta1pe1 (1897——1985)

: - — A + ' H
: R 5 SR 104 2 20475 3 B04E 3G B SR8 10$2Fi%|20$211i% 304743y
1897 — 1900 | 155% 28.1% |-
1901 — 1905 15.9 27.3
‘ 15.8 °| 27.8
1906 — 1910 15.6 * 28.3
_ 5.2 |- —| 28.0
1911 — 1915 | 152 _ 28.4 _ -
‘ 14.6 15.3 28.2 28.1"
1916 — 1920 | 13.9 28.0 |- |
1921 — 1925 | 15.7 28.3
; | 15.5 28.3 |
1926 — 1930 15.3 _ | 28.3 .
| 15.5 |—— I - 28,2 |——
1931-— 1935 | 15.5 28.4 | - X :
o : - | 15.5 28.1
1936 — 1940 | 15.4 e 27.8 '
1941 — 1945 - | 15.2 28.2
_ | 15.4 15.3 | 28.3 28.3
1946 — 1950 15.5 28.3
= \ 15.3 | 28.4
1951 — 1955 | 154 | it 28.4 | .
' . 1151 | 28.4
1956 — 1960 | 14.8 283
1961 — 1965 14.0 28.5 | -
v 14.7 - |-28.8
1966 — 1970 15.3 28.8 | ,
151 | e 28.8
19731 — 1975 15.3 15.1¢* 28.6 . . . 28,8+
\ - 15.4 - | 28.9
1976 — 1980 15.5 29.2 i
1981 — 1985 | 15.3 28.9 |
B v AT T BEEY
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Table 3 Comparison of seasonal temper-
ature in 1901—30, 1931—60,
1961—85 at Taipei.

% Kl% 2|5 2 F &= &% %

1901—30 | 15.5 | 20.5 | 27.5 | 22.9

1931—60 | 15.9 | 20.9 | 27.7 | 23.5

1961—85*¢ | 15.8 | 21.3 | 28.1 | 23.9
* 2547y
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FN EILEMBRZLETH (1897—-1985)
Table 4 Accumulated average of annual
’ rainfall of Taipei (1897—1985)

EARE

]
5 4243 0GR 7R 3 2048 715343 304230
1897—1900 | 2,321+
1901—1905 | 2,029 |
01,940
1906—1910 | 1,852 .
19111915 | 2,244 | . . '
2,204 2,096
1916—1920 | 2,165
1921—1925 [ 2,094
2,145
192619301 2,196 o
. 2,124 |——
1931—1935{ 2,059
2,102
1936—1940| 2,145 {
1941—1945 | 2,050
2,004 2,100
1946—1950 | 2,138
2,000 | -
19511955 | 1,856
2,103
1956—1960 | 2,349
1961—1965 | 1,748
1,972
1966—1970 | 2,196
2,025
1971—1975 | 2,072
2,078 2,0025%
1976—1980 | 2,084 :
1981—1985 | 2,358

1947, 1956 B 1959 4 ; ssERlFI0HE

B EARAE DR EA
* AR 2By

FATTLUEN | B 5 AR » 2t

MR RERZ IR - B3R5 2745 2,358

A BIERL 3 HRE1956—1960 2 2,340
s BB 19611965 2 1,748 A » HikE

19061910 » 1,852 £ ERK1951—1955 2 1,856
AHE (_,.%*E%Efﬁt) ° |
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A Piimary Study of Climate Fluctuations "
and Changes at Taipei Since 1897 B

Chi-Hsun Chi

ABSTRACT

On the basis of eight-nine years (1897-1985) records with five-vears meén, .
this paper intend to discover the climate fluctuations and long-range chaﬁge
at Taipei. . '

" The results show both apnual and seasonal temperature graduately
rised up, especially for autumn which is nearly warmer 1°C since the beginning ‘
of this century. Owing to the long trend of te_mperéture change of Taipei
in opposite course with both world and mainland China since 1940, it is
quite reasonable to respond the results to city development. However, it is -
indicated that the “heat—island;’ intensity of Taipei is less significant than
those inland.city under similiar conditions. It can' be explained by the basin
and sea breeze effeet.

No long-range change of annual rainfall at Taipei has been founded, al-
t-hoirgh -the- variation of ‘seasonal -amount{ seems to be  more - pronounced
within recent fifty years. The increasing amount of convective rainfall as
a result of city development can be negleciable when compare with plum
"“rain and typhoon rainfall. '
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A STUDY OF THE GLOBAL ZONALLY AVERAGED
SEASONAL ENERGY BALANC_E”=

Wen-Jiunn Liou 1

ABSTRACT

The present work investigates the global zonally averaged seasonal and
annual energy balance of the earth-atmosphere system due to dynamic and
radiative transport. The study is divided into two parts: (1) atmospheric
meridional transport statistics, (2) the dtmospheric radiation budget.

The derived meridional seasonal and annual transport pattern of the

earth-atmosphere system is examined.

Also, the parameterizations of the

surface upward turbulent flux are revised. In the comparison of the comput-
ed radiative budget with available satellite-derived data, a general agreement
is found for both the annual and seasonal top-of-the-atmosphere budget.

INTRODUCTION

It is well known that the sun is the
prime source of energy for the earth-
atmosphere system. The earth-atmosphere
system reflects about 30% of the incoming
solar radiant energy and absorbs the rest
of the energy which drives the thermal
system of the earth. For the earth-
atmosphere system to achieve thermal
equilibrium, the totai absorbéd solar

energy at the top of the atmosphere must
be balanced with the outgoing thermal
infrared energy for a sufficiently long
period of time, This condition is ap-
proximaiely satisfied by the annually
averaged global radiation exchange
(Stephens et al.,, 1981). However, the
seasonal deficit or surplus of the net

radiative fluxes is quite apparent in either
hemisphere.

The amount of the solar radiant
energy .incident upon the earth changes
with the orbital distance between the sun
and the earth, as well as the obliquity of
the earth about its axis. In general, there
is a gain of radiative cnergy between about
40°N and 40°S, but a loss in the polar
regions. As a result of the radiative
energy surplus in tropical regions and the
deficit in polar regions, the poleward
temperature gradient is generated. The
atmosphere and the ocean, acting as
both reservoirs and transporters, play a
significant role in balancing this difference.
At the earth’s surface, there is also an
imbalance between the absorbed solar
energy and emitted thermal infrared

* BEGAM: 75484300
1 PRESFH LB L

B BEIALE
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energy. In equilibrium, the surfice net
radiative flux is balanced by the upward

flux of latent heat from the surface
and the convective and.

evaporation,
conductive fluxes of sensible heat.

To understand the climate system of
the earth, and project possible climatic

changes assoctated  with perturbations
such as the doubling of the CO; con-
centration and changes in the solar
constant, a wide range of climate models
have been _dévelop'ed based on physical
principles  (Schneider -and Dickinson,
1974). It is important to verify these
models "“with- current climate conditions,
One conventional approach is to compare
the model results with observed data
derived from satellites and surface ob-
servations. S R
- During the last two decades, satellite
measurements. have provided - the best
estimate of the earth 'radiatio'n budget
with sufficient temporal and spatial
resolution over thé entire globe. Vonder
‘Haar and Suomi (1971) presented a global
climatological pattern of the gain and loss
of net energy fluxes based on measure-
‘ments during the period of 1962-1966.

Qort and Vonder Haar (1976) collected
the - available reflected solar and emitted
infrared radiation measurements from
orbiting satellites to obtain the net radia-
fion balance at the top of the atmosphere.
Campbell and Vonder Haar (1980)
presented the zonal mean radiation
profiles based on satellite measurcments
from 1964 to 1967. Stephens et al.
(1981) calculated the surface radiation
budgets using a radiation transfer modet.
In a different kind of effort, Qort (1983)
complied 15-year global conventional
observations (1958-1973) and presented
them in an organized manner. With these
available data, climate .modellers can now

‘transports (Ou -and Liou, 1984).

verify the performance of their climate
modeis more reliably.

In the present work, the global
seasonal and -annual zonally averaged
radiative and dynamic energy exchanges
are investigated. Liou and Ou (1983)
first developed a one-dimensional climate
model coupling radiative and turbulent
transfers in the context of thermodynamic
equilibrivm. Later, they expanded this one-
dimensional model into a two-dimensional
model based on the principle of energy
balance between radiative and both
horizontal and vertical dynamic energy
Their

model - was limited to the Northern

'Hemisphere and the equilibrium tempera-

ture distribution. was obtained only for

-the annual case. In order to expand the

model to study the global seasonal energy
exchange in this work, the zonally averag-

-ed seasonal and annual general circulation

data- compiled by Oort (1983) are pro-
cessed. The global seasonal and annual
dynamic energy transport and storage are
examined, and the surface and horizontal
eddy flux parameierizations for global
applications are revised. Then the radia-

tion transfer model developed by Liou
et al. (1984) is employed fo examine
the radiation balance at the top of the
atmosphere, by comparing the radiative
fluxes and the global zonal mean albedo
with available satellite measurements.

Energy Balance

In considering a parcel of air at a
specific time and neglecting the kinetic
energy aspect in a thermodynamic system,
the energy balance is associated with the
radiative heat transfer, work performed
on the parcel of air, and the change in
the potential energy, internal energy, and
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latent heat, * On the basis of the energy
balance, the accumulation of energy is
equal to the net flow of energy into the
parcel plus (minus) the energy sources
(sinks). Therefore, the energy balance
equation can be expressed in vector form

2
3t P |
where ~ W = uil + v} + wik andif

= Fx:" + Fy-j + F_Ik . The moist static
energy per unit mass E= CpT +gz+Lg,
where - Cp is the specific heat at constant
pressure, T the temperature, g the ac-
celeration of gravity, z the height, L the
latent heat, and ¢ the specific humidity.
W is the velocity, p the density of air,
and IF is the radiative heat loss.

After carrying out time and zonal
averaging, the zonal mean balance equa-
tion for the earth and the atmosphere is
given by

g%‘p [E] +
+WW+W@n+ipmuﬂ
1} i {F]

Where we assume that D = p =~ [p] and
the radiative flux exchanges take place
only in the vertical direction. Also, ¢ is
the latitude, and a is the radius of the
earth. The terms [v] [E], [Vv¥E*],
and [V'E'] represent the transport of
the moist static energy by mean motion,
the stationary eddy, and the transient
eddy in the meridional direction, respec-
tively. Likewise, [w] [E], [w*E*], and
[W'E'] represent their counterparts in
the vertical direction. For simplicity, the
horizontal and vertical fluxes are defined
in the form

=0 (I [E+ B
+[VE]} s (3)

E+7V.pWE==-9<IF ,()

Eﬁg%wm¢puﬂ[a

+ [w*E*] + [W'E"

)
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F, = p (0] [E] + [W4E¥]

By performing the integration with
respect to height from the surface of the
earth, zg, to the top of the atmosphere,
Z7 Eq. (2) becomes

Z
? 1 oy
3 J p [E] dz + —— acosd B¢| cosd J F

g g

hdz

H ) SRy (z) = Ry - Frou sy
where Fp and Fp are the net upward
fluxes at the bottom and top of the
atmosphere, respectively. At the top of
the atmosphere, the flux of the vertical
transport FV(ZT) =0. So, the atmospheric
balance of the energy cycle may be
written in the form

Sp=Fg - Fr-Fy+F

where S, denotes the rate of the storage
of energy in the atmosphere and FH
represents the horizontal divergence of
the transport flux, that is,

Jzg) (6

Z P
TN G S T Y
A AR I
Zy 0
_ 1 3 o7
FH—acosqua_(pcos‘bJ Fh dz
Z
B
p |
.1 3 5 dpP
= sohy 2 cosd JO SN

where P is the surface pressure. -

The poleward energy transport rate
obtained by integrating the divergence
of the horizontal transport can be shown
to be

B Lo 2
Pe(¢) = PL(0) + 2n {0 Fy a” cos¢ dé - (gYy
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where Pg0) is the poleward energy
transport rate at the equator, and ¢ > 0
for the Northern Hemisphere and ¢ <0
for the Southern Hemisphere.

At the surface, the energy balance
can be written '

0 vl2g) - Fg - Fg (9)

where S depotes the rate of the storage
of energy and FO is the divergence of the
horizontal transport flux beneath the
earth’s surface. Combining Eas. (6) and
(9), the energy balance equation of an
infinitesimal column of the earth can be
shown to be

+S. +F. =0

H 0 0 (10)

Spf B+ F

A

DATA SOURCES

The Geophysical Fluid Dynamics
Laboratory (GFDL) Atmospheric Circula-
tion Tape Library is used for the analysis
and parameterization of the large-scale
horizontal transports of latent and sensible

heat by mean motions and eddies. This
tape library is a collection of 15 years
(from May 1958 through April 1973)
of global rawinsonde data and of all
available surface ship reports. All daily
data were carefully checked for erroneous
reports ai several phases in processing.
Monthly mean statistics were then com-
puted at each station, and served as input
for the objective analysis scheme. The
objebtive analysis technique . used to
interpolate from station data to regular
grid data is called CRAM (Conditional
Relaxation Analysis Method). The
general circulation statistics were analyzed
at levels between the surface/1000 mb
and. the 50 mb surface for each month of
the 15 year period, as well as for a 10-year

mean (1963-1973) period.

The 1963-1973 period was selected in
this study rather than the entire 1958-
1973 period because (1) the data were
global only'during the last 10 years,
(2) the data were reduced in exactly. the

same way during this period, and (3) all

desired quantities were available. The
zonally averaged global data that were
used consist of a group of 20x85 arrays
of monthly and seasonal mean values of
various parameters. The vertical resolu-
tion is 50 mb and the meridional resolu-
tion is at an interval of 2° from 84°S to
84°N.

According to the maps of the distriby-
tion of rawinsonde stations and -surface
ship locations (QOort, 1983), the data
from the Southern Hemisphere are rather
unreliable south of 30°S due to insuf-
ficient data taken from the sparsely
distributed observation points in this area.

DYNAMIC ENERGY
TRANSPORT PARAMETERIZATION

As illustrated in Eq. (4), the vertical

transport consists of cortributions due to
the mean flow, transient eddy, and
stationary eddy. The stationary eddy is
physically a very small quantity (Oort
and Rasmusson, 1971) and for all practi-
cal purposes may be ignored. The mean
flow term depends on the vertical velocity,
temperature, and humidity. The climato-
logical values of all these quantities
are available in Oort (1983). The remain-
ing transient eddy transport must be
parameterized. Ideally, the surface flux
parameterization should be based on
boundary layer physics, taking into
account such factors as soil moisture,
vegetation, ground water, occan roughness,
etc. However, in large-scale numerical
modelling, the parameterization of the
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surface flux cannot be very detailed and
complicated because of the requirement
for computational efficiency. For climate
modelling applications;, Ou and Liou
(1984) proposed a surface vertical flux
transfer parameterization in terms of the
temperature and water vapor mixing ratio
gradient at the surface as follows:

o TE,, = (|2

a9

= |
-+ =
Cp 3z

L
222, (11)

where the temperature gradient is evaluat-
ed at 975 mb and the water vapor mixing
ratio gradient is estimated from the dif-
ference. between the, water vapor mixing
ratio and its saturated value at 1000 mb.
Ou and Liou utilized the surface energy
budget data compiled by Sellers (1965)

and Budyko (1982), along with annual

average temperatures and water vapor
mixing ratios at 1000 and 950 mb provid-
ed by Oort and Rasmusson (1971) to

determine C; and C, through a statistical
analysis,

In the present study, since the above
parameterization is being expanded for
application to the global case, the above
statistical analysis is repeated, except that
the global climatological temperature and
humidity data used are from Oort (1983).
Furthermore, since the surface pressure in
the subantarctic area is below 1000 mb.
|0T/9z| and {9q/z| can no longer be
determined uniformly using the 1000 mb
values as was done previously. Instead,
it is assumed that the surface vertical
turbulent flux correlates well with the
sum of the temperature and water vapor
mixing ratio gradients, linearly determin-

—17 —

ed between corresponding values at the
surface and at a certain level above the
surface. The pressure difference between
those two levels is uniformly fixed to be
AP, It is also assumed that the water
vapor mixingratio at the surface is saturat-
ed. Based on this assumption, three differ-
ent values of AP (5mb, 10mb, and 15mb)
are selected to determine the two gradient
terms in Eqg. (11), and then the least
square analysis is performed to C,, C,,
and the relevant statistical parameters.
It is found that, among the three A Ps
chosen, AP = 15 mb gives the best correla-
tion. The associated C, and C, are
12.02 and 0.53, respectively.

Infrared Flux Transfer

In a manner similar to that in Liou
(1980), the wupward and downward
infrared fluxes at a given level in a clear
atmosphere may be written in the forms

Fz) = otd 1 - ef(eat,)

¥ JZ UT4(2') K(z-z') dz' ,
0

(12)

F4
)= J oTHz")K(z'~2) dz' » (13)

oo

where the broadband flux emissivity and
the atmospheric kernel function. are

defined by
f &
e (z,T,) = 'Il € [GT.(Z), T, (14)
'I=
b
Kz-z') =gor I €] [0,(2)

- 0z, TEDY (15)
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where Tsx Is the surface temperature,
u;, Uy, and uy the water vapor path
lengths for the rotational, vibrational-
rotational, and continuum bands, u,
the carbon dioxide path fength, u; the
ozone path length, and u, the H, O-CO,
overlap band. The broadband emissivity
i5 a function of the path length and
temperature, Thus, the broadband emis-
sivity can be expressed by the path length
as follows:

c:(U,,T) = expinio LI ﬁ?] » (16)
and

Gi = (2 Tog, o U, - a)/p , (17
where

a-= ]0910 (Gi,max’ G'i,min.) . (8
b= 109y (U o/ Uy min) 0 (9
for 1,0, 1y oy =107 g Cm_z’ﬁi,min
= 10?7 g cmuz, and for 0, Gi,max
= 1073 g cm 2. and 05 min = 1077
g em™2,

All of the physical adjustments for
the inclusion of the pressure and tempera-
ture effects have to made through the
path length, For the H, O band, the
following equations for the deduced path
length are uvsed (Liou and Ou, 198];
Roberts et al., 1976).

exp {A'[T(u') - T_]

£ B [T(a') - Ta]Z} du' (20)
u P {u')
- W 1800
i, = ——— 8XP - T
? Jo P o 7, Tu™)
[T(u') - Ty du' (21
[
i, = | —du' , (22
3 )y Py )

where A’ = 1.06278 x 104, B'= —4.46132
x 107, T, = 260°K, Py = 1013.25 mb,
Tp = 296°K, and P, and Py, are the
vapor pressure at temperatures T and Tb=
respectively, For the 15 um band, the
corrected path length derived by Liou
and Qu (1981) is

G, = (2 log i, + 7.69897)/6.30103 , (23)

i, = 2c/{[1 + '4_ (c‘?/ui + C/U4)31/2

-
i, = JO Pi [TO/T(u')]l/2 du’ (25).

0

and the correéponding broadband emis-
sivity is given by

310

EZ(GA’T) = pxp [n : a, ﬁ&n] for

' 4 -
u4_>_10 g‘c:m2 ’ (26)
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where ¢ = 3.7551 x 10%. ¢ cm‘z, TO =
300°K,and Py = 1013.25 mb. For ozone,
because of the unceriainty in applying
pressure and temperature corrections to
the path length, no adjustment has been
made.
the broadband emissivity is given by

f.'

Eg'(ﬁs) = e (T) Ez(ﬁ_a) (28)

In the case of a cloudy sky, a one

layer modet is used because of the data:

constraint. ~ The broadband infrared
emissivity, reflectivity, and transmissivity

for the cloud are functions of the vertical

ice/liquid water content following the
parameterization equation developed by
Liou and Wittman (1979) in the form

5 -,
I cow
i=0
where R(W) denotes the flux reflectivity,
transmissivity, or emissivity of the cirrus

cloud, and W the vertical ice/liquid water
path in units of 100 g m™2.

R(W) =

Solar Radiative Transfer

In a nonscattering atmosphére, the

total direct downward solar flux at _a'

certain level, z, can be expressed as
FS(Z) = IJO S[1-Aalz)] ,

where pg is the cosine of the solar zenith
angle, and § is the total solar flux avail-

(3%

able at the top of the atmosphere given by

s = J Fyle) d 31
0 . _

the weighted broadband solar absorpﬁ;/ity

is _

Az) = & [O F(e) A (u/ug) &, 32)

For the H, 0-CO, overlap band,

, e
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and the monochromatic absorptivity is

Ak(q/po) f'lf-iexp (—kA u/uy) - (33)

In. view of the solar absorption
spectrum, it appears appropriate to divide
this spectrum into two spectral iptervals
corre_sponding to (O3, O:) and (H,O,

' .CO,) absorption separately in the form

Az) = ? Ai(uo/yo) f, * ; Ai(“w/“d)

Fiorengluugd L
where f.; = 'FA,"i(m) Mi/S, Ugs U
and u; denote the path lengths for ozone/
oxygen, water vapor, and carbon'dioxide,
respectively, € is a correction factor for
the overlap of H, O and CO, at the 2.7
um band, and i denotes the number of
subspectral intervals for each gas,

For calculating the individual absorp-
tion, ‘the solar spectrum is divided into
six water vapor absorption bands centered
at 0.94, 1.1, 1.37, 1.87, 2.7,and 3.2 um,
respectively, and one carbon dioxide band
which overlaps the water vapor 2.7 um
band. The empirical band equation deriv-
ed by Liou and Sasamori (1975) is used

. L
Ai(U/HO) = A\J.l [C'I + D_i ]Dglo

S '_n-i ) ‘

where Av. are bandwidths, C;, D, n; and
XOi are empirical constants, and P has

the following form, with units of mm Hg

o u
. : J P{u')du'
pP=20_

U
J du'
0
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For ozone absorption, the solar
spectrum between 0.2 and 0.8 pm is
divided into 18 subspectral bands and in

each band the band absorptivity is simply '

defined by
Aslug/ug)=1 - exp (-ki g/ v} +(36)

where k; is the absorption coefficient for
the ith ozone absorption band.

To include the scattering and surface
reflection in the solar net flux calculation,
the flux reflection, r(,uo) and transmission,
t(uo) of a certain atmospheric layer are
considered. A I.ambertian surface with
an albedo of rg is also assumed. For a
clear sky, in the spectral regions associat-
ed with significant water vapor absorption,
the fraction of the total flux reaching the
ground was given by Lacis and Hansen
(1974) in the form

Faw = Mg 10353 - ALu (0)1} . 37)

For the spectral regions with negligible
water vapor absorption, the effect of
Rayleigh scattering is included along with
a correction for ozone absorption. The
fraction of the total solar flux reaching
the ground is

Fgo = g {0.647 - r_ - A[uO(D}]]

— -1
(1 - rars) ’ ’

(38)
where u, (0} and u,(0) are, respectively,
the water vapor and ozone path lengths
from the top to the bottom of the
atmosphere, and the reflection due fto
Rayleigh scattering is r, = 0.28 (1 + 6.43
oyt a
(.0685. Thus, the net solar flux at the
earth’s surface can be represented by

Fol0) =5 (Fy, + Fu {1 - r ). 39)

The averaged reflection is 1, =

At the top of the atmosphere, the net

solar flux can be obtained by combining’
the solar flux reaching the ground and the
flux absorbed by the entire air column

Fol=) = F(0) + ug Sy ALu(0)] . (40,

In a cloudy sky, the broadband solar
reflection and transmission values for
various cloud types are obtained through
the following parameterization based on
detailed radiative calculations:

3 3

- ]
rst(uD)N) - mZO HZO bl'[]n UO H 3 (41)

where bmn are empirical coefficients
derived by Liou and Wittman (1979),
and the wvertical liquid content W is in
units of 102 g m™2: The diffuse reflection
transmission, and absorptivity are

B 1
r ZJ
0

¥

1®

r(uo) Mg dug s

_ 1

t =2 Jo t(uy) by dug >

_ 1

A=2 Jo Alug) ng duy (42)

Considering the one layer cloud model,
we find

6 =r [1 -Alz,-2)] +F"(z,)T , (43)
FHz,) = 6, [1-A(z)] , (49
t

[32 = { rs [1.- A{Zm-zt)] (1 - A(Zb)]

(1- 101 - A(z)3 o 7L,

(43)

It follows that the net solar flux for
the level above and below the cloud can
be shown to be
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F(z) = 6] [1 - A(z-z )T + [1

- Mz ~z)] sz >z (46)

t >

F(z) = Gy [1 - A(z)]+[1- Alz-z,))
[1-A(z-z)]t +7 6y [1 -7

(Zb)] (1 - ﬁ(zb-z)] » 2 <2z
(47

RESULTS AND DISCUSSION

To estimate the rate of the poleward
transport of energy, the divergence, Fr. is
integrated numerically according to Eq.
(7) where it is assumed that the energy
transport vanishes at the poles,

Table 1 shows the poleward transport
of energy in the atmosphere as a function
of latitude. It is found that the maximuam
transport rate is larger (~4.5 x 10'° W)
in the winter than that (~2-x 101 W) in
the summer for the Northern Hemisp ere.
FFor the Southern Hemisphere, no signifi-
cant variation in the transport pattern
can be detected. Annually, the maximum
transport rate is about 3 x 10'S W for
both hemispheres and occurs at 40°N
and 35°S, respectively, Because of the
migr&tion of the it ertropical convergence
zone (ITCZ), a cross equator flow from
the summer hemisphere to the winter

homisphere is observed.

As shown in Table 2, the zonal mean
net upward infrared flux at the top of the
atmosphere is somewhat higher than that
presented by Stephens et al. (1981) in
the extratropics. These systematic -dif-
ferences are probably due to the fact
that the fractional cloudiness has been
scaled down without accounting for the
overlapping effect. Because of the lower
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cloudiness- in the subtropical highs, there
are peaks at around 25°N and S. A slight
dip over the ITCZ indicates extensive
cloudiness and 2 high humidity content.
The dip in the model results is more
shallow than data due to the assumed
nonblackness of cirrus clouds. Lower
values are found at high latitudes, especial-
ly in the winter hemisphere due to lower
temperatures, Table 3 shows the zonal
mean net upward infrared flux at the
surface. The energy loss is larger in the
winter hemisphere mainly because of a
lower humidity conient. There are two
peaks at around 30°N and S and a larger
dip over the ITCZ for the net surface IR
flux. The computed results agree well
with other calculations (Stephens et al.,
1981), but are not verifiable due to the
lack of reliable global climatological
estimates.

The meridional profile of the net
downward solar flux at the top of the
atmosphere is shown in Table 4. Annual-
ly, the maximum solar flux input occurs
near the equator (~320 W m2) and the
net solar flux decreases with latitude.
On a scasonal basis, the maximum solar
flux input occurs near 20° in the spring
hemisphere, and near 40° in the summer
hemisphere, The seasonal shift of the
maximum solar input is larger than the
shift in the solar elevation angle (23°N on
July 22 to 23°S on December 22). This is

due to the fact that the fraction of day-
time increases poleward in the summer.
The zonal mean albedo derived from the
absorbed and incoming solar flux is
tabulated in Table 5. The derived global
mean albedo is 31%, which is the same
as the value obtained from satellite
measurements (Stephens et al., 1981).
Table 6 shows the meridional profile of
the net downward absorbed solar flux
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Table 1a, Northward transport of energy in the atmosphere in 101* W,

Latitude MAM JJA SON DIF Annual
4°N .633 —1.331 —.504 2.083 290
8°N 1.030 —.760 059 2.231 699

12°N 1.275 -390 527 2.484 1.049
16°N - 1.175 070 677 2.074 .989
20°N 1.365 680 BT7 1.930 1.129
24°N 1.785 1.200 1.297 2.580 1.509
28°N 2,175 - 1.420 1.737 3.020 1.939
32°N 2.535 1.530 2.337 3.100 2.509
36°N 2.745 1.480 2.807 3.480 2.989
40°N - 2.935 1.480 3.117 4.070 3.299
44°N 2.965 1.390 3.137 4.290 3.179
48°N 2.935 1.380 3.157 4.400 2.999
52°N 2.855 1.400 3.207 4.330 2.909
56°N 2.535 1.290 2.907 3.910 2.679
60°N 2.115 1.200 - 2.347 3.220 2.269
64°N 1.685 1.080 1.837 2.550 1.769
68°N 1.155 900 1.357 1.775 1.229
72°N 671 640 877 998 755
76°N 347 360 487 601 430
80°N 153 140 187 320 193
Table 1b. Southward transport of energy in the atmosphere in 1015 W.

Latitude MAM JTA SON DIF Annual
4°3 293 1.611 735 430 046
8°S .082 2.108 1.085 .608 461

12°S 241 1.979 1.122 796 600
16°8 A85 1.649 1.245 977 70
20°8 1.175 2.040 1.739 1.211 1.250
24°8 1.505 2.470 2.039 1.689 1.530
28°8 2.015 2.750 2.529 - 2,289 2.070
32°8 - 2425 2.790 2.769 2.769 2.410
36°S ¢ 2735 2.780 2.869 3.119 2.560
40°8 2.875 2.700 2.859 3.359 2.510
44°8 2.825 2.440 2.889 3.369 2370
48°8 2.655 2.165 2.839 2.709 2.190
52°8 2.315 1.839 2.559 2.279 1.860
56°S 1.795 1.431 2.039 1.709 1.340
60°S 1.255 957 1419 1.128 10
64°8S .825 521 891 663 239
68°S 585 263 556 371 027
72°S 475 140 378 241 033
76°8 415 120 .280 169 .100
80°8 214 050 121 .088 076
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Table 2. The upward IR flux at the top of the atmosphere in W m™?

Latitude MAM JIA SON DIJF Annual

75°S 189.49 175.55 179.63 209.10 - 188.06
65°S 198.60 185.64 193.19 209.99 196.17
55°8 215.00 205.31 204.54 220.30 21235
45°8 230.27 221.04 226.46 236.69- 228.96
35°8 246.63 237.82 242.33 250.34 243.77
25°8 255.20 252.25 256.12 257.86 254.83
15°S 259.81 262.89 261.23 257.19 260.53
5°8 260.83 261.72 260.39 25749 260.19
5°N 240.28 254.30 256.30 - 260.70 257.43
15°N 264.67 25748 259.89 268.06 263.15
25°N 257.52 263.75 260.89 244.92 260.12
35°N 240.60 260.78 252.11 236.90 246.11
45°N 225.05 247 40 233.67 218.19 230.97
55°N 216.83 236.38 220.62 205.71 21938
65°N 205.91 230.07 207.52 193.28 208.49
75°N 193.38 225.14 191.27 181.02 198.47

Global - A

Average 239.77 243,97 241.27 24035 24191

Table 3. The upward IR flux at the earth’s surface in W m?2.

Latitude MAM JTA SON DJF Annual
75°8 53.94 45.39 48.81 54.50 51.03
65°S 41.90 38.17 4232 46.94 42.95
55°§ 48.15 5327 52.58 4423 52.23
45°§ 5767 65.66 59.02 53.74 57.86
35°§ 67.47 76.72 66.32 63.33 69.26
25°8 67.61 79.28 72.00 61.00 68.90
15°8 58.03 71.94 62.78 53.40 61.80
5°S 55.90 58.61 57.01 54.54 58.91
5°N 56.25 52.63 54.68 59.85 55.22
15°N 64.16 53.06 56.52 70.55 65.06
25°N 72.86 61.15 70.84. 88.30 73.70
35°N 76.18 67.41 79.77 83.76 75.00
45°N 68.18 53.60 7131 77.24 68.38
55°N 62.12 46.96 63.53 71.09 61.50
65° N 56.47 4733 57.83 61.10 55.20
75°N 45.47 42.71 40.12 47.27 4411

Global ;

Average. 61.44 59.97 61.93 63.74 62.33
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Table 4. The downward solar flux at the top of the atmosphere in W m™2,

Latitude MAM JIA SON DJF Annual
75°8 13.94 - 00 93.03 172.27 72.00
65°S 49.81 13.39 127.72 238.90 108.78
55°S 96.20 48.60 195.75 268.02 152.29
45°8 148.03 93.97 252.88 303.97 198.51
35°§ 202.40 151.31 296.24 332.73 243,72
25°8 250.67 205.04 318.83 331.17 273.72
15°S. 284.00 257.75 32475 317.79 296.08
5°8 308.82 293.04 321.10 297.00 304.51
5°N 323.81 300.61 310.85 297.67 308.28
15°N 338.00 324.48 289.09 271.37 305.47
25°N 327.06 339.30 256.37 212.71 284 40
35°N 299.75 343.26 212.68 154.66 252.25
45°N 261.50 315.33 157.68 90.80 206.20
55°N 215.76 289.02 105.08 46.91 163.68
65°N 151.51 264.82 52.85 14.83 125.12
75°N 104.78 245.22 16.43 .00 98.05

Global 243.40 240.40 241.44 235.88 240.18

Average

Table 5. The zonal mean albedo.

Latitude MAM A SON DIF Annual
75°S .56 - 62 .59 61
65°S 48 .55 .57 43 .49
55°8S 43 45 43 .39 42
45°3 37 40 34 33 .35
35°§ 31 .33 .29 .28 30
25°§ 27 .29 27 27 .28
15°S 27 27 .26 .28 .26

5°S 26 26 26 28 26

5°N 25 27 26 25 26
15°N .23 26 .25 23 24
25°N 25 .25 26 27 .25
35°N .28 25 28 .31 28
45°N .32 30 .33 42 33
55°N .37 34 .37 47 37
65°N 49 37 45 51 41
75°N .57 42 48 — 47
Global
Average .32 30 .32 31 31
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Table 6. The downward solar flux at the earth’s surface in W mi2.

Latitude MAM A SON . DJF Annual
75°S 2.07 .00 25.79 54.89 21.82
- 65°S 22.53 3.34 49,94 139.93 55.57
55°S 53.48 2484 - 116.30 165.32 89.81
45°S 91.55 56.64 164.91 200.10 126.66
35°% 132.81 99 46 203.12 226.59 163.63
25°8 169.31 138.62 219,76 224.37 185.68
15°8 190.90 176.83 222,49 212.57 200.64
5°§ 207.51 198.34 218.55 198.03 205.26
5°N 222.69 200.98 211.22 204.65 209.87
15°N 238.69 220.30 197.55 192.14 211.95
25°N 229.29 232.91 175.39 148.46 197.10
35°N 207.61 237.15 143.44 102.33 172.47
45°N 175.96 207.51 101.84 51.51 133.91
55°N 135.94 183.08 63.00 22.35 100.45
65°N 75.67 160.86 25.17 4.97 71.69
75°N 36.17 132.74 4.50 .00 48.98
il"'bal 162.21 159.62 159,91 155.80 159.28
verage

Table 7. The net income of the radiative flux at the top of the atmosphere in W m™=.

2

Latitude MAM TIA SON DJF Annual
75°S ~175.55  —17555  —86.60  —36.83  —116.06
65°S 14879 17225  —6547 2891 --87.39
55°S ~118380  —156.71 —8.79 4772 —60.06
45°8 8224 —127.07 2642 6728  —3045
35°S ~4423  -8651 53.91 82.39 05
25°S 453 —4721 62.71 7331 18.89
15°s 24.19 ~5.14 63.52 60.60 35.55

5°8 47.99 3132 60.71 39.51 4432

5°N 83.53 46.31 54.55 36.97 50.85
15°N 73.33 67.00 29.20 331 4232
25°N 69.54 75.55 452 —3221 24.28
35°N 59.15 8248  —3943 8224 6.14
45°N 36.45 .67.93 —75.99 —127.39 —24.77
55°N ~1.07 5264  —11554 15880  —55.70
65°N 5440 3475 —15467 —17845  —83.37
75°N ~88.60 2008 17484  -181.02  —100.42

iﬁ:ée 3.63 ~3.57 17 —4.47 —1.73
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Table 8. The net energy flux from the atmosphere to the earth’s surface in W m™=

Latitude MAM JIA - SON - DIF Annual
75° 8§ —80.58 52,74 —55.72 —60.25 —58.76
65° S —59.81 —55.44 —34.31 28.81 —2841
55° 8§ —51.89 —67.02 13.33 55.73 -219.82
45° § —44.38 —89.26 28.83 71.35 —8.38"
35° S —46.78 —83.58 34.81 53.82 —12.11
25° S —30.21 —70.41 26.85 36.72 —9.55
15° 8§ —5.96 —30.67 28.75 24.99 437
5°° 8 13.07 5.27 29.21 16.32 11.83
5N 31.83 15.20 23.68 12.67 21.48
15° N 42.22 35.46 . 545 —13.79 13.27
25° N 32.49 42.81 —32.65 —70.65 -5.79
35° N 27.33 54,77 —60.45 —89.61 ~12.17
45° N 22.28 79.68 —61.82 —113.43 —17.65
55° N 8.90 78.26 —72.34 —116.11 —22.92
65° N —24.85 57.26 --90.22 —102.87 —22.37
75° N —14.15 46.04 - —62.01 - —58.96 —9.14

at the surface. The pattern is similar to
but smaller than that at the top of the
atmosphere.

The net radiative flux at the top of
the atmosphere, tabulated in Table 7,
is obtained by subtracting the emitted
infrared flux from the net downward solar
flux. To verify these, the data presented
by Stephens et al., (1981) and Oort and
Vonder Haar (1976) were used. As men-
tioned in the beginning, the radiative
equilibriuvm = condition is approximately

satisfied for the annually averaged global

radiative exchange. This is evident in
Table 7, where the global averaged net
radiation flux for the annual condition
is —1.73 Wm™2,

. According to Eq. (9), the net energy
flux toward or away from the earth’s
surface is balanced by the rate of the
storage and divergence transport fluxes
at the surface. Table 8 shows the derived
meridional distribution of the net energy
fluxes toward (H) or away from (=) the
earth’s surface. Overall, the surface gains
heat in the spring and summer seasons,

but loses heat in the autumn and winter
seasons. The amplitude of this variation
is ~30 W m™? annually and —120~90 W
m™2 seasonally.

CONCLUSIONS

Several - significant features
revealed from tliese studies in regard to
the global seasonal and annual behavior of
the earth-atmosphere system. In the
study of the atmospheric meridional
transport, it was found that the rate of
energy storage is on the order of 12~16
W m2 in the polar spring and autumn,
but less than 4 W m2 from pole to pole
in both summer and winter. It was
also found that the divergences of the
meridional transport are positive in the
tropical and subtropical regions (~30 W
m?) but negative in the midlatitude and
polar regions, indicating a net energy
transport from lower to higher latitudes.
Maxima of the meridional transport fluxes
occur at around 30-50° latitude for both
hemispheres, and are higher in winter than

Were
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int summer.

Resulis from the parameterization of
the surface turbulent flux agree well with
the annual climatological mean profile.
In the study of the radiation budget, the
computed top-of-the-atmosphere radiative
flux distributions generally agree well
with satellite-derived data, particularly
in the solar portion. Some discrepancies
in the infrared part are believed to be
caused by neglecting the cloud overlap
effect in the model and the assumption
of non-black radiative properties for
cirrus clouds in the tropics. The comput-
ed surface radiative fluxes agree well with
other calculations. However, since there
has been a lack of observed surface radia-
tive fluxes, the present calculations
cannot be verified,
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A SYNOPTIC SCALE DIAGNOSTIC STUDY OF
A HEAVY RAIN EVENT
IN NORTHERN TAIWAN OF 1984 *

Lai-Fa Chen!
National Forecasting Center, CWB

ABSTRACT

In this diagnostic case study of the flash flood event of 3 June 1984 over
northern Taiwan a Barnes (1973) objective analysis scheme was used with the
amplitude response characteristics determined by parameters k=56,000and vy =
0.3 and the amplitude response of 38% at the minimum resolvable wavelength
of the rawinsonde network of 800km on constant pressure levels to examine the
absolute vorticity, absolute vorticity advection, horizontal divergence, fempera-
ture advection, mixing ratio and moisture convergence, together with the conven-
tional subjective analysis, in order to reveal the favourable synoptic situations
for the evolution of meso-scale convective system enbeded in a Mei-yu front that
eventually produced heavy rain over northern Taiwan. The results showed that
under the condifions of existing a Mei-yu front and adequate moist atmosphere
the low level moisture convergence was the most responsible predictor for the
event, LLJ, PVA increasing with height and mid-level dry air intrusion were
good indicators too, the other derived parameters were not strongly supportive.
The stability, vertical motion and topographic influencing Meso-8 low were also
discussed. ‘

29 —

1. INTRODUCTION

Heavy rains producing flash floods are
major meteorological disasters in Taiwan.
They are usually caused by either typhoon
or Mei-yu front associated weather
systems. In recent years, a number of
flash floods have occurred on the Island,
each causing $100-300 million in damage,
particularly in northern Taiwan where
local mesocale convective systems (MCS)
are produced and often enhanced by

orographic effects during favorable mete-
orological conditions. The Mei-yu season
lasts from the middie of May through the
middle of June according to Chen and Chi
(1978). MCSs are often embedded within
the broad Mei-yu frontal cloud band.
MCSs vary in size, the largest being about
49-x 10* km? while the smallest one,
which frequently produces heavy rainfall
over northern Taiwan, is only about
6.25 x 10* km?® (Wu et al., 1983). The
average life of these MCSs is typically 12
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to 24 hours. The pre-convective environ-
ment. required for these MCSs, described
by other researchers, consists of an
unstable atmosphere, strong low level
vorticity, - convergence, and moisture
-contrast across the front (Chen and Tsay,

1978a), a low level jet and warm advec-

tion (Chen, 1978 Chiou and Liu, 1985),

a shallow surface mesoscale low pressure.

system (Chen 1978, 1980, Chen and Tsay,
1978a, Wu and Wang, 1985) and unique
- topographic features (Wu and Wang,
1985). AR
In this research project my goals in-
~ clude: (1) examining the role of the low
level jet, converg’énce/ divergence, vorticity
and vorticity advection, and warm  air
advection in initiating and supporting the
¢0nvection, (2) diaénosing low level
moisture convergence, especially. preceed-
“ing the onset. of strong convection, -(3)
comparing various stability indices in
measuring the degrée of po'tential instabi-
lity, especially in the pre-frontal air mass,

. (4) comparing upper and lower level fore- -
ing by the synoptic scale environment, !

and :(5)' examining the correlation be-
tween the shallow mesoscalg low pressure

system, and the synoptic scale environ-

ment parameiers,’

2. BACKGROUND OF
A HEAVY RAIN EVENT,
' 3 JUNE 1984

During the early morning of 3 June
1984 a Mei-yu front paésed over northern
- Taiwan which included a MCS that pro-
duced ,t_lisastrous flash floods. At least 32
people were killed, 5" .missing and 12
injured. - In addition, most of the trans-
portation in the area was out of operation
. because of the flooding and associated

_landélides. A new record of 249mm daily _

-methods are well documented.

rainfall during 3 June at Taipei was
established. ‘An. hourly rainfall amount
greater than 15mm was observed for 5
consecutive hours in the early morning
with a maximum hourly rainfall of 87mm
between 0400LST and 0500LST (Fig. 1).

A preliminary analysis with conven-
tional techniques of the synoptic situation

“revealed that -there was a weak, quasi

stationary front about 50km northwest
of northern Taiwan extending to southern
China for nearly 12 hours from 0200 to

1400LST June 2, 1984. It soon became

well organized and slowly moved southeast
reaching northern Taiwan by 2000LST
that night (see Fig. 3-d). At the same
time a low level jet developed at 850mb
and 700mb downstream from a short

~wave trough. A southwesterly surge was

observed over northern Taiwan at 850mb
as wind speeds increased from 30kts at
0800LST to 40kts at 2000LST (Fig. 2
a-b). The short wave moved little while
the surface front was almost stationary
over céntral Taiwan. By the time the
heavy rain ended at G0800IST 3 June the
low level jet had moved out of the area.
Around 0200LST .3 June, just before the
torrential rain occurred, a surface meso-f
scale low pressure formed along the Mei-
yu front and lasted for nearly 10 hours.
At 500mb a strong dewpoint gradient
was diagnosed over the frontal zone over
northern Taiwan, Unlike typical winter
frontal systems, dry air at 500mb existed
to the southeast of the surface front while
rather moist air was found over the post-
frontal area to the west. A region of cool
air was situated over northern Taiwan at

" both the 500mb and 300mb levels,

The meteorological characteristics of
this  heavy rain event using subjective
Chiou
and Liu (1985) have suggested that a jet
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streak, warm advection and a short wave
at low levels coincided with a middle
level dryv and cold air intrusion and upper
level diffluent flow to enhance the meso-
scale heavy rain environment. Wu and
Wang (1985) have emphasized that a
meso-f wave created within the Mei-yu
front by mountain blocking (Fig. 3 a-b-c-
d), enhanced the strong southwesterly
flow which was lifted by the local topo-
graphy. The latter authors believe that
this was the most important mechanism
responsible for the heavy rain event.
However, they both pointed out that the
existence of the Mei-yu front provided the
large scale environment conducive for
producing heavy rain in this case.
Although this event was assumed to
be caused by a mesoscale local convective
~ system, there is little doubt that the
system developed in the Mei-yu front
which was located over northern Taiwan
(Fig. 4 a-b). Therefore, the role of the
synoptic scale environment should be
taken into account.
synoptic scale environment are believed to
be helpful in promoting an understanding
of how convection is organized. Also
they help to identify the conditions that
favor heavy rain occurrence. They may aid
in the prediction of flash flood potential,
at least over a spe'cific area and season, as
the importance of an individual parameter
often varies considerably with geographic
setting and time of year (Doswell, 1985).
At this time operational numerical models
are not yet able to predict or resolve
mesoscale weather systems with high
efficiency. Thus, diagnoses using current-
" ly available data can be useful to fore-
casters who may recognize characteristic
synoptic scale patterns that precede the
MCS-type storms development. '

Diagnoses of the .

— 33—
3. METHODOLOGY
3.1 Data and Objective Analysis

The original data for this -case were
surface and rawinsonde observations from
31 stations over southeastern China and
Taiwan. They consist of pressure and sig-
nificant level data taken at the standard 6-
and 12-hour interval from 0800LST (0000
GMT) 2 June to 2000LST (1200GMT)
3 June 1984 for conventional surface and
upper levels analysis, respectively. Any
upper air missing temperature and wind
data were linearly interpolated vertically.
Chiou and Lin (1985) have shown that
mesoscale activity west of 110°E is of
little consequence to Taiwan. Therefore,
seventeen out of the 31 stations were used
in the objective analysis which interpolat-
ed data to a 9x 12 (9 rows and 12 col-
umns) grid with a 127km spacing on a
1:10,000,000 scale Lambert conformal
projection chart, (Fig. 5). = A Barnes
objective analysis scheme (Barnes, 1973)
was used with the amplitude response
characteristics determined by parameters
k = 56,000 and v = 0.3. The amplitude
response of 38% at the minimum resolu-
able wavelength of the rawinsonde net-
work (800km, see Fig. 6) was determined
by the consideration of the station
spacing of the rawinsonde network. The

~ average station spacing is 300km over the

whole domain and unfortunately includes
a non-uniform station distribution.

3.2 Derived Parameters

The objective analysis derived para-
meters on constant pressure levels were
(1) absolute vorticity, n, (2) advection
of absolute vorticity, —V * Vg , (3)
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{400LST 2 June SRS e " 0200iST 3 June

Fig. 3 Meso-8 scale low formation (a-b), weakening (c) and Mei-vu front movement (d)
(After Wu and Wang, 1985)
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Fig. 4-a Surface chart at 0200LST 3 June 1984

Fig. 4-b GMS-I IR imagery for 0200LST 3 June 1984
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Fig. 5 Conventiona! data analysis domain and objective analysis domain (bounded)
for upper air analysis.
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divergence, ¥V * \7, (4) temperature advec-
tion, — V.wT , (5) mixing ratio, 4, and
(6) . horizontal moisture convergence,
- V" qv. The former 4 parameters were
produced on 1000mb, 850mb, 700mb,
500mb and 300mb levels while the latter
2 were on 1000mb, 850mb and 700mb
levels. In addition, skew-T log-P diagram
plots, cross sections of ,, and stability
indices at selected stations were calculated
and analysed. The basic equations used to

obtain the value of those parameters were

as follows;

(m=g+t= (G5 - 55yt

Y T = an on
(2 -V -Vnq _(Uax+vay)

oo du 9y
() V- V=30 F By

N ~ oT AT
(4) -V VT=—(Uz- "’V—ay)

(5)q=[(0.622xe)/(P—e) ] x 1000

6) —v'+q¥V=—V-yq—qv *V

where ¢ is the relative vorticity, f is the
coriolis parameter, V is the observed
wind, U and v are wind ¢omponents in
cartesian coordinates, T is temperature, P
is pressure, e is vapor pressure; e = 6.108 x
107, z = (17.269 x Ty)/(Ty +237.3), T4
is dewpoint, and q is the mixing ratio.

The output of mixing ratio data were
on 9x 12 grids, the first derivative data
of moisture convergence, absolute vortici-
ty, horizontal divergence, advection of
temperature were on 7 x 10 grids and the
second derivative data of advection of
absolute vorticity were on 5 x & grids,

4. RESULTS AND DISCUSSIONS

4.1 Vorticity
At 1000mb and 300mb levels the

37 —

absolute vorticity analysis presented no
significant change over all 4 time periods
along the frontal zone and its corres-
pondent upper trough. However, it in-
creased significantly at 850mb, 700mb
and 500mb, and demonsirated a good
vertical structure when the front and
middle level trough became well-organized
and moved toward the southeast to
northern Taiwan during the = second
(2000L.ST/1200GMT 2 June 1984) and
third (0800LST/0000GMT 3 June) time
periods. The low level vorticity is an
important characteristic {o determine the
Mei-yu front (Chen and Tsay, 1978a).
The maximum positive absolute vorticity
at 850mb was extremely favorable in both
shape and magnitude at the second time
period (Fig. 7-a), The maximum absolute
vorticity is about 10* 81 and shape of
isopleths are consistent with the trough
that correspond with the Mei-yu front.
At the third time period after heavy rain
ended, the maximum positive vorticity
decreased at 850mb (Fig. 7-b) but at
500mb retained its shape apparently along
the frough (Fig. 8).

During the pre-frontal stage from
0800LST to 2000LST 2 June the advec-
tion of absolute vorticity at 850mb
over northern Taiwan had an order of
magnitude increase and the positive area
turned to the south over central Taiwan
(Fig. 9 a-b). At the second time period
(2000LST 2 June), about 8 hours prior
to the heavy rain event, the PVA increas-
ing with height only existed above 700mb
over northern Taiwan (Fig. 10 a-b-c)
indicating upward vertical motion (UVM).
It also had an order of magnitude increase
with height for PVA from 850mb to
S00mb at the third time period (Fig. 11
a-b-c) that appeared just after the heavy
rainfall was documented, once again
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Fig. 7-b Same as in Fig. 7-a except for 0800LST 3 June 1984
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Fig. 10-¢ Same as in 10-a except for 500mb
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spporting UVM.
4.2 Temperature Field

Unlike summer MCCs in the USA
(Maddox and Doswell, 1982), the low
level warm advection was weak in this
case. It showed little change at 1000mb
over all calculated time periods. At
850mb weak warm advection was about
102 “k/hr in magnitude after frontal
passage (Fig. 12} with cold air advection
in both pre- and post-frontal periods.

Warm air advection at 700mb Jevel was
an order of magnitude greater than that
at 850mb during pre-frontal stage and
had weak cold advection during frontal
passage (Fig. 13 a-b). The middle level
cold air intrusion maximum at 500mb
was also very weak (107! °k/hr) during
both pre-frontal and frontal passage
periods. These thermal advection patterns
scem to be an unique characteristic of
the MCSs environment within the Mei-yu

front.

-

0,3 = e
+ +‘ f -

I [}
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Fig. 12 850mb temperature advection ( x 107! °k/h) for 0800LST 3 June 1984

4.3 Divergence Field

‘Low level convergence is one of the
most important features to characterize
the Mei-yu front (Chen and Tsay, 1978a)
as it contributes to moisture convergence
(Fuelberg et al., 1986). In this case, it
did not present a consistent vertical
structure in the lower levels. Pre-frontal
convergence with 'a maximum value of
1.4 x 107 81 was diagnosed over the

west * coast of Taiwan and northern
Tajwan strait at 1000mb (Fig. 14-a),
and was found about one order weaker
throughout the heavy rain period (Fig. 14
b-¢c). Postfrontal divergence (Fig. 14-d)
dominated the area at the same level. At
the 850mb, 700mb and 500mb levels,
convergence only existed during the pre-
frontal stage. Upper-level (300mb)' was
divergent during the pre-frontal stage and
convergent during the frontal passage and
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Fig. 13-b Same as in 10-a except for 0800LST 3 June 1984
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post-frontal periods. So the synoptic
scale divergence field seemed to be
somewhat supportive for convection and

heavy rain formation, but it appears that

the low level convergence generating the
MCS was supported more at the mesoscale
than at the synoptic scale.

-4 4 Moisture Field

High mixing ratios displayed little
change in lower levels during the pre- and
post-frontal stages. Over northern Taiwan
mixing ratio values remained consistently
high at 18-19g/kg, 11-12g/kg and 7-9g/kg
at 1000mb, 850mb and 700mb, respec-
tively.  There was only about lg/kg
decrease during the period of heavy rain
at 850mb and 700mb, The dry air instru-
sion in the middle layer provided a suit-
able environment for severe storm evolua-
tion (Maddox, 1983) and could be
diagnosed from the f, cross section
analyses which will be discussed later.

Low level horizontal moisture con-
vergence has been proven to be a major
factor of the mesoscale convective storm
development (Fuelberg et al, 1986;
Caracena and Fritsch, 1983; Maddox,
1979). Although it may be underestimat-
ed at the synoptic scale compared to that
calculated at the mesoscale (Fuelberg et
al., 1986), the pre-frontal moisture
convergence at 1000mb revealed a value
of 0.9g/kg-hr over Taiwan; it then decreas-
ed, but remained its positive value, until
post-frontal stage after heavy rain and
finally became negative by 2000LST 3
June (Fig. 15 a-b-¢c-d). This is the best
level to describe low level horizontal
moisture convergence for the storm
development. The output of &50mb
moisture convergence over northern
Taiwan showed favorable pre-frontal
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moisture convergence of about 04
—0.7g/kg-hr with a maximum centered
over the East China Sea to the north, but
it soon decreased to near zero during
frontal passage and was negative for
post-frontal period (Fig. 16 a-b-c-d). The

patterns at 700mb by the time were

almost the same as those at 850mb
except the magnitude of moisture con-
vergence were less,

4.5 Stability

Pre-frontal convective instability is a
fundamental condition for the Mei-yu

front-induced MCCs (Chen and Chi, 1978).
The @, cross-section analysis across the

front (Fig. 17 a-b-c-d) indicated that
convective instability (86, /6P > 0)
existed in the lower layer that extended
more than 500km ahead of the front to
the south portion and east offshore of
Taiwan at stations 46747 and 47918. The
moist, conditional unstable air lies in the
lower layers where dry air aloft in the
middle layer about 850mb up to 700mb
level overlays warm moist air over north-
ern Taiwan. The upper air sounding for
northern Taiwan (Fig. 18) also provides
evidence for this conclusion.

"The results of the LI, TTI and KI
stability indices computation also indicat-
ed a high potential area for heavy rain
occurrence over northern Taiwan (Fig.
19 a-bc) and its adjacent region. . It is
interesting that both KI and LI values
change dramatically just priorto the heavy
rain in northern Taiwan at 2000LST
2 June (Table 1). '

4.6 Vertical Motion

The kinematic vertical motion - at
800mb in this case calculated by Lin
(1986) (Fig. 20 a-b-c) showed up-
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Fig. 15 Same as in 15-a except for OSOOLST 3 June 1984

) 9 -
662 HSE gos 68 |
’0 -0 1.0 ~-1.0 -0.4 —.3-1.3
\ + +

-1.
+

8 -1.N 1557 -0.1
* Nr + f

-1g2 V0.2

=

o —aX
+ e +/
4=

Fig. 150 Same as in 15-a except for 2000LST 3 June 1584
+ 195 .



6 ~4-2 O!r, 810 o
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Fig. 19-a Lifted Index (LI) for 2000LST 2 June 1984
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Fig. 19-¢c K Index (KI) for 2000LST 2 June 1984

Table 1. KI and LI for northern Taiwan (Note: stations 46692 and 46697
are geographically quite close)

STN ¥O. 46692 46697
INDEX
DATE TIME KI LI KT LI
0800QL3T -— -—— 28.5 -0.7
JUNE 2
2000LST 36.6 -4.6 - -
0BOQLST -—— - 32.6 -2.7
JUNE 3
2000LS5T 32.4 -4.,0 ——— ———
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Fig. 20-a 800mb kinematic omega ( x 1075 ‘mb/S™) field for 0800LST 2 June 1984
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Fig. 20-c Same as in 20-a except for 0800LST 3 June

ward vertical motion only at 08Q0LST
(0000GMT) 2 June that is 12 hours
prior to the frontal passage and about 20
hours before the heavy rain event. Weak
downward vertical motion took place
during the rain period for both 2000LST
2 June and 0800LST 3 June calculations.
Therefore, large scale support through
UVM was minimal, at best, indicating
that mesoscale forcing of convection
dominated.

An important controlling influence
in producing slow-moving mesoscale
convection is topography (Caracena and
Fritisch 1983; Maddox 1978) which can
not be gleaned from a synoptic analysis.
Mountain-induced small scale upward
vertical ‘motion could not be diagnosed
from the synoptic analysis.

4.7 Orographic Meso-Low

. When the MCSs reached northern
Taiwan they were probably blocked and

lifted locally by the mountain range to
generate a shallow meso-f low which
existed when and where torrential rain
took place over the Taipei metropolitan
area during the early morning of 3 June.
It formed after rain commenced and
continued to persist after the heavy rain
ended. By this time the rainfall maximum
associated with the original Mei-yu front
moved into the mountains. My results
showed that there were no enhancement
of the favorable parameters after meso
low formation, especially over the area
where this low existed at 0800LST 3
June. So it is possible that this meso
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low is perhaps the result rather than
the cause of the convective system which
produced heavy rain during this event.
Thus, the meso-8 low circulation may
have been helpful in maintaining and
prolonging the small scale heavy rain but
not deep enough to have actually initiated
the event and/or to 1nﬂuence the synoptic
scale environment.

5. CONCLUSIONS

The synoptic diagnosis of this heavy
rain event could enlarge the domain of
understanding of the large-scale environ-
ment which favors the evolution of
mesoscale disturbances along the Mei-yu
front. It may be helpful in improving
heavy rain and flash flood prediction over
northern Taiwan. This case study present-
ed -evidence that moderately strong pre-
frontal horizontal moisture convergence
was the most important synoptic features
of this heavy rain occurrence. The back-
ground of convective instability, low level
convergence, lower and middle level
positive vorticity and PVA increasing
with height associated with a short wave
existed prior to and up to the time of
frontal passage were also favorable to the
storm environment but nof strongly
supportive below 700mb at the time
about 8 hours prior to the event, so
that a further study with mesoscale time
interval is expected to approach the
details, The LLJ is a good indicator for
the heavy rain onset. The synoptic scale
temperature advection and omega field
were not as significant as the other
parameters mentioned.

It seems that the MCSs associated
with the Mei-yu front were situated
within the pre-existing moist, convectively
unstable air together with strong velocity
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and moisture convergence at 1000mb, a

LL} at 850mb and a mid-level dry air
intrusion when the Mei-yu front moved .
toward northern Taiwan. The agent of
this dry air intrusion is still questionable.

The PVA increasing with helght would
be conducive to the heavy rain event. The
upper cold air advection was also helpful
to the event but not essential. The in-
fluence of the meso-f low circulation on
the event needs further study. However,
the topographic effect had played as a
mechanism.  of generating the meso-f
low which is of help in maintaining and
prolonging the small scale heavy -rain
event. The synoptic conditions mention-
ed above should, at least have contributed
to the heavy rain environment except
perhaps the absence of upward vertical

‘motion,

‘Maddox (1979) emphasized that to
deal with mesoscale convective mecha-
nisms, it is difficult to define how much
the importance of an individual parameter
would be because one parameter may be
compensated by another. The importance
of an individual parameter may also be a
function of the meteorological season and
geographic setting. To help solve some of
the problems of heavy rain prediction we
need to integrate the ideas extracted from
the results of synoptic diagnostic analyses
utilizing mesoscale network observational
data and numerical model products into
the operational forecast/analyses routine.
The TAMEX (Taiwan Area Mesoscale
Experiment) should help us toward this
goal and increase our ability in resolving
and understanding these important MCS
weather systems.
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Fig 9. Time variations of 500 mb eddy
mometum transport (u'v’) during
the period of Atlantic hlocking
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mean, ordinate is Iatitude, 5 m?/sec?
intervals for isopleth.
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Schematic depictions of circulation
variation for height and temperature
fields during the period of baroclinic
blocking, Solid lines are constant-
height lines, dotted lines are tempe=
rature lines.
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B+ fREENERERERNRER
Fig 14. Schematic diagram of energy cycle
for baroclinic blocking.
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Fig 15. Schematic depiction of relations
among jet stream, westerly momen-
tum transport and trough-ridge trend.
J indicates jet stream, dashed lines
(trough-ridge trend), westerly mome-
ntum transport {arrow)
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Fig 20. Same as Fig5, except for Pacific blocking case from Jaﬁ. 7 to Jan.18,'1980.
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. Fig 21. Sameas Fig 6, except for Pacific blocking

4l 7 case in Jan, 1980.
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Fig 22. Same as Fig 7, except for Pacific blocking case from Jan. 7 to Jan. 18, 1980Q.
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Fig 23. Same as Fig 8, except for Pacific
blocking case in Jan. 1980.
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Fig 24. Same as Fig 9, except for Pacific
blocking case in Jan. 1980.
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Fig 2. Same as Fig 10, except for Pacific
blocking case from Jan. 7 to Jan. 18,
1980.
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Fig 26. Same as Fig 11, except for Pacific Fig 27. Same as Fig 12, ‘except for Pacific
blocking case in Jan. 1980. blocking case in Jan. 1980.
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Fig 29. Schematic diagram of energy
cycle for barotrophic blocking.
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Fig 28. Same as Fig 13, except for Fig 30. Sams as Fig 15, except for

barotrophic blocking. barotrophic blocking.
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A Diagnostic Study of Blocking High
Chil-Shiang Liaw
ABSTRACT

A diagnostic analysis of the two blocking systems in February 1979 and

January 1980 was carried out. The author used index, 500mb sensibie heat
transport, 500mb eddy momentum transport, -amplitude variations of zonal
- waves, energetics and their conversions to study these cases.
‘ The results showed that blocking highs not only have ‘barotrophic
mechamsm but baroclinic energy cycle scheme. The ridge -of high trends
toward the northwest-southeast direction and the westerly momentum is
transported toward south as baroclinic ‘b'focking' case. Nevertheless, the
ridge of high tends to the northeasi-southwest direction and the westerly
momentum is transported toward north in the barotrophlc blockmg case.

Besides, large zonally available potential energy is very 1mportant before
forming the blocking highs. Wave number analysis showed that the amplit-
ude of wave number 2 is most evident. The wave number 3,4 and 5 contribute
to the formation, developing and maintenance of blocking. Therefore, it is
quite important to grasp the behaviors between utra-long wave and long.
wave during the period of blocking.
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