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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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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
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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
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 EANSEETER L RREREEK - &R
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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
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HapE
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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
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[] a_.; BhRAER
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Flow chart of the typhoon track
forecast for HURRAN method
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(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
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#—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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BAERI2~ 24~ 36~ 48/ ez VR IER:
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HI12~ 24~ 36 ~ AB/NIEZSEE R 1) » 3
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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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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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R TR A TR S % o BE G BRI 2 R B i B
FeMEE B 2 ABE R A RIT S TRRIET » K
RFZ B B B I TR R BB A B e
HEEHR o RIS RIS B HEHER
B FEFEFET L E S T SR TR A T
BIERBRFHHERS » WIRBHIERNTER
BT SRR BN o
s JTWC [ s 16 B2 A f2 1959 ~19774F
S5 B G B B RA TR - LA AT R RO R I B AL
B G » EHE RS T » PRECEENCT 228 (|
B rREEERY
LRI NG EALE 5
Ct)=LAT,—LAT.,
25EF 24 DR EERLES 5
C@)=LAT..—LAT .
338536/ R AL
C(B)=LAT.,,—LAT_;
L3 EABN AT
CU)=LAT,—LAT
5AFE2AFABPRGILE T TS 3
CE=LAT ;;—LAT_4
6B R24/ RN IR M A B 5
C)=LAT,+LAT »—2LAT ;»
TRFABNGMEE RN 5
CH=LATo+LAT 1s— 2LAT 5
8RZE12/ R AL
C{8)=LON,.—LON_;,
03B =24/ PR E RO 5
C(9)=LON,,—LON_;
10R 336/ MR AL 5
Clg=LON,—LON_4
LB HEAS N E R 5
Ca)=LON,,—LON_s
2B 24T AB R E 0 5
Ci2=LON_;;—LON_4
1338524/ RF IR E R m 55
Cl3=LONy+LON._2y— 2LON.»
4R FAB/ NS I B I 2 B 5
C4=LONg+LON_;3— 2 LON_z
BaR12NGRIBEGR 3

Cg=Arc tan (C(1)/C{E)
1658 424/ NEF OB B T8 5
C=Arc tan (C(2)/C{)
175836 EN T
Ci)=Arc tan (C(3)/Ca9)
18B 48 N NEFT R B 5 5
C@3=Arc tan (CH@)/CHd)
1938 = 24ZFAB R B 7 1 5
C@9=Arc tan (C(5)/Ca3)
DR R INEEE T 3
Cej=Arc tan (C(s)/C03)
21348 NI I EE Y T Ik 3
Ced=Arc tan (C(7)/C4d)
2IRFIZNEETERE
Ca={CQ)p+ Clga?
23324 R DR
Co=[ C@)2+ Co)m)r2
2438536 N EERE 5
Ce=CC(3)*+ Clo??
BARA NGB IR 5
Ceg=(Cp+ Cayzyis
26.3EE24 T4 N B 5
Coy=CCEP+ Cazyae
2N IS 5
C@=CCe)?+ Cagea2.
2835 A8/ NS EE 5
Cog=(C(7r4 Cla*yse
JiFPLONoo v LATw %E{énﬁﬁﬁ_ﬁ ryﬁ.g 4
fILON_p » LAT_ 13~ LON 5~ LAT 5 » LON
“36~ LAT 36~ LON_4s~ LAT s I 5153512
~ 24 ~ 36 ~ A8/ NEFRY R o
2R B BEE
R 2848 2 U B E R R SR B IR R

BARADZH o &MEW?THE’J@E (Welgh“
ting) - .

%&%F%@ﬁﬁ%ﬂ%ﬁﬁﬁﬁﬁ&* '
PR AR TR S AR SR A KOS SR R sE (Edu-
cated guesses) » ANEXH - B ZEER » &
i PC 3m@mHER T » IR LS B %
BUOF BB » FEREAERIOEE
VIS HAE (RES) #AM W3E) BAmT

- BB RPN BCE 1 2R 1 B R Tk

» 70



AREAHERL :
" 7 120°€ 150°E
35N
N
ﬁ ; % . =]
; "j:::'.::::::‘._ 20°N
LM |
[ﬁ: ]
S Yy ! —0'N

E RS e SR 5 B

Fig. 6. Divided area diagram ‘of determining

weighting for ANALOG(CWB-81)method
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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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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
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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

e 83 o



— 26— FEEEBS R (1556 1)

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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&r-nt o
LA™ 1% g Dpreasess
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48112 Bat b agin
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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.

ACKNOWLEDGEMENTS

This paper is a part of the author’s
master thesis during his study at State
University of New York at Albany. The
author greatly appreciate Dr. Lance
Bosart for his instruction and encourage-
ment during the prepareition of this paper.
Thanks are indebts to Dr, Song-chin Lin of
the National Central University, Taiwan
for his help with Q vector calculations.

REFERENCES

Bosart, LF., 1981: The Presidents’ Day snoy,.
storm of 18-19 February 197%: A gy,
synoptic-scale event., Mon. Wen. Rer., 109
1542-1566. ’

Bosart, L.F., 1984a: The Texas coastal rainstory
of 17-21 September-1979: An example of
synoptic-mesoscale inferaction, Mon, Wey
Rev., 112,1108-1133.

Bosart, L.F., and 5.C. Lin, 1984b: A diagnostjc
analysis of the Presidents’ Day. storm of
February 1979. Mon. Wea. Rev.,, 112
21482177.. ’

Brown, R.A., and W.T. Liu, 1982: An opera.
tional large-scale marine planetary boundary
layer model. J. Appl Meteor., 21,261-269,

Buzzi, A., and S. Tibaldi, 1978: Cyclogenesis
in the lee of the Alps: A case study. Quarr
J. Roy. Meteor, Soc., 104,271-287,

Hoskins, B.J., I. Draghici, and H.C, Davies, 1978
A new look at the omega-equation, Quart,
J. Roy. Metero. Soc., 104, 31-38.

Maddox, R.A., 1980: Mesoscale convective
complexes.  Bull Amer. Meteor. Soc,
61,1374-1387.

McGinley, 1., 1982: A diagnosis of Alpine lee
cyclogenesis, Mon. Wea, Rev., 110, 1271-
1287,

Ninomiya, K., and T. Akiyvama, 1971: The
development of the medium-scale disturbance
in the Baiu front. J. Meteor, Soc., Japan,
Ser. 11, 49, 663-677.

Palthen, E., and CW, Newton, 1969: Atmos-
pheric Circulation Systems: Their Structure
and Physical Interpretation. International
Geophysical Series, Vol. 13, Academic
Press, 603 pp.

Petterssen, S., 1956: Weather analysis and
Jorecasting, Vol. 1, McGraw-Hill, New Yok,
428 pp.

Petterssen, S., D L. Bradbury, and K. Pedersen,
1962: The Norwegian cyclone models in
relation to heat and cold sources. Geofys.
Publ, 24,243-280,

Petterssen, S., and P.A. Calabrese, 1959: On
some weather influences due to warming
of the air by the Great Lakes in winter.
J. of Meteor., 16, 646-652.

Petterssen, S., and S.J. Smebye, 1971: On the

- 100 -



development of extratropical cyclones.
Quart. J. Roy. Meteor. Soc,, 97,457-482,
Reiter, ER,, 1975: Handbook for forecaster in
the Mediterranean., ENVPREDRSCHFAC,
Tech, Report, No, 5-75, .
Tibaldi, S., A. Buzzi and P. Malguzzi, 1980:
Orographically induced cyclogenesis: Analy-
sis of numerical experiments, Mon, Wea

v o E R A

%
CEES

]

Rev., 108, 1302-1314,

Uccellini, LW., P.J. Kocin, R.A. Petersen, C H.
Wash and K.F. Brill, 1984: The Presidents’
Day cyclone of 18-19 February 1979:
Synoptic overview and analysis of the
subtropical jet streak influencing the pre-
cyclogenetic period, Mon, Wea. Rev, 112,
31-55.

XA ZM@EEMRR

3= &
R &
=

PR EEREA 19804 3 A OB AN R L ENAR A0S KR ik

KRB,

(WEEFHEE LA REREFER R R IR g e -
CHERPRE RERRERE A bR - BREEHEARAEME R - FEE

I RH (400~500mb) W) » HEREERRERBERTRE -
(ORIFIR FR AR » H—REZHARRERTLRAREEMIRBER
(OBAB R SRR E T4 2 G RRZK R H a2 0RE
O)RBE AR » il EHPREERBA -

+ 10t -



— M — REREBEE=TFBE—N 56 )

AEREHERREEERLIARIE
R Y X AR

g %k B BZR

] ®

HAIESRIEERREE (B) & BE K (W) H2HERE » RRHELESR
AR TR » M ARE R R PR ES D ITRRYE 0 1961—1980 425EEEE » L
%ﬁzmﬁH%%%ﬁ%ﬁ@ﬁ?ﬂﬁ%@éﬁ%mﬂﬁﬁﬁﬁ$2ﬁ%ﬁ$’%ﬁ%ﬂz
B SR R S SR B R SRR AT -

(WELE : ABERELNZ A FHREAELEBER AR « R RS RICEE 2fHE
BHRERIRE  IABRFEEREEREE3 AEaEIA LR

@FEILE : INFE S EEE ~ BT R » AR AREREHRER
3 A =10 5 LA » FR—RDKE ~ BRAS R EIEDY 6 A .k ~ F AT IS
R o

QFYE | AERRENE L AR RSIRESR 3 APRENATSY » Bk
BT RS EE T« B0 6 AL pams  MAREA (M) & - 2ELE
HRSELERT TR  MEEE 2R RS REHETEERERE » RHE
FEE

WEEER : ABENEAESPLERSIEGE 3 AhEE128 LY B2 -HAER
HEFHEREMED - BRN 6 B b PR » DRMBEE T RS o

CFEHE : AEPIEE S ERIEEF AR » MiEE A S mEawE A ZER
H 0 WSS REDINIRE » 6 ALK ~ i 2 S T B SRS o B—BIKR
BAR SR IEYEER R GHE  BRRRRPREA (W) Fo

(/B EHE : INEH G RN AR EFRERENRFA4 A LRE9 AT  ARAER
My B B A BT IS R 2 U M B AR R » B FE o KB RIERTHEERR
g » AEAERREHHRER A2 EHEER » W HEEDRETHE  SHAER 21
HEHEREFEESE o

(MERE | ABENGEEREE HiuES & IEERE> BrEeRERa12A
B A » K PSR TEIRR I 2 S R AR 0 10 Bhly
Y RORR LS A BT K E o EFEZRFRAREIRE 1 ARREIR
A HET IR S YRR R SRR 7 AT @ R R A SRR R 2
%.

— ~Hi B WG HIE » BERERATA » (R A SRR
A ERTHART B 5B BEE - HRBRRZRSEIER » RETE
RS A BN IR ST I B » MR R AR R &

< gREEE:TEES ATH RENM:THEIALE AFEAERECEGEEREERANY IR RR
—4.1 —fF—-38 T2 4.1 Y32 » T34, 1—{E—09) Al o

L 3.45RBFRABPDBEASERRGERE -

2. BEK LIRS R BRI o

« 102 -



FTREERIEH  PRENFZRLES » £HIR
BEZER  HERENREEESE (B) &
o BE 2T HEGHTSE  BRE TR
RS * BEPRERGE— AR  BMR RS
RO » E R T o SERUEIR B « TR REE
W BEREEESRANEN2 S5 » ElRks
IR RS B RS » R o B
BRFRELPEARRRTE » FEMEISE
Vet Bk BE o SRS~ T2EH B3 5 EHR
$hET » BRI E R B R AL R Ak
EERs 213 fE7T 0 R BEINEGHETE » B
BEMI0ET » & (F) N8BT BEL - i
BT - SRR AR  STHENE 2 RE
B » (05 I R R IR R - R IE R
REIEAR » BRENSER  WH2HE A4
UREKERS o
SEERERA N BN » NEHAASE
&R » MR E N i2 B » RET
BRI AE  FBRNA R TR
ERHEN RIS IR S 5 VR M
BT » BORBEMTT 2 B E R BRI B S5 83
IR £ R BR R, o B AT PR e
A BT AR » IR ARSI A
BRI » BES RIS NAERT 480 B
BAREIES ¢+ A% A BRI o

T ENSHRTRAERERR

REA £ BT KB » BTRLRTRER
RS 2 A SRR S RS (1980) BTG EMES
2R B REE SE ORI EOTELE G YR
()R 25 156V 1 ) B ) ) R BRI ()
HEIUE R 1 ¢ A BRI R R T
LB BRI

OFAE « ARAEHAT « HIER « 5iEE
HE BB MBS » (R AL 0 R
B SEERL - AETH (WBTR) ZRISE
BLRTERE  — 0 —HIPFEREE > 12
ATHE3 ATHHHR 6 ATHET ATHKE
o THHERT ATRE 8 AT G 11A AT
12 AR « BESER R IS EER
Wl o AERAZHOBRSNEEL 7T~94
Pz B R IR R AR E A% 9 AT

— 45 ~

RZEL AT @ EHE EE AL R ST 7 S i
BN » HENR TR PR IEORE ~ I s B
(F) fefEpEF s 2ATRHERS2 B LAl
BHERERKE FELETBEEFHRITRE

R R 2 o

OBEILR « ARG ~ K - FER
BAEE » REBEICHE » RS - RS 2R
BT BERER 15°C RFNRERARER
B HBREEYREEERRE ) Bl —BE
WEHEAB R ARG AED R o KB EH
IR AR B BN 7T R Bt » Rk — SRR 3 (F
{F 2 BRNSE AR & I ANE - | ~ TPk
HWEFRHE K2 ATHEI AL haHEk-
MEEE ~ AL E R 4B 3 A LR Y ik
o BRAFER I AR BT Bk e —
TRfRBL » —MIRIEER 6 ATHET AL ~HhE -
“HifrERIRBR 0 BT ATRES8 AL~ hRHEE
* RIL A2 AP IEE o REDIZREER
54 BREMEAE KR EFHRITREEF
» BE3 o

EhZE « AEEE TR » EIRE
sepRIRE R TRGE » RESEER - $F
BEAAERE (AR ATEBRESRRE 15°C
 E A H B R DEH G —REEE YN
REL ~ HEERRES » AR BRI NERE
T~ KE ~ TR ~ HEE ~ R~ INESHEH#
BERHS » AR LR EE GRS - RE—H
AMBZEGIRK (B (ERERERE » dualy
FE * 2 ATWE4 LA 6 HERET

BRI« —HIER T AhEE 8 At o

#10 B EE12 5 BHIRE © KBS EEERYE
TR RE4 o -
CERE : AR DETIRRLE » AEEdL
» AR IR D BRI » SRREE RSP B AT
101 0 {4 B » RIBEEEIR » BT REREE
Motk (B) FLHUERR  HSREAYSE
» B RSN ~ TEREREAS - AEAER
R AEEREERERE » BHREEY
SBEAKEEE » R SRR R
5~ 6 AHOHET » HEH S RIS RBAKIE »
EREBERN—HATBRIEERA (W) %o
AR E— AR RS  — R

- 103 -



— 46—
B (EER) R2ATAERE2 AhagEn ; B
RS (EHEE) B4 HhaTiEe » s
WMETERS L% 6 B FaIKE ; ZHHEal
16 ALEET BTFAME - ZH(FRERHIER6
RTWES A LaRHn ; SHUEMRT A L9%
8 A st » FamEni0 A LaB1 ATaK
B EHMERI BT aE12H LA o &£
PR BT RIS + RIS o

EWEE : KBS ARSI » PR
~ ML » s LIRTE 2 T FUE » SREEA
» BRI  — KRR (B fERVE
ERZ B » —HKRERER  RRLERR
12AFHES ALgHk  THABRERL Ak
BE3 LR BRMERRS A LEE6 A
A > ERRERNR 6 AREE 7 s
s RIS FHRER 6 A LAE 6 A TRk
EFERERT AhaE 8 B Lol  SRHER
9 B LAEI0 BT AU » EEmERILE EAE
TR « AELERHERE  HEK (B 154
AR BFA L TR (HE - 5 B3
BHAFRHE  BHUBSERE « KE ~ BHEE
Wikiale 2V REBINE ~ RINERERK &
ERSFERTRMALY - 5 A% 6 ARMZIEN
B E— A ~ TRES R A BB R TR
PEMBRAT RIS » R 6 o

EBE : AR SERRILEERZERPS
» 5 RSB IETE ~ v ~ BN~ dhFTREE
B2~ £R 0 R RAB RN - R
o FEERET  2ERFARERYE (B
2 1979) » REEEHLLKE ~ HEREEST &
E4Z RS » RE%E » iR EEE
) BRI HEE » RE— Bk RSk BT
ERR > ASRERER2 Y RALATH
F2 B LiiakEk s 15 B RREG A LA
» “IWER 6 B L= 7 B LhfEk » 9 Akl
Z10 5 TR » Tk (B) {EEER ~ B
BRAERZHE ) SUNH - THEE  #EE
VEm BT RIEHEFE » BT o

OERE  AREEIE TR - SETE
W EEE  WESEARZRERTEIME -
LB o BB 2 SR A L
Co SR e ~ BRI BB

WINEL ~ HE ~ BASE « TEEMERAR »
SRR BRI 4 © A ENTR S
TN o AEIERG L » RIS
) BAERBELN » EHAFRAB KRR
WREBRRKE o AF-HOBER 1 ArbgE2
A 6 AHE T A A + IR
7ALAET ARk ROATAZEUATR
R o AT FEAEYBAT RS » BES o

NHEILE : AR R LR IR > K
FAMELLES » B LI LRI » HABABEY »
(I SOl AR B « R
B  AABRIEE ROV » P ISR
B SRR 06 S 0 W B
“H ETEE o AEARATH » B
B A AT RA S EHRARA  #
B SRS LA » S (P R R R
B TR o AR BRSNS
BisiE 2 b » — KRR AR > B 1258
RE3 ALA WENE 4 ATAET AT =
HIKRSIRERIIE 7 Btz 8 H 3 IR 10
A LAE12 14 o ABAET/ PR IR
REY o

L ¢ A AT S IR G
500 4R L0111 » I RO > bt
R o ARAH (W~ EhIE) R
(1,500 ARELR) BebRsh » SREHmE R
B AL ¥~ 5% 0 B BRENS o S
SHBLRVELAR ~ YIS ~ 15 ~ 56 B - AR
T (B RN BORRILUL S
<K~ B T~ 25 o KRR R
T LATRAE » QRIS THEAE © JEHILE
— KA > 11 B LR 2 B LRk
6 Heb= 7 AT RIKE | ORI 6 ATRET
B L5 0 108 EREIL RIS - s
R KRMEER {1 A LR | A
5 A% 5 sk | —HER 5 A mE S
L 9 A LAE 9 Al « ABAE
YO EEREFF » R0 o

AL A SR B 2 AT RSSO +
A MRS A T Z A <

(1) TR T B R A K R » S
BT B B Y » Bl BRI R AN

e 104 -
























33
103

84

220






58

106

52

220

12

28

45

i






30
100
89

220

10
59
78
73
220













































































































































































































































































































































































































































































































































