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Abstract Using data of precipitation in Shandong province, normal meteorological observation data, typhoon yearbooks and
NCEP/NCAR data during 1971—2003, the statistical climate characteristics and the composing circumfluence of the torrential
rainfalls in Shandong province caused by remote tropical cyclones landing or activating on the coast of South China were ana-
lyzed. The synoptic model of the far distance tropical cyclone torrential rainfalls in Shandong province was established. The
budgets of composed water vapor and enthalpy of having and not having far distance tropical torrential rainfalls in Shandong
were analyzed. The result indicated: the annual average of far distance tropical cyclone torrential rainfalls in Shandong caused
by the interaction of the tropical cyclone landing or activating on the coast of South China, the west wind system in middle lati-
tude and the subtropical high is 2. 5/year. This torrential rainfall's range was very wide; its intensity was very strong. The tor-
rential rainfalls occurring time were lagged the tropical cyclone landing time. When the tropical cyclone which caused the tor-
rential rainfall in Shandong was landing on the coast of South China, there were south-easterly or southerly jets at the low level
of troposphere in the eastern part of center of the tropical cyclones toward Mainland China; westerly circulations at mid-high-
latitude were weaker and lay over higher latitudes. The northerly winds in westerly band met the southerly winds on the west
edge of subtropical high over western Pacific in Shandong region at 500 hPa. Effected by low system at the lower layer of tropo-
sphere (850—700 hPa), Shandong was dominated by cyclonic circulation. After tropical cyclone landing. the southerly jet near
the center of cyclone extended northwardly and arrived at Shandong through the ridge line of the subtropical high over western
Pacific. The transportation channels of water vapor and enthalpy between the center of tropical cyclone and Shandong was es-
tablished and the warmer and wetter atmosphere carried toward Shandong continuously. From 12 to 48 hours after tropical cy-
clone landing, there were a great deal of water vapor and enthalpy importing, the wet and warm airflow and the westerly wind
band airflow converged, and then updraft was produced, so the torrential rainfall occurred.

Key words Tropical cyclone, Far distance torrential rainfall, Weather and climate characteristic, Composing analyses, Synop-

tic model, Water vapor, Enthalpy
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Table 1 The numbers and percents of the tropical cyclones with or without torrential rainfalls

in Shandong province from June to September from 1971 to 2003
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Table 2 The numbers and percents of the landing of the tropical cyclone with or without torrential rainfalls

in Shandong province from June to September from 1971 to 2003
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Table 3 The numbers and percents of the maximum wind speeds of the tropical cyclonewith

or without torrential rainfalls in Shandong province from June to September from 1971 to 2003
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Table 4 The numbers and percents of the latitudes of the ridge line of subtropical high over west Pacific

at 120°E longitude at 850 hPa in the cases with or without remote tropical cyclone

torrential rainfalls in Shandong province from June to September during 1971—2003
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Table 5 The numbers and percents of the longitudes of the west ridge dots of the subtropical

high over west Pacific at 850 hPa in the cases with or without remote tropical cyclone torrential rainfalls

in Shandong province from June to September during 1971 —2003
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Table 6 The characteristics of the selected six tropical cyclones
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Fig. 1

The average circumfluence of torrential rainfalls caused by remote tropical cyclone in Shandong

(solid lines: geopotential height, unit: dagpm, interval:2, dashed lines: wind speed, unit: m/s, interval:2, arrowhead: wind vector)

(a. 500 hPa at landing, b. 700 hPa at landing, c. 500 hPa at 24 hours after landing, d. 700 hPa at 24 hours after landing)
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Fig. 2 The average circumfluence which remote tropical cyclone did not bring torrential rainfalls in Shandong

(solid lines: geopotential height, unit; dagpm, interval:2, dashed lines: wind speed, unit: m/s, interval:2, arrowhead: wind vector)
(a. 500 hPa at landing, b. 700 hPa at landing, c. 500 hPa at 24 hours after landing, d. 700 hPa at 24 hours after landing)
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Fig.3 The average water vapor flux (solid lines, unit: g/(cm * hPa « s), interval:10, shadow area: >>35) and the

17

average water vapor flux divergence (dashed lines,unit: X 1076 g/(em? « hPa + s), interval:10) of the
accumulative total from 1000 hPa to 300 hPa and the average wind vector(arrowhead) at 850 hPa
(a. 24 hours after tropical cyclone landing in the cases with torrential rainfalls in Shandong. b. 36 hours after tropical cyclone
landing in the cases with torrential rainfalls in Shandong, c. 24 hours after tropical cyclone landing in the cases without torrential

rainfalls in Shandong. d. 36 hours after tropical cyclone landing in the cases without torrential rainfalls in Shandong)
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Fig.4 The flux of average enthalpy of the accumulative total from 1000 hPa to 300 hPa (solid lines.,
unit; J/(cm « hPa «+ s), interval:5, shadow area; =>15) and the average wind vector (arrowhead) at 850 hPa
(a. 24 hours after tropical cyclone landing in the cases with torrential rainfalls in Shandong, b. 36 hours after tropical cyclone
landing in the cases with torrential rainfalls in Shandong, c. 24 hours after tropical cyclone landing in the cases without
torrential rainfalls in Shandong, d. 36 hours after tropical cyclone landing in the cases without torrential rainfalls in Shandong)
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Table 7 The water vapor flux of every boundary of the “box" and the water vapor budget

in the “box" in the cases with torrential rainfalls in Shandong

R R K TR A G

SRR KR O

BREM S NB R AN IR ﬁ%g%f USE #1122 5E 38 é{g%f 2R 3 6 /N B
RO A AR G WA A T A P
(kg/h) (kg/h) b (kg/h) #(kg/h) b * (kg/h) At (kg)
0 /Nast 4.1 8.1 12.1 2.4 —28.8 —26.3 —14.2 0.0 0.0
6 /NEf 6.3 3.5 9.8 9.6 —25.7 —16.1 —6.3 —61.6 —61.6
12 /i 23.3 —6.3 17.1 5.3 —18.6 —13.3 3.8 —7.6 —69.2
18 /]NH 32.3 —12.9 19.5 19.2 —30.1 —10.8 8.6 37.3 —31.9
24 /NI 52.3 —11.4 40. 9 11.4 —25.0 —13.6 27.3 107.7 75.8
30 /Nt 53.6 —27.4 26. 2 27.1 —35.0 —7.9 18.3 136.6 212.4
36 /Nf 66.0 —31.8 34.2 30. 3 —39.2 —8.9 25.3 130.7 343.2
42 JNEF 58.3 —28.9 29.4 40. 8 —55.6 —14.8 14.6 119.6 462. 8
48 J/NEF 41.3 —7.1 34.2 29.3 —54.0 —24.7 9.5 72.3 535.1
54 /NI 20. 6 —3.2 17. 4 20.7 —51.2 —30.6 —13.2 —10.9 524.3
60 /]NEs} 6.8 2.6 9.5 11.2 —45.5 —34.3 —24.8 —113.9 410. 3
66 /NI 13.8 0.4 14.2 20. 7 —30.3 —9.5 4.7 —60.5 349. 8
72 /Nif 20.5 2.1 18.4 15.6 —22.7 —7.0 11.4 48.2 398.0
F 8 HImE RS A X R AR R 1 IR B A SE A R Y A IR BB R S (X 10™)
Table 8 The enthalpy flux of every boundary of the “box" and the enthalpy budget
in the “box” in the cases with torrential rainfalls in Shandong
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B R IR . Lol A LR 12 1 S
BRER 35° N 1 40° N @1 BB 1ISSE @ 12 FE# RWGHA KEKK 6 s
EORORVAGE RWAM WAEA RWAE RWAGE HMEA AR REE
RO/ RO/ ERCD RO/ RO ERGD O/ ARG BARD
0 /7)NEsf —1.1 143. 2 142.1 174.4 —298.5 —124.1 18.0 0.0 0.0
6 /NAF —7.9 138.6 130.7 208. 5 —313.8 —105.3 25.4 130. 3 130. 3
12 /it 73.7 55.7 129.3 170.1 —272.0 —101.9 27.5 158. 6 288.9
18 /it 131.9 —13.3 118.6 230. 6 —328.7 —98.1 20.5 143.9 432. 8
24 /i 197.0 —11.3 185.7 193.4 —298.0 —104. 6 81.1 304.7 737.4
30 /]Nif 201.7 —114.6 87.0 239.0 —299.0 —60.0 27.1 324.4 1061. 8
36 /]Nif 231.4 —166.5 64. 8 280. 3 —298.3 —18.0 46. 8 221.7 1283.5
42 J/NEF 194. 2 —138.4 55.8 323.6 —354. 3 —30.7 25.1 215.8 1499. 3
48 /NBE 163.5 —32.5 131.0 291.2 —367.2 —76.0 54.9 240.1 1739.4
54 N} 88.4 16.4 104. 8 274.9 —366. 1 —91.1 13.7 206.0 1945. 5
60 /]Nf 0.4 114. 4 114. 8 233.7 —356.7 —123.0 —8.2 16.7 1962. 1
66 /)NHf 8.3 74.4 82.7 251.4 —326. 3 —75.0 7.7 —1.4 1960. 7
72 /NI 61.3 19.2 80.5 239.7 —310. 2 —70.4 10.0 53.2 2013.9
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Table 9 The water vapor flux of every boundary of the “box” and the water vapor budget in the “box"

in the cases without torrential rainfalls in Shandong

R AR A K IR A R

CRER KR O

BRER 35° N %1 40° N @ ?g%f 1I5°E #1 122.5E 3 ;{g%f RS 6 /it 2
CULIES NI PNTIE L SO IN S UNTRNCIA ORI ST TS N
H#(kg/h)  #(kg/h) I 7 (kg/h)  H#(kg/h) b ' (kg/h) A (kg)
0 7N} —8.0 —12.3 4.2 40. 0 —33.7 6.3 10. 6 0.0 0.0
6 /NEf —1.5 0.8 —2.4 44, 8 —43.2 1.6 —0.7 29.5 29.5
12 /et —5.2 —10.9 5.8 31.2 —34.9 —3.6 2.1 4.2 33.7
18 /i 24.8 18.9 5.8 63.9 —44.1 19.8 25.6 83.3 117.0
24 /NI 16. 6 13.9 2.7 40. 8 —43.3 —2.5 0.3 77.7 194.7
30 /Nt 6.9 18.4 —11.6 59.4 —58.5 0.8 —10.7 —31.5 163. 2
36 /Nf 4.0 5.8 —1.8 37.3 —39.2 —1.9 —3.7 —43.4 119. 8
42 JNEF 23.0 22.4 0.6 56.4 —43.6 12.8 13.3 28.9 148.7
48 JNEF 15.0 11.0 4.0 46. 6 —35.2 11.4 15.4 86. 2 234.9
54 /NI 17.9 21.7 —3.7 63.5 —46.5 17.0 13.3 86. 0 320.9
60 /]NEs} 24.1 9.1 15.1 41.6 —39.2 2.4 17.5 92.2 413.1
66 /]Nif 29.3 23.4 5.9 58.9 —52.7 6.2 12.1 88. 8 501.9
72 /Ni} 24.6 3.0 21.6 28.2 —42.7 —14.5 7.1 57.8 559.7
F 10 Joam B B B XU R A AR AR A 0 S I B A SE R R P A IR BB R S (X 10™)
Table 10 The enthalpy flux of every boundary of the “box" and the enthalpy budget
in the “box" in the cases without torrential rainfalls in Shandong
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B T - Lo 4 L E S A S
ARER 35" N @ 40° N @ midb@ AR SSE W 12 5E# KNSR fRKE G 6 et B
BRI RGAE RWAE WA RRAE RWAE WA OAER N
B0/ RO/ mEOD RO/ RO ERGD O/ ARG RARD
0 /7)NEsf —69.6 117.3 47.7 325.3 —350. 8 —25.5 22.2 0.0 0.0
6 /NAF —63.1 71.7 8.5 364. 3 —388.0 —23.7 —15.2 21.2 21.2
12 /N —108.2 132.7 24.5 323.6 —365. 1 —41.5 —17.0 —96.6 —75.4
18 /it 56.1 —81.8 —25.7 440. 3 —405. 6 34.7 9.0 —23.9 —99.3
24 /N 54.7 —29.8 24. 8 378.6 —389.9 —11.4 13.5 67.5 —31.8
30 /]Nif 13.6 —25.4 —11.7 456. 5 —463.7 —7.1 —18.9 —16.2 —48.0
36 /)Nt —4.6 17.6 13.0 379.5 —394.5 —15.0 —2.0 —62.7 —110. 8
42 J/NEF 114.6 —131.4 —16.8 447. 6 —426. 6 21.1 4.3 6.8 —104.0
48 /NBF 110. 7 —116.5 —5.7 434.7 —411.0 23.7 18.0 66. 8 —37.2
54 /]Nif 130. 6 —147.8 —17.1 490. 4 —492. 2 —1.9 —19.0 —3.0 —40. 2
60 /NI 165. 7 —101.0 64.7 398.3 —429.7 —31.4 33.3 42.7 2.6
66 /N 202.2 —170.8 31.4 472. 4 —483.4 —11.0 20.4 161.0 163. 6
72 /NI 165. 6 —64.2 101. 3 348. 4 —422.6 —74.2 27.2 142. 8 306. 4
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B A EAR A 2 R T .

(6) £ L1 7R TG I8 B B 2 W 1 B 0 % i B
Wi 4 500 hPa 9 PG XS PR ok, HLAm e . PE U
MR DR AL SRS R Y DR B R AE 357N LA
LA . & KBRS P9 A7 W10, 75 R A8 45 °F B,
£ RUHR L BRI B 2R T AL Y D R XL AN 4
FFTE 30°N LAES iy Hh X,

() TR AR b2 “F A" B K R R I e 1Y
WS R DL A B R AT SE AR T I B RUE B
12—48 /NIF A2k B T 35°N R F K 1 KR
RN AR I A A o 1L AR TG s B A OBE R T
i, R A KRR B RE A R AEF /.
WG AT DAIE B 1L 7R A 25 T B R Y £ AL B Y
KR AR RE R A B V)RR
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