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Characteristics of Heavy Rainfall in Northeast China since the 1990s

MENG Qingtao' ?, SUN Jianhua'!, and QIAO Fengxue'

1 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029
2 Graduate University of Chinese Academy of Sciences, Beijing 100049

Abstract The heavy rainfall cases in Northeast China between 1990 and 2005 are classified by utilizing the daily
precipitation data at 730 stations in China and NCEP grid reanalysis data from 1990 to 2005. According to the crite-
ria that in Northeast China there are more than five stations with daily precipitation amount more than 50 mm in 24
hours, 69 heavy rainfall cases (totally 90 days) in Northeast China are selected between 1990 and 2005. Based on
the statistics, the synoptic systems and large-scale circulation related with the heavy rainfall cases are studied fur-
ther. Considering the interaction among blocking high. tropical and subtropical systems, and westerlies, the main

impact systems for the heavy rainfall cases are approximately classified into six types: (1) The remote interaction
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between typhoon and westerly systems (westerlies troughs, vortexes in Northeast China) (20 cases, 28.9%); (2)
the direct interaction between the northward landing typhoons (northward propagating vortexes) and westerlies sys-
tems (westerlies troughs, vortexes in Northeast China) (16 cases, 23.2%); (3) the heavy rainfall caused directly
by the typhoon (one case, 1.5%); (4) the heavy rainfall associated with low tough and cold front (16 cases,
23.2%); (5) the heavy rainfall caused by the low level shear line (two cases, 2. 9%); (6) the heavy rainfall caused
by vortexes in Northeast China (14 cases, 20.3%). 37 cases, more than half of the heavy rainfall cases, are associ-
ated with typhoon. The typhoon’s long distance moisture transportation or the interaction between northward mov-
ing typhoons after landing and westerlies systems are still important circulation conditions for the occurrence or per-
sistence of the heavy rainfall in Northeast China. Furthermore, there are also plenty of heavy rainfall cases caused
by vortexes in Northeast China and westerlies trough, both of which could be classified into four sub-types. The
shear line of the heavy rainfall with low-level warm shear line is usually obvious in the lower troposphere. The analyses a-

bove indicate that there are various kinds of heavy rainfall in Northeast China in summer and the circs are complicated. Fur-

thermore, the rainfall in this region has been active since the new century and worthy of further research.
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rainfall ahead of westerlies trough, shear line
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fall in Northeast China during 1990 - 2005
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1992 5 4 2000 3 2
1993 1 0 2001 6 5
1994 11 7 2002 5 2
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1997 6 4 2005 5 5
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Table 2 20 cases of the long distance interaction between typhoon and westerlies zone systems
M B AL BoR
Al i} 1] (>50 mm) (=100 mm) /mm A EEN
1 1990 - 08 - 29 7 0 85.4 AR ARG B B A A
2 1991 -07 - 22 22 132.3 AR AR AU B B AR A
3 1994 - 08 - 06 14 6 188.7 B 5V XUR Sz B B A AR
1994 - 08 - 07 10 2 152. 0
4 1995 - 07 - 25 11 3 144.9 & X5 7Y KURS Sz BE 5 AH HLAE
1995 - 07 - 26 19 2 119. 4
5 1996 - 07 - 23 5 1 123.9 G KGRI P 2 A BAE
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7 1996 - 08 - 10 7 0 71.8 B W5 AR AR I8 P B A B
1996 - 08 - 11 12 3 271.7
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11 1999 -08 - 10 14 3 134.2 B XU J5 T J80 A L SR b Pu XU 2 B s A LA E
12 2000 - 08 - 09 5 3 188.7 B 5 P XUR 7 B B AR AR
2000 - 08 - 10 9 0 99.7
13 2001 -07 - 04 13 2 100. 1 G A T XU S B A AR
14 2001-07 - 26 6 1 101. 4 B RS AR AR 2 2 B AR A
2001 -07 - 28 14 5 244. 4
15 2001-08-17 5 1 109. 0 B W5 AR AR Iz P B A B
16 2002 -07 - 23 7 1 102. 0 B W5 AR AR Iz P B A B
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Fig. 2 (a) The composite synoptic pattern of the long distance interaction between typhoon and westerlies trough (the case on 6 Aug
1994). The vector is the jet at 200 hPa with speed == 40 m « s~ !, the barb is the jet at 850 hPa with speed == 12 m * s~ !; the solid line
is the geopotential height contour at 500 hPa (units: gpm); the broken line is the vorticity contour at 500 hPa (units; 107° s~ 1), (b) The
24-hour precipitation between 2000 LST 5 Aug and 2000 LST 6 Aug 1994
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Table 3 16 cases of the direct interaction between northward typhoon (or vortex) and westerlies zone system
22T S A 22 T 5 FORM &
A1) I} ] (>>50 mm) (>>100 mm) (mm) EAES
1 1990 - 07 - 07 14 2 108. 1 PidbiAdL B S RIS A EAE A
2 1990 - 08 - 22 6 0 94. 8 B AL 5 P R AR AR
1990 - 08 - 23 6 0 77.0
3 1991 -07 - 29 20 5 165.5 B XA E SRR AH EAE
1991 -07 - 30 12 1 100. 9
4 1994 - 07 - 13 17 10 225.1 B AL 5 PR AR EAE
1994 - 07 - 14 6 0 85.6
5 1994 - 08 - 08 8 2 170.9 G R -5 G XU A A
6 1994 -08-15 6 0 81. 1 B AL L5 P XA R A ]
1994 - 08 - 16 23 10 188.9
7 1996 - 06 - 30 5 0 69.7 TLUEACEAL - 5 AR W AH BAEH
8 1996 - 08 - 03 6 0 90. 9 B AL 5 P R AR AR
9 1997 - 08 - 20 14 7 172.8 B R 5 1 XU AR T AR
1997 - 08 - 21 25 10 157.1
10 1997 - 08 - 31 7 0 82.0 B XL 56 KR E AR
11 2001 - 08 - 02 9 2 119.5 TS b5 v XURE AR B4R
12 2002 -07-13 5 0 66. 8 GRAE B AR A EAE
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14 2004 - 07 - 01 6 2 134. 2 B G ARACIRBAH AR
15 2004 -07-18 7 0 83.6 PYdbiR AL b5 PR AR EAE
2004 -07 - 19 7 1 140. 2
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(a) The same as Fig. 2a, but for the direct interaction between typhoon and westerlies trough (the case on 18 Aug 1997); (b)

the 24-hour precipitation amount between 2000 LST 17 Aug and 2000 LST 18 Aug 1997
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(a) The same as Fig. 2a, but for the direct interaction between typhoon and westerlies trough (the case on 20 Aug 1997); (b)

the 24-hour precipitation amount between 2000 LST 19 Aug and 2000 LST 20 Aug 1997
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Fig. 6 (a) The same as Fig. 2a, but for the heavy rainfall directly caused by typhoon (the case on 8 Aug 2005); (b) the 24-hour precipi-
tation amount between 0800 LLST 8 Aug and 0800 LLST 9 Aug 2005
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Fig. 7

(a) The same as Fig. 2a, but for the heavy rainfall associated with low trough and cold front (the case on 6 Aug 1995); (b) the

24-hour precipitation amount between 2000 LST 5 Aug and 2000 LST 6 Aug 1995
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(a) The same as Fig. 2a, but for the heavy rainfall associated with low trough and cold front (the case on 7 Aug 1995); (b) the

24-hour precipitation amount between 2000 LST 6 Aug and 2000 LLST 7 Aug 1995
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Aug and 0800 LST 13 Aug 2005

Fr3 RULE, SPUILMPU R AR, ARIEWin BRI ARH B . H S e v R A RS
MR, T HRRIEMSIERSE. EXIEAR BB RS, Wi Erissh. I 4
AR BT, %S 200 hPa AR ARALHBIX —JBEs2 2R AERJZ R e P 00 9 fi Pl RS 7K P P T
PEXCE RS, mas SR AN, FEARIEART A RIZRAL . (RER MR U X B B 1 K AR RN £
RIIMsE 5 BULE VP XA S @ 2 Al )z 500 4R T E AR, AHXESR UL, AR UK B R
hPa PR XA T IR (R REeEd . M PP RERRE SR8 KILR A+
HAR I G ol XV KR e LB TR IR, R —E M ENR)E



6 1 TRV 2 20 IE22 90 PR LUK AAL R RTIL BAFAE ST
No. 6 MENG Qingtao, et al. Characteristics of Heavy Rainfall in Northeast China since the 1990s 609
£6 4AFI/BRF6
Table 6 14 cases of Northeast China vortex heavy rainfall
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(a) The same as Fig. 2a, but for the heavy rainfall caused by Northeast China vortex (the case on 10 Aug 1998); (b) the 24-

hour precipitation amount between 2000 LST 9 Aug and 2000 LST 10 Aug 1998
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M PRI X 26 (=i, LR R BN, U
AR TR ZR R R, PRV RGE A2, RE 2
WlE (Rl Wsgm BOmB 8. Ft, XARJLE
AT, NI R B R G A R

D fER T —FhEENE RS, V)42
R ) AR 28— 7E 700 hPa 5%, 850 hPa |2 I #5 K HH
o, WERR RN, DgmBohE,
Je S5 AR Z KB /N E e B 5 R Z R
P9 JERFPT R RIS, 51 & 2. BT
HFFEZ AR, Az iy s 0 25 SR 3G I 1
JE, XERYIEL OrHEEDAZ EREI T
FEA MBI RS, N2 YR,

(5) HEREIE RS G XAH W20 H 2 W
FAKERY 53. 6%, MbI EJFRIT Eh A2 db i & R
MKW E 2 (PhEARSE, 2005; T —iL 4%,
1980), fbAITHY 33 A, AKHa, BE U] AZ R
FEAEE Y 23 I (T0%) . WA T Hoad ZeiFoT 4%
HRARILFZRRNE L, A 1954~1990 4FH 5 X
PR (FEEMO 3L 24 ), SERAEAS]—
W, T 1990~2005 4F 16 4Frp, 4 37 g m 4t
X, GEit i X R /N R —8, ME L4 X B,
A TR R R, s 20 142 80 4F
RETA e, HIEEA R — Lo . X ER
T, A 21 nTfE . IR R EMIEER, i
T LR ) B AR SR 2 S R R, R, R
ARSI LA T

(6) 6 2 F TN FS RN I T A [F] 1 2§ 7 A B4
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FETH SR VL R A K. JE = 2N TG & KU
FE LA A 4 A 2 T A AR AR i 2 RN e ok
W, PIg AR RAEVE XA (R RGERVEH T =4
TR AR AUAIR I H 3L 35 R A1 4 iz < i % )
WalEd b A R, IR VIS R I,
HEZ RS FIZ. 28 Bk, 75 KR
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BRI ZR JU AR IR B2 TR . T 78 TG &5 IRUTE B it v XL
R IR BE AN o Z ARG 2 () B2 V1) A8 R T

ASCHZEFIH T 1990~2005 4FH % 6~8 H
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