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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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Table 1 Annual days of heavy rainfall and severe heavy rain-
fall in Northeast China during 1990 - 2005

£ BRWER KBWHAEK| FH RWHE KEFHK
1990 5 1 1998 10 7
1991 5 4 1999 2 2
1992 5 4 2000 3 2
1993 1 0 2001 6 5
1994 11 7 2002 5 2
1995 6 7 2003 B 4
1996 9 4 2004 6 4
1997 6 4 2005 5 5
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Fig. 1 Station distribution in Northeast China. The rectangle

denotes the area of Northeast China
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Table 2 20 cases of the long distance interaction between typhoon and westerlies zone systems
ZUWAK RUENARK RAWRER
A st ] (>50 mm)  (>100 mm) /mm EM ALK
1 1990 - 08 - 29 7 0 85.4 & X5 AR AR IR B A AR
2 1991 -07 - 22 22 4 132.3 B RS RAARIREEE B A A
3 1994 - 08 - 06 14 6 188.7 & K55 7 KU B R A
1994 - 08 - 07 10 2 152.0
4 1995 - 07 - 25 11 3 144. 9 G RSP K G B A AV
1995 - 07 - 26 19 2 119. 4
5 1996 - 07 - 23 5 1 123.9 B K5 AR AR B e B AR A
1996 - 07 - 24 11 1 118.8
6 1996 - 07 - 29 11 2 136.8 ARG RIURRZER M EER GRIENEMREHHA S0
7 1996 - 08 - 10 7 0 71.8 B RS RIR IR B A A
1996 - 08 - 11 12 3 271.7
1996 - 08 - 12 6 0 68. 4
8 1997 - 08 - 02 7 1 103.7 & IR 5 75 XA i B s A LV
9 1998 - 08 - 05 22 2 118.5 £ M5 AR AU I8 T B B A EAE
10 1999 - 07 - 31 5 1 162.5 £ L5 G XU i B B AR AR
11 1999 - 08~ 10 14 3 134.2 5 B o TE B T SR L 79 SXURS i B B A L1
12 2000-08-09 5 3 188.7 £ L5 1 XU 7T B B A A P
2000 - 08 - 10 9 0 99.7
13 2001 - 07 - 04 13 2 100.1 & W5 X A e
14 2001 - 07 - 26 6 1 101. 4 BRE RIKIREE R M EAER
2001 - 07 - 28 14 5 244. 4
15 2001-08-17 5 1 109.0 M5 AR AR I8 B B M AR
16 2002-07-23 7 1 102.0 ERE FRAR T s E A
17 2003-08-06 20 3 165.8 & M5 AR ALK IR I B B A B
18 2003-08-22 13 2 110.7 & K5 78 KU L 05 B A 1R A
19 2004-07-30 7 0 74.0 & M5 75 XA L PR B A LA
20 2004 - 08 - 28 13 2 140. 9 EREHRIEREEEREER
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Hr I 0 ) T 9 B L R T B e IR 55 IS AR
. FEREENFIMRKBLA, 110°E~120°E 2
i, BEE & XML L, 8l&ERRILH, 130°E 4
B 5880 gpm LRI E 40°N LUt &I 5K 7
B G RZEIE R — A& R MRS &, %
KIEKEMREFEIL., R, ER&ILHE.

X &R, RERRSEE /A ILEY17,
REXATRTER, &, K522,

MEETTRE (K 2b) fTLAES], TR
&R S XK EZ FBZE R EER, BT
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LXK R B & KA S5, AR w5 5
2 TR G KK 5 3 22 6] DR 7 s T K
R dtasl&, B Sk XA s <
AfaE, M ENMER EFES A, XX
HHERFHREXRREA LR, ML R R
BW L.,
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B2 (0 ERSENEZESHEERRSBERNSN MI1994 48 A 6 H). FRARR 200 hPa FRH=40 m - s THF R A
Wits KRR 850 hPa FHMINE =12 m » s ' WMRZ RN L4 500 hPa FHAR (Bfi. gpm); HERFIR 500 hPa LHYGMEL (4
fit: 1075571, (b) 19944E 8 A 5 H 208f~6 H 20 #f 24 h &

Fig. 2
1994). The vector is the jet at 200 hPa with speed == 40 m « 571,

(a) The composite synoptic pattern of the long distance interaction between typhoon and westerlies trough (the case on 6 Aug
the barb is the jet at 850 hPa with speed 2> 12 m + s7!; the solid line

is the geopotential height contour at 500 hPa (units: gpm) ; the broken line is the vorticity contour at 500 hPa (units: 1073 s7!), (b) The

24-hour precipitation between 2000 LST 5 Aug and 2000 LST 6 Aug 1994
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ERRUE R RER, BAERHHATE PO, BT
XML, BlEAERAME, 6X—&E
30°NLALBITF A6 BP0 AE I 2R, BLfG, mTR=
SRR A, G KU 18 e 28 O 2 i 4 B i Al
FEP XU I IE R A AR SE P g B, K2
850 hPa b & WA sl RECKIKK KT, RFX
FEEGNXE, BMEXMBmMB. xR
MG X rRERFHIFRKRSS, BEEHN
WA GAlE) RFEHH LG ERRWAE
WEh s, BAVIRBMEEEMSE, 5 -KARK
B, BREEEREARWAFAKR, BEES
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Table 3 16 cases of the direct interaction hetween northward typhoon (or vortex] and westerlies zone system
- Japip=t T A BKRHE
A i ] (>>50 mm) (>>100 mm) (mm) L AES
1 1990 -07-07 14 2 108. 1 PAbRRAE b S RIS AL AER
2 1990 - 08 - 22 6 0 94. 8 & WAL b5 P8 W LAE
1990 - 08 - 23 6 0 77.0
3 1991 - 07 - 29 20 5 165. 5 BRI L SRR LR
1991 -07 - 30 12 1 100. 9
4 1994 -07-13 17 10 225.1 &R 578N E 1T
1994 - 07 - 14 6 0 85. 6
5 1994 - 08 - 08 8 2 170.9 BRAL B SPERE M e
6 1994 - 08 - 15 6 0 81.1 GRIL | SE RV
1994 -08 - 16 23 10 188.9
7 1996 - 06 - 30 5 0 69. 7 TLHESEDL B 5 RIS IR B /R M
8 1996 - 08 - 03 6 0 90. 9 BRI CS/RAEEEER
9 1997 - 08 - 20 14 172.8 XA E5E R EER
1997 - 08 - 21 25 10 157. 1
10 1997 - 08 - 31 7 0 82.0 & RAL b 5578 XU A AR
11 2001 - 08 - 02 9 2 119.5 TLHEAUREL b S5 T A AR B
12 2002-07-13 5 0 66. 8 R B S AR R EER
13 2002 - 08 - 04 5 3 212.9 XL B SRR TR
14 2004 - 07 - 01 6 2 134.2 G R b 5 RAEIRA B AR A
15 2004 - 07 - 18 7 0 83. 6 FHAL AL b 5 7 KU #E B A
2004 - 07 - 19 7 1 140. 2
16 2004 - 08 - 03 7 1 121.8 & XL b L5 7 XUAE A B

“9711 7 &K F 1997 4F 8 H 10 H #&
(15.4°N, 153.85°E) WP RV-EHF AR, &
S PR Y 75 RS Bl HE S W AR A R AR A X, 8 A
18 H (& 3a) fEHfILA %M, Saksedt . K
FREIE A B AL, 5880 gpm AL E H A
MR EAEEE S —, BIEAZKAT 35°N, KW
IR XA F T3] 36 KAgIL . 500 hPa R HE
FIEALF 120°E #ghL R —Ib i — KIE— & fy4dt
5RE, ZENF B ARB G &R E &SR,
JEH ST, R E 30°N T, dhAd R
RATEHEMRERN (A 3b).

2B RAGMH B RZwm, & X b g
R R, 2%%. ik, F8A 20 H
00 i (HMAHEAR) EAEH, B 1apyRKIH
AEEER, BEEGNKESAREEZEH,
BERERHAEGREENRT, EHLEE—
mgdb i i & KB, B S RIS 2 8 B AR B XUE

MU EOR 6 R RE 20 KRN EES
KB ARNGEE., BEL2WMA D RAN RS
BOUE AR AR IR B3, BB SR
LiC. RE2WMBIKIREE U RER EH B0
B, AREEEER—-FZBZ2WHET (K 4b),
HPAREMLTAEBHIA 7 KT 100 mm
KBRAX.

BT 2 AN RV RS, U
FOKRMBER M HIE, H158 6 XEERIKEXS
FrhnigIfa ARk, 8 A 21 H 00 & (BhiE - RED
ERBEBARIHK, JFERAM T HA S ME &
BT, KAMEMIRE KT 2RI, K
IREZRB & XAKES 8IS 2 B P9 p RS &R
WiE (FSa). HTEEEXEEAEEE S
WBBH X BN, WEBRZELTHELRE (H
5b), FHAKEEM RN, X H B 100
mm L B REN .
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Fig.3  (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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Fig.4  (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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(a) The same as Fig. 2a, but for the direct interaction between typhoon and westerlies trough (the case on 21 Aug 1997); (b)

the 24-hour precipitation amount between 2000 LST 20 Aug and 2000 L.ST 21 Aug 1997
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B7% 200 hPa b, Fdb# X kb T 76 XA AT,
AFAMEESSHEE, 500 hPa FFXBERAE
AREE, WIUIMRBBISEERI, £, WEH
X &4 ] fEA v XA AR, ARHESHBR L
HEHEEMNERL, BREEEEER TR,
BB AL E — BRI, JEERERE E A 40°N #
X, GRESEEZRAERERX, »EMERE
HARBIRARIL, FPERW. KEAR & a0 —
AR R 2R, KIRNEERSER, &
MBI T RS RTE RIRECS, FBALRIL, 5
BHRMEARTLZRE, MRRWHBREMEE.
SR TR A R ERIAE &, 500 hPa EFE,
AR A RARR, K2 WK IRRS KX 2
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(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-

A 164 (RFELD.

®4 16 MEEREAH
Table 4 16 cases of the heavy rainfalls associated with low
trough and cold front

REAH BWEHSE BAWE

AN B 8] (>50 mm) (>100 mm) /mm 4%
1 1990-07-31 5 0 93.3 4%
2 1991-06-28 7 0 98. 4 1%
3 1992-07-21 11 1 154.5 1%
4 1992-07-26 7 1 132.9 3%
5 1992-07-29 9 0 95. 4 3%
6 1994-07-04 6 0 89. 2 2%
7 1994-07- 08 7 0 79.0 2%
1994 - 07 - 09 13 2 112. 4
8 1994-07-28 6 1 108.1 4%
9 1995-07-12 8 0 71. 6 3%
10 1995-07-15 16 1 108.5 1%
11 1995-08- 04 7 2 104. 8 2%
12 1995-08-07 13 2 170.0 4%
13 1998-07-24 5 2 177.7 1%
14 1998 -08 - 23 6 2 125.9 2%
15 2002-07-31 6 0 74.9 2 3%
16 2005-08-17 14 0 74.5 3%
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FEEAAEHAR TR, M8 4E2WH, W
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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 1.ST 7 Aug 1995

ZENBEES, RERRAHE; 500 hPa f12H
W AFE, SRR E, H5HEERHE
%, dlEwmdt, BREMBIRIL; KRESEAR
HERILA—HEKE/DMEE, ERGHES
S 7 U X7 0 3 2 (B T B P b XURT R RE XL )
A, WRBWEES, BIEEEEREE R
R=A%, BRERES AR ELIEBESW,
R RTEERNRMOKRMEER. RS 2
A (4 K, RS, H 2005 48 H 12
HARI M X BRW S SHGERE 281, BRKEWE
174.2 mm, $EARL T T 3388 K0 Bl 9 Bt K K 5
T DA B A LR AT

BWE AR, 500 hPa b B4R 1L MHEA
EREEA, HAMEAMNT L2 %R 1

x5 2MESUTERERNE
Table 5 Two cases of the heavy rainfalls caused by low level
shear line

BRIMAE  REHAK RAWE
A B [} (50 mm)  (>>100 mm) /mm
1 1995-07-29 16 4 147.5
1995 - 07 - 30 12 5 138. 4
2 2005-08-12 28 4 174. 2
2005 - 08— 13 9 3 140. 6

KEERRR, BIRPANTRBEHELRE. 8
A 12 H 12 5 (PRt AE B2 500 hPa = (H
92) ZREBAINLTEXNMAZW, BREEESTE
fRAbRPE, 5880 gpm £Rbf E#AME Y 5 IR, FF
PR KRN RICHXICIE /N E, #ER
59%F, HXTRKE 700 hPa (B 9b) FHISEH
EESEEZEER (7 JEXAPER XA .
B 5 AR AR Zs S0 A it 1) R L Hb DX 4 36 7K IR
XA =MRAES O (B 90, AT 850 hPa
Bl 55 FRPU R 2R AN 700 hPa ) AE L Z 4],
4.6 FILRAREER

LT 1990 ~ 2005 4F K 2T it B & it o
B, RERERDEHRIEIRT &K E RN AT
FRERRAEARES & N2 B ORIK IR B e B AL [m] 7=
AR, (BRI & XUk R R A iR 5 i i AR LK
BRERESEOAL, HH 4 (F6). XBEITE
BRI R R X R A Z MG & KNS mE kKR E
me B 7Y X RS | R 2

FIXRMIRIRBEEERI MK B4
Rt LR AR AU FE sk R 1%, 500 hPa EA A
S OB, WS (1980) XHEIRBWH MR
b, fEHARIEAR IR A DUI/R ML R, £
HEERIEE M S MR, — BT g
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(a) The same as Fig. 2a, but for the heavy rainfall caused by low level shear line (the case on 12 Aug 2005); (b) the wind field

at 700 hPa at 1200 UTC 12 Aug 2005 (the bold solid line is the shear line); (c) the 24-hour precipitation amount between 0800 L.ST 12

Aug and 0800 1.ST 13 Aug 2005
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F6 BAKRILERBEFAG
Table 6 14 cases of Northeast China vortex heavy rainfall
ZWHHAK BENSAHR BAWE
A~ A 18] (>50 mm) (100 mm) /mm 433

1 1991 - 06 - 11 10 1 143.2 3 2% 7RI W E MARTERE AR

2 1993 -07 - 28 5 0 81.5 3 2 VERUE LI RIR MTLHER AR L

3 1996 - 08 - 07 5 0 79.0 12 B MIRRHE RIS K2

4 1997 - 07 - 03 6 0 85.7 AR BREERETAVRS K@, KEAERH
1997 -07-04 5 1 110.6 BRWIBME, —HXRERTERN

5 1998 - 07 - 07 11 2 136.5 2% FHRERBR RERENER

6 1998 -07-13 7 1 138.9 3 HEAMA, RN EBRFARL, KEHESRK
1998 - 07 - 14 14 1 145.7 Bk, ERATEER.
1998 - 07 - 15 14 0 98. 2

7 1998 - 08 - 08 5 0 73.9 3% MRPHEB—KXEE M. NTEBRNEIKIRLE
1998-08-10 7 2 176. 1 FEARIHR b SRR, REFERREEILY
1998 - 08 - 11 5 0 71.9 .

8 2000 - 07-11 9 1 148. 4 3 % RIBMITHERS AR ILE LB

9 2001-06-17 5 0 66. 7 2% NEEBRIILIRHEARILGIZRT

10 2002-06-19 6 0 69. 6 4 2 FRALIRIRR T AR R DTSR E

11 2003 - 06 - 23 6 1 103.0 3% MIBMNILHEB ALK ERBRR

12 2003-07-08 6 0 96.0 2 ARHHERNIERARILTIKRT

13 2003-~07-27 8 3 111.8 128 DB R M TR AR R RT

14 2005-07-28 10 0 91.1 4 % IR IR TR 0. A KA B i I

Zhao et al. (2007b) ¥ FRILKIRIEBEZ )
a3 () WIIRBEARET mBEA
it (O MEHBEAFR T BIEXKEABAKRIL;
(3) WHMESRILHERB AR mBARIL. &
KETHRZRALRIMMERETFAES 4 FBI BB
BT ZR I H 155 5 AR e 4 010 L AR TR [ P R
mBARI, AOFFRICKR BT R L 4
KARHEHIT K.

Hrr, 1998458 A 8 H~11 H 4 RELMEW
WREFAE 3 KBBMEmAE, 2504 8, 10, 11
H, WEESERN M. BWEFARERKX,
SRABISRAE B AR 5. 7, 5, 10 HBW
REME AR A, MK RE, HREAWEXE
176. 1 mm, T EK B0 8 B4,

7 B 18 B¢, 500 hPa I 75 XK M IT i 2R 39 g i
FHER I —F, NFEFLTPHBXFEREAE
HFul, REREPOEASKESLES. WK
MU XA EEMHZESE. B+ Kk, 5880
LFEHRER X, AIUI/RBRENERE
BRI X MAEF N S A MR T, RS E

HEMEERESETE, RSHERTEEXAR,
KFENEEER—ERMA 2RI, 8 0 184,
500 hPa - JUM0 /K 8% LA 04 B B o 408 45 44 ¢ 0 R i
(4% 0L AN 7K 180 21 P9 5¢ — 4 RO MR IR AR B8 i A ZR L
X, BWXKEETRICBX I, HKRER$ O
fLFREEITFEES. 10 H 08 B P KA ME, KR+
DGR, 1% HARILRER 7 b X H 358 fE K
(B 10). 11 H, FHXMEITHEZEHILIR, 500 hPa
BT LR E SO MRARRE, L.
o, BIRZHTREIR, AR AR IS R R
FIHBEHE R, XWINETRRKREE, Wi
BRI R RS ORI X . R R,
DUARZR 83 LA 74 BH 2 =7 i #5508 3R I8 A0 4 15 O
BAEEZREM. b, RIS LA R &
HIAIRZS PR R KK U R ESF B A AR AL IX

5 IhNg

AR 1990~2005 EEZE 6~8 A WAL B2
M EHET T RIS, RAEEREARTH
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Fig. 10

(a) The same as Fig. 2a, but for the heavy rainfall caused by Northeast China vortex (the case on 10 Aug 1998); (b) the 21-

hour precipitation amount between 2000 LST 9 Aug and 2000 LST 10 Aug 1998
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A, 23.2%)5 3) EREERW 4, 1L.5X%);
O EEABET (16 4, 23.2%); 5) &K=
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A, 20.3%),

(2) & WA B B K % U B Bl A XU
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(3) B oy AR JE AR o 0 XA AT R 4 1 AR
MAFI IS (GBI 14 4, 20.3%6F0 16 4,
23.2%0), FAIRIR AT KU B AT Rt VBB
RAUMEREZMAL. MELERWNERREH
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