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Abstract

In this paper, a comprehensive analysis on decadal shift of precipitation rainfall pattern and cir-
culation characteristics during summer in North China is made based on such data as daily preci-
pitation, general atmospheric circulation reanalyzed by NCEP/NCAR. The results of the analysis
indicate that: 1) The shift of precipitation rainfall pattern during summer in Eastern China can be
divided into 5 periods, i.e., 1961-1965 with significantly more rainfall both in North China and
Northeast China, 1966-1980 with more rainfall in North China but normally less rainfall in North-
east China, 1981-2000 with more rainfall in Northeast China but normally less rainfall in North
China, 2001-2010 with less rainfall in North China and Northeast China but significantly more
rainfall in Huaihe River Basin, and 2011-2013 with more rainfall in North China and Northeast
China but less rainfall in Yangtze-Huaihe River Basin. 2) In recent years, the precipitation in rainy
season (summer) in North China and Northeast China is similar to that during 1961-1965, which is
significantly high. However, the circulation pattern is significantly different from that during
1961-1965. For the sea-level pressure field in summer, the low-pressure center in Mongolia was
located in South Central Mongolia during 1961-1965, with low pressure trough significantly dee-
pened; while it was located in Eastern Mongolia and toward North China and Northeast China
during 2011-2013, with low pressure trough significantly weakened. At 500 hPa height field, Sibe-
ria trough and North China trough were deepened but Baikal Lake Ridge was weakened during
1961-1965. Besides, the “step trough” brought more rainfall to North China and Northeast China.
During 2011-2013, however, the Baikal Lake Ridge was normal, the geopotential height of Ok-
hotsk Sea was increased, the subtropical high was located northward, and the blocking effect by
the eastern part on the North China trough was strengthened, resulting in more rainfall during
summer in North China and Northeast China. At 850 hPa wind field, southerly wind was obviously
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abnormal in East Asia and strong cyclonic circulation anomaly also occurred in Mongolian region
during 1961-1965. Wind direction convergence was caused in the west of North China and North-
east China with the southerly airflow in East Asia, resulting in abnormally more rainfall in North
China and Northeast China. During 2011-2013, however, south wind was normal in East Asia but
southeast wind was obviously abnormal, with wind speed significantly lower than that of sou-
therly wind during 1961-1965. Moreover, there was no dynamic condition created by cyclonic
circulation convergence in Mongolian region. As a result, the rainfall in summer in North China
and Northeast China is more than that under normal condition but less than that during 1961-
1965. Therefore, similar to the period of 1961-1965, the precipitation in North China and North-
east China has increased significantly in recent years, but the circulation characteristics are mar-
kedly different. A significant difference was that the southerly wind was abnormal during 1961-
1965 (namely the summer monsoon in East Asia was strong); while the southeast wind was ab-
normal during 2011-2013 (namely the summer monsoon in East Asia was not markedly strong).
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ASCFIF B B KE BRFINCEP /NCARE AT K SRS TR, XL B F MK M EER RS R LI RAT
G, ERERE: 1) REFBEZHEAKBMERTRINSATE, 1961~19655F4 k. KILH
BB L M; 1966~1980FE 41t 2 1, RILIEH /D ; 1981~20005E %K b2 W, £ILIEH D ; 2001~2010
4L, RIDF, BARBHERE: 2011~20134F4d0. RIEEZF, WERBRD. 2) ELE4%
Jb. KEEENE51961~1965FE MM, BKEHERE, EXRREH 51961~1965FEF HEARFH .

HEZ, B PHSEY L, 1961~1965%F, i {KEF O T5 & HEE8, KEEZENE; 2011~2013
E, FHEEF MM TRELRHEEL. RiX, KEHERTE. £500 hPaFFEH L, 1961~1965
£, TAFIEAE. £IuHEEE TG, JU/REBIERES. “MBsE” mEddsedt. RIEBKRE;

M2011~20134E, NH/REFIEY, KEXRTEMNASEAS, BRI, SIEZRIFEEM/ERM
e, SREERAEIL. RIEEZERARE. 7£850 hPaRXF L, 1961~19654F, KA W EIREERGEE,
FHMXABRKUREAREE, SATRESBRAEIL. RILBNFEREES, EREdh. RILE
KEFEME; M2011~20134F, REHMXLERRE, B HRRREXFE, REHE/NT1961~1965
FEREX, B LR G X ESREARE AT R A&, B, FIEEZERKBRLE
FERZ, EH0TF1961~1965%F. T, BRIEFEEIEMEIEZEKENAENLEL, 51961~19655F
KA, EFRFIHMER AR, RHER1961~1965F FRE XN FH, WHRTEEEZRNIHE, T2011~2013
SEARBRAET, METEERITH ENE.
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bt X BT 52 R RSB REI, FRKZENT A ROAY), BoKEREEPER S, A58 FRKER
65%, &k E 7R M X FFK E PR ORI — AN LXK . R E FERCR IR A —, 5R5gae bz
B, WEEREICEREREERENRE, SER™ELTFILL], KTRIEEEREREKKR LT
DUFEA ] B — B 52 50 [2]-[4]. 2T MURIZE RR[5]. iRK A A6 R B R F R S 1L E F
FEAR IR RIEAL, ISR 2 R . Bl tnii 60 AR AR b B /K B ek B 33 5 2R3 IV 55 20 Rk 55 7 R 2 PR Xf
KAR[7]-[9], BEFHE R EZEREFECFRmES, EAb X B EK SR, KRS EKEE L, H5R
B R X Pk 2L “REwi AL I AR «

S 5 N R B YIAR[10]. Sl JUEHR L E =K Bm %, FRIE “BEEidbs” iR
A S . Rk, T bR KR 2 ) 8o T IBUR R A 22 SGTE IR AR s ) 8. OGS e B Bl oK
AR SRR R KN G [1L] [12]. Tk AORSE[ISIRF TR R B,  H B AR 2 2= S AE 20 42 80 4
AR 7 — R R EARBR RS, EREE X ER. RS RAFRFEARRER, 80 UKL
Je o [ 2R P8 T 1 DX R 2R K S 4 2 o R R S S [ 14T 23— 2500 2RI 5 2 XK o 2 g K A e B A
AT, UCHEERE 20 thad 90 AR AR BREL Y, FRIE AL 77 K30 7 1 X B Z= B Kb, IR R E AR b
AT BV (8] 105°E PR/ DX 4 ik 35 b, 17 A e DX AN VR T I R K R 3 s . IF B )
B E 2B KA PR L BURRAE, B 2% 500 hPa =537 9 AN BE(1993~2009 A1 1979~1992 4) ) =18 4
A 7R RV KR AL B AE L [ BB AN G 51, 25 850 hPa 37 248 43 Aii & BILA DU R I8 25 B AN H 2 LA
b DX A7 TE A 57 S S SRR, 1T R L R 7 DRI 5 B U v PR A 38 S e N R . RV
T AGED B 3 LUK 43 v v 26 P55 V2 (1 i RN AR = RO K e AR 5 7 20 20 90 R AR W) H B 2 35 AR K,
BRI B FEARPR B R AEAE 20 20 90 ARARA],  #WT RE B 2R 0 2 2= IRAEAR R Y 11 5 A

e, FEEGREE[15]5T %) 2012 FE R Ze b [E AR FRK <R RACET” I ARRFE, X LG/ BT i 50 A )
AR [ AR K 1) o A B S RN R S S R R, S5 SRR, 1961~1978 AEHHIE], ALK-PREARER
HEI(PDOYAE T A, ARIEE ZE X Mos, VUSRI Ay m Ry, b7 X A S 0Esmes, A
FIFr A KA b, s R E AL X ZE K R R 2 s 1979~1992 4 [A] ) S AH SORFAE, 1 AR 1970 4
RA A E R IBE TR ARRAE T — RAEARER B B % . 2010 E4CGHALLSK, PDO HBRAAH ) A i A%,
2012 FFAC AP PRI S 4 R, P ST PRI B 5 IR BRS8N IR I v IRES s R T 2 KB 55
Arag, FlE EHORALSS, ALJT RGEANES, IXLRHESS S 1961~1978 MR BUREILREL, SCHRF 2012 4
1 B A3 2 2 Kk R AR AR ARBR T B 1 i A 5 AT e . 3 10 4F PDO. AR E ZEX(EASM). &l
(WPSH) A1 D13 = s (BH) DU A 48 45 5= 221 S50 48 A998 28 WU 0E— 2D U B 2012 4F [ I 7 i AR AL AN A B ]
PR, 5 A] RE SR AT TR A R At b ()P 2 B 5 AR 1

HAT, HdbPg KR 75 R AR R AN P o A SCd i 6o 3 [ 4 3 B 2= B KA AR 2 Rl b
G AT B RIS ARAEAE XS L3 AT, i — B AR L B R B K B PRI R A o
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ASCHBIPF TR 1) T E H KSR R R B SR GAE b0 BB (1 [ Y PR KA
Bh, AKCPREEE 0.5° x 0.5°, B[R] 1961~2013 ¥tk 2) KA E L. #iH NCAR/NCEP F 4 #r )iz H



EAL B T K TR A G407

PR 55 B RH[16], KT A&IE 2.5° x 2.5°, I [A] 1961~2013 4, & H % & i T < L. 850 hPa 7K1 X
. 500 hPa =157 .
AT BT 7R R EAA G bT . BRI A R M T

3. LB FATH
3.1. fEbEFKEREREN

DA SR FH 3 s B R A AL R KR AL, T AT R 2 DA —3, BOKE M X B RN ZE, &4
WHN A ZER . # KGR LVRAMZGREE,  BE 08 AR 5 1 73 At DX IR /K B R AR A8 . A bt
X B Z=Rr K5 AR b X 2 =K 8 BRI R — 80k, o S i H X 2R B K AT e B B AT ik
£ X 38 (110°E~120°E, 35°N~42.5°N) & =P AR KL bt X B FF K&, % £ X 3 (120°E~130°E,
40°N~50°N) E F P IER R R ILhIX R BFKE. & 1 2RhEFRKERMER. TUUES], o
X 5 Z= K84y 310.7 mm, AILHLIX )y 351.3 mm, b/ T4 k. 1961~2013 4EEAL 5 R I P E
K BRI A TS~ 1961~1980. 1994~2013 £EAR(VIE A —Hff), 1981~1993 EHHhAs 1k
AR . PHLFE K FARSR B FHERRIR R tH, HJb7E 1963 R )5 1977 FFHT)S . 1995 4 i f5 F1 2012
FRIEHILT 4 DMROKE, AR, TR EE R KR AL KA, RKEILFRK
HIES D

NI i 2 AR AR B =K ARSI, H 3R E AR AN R 46 B 2R /K 110°E-130°E 4hiZksk
P, FERIARFEFEMA RS ERE KRN, REFENES 1981~2010 F-FIMEM E 7, 1E4E—
B[] T L] 2). PTAE 2, 1961~1965 44k, ARILEWIE 2 W; 1966~1980 L LW, RILIER
P/ ; 1981~2000 4E A L% /i, HALIEH /b ; 2001~2010 4EHAL . ZR A6/ R, Wl I B &AW %2 5 2011~2013
AL RACEZ W, TR D o (TR 2, 76 1966~1978 FEAAb B/ i 22 i IE 47 K VT i 8w 2>,
1993~2002 FAKIL F kKR . MIX BT LG R, HFILEFRFEKE SR, s, KILF
Wb K E ARG [ e IR N O &R, (B R dR B/ A AbBImE . g BRI s i, WE 2
2. Rk, T UVERN AL RACBEKEZ, ZEHEARE . R BAAER AR AR, 1T
s 2 N AL AR IE— X AT

3.2. #£ItMEFETHL

b B Z= B K BAFAE AR AL, 0 AN [EI B B 2= A A0 R AR QT 2 14 3 /2 110°E-130°E Vi [HliE
H Bk A FE - i R T . 75 24P B (] 3()), 5RF%/KTE 6 H H A LLRT, FEAR#MA T LA
FEHLIX s 6 H o NI BT, SRR — P nss; 7 H T A AR BT, KV K 5
SR 7 A, HEITAEER PR K Ak SR 4ERE, AR 35°N LAILFE /KIS Insg, A lfEsedt. ARk
MUK G 7 AR 8 Aa), MERIEE K RIS, KILmEg A m>, b, RIb4
FEZBEACIRAS: 8 H M, ik, RAGHEFEK PO IIRIETIH K, KILRBFKA FrnsEE i 8/~ T 6
HEKILZ K B E; 9 AaIUGE, BRERBEKEEIRER D> . aTCUES], 5:pEKHOHRILEE
FHIT . FRENERRAN SRR, mARdt. ALK O AN I B v A HE R Y, TR A ATk
BRIAR BN, XULAEAL. RIEE Z XK S KT e e = 2 5 K A AR /T R BT AN o« X
1961~1965 EHL. ARILEZBEK ML B4 3(0), 4~6 F, KILLARMHKIL R K B B, 7 A
AR AT G B & DR X, KT ISR Pk SRR W0k 5S, edbB KT i meE; 7 Hhdy, 4
Jb RACBEK BT RnsE, ERIRsR KR 4ERE; 8 H R, b, ARILIRFEK AR &, R
SRR AR St TS % 8 ARE 9 A, WEARMPBAEARHEILTT . SMKE, IR, K
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Figure 1. The curves of change against time for the summer precipitation
in North China (thick line) and Northeast China (thin line) during
1961-2013. Dashed lines are their precipitation means respectively.
Unit: mm
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Figure 2. The latitude-time profile of summer precipitation range in
110°E-130°E. Unit: %
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Figure 3. The latitude-time profiles of changes in daily precipitation range in 110°E-130°E. Unit: mm
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7 AT, VERRUECH LR K, KT s, el ARAbt B e KL, 8 A
T, ZRAESRFEAKIRESTE A 9 AA, HRALIREE KRS s 9 R A, EEAT RIS KR ST Ok, BRIE
RERFIZESE A . Raleok, Wik 5~6 A smffKAr Bfwdt, X, R ZEA0s) HlmpEK,
BEKEMmZ; b RACH TR B WAL R R A28 A JE R, fedb, ARbsmpeK
JUT-RRAR. FIRF B T UEEIE. RIERZEY 1961~1965 £, HEFFKEYEHmMZ, 25
WAL E RO A TR IR 7 XA R AR B 2 A PR AR X B 23 #

4. fedePEk ¥ BUERRAFAE

R/ AR BT KB KRB R FTHIE3N . Az el B v s TH T T i)« 7KVARIR 2 /05 850 hPa
JEKIEEEA R, T EFHEE S BRI e A O, KRR, i O
IR . R AFIIR v R, MU R vl iE R & A28, s Bt r] i AR E
A ETHES. Bk, R E SIS UE . 500 hPa B, 850 hPa /KT K728 4k #EAT R L 23,
UG IR AT KV S5 A0 A0 7 Th i AR b B Z K R 5 R AR TR,

4.1. BEESESTL

LTS [LTRF TR H 5 AR RS 5 Hp G 43 Hb X, 4t wp KT R b X B 7K R a2 K
Mt —ARIR T RS AR AR KA S I E 2R B AN [F] AR, T A T X RN [ 1 2R
{1 7 5 AR A A A R T R R e X R 5 (58) A 2 R I E R K 2D (2) . RABOG TR SEAR[18]0F 7T
B, R ZE NGRS REE WA E ARG IR NG R, mEEXE, EEWHME SR, $HE
ZNEE, EEWWALE D M. £ZX 1960~1978 F sk, 1979~1994 EffF5; i & 22X, 1956~1966 4
SRAS, 1967~1987 4325, 1988 4FE LU A BRI, L RMAHIEHI Z . ATV R A
JARITE 25 X1 184 530 Rk 55 AH S 8 Ak (e 34, HOE 20 SR IR AME TN 45 . — 228 0 IR 738
B SRR, A [19] (2013) N AR A B R RVENIFA S AR . RE ML, A4S
BN IAAEEVI R, ARl KRR 2 ARG S R, AR ER, dmm
JE R ZER RS, A E AR FERK R AR, £AFREEENHRARAHLZE HAEIE,
HERENRAAZNIE, FERE.

K 4 RAFGFIHAS RS E2FF3 (A 4(0)), ST —aKmEE, SO T 50 aEs,
TS 5 BN [ b L R A R SR 3R L X R 1961~1965 4F A6 AN 45 b B 2= K B B4R 22 1 v (14 4(D)),
RIS I E 5l L X O I S IE BRSPS KR AR 28 S0 2R AL, 3 R %l 7 R O AR RS B 5 R,
SRPEANGE . X 1966~1980 “FEHE L B 2= [ /K M 22 155 0L (<] 4(c)), PEARAINE I X HY S0 WY 2 AERE -, 3 RS
FEFER, M 1961~1965 - 5¢ i iR 2158 o PHE,  SREEA PSS . X 1981~2000 AR 4k B Z= B K
ZEI(E Ad), FEmEEAE. W IER. XN 2001~2010 4L E R KU B AR5 05 4e)), T
RN X LB AR PRSP, St s A T 58 A P, SRAE IR . X 2011~2013 fEAEAL R AR L E 2= %
K2 IEGL(E 4(F), 50°N LAALT KX FEAE G BB IEFEF, b it R IEREF, Sl E &
FEARBBNZ G hES, PR TINGE, 5 1961~1965 I HAHALL.

B, UL E =% K R 2 47 (1966~1980) i/ 4 (2001~2010)1M &, 5¢ i e He 2 FEE AN AL B 22 7 A
K FREAL T 52 U ER, SRR AR —FE(E] 4(c) [E] 4(e)) o X T HEAL AN 25 AL B 25 (4K [R] IR 22 4F.(1961~1965,
2011~2013), Zdim RO T, AR, (HIEFA AR 40b). E 4(F). Bk,
A R LA T 5 i ELR s, BT R AR AR I TT RE R B B K R 22

K 5 R BT AR . 2T E(5 5(), FEREEREARIL. IR, Fo
KT 1006 hPa, E[1JEE PG AL 35 A 57— e HCs o X B 1961~1965 4 A b Al 45 b B Z= B /K B 454 22 15050 (11 5(b))
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Figure 5. The sea level pressure fields in the summer, shaded areas for anomalies. Unit: hPa
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Figure 6. The 500 hPa height fields in the summer, shaded areas for anomalies. Unit: dagph
[£ 6. EZF 500 hPa &E17, X AEF. B dagph

BL(E 6(c)), PEAARINEHL X N 7 B, 3 R P AA R AE INER, 10 DU R 1 AR A B L SR AR A
Ko XFN 1981~2000 4F 4 AL E KW L KL 6(d)), MEAEALE . 3T EF% . %M 2001~2010
SEAEICE ZE R K R D B L 6(e)), PEAAARDEHLIX B 2 A7 P F,  DUIZRALIX Jy 235 IEBE ¥, 11575
AR & A B R, DUIZRE SeH sk, Adbif m e 7 FYOERL X, IR 34— 5 Th BELIE T PEAE
F A b em, AedbAl o B 0mrg, RREs 7oA, ARdb X S G R BT, BROK
KA, FCL, HZ=RRK BB B fw/b . %R 2011~2013 424G AR A6 Z %K i 2 G245 100 (14 6(F)),
R ADE I AR AL SRR B B IEBE 7, UMK AT 1B, S AR s S A iR R . Ak S iR
Jb4h, BlE AL, A3BBRESAE A s, X R HAA R TR, RICE ZREKRZ, EXRREH S 1961~1965
FEAA

B2, HACE ZE K 22 2 BT PR AE R0 = 2SN, 10 DU ZR 51 S Sk s 2o 1 i i (7 6(c))
b B =K /4 E T DU RS DR ik, BEL Lk 7 AP R s 25 R o A B IR o, [R] I At b o 2 Al
B, s T xRk, ek Z 3 BT A, SRR E R D (K 6(e)). 2011~2013 fEAETL,
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2011~2013 (14 6(f)), BRI H LR # 9 IEEE, SR8 Roai IERE-F e, DUN/RBE RS, &lE
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4.3. 850 hPa R3HTE4k
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Figure 7. The averaged wind field (a) and anomaly fields(b, c, d, e, f) at 850hPa in the summer. Unit: m-s*
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