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Abstract Based on monthly Global Precipitation Climatology Project (GPCP) data from 1079 to 2015, temporal and
spatial characteristics of precipitation and circulation patterns in early summer, midsummer and conventional summer in
Northeast Asia are systematically investigated using empirical orthogonal function (EOF) analysis and Morlet wavelet
methods. Results indicate that the conventional summer precipitation is dominated by midsummer precipitation. The
interannual and interdecadal circulation variations are consistent with the characteristics of midsummer precipitation,
while the mechanisms for early summer and midsummer precipitation are significantly different. Looking at the spatial
distribution of precipitation, it is found that the first leading mode of early summer precipitation exhibits a “+ ——+”
tripole pattern along the meridional direction, while an opposite pattern is found in the first leading modes of midsummer
and conventional summer precipitation. Early summer precipitation demonstrates a 5—6-a period and midsummer
precipitation shows a 2—-3-a period. In the late 1990s, midsummer precipitation and conventional summer precipitation
experienced a significant decadal change in North China and Northeast China. Further analysis indicates that early
summer precipitation anomalies are mainly zonally distributed, which is partly attributed to the water vapor transport to
Northeast Asia by anomalous anticyclonic circulation over the Western Pacific and partly attributed to the effects of the
Eurasian II teleconnection (EUII). In midsummer, precipitation is mainly affected by the northward extension of western
Pacific subtropical high and the strengthening of water vapor transport from the Bay of Bengal and the South China Sea.
Eurasia I (EUI) teleconnection pattern and East Asia-Pacific (EAP) teleconnection pattern both are significantly correlated
with midsummer precipitation in western China and the coastal area of China. Summer precipitation anomalies extend
from northwest to southeast due to the effects of EUII teleconnection pattern. The effect of EAP teleconnection pattern

42 %4
Vol. 42

leads to the tripole or dipole patterns of summer precipitation distribution along the meridional direction.
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1 1] SIS ZRACEHX I SR G2 5 R [ KRR IR B PR R 2R 1 S [R) AT 9
No. 1 HU Po et al. A Study on Characteristics of Precipitation and Circulation Pattern in Early Summer, Midsummer and ... 113

11175 1% 5 /KA DG ik 0.84, BB A AR WAL 4
R S e A RN O S | 25 3R N S A
it A 21 HEWIZ 5 (2005 2 )5) kG, WIE

3
2 1(@)
— 1
& 0] 4
= 1]
-2
] R=0.02
_3 T T T T
-3 2 3
3
2_'(b)
— 13 []
& 0]
R
2]
f R=0.39
_3 T T
-3 2 3
3
24 [
— 14 [ ]
& o
[ 1]
27 R=0.84
_3 T T T T T T
-3 -2 -1 0 1 2 3

MSPI

B3 1979~2015 A HIX B B o> Aii: (a) HIBEAIAREL: (b)) 413
LG E T, (o MEMMEREF

Fig. 3 Scatter plots of (a) early summer and midsummer precipitation, (b)
early summer and conventional summer precipitation, (¢) midsummer and

conventional summer precipitation in Northeast Asia for 1979-2015

(a) GPCP_May&June_EOF1(33.29%)

(c) GPCP_July&August_EOF1(28.06%)

Bt a5 2= KA G R ECN 0.53, AH#R 37 FRIAH
KMEm i, 1 E LG Z KA O R B0
BERE] 044, Rk, 21 W2 )G, VIEBEKIHE
G5 ZRROK I DTk Tt . DL g R AR LT
X W . B K AR 40 B 2= K AR AR L
B AERR RS, AH AT Z 1R PR 1 A7 B i
(225, HARAL X 5 2% F 7K 2 [R] R 35K s/
AR IRKI 225 W1 RS B K ER AL GE 5
ZERE KA — M, 21 AW Gk 5 E 2%
K52 B H B K ()5 A BTG i .
3.3 ﬁkIﬂEmﬁgﬁgu&ﬁﬁﬁéﬁmE%
== (8] EARTSHFE

@ g5 TARIE X Y L G DL AR S
K B AR, vTREH, ARk
P XA B B K ) R — A (EOF 1) Mk 1) g 23
“t— 7R, T ZETTERCN 33.29%; AR AR
(EOF2) MAtin g 2IIE A i, HJ72&=o1
Bk 16.98%. HUARPIH [ MBS AR 4, (H
EOF1 ZAKHL T VIb—4 R 77 [l (0 = i RS, 1
EOF2 " =R RIBAARIHE . seabh, IR
DA TN, EOFL [P IEAR A0 32 BEAE PU T 1
X, 1] EOF2 [ AR 0 BAE H AR BT . %
H KA — 1A (EOF D) MBI F I« —+7

(e) GPCP_Summer_EOF1(23.63%)

50N 4 % 1

40N +

30N -+
110 120E 130E 140E 110E 120E

(b) GPCP_May&June_EOF2(16.98%)

(d) GPCP_July&August_EOF2(11.65%)

al ¢

130E 140E 110 120E 130E 140E
(e) GPCP_Summer_EOF2(12.99%)

40N +

30N
110E 120E 13OE 14-OE 110E 120E

50N 1 1
o=

il )

o

130E 140E 11OE 120E 130E 140E

—O 16 —0.12 —0.08 —0.04

[
0.02 0.06 o.1 0.14

K4 1979~2015 FERILTHX (av b) HIE. (cv d) BHUK (ev D 1LGHFFEK EOF pHTEE— 1 BE (A7) M ERE GEZIT W

oA

Fig. 4 Spatial patterns of the EOF1 modes (first row) and EOF2 modes (second row) of (a, b) early summer, (c, d) midsummer, and (e, f) conventional

summer precipitation in Northeast Asia for 1979-2015



P Y S

114 Chinese Journal of Atmospheric Sciences

42 %4
Vol. 42

ERE 2 A, HOTE TR 28.06%; H A
(EOF2) EIMPTREIARILN “+—+7 Bz, H
T ZETTRRA 11.65% o 25 bV Hh X 8% 5 4K U 25 W U
FRI =7 IE RS RS ER AR — K P (EAP)
B CH M2 5T, 1988) AHZEEL, EAA Ly
SIS B K o T — 2% P 8 R M X — S A e
i o EAP BB G 45 MR LT K s it 1 2R E S i 5 78
RS2 IR R (Nitta, 1987). 6485 ZEK
) EOF1 FlZ<Ab W Hh[X 2% 5 %7K EOF1 7% [H] 43 Ak
fEEAR T “—+7 BISHEAN “+—7 Bk, (H2
PR TR B 1] R 25t S A S (R AE (I 5D, PR AR
0 1l XA 255 B 2 A 7K B — A Rk B B K B —
B8, 7 ZoTEk ol 23.63%:; 14415 F%

(a) GPCP_May&June_PC1

45

Time coef

Year
(e) GPCP_Summer_PC1

Time coef

Year
(d) GPCP_July&August_PC2

Time coef
o

I
-
o

!

I
w
S

1980 1985 1990 1995 2000 2005 2010 2015

Year

30
1980 1985 1990 1995 2000 2005 2010 2015

1980 1985 1990 1995 2000 2005 2010 2015

KIS M (EOF2) 2 imibmm “+—+”
BiZS, 72T 12.99%. 25 BTk, 446
DX ) B B K I A (A2 B e B I K R A 498 5 2
KIS IR KM S, BEBEKRE 5 E 7
ey NIRRT 287 o 50 73 g
MARACTEVIR 8= R4 5 2B /K B P 456
IEAZJEIF EOF1 #1 EOF2 %MW (f 348 (PC1 Al
PC2) (IR R AL b DL 18] R AL LT 3 13
(K 5) k%A, RILWIMXYIE . EEREFEKRES
BR8] RS ) 2 oy A R I B
FEFRAAAFIE . AR AL H X ] 7K EOF1 % M (1)
For A 1970 ALK 2000 AFACH] FZELLFAE A
T, 2RI N IEE, B PCl HAZH LT

(c) GPCP_July&August_PC1

Time coef
|1
w = =S W A O
o o0 O o0 O o O

|
o N
S o

!

1980 1985 1990 1995 2000 2005 2010 2015
Year
(b) GPCP_May&June_PC2

301
15 1

o_

Time coef

715_

730 4
1980 1985 1990

1995 2000 2005 2010 2015
Year
(f) GPCP_Summer_PC2

Time coef
|
a
(6]

|
[
S

5 - .
1980 1985 1990 1995 2000 2005 2010 2015
Year

€5 1979~2015 FEARICHLX (ay b) WK, (v d) WELLK (e D (G HERI/K EOF il — 3w GE—1T) M F0w G2 W

IR R (SREEEIR 9 CEIB BT

Fig.5 Time coefficients of the EOF1 modes (first row) and EOF2 modes (second row) of (a, b) early summer, (¢, d) midsummer and (e, f) conventional summer

precipitation in Northeast Asia for 1979-2015. The green line denotes the nine-year moving average of precipitation



1 1 WA RIS RN 58 B R KR AR S AR 1 S [ PRI 5

No. 1 HU Po et al. A Study on Characteristics of Precipitation and Circulation Pattern in Early Summer, Midsummer and ... 115

sk, WIEREK PC2 LL 2~6 a (¥ M0 1, 3F
HIRIE S A RRAE B S B K 11 PCL AT B i />
fkaFs, PC2 NI AH 515 PC2 RIUHIAAA LI
FRIE, BRESEA W MEbR s . £ 1%, 1%
G5 ZE PRI PCL HAEE FR/KIE PCL S IUAH I
ALFHIE, PR AHOC R —0.83, diid 0.01 (1)
BEMACERE; DI PC2 (A RECN 043, 1B
W T 0.05 1R FH AR . AR AL K FI
RS B (gL BT AN R, P B K B
MR, MO 3 0 & 2 A A S A 3
T4 2 ZEB K S I Bk, 155 7R
K G K PC1 AT PC2 A e Z Kt 23 733
T 0.05 F10.01 KRS . B 6 4T
RACH X W) . B DL G EH 2= K PCL Al
PC2 [)/NEE M. T EAE Y, IR FEK ) PCL 15
80 fEACH WIFEAE 5~6 a N MR AW, &
H /K PC2 A1 1990 FARH 5 IIAFAE 2~3 a [k &
JiH . A28 5 2R KA T ) B R K RS 5 B 7K 1
iz A, [ EAT 5~6a F1 2~3 a (4% 5300
DRI, AR AP B /KRR e A RO, 1 i B K
—E R L RES S W AR AR A% Gt B 2R R K 1 AR Ak
(RIREAE o

F1 1979~2015 FRIAT X YE | REFEREFEK
2 EOF H i =8 1A 8 F 5 HE X R

Table 1 Correlation coefficients between time series of
anomalous principal EOF modes of precipitation in early
summer, midsummer, and conventional summer in
Northeast Asia for 1979-2015

S TSN 18] = 41) (1 AH 6 7 8

HIEL K EWCES "IN
PC1 PC2 PCI1 PC2
- PC1 —0.04 —0.03 —0.83" —0.28
HEEBRIK o
PC2 0.01 —0.15 —0.09 0.43
P PCI  —039"° —0.16 3 _
g H K " -
PC2 0.48 —0.44

*Ronild 0.05 B E MEACT KK .
**LIRIEIT 0.01 K 2 PR3

34 FATXME. REUREHEFHEKHE

EHHE

AN AR R AL X V) . B E AL G
Z R 7K ) S R AT I PR PR 2 TE) A AR AIE o BRATTAR
HRACWHL X W6 . & B R 45 1 2 [ K 7 51k T
CUNTD) 0.8 fitnifE = Bk 2 (b)) 4,
BEIKFEBIRT CNTD 1.3 b 2 1)k B K e
iz (W) . RPEE X, AR
WIE . RS RIAL 48 5 2 S B K AR AR K ) 22 e
(K 2). BEAKMZAER, RILWHXWIEA 8 4,
WA S, HTZRBERKEN, ft5E 5
Bk A 2 AE D 3 6 4F . W EMZERE, ¥
B K FBEAE 1998, 2012, 2014 F1 2015 4F, &
B R K - B AE 1982, 1987 1 1998 4F, Tfifk4e
2K IZE 1993 4EF1 1998 4F Hi P ™ Hfl £ 45
ARACME 1 X AT B AR /D AE AT 10 47, 3 B B 7K g
ARy 6 4, AL GE i K DR AT 7 4 A
PR DR, W) K B AE 1987 4F 12002
HE, B K EBURAE 1994 SRR 2001 4E, fifESE
BRI R AE 1994, 2001 A1 2007 4F. [A]I,
ME EW A UE AL YIE . K 558
R ARAFAEE AR A o e 1987 4, ZRAb b
XA BT R /DA, T % K R 48 2= B K
M2 22475 2015 4, ARV X FE7K 74 5200 fh
AR, 1B B K ML G0 5 2R K ) & T /D 4
Byo IERTLAE W, ARACIEHL X 4] 5 R 5 [ K i 2
A A, DA A P AR R A
[ By o H U8 W AR B W X AT 32 R g B 1 K
WAAERRKMZE S, RNARE K T
% 08 T K e H

B 725 T R0 IX Y] 5 % Rk 0 1 2
B 7K S0 T 0 i 22 A R0 g /DA (1) 23 T|) 2 A e AR
JE V1 X B2 K A i 22 I, A5 B A R S R v i
Hi X B AR AR 2D, I K i 22 b DX 2 A h A
IR HA R fbIX (KB 7a), S5¥IE /K EOF1
()25 () 4> A FUAH UGS s 4 BRI 5 B2 2 B 7K U e B

F 2 1979~2015 EHRATHXIE . EREFERE FIEKZEEH
Table 2 Years of precipitation anomalies in early summer, midsummer, and conventional summer in Northeast Asia for

1979-2015
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Fig. 6 Morlet wavelet transform power spectra for the time series of the EOF1 modes (first row) and EOF2 modes (second row) of (a, b) early summer, (c, d)

midsummer and (e, f) conventional summer precipitation in Northeast Asia for 1979-2015
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Fig.7 Composite distributions of precipitation anomaly percentages in (a, d) early summer, (b, ¢) midsummer, and(c, f) conventional summer in Northeast Asia.

(a, b, ¢) are for years of positive precipitation anomalies and (d, e, f) are for years of negative precipitation anomalies
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Fig .8 Spatial distributions of moving t-test (MTT) of (a) early summer, (b) midsummer, and (c) conventional summer precipitation in Northeast Asia
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Fig. 10 The spatial distribution of 500-hPa geopotential height that is regressed by the standardized precipitation in (a) early summer, (b) midsummer, and (c)
conventional summer in Northeast Asia. The green line represents the 5880 geopotential meter geopotential height contour at 500 hPa; the shaded areas from

shallow to deep denote the values pass test at 0.10, 0.05, 0.01 significance levels
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Fig. 11 The spatial distribution of 850-hPa wind field that is regressed by the standardized precipitation in Northeast Asia: (a) Early summer, (b) the difference
between midsummer and early summer, (c) the difference between conventional summer and early summer. The shaded areas from shallow to deep denote the

values pass test at 0.10, 0.05, 0.01 significance levels
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Fig. 12 The spatial distribution of precipitable water that is regressed by the standardized precipitation in Northeast Asia : (a) Early summer, (b) the difference
between midsummer and early summer, (c) the difference between conventional summer and early summer. The shaded areas from shallow to deep denote the

values pass test at 0.10, 0.05, 0.01 significance levels
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Table 3 Correlation coefficients between indices of EAP,
EUI and EUIIl and early summer, middle summer, and
conventional summer precipitation in Northeast Asia
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