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Abstract The East Asian monsoon exerts significant impacts on the climate and environment of China. Previous
research (Wang, 2001) has focused mostly on monsoon circulation and the summer precipitation in specific areas,
although few studies have been conducted on the monsoon area and its precipitation in China (Ding et al., 2009). In study,
we employed four observed precipitation datasets, including the high-resolution gridded dataset based on 2416
observation stations across China, to analyze monsoon area, its northwestern boundary, and monsoon precipitation
intensity for 1961-2009. The results show that the monsoon area accounts for approximately 60% of mainland China and
generally contracts during the period. Monsoon precipitation exhibits apparently interannual and interdecadal variabilities.
The average intensity of monsoon precipitation is 4.46 mm d™'. The region between the eastern and western boundary of
the northwestern monsoon area belongs to a typical dry—wet transitional zone. The northwestern boundary advances
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westward south of 40°N (—0.026%) and retreats eastward north of 40°N (0.041%), owing mainly to changes in thermal
contrast, atmospheric circulation, and water vapor flux and its divergence.

Keywords Monsoon area, Monsoon precipitation, China

1 3|8

T Ear LK, Sk RGEIEAEL T — IR AR
% b 2 EERFAE 1) 53 2 A5 4k, 1880~2012 AEABkT-1
WEETHE T 0.65~1.06°C. WA I AEMIZ, W3]
[ 1951~2010 FE4 k-S4 M 3 B2 T ) —2F LA
b R AR BE RN R B8 iR At N i aE
LFEFEU, 2ERARAENH % 38 (JPCC,
2013)0 AErPE, a2 AR BN B T K B AR L
g T 4Bk (Ding et al., 2007), 3 J: 50 42
() DX 51 1) Bk R I A AN B B R B9 & % (Zhai et
al., 2005), ZRHEFHLD I B AL 4% ) (Ding et al.,
2009). M EARMERKIERA TES, &
LEAESRA O AR W KU 98 T AR — .48 52 K
(Wang, 2001; FEH:ZE45E, 2004; Yu et al., 2004;
Jiang and Wang, 2005; Jiang et al., 2008; Ding et al.,
2009), {HKZ AL T2 KI5 E X I A 52 2=
FE7K B AR AN, 0T 2 XU LR A Y 2 XU 7K )
KT

DAFEA JGH B 2 XK IR B, AR 2
K EE IR LA A RS20 CRrltEsE, 1962),
575 DA S A R AN AR AR R b vk A R
LI 557 0 A GREDOBRIIR e AE, 1996 B¢
%, 2010), [A]S AR A2 i s 1 A6 J7 2= KL 4 X S
iz S0 (1) B - IR RE AR ARIE, 1998 {H
TR DA 2O R AR, T B ST TR Le X T
X ? 2 KX AT AR 40 23X 28 ) J v ANV
2o L8 BT R 32 B AR A A2 T 170 52 O
W, A R 2R 5 A& TR K 2 UL R
FRE7K 7 A B K IR A SR R i SCZRRUX, 1521 T AH
X G B A BROFH X 3 RUBE 7R KUK 43 A (Wang and
Ding, 2006), FZ8i7E 4 BRZE K RAT T P A9 3 Y
A (Wang and Ding, 2008; Hsu et al., 2011; Lee and
Wang, 2014; Jiang et al., 2015). % T, BB A
WAL FHIX —Fi b 4 v i 9 rh [ 2 XX 3 B DA K
AH IV 1) 28 KB K AR A, o

Ty R, T A AR ) ) R
R DR P S L X SR RS B AT, 2R
A U X CRIE, 1996), B H5ZFEXIL

GEIX B el (FEhZE, 1987), KW EZEKINR
558 59 S L B K S Rl T 12 DXk R AR A0 B AR 4
b A5 B2 5205 (Shi and Ha, 2002; #°1-4%, 2005).
ZHT, AR E AR K W RIARIKIYR
T EORIIR AR FE AL gt GAdess, 20060, H
MR B R ok e U I 2 I L R gt Ca ool
HXE K, 2007), F AP35 R B3 2K ok %1 1H 2R
WEHZE KD (SR AERYES:, 2007), {HiX4s
AF 5 5 BN B T A R S ) R R A 11 T
T, AT G R KX T A AL T 5T
TAE. Ak, ASSCR & B Bk s s, 4
SRR S | e Rt B/ 3 R B =y S PN S b L S RN 1§
(1) I AR AR
2 ERFNAE

ASCRH T YA H KGR, 23 2 2416
A GO ORHE L 1961~2009 4= [ /K K 42
(TR CN05.2) (CRAERIEZEA, 2013). ABKFEK
ARl 1979~2009 K EdE  (FEiFk GPCP)
(Huffman et al., 2009), H1[E X1 1961~2007 4%
IKEHR (fRiFR Xie) (Xie etal., 2007) F13% [H % bk iy
K 2% R IR 1948 ~2008 4F [ /K B4 Cf)
Princeton) (Sheffield et al., 2006). % [E R Fi & &R
o 0 8 £ 1 380 B R T R R A, RS
BESETE AN, A =R = 2
] 2 XX S BBl ) B T A o A TA) R DRAIE W kL 2
(1) —2hE, K GPCP il dlifa 2] 7 Ha =E5 kL
A 0.5°X0.57K P HE bo Si4h, ik T 9%
] R % 5 R 27 AU g i 7 e & 1) HadCRUT4
FATERE, 5 [ KRB T o/ KRS
Ly (fafFX NCEP/NCAR) T3 Mt bl 3. Lt
W R BRI H R v SVl 5 A i
Ak

R EXANEFES LT K ZRT 2.0
mm d ' H 2 Z K AR K R 55%, B E
FHSHROH, £ZFH8 11 HRRF 3 H, F°F
Yh s HERS 4 H (Wang et al., 2012); FX([%
KE XK 5~9 HERIX AL [FHIZE KX A Bk
HTRM: ZXBRKEREEE SO 5~9 H i EZEX



N W 39 %

724 Chinese Journal of Atmospheric Sciences

Vol. 39

X NPRIBR KR, BT b e TRk
DX AT 2= U 7K 23 A 55 il TAE T (Wang and
Ding, 2008; Hsu et al., 2011; Christensen et al., 2013;
Lee and Wang, 2014),

3 HERSHN

31 HEEREXEE

R DY 5 B K B8R IL A7 I B i oF S A5
1979~2006 4[5 2= XX ) A 2 2P e 42 2R
b1 534, 2Rk N 1 B 2= K S A I
AR PR, X HAEZRAR—3 (B D, &
P gk, r R R ARV b A B R 2 AU
NMIfEbr 2z —, MEFSEFRKEZ ZRT 2.0
mm d - YE s I 2 FE LR A X I
INIE—HB DX AN 8 2R UK, 3 PR A S LR B 2 DA
AMRILAD A O BOKEIR K, EREBKE A
LB AR KE 55%IX —Z= WX A EbriE. ikl 1
P, 4 B0 EHE 25 5 b 28 Wl s 2K v SR A A —
ASECREVNR A X, KRBT T (25°~30°N, 1100~
120°E) . TEARHIR, @ik /b7 4 04 ) ifg
bl B0 22 S AR A . &8 1) UG ) DA S A S, AT
FONAEAE 3 A 4 A AXENTLEEN A

SN A{ (N5 2)
S0°N
45°N -
40°N
35°N 1
30°N -
25°N
20°N
15°N 4,

[ I [—— |
2 4 6 mmd’!

70°E  80°E 90°E 100°E 110°E 120°E 130°E 140°E

SN (Gpep)
50°N 1
45°N 1
40°N 1
35°N 1
30°N
25°N {
20°N 1
15°N 1,

[ I [—— ]
2 4 6 mmd’

70°E  80°E 90°E 100°E 110°E 120°E 130°E 140°E

Por R, R AR EIRGE RT3 AR
FRERE T, SRR AT TGy E R (4
HFEE, 2007; Qietal., 2008). I E %A X N
3~4 Fy BRI NZE RS K T FETE I, 1% X80 )
DL A2 2 KU K AR K LB I 55% 11X
— AL ARAE, X0 AT R ARG 7R R R G [
S A R 2 X DX 3 P AN () A 7K R B G A
fiEs

TER L b, I EZE KX 4 A 7E CNO5.2 Fil Xie
B 2 WA, 5 AR R 4 AT —
K125 LA (35°~40°N, 100°~105°E) i A1,
H A TR A AR AR H A A DXk (B3
ik rE & 2 H il 1AL g ERrm e 2Rl
Z=RIX, T7E GPCP LA} Princeton 4 vh v 5 {4
Mo GPCP ik —42 T AL s Bk 55 Hh T AU
ST AR R ) R TR, s T E 160
AN & Sl ROk, 1) Princeton B /K B RHE
NCEP/NCAR ZEM 454 T b sd 9Ok, [N R4k
T GPCP £ 4l Fig i B K ekl . IX TR TR
FH S e [ 3l »5ARX T CNO05.2 FiT Xie BE7K %8Rk
b, DRI A fi A e b 220 i 1 2R £y DX ISR 40 1545 6L o
FY b, XS R P IR R K B DA R B A A O

55°N 1
50°N 1
45°N 1
40°N
35°N
30°N 1
25°N 1
20°N
15°N 1, : : : , , , ,
70°E 80°E  90°E 100°E 110°E 120°E 130°E 140°E
L T I

2 4 6 mmd’!

(Xie)

55°N 1
50°N
45°N
40°N -
35°N
30°N
25°N
20°N 1
15°N 4, , , , , , , ,
70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E
[ I I——

2 4 6 mmd’

(Princeton)

K1 1979~2006 4 H E R RUX P4 76 B R LI P LK 53 A CPfr: mmd ™)

Fig. 1 Climatological monsoon area and summer precipitation in China for the period of 1979-2006 (units: mm d ')



43 FATAF: 1961~2009 4 r 525 b PR v AT 2R XU KA 1

No. 4

JIANG Jiang et al. Monsoon Area and Precipitation over China for 1961-2009 725

ANE T E A AR X CRME R RS =
2001). 2 RE IR Bl 55 B K AE I 2535 1 HLAT TR B 11
MhA Tk, AR W1 A= ) 5 WK B 2 A7 A
B AR SENE, 38 B 2 BT 2 WA M 19 B 20 2
IERAEA A S 1R IR AR
WA TE (YT 4, 19965 RICR%%, 2007,
BT, 2009), [RICKER — 2R A X R4 FE RUX
B G g5 b, DARRIKAE R 2 X Sk 1) s X H
P - DA 35 R I 2 P 28 XX sl ) b
LA € 2 R0 T T A 1) 220 i 2 IR R K PR S R

RS L, RS EEHR N BANR, HERK
DX A TR R A8 IPb ) DK e —80, 4 31 o v ol e 6 T
FA) 59% (CN05.2, 1961~2008 4E). 59% (Xie,
1961~2006 4F). 63% (GPCP, 1979~2008 4F) Fll
59% (Princeton, 1948~2007 4F), {E4ERr R |,
75 X BB AN AR R 1, 1 A R I — e AR
e, IFLESSHTIN BE PRI Gl i S AN B2 (F ik
ANEF (B 2), RSB —0.53X 10 km® (10a) '
(CN05.2), —5.77 % 10*km® (10a) ' (Xie) —7.96 X
10*km’® (10a) ' (GPCP) H1—1.48 X 10*km” (10a) "'
(Princeton) . £EAACER R L, E 2= XX VE

(CN05.2)
700 -

600

500

Monsoon area/10* km?

trend =—0.53x10* km?(10 a) ™!

1950 1960 1970 1980 1990 2000
Year

400

(GPCP)
700

600

500

Monsoon area/10% km?

trend =—7.96x10* km*(10 a)™!

T T T T T T
1950 1960 1970 1980 1990 2000
Year

400

FILH —E AR, FE 2 — B RIX I H 1970
SEAR A LR AT B AT W A M DL R RUX
100 1B 1) K A Ak b A RAE AR B R A4k 53 L+
TEARE S 2 IR G AT, (Wang, 20015 Yu
et al., 2004; Jiang and Wang, 2005), {£JUEE 4,
2 X TR — B0 > ARy R BILAE 1972 4. 1986
TEL 1997 AEH 2001 4F; 17T KU AR — U N i)
SEAY A 1970 4. 1985 4EF1 1998 45, 2 KX 3 [l fix
KAGAE DY R 38 AR 1998 48, B b 2335
KA R FEE IR —4F . bk Bk, 28 KUK R R
KUY 55/ 55 B 75 AR A B o

AT BRI L4 ok Hp L 2 UK TR AR A
R, FRATTHR P 2 XU e A CNO05.2 Hdliih 5 T 5=
7 5 R I K i 2 25 DA 2RI OK 7 A4 K
LA (B 3D, RILH 84745 AR B RAEAR PR R
K, AEWFTUI BN B R RN, etk
Jy—0.024 mm d ' (10a) ' F1—0.002% (10a) . %T
HEGABHKEZ R FHFaRERS LEX
TEFEEAK N 2ERKEIER FRES, TR
HE T 5 R FRKREZ 2210 F BT L4k
] 25 IR XS R il 2 f 2 A

(Xie) |
700 -
(\lE d
-
=z ]
=
= 600 i
o
]
=]
Q
8 <
£ 500 -
=
00 trend =—0.57x10* km2(10 a)™!
1950 1960 1970 1980 1990 2000
Year
(Princeton) i
700 -
(\IE d
-~
ifg 4
= 600 - 4
]
<
=
Q
8 .
5 500 -
2 |
trend =—1.48x10* kih >(10 a) ™!
400

T T T T T T
1950 1960 1970 1980 1990 2000

Year

B2 pEBERIXIBUEREN 6 10°km®), HIERE S UER T

Fig.2 Changes in monsoon-region area (units: 10*km?) for China, in which bold line indicates 9-year running mean
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