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Characteristics and factors of climate change in arid and semi-arid

areas over Northern China in the recent 60 years
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Abstract: The warm-season precipitation changes in arid and semi-arid areas over Northern China were ana-
lyzed with monthly precipitation data from 756 stations in China from 1951 to 2011. The results indicated that
the precipitation of arid and semi-arid areas showed an opposite trend in the recent 60 years. The warm-season
precipitation increased overall in arid areas with 0.27 mm/a and decreased in semi-arid areas with 0.80 mm/a.
The difference existed mainly because the two regions were controlled by different circulation systems, that is,
the arid area by westerlies and semi-arid area by monsoons. A composite analysis of atmospheric circulation
in these two areas for years with more (less) precipitation showed that, when westerly flow was strong and was
southward, the water vapor of the Black Sea, the Caspian Sea and Lake Balkhash was carried to the arid region,
conducive to the precipitation thereof, and vice versa. When the East Asian summer monsoon was strong and
the water vapor was going westward to central Gansu (105 °E), and northward to the entire north and northeast
China, the precipitation of semi-arid areas increased, and vice versa.

Key words: warm-season; precipitation; atmospheric circulation; EASM

TP TR XA G ek m AR B 30%, % BYHLIX, For s 5O 4 Bk Ff 0 B B TRk R
X BEAR D, AR = A SRS,  44%. P ET R TR XY HE LR 50%E,
T LW B B, Huang SFRRIRIGE DB OS2 R LT E] T Mk B b, IR B
SRR, T 5T R IXGEIT 100 R0 £ B3 PH 5 5958 8 K28 R, PRIk Ak 43 B T i 49 1% X
WS B #: 2013-04-02; 15[ H #i: 2013-05-28
HEEFE: HEEAREM IR E (2012CB955301); [ 5K A ARl £ FEG T H (41175134, 41305060); H 4k i A FE AR A 55

WL Y4 5 B (LZUIBKY-2013-109, LZUJBKY-2013-107, LZUJBKY-2013-ct05)
TEH f A 2R 0085 (1982—), %, MW ARIE N, PRI, 1, e-mail: jimx@lzu.edu.cn, B 5 J5 )2 2 XS5, HETER AL




%14 #HEIL, F P RGTFRFFFF KL 60 F K ZACHFAE B B 247 47
BARRZEFRBWNEBEREZ KS2IER 2 WNEEKAEATE, WP ET £ XFET R

G il BRI IR, BELARS AT DR 55 5%
REAEZWELE R, AR R
YRZ2 7 T, BT DU 78 . 28 s AU AL 4 i e
XA AR A HE AT TP A B KRR D T R T
FIX g BEAS DX AR A M, TR A
NSV B 52 ) e HAth 3 DB i 2 51T, B i
/N T BE 2 513 % DX R G AR 53R
52 9 e ZUAR A, PRI 2 XA A AR R e AN etk
S5 BEKH LRI XK. FE2RL BT ST,
HrlE R T R XA R AR T R AEAT. B
AR Hi, AU I B BN R B2 1
AAELSY, T PG -1t DX A g A A A S G T 2R O 100,
JH rp i s DO 7 i R AR A I iR &, P
AR B ks R D8] R
T8 H PG AC R X A B AR ] S 22, FF DLSi ok
Sy 081, 2R T B L P

o 4 S 75 2 32 R SRR 3
T AT A X (TR A ) T2 9 5 7 LR
R 55 6 P T 5 X (R L), 7 Bk
e I 7 XL 5 7R LI B R 189, 7 ol 7
0 T 5 DO T 5L 435 T 7RI X
T 5 XA S P K, 30 T4 RS AL U
e i, 428 AT T4 P L ST, TR Bk B s
5125 S SO RELES, W 0 AR B,
2T ST 6 A R T R Ot AR 1%
b, K o B G MR ST K 7B T
R, BRI AL R, AP
6 0 B PRI P 8 B IX A i 5 08, )
BTSRRI, 7T R B 2 ) 2 B R
AP KB £, LTI 2 ST 0 43 711920,
4 45 3 512 KA U R BRI, VT o B X
ok — i 2 P, BB S RH TR
P LA 405 1 AR 229,

B RS, o A 7 H KPR 2
SRR . S TR 45 L5 T 2 S B e
I F 2 25 SR BEE AEHE T PR 2027, 1,
ST R TR AR CREE MBS I,
AL RO, LB T K
HEBRG. AL 255 % 2 S0 %
B, R AT B, 5T R K
R T X W A, (U e — SR R
F BRI T I SO RO LA BE5E T 3R,
A2 G TR B T RO LA R AT
ek L S AR 0L T IR . SO AR

DXy 9 2 [ A A7 PR A AL AR FE AT T 5, FF LR
SR 1 JE 73 AT AR A 22 S O TR LB

1 wHEFE

ASCER T HESSEERE RO R
o M A R (EBR AR ) , B R
5] 756 AR, FE I Hb T S5 W 3 K 1 Bk S
fee ekt A E £ A 5, 3R SR. K. A5 E. M
W, =, Bk RARIME. 78 k. I K. HiE.
Vi, HIREEEIZR M AR A (E R, S 5% 1)
AR ASCH T BOREEE R A R ATERY, B
(B4 P A 1951 4F 1 H—2011 4F 12 A.

A CHAAE T NECP/NCAR g H SEH BT
B, EAE AL Fm B A Ko A ) Xy R,
A4 92 2.5°x2.5°, T H AP 17 2, I
1% g {3 B 4> W E N 8 2 (1000~300 hPa), [ A] <
JE$4 0 19482011 4F. F I ¥R T 5L T X5 P X
e R E 2 KR EOR K 5 Rk Tl &, HFPL5-9
H WS- EAE R B 22 V- 34 R 4L, V5 XU4e B0 i 4
RSB L

1 36 1 36
I=— H °)— = H ° 1
o ;;; A(35%) = =5 ;;; A(55%), (1)

XU P AR B 10 & I — AN B RS R
W3 28 AR H U AR 8 Wang 231 11
Ieam = (u' 4+ 0')/212, (2)
o, w Fl v 43312 850 hPa L (9 ¥ 425 gl 7 i L ok
FrFRIELL B9 XUGHE, J BLAE 2R Wb X (110 °~125 °F,
20 °~40 °N) 3R H XIS M 4E T —CBY gy ik
THEAGR IS E . BT KR E B R R
B FAR 2, TR I 2088 300 hPa DA _F k= 7k A,
U R ARRER Y= N W R pesiih i
Q== [ o 3)
g9 J300

1) &M R H /N3 don i E 756
A3k T 50 AF IR 2R A A, SRECZRERG Kk
P (K] 2R,

y = at + b. (4)
Hr, a, bl LR BRI A 1 B A2 T8 A
a F& PR PR AL R R IR, HAE R/ R T B Ak Y
NS A 1y B, FE R A A, TR
I 0] 5 B 7K 7 4 R AE R R A, A 1B FE ARG 56,
WA Z 8 5 et 5 M. 75 K n =50 Y,
70.05 =0.2732, r9.01 = 0.354 1; 4 F 54 & n =60 K,
T0.05 =0.2500, 70,01 =0.324 8.



48 2 XK F P2/ (8RFFR)

% 50 &

2) GECAHT AT AT R IR T R X R
75 P K AR AL 25 S BT B ML, AR A A LT T
FIX Bk W 2 (/) 45 %F 850 hPa X137 #1500 hPa
T B35 HEAT G BT, RRAR S S 2 KON
T AT T 54 X 2% B A B 5 T, 390 B2 R A PR T
FEIX W ZE B AR B AT BEALA. 18 4 A s BT 2
T2 X B KA 2 (2D 450 2R 05 28 X A 58 (fid
§5) 4E X 850 hPa JX 37 Fl A ¥4 i 6 0 = 47 E AT 6 Bk
GIAT, TEZR IR W5 28 X o [ 2 5 X B AT
EREST, TG RS 2 5K R B K

2 WEJL X REKE R GEE
2.1 FE KT RS [E4FIE

1 523 50 4 (19612010 4F) 1 [ % Z= (59

H) Bk m 2tk a1y 23 R o A, Bk 518
T 99.9% K E S ACE. 1 R Rk R A 212
X AR B 92D bk i, Bk e A SR i DX B K
B 2. o 2 R TR DX B
SRR, Bk G IRt 1 IXSE He e o i o, 7Y
At X Rk B AR 38k 2, FE S, H R R B i
2 A XA SR R B K g b X AR AR A L
K KA DA A s e 2o 32, B AR 2D i
FEH LTS, B IR TR —6 mm/a, {EARALEER
A RGN B DXk Y )1 7 R 2 o e RO — A
T b ] e B3 A 932 B B R KB, R I A T
ALK —4 mm/ay F T H TR AT AR R b X B AR
PCUASE A& S0 32, KR IE R 21 4 mm/a, &)
AP b XA B K8 B . BRI I 2 i X
A i AT TN TR AR R b X, B 2 B
B X E L AR, Kb, BRVE R AR, PU R
XAz Bt . T e e i e A TR A
73.4°E80°E 90°E 100°E 110°E 120°E 130°E 140°E n

53.5°N : 53.5°N |4
50°N+ " J‘ L 50N
y 2
40°N L 140°N |1
0
30°N | {30°N B
2

Coa
20°N b 20N
15°N Lo N e

1 1 1 1 1
73.4°E 80°E 90°E 100°E 110°E 120°E 130°E 140°E
Bl 1 A T 50 48 18 2= K AR AL 2 a3 A
Figure 1 Trend distribution of warm season precipita-

tion in recent 50 years of China
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Figure 2 Warm-season precipitation change in the arid

and semi-arid regions
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Figure 7 Water vapor transport flux distribution of
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strong and weak summer monsoon years in the
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