W22 % 56 R H B OB W R Vol. 22, No. 6
2017 % 11 H Climatic and Environmental Research Nov. 2017

M, BRRAR, B 2017, ALy TR TR XK 2 R A RIE M S AR RIS KRR ], AU S FRIEHTST, 22 (6): 643657,
Cong Jing, Zhao Tianbao, Ma Yuxia. 2017. Multi-decadal variability of precipitation in arid and semi-arid region of northern China and its relationship with

Pacific Decadal Oscillation index [J]. Climatic and Environmental Research (in Chinese), 22 (6): 643—657, doi:10.3878/j.issn.1006-9585.2016.16036.

REDGEATFEFTEXEFEKZ FRIREL
FHERES KT FFRIFRARIRR

v 1,2 3 = 2
M3 BAK TEE
L REHAER G, K 300074
2 MR RSB FR, T R AR A TR =, 241 730000
3 ERR B AR X SRS A B s %, dbst 100029

i B ETEHRARAERMKS L (Global Precipitation Climatology Centre Version 7, GPCC_V7) %t}
55 W BB T 0 20 THEALFE AT BERE (ERA-20C) Hili5 AR P48 RUBEIE ] B K BERE (1901~2012 46D, 12 H]
ELZIAR I RITE (BEMD). & T IE R Gt T RE AL T 2T B R BK 2 R IE X S
KPFFEFEAR RS (PDO) ARG R . GIREN]: L7 T8 TR RS HX KR 50~60 Fi
SFEIAALSE ], T PDO K 2 B X B K 22 ARARBR AR AE AT WY S R R s L B sRL AR A 52 B
/K5 PDO I 2 IEARSG, TR E AR P 4 DX /K I 5 PDO FRAZ A6 SR B G2 AR OG . dE B ok
W, 24 PDO NWEAHALIN, A2 MBS ALK EAVIR T, RO AL B BT A R, 23
JRHT SR R A B KBS 225 53— 71T, PDO WAL IN 738 P4 AT K B RE VA DI e o) S iR kg A O T KT
WA/ ZRE—KNE (PI/EAP) SEAHRAM ™AL, A7 T B W KV Uil 2 T 52 T 2 DL BB IX &,
BEORREAKMEZS ;RN A E R V8 S RAE AL B X AT N 2B bRk oty . 24 PDO AL T ALAHIN, 4518
M2

XA K TRPETREX ZERERRE KPR ERIRRY  EEHESL% % (EEMD)

XEHS 1006-9585 (2017) 06-0643-15 hESES P67 YTHERFRIRED A
doi:10.3878/.issn.1006-9585.2016.16036

Multi-decadal Variability of Precipitation in Arid and Semi-Arid Region of Northern
China and Its Relationship with Pacific Decadal Oscillation Index

CONG Jing"?, ZHAO Tianbao’, and MA Yuxia’

1 Tianjin Meteorological Observatory, Tianjin 300074
2 College of Atmosphere Sciences, Lanzhou University, Key Laboratory for Semi-Arid Climate Change of the Ministry of Education, Lanzhou 730000

4 Key Laboratory of Regional Climate-Environment for Temperate East Asia, Chinese Academy of Sciences, Beijing 100029

Abstract Based on GPCC_V7 (Global Precipitation Climatology Centre Version 7) and ERA-20C (European Centre for
Medium-Range Weather Forecasts atmospheric reanalysis of the 20th century) monthly precipitation data, multi-decadal

W B 2016-02-06; MLETALARHAR 2016-08-17

TEFEIN N, 2, 1990 4R A, i, BhELTREN, FLENFAURBMLILEm . RAFREA L. E-mail: congjing2016@126.com

BIEE B RIR, E-mail: zhaotb@tea.ac.cn

FHME  EEKESPPTRIEH 2016YFA0600402, [ EARFLAREGTH 41675094, 91425304, 91525101

Funded by National Key Research and Development Plan Program of China (Grant 2016YFA0600402), National Natural Science Foundation of China
(Grants 41675094, 91425304, and 91525101)



e

A VRS N A 22 %
644 Climatic and Environmental Research Vol. 22

variability (MDV) of precipitation in arid and semi-arid region of northern China and the relationship between MDV and
Pacific Decade Oscillation (PDO) are analyzed using ensemble empirical mode decomposition (EEMD) and composition
analysis methods. The result shows that precipitation in arid and semi-arid region of northern China has a multi-decadal
variability with an average period of about 50—60 years, which may be modulated by PDO. Precipitation in northern
Xinjiang and the Inner Mongolia are significantly positively correlated with PDO, while that in eastern and western
Ordos Loop region is significantly negatively correlated with PDO. Further study shows that meridional circulation
intensifies during positive PDO phase, leading to more southward water vapor transport from the Arctic Ocean. As a
result, precipitation in Xinjiang increases due to the convergence of cold, moist northwesterly flow from the Arctic Ocean
and warm, moust southwesterly flow from Arabian Sea in southern Xinjiang. On the other hand, convective heating over
the equatorial western Pacific Ocean and Indian Ocean leads to the Pacific Japan/East Asia—Pacific(PJ/EAP) pattern of
teleconnection. It is favorable for the transport of moist airmass from Bohai Sea to its northern area and increases
precipitation there during positive PDO phrase. Besides, the moist northerly flow from Bohai and westerly flow
converges in the northern Ordos Loop area, where a maximum precipitation center forms. The situation is opposite during
negative PDO phrase.

Keywords Precipitation, Arid and semi-arid region, Multi-decadal variability, Pacific decadal oscillation, Ensemble

empirical mode decomposition

1 3§

AEREE AT 30% M IX IO T2 T FHIX
(GBEERPAE, 2013), IXHAMETH, BEKERK,
T SRR (AL EFIEE RS, 2004; Rotenberg
and Yakir, 2010; Huang et al, 2012), /K& JFEZ=,
ERARGIEFNEYS (Narisma et al., 2007; &
g, 2013), XPARBRAURARA R UK (5 EEE,
20090, FRIE LT 5T FIX 2 BRI A T 5o
TRXZ—, 0 BB 52% (£, 2007).
AR B R S TR W/ Tk 4111 R N E LR R N5 N
MR 78R . X LR A, BRAK TN A2 4L
AT R 2 51 DX I R G R A A PR 1) ) B AR
b CHREETAE, 2014). 3T 30 4E2k, FREILTT,
JEIR AR, b, PEAL ALK, FEA G EL
NBIGEHER T, KRR E, il s E
ZERREE, o> P Rk R KV g% (Fu, 2003),
FACA W R SE, P ARSI (R OR
MILFEE, 2008). {EBRARBEME 50T, FREFE
KA R O e kAR, CHRRN, KE
6770 N B BRI ) AR 5, PE AR HBIX K
BRI A TR B, Wpadb 80, FdbHX
RACE AL T RES T R CEESE, 20065
PHTLAE, 2014).

KFPEAEARR IR (PDO) 238 A6 K P i
FABREIA HARI S . T, PDO BE (&) AH
PRI A B AT v i il v (BE), Jb3E

PRI i g (4D, HALKSPA -1 Uk
S S Ce) CEFEEFEENTEE, 2006). PDO AN
DO A6 56 ) 22 AN b 2 BROR AU AT 3 2252 i)
(Gershunov et al., 1999; Bond and Harrison, 2000;
Gutzler and Kann, 2002), i&#r] DU $ ENSO
Fek g R B R4, 2007), -
Power etal. (1999) f& i PDO A [FAHA7 B B ENSO
FAFX M B AL A A s R 23 R B4 (2003)
R ENSO e [5 A [R] b B 52 2= e 5 5% Wi W)
% 2 PDO o [ I FK L AR #R 5 PDO
A5, HAFKE xRN PDO KR K AT
HAWKZESR . AR R L, AR L
T A F 2 2, PDO BEARAL I HE AL B 7K i
A, AR E R CRaERAIERE, 2003; D
I AARNE 4G, 20065 EHAER, 2007) L E AIHE
NG (20060 WFFEEH], FE L) LL 100°E J4 7,
LRI S PDO BRAHR LR, 1M
HWAHR, 5 PDO RIEMHIKKFR. ZLEEHFTIMA
[) 7 48 s 1 3 A0 4 B SR AR B DA 1
A HEE ARV SR, HEARALR R PDO
X A T 5o B X 2 AR R AR A 5%
M R 34

Ak, BEERERAENREERRE, AT R
TR RAR Rl A AR A2 AR T
TG LB RO TSR 2 — (R4,
2013; BRAREE, 2014). (HHATxFH EAL T
FAET R XAURN 2 AU AR A R IEHLEE 0T 5T
Wi, SRR, EbHX (35°N~



6 1 M

RT3 T 5T 5 DR K ) 2 A RS i S 5 AP PR AR AR IR R R R

No.6  CONG Jing et al. Multi-decadal Variability of Precipitation in Arid and Semi-Arid Region of Northern Chinaand ... 645

42.5°N, 110°E~117.5°E) [%/KHAGL) 56 EHIL4E
B, X 5WURERT R4 (PDSD £ %
2 [FALAHAE4E, PDSI 5 PDO B 2 1 A
9, JUHIRAE 50~70 4 Z AR % I (Qian and
Zhou, 2014, TMAE kB 7K AR 55 Ky U 5
TR, ARG WFFOEIEA X IR 2 AR
AL . ASCIE ] 1901~2012 4FRlS T Kb
WA PR e 20 LR HT R (ERA-20C)
(AR B K S BT R AR (GPCC_VT) K%L
i, R HTIRE I T 5 R KR 244
brAB LR AE S5 PDO ZAEM R IA S, 5
EWRFE M T 5T R XK ZERERLR A
SRFCMADE 1, iz X 2 AR ROBE g Pl 4 41—
JE R4

2 EREHE

21 #E#
2.1.1  FKFH

LT R0 ek i A O ) A R B K
A H T3 AT 8 [ A ER K U L GPCC_VT
( f8f % GPCC ) ( ftp://ftp.dwd.de/pub/data/gpcc/
html/ fulldata v7 doi_download.html [2016-01-15])
(Schneider et al., 2013) FI9C[E 4R 935 R4S 4%
it 530 CRU_TS3.23 (fijF CRU) Chttp://www.cru.
uea.ac.uk/cru/data/hrg/cru_ts 3.23/cruts.1506241137.
v3.23/pre/[2016-01-15]) (Jones and Harris, 2011)
PREIZ ] IEK 7 Bek o SO I ) P BRI 4
A 3 HEE N 10, AR 730 1901~2013
AT 1901~2014 4, Py AL 4Bk 65000 24
Bl B 10 FELLE RN SR, mT
TABRFIX S RGN AR BTORHATT IE L&
UEBEA B I UE ST Ak, BRI R R A TR
I AR T HHE R (1900~2010 )
RS8R (ERA-20C) . 1% 20077 i e
BTN AR AR R AR, RA
(F172 24 h 4 4E[FEAR I} 55 (4D-Var), [T [k
WU (SST). HEOKAERLIN Bk Ah, 2 [F) 4k 0L
BERF A NI - 4 911 B DL i R X B
Bl 2Bz K2 8] 5y Bk T95 (29 210 km)
(Poli et al., 2013), & /™ bt (I TFEA N 4G 2%
FHIEM UL Chttp://www.ecmwf.int/en/research/climate-
reanalysis/era-20c[2016-01-15]). AL E K AE 3.1

PO = B K TORHE T E T R R XA E
FEAE—HI0 (R vPAl,  2E T B — sl oy b il 5 o
(1) B2 RERT 522 5 X R K IR 2 AR AR B AR AL R AIE
S H PDO 1) 56 F Atk — 2 1 0 A AR
212 KPFFKRIFRGIEE

KFVEEARR IR (PDO) 7N 1) —Fh4EAR
B bof IH) RBE b ) A2 #5585 5 (Mantua et al.,
1997; Zhang et al., 1997), ‘& &iBilxf Jb Ak
20°N DAL A PR = (SSTA) #EHATE
Y IEAS i (EOF) JITfq ZI 1 55— BLAS I i) R4
AT PDO FRE0CK F AR R 0UR 27 R R
WA A Chttp://jisao.washington.edu/pdo/PDO.
latest [2016-01-151), A4 1901~2012 4F,
2.13 KAKAGFibR L5

N T PDO R E TR X R
IKZ AFARBR AR AGFAE I RE L], AN SO R T 56
[ [ % KAHE R (NOAA) [#) 20 tHEZFR40 4 %
Kl (20CR) (Compo et al., 2011) LAJ ERA-20C
FANTRRH FA it PDO IBE . A AR I L
PBR P A R SO IR IE . B TR
TR SR DRI CI A AT PUINIRAY i o e A ]
AT, DRI A 552 3 AR I 5 R 2
— Ve, AR AR A AT AR A A A b BT
TGP — 300 o SR EUR 74347 B A0 5 500 hPa
=Y. 850 hPa [1XJ7 (u F1 v). AHXHE 3% BA
S 1000~300 hPa X7 (u F1v) FIHIR %L, o,
20CR W72 (M) 73 el 20 (A X2° (48,
I [A]KC B A 1871~2012 4F; 1] ERA-20C [f)4% |4y
RNy 1° (HE) X 1° (L), WK R 1900~
2010 4F o A0 LG AR, S PR RS AT o
WPIRHRE T B AR — 8, YIRERLT
(1) R et PYEAP O E—H A/ R— KD
TEAHOCHL, {H 20CR 4347 ok 500 hPa 7,
BN ity NG O P = A (VA W O TR
IR BT b g5 R (ERG, X5 At
RaE1e A H ) —8: (Zhou and Yu, 2005),
ZE L RTR, ARSCEEL 20CR 504777 b #3E47 PDO BE
VAL AT -

Ak, AR 2 T 95 Hadley PR 00 H
V- ¥4 0 W %% ORE C http://apps.ecmwf.int/webmars/
request/job/563615c0f7414d1547¢8b13a/[2016-01-15])
(HadISST1.1) (Rayner et al., 2003) FHT-& s>
BT, KP4y 10 () X1° (L), IE



R /=T N S 7 22 %
646 Climatic and Environmental Research Vol. 22

K5k 1871~2012 4F.
22 Hi
221 HEXEEHESK

K SCER G AT Btd— A 1901~
2012 4Eo BB ANIRIRIE . AN TR 25 18] 43 3 1 H s
A FR AN 1961 ~1990 4FEZ 4 V- HIMEZ H I
SEHFTEFEA, FRRE 2 H BT A B AR T3 BT
G, BRI T AN o AR AT S8 BRI [
7 50 R B e ME A T v 88— T A KP4y 3R
e (HRJE) X1° (&) MAsakg & b,

H T 2 B R R K 2 AR AR B AR AR
TERID I e, ARSCSIUBR RS (2014) € X,
T SEHET GPCC_V7 Bk Bk}, b E X 4k 1961~
1990 AEAE- 14 5 B /K /T 500 mm (1) X ek sz A
7R R IE S A EFIHEEN 4 (2006)
(1958 X K A6 77 53 e 5 AN LT IX IR LA 43 X 18
1 XOUFrsEIL s (39.5°N~47.5°N, 81.5°E~
95.5°E), i 2 X hiifEHhIX (32.5°N~38.5°N,
90.5°E~99.5°E), i 3 X A[ELIVY (34.5°N~
40.5°N, 100.5°E~107.5°E), % 4 X NWEUR
(36.5°N~42.5°N, 109.5°E~117.5°E), % 5[X}
W52l R AL (45.5°N ~ 50.5°N, 115.5°E ~
126.5°E), Wil 1 fios.

222 SMiF Ik

B TN H A5 EAC R (EOF) 2Bt J5 V2 f

G ITIESS, ACis G LW B 7 il 2

55°N

80°E 90°E 100°E

(EEMD) (Wu and Huang, 2009) X} [%/K £ HAX
bR A8 Ak R AE HEAT BB o %05 VE A — PP T B
A, ANFHIHIERERE Sk EiEH
TAEPAR S ARZR Pk ] 20 () o3, BUAE B4
I N — 5 EL A1) e S AT 2 U0 S ) iR
(EMD), &5d 2 IR G UG8, A m)
A BRI ) DORE R A A [R) ROEE 1
Oifa BB MR e 5 x(rh o s ik, 1B — 1330 H
i BB AR A AS AR A R % ( Intrinsic Mode
Function, IMF) Fl%&ZE00 Ri, XHEAURE TR
JPAE S5 B, T HAEE S KRR ik T RS
RE I, (2 e EE BRI —, HARRRER
LRSS MZER (2010 I 1. HETiZpEe)
12 N R S AR R N (A 8 o 2 ) R AR
WAG S R (B RERA R, 2012 B
25, 2014; FEHRAE, 2015), ACAEA ] EEMD
RERE R, IO R R R A A 2 O IR A Y
0.2, A UHEH 1000 XK.

3 RS

31 BEEREKEMEIXT LT

3 AT P e 5 ) = i ) A K Rl ] A
FH: 1901~1950 4F GPCC 5 CRU W41 3 2= ¢
BOR, DX I o 08 T VA i v i DX P K R AR
RZEEER, FEAAE 40 mm/month UL |, ST

110°E 120°E 130°E

50°N

45°N |

40°N |

35°N |

30°N +

1 AT TR TR (GET 1961~1990 4F GPCC 4P B oK e O KA XK. Jerp: 1 XOYBsIeds, 2 KOyFHRX, 3 KoLl

P, 4 XAWELUR, 5 XHhPN5ERIGH

Fig. 1 Semi-arid region in northern China [defined by annual mean precipitation from GPCC_V7 (Global Precipitation Climatology Centre Version 7) data

during 1961-1990] and five sub-regions in the semi-arid region. Region 1 is northern Xinjiang; region 2 is Qinghai area; region 3 is the area to the west of the

Ordos Lopp; region 4 is the area to the east of the Ordos Loop; region 5 is northeastern Inner Mongolia
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Fig. 2 Spatial patterns of the annual precipitation anomaly linear trend of (a, b) GPCC (GPCC_V7), (c, d) CRU (CRU_ts3.23), and (e, f) ERA-20C data
during (a, ¢, €) 1901-1950 and (b, d, f) 1951-2010. The black slant lines indicate the area with values statistically significant at 0.05 level
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#. (Secular trend) ., JLH, IMF4 f1 IMFS AN &=
(1 BRIy 25K 33% e Ah, HPR A (50~60
) W5 LURT I WE T — 2 (Minobe, 1997,
1999), #okt IMF4. IMF5 & N2 i 2 4E4R
brAg . (MDV), JUT it 5&E 77 T 54T
R XK ERPRLHI R R
F1 FFHPDO XK EEMD HEEFIMEH ST HEL
RERAE
Table 1 Mean periods and their variance contributions of

IMFs and secular trend derived from EEMD analysis of
annual mean PDO index

1 /A fiRE T 22
IMF1 2.8 24.3%
IMF2 5.8 18.6%
IMF3 17.7 15.0%
IMF4 51.6 23.6%
IMF5 59.6 11.0%
ST 7.6%
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Fig. 6 The first two leading modes (PC1, PC2) of the MDV component of the annual mean precipitation: (a, b) Spatial patterns; (c, d) time coefficients
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3.4 PDO ¥ff&7k % FR BRI IEH B9 7T REHITEH 5

T 245 NV b DX A7 A 2 B2 2 AR U R )
IR P T M X CRRfAR 23 XU ) i 32 2 52 7 XA
RYSEM AL T X CRFRIERX) (RS,
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W2 WAL AND Sk, 10 AR T2 AR KV s
AHELEE (BRARPRSE, 2009). B IHr LT T
B AP BE DCRRE KR 3 EEMPG XUR GEAN AR T2 KA
TR G T T8 -
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] 8 f& PDO B FIVA AR I, B 7% SSTA. 500 hPa
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FEE, 2007).
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PUREAE A oty (I T—12 gpm),  BEAMEVKEEH
IR ] dh 2 o B AR X, XKW 24 PDO BE
ARLLEE, A7 TR gRAGER . DUIn/R CAVG (R RS 1S 21K R,
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10 A A IS 7 343 s 55 At vy A R 1% DX T e = ()
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H—HA/ZRI—K ) (Qian and Zhou, 2014)
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T =y, N6 b s i v Ay 34T T A
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A S TR b R TE AR DX 3, AT i
ARV ik AR i X 5 5y — 7 T B A
S d NP B A AR (& 8b), ffiffixdt
DI SRR S 2 s, T e DR B A
F i R v 1 B i K VR TGV ik 22 A6 1 i
DX 5 T BT Ar Ik 1 A B (W P R A (] 8e) )
AR TR KR AL finis s A AT Fsm i 5,

55 14 75 P BRI SR S P A e A, I
(1 B 7 L H 0 X3

B2 RS K VI 0 1 SRR 1B iR 2 M
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W (20°N, 120°E) “UieME4R &, whifE X 35 (40°N,
120°E) ¥ [ ABERR L, i 1% P 43 A3 46 U 5 7K v
A IE AR R AR Y. CRR AR N D, 4R
SO Y. IE A0 ) o IK PR AH DG YR T 2R 18 75 P
Hbu D% B3 3o i DX P 2 T R NP E T (Qian
and Zhou, 2014), XKW, 7& PDO WEAHLZI, 4
7 VG P S B B S i, W 2 v, UL BN T
TSttt tH RS 3 T e L (BeRATak 0.3 °C
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AP 33 A O R = TR P e S R K ROE
B S ChOMEiE—02gm 2 s BLED, X
T gt B RN RN FAE UK T 7R T il X R ST
A A o U2 N N 11 G S & e )
AR A, AR SR S A R I R
it (Wu, etal., 2009), JEEEZ=HEIRL K Er= 4,
WOR T Jey M hadley Mk Az, e m4ifE Rossby
Wi, 76 120°E HILT PYEAP X FhIEAH G5
A% (Hoskins and Karoly, 1981; Hu and Huang,
2009), IXFPECR HLEIUE B T ED L MO AR
ZEREAEISEER (Hu, 1997), AW, db 54
JEIX I 23] T PI/EAP — ANy St X 1
RBEHm . 75 PDO BRAHALIS, & LRI NS
X 3k 57 2] e SUEAMA 2R LSRR, AR T iR
TRV I AL, A1 58 A BRI e S,
FEE P B 3K, KV R % 2RI £ R
MG, SENPEAREE, il T BB N S
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it b 8 L DX L IR S S R O Y R i R b
S AL T SRV ZR B ORI 7 i
D (02 gm s BLED, (%I T RO
IR
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Fig. 8 Differences in summer (JJA) mean atmospheric circulation between different PDO phases (positive PDO minus negative PDO ): (a) SSTA; (b) 500-hPa
geopotential height anomaly; (c) 850-hPa wind anomaly and relative humidity anomaly (shaded); (d) vertically integrated atmospheric water vapor flux
anomaly (1000-300hPa) and water vapor flux divergence (shaded); (e) surface pressure anomaly (hPa). The slant lines in (a)-(d), the black dots in (c) and (d),

and the shaded in (e) indicate areas where the values are statistically significant at 0.05 level
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