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Abstract Using datasets from the NCEP/NCAR Reanalysis, we study conventional observational datasets of snow
depth, surface air temperature, and snowfall, and the spatio-temporal characteristics of wintertime snow depth over China.
We found that snow depth is out of phase between Sinkiang, Northeast China and the area south of the Yellow River with
respect to the leading mode of empirical orthogonal functions. Namely, the positive (negative) anomalies in snow depth
over northern Sinkiang and Northeast China are associated with negative (positive) anomalies over the area south of the
Yellow River valley. Spatial distributions of snow cover in the leading mode are inversely correlated with Arctic
Oscillation (AO) in the past thirty years. During the negative AO phase, a cyclonic circulation with its center located at
Lake Baikal is observed on the 500-hPa isobaric surface north of 40°N. Meanwhile, an anticyclonic circulation with its
center located in Northwest China is also observed south of 40°N. As a result, North China and South China are
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controlled by cyclonic and anticyclonic circulation, respectively. In North China, anomalous cyclonic circulation

associated with AO can result in excessive snowfall, lower temperatures, and ultimately increased snow depth. Meanwhile,

in South China, anticyclonic circulation associated with AO may result in less snowfall, higher temperatures, and

decreased snow depth. Our studies show that AO may influence wintertime snow depth over China significantly by

affecting snowfall and surface air temperature.
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Fig. 1 (a) Spatial distribution of leading empirical orthogonal function (EOF1) of anomalous SD field (units: cm) and (b) their corresponding normalized time

series (bars) in winter for 1979—2010. The contour in (b) is the 9-year running mean of normalized time series



b

No. 3

1 P 5« AR E AR = AL S AE I B B R
3 1 TRERSE . AR AR R R L5 AR B (15 2R
ZHANG Ruonan et al. Winter Snow Cover Variability over China and Its Relation to Arctic Oscillation 637

4 ZEFHNES5AOMXFR

MR AO [5E X 51k, ¥4 200 hPa {7 #5143
(Z200). 500 hPa {ij %5 5% (Z500) HifgF i<
J&3 (SLP) () EOF1 IS [E]J»415& S AO $5%%, 4>
Widr 44 7200 AOI, Z500 AOI, SLP AOI. 74>
e, AZEM AO BiASEON B, BRBEM, &
BEEHRWNAFPEITR S A2 A0 2K R.

VIR R [ TR ESE =D N B S )
#, HE ¥ PCL INA 41 (SD_PCLD) 43455 2200,
2500 SLP 3 fERIAS T, &KWl 2 fioas. M
Haf UKL, FIRBIARR SIS AO B AR

AR o e BE 37 RV Hs I 0 AR e XA R

Ly R PG AT RRIY R il v v 28 5 1 XA S IS o
Ly, PG R BB UF R AO LA fETEH
Ji ) b, 7200 i B AO i, SD PCl &5

Y
N S R P 1;?'% o
N A T
0 NN ps
6013\\@_3\3;%0}3
90E

=) N |
o ) A\
, J1S0E 30N

7200 _AOI [H11 a7 51 AR ¢ R B =i A —0.50, 18
BT 99.8%[0 BAG ALK . DL LS R AO SR
B AFETREHESEAEDIMER, HAOHE
RS — AN A K

M THE— LU AO 5RUEECR, K3 4AH
T AO #5405 SD_PC1 [ ¥4z, M s AT LU
AR L A AN 2RI AO FREUEAA FEA B AR
b, =FHZ AR R AL 3] 093 2 F, JFHE
I#5 TA WBI SOAHARR-AE . TR =2 AO
$5% SLP_AOI, Z500 AOI, 7200 AOI 5 SD PCl
ARG, RIAH K R0 0l —0.46. —0.48 Al
—0.50, BN EMGEEE 95%M B n A, XY
B 2 45 I 25 2R PCL IR R 41 5 383037 2 TR) 1R S OAH
KR35, 7i4h, FES| SD_PCI [ iash,
BATE— LU H T ZE A0 s LERIET
SD_PCI [FIAHIC, AHC RECH Frigk Iy, 23 —0.45.

(©
120W 60W_~
\\\ /( /‘:\‘:0/
AN / .
\150W 30w,/
\ Iy p
ARV \\! / <;'17 \
AN SR }180 0 5' BREN
CF ‘v ) ok

>

\

Iy

3 "‘ \ P
4 0

2 ZZFTPR PCLINEFFIEIAR (a) 200 hPa f7#AFREY) (Z200). (b) 500 hPa {3 AEY (25000, (o) WFIiUEY (SLP). (a) 1 (b)
SEH LA M 10 gpm, (o) [AIBE 4 0.5 hPa; BRI RPN 95% B 15 FER I
Fig. 2 Regressed (a) 200-hPa geopotential height (Z200), (b) 500-hPa geopotential height (Z500), and (c) Sea level pressure (SLP) by SD_PC1 in winter. The

intervals are 10 gpm in (a) and (b), and 0.5 hPa in (c). The shadings denote the regressed field exceeding the 95% confidence level

4.0
— SLP_AOI —-Z500_AOI

2.0

---7200_ AOI — SD_PCl1

Time coef

“N—

Y

,./1xkfvwwf
7YV

_4.0 I T T T T l T T T T I T T T T I T T T T l T T T T I T T T T

1980 1985 1990

1995

Year

2000 2005 2010

K3 %28 AO FREAIT VR PC1 I Ji) Fe 51 B IR vl ey e A
Fig.3 The evolution of wintertime AO indices and SD_PC1



N W 39 %

638 Chinese Journal of Atmospheric Sciences

Vol. 39

—0.43 f1—0.41, {HHHLL 95% 1 & (5 kL. 3
S5k, T AO FREOREAT I W ARk, BRIk
AT 5 AO R FEMICHEUL T &A1 MAE:
(TN TE 3

Kl 4 451 T SLP_AOI 53 ¥R IIAH S R 5o
Bl AW ATLUE H, AHOC R B 0 A 5 AR IR
FEF-#) EOF1 2588 (& 1a) J5fbl, Srg. dbieA
AR, FERZ 110°E PLPERILLAS, B, dbRAHAEM
HI LRI A FHBELLE 40°N FIEmil, AO 5
TRAE UL PR AR HL X IEAH G, BB X Sk 56
T 15 i S S (VA Rl B b7 A B a1 L 5 P P S
RER RN 0.55; 3 S S AL T B gl AL R HT
X, AHOC RN —0.58, T la 45
[f)je EOF1 [R23 [ 43 A R, Ik 2 I 28 A O X e
EOF1 (7= /A B b A kB ok, H A0 55
WIEE S AR A AHAH SR 5 25 % EOF1 28 W] 43 A1 1)
FHEELL K AO 5% 5 SD_PCI [ B3 M 1k,
T AO 5 EAZET 7K EOF1 (#7254 A HAT %5
VIR

5 AO WEZEZEFERA RN

=t RA P EAES R A
AO HAHVIMELR, T Ui AO 7Erh E AR
TR IER, FRAT 1K 2 RS R P A D57 B
T RIAR DT AO X [B A Z= R T R AT g 521

HTF SRS A0 KAHAENEH M (K
2), N T A0 Wb [H A Z Rl g, A
F SLP_AOI $5%k, F&A13 MBERC T bRz KT 0.5
HIAEAY b 540 4F (1982, 1988, 1989, 1991, 1992,

1994, 1998, 1999, 2001, 2006, 2007 4F), Ark
Ze/NTF—0.5 E A RFEEEE (1979, 1984, 1985,
1986, 1995, 2000, 2005, 2009, 2010 ), *I&
F|TR EOF1 5 AO MIRMAHRR, B 5 /T
SLP_AOI IR 5 =4840 500 hPa = 5 37 Fl X
WA ZE . B Sa ATLLEH, AO FREUA W
2500 375 42 AO R AH 173 2K, 1K /& AO
RS RIN,  FrAb 3k a2 BRI A o e (i
Ly, AEHPER B IR PR R TG X 5 AR A
Ly, PEIET X TR R EEST. 520
AT RAAM 2500 LR, RIL AO FRELS
B 5 A AR ARG, X B0 AO X = R
EOF1 #A HA REMIBER. 71 500 hPa X7 b (K]
5b), 1E 40°N LAALAE/EE e, o ofe bim
SRR s T AE SR AP AE A SOE R L, O
HE VYR AREH S, A G R R T X 2 52 S
THE RN I A8 B A S 5 T 428 o

T U S AO AHER R I AT AT g
e, BAWEE 6 gyl T SLP_AOI ks iE S
AIREUER A SRR (K 6a) FFEEH (K
6b) [\ 4i. i 6a Al FH, B HEAR ST
SR T P0G A A s i AR RV e X
BH 30w v, T R R PR B 5 b D7 0T B A X
No HARTE F I AR B ] DA R AR Ok I A S
H, F R X A B R S UG R DX, A
e o0 (8 6b) nlFEH, 78 AO FfiAHIS, 7Rk
TR AN, P E B T AR I AR/
DXIRAL, B 2 s e R T R R
B T AYE MU LA I /NE R X 3, B R D

50N
40N —| '
] < 7
30N N
20N ]

—~& ,/ -/ A ~
s 0.1

0.6
0.5
0.4
0.3
0.2

-0.1
-0.2
-0.3
-0.4
-0.5
-0.6

T
90E

I
120E

4 TRE SLP_AOI [MAHR R E I i . SRR SC R HGR I 95% A5 A4
Fig.4 Correlation coefficients between SD and AO index on SLP (SLP_AOI). The contours denote the correlation coefficients exceeding the 95% confidence level



3 4] TR AT S A 7 L ARG S AR
No. 3 ZHANG Ruonan et al. Winter Snow Cover Variability over China and Its Relation to Arctic Oscillation 639

77 / T
\ SN
mN‘/<)9>‘i£ \¢¢¢w\\~-zﬂ*f\¥§\

_\/%\. =7 -

40N — (f — SSTS5—u S S
= SSSSSI—I— S~
1- ,.?- S S SIS S S S NSNSNSESSS ~

30N -\ \ A~

20N

4

[

\.\)\‘\_\,\._f.\r. ) }\j
\\s\:\, — A

\-—v—v—v—»ﬁv‘z/) -

IR /—-—.\.\.\\.\.\\\\\\.\\\\ﬂ&/
T oINS NN NONN YA NN NN
-\sx\\rsz?\\\\\\\\yK\ NN

IR

\\\«/46211\\\\\'
‘/; M'\l\‘\.—l—/ - /ziﬁ
90E 120E
—
2ms’’

K5 SLP_AOICIS¥UE S Rfe U (a) 250047 (Hifir: gpm) A1 (b) 500hPa U7 (B ms) MIARIE. AMRRGMENDER 95% & (5 LKk
Fig. 5 Composite differences of (a) Z500 (units: gpm) and (b) 500-hPa wind vectors (units: ms ') between low and high SLP_AOI years. The shadings denote

the composite difference exceeding the 95% confidence level

Ktk 76 AO AL AHIN, A6 2 MBS DL AR ik
PRI AR TS 2, 1R 7 8 1 R 25
ﬁ%%ﬁﬁ@ﬁ%$ﬁ¢oﬁﬂﬂ%ﬁ,m)ﬂu
oA 01 S I okl I NG 7 8 7D e el S e = T ]
mﬁﬁwa AR, kT [ A AR AR )
RERZ I o
HH B HT 3 B 75 AO FHER R 3R LL
F ML A S AR EALE BOFL 3 A B4 v (1) 4k
M, b Tie— 20 5 E A4S EOF1 AR
Wit AR E Y, TATH S PCL I T8 751 4
515 500 hPa XI AR E I ERIA 04T, S5
Wi 7 Prose IWEIHRTLURIL, R B A Rz A
WRE S S A NZE (K 5b. K 6a) HAAHK—
AR, 7E 500 hPa K37 I (] 7a), 40°N DL
JEFI LA RS 43 90l 52 e AN B e 4l (H R 7 B
AESRFE A W99 Tk AU BB, X IELF U T
677 BIRR S IE e i W KT AR e (&
1w0fﬁﬁmﬁﬁi(l7w,¢lkﬁmﬁﬁﬁ
s MR N IES S, JF B I 58 X 3 fe
I?&ﬁﬁ#% ﬁ%@6amw i A7 S )
XA AL, X5 1a FrosfRS oaa R
)30k o PRk, 7R A6 7 (0 28 S R AU o1
fffrhEIE T RS2, BTN Z, mem T
A5 1) v R 2R e RN SRR, BRI T
g 5 P, (HIkIS MR RSy, SR TR

EGIHMRD o [, db s R IR L T b
WX TR s Ty b X b R L T v S A T
b, DRI M DX R S /)

AT 45 KRB, AO ik 52 m v [ X 3851
TR 0 v B AR P A v R . A T
AT EEREGBFESRMERRAIKLR, FH8AHETE
RS FEE R AN R . &l 8a
N, SRR R 2 R v [ Xl Y B 2 R IE A
KRR, MKRBATwOm— KT S E o A
T nlis 0.9 BLE, BIHATETRFRMEM GRb)
HAFFEZHMN kb)) FEYIKR. AO Fif:
FHISE b T % 25 14 18 i R e O [ R 92 2 5 B0
AL m DA AN EEJR N . HE 8b i FHH,
IR AR AE T XA AR I SRR O
iy e RARAE X I T AR AR A YLk, AHOK
REOTIE—0.7, WHAESE (K RS D
(£). A0 FAAHHN BI04 (B 7o) A&
SHERFEP S —AEERE . AT, XAFHKE
R RS EA RSN KR, &L FEEH
X TR A =TT e R o

6 LEieFnitit

Jeferkrh e 4 A TR A 5 KRR
%E%ﬁ”ﬂ%%,fERVMAOE%TW%W



N W 39 %

640 Chinese Journal of Atmospheric Sciences Vol. 39
60N 60N
[® mm
3 14
10
4
40N 40N ;
0
-1
-4
20N - 20N
T ' ! I
90E 120E 90E 120E

K6 SLP_AOUIEHEMmAREAE (2) ML (R °C) M (b) FE5Y CFfi: mm) M TS SE0mBoR R 95% B A7 kL

Fig. 6 Composite differences of (a) surface air temperature (units: °C) and (b) snowfall (units: mm) between low and high SLP_AOI years. The dots denote

the stations where composite differences exceed the 95% confidence level

60N — 60N
(a7 P B RS NN NS
N @ @ @@ NS
\‘\‘\‘\_\;\,_._._w;w,«/; ™y \ S
i SSSS LA ) NR =
NN~ S = =3 =Z p Y
W e g
40N OSS = = > > >z 40N
ENNN S s S = 2 ; il
LI e e i T T T = 3 ;
SN NS SNN NNV \1\ . e
R N N % - ———
ek VN N Y Y e - ’
e i Yr e : . :
N Le ‘_,‘,‘_4_‘,/_‘7:; el j.,’/.W.r/. oo e v v i s P N -
20 -5%1_.-4—*.—4_.__._‘—./(,7/.,5;._“........,,, 20N 4.
= *"'."4""," T e F— T T T T T T T
90E 120E 150E 90E 120E 150E
—>
1ms™

7 AZHE PCLINTEFFIEER (a) 500 hPa 3% (Bifr: ms D, (b) MUEIREE (A °C). BIRRRENNZI 95% 8 ik
Fig. 7 Regressed (a) 500-hPa wind vectors (units: m s ') and (b) surface air temperature (units: °C) by SD_PC1 in winter. The shadings denote the regressed

field exceeding the 95% confidence level

1 4 P
50N , , 2 50N -
40N 40N
30N - 30N
20N - ///f”/q\\ 20N
] /(\/L
; T ' ' T
90E 120E
[ T 1
—06  —03 0 03 0.6

K8 TRE (a) BEIAI(b) “URMIAHRARBUMIT . LA RBOE I 95% B AT LRI

Fig. 8 Correlation cocfficients between SD and (a) snowfall, (b) surface air temperature. The contours denote the correlation coefficients exceeding the 95%

5 DI i B BB K AT B I OC . R R RN, TIRMARI AT — RS R I #

g8 e i o R AR b 1 DS B R B T S Al et B SROEAHARRE, 7R R 110°E BLPSMIBAAR, #5. b

P 2 R S SRAHAAL I SRR 53 I AE 40°N Al sl f . B
SRR T P E AR RN S AL, 4 SRR IR DX IR S R R, BT DA R AT i



3 4] TR AT S A 7 L ARG S AR
No. 3 ZHANG Ruonan et al. Winter Snow Cover Variability over China and Its Relation to Arctic Oscillation 641

JECH X TR AR /N s A3 BT RE I TR TR) 3 2 s B, 5
A B AR AR AR, B i A AR bt
X HIRAE 1996 FZ i/, Z a1 e
JE A 7 MU X T VR AE 1996 4E 2 Fi K, Z J5 /N
TR 5 B S R AR S A e .

FEAEMELS A0 KB A B3k
%o X AO AU 500 hPa BRI . DL
AT, R A AR . AL
YL T AO W] LUt ik KAk 5 i 4 35 R 4
A, BEMO A A P A T RERE . 4 AO &b T
HALAHIT, 500 hPa 45 K 1fi I 40°N LLALAAAES b
FE DU ZR B (AL, e s A e
70 VY R 0 S AR AL, Hh B b 5 R R b X
Paw |- DS HE i P o s R 1 Ll
EQC RS 2 . R RE, IR
W2 WifEm o AT, E e R AR A
ML PR D SRR s, R H D
Kltt, AO wf LU g b B RS i,
X BRI AR s, Mmoo E A 2R
ERTRERE . PRI, ARSCAMYNRR: FE R T
AR e S R, AR R TR AL T
Al AR ER S

PR I, SCRERAIRI A TR AT T
EOF 7041, Wi FFstl 5 R EOF 430 ¥iif ,
E AR EOF1 7% [ B AT AU 40 A, AR AL T BRI
IEBESP- B AR /N, 1 R 99 1 BB ST B 2 4 5
CEIms), RIAREAL 5 3% 1% EOF1 2% [a) 4y s T b
TS VER, KT KIS DL rg b X A )4
M, At E AR 2w D S bR S oA CIRAT
Wi5E, 2014). Bk, R EREE k48 EOF 4y
AR DA B S s B S R AR B S Ak, SO
SR UL T 5 AO AR KSR i it 5g i 4
TR, HEMO AR AR R BRI . FE E,
MXT AR W R K, BORFAS . A%
T BEZER. BUETHE. DR b S 26
KRG AR . EARNT RS (AR HH e 3L 1)
e ®e, CHFETA R NGEmMBR TG R T5 T,
WD IFRIRA I A TAE R ENS A0
MR KA — DT U T 5T
IR, (A O R I R4 KRG IR
&S AT E R g, S TR R KA R G A
I AR R AR 23 AR S R R R A 2 = A S
Rt R4 R G5 26 RGO AH AR HI AR

TR, A iy BT R 2 A

S Z 3k (References)

Armstrong R L, Brodzik M J, Knowles K, et al. 2007. Global Monthly
EASE-Grid Snow Water Equivalent Climatology [DB/OL]. Boulder,
Colorado USA: National Snow and Ice Data Center.

YR, PMEED. 2003, BROEAR S 50 A0 &2 RIS 1. W
MEFE [J]. KARF2#, 27 (3): 304-316.  Chen Haishan, Sun Zhaobo.
2003. The effects of Eurasian snow cover anomaly on winter atmospheric
general circulation. Part I. Observational studies [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 27 (3): 304-316.

YRitgIl, AMEED, AREZE. 2003, BROERLSE 58 4 A b & 78 KA LT
s 1L BUERERL (3] KARR#E, 27 (5): 848-860. Chen Haishan,
Sun Zhaobo, Zhu Weijun. 2003. The effects of Eurasian snow cover
anomaly on winter atmospheric general circulation. Part II. Model
simulation [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 27
(5): 848-860.

FRIC, REMHH. 2006. IR 25 4 W A& Z UM AR 4 B RO _E IR :
WEERAT2WIER ] KR, 30 (5): 863-870.  Chen Wen,
Kang Lihua. 2006. Linkage between the Arctic Oscillation and winter
climate over East Asia on the interannual timescale: Roles of quasi-
stationary planetary waves [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 30 (5): 863-870.

YU, IETF, AR, 4. 2013. ENSO RULAR 4 S 44 AR 50
Mgty e (7], BH# 0, 58 (8): 634-641. Chen Wen, Lan
Xiaoqing, Wang Lin, et al. 2013. The combined effects of the ENSO and
the Arctic Oscillation on the winter climate anomalies in East Asia [J].
Chinese Sci. Bull., 58 (12): 1355-1362.

JeiE, £l 2003, Z T AEICRIE SR P E A F RIS (7], H
Hi2EHR, 58 (4): 559-568. Gong Daoyi, Wang Shaowu. 2003. Influence
of Arctic Oscillation on winter climate over China [J]. Acta Geographica
Sinica (in Chinese), 58 (4): 559-568.

Gong G, Entekhabi D, Cohen J. 2003a. Modeled Northern Hemisphere
winter climate response to realistic Siberian snow anomalies [J]. J.
Climate, 16 (23): 3917-3931.

Gong G, Entekhabi D, Cohen J. 2003b. Relative impacts of Siberian and
North American snow anomalies on the winter Arctic Oscillation [J].
Geophys. Res. Lett., 30 (16): 1848, doi:10.1029/2003GL017749.

Gong G, Entekhabi D, Cohen J, et al. 2004. Sensitivity of atmospheric
response to modeled snow anomalous characteristics [J]. J. Geophys. Res.,
109 (D6), doi:10.1029/2003JD004160.

FRHOA, BADE, 2. 2004 NOAA T A3 S UL Hp 1R AR S5 0
LEwET (1. vk)I% =, 26 (6): 755-760.  Guo Yanjun, Zhai Panmao, Li
Wei. 2004. Snow cover in China: Derived from NOAA satellite remote
sensing and conventional observation [J]. Journal of Glaciology and
Geocryology (in Chinese), 26 (6): 755-766.

e, LA, B 2004, LA AR ARRR AR (X A WAL A& =
IR [J]. WRA%, 23 (4): 429434, Ju Jianhua, Ren
Jizhang, Li Junmei. 2004. Effect of interdecadal variation of Arctic
Oscillation on temperature increasing in north of East Asian winter [J].

Plateau Meteorology (in Chinese), 23 (4): 429-434.



N W 39 %

642 Chinese Journal of Atmospheric Sciences

Vol. 39

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-year
reanalysis project [J]. Bull. Amer. Meteor. Soc., 77 (3): 437-471.

R 1988, HF BT REHIVIAATH (1] HBIZEAR, 43 Q)
108-119. Li Peiji. 1988. Preliminary evaluation of seasonal snow
resources in China [J]. Acta Geographica Sinica (in Chinese), 43 (2):
108-119.

ARG, ORUEZE. 1983, T EBITIN A AG [T). BN L, 5 (4): 9-18. Li
Peiji, Mi Desheng. 1983. Distribution of snow cover in China [J]. Journal
of Glaciology and Geocryology (in Chinese), 5 (4): 9-18.

ESNE, Z2KT. 2012, 1957~2009 £F i [H & b ML ) R BN S 2 40
AL [T]. k)11, 34 (1): 1-11. Ma Lijuan, Qin Dahe. 2012.
Spatial—temporal characteristics of observed key parameters for snow
cover in China during 1957-2009 [J]. Journal of Glaciology and
Geocryology (in Chinese), 34 (1): 1-11.

TR, JTTPR. 2010, A=K KRG FGHM T o i A4 & rh &
FEREFFIIRR [J]. KARE, 34 (1): 213-226. Mu Songning,
Zhou Guangqing. 2010. Relationship between winter Northern Eurasian
fresh snow extent and summer climate anomalies in China [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 34 (1): 213-226.

Bn, FITIR 2012, BREACTAFIE T “ 7 R =T
FIBLBAT S8 —— Bl 2= T A S W <Al AR 0] RAUREE,
36 (2): 297-315.  Mu Songning, Zhou Guangqing. 2012. Mechanism for

the correlation of winter fresh snow extent over northern Eurasia and
summer climate anomalies in China: Anomalous seasonal transition of
land as a bond [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
36 (2): 297-315.

North G R, Bell T L, Cahalan R F, et al. 1982. Sampling errors in the

estimation of empirical orthogonal functions [J]. Mon. Wea. Rev., 110 (7):

699-706.

Saito K, Cohen J. 2003. The potential role of snow cover in forcing
interannual variability of the major Northern Hemisphere mode [J].
Geophys. Res. Lett., 30 (6), doi:10.1029/2002GL016341.

Thompson D W J, Wallace J M. 1998. The Arctic Oscillation signature in
the wintertime geopotential height and temperature fields [J]. Geophys.
Res. Lett., 25 (9): 1297-1300.

Ueda H, Shinoda M, Kamahori H. 2003. Spring northward retreat of
Eurasian snow cover relevant to seasonal and interannual variations of
atmospheric circulation [J]. International Journal of Climatology, 23 (6):
615-629.

EdRE, 22, VR 2009. 40 A X T MRS {53 ] 43 A0
JAEGRARRE [J]. k)1, 31 (2): 301-310. Wang Chenghai,
Wang Zhilan, Cui Yang. 2009. Snow cover of China during the last 40

years: Spatial distribution and interannual variation [J]. Journal of

Glaciology and Geocryology (in Chinese), 31 (2): 301-310.

FEN, BN, WRIC, A 2002 15 5 S5 I R 2 1 2 () 43 A1 R AR
FRBFASAARAE [T]. KARFE, 26 (4): 496-508. Wei Zhigang, Huang
Ronghui, Chen Wen, et al. 2009. Spatial distributions and interdecadal
variations of the snow at the Tibetan Plateau weather stations [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 26 (4): 496-508.

Wu B Y, Wang J. 2002. Winter arctic oscillation, Siberian High and East
Asian winter monsoon [J]. Geophys. Res. Lett., 29 (19): 3-1-3-4, doi:10.
1029/2002GL015373.

Wu BY, Yang K, Zhang R H. 2009. Eurasian snow cover variability and its
association with summer rainfall in China [J]. Adv. Atmos. Sci., 26 (1):
31-44.

U, R, 2005, AL FRSWIAITN L M) dbat: RE Hiht,
27-28. Wu Hongbao, Wu Lei. 2005. Methods for Diagnosing and
Forecasting Climate Variablilty (in Chinese) [M]. Beijing: China
Meteorological Press, 27-28.

Wik, 25 2008, A ALHIESIEm i [J]. Uk SRR,
13 (4): 395-404. Yang Hui, Li Chongyin. 2008. Influence of Arctic
Oscillation on temperature and precipitation in winter [J]. Climatic and
Environmental Research (in Chinese), 13 (4): 395-404.

SRR, B SC, B, S 2008, HFZR L 0% 20 it 80 FAUUS
WA B i 8 R IL AT R IR [J]. A %4, 66 (5): 697-706.
Zhang Renhe, Wu Bingyi, Zhao Ping, et al. 2008. The decadal shift of the
summer climate in the late 1980s over East China and its possible causes
[J]. Acta Meteor. Sinica (in Chinese), 66 (5): 697-706.

SRR, SRR, Z2&HE. 2014, hEAE LMD S HUN N RHE &
Z=5bE (0], AR SRS, 19 (5): 572-586.  Zhang Ruonan, Zhang
Renhe, Zuo Zhiyan. 2014. Characteristics and differences of multi-snow
data in winter over China [J]. Climatic and Environmental Research (in
Chinese), 19 (5): 572—-586.

TRATHE, B, 2011, 2009 £FEAZ= AL AR Rr 2L 56 35 IR RAFAE K
HRR 0T (0], KARE¥, 35 (5): 833-846. Zhang Shuping, Zhu
Congwen. 2011. Possible causes of circulation anomalies associated with
subsequent snowstorms over the north of Xinjiang during winter 2009 [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 35 (5): 833-846.

JEEHE, TRAR. 2012, oy [ FR R [ K St B He 5 ity DR ST U T
AL RS IR [J]. KR, 36 (1): 185-194. Zuo Zhiyan,
Zhang Renhe. 2012. The anomalies of spring rainfall in China and its
relation with tropical Pacific SST and Eurasian snow [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 36 (1): 185-194.

Zuo Z 'Y, Zhang R H, Wu B Y. 2012. Inter-decadal variations of springtime
rainfall over southern China mainland for 1979-2004 and its relationship

with Eurasian snow [J]. Sci. China Earth Sci., 55: 271-278.



