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HE FZURTHREREAERTL TMELENG LR, HH AR
T3 R R K AR E 49 % vk, A Blanford (1884 ) & IR & 1 45 7 W1y M)
SERE I, 3] 20 #2270 SR EZ N F 6 KE AT A T g,
BERILTHRLRABEIENS FH SO EES, WA T AMNE
RE IR E-F K AR FGR AR R T Hon TR e 4 2 id
RORFEM, —H &, REBTRBERD YRR E B EHE R
RAFROLIEFRIRR; B —F @, RE BT H 0 RA,H A
REBRAFFEINFER, AZXLEIRF BFERETERAES
WA EAE AL —ANERS iR, B HAXRERRARR A ET
REXKEARENFRE LN RXRFERGRE B, ARREEFERIEE
HRPHRAGERERFIEGER, BABRETEEFRNGXZEFTL
Je iR At iX B A K R AYINIR, AP B AR B R A LR 6 AR R AL R
HERRMAMA A EE,

XEIE BREXBRES;RE-FRAXZ;ZHAER;HFREHR

YN 2R R AR Ak 25 32 301 2 7 R R RS2 o X R 2R W
14 2 7 -4 B A2 AR U Il T 2o R R SR T T R R A R e [
(Yang and Lau,1998) , IMi¥& 2= FR 55 52 52 0 2= KUAS Ak i By 1o ok 72 1 5
B —DNEZER R 5T WOT Bl R X 91 2= X 52 i 2 BF 5% 7] L
1B F) 100 Z 4 i, Blanford (1884 ) FI| ] 5 I iz 111 7 > I 3 1Y 4
2= P BORE A B R 2 XA 5t B, O 2 5 D A L ) AR e 2
IF, B 20 RUAI 55 5 S Z N8R o SR, X Al AR 5 -2 KOG RO AN ERE , T
RAFTEE BRI FER PR, 78IS 4540, BT A2 XU AH DG PE 4
S 5 T TE 3 Ab— SR AR AR, X Al OCPE U 458 . XA AR 224 5 AT R
0 H R E SR E R AR MR S REE 5
WS LA 2 1) AT ( Walker, 1925; Normand, 1953 ) ., R4 Walker &
ST TSI oA 1B S B RE 2R XU 5 AR Eh T IR LI B R A
B Z ARV - KA BAE AR AN 2, B 30 Fg 7 v 8 & 5 RV
JU/RJE VW BLG 5%  G 1X — F 92 80k i1 (Bjerknes, 1969) , K8 [ iff
RO 2= KR RE ARG KR R A SR I — 2D R E R .
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I, 40 2R Walker (1925 ) 56 15 2 IR 50 A1 2= KB4 fF
JE & f - 19 T A, Blanford (1884 ) 3¢ F 55 1 %= W
KAMBFE LR L4, If H Blanford (1884) {ii ]
KRS W B R A N R R
T 7 A TR . SR, BRI - KOG AR R S RRE 1
TR TR B2 Z AN B 2 18, 95 3 1 8 TIOE RS
HERNKRZUFMITRE, — BB TR RS
T GORNZ G AT BT AR R A A B -2 UL
WF 5% ( Hahn and Shukla, 1976; Sankar-Rao et al.,
1996 ; Halder and Dirmeyer,2017) . 53] 4H & f4 Wi )
5 A R 22 7 98 fi 7 AT AR 5 0 B 8 2 KUY
W o I R WT T ZE W], BRI AR S5 0 AR O 2 KURY 52
M) 5 JHC X B R 28 X8 52 0 AR AN A )« AR S 2R T 2 XL
KA, M HAE S ) A AR BRSO — Bk (BR
FUREFI[E 58 ,1979; Yang and Xu,1994;Yim et al.,
2010;Zhang et al.,2017) , {H4548 i #5E , XF WK
Rili AR 5 3 9 2= XL G 2R I AE 90 A0 456 F 90 SR B S 0
WP T R T RMEAFREMIL R E TN RD
WF5¢ ( Gutzler and Rosen,1992) .

M 20 1ttt 22 80 A AT I, KA A ) iz
Ho B E -ZEROC R AYWF S (Yeh et al., 1983
Barnett et al., 1988,1989; Yasunari et al., 1991 ; Ver-
nekar et al., 1995; Yang and Lau, 1998; Peings and
Douville, 2010 ; Halder and Dirmeyer,2017) , 5%
S — B, AR It AR X 4 2R ok R ] R KU A&
FREAFAE A AR 28 A OC 2, 45 ) 2 w3 28 XL
[ B, AR P A 3t 480 HE AR 22 X5 R T &R
M A o FE TR G R 40 B o i A Y
HES3E Rl b 3 i ) 8 1 2 A T 0T 2 XU 2 ) ) K
EATRAIXAER o 5340 M BR R G i = i, dufid
HETRTRET L EMRE-F LR T Hifk. B
an, 3 [ [ 58 3R B8 WU AP0 1 MR TR R e X T B
R EE SR E K B A B BREE T, &
PRESERT 3 A H TRk A FE S A I s AR AR AR AL
I3 Ml B ZR GE DU 1y S A1 R 4 AR
PO B A O i R I B R B K S F (Zuo et al.,
2015;He et al.,2016) ,

AR 5 WO K Bl AR S 5 2R 4 22 AL 46 ¥
2R AR A5G 2R AR BTG S0 2 35 7] B 48 ( Yang
et al.,2002 ;Jhun and Lee, 2004 ; Wang et al.,2009;Li
and Yang,2010; Wang et al.,2010; Li et al., 2017;
Luo and Wang,2019) . B 1 1§ £ F AR BRI K Bl
F0 A B, (5 A5 i e T 4 5, R I O B B G O,
AT 1S 55, 2R ST A I, 6 U 2 A2 AR L K
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St W DR 4 130 3 56, it — 20 IR I AR 3L T o
BB THE-FHRRNIICIAT T KN
A ABATIIRATAE A VF 20 IR i [0 25 B R 2 ) A

1 ERIEXFEREXN AR XIBEZXAE
Al

B WL T B WF 5 7 1 AV BCE R U H 4 &
JREFNHE AL, 0 B -2 RS AL 56 25 19 W) B 2 A0 HIL o)
FORIN PR N 1011 R N P e s 1 B U I 1 8
SCRN, B S TR A R | SR R T 5 1 R R
PR AL (R A3 AH 5% ) R 52 Wi Jay il A At 3 8 X
iU PN RN 738
1.1 RE-FRXFEPAYYIE L EFMH

Barnett et al. (1989 ) i i 15 245 8 5 A PR M b
Ao AR XY B 2R KU AR XS S0 o S AT 20 )
LI P DY A i DX R A /0 A 22 5 i i B R AUER
A 3 b O [ AR R R AT B, DA SRR I
MOCRIVE . gl X A~ i 5 iy L Bk 3, AR D
Bt B0 R A BT e AL AR T RE A SR Ok
i RS W2 K. it n] W, i 55 56 s 18]
I3 AT S R A S IR RN B AT B R S, R B
J5 7 KR B ) R W 5 /0N o T IS 38 3 X B g A s
DR R AR S R AR, KT BE
AR S B R R . — T I, B AR AR
T oW R A R S — Oy, RS
AL, b S R, 28 kR S O R — P18
USSRl AA ) 22 5 o H K SRR 4 T T 4
TR AL, A RGeS AR e AN A AT £l
N B 2 KI5 o PR AT 5 AR T 0 2 XU S Wi
7 B[R] I 2 8 22 B, XA ] I S0 — o R o
TS AL L g, VF 2 #F 58 ( Yasunari et al.,
1991 ; Vernekar et al.,1995;Lau and Bua, 1998; Yang
and Lau,1998) {13 2 BIAIL5E AW IRF B B
F R B (AR S/, HJC 1 R S W AR R R
UFZ I, Yasuari et al. (1991) AH X 3t 5 4L AR =5 i i
R EZEME . EAHXHBIF T, Lau and Bua(1998)
W T RS B I B A f s 5 /E . Yang and
Lau (1998) $i5 ti 7 B35 Fl i 2% 3 B2 (4 AH XS VR T, 78
2R ZE 1 A8 A i il Y 52 O e B 32 S 1
e
1.2 REXNBEIEEFXA N

LS00 I BIF 5 2 W RO K B v 2R i/ AR R
JEERIBE 5 Y 2 B2 XU K S B A0 R O O &R
(I 1;Hahn and Shukla,1976;Dey and Bhanu,1982;
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Dickson, 1983 ; Ropelewski et al., 1984 ; Dey et al.,
1985; Shukla and Mooley, 1987; Khandekar, 1991;
Sankar-Rao et al., 1996; Yang, 1996 ; Matsuyama and
Masuda, 1998; Bamzai and Shukla, 1999; Kripalani
and Kulkarni,1999) ,/iilV K& ZHE S5HER S
JRC 1507 P I K 2 A A A 7 3 3 67RO 6 &R
(Parthasarathy and Yang,1995) , 3% B 1y 3957 MR 7K
Je 41 BV B 22 KUK Hp R 7K A8 Al AT — B30k 0 i A 0
A i KRR o DR A 5 T e A SR IR 5 T D
15 2 I Ho 48 75 Horp 4 35 B2 A AL i (Shukla, 1984
Barnett et al., 1988; Vernekar et al., 1995; Douville
and Royer, 1996 ;Dong and Valdes, 1998 ; Bamzai and
Marx, 2000; Gong et al., 2004; Dash et al., 2005;
Turner and Slingo, 2011 ; Saha et al.,2013), 2K,
Bamzai and Shukla( 1999) % ¥ 5 Z= X\ [F4 /K 5 KR lE kK
Wi PH R A 2R 35 o Z A A AF X B 3 AR O, 5
HONME S BRR, A L5
PR JEL B A8 B o 15 B 2B L 45 2R, /I 55 B i 2= XL
TR AR 2R 1Y I AN 52 WO K fili 7 — 20 A g ARS8 4k,
T2 2R P4 1) {3 A% 19 43 4 JE 25 ( Kripalani and Kulk-
arni, 1999;Ye and Bao,2001 ;Dash et al.,2005) , 7&
— LB A 5T, AT JC k4R B R Rl v
et g SR R 5 o B RE 2 X R TIE A, DA T AR 5 - BT
FEZ= N ok & &% 3 T i £ ( Shinoda, 2001 ; Robock et
al.,2003) , Peings and Douville (2010) — J5 1 {i
OB A E w5 O SRR - OE R, R B K fili
5 A T 0 A1 R RE R R K O &R (R
ek 7 i 22 IR, T S0 BRI K ol 74 8 =5 i 20, AR R S
(TER I UNC MM (A5 F i S S NP
BEEIFATERE s 53— J7 I, Hk T X CMIP3 [y o2 45 41
B 1 o3 b, e BRAE B AR AR -2 KUK AR A =X
T B R Je v/ B U7 T Bl (ENSO) X & 2= VT F1L I 7=
IERAEAE B W 8 FLAS LS S0

ENSO 5 B E F1Z= XM & #R % DI AH ¢ . ENSO
R R 20 K =7 2 ) B 52 24 O 28 (4% e BRI R
Fili DX - 245 1) BR 5 48 K00 S I 2 KU R G AR A
%%, 5 Blanford R LA M. 3 4h, 2k T ENSO-
TR AR, L ENSO 1 (1 4F {5 o £ fli Blanford
MRS - ML RWVFIFA A . Yang (1996)
KB ENSO =5 4 2= F1 L BRI K il B 55 0 ED 2 5 2=
WZ E A GG R, B B IEA B /R e R e, & 5
it 22 25 i 2 PF B i 95 ) B RE R XL, JE T I ¢
T3 A A = 40, 2 [] /9 1 — S, Fasullo (2004 )
1l i UE W] ENSO Xf B - KUk R AFAE 3%
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Fig.1 Time series of Eurasian winter snow cover ( dashed
black line) and Indian area-average summer rainfall

(‘solid black line) (from Hahn and Shukla,1976)

Wi s 2 2% i i % ENSO 4Ry i, &5 5 55 B0 2 &
WU B AR O 2 A S B R, ETIE T Blanford {1 3¢ 1
Yang 925, SR, — 5 5 B 92 o UE Y3 L
T A A DU T ENSO-% U 5 T 7 1
% ( Ferranti and Molteni, 1999 ; Turner and Slingo,
2011).,

BT AL, 22 XA B SRR, QbR R JE R
W 1 1B S5 A [R] [ B, SR T R 2 B S 4 R JER
0 [ 2R 9 7 2 ) B R KUK 56 &R . Yang and
Lau(1998) & AR S5 S J8 2ok 4 38 1 2 728 b A ) 52
MR R R, 2 3R XUk R R A2 T
b A ) AN (18 2) o X EC I 2a TR 2b, ) 2
200 hPa X7 Xf Hif J9] 1 3 0 B2 S o 1 ) 1 22 W) N
TEANEF RN 54 . HX ENSO {5 I
AR, R X 2 XA 52 e 91 FBL A7) , A il b 3t DX 3
WX A 5 E A0 . Mamgain et al. (2010)
TEAIRDT T A [A) X IR =5 0 45 o H O e 5 B
JER T RUR R Z A B 5 2, R IS R A B i X
B, A A e R B 5 R R 5 R 5 BRI R i R
PRI IR AR MBS H SR
7 XUk e H 22 1] OC J A K, o 26 B WO AR 5 JRE
LI A B 7 = WK A7 A8 2 3% A & . Halder and
Dirmeyer (2017 ) 7K Z= 15 I [i] JUBE b 7 — 25 % BRI
DRl 2R ¥ 5 w5 A =5 52 ) 40 B R R 2 KUEAT T )
W, & IUAE WO KRG PG 8 AR 25 S BR300 5 4 3%
Mo AFR RS M FC IR R, T AR AR 2R R
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Fig.2 Difference in 200 hPa wind between more soil moisture experiment( CLSST_A) and control experiment( CLSST_B) for

(a)May-September mean and(b)May-June mean( from Yang and Lau,1998)

FERFEEVERCAT , 77 A FE IR K SCRLNE , DA T 5 i) B 5 2=
UK A AL
1.3 MREXNFIEEZEXE 0T

5B 2 KR LG, BROIE AR 556 25 I 5 2= KLY
FMAE S ] EAF AR RIS — Btk Ak, R R
.2 25 25 5 Al [ X 24 5 2R R K 2 (8] 1 B
AR ARG R 73 LA X, WA 5
5B XU R WK 22 0] i AR OGP 2 48 e (I 3,5
Yang and Xu,1994) . Hrp BOE KRG A =S 514
e B B B 2 [ KRR A AE A B0 B IR A KOG &R
M5 KL PR K R AAE, ZEIRKILPT
i 0 22 KU 7K 15 B B 2= KU 7K 28 6 ) — B (Liu
and Ding,2008a,2008b) , i — 1 AH 3¢ 5 Z& W 1% & 7
fE Mo PEAA A 7Y A4 2 5 36 15 P [ e 2R Rk
FERE IEM KK R, Hrp W AF 7 ENSO fy1E M,
ELAEAH O 23 A v BR2R OG22 9 AN 1 i (Wu and Kirt-
mant,2007) , 53 4h, A [F] (1 B 45 [A] AR 285 % R W
BRI KA A F] . Yim et al. (2010) % B
A 2R RO K Bl 25 35 A7 7 7 A 32 2228 (] 40 A B2 . 1
— AL RN ) R T A (181 4) o BT S AR
B2 7R K [l U5 1) A T B3 X6 I 1 Ik ] 28 2801 5 [
SRR . AIOLAHLE TAR RS R S S AR
HFEBK KRR N E%, &L, Zhang et al. (2017)
3 3 X0 WL B A S A RS AL, e B AR R - ) BR
S o 5 B R R 2R L 2R B K A R A
AT B A R VE 280 ABEIE— A B 55 2 5
TS MR T AR & AR T — 1 H
) TR 5 sk M. il =5 FL AT 2R PG B AH B S, B

I

T H o
VG AR M ST Bl 5 /0 DL 20 ) J] D s IX il 5 22 5 3k il

5w AR ZR Y 0 WA A I E TR
AT RLSUR 5 R Rossby %, -5 UM 45 i RE W 51
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Fig.3  Normalized time series of Eurasian winter snow

cover( dashed black lines) and summer rainfall in
different regions in China ( solid black lines )

(from Yang and Xu,1994)
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Fig.4 (a,b) Spacial distribution and (c,d) corresponding time coefficient of the first two EOF modes of the

Eurasian spring snow cover( from Yim et al.,2010)
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Fig.5 Spacial distribution of East Asian summer rainfall ( unit; mm/d) against (a) the first and

(b) second modes of Eurasian spring snow cover(from Yim et al.,2010)
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T ENSO 78 RX 7R 5 7 X o] Bl . W et al.
(2012) % B J5U 55 o BE % 3 i 9 95 ENSO G A%,
¥ ENSO FIAR W 2= KUY 5 &, (45 1995 4F
PUJE i U i B0 47 4y o, % ENSO A 26 #ai 38 11
% 37 UL Y2 WD SO o, BT S B0 ENSO-AR L E 5 W2
[ 14 G OGS 2 1 K

2 EHEEREXILMEZFE XM

HOR B2 FIBE SR, A 0 = 2R
S e D ) B X I W 2 XU A A B A R
RTINS (R IL AR T Ak 5 19865 52 48 SC kR IE
24,2000 B 45 fF 55, 2000 ; 5K I A1 A B 35 & , 2001
Turner and Slingo, 2011 ; £ K %%, 2014; Liu et al.,
2014) i H , w5 J5AS [6) 1 XA AR S AR 6] 2295 (A
1) BIEREA & AS [A) 19 A% 200 ( Xiao and Duan,
2016;Bao and You,2019; Xiao et al.,2019), i F
o I R W AR AR BT AR 2 v AR S B B TR
BN R I B ZE B K 2 AR 32 B4R ( Turner
and Slingo,2011) , 17 7K 3L I 7 B 2= 5 )t ( Yasu-
nari et al.,1991;Souma and Wang,2010) , F 52, %
B e L P AR S L 3 T AR e B B R RUBE T b 2 3K 1Y
SAEAS AR (W et al.,2011;Liu et al.,2017)

TR 4 O EDRE B R KU R AR B T
Blanford (1884 ) & 3 4 1= T i M 111 AR5 - B B2 2= XL 5
B U0t S U 2 e D AR G 2 I, b 3 I
(I T A N NG WO I/ = - i el (1 G = 2
16 ik JBE  JRE D /), DA TR D B8 2 XU 3 i 538 e 7K ik 2
(Vernekar et al., 1995) , Turner and Slingo (2011)
S BRAEAE A B EE B 2 AU 58 ), i3 e i R RO
KPP LSRR 52 B S A e Ak, T2 R AT A A5
SR S 36 0 3 A DX 320 ) i AR R SR IR DA
FE T BRIV i PG A ¥, e Jit R S5 X6 0 33 B R 2 XL
FHTTMR . Senan et al. (2016) #f — & KW & B4
e -7 0 I X R R R S e IR R X
HEKR

TR AR R TG S 0 AR B R B R
Tt (B 475 AR ) 0B /K U AT R 52 ) (R 2% 0 AR S
#,2000; Chen and Wu, 2000; Wu and Kirtman,
2007 ;Zhao et al., 2007; Wu et al., 2016; Xiao and
Duan,2016) . J&F & 3 UL G5 R ( 32 20015 78 5 it
HARTR LX) | VF 2 WF 50 B v I 4 2 AR i £ 1
AL T i =R K 22, [a] I A6 R AR L R K D
D (W iz 42 FX 3 , 2000 5 5K A A FE 357 5, 2001
Wu and Qian,2003;Xu et al.,2012) , A —L458 3
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FRIBIE S 45 R IEAH B, RV 2 g B AL 5 i 22 1, 4V
U IXOE R K e 2D, b AR A R K B 2
(Zhao et al.,2007) . 734k, 35 5 IR T iR A 7E 6
BRI 2 4k (You et al., 2011 ; Br# R 55,2018 ,
o 2 ZE R R M B 2R /K Y O AR E 20 42 90
AR KA T AR 1L, i T A A 20 i
42 90 AR TF B w820, 1 75 Fif 5 7 B2 e Dt 3 R A
S5 v IR 28 S 0GR, 7R B 2R XU K el G
(Si and Ding,2013) , X ZIRAE X A E R 2 KK
LA AIEFEATY e >R FH B IS 1) A L3000 e A B
I B BOE AR AT B SRAE o Bl T LA UL
TR B4 19 W 0 4 R WF 90 % B v i L R T v
WAL AE B FHAE A (Liu et al., 2014; Wang et al.,
2018) , Liu et al.(2014) [l iA 1 & )5 2 2= B 5 ik
1 B B RE - RSP b R HE FR AL, R e S R IR
U X5 G Bl DT IR R R IR R A G TR B
LG R X ZE K £ . Wang et al. (2018) 7
SO HER b, 20 A e B R 2 v D v R e A S
3 ) 3 e v 5 R I ) ARG BB OR P b S R
PP A A ] 1) 3 A28 5 0 7R 3 R R K, {HL 8 X
Ho A — B B 22w T4 780 A g AR i 22
FTL T 9 3t DX B BAGHE 7Y OR ST R K i £, B RE
JEFB AN PG R P B K D (8T 6) o M Ah, SR
W K Bl B35 L ENSO Fil 2= XU £ 78 & A 5 AF 1
(Yang, 1996 ; Fasullo, 2004 ) — %, 3 % & 5 FL 55
ENSO 7= X i 28 16t 2 % U0 AH 3% /9 (Wu et al.,
2012),

A AR B st (8] RUBE |, e J5E B 25 5% W2 o B 22 XL
WA HEE 2RV ZF ARk 2L
AFIRE, bR P4 3 T il 5 5 30 A 532 Wi DR AH G (A
KRG FEOF &R EE R R EWZ, 5k
A B 7 v DL R UR O 55, DA T {6 A5 B RE R X A 555
(Goswami et al.,2006; Feng and Hu, 2008 ; Ding et
al.,2009; Shen et al.,2011) ,

3 HBiEMRE

AUt N A AR AU A B A LIR30 G
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index ( from Wang et al.,2018)
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soons : regional characteristics and seasonality
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This paper reviews the progress of research on the relationship between Eurasian cold-season snows and Asi-
an summer monsoons, especially the impact of snow on monsoon evolution and intensity.From Blanford (1884 )’s
research on snow at the Himalayan station to the appearance of large-scale snow datasets based on satellite meas-
urement since the 1970s, together with the combination of global climate modeling and observational analysis,
snow-monsoon relationship and the related physical processes have been investigated extensively.On one hand,
snow influences atmospheric temperature , corresponding temperature gradient,and atmospheric circulation through
the snow albedo effect.On the other hand, it affects the atmosphere especially the persistency of atmospheric a-
nomalous signals through the snow-melt hydrological effect.There exists a positive interaction between snow and
atmospheric circulations in those processes.This paper mainly focuses on various impacts of Eurasian snow at dif-
ferent places and in different seasons on Asian summer monsoons in different regions.It also studies the effects of
snow on the characteristics of monsoon evolution at different stages.Revealing those complicated relationships is
crucial for better understanding the overall variations of the monsoon system and is useful for improving the sea-

sonal forecast of summer monsoons.
Eurasian snow ; snow-monsoon relationship ; Asian summer monsoon ; Tibetan Plateau
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