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Abstract

Based on the daily cloud cover derived from the 1078-gauge stations in eastern China during
1961-2003, the temporal-spatial characteristics of the leading mode of winter cloudy day
frequency (CDF) over eastern China are revealed via Empirical Orthogonal Function analysis. We
revealed the two influence routes of this leading mode, based on which the physical-motivated
empirical model is conducted to the seasonal prediction of the winter CDF in eastern China. The
results show that: (1) the first EOF mode of winter CDF explains the 59% of the total variance,
which is significant and independent from the other modes. This mode mainly shows a
homogenous spatial pattern over eastern China and presents a dominant interannual variability. In
the positive phase of this mode, a significant lower-level anticyclonic circulation anomaly appears
over North Pacific. The anomalous southerly wind over the western flank of the anticyclonic could
transport water vapor from tropical ocean to eastern China, leading to increased CDF; (2) the
preceding persistent North Pacific subtropical SSTA dipole pattern (NPD) during August and
September, and lowing of sea level pressure over midlatitude North Atlantic (LPA) from
September to November are the two independent drivers for the formation and variation of this

mode. The cold SSTA in the western pole of the NPD is advected southward to the tropical



western Pacific by the anomalous northerly of the local low-level anomalous cyclone, and the
Bjerknes feedback is then formed which further maintains and accelerates “west cold east warm”
zonal SSTA dipole pattern in tropical Pacific. This tropical Pacific zonal SSTA pattern stimulates
zonal convection dipole, which further induces a meridional atmospheric teleconnection in the
North Pacific. The southerly over the west of the anomalous North Pacific anticyclone is
conducive to more CDF in eastern China. The LPA reflects the transition of quasi-stationary
Rossby wave train in mid-high latitudes Eurasia from autumn to winter. In winter, the southerly on
the west of the barotropic anticyclonic anomaly over the Northeast Asia, the terminal of the
Rossby wave train, could also results in more CDF in eastern China; (3) Based on these two
independent routes of physical mechanisms from both tropics and ex-tropics, a physics-motivated
empirical model is conducted, which shows encouraging independent prediction skill during the
ten years of 2004-2013. The results therein are useful references for operational departments on

seasonal prediction.

Keywords Eastern China; Winter cloudy day frequency; Tropical and ex-tropical forcing;

Seasonal prediction

1. 5|8
AR A T, R TR B RIA M . SR AR, RS

FAMEAIERELRE (Zhou et al, 2010), AFSMEFHEMERMWAETRIE. @B A
[ H AR P A TR BRI . i, 2008 AR e E R 5 R MR VKR Y S5 (A R MR KT
FRUEARIC, B KA LG . S imig i, 129 ABRIRFET:, BEEAFHR B
1500 127G (Wen et al., 2009; Zhang et al., 2021) . JE{E H 1 2= 505 AR 2 P UAR R AE . B IL
Py EE A R F B R R S, R B e L S T K S ) B AR

B E AU R R RO A RS . UM T, Chen et al. (2013)
f b E R (4D HEUE 1980s HIREINZ (b)), i mie () HEH
a3 5 AR A2 KUK AEAR PR AR AT 5% 0 Guo et al. (2015) 3 IEZ8 06 1F A8 o 50/ it o 7
A BRI EAFAE P TR, 45 VAR s T AR5 2h DL R Je i Y i 3 0 T S e
i 7E v [ AR SV S AL X, S8 B 4 X R AR — BURA I3 — 1S T 58

FAUBR AN r i A T 2% BB A S F A SR ORI H RE 8 T B [ M AR RIR AR RS
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¥R LA AR Y S 53 Afi o Park et al. (2016 % H AbAR 7% 2 WG K P PEREAH GBI T S AL AR
JEISPE 2 B e U T [ P R R 2y, JF T ) i b AU v 2 P 4 2 < v T I ok, A
B ERMA MR SESE W€ tsh, 2ERPRE (Thirumalai et al., 2017) LR ALK IR
ORI R (Wu et al., 2011) X0 28 M3 55 e 5 A B 2520

PR ATRIR AR R TS, b B A ZE K S RE Ut T I 58 (Zhang et al,
2015; Lee et al., 2013). H[E & Z=[HKH) S BRIV RE — BURARAE CEMRLEE,
2011), MARWATERIMIGH, K EHmINHS R g KRS ERE M TS, &K
%, MARWAZTKGREFEME, K> (Wang and Chen, 2010; Zhou 2011); 1 [E & Z=[F
TR 58 S Ay [ R 0 AL AR R R S A, AR S ML RCOR Bt b2 A 24 TE R 45 M 1 K
ARSIV R B Y], REAR A IR 24 T BRI IS ALK, I R X KR
R R XOKIEER S, TR P E AR Rk B LR R o0 A o B AR A 28 B
AT AR A A 5 75 T ENSO X b [H 4 Z= (K 1) 235 520 (Zhou et al., 2010; Wang
and Chen, 2010; Yang and Jiang, 2014; Zhang et al., 2015). 7£JE/REVEE, FRIE T AR
S AR R L 2 A PP PE L RIS 3, IR SRR i — i IR U R, S B
] 2R P8 A& 2= (il (Wu et al.,, 2003). 114N [F]2E 2 ENSO 20 T 28 A ZRR K H 43 18] 73 A
FAEZE S, XS IRTEH R 7 o LA SRR T S SRR o o IO AN [R5 9% (Feng et al,
20100 HZRILAZ=XFN ENSO W o [ 78§ & Z= K UM A7 AEAEAR PR AR 7E 1980s 3]
T, RARWAFRAIFEN, e BETE AT L T RUNE S R IR, H T 4R e A2
Hh B 2R B SR 78 R KIR, IEROZHLX R KR 2 ;. 1980s HHIILLS, AR E A2 XU S T
BU55, ENSO BN A& 2= 3K 1) £ AMRIE R T (Geetal., 2016). 741, FRED) (B
%, 2014), dLRFEERS) (Zuo etal., 2016). WRLKKEZE 3% (Ao et al., 2016). AERRAHE
SE R AR B SR BRGSO A B 5 (Huang D et al., 2017) S5t 4% o [E R4
FRRKFAE R E L.

gi BN, B NRT i A ZSURAS AT AL 2 e b TR BE L PR N 23 23 A1 BUARE S A 2K

KAMGEE, B AITOORIEA T I H B ARRAE LA (Yan et al., 2021).
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by b, AZRIAREE WS WK, BIOR H IR o SR o 3 A vy, T LB M A8 SRS i
AP AR (Quetal, 2015). [AINF, AZEFRM A RIREI A SMESD, tharsh N
RIS E, FeEIN 2 SRR, 251525k (Seasonal Affective Disorder, SAD)
SEOHPIP (Clark and Watson, 1988), [Hitt, JEHAG WL [ TIF A X & =PRI AL Z
AL B TR0 7 T PR B 7

B R 308 A Z 9 RATC A BN 2 3 A R A £ 2 4822 B R A () R 30 B LA 3

AR MRAE S FEAT A7 A X e IR 5l PR 7 R] 75 L HA B ORI et I ? 352
ARSI RGN =AY S S 1o R

2. BRIk

ASAF BRI D RESRRER 2072 M E5EH = BEYE: 2) EEEX
PR TR /3 [ [ 2 KRS 78 P (NCEP/NCAR) 4 ERZ H B0 i34 (Kalnay et al.,
1996), ZRAMFELERNG . MY, UAFRRIBR RGP R, B2
PRI 2.5°%2.5% 3) REEFKIGHEMASEER (NOAA) FRELMEE HE1E H 45kl
HEM TR (ERSSTvS, Huang et al., 2017) LA FE/KEEF# Kl (PREC, Chen et al., 2002),

BRI 2.5°%2.5° 0 ASCrHAHLELES I 43 BT LA SRS ARSI 5 T 32 1) 5000 e B A
1961-2003 4, Ml 2004-2013 4F [A] {4 AT SR AT A7 SR AS 56 A K FUI PR 54 5 1k st

wo

AR E AR T XN 105°E LAR (1w [ X 38, S HUAL T 105°E BAZR ) Jo sl B S Hics
(¥) 1078 A sUAE b R AR AT FH 3t e SO AR SO 12 ARIRAE 1. 2 Py, Sob
BHORIRE SR 230l 204 H R BT BB s SO st U I — IR B R o Faiil i —
HEAZE I RACN Tk 5425 LY R (s A . S0 R 206 1E 22 BR300 i ( Empirical
Orthogonal Function, EOF) (Lorenz, 1956) (177K H A [ 2R #8422 B R AR 1B 25 0 AR
ERES . FIFH LM RN 3746 R 5 RS AR DG R R AR R (RETED IR . XA
LS. R B DB 2 il S W b e REAE S T DU S AL #E % 42 (Takaya and



Nakamura, 2001), HHE AT

U (a¢’)2 ] a¢ ' 621p ]
aZcos?2¢ |\ 92 IP A2 a? cos (p 6/16(p 8/1640
_ Dpcose | U oy oy’ , 9%y’ , 9%y
2|U| azcos(p[ 9109 —y 909 ta [( ) —¥ _] ’
ﬁ{ u [3111 ' 1/)/ a*y’ ] v [61!1 ' r 521.0 ]}
N2 “acos@ L 0Aaz dAoz al 0poz 6<paz

H, A EAMES £ A7 %, z=—Hlnp, p = (pressure/1000hPa), HE /R KSR
N2 = (RP*/H)S2, FR0F IHERIGT 5, ONRR, RETAUVUAHEL kFom iR
SEERFRHEH TR EER: f = fo + By, ERSBRSE: adIkFR; YU =
(U, V)73 o it R BORX ;. WARER 2 iy DL a i

A ) TR R GE T PR, A S ATk £ BA W B SR B AR A T B
RIESLGETE TR AY o 3 &8 v P AR A 5 3 26 F U DXL 5 (O T e (L et al., 2018). 1E
FEST IR 2 Hf, FATI e A b [ AR RS F AT T i = GRS . MR
KA AP IS BB AT S AHSC . BRI R F O/ PIRES: D FEES
SRR LA H IR 840 5 5P EPRAS (ldn 10 3R 11 J R8I EF D, KT
T R AR R ZERERT S HA TN R 20 BES, AR RT3 R 1R L
ANH WAL (Biln 10, 11 H9%2 8. 9 AR MR, AR T8 7 s L s
XoF S A TN 5 1 52 o

XPIXPIZEATH N B A5 S, FATE eIk A B M R oS R EuE L 90% B KT 1)
XS BORHIFETE X (Lee et al.,, 2013), X X4k A &AM R BEAT L SC REINBLF 1, 153
AR TR T . WA W AN Pred = [TF(lat, lon) x TCC(lat, lon)],
only ifITCC(lat,lon)| > 0.25 (p < 0.10), Hr, TF FIRTEFTIEE X IR BEAE A E R — 4
HIEUE GERILEE . RPN F I Uk ), TCC 2Pk g X I N B rl i BUE AR
ISR B -5 TR G iIAE 5 230, 0.25 /2 1961-2003 47 [A] A O¢ R & I 90% & 17 X [H]
HIBIME . DA BB ER G, WRIEILAE ka7 B0 S B AR AT LAY Jophadt LA B YR e SR
a2 P Rl -, 6 A FHIZ A (B VA 7 VA L G v PR o 5B [l U 2 OR B e S5l 2 A DR I 73

T BRI 32 Bk 5 12 0 R 5 SR IR 3 — ST BT, ORAIE T 00 AT 5~ F 2 0 Sl 2 DL R PR
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TR AR AR S A

AR IS T AR R H (TCC) A T3 554570 (MSSS) SRAT SRR (1 U 50 75 4 34
TCC BRI 1 AR TN AL ZR B85, T MSSS 2o FR AR R TIN5 77 1% 72 (MSE )
B ARSI g i) o b, IEE R R RE R R T L “ AR T 4, SR
T AR TR ZE 8 . MSSS TR AT

MSE

MSSS =1 _MSEC

o MSE AT J7 iR 2, T MSE ARG S5 T 35 75 AR 1% 22 «

1% .
MSE = ZZ(fi 3%,
i=1

MSE, = %;(xi — )2,

XE n REFFINKSE, FARRBETIFINEE R, x BN LR, oRRAFEST . a5
RN, FRAMER ¢ (F) FE/KL TCC (MSSS) [ E M. (5 i Tl sr Fip Bt A
o, AEREIE ¢ (F) RIS ATReHFAGIE, BIRATERA T IES501 bootstrap J7i:E
ITREMERL (RPEEE, 2017). LA TCC B E AL ], bootstrap J715H =P ¥K: B,
R TR 25 SR B TR R A U, M 1000 ANBENLFE A ARG, tHEBENLR 51500
FHIRIMR RS, 152K REMEER 0 &5, 1HEH TCC EMR i h A &,

WIER TCC /NT 2.5%MIBENLT FIFHC R EL, BIR B HIEE T 5% bootstrap i & A5 -

3. BIRBURITZE oA ERS REMARAES

3.1 P ERMLZFER RIS 540 RFAE

K la g5 7 EZR AT R RS SR/ 0 A WG, P EREAFA R
R TS BAR 2B 2 A0 D A6, PRI RIUKRIE R H 9.3 Ko BARME O ELE
HE AR R 7, RREEFIEH 23.3 K: 40°N PUILRHIX BIR AR &L, S/ME
AL Ko FRSRIIFRAEZ /3G (B 10) 2R 7R K LB/ AT

#, (HEAEKMEX 555 (B 1la) AR BIRIK AR 2R E H IR
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WRIE—r, T 407 N AL X R AR EZE AR /IME Y, R WA B R A o [ 2R 53k 7 b
XA I H b BAR S AU

Pl 2 2 T e R AR S B R AR ) B — RS 2 8] 3 AT o AR RLAIR BRI S 5 B HL R o3 i
550, B 2a AT, AREBF RIS A o A e A R A IX — B A . RS N IEAL
FHES, BRARACAGEE A DX, o AR SR 4 X — BUW B R AR R R 2 o 5 i 2 A K (E
IR R XA X B R R 2, B AR A ORI 2 02 32 252 A
JRSF R 42 ) o i e IR T 0 A DR 52 Al e o PR IR A2 ), T s e DR AR I b K P 32 R
i 7 B PR i i AL B e AT IR (R BRI K R 6 2 b [ AR, 5 U AR =
HWZ o [EAE R, TLHEX AL T 5 8 A< X\ 78 R XU AR e DR AR, KIS B 1
XEAE R RE, PEOZMX BRI KA . 55— BESIRE T 59%00 b E R 42
BA R AT i 5 ZE 5k, H 32 %) (Principle Component, PC) I HY 535 (14 BRs % 5 1] (LA
3-4 RN . K R AR B R SRR X T 2 e SO B R AR TR B,
1961/62-2003/04 48] IR AKX F5 £ 5 PC HIAHIR R EGEIE 0.99, Ui % TR EI S (5 2R

I R ) 42 X — SRR B AR A RFAIE

3.2 EESHREB MRS 1T 7

B3 45 TR R T ARR IR AR IR T 738 X bR A B T s o Bk T A7 4[] )5 2R 5
I3 A\ 200nPa X ZEFERE (B 3a), thdi BEAL KTV 2 G bR S AR R 1
AZTEE R oo tag gt 72 T a2 - W N o/ i VA B SN U DS P o NI AR S
E2 O 1 Ny G o/ DA R P A 7 A i | N G 2 2 = DR i 1 B vl =R e
b 87 P A BE S B DU K P AR AT 2R A% 28 P AL TR, RS 5 v P 5 5 A ) A 4758
BN R PG PE 125 R B0 o 2 B 2 % 0 DL o AT 3b Xt = R = i i BB
R UATR ZE I 20X 52t AR R P P 22 PG AU AT AR ) P 4 BEE e 8 20 J7 DL B mh 4 L I8 e
&5k, ZRIE EIEE A FRIE T AR R B 1R IR T IE S W15 5 X Fh Ay i R T
S 53 AT A U A DRt b DX AR ) (R A S DA RS R ORP VRS BR (%
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IKIEFHD) (B 3c)o MR R AT b TR R A 2R X i e o 2 A1 X 8z 2 AR Mg

Uit FPRJZE T JE TR T B R U S DA B AT AN AT I S e e 5« IR)Z s U

3w

HE G0 95 K ) i g PRS- R AR A P 8 AL KRNI o [ AKX, B AR — B

PERIBAR AR % (B 3¢ AT 20

4. FARBUIR ERSHIBD 1 IR R EZF TR

R ST AT o o B 2R 9 46 2 [ R IR A S OIS 25 7 AR RFALE K RH SR ) S 5 3 0 A a3,
B 1 AR S s e 7 0 PR R XS A SRR P R RS A B R A AR R ) e 2
JER e A4, BRI B U BTSSR 1 B A AT A 7 s mi WLEE I e S ey 2

N T BB e R, FRATTRT i 2R 98 24 2 B R AU TR AT B0 7 2

4.1 BEEh F F B R F e e

B 4 i R R IR . bR LU P I RS 5 I R AR E B E S PC
IAH DR R AL A o NIRRT DA Y, 24 h E AR MR — B m 2 0 1 10 £ 11 4 (&
4a A1 b), MIRUREFINE . B2 ILE O VIERT (X1), #ir IR XA AR R R
FERR S (X2), BEANPGEEIEEPEONIE T AURIER S (X3), AR AT
EfFE (X4); a8 2 9 H (Bl 4c Al &, AR NHREE ESHE (XS5, mI#GH

JEATPEAFAE L 1) P 7 A PR MBI R R IR FE S 0 (X6), UK PH PRAF AR MR S 7 5

e

(X7, M FHSEERMERINERT (X8, IR PRI AT (X9,

K 5 9 RTIIERRIR L . H R R ARG SUE AR A~ 5 B R AR SE RS E Rk
48 PC WIAHSCREUM G . R, 2 eh E AREA R R — S m 2 0. 5 9 £ 11
H (& 5a F1 b)), #iy B FEVEARAEIG R R (Y1), PUaR0Hs X AA7E i U
BEARABI] (Y2), #AHE AR I T E A i (Y3), 2 BEAG K78 A7 AR~ T 6
AR A (Y4), B KPP EAR WA (Y5): I8 &= 11 A (Bl 5c M d), #

7 BN EEPEAN I JE R PP A7 A IR S AR R TR (Yo M1 YT), I Ay AT K B A AR T
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T IEAR A1) (Y8),  H 2 DRI A ARl S DK i 2 3 it~ T S IR ) (Y9)

FATHRE 7 BL B 18 A (X1-X9, Y1-Y9) FAYHE R SRR N 44 i e i i A AT JE
155, TR IX 3 A A4 S R AU A G R B INBCEEAT X 3135, 4531 18 ANTETE Tl
To ATt R H BA LR T R T, STV ST AR T A AR B R AR
A2 o B 8] R LS R 7 22 (A1 1961-2003 4E [ FIAHE RE. Wik 1 Fis, X6 Fl Y4
) 5 AR AR A AR M AR S, ELARAT 2 TR A LT (RESE R BN 0.16) .
[, O TG ) ST W, 2 onE A Ee, S5TET X6 A
Y4 LA SR [ T R 7K 0B, B 4 X6 L YA NI R TR 7, kAl g2
TR . FRSE TR 7 X6 (& 4c FPLTHERTR) MRERATIA 8 A 9 H BIAGHE JLASF
2 1A W 1R 52 73 AT (subtropical North Pacific Dipole SST pattern, NPD), #5441l
T Y4 (B 5b PAMEFTR) BRI O 25 11 7 v AL K UG -1 100 10 6738 s 16T
[l (Lowing of sea level Pressure over midlatitude Atlantic, LPA).

ARAE AR BBk A EARSLE DL AT REYE, NPD R LPA B e o h B R A E R
SR TR 7, A52, BT NPD 1 LPA X AN T AT 78 5 A2 U] 5 00w (8] R 3 A 2
RARE 2 HABRS R AT A2 O TR P TN P 7 OS2 ma LR, FRATTTHED T AH SR IR IR
AR 3 5% TN ERL -1~ FR) 8 A s R0

Kl 6 8 2 12 HIZMW H PR A3 B £ A 1 NPD F. 7£ 8 £ 9 H-F1
(A R TRV R AR I A R AU <« PHVA ZRIE” IR IR S, X X il v
FREE” MRIEE R ETMET (NPD), JERPHRIUNRE 7 e, (K2R SIERN
PR AL K8, AR S0 SR I AR I e ST o FEAR R IR b ST 3 bl
7 PG G PR A R IR S 3 IO P IR 2 TG AP i X (11 6b A o), il ifg
W FE S B AAE A TIPSR (B 6d). HTEH AR R 2 /RN, BT
PP R 5 3R B 7 BT IE [ Bt (Bjerknes, 1969), - AT 3t — 25 i AN 4 e #4147
PECTUARIE” MIERREFHE A (H 6d). XMAREARTEE “FOAKRIE” IIHR R 7
i Be 5 5 BOE A RFEXH R0 S (K TSR, 10 AR P IRE R (K IE %)
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(P 6h)o %4 P AR R X e e 52— IR AL AR AR R e WAL A o T
AL 7 RENS AL L PG AR O S AUV RA A ) 2 i DU Nz, 1T S 3 SO PERA R R B o
BRI o ACA TR SR L A< T D0 Ay s B RO s A XURGEE, SR 250K, 3L
MR I 5 W kg (P 6d), TS SUBERA it P I P i e X B B ik R 2 . 5 P R R Tt X
M E A= R Z (B 6h).

K7 099 2 12 HIEMWA-F R AR Z B AT LPA L. A9 2= 10 H-FHR3H
iy LA (& 7a M d), FARZEIAGR W ERIOY 4 B2 B SR 2
Y DL AR o BRI i 238 i AR W] LUE NP AR 1, (B3R SRR, 2
10 A1 AJG, ARG S (LPA) Xf A& KTV b2 88 v B 3 15 3 AN
s (B 7o Med, BEJEAE 11 H 2 12 A PR RIEE L (& 7e /6 I 7B
RPEHE 1) PG ALK P PEAL 3R K 2 B DL Bh shil & . K 7e A1 f AT LA, RIRRAERR
JZ R JRIEARZ HRATAE 4 A8 H DL IR A7 B 5 e o B K P PRI 3 P AL s [X 52 <
Jieth (R Szl MR ATAIETE Eas s S Uie G lsD) Sl R Bt X 2
A2 B AU 5 7S e i g XU ) L 76D, A R T e s = v o [ R s, T 2 3

TR A FARE R W Z (K 2a),

4.2 ZETYENLEH] T AR

B L B AT 3R ATTAT &N, NPD H1 LPA s A [ 2R 8 A 2= B AT PR AN P00 R, 72 He
R IR K T BATBIEZR 7 NPD Al LPA 7 520 H (5] 4% 25 [ AT ) S AN HAHE A1
PSRBT o B4, J& A5 R LA I P A S5 S0 BT 7~ >k g Sz B T s L ) ) e 1 T3
DUAEEIRY - AT R B T o [ AR SR R AR AR AL 2 R 1961-2003 4R 1 P se il 2588, @it
L A5 2 (5T NPD Al LPA f4ETHTRINAR AL PC=0.45 X NPD+0.45 X LPA. H1iZ %7
¥ 76 FET YA 7 P T I, H R 2R 98 4% 2 B R A AT | TSI T I8 5~ NPD A LPA 44 T, A
TN BB E — B, AR IR AP R B e A . i8] 8 fus, & T NPD
F0LPA [] U5 FF T A B i 5 A A [ 0 A v 00 H o B R A R B AR B A o AR
NZREHR ) TCC 575 AT ik 0.69, BEAR 171 S i H 2 Z= B R 132 1k - MSSS $:75 79 0.48,
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BT “ABEATIN” A RF A TNETT; MEMSLFIE (2004-2013 45) HE], AL
TCC (MSSS) £I524 0.73 (0.51), R 1 HEAMKTINELTT, PC K5 Wk AHENMHZE 100%.
TR AR NGRS ST, TCC £353381L T 5%H) bootstrap &35 K546 .

HE T B i g S A 24T T AR e AT 1 B TR XY, GE Sk T RRAT i B )
WU T4 38 P R RS SN AN SL TR R AT R L RIS . B 9 L T TS AN S T
DN R -5 00e A ] R S A 2= B R A A A AL B s A s = B i PR, 5 8-9 HFIJ ) NPD
(e ST P A5 5 AU 1700 P b X 08 0 A Ve 0 S5 P I8 28 A T P9, i — 2B
VRN A R T STV VA R T T L PSE S8 A0 Ao < VYA R IR 1 V2 T P S WK
P AR I A )Xo AR, HETIZE A AP SO 2R I (B AR B BB AT DU 1)
BTSN ALACPPE IS S, FL T R0 ) S5 R AT 7 R /KIS R P E R, S 80k
[ ZR A RATR — B % o B4k, 9 % 11 b A eI R TGE 6U8 IR (LPA) RRBEIUR I
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Table. 1 The correlation coefficients between the potential predictors and the principal component
and among the potential predictors themselves

X1 X2 X3 X4 X5 X6 X7 X8 X9 Y1l Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9
PC 0.45 0.43 0.38 0.44 0.59 0.53 0.35 0.42 0.48 0.43 0.38 0.42 0.53 0.39 0.55 0.56 0.52 0.45
X1 1 0 0.53 0.42 0.33 0.07 0.05 0.14 0.14 0.23 0.56 0.26 0.39 0.44 0.30 0.23 0.26 0.36
X2 1 0.10 0.35 0.34 0.41 0 0.35 0.45 0.18 0.05 0.21 0.32 0 0.13 0.33 0.23 0.22
X3 1 0.31 0.27 0.08 0.08 0.15 0.32 0.41 0.40 0.07 0.35 0.30 0.29 0.46 0.14 0.30
X4 1 0.28 0.22 0.03 0.14 0.27 0.13 0.33 0.27 0.76 0.40 0.34 0.17 0.41 0.76
X5 1 0.31 0.18 0.68 0.37 0.38 0.47 0.30 0.39 0.27 0.24 0.35 0.25 0.32
X6 1 0.43 0.42 0.51 0.41 0 0 0.16 0 0.42 0.38 0.23 0.12
X7 1 0.20 0.30 0.33 0.10 0 0.17 0 0.18 0.31 0.07 0.18
X8 1 0.37 0.38 0.15 0.16 0.18 0 0.21 0.37 0.10 0.17
X9 1 0.53 0 0 0.38 0 0.38 0.46 0.39 0.20
Y1 1 0.25 0.10 0.26 0.13 0.59 0.33 0.30 0.06
Y2 1 0.35 0.42 0.49 0.26 0.25 0.19 0.27
Y3 1 0.28 0.58 0.09 0.19 0.38 0.32
Y4 1 0.45 0.32 0.18 0.42 0.85
Y5 1 0.32 0.17 0.38 0.46
Y6 1 0.35 0.43 0.18
Y7 1 0.11 0.07
Y8 1 0.38
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Fig. 1 The (a) climatology (shading, units: days month), (b) standard deviation (shading, units:
days month™) of winter cloudy days over eastern China from 1961-2003
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(a) Spatial Pattern of EOF1 3 (b) Principal Component of EOF1 59%
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Fig. 2 (a) Spatial pattern (shading) and its corresponding (b) principal component (black solid line)
of the first EOF of winter cloudy days over eastern China for the period 1961-2003. Regressed
850hPa (a) wind (black vector, units: m s') and geopotential height (contour, units: gpm) onto the
standardized principal component. Bar in (b) is the winter cloudy day frequency index and the
black dotted line is the projected PC using data in independent forecast period (2004-2013)
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on _(a) Reg 200hPa WAF&SF onto PC
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Fig 3 Regressed (a) quasi-geostrophic streamfunction anomaly (shading, units: 10® m?s™) and
wave activity flux at 200hPa (shading, units: m? s), (b) 500hPa geopotential height (contour,
units: gpm), wind (black vector, units: m s™!) and precipitation (shading, units: mm d') onto
standardized principal component, (¢) as in (b), but for 850hPa geopotential height (contour, units:
gpm), wind (black vector, units: m s!), SST and Air Temperature at 2 meters (shading, units: °C).
The letters “A” and “C” indicate the centers of anticyclonic and cyclonic anomalies, respectively.
Regression coefficient of dotted areas in (b)/(c) are statistically significant at the 90% confidence
level of SST/ precipitation field. The grey shading in (¢) indicates Tibet Plateau

21



60°N - 60°N -
: I\, 1%5

30°N

30°S

60°N

30°N

30°S

K 4

B

a) Mean_ON SST&2mT c) Mean AS SST&2mT

ey =7 N - 4 0.6

3

son A ‘:‘. b T

3
a1

\:5
=
1

1 : 30°S ” . b -0.5
RrS raR e < ) 06
T T T T T T T \_* T T T T T T

0°  45°E 90°E 135°E 180° 135°W 90°W 45°W 0° 45°E 90°E 135°E 180° 135°W 90°W 45°W
b) Mean_ON SLP d) Mean AS SLP

I____| — .. 0_6
—4 60°N o 1 ..+ IX8 0.5

R |

30°N

. - T 04
o sos 4 0 | B 05

T T T | T — l T T T T T T
0° 45°E 90°E 135°E 180° 135°W 90°W 45°W 0° 45°E Q90°E 135°E 180° 135°W 90°W 45°W

10 A0 11 HPEIE () HEHRAPER IR (A2, $h2. °C), (b) #-T i <E (B,
hPa) SARAEALI 8] P U AH R R B A, (o), () [ (a), (b), {HEEJy 8 F1 9

HF e T IOy R R BOETTE 90% 235 1A 56 i [X 42k

Fig. 4 The correlation maps between October-November mean (a) SST and air temperature at 2
meters (shading, units: °C), (b) sea level pressure (shading, units: hPa) onto the standardized
principal component. (c), (d) as in (a), (b), but for August-September mean. Correlation coefficient
of dotted areas are statistically significant at the 90% confidence level
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Fig. 5 The correlation maps between November minus September (a) SST and Air Temperature at
2 meters (shading, units: °C), (b) sea level pressure (shading, units: hPa) onto the standardized
principal component. (c¢), (d) as in (a), (b), but for November minus August. Correlation
coefficient of dotted areas are statistically significant at the 90% confidence level
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(a) Reg_AS SST&500hPa Z onto NPD (e) Reg_AS P&850hPa ZUV onto NPD
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Fig. 6 Regressed SST (shading, units: ‘C), 500hPa geopotential height (contour, units: gpm)
during (a) August-September mean, (b) September-October mean, (e¢) October-November mean,
and (d) November-December mean onto NPD. (e) () (g) (h) are same as (a) (b) (c) (d), but for the
850hPa geopotential height (contour, units: gpm) and wind field (black vector, units: m s'), and
precipitation (shading, units: mm d™). The letters “A” and “C” indicate the centers of anticyclonic
and cyclonic anomalies, respectively. Regression coefficient of dotted areas are statistically
significant at the 90% confidence level of SST/precipitation field. The grey shading in the right
panels indicates Tibetan Plateau
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(a) Reg_SO 200hPa Z&WAF onto LPA (d) Reg_SO SLP&850hPa UV onto LPA
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Fig. 7 Regressed 200hPa geopotential height (contour, units: gpm), wave activity flux (brown

vector, units: m’s?) during (a) September-October mean, (b) October-November (c)
November-December mean onto the LPA. (d) (e) (f) are same as (a) (b) (c) but for SLP (contour,
units: hPa), 850hPa wind (black vector, units: m s') onto LPA. The letters “A” and “C” indicate
the centers of anticyclonic and cyclonic anomalies, respectively. Regression coefficient of dotted
areas are statistically significant at the 90% confidence level of SST/precipitation field. The grey

shading in the right panels indicates Tibetan Plateau
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PC = 0.45*NPD+0.45*LPA
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Fig. 8 Time series of standardized principal component of the winter cloudy day frequency over
eastern China. Black solid line (dashed line) is from historical (observation reconstructed) PC, and

blue line (red line) are the simulated (independent forecasted) PC
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Fig. 9 Schematic diagram for the impacts of NPD and LPA on winter cloudy days over eastern
China via tropical and ex-tropical routes, respectively
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Fig. 10 11-year sliding correlation of predictor candidates from the Oct. and Nov. mean persistent
signal (a) X1, X2, X3, X4, predictor candidates from the Aug. and Sep. mean persistent signal (b)
X5, NPD, X7, X8, X9, and predictor candidates from the Nov. minus Sep. tendency signal (c) Y1,
Y2, Y3, LPA, Y5 and predictor candidates from the Nov. minus Aug. tendency signal (d) Y6, Y7,
Y8, Y9 with the standardized principal component. The black dotted line is the threshold for
correlation coefficient passing the 95% confidence level
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