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Abstract The relationship between solar activity and the East Asian Winter Climate (EAWC) was investigated using

observation and reanalysis data and solar 10.7 cm radio flux data from 1959 to 2013. The results show that solar activity
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correlates well with the winter atmospheric circulation over East Asia (EA). However, interestingly, this relationship
exhibits large differences between strong and weak solar activity periods, suggesting an asymmetric solar influence on the
EAWC. Further investigation indicates that the linkage between solar activity and the EAWC is robust during active solar
periods, while during inactive phases, the connection is fairly weak in comparison. During the active solar period, with
strengthening of solar activity, the geopotential height in the mid-troposphere increases significantly over the
mid-latitudes of the EA, resulting in a weakened East Asian Trough (EAT). Meanwhile, southerly anomalies exist at 850
hPa over EA, and the Siberian high is weakened in addition to the East Asian Winter Monsoon (EAWM) at the surface,
giving rise to significantly positive temperature anomalies in most parts of the EA. Nevertheless, during inactive solar
periods, there is almost no obvious link between the interannual variability of solar activity and the East Asian winter
atmospheric circulation. Comparison of the strong solar period with the weak period shows that the abnormal planetary
wave activity and Sea Surface Temperature (SST) anomalies over the northwestern Pacific could be crucial for such an
asymmetric solar influence. During the active solar period, when solar activity becomes stronger, planetary waves in the
stratosphere propagate toward the equator abnormally, resulting in the divergence of the Eliassen-Palm flux in
high-latitude areas and enhancement of the Arctic Oscillation and high-latitude westerlies. Meanwhile, the SST in the
tropical northwestern Pacific decreases with the increase in solar activity, which reduces the thermal contrast between the
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Eurasian continent and the Pacific, and weakens the meridional flow patterns, resulting in an inactive EAWM.
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Fig. 1 Correlation between (a) 500-hPa geopotential height, (b) 850-hPa winds, (c) sea level pressure, (d) near-surface air temperature, (e) precipitation with
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correlations exceeding the 90% and 95% confidence levels, respectively

JRVETT (40°N BRI A9l 5 KBS 30 &2 2% 1E
MK BEAh, mFrb . il KU AT AR K
FEATUA R KRt iE , AEROT KR 60°N By I A7
FEHPIR PR K IEAHSG I (1B 1e)e ALkl
W, KRBTGS ARG 5 AR M X &2 R AT
Z IR o

HAR KPS S 220 5 A &2 KR B
GFIAR OGN, ERIRAT R R R, KR sh 21k
5R WA AP A IR AR AT BRI Sk 2 o 58

b st iR (B K HFEM G
2006, KBS 3728 40 55 3 G X 4225
HLEEARDC, AEAAE A6 5 /D38 4 M X el 2 3
PR . (HfFF B2, Kodera (2002) F1 Kodera
and Kuroda (2005) A IAEAPHIE B8 1A
AO/NAO 55 gk, SRR, HES
AJ FE A RO 2R 3 A HL R iF X 8, 17 Chen and
Zhou (2012) HyERT] AO 53 EAF % 1k
RIER KBRS S I 25 D) IXLERFTUER I, KFH



4 1
No. 4

TE A R OKRHE S A2 PR A A& Z U A AR X
WANG Ruili et al. Asymmetric Impact of Solar Activity on the East Asian Winter Climate and Its ...

is-2

Wi J T REALA
819

T B AR A5 2R A0 RS IR IR T R AR K FH
TEBNE BRI TN R

R KA AR X A E IR R A2
—, BRI ARG AR A IR S 0 T ) o P AT O
i, 2007, AROHLSZ I ] KX S <A b
Ko DRI, FRATTIEEN Joq RAEARN KA SREE, 437
SIWTAERBHE S 950 Ieq 55 F10.7 em (1742 4k
FRIELL S 3 2 [k F . &l 2a 24 1959~2013 4
JEPBRAZE 1 F10.7 em F Ieq RN )25, W) B
F BTGB AT W 11 AE R, A AP AT
BRAEAL, 3X 55 AEAZETH F10.7 em 5 Ieq MK £
Bk 0.297, WL T 95%MIMEEATLS . A T ELBEAFH
TR JITIA AR R M ZER, BATLL F10.7
em fH 1350 s.fu 5, BOKTFZE R FED1E A KRH
BN EE (High Solar, HS) 4, /NTiZ{HAIEA N
MR RBVE SRS (Low Solar, LS) 4E, 4y 5{53
21 A~ HS 4 CHEOKBHTE S B i1 34 /N LS 4F (55
KBS & 2b 45t T F10.7 cm Al Ieq L
B, A= S HS FEAZE ) F10.7 ecm 5
Icq W5 2 KT HAE LS 4EJ5 2%, RIAIEE T
LS 4, HS FRKFHIE 35 4 W KA AR E A 5K

e, T HAR AR, K PHIE S A A KA 1 5
WA AE SR 55 KB B WA K (R 1D, R
AN S ] F10.7 em (R840 Teq MIAH G R 5L
4 0.042, AR S VERE:, M0 fE K S
ST BRI, F10.7 em A0S Toq IAHE R
Bk 0.609, ML T 9% BERE, RIBERS K
(MERTEEIR: L O N N | RT3 B P S 1T P N B R
AR AL 5 2R RS (R IR AE R BH T Bl . 59 I 301
AERIFRIT, ARSI, KPS AR 4R
PR i B2 BAT W S, A 55 K BH A S i
/i L1 10) P -X EE

F1 1959~2013 FHA (8 HS F50 LS £ F10.7cm, Ico- AO
HIHEX R

Table 1 Correlation coefficient between F10.7 cm, I, and
Arctic Oscillation (AO) in HS and LS years for the period
of 1959-2013

KBHFEEEG F107em51q  F10.7em 5 A0 AO 5 Ieq

1959~2013 4 0.297** 0.238* 0.363%+*
HS 4 0.609%+* 0.395* 0.465%*
LS 4 0.042 0.265 0.258

*,owE, R RUCRIR IR R HOEL 90%. 95%. 99%IHI1 LA o

2500 p 130
- 120
. 2000 110
=
= -100 £
E 5
5 1500 90 &
o~ <
S R[80 &
~
= 10001 70
- 60
500 = : - - . - - : T T T 50
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year
130
(b)
120 . .
110
£ . oo -7
& 100 — ®e o . L
‘g . . .: S ,J-".!— .
T 904 ot . o T .
-:.) ° ° hnd . : _______ R
80 Soo . * . e . .
70 . .
60 : T T T T T : T T T T
600 800 1000 1200 1400 1600 1800 2000 2200 2400
F10.7 cm/s.fu.

K12 1959~2013 {EAZE PRI F10.7 cm 5 Iq If) (a) IE)FHIE, (b) #R B R H I BEVEEHL. - () &R IR F10.7 cm, ARER

Ieqr SELBIRIZL B4 B HS. LS 4
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Fig. 4 Correlation between the near-surface air temperature averaged for DJF and F10.7 cm: (a) HS years, only contours with the absolute values more than

0.2 have been plotted; (b) LS years. Contour interval is 0.1, and solid/dashed lines indicate positive/negative correlation. Light and heavy shadings indicate the

correlations exceeding the 90% and 95% confidence levels, respectively
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