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Abstract

The response and potential amplify mechanism of earth climate at certain regions to the solar ac-
tivity are one of the most important scientific issues in the modern climate research. This study
reviews the advancements of satellite observation of solar spectrum and the reconstruction of da-
taset based on that. Then the key processes of the solar ultraviolet impacting the winter climate in
East Asia are summarized. Generally, it includes the direct impacts of solar ultraviolet on the dis-
tribution of stratospheric ozone, the temperature and circulation. Then the signal is transported
downward and poleward by the interaction of stratosphere and troposphere, and modulates the
phase of the Arctic Oscillation (AO), which further impact the circulation and the winter climate of
East Asia. The current studies show that the enhancement (reduce) of the solar ultraviolet tends to
arouse the positive (negative) phase of AO, and then cause the warm (cold) winter in East Asia. Fi-
nally, the paper points out that quantitative study of these impacts based on the full coupled earth
system model will be one key of breakthrough in this area.
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1. 518

K BH 2 b BRSA5 T AN AR A R 32—, FId s AR A R0 1) 520 — B2 H R 22
(A AN B 2 . W A R B AR AR A M AR A A B 2 IR BN R - [1] [2] [3] [4] [5]. FEAEARBRAN
R RSB A B AR B H DK B 5 30 B 2 6] [7] [8] [9] [10],  H 35 (AR FR KBS 518 W 7E4F
SE DX A S A5 5 TP AR IR [11] [12] [13] [14]. — S8 X IR IR FE[15] [16], V- EER KSR A4S IE
[17] [18] [191LA K =& BE/KAFIZEX[20] [21] [22] [23] 0024 35 R A AEAR PR R BHVE BN IS 5o 14K
PR LR 7N, FEEE X I R R B AE — AN K BH A P AR AR AT b A BkoP 3 K — AN B4 [13], X ATRE & T
Jr iS5 R 8 e FAR 2B i B TBOR T R BTG S S 5o RIS, VLA B Rl s i - 5
KR (5 07) R AL 5 KBRS Bh B A # V) 9k A [24] [25]. G L+4E RS SERY, 1 11 52K
TS JE A S AR S AR SR R AN 2078 0.1% [26]. X/ RIRE AR TS B T W E R ? SR RR
72 73 X8 K PH A S A A A i S0 X el A i SR TBORAE R 2 A 24 AR A A A AR AR 7 P R i )
Gray [10], HT4-55[8] [271F AEARBR RUEE K FHVE B s i s sk A ML B 72, JUHAR “H BEm 7 1%
HMESTHLEIRT “ B R0 R BT E L - WURET TIRFZRA, $8 KRB LS BB A TP
R, R B RN E KR R, DURCOK P B S A T B 7, i s
KW Bei I A SRR A, AT B2 HhBRSU5 3 400w B A B K BE S 345 5 1 B B BE A2
RN A K 22 933 I P 44 28 B B 58 A it 4 Bk R B SR AR AR R B, — 6 TR 32 S B A X
TRUE 2R MR S AL A0S DX A (R S6 KRl , 2R S0 ) B S A FH o 17048 A/ A 38 A 5 0 R A 46 2= Uik )
CRE BN YIS AR AN, TR TR 43 T I R i a0 2R ) S R ) R R X —
FARAL T FEARFI T RE o AR SCE S A48 KB Y nl A e RE 1) T U D e e A . SRS A AR A SR OK B
LRAMRI R PR SRR g . Badtir B mEsE,
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2. KPAZIMEREIM BRI R

K BAER S A TR GE T 1978 45, RN HERR 1R BIMRSORT s 56 S 52w, TR W 485 A LL b T AR
TN BE B A B S It R 52 1) O H A S R 3 o T A RS (R SRR AR AL o I = 2 AR TR RN S 7R K B
AR AR 1) BT #A 28] . 35 [ E M2 A K = (NASA) KRR 5 5 S % 5256 2003 FIF/E T
SORCE P EMMTHXI[29], 7~ 5 w8 i\ 8 5K FH 43 61 & 2 W AN [F 484k, 41, SORCE TA&
bR AL (TIM) B S, 78 2008 AE R BHIE N/ H N, B 0K BH 4R S Bk i {5 4 1360.8 + 0.5
Wm?, BB T 4R B R T SR A B Tz AR R 1365.4 £ 1.3 Wm 2 [30].
SORCE LA (1) SIM Sl S R I 25 H (ol B 445 ST 7t B K 2 ) A8 4k, BIZE 2004~2007 42K FH
TEBN T BRI, SN S IR B LG 2 BT R TR 4~6 £5[31]. TR WL 2 BT A FH f A THE 2
[ (10 DK s 22 S 2 75 1 SR K BE V& BN R T 3R A RO B 0 DR R U8 2 SROGTE [ ) /. IR 8 4h
T B 5 S R 00 S s 2 P T A A R AT R 1 5 D 9 AT 9 S 6 = (NRL) K BH 6 1 4 5 25
£ NRLSSI [30] [32], {H %% $s 1) A= xS BH 43 6 0tk 8 6 (SS A 20 st 3, WAL 5/ . WK FP7
R ZE T H FE T30 =R PRI 7 AN BRI S BH 5% U0 R 2= 24 42 (SOLID) , 12454 A K FHATAr]
SSI #A(E S, VA T TR TR 33], (HiZE T RE S (A4 . Matthes Z5[34]1%:T- NRLSSI2 #il
SATIRE WEHELE, HHT 2RV, Jab THEIMNE B (10~121 nm) Bkl H i, AR T —%
I8 TSRS LRI (CMIPE) s £ k)

R MRS AR B R R AR B TR R, DR R AME S AR T Bk
SAE RSB A ERNLE] . Ermolli [35]%F L T NRLSSI F1 SORCE WX S A B FL B 52, 48 H 4
SORCE T2 (BT LIS, P2 (0 B4R T AN PR JAE X oA B 1y o o7 5K, K o7 5 S50 8 385 110 T v 7
Cahalan %5[36]mt K H Z R4, Merkel Z5[3713F- PRl 4T SORCE 841w 5 UL I e 83k 47 Fr 4qi
B, 3RAS T IAULE R . B FUR RS- VERR B U A X [ 38 AN S - A 27 A = [ 39 ARADL35) T I WLl
758 SN R IE BT 5 LI B S5 (KA R . Ineson 2538145 HY SORCE £ 4N S Wil 1] £ K BH & SIS
(B AR SR BRI A AL 36 KBl v 4 TE B B B2 IR R 35, BSR4 BRP- 280 AN SZ AR /N 1) B R T

3. KIAZIMESHESHWALELFSIRNER

K BRI B HBER A6 (4 1 AL 2 A DR B AR S A Y R PSS S A - R B e ok 1 A A
TR EAE ) 2 A2 A [40] [41], E 52 PR T 5 SR AN A TR JRS BRI L6 YRR A% A 13 B AF ) SRR
ToikEAG . IR, B KPS S AU AL Sk R G N AC R, BRI HOUE S S 3R/ AR K BE
ARG SIERTURARSG, SN — RAVAELNE S M B ROk . Hp R B A RIE R A
FEIE G5 FE K PHA AR ST B AR FAMLA, 170 46 W] DL R ER SN SR X S R L MR B ok, 21
BIFIE T 58 DX 306 K BHIE B A5 5 (i SEANTEOR AR o BRSO MRS R o R AR S RE LN 9%, (HH R L
K R AR AR 1 32% [42], X PH SR AN S HORZ N AT RE 2 K BHE B 1 I TR IR I B 24T . 325
WEFER IR, SN S 2 AR 3 X 2 22U (IR AR BLAR DL R OB TY . 1 e i SO MR S LA T
JRRA, B RE A UG, TR KT B TR R, R RSN S X R R
FETZE W AR RR(EE NRIE R, MOPHZE R Z BURR) s AR5 1 2= -0 2 IR 5 1 AR 2R 41
TR AE TR BRI AR EXIZ, JFR AL BR Rk R A L (Haigh [43]); B mgh K
GBI R SR A SR A ) AR I A 22U, SEIILER MR S 1 TR 5 i

3.1. XFEEIMEFHERTEREXS
BRTEE=TZFETENNFEARKERE, LIMEFZAAIT TR E RSB BB 5 15 31 & 04
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P AE B o P IR 2 AU AT K A<k 36 (Stratospheric Aerosol and Gas Experiment, SAGE) P /2 ¥
(1985~2003) ) Ge it /3 W3R B, 58 HMIR I 7T B H2 R M V-3t J2 LA P2 AR 26 [44] [45] 6 THTE AR DX 1 K BH g
TR AT B RS T3t 2 S ARV B [46] o 58 A1 SR 0 ST 300 J 2 S SR BEE 11 3 b B A (R A Y 5 S 1 T
PRIRUAN S S ik Bk — 0 O8I R 3 AR [47] [48].

SRS B GHEMBER, 35 SRS s 2 AR R R, IF 51 RE IS .
X —F R AR IE I 43 FOUL I 1 )P 3t 2R B 3 N X7 11 KRR R E 45 5 15 DALE I o BRI RS
TR .0 ERA-40 43 4T BERHA49] [5019% 7% V-1t 2% I FE 37 %58 K oH 3 20y (4 i 7 5 P38 R 93473 5 13 J 2 SL AU o A
HAIREFI)— 2k, ARIET30)Z )2 (1 hPa) 54U A R i i 17 X A7 I L3 B B KR (20 2 K) s R
AR B 2SR E AR (20 hPa LU R)AATEGE v i 25 (1 U B KA, 5 58T P IRE R E I O R Al
ARSI 1) WRE I m R 4k 1 S 80732 R 45— S0 AR Ik [49] [51]. TR T8 RHISE 45 R
1320 T M TR I EARI(TOVS) BRHWIRTE, Wi SR H[52) 28 or A 4544, (H i1 T BRI 3 B 5y
e 30 1. 58 B AP 4 BT B R SRR A 55 (P IR B RO OO IREE I B2 1.1 K) . PR KA
SRR R A BR PR R R AT B VR HAR HR 53] o 7R R BHE BN S E AR AR, A BRI i P2 2 R R
PERGEH,  HTAT R BRI U, AR IE R, AR S R AR ) T R AL R [54].

32. FRE-MNREBSEANZIMEFESHER

S KSR 37 R0 R 3% 6F DR B 68 A1 S oF (14 i 5 34 T e ek P J2 - T U JE R A R P ) A B 0k
WMEKRS, BEAE S AR AL EER PR B(INAMY A G S(AO) . X —1E 253 T KB
W55 [55] [56] [57] [S8]FIMLIMI T AL[SO]HIARAIE . 5NN 4 2 [60] I 7T K I AL M5 5l (AO) Lo I 2= 1 M 72 5
FUR BHAR S I ZE T RS 3 0% . Matthes Z5[61] 48 tH 7E K PG S =i (B AE Y 12 A 1 AXRE S KRS —4
KA E(AO)HITE A o Ineson ZE[381 B4, T 45 23 AN AP JE 42 A 2R A5 Ak ol iy TR 26 T AU I S, R TIAE

T solar
0.1

pressure (hPa)

latitude

Figure 1. Annual average estimate of Smax minus Smin temperature difference (K) derived from a multiple regression
analysis of the European Centre for Medium Range Weather Forecasts (ECMWF) Reanalysis (ERA-40) data set (adapted
from Frame and Gray [49]). Dark and light shaded areas denote statistical significance at the 1% and 5% levels, respectively
1. XMEEShEEEMREENEFYEEEMES| B Frame and Gray [49]). D HrEHER B XTRGH AR S IR
FLBESIRERNSTEESH, ERREMXEHREIINRRGITEEMR 19%F 5% X5
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(a) TS (Model) unit: K (b) SLP (Model) unit: hPa

Figure 2. The 10-year mean of winter (a) surface temperature difference (unit: K) and (b) sea level pressure difference (unit:
hPa) between the sensitivity experiment with UV enhanced by 5% and the control experiment. The dotted regions indicate
significant difference at the 90% confidence level (adapted from Dong [62])

2. HEFHILHFBREZF(DIF) (FRIRE (B K)F(D)ERSE(RAL: hPajiEhlitis 5 RIMaGTHETR S%EURIK
BrEEE(SIBEM[62])

RKFHESIRAE, EILGARAL A s B R TE P 5l , B RS SERRl AR H AT . S A[62] A%k
ERI R, BRAML A A R 4 BT R TR (A AAR /N, (B XSk g Wi 2+ 73 W S o SR A 2G4
SRBUREE RIS R, AR Ab Bk s B X W 32 SN S B A, ARG Bk A B P —
ANRAEAR B B IERAH (AL ST 2) o 65 g 22 W] 23 M AR R X VAt S22 mh U0 380 Fy DX 3sfmn 7 ) R BR G 345 5

33 L¥HXSEBEHXBEREERTRILFSKROER

IR BAE Bt b 23RS E B) Hh 0 B R A8 A 5 B S5 R AR 7 5 190 R 1) 3 T 5 T 2 I < P S 5 A
o TRIKRZZE[631R I, AR A0 WA M I A PH Y 2 1) 42 3 X3, KBRS sl AR AL A Z=THE A W W otmk. &
Zo RAE R PHE B0 (7 ) £ I AR 1 A0 RT3 47) 35 3 B0 HE AN [RJRRAIE 3 ol T 7 b i X 48 Z B K A K B 3 36
A4 I % o R E R KR I R 2 SR S S BR PR SR . EEGINE[64] KL, K
BHYE 20 5 8 5 0 A 0 (1 WA b [m] R R AP A 3G, it X E-P R R W IR, 80T & K&
etk 2 T s, FE AT P AP R R WS, BRI E RGN, REHRE F RS, AR
ARG Chen ZE[65]RIL T AP 11 KT AO SR WATRKRKAGIEH. KEMILEH,
ERBRRET, 24 A0 AT IEAAHK, RIEHLIX 200 hPa (2 B RAbBk, KRR E2mey, KITA=
AR, PG R bR AR A Bl D R S AT 5 R v v 4 S A s>, 2R S I
BE4, [RINTP% K22 [66] [67] [68] [69] [70]. 44ZF AO FfiAHI, ZRIFEAZ X\ fwam, Jbeikdmah i
XA G RAEMIERT, SEEEW. A KRS R [71]. BEAREE[72]MTFES, AO bk
PRI AH S A4 53 79 B 1 2005/2006 442 BRI KBt v 46 B b X i IS, T 2006/2007 44 Z=EK
WK mE X SRR, HIFERA.

B 7 ACAR BN R AR MR, RSP X 2R b [X S0 AR R A A 23 OB [ 73] 0 AR S A 2 55 R B 7K R
BT ENSO 1 AO AR AHEC & [74]. He ZE[75]1&¥L 11 A 12 H AO 5 1 A R R THIR B AH %
KEZMRIBARER, FHRIM 1L AR 12 5 W Dk i s 268 R IS, 175 1 AR R i
X, A fdE AO M55 AT RESEEI 1 A . SEAL[76]0 0 T 4FE H A0 5RTAFRENI KRR, KU1 H.
2 3 AO J 5 A1 25 3V 26 T i B A 55 56 2R B T R4 2 AN H DA b AO IEARRLIN , P8 A V-2 I 26 T R B2 T
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IS S MR M R AR SEYE , BUE PO AT AR ] LUK ERKIE 4 AN AC IIfE S, MRS
M) 2% A7 3 DX L

4. BEERE

MEAEIR, B A PH 2 6 TE AR A T LA e 7 3 ASAAR IR A e, AP ARB RUBE IX 38 ot KB
2y [ 43 BBOR B %2 OGVE[8] [10] [77], ARPHERAMESF A T HUER S R ST @ AR AL I BT 7 BAT ok
HE O BRSE R AT FU1 6 o A SO — FR R UL 5 U 1) F R AT FE ik F AT S B A EAT 1 A 1
gk, AR 1) PEWNEESMES AR, 2T R LM E S SR et ke, R UR &
GO EIMARE; 2) KPHERAMNE S B T R OHRE R BRI, JRETRR - )RR R
SR AT RPRS K RS B R WA 5 R R A T A A 1, b T e A A 5 3 A8 KR AR S 7 St 5
IR A2 AR SR, BN AR A 2= ()RR M AV E S o e s AR LA, H AT 5
K BH 2 A i Sk 1 R (U 59 8 2 SR IE A (UL AR) AE R P 5l 0T AR I A& 2 26 (FE IR «

SN A K FH SR AN R LI, DL R o PR 3 1) R A SH 56 A1 Sy s 2 S 7 SR AR SR T 7 ) i,
M ER G 38 BT O OR B G AR I EE I B ), i - R - AR S BB A TR, ACREH 22 61 1 F 4 £
FEWTFE A 22 G K PHI 30455 RO BRECR AL A& B AT AR SR U A A AT H B 78 BT 0. AR T
Mo DX T HRR IR IR XU, KBTS S @ A2 A B R SO S 2%, IR N ANTE M, 184 ] K E
{3 SR AR I AT SRR o 3 T UM 2R e 358 38 B O i A R B AR A X 2R M=k R P B it
REMME FIHLEIE TT, S ATl AR BH G 1A R R SR A0 AR A ARBR AR A AL B BTk, PR R B 3 5
SR R FAFRIOCHE, RGN SO MG R AR R R AR, R i OUOR R —
AU R

EHEWH

AT E K 3 AR #3445 41505079, 41675095, 41790471, 41305131)%H).
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