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Abstract: Progress in studies for the last decade on the relationship between solar activity and decadal climate change, is reviewed.
First, recent observations and simulations for the influences of solar activity on the global and regional temperature, monsoon
and precipitation, and the regional climatic modes including the Atlantic Oscillation (AO), the North Atlantic Oscillation (NAO),
ENSO, and the Quasi Biennial Oscillation (QBO) are reviewed and summarized. Second, three mechanisms proposed to explain
these climate observations are described, including the effects of variations in total solar irradiance, ultraviolet radiation and
energetic particles. Finally, we have presented some important and unsolved problems for future research.

Key words: solar activity, climate change, total solar radiation, UV radiation, galactic cosmic rays

1 5|7 JZ AU, R AR SR R ADG RE FR I Ti RUE
FOKBEAN A CR24KBED S 20k, JErTRE b, SR m, JuIE— E AR SRR R N 5

R AE2013—20 145F 1 e BIEHT A S i, SKBENTRER iy R ek i, 80— B AR AE 07, SR, AT 4
EE 2% HEBR, A TR LA 3 gy s o o 0 T 20, 277 20 BURE A )
AT RN T 53 J7l, ALEERARIRAN gy o s W B RIS R 22
RN, (R KH KB WS e ) e mooose iy, S BAT, BRE R
RO THRRIATIMAL, TR FUR 20N gy o s A 3 5 5K W
AR RN OMRBOon wiemasos T
SR TR REAARBIARRTRER 0, 10D+ 3 b ORI ST
’ ’ e N M i) N

W, DR R I R oo o
j(le ’f/lzﬂ‘j%imi*ﬁ-iﬁﬁg‘rgéy ﬁﬂﬂﬂ%'@t%%*ﬂ %Ja[:ﬁ()\}ﬁﬁﬁﬂénﬁ\b\ El f@,?%?ﬁ%ﬂ Wﬂ%—)ﬁz'f‘tfjﬂi’ Eﬁ

H, BB RS AR R, FI, T By e A e P, AT R T
23R RAREN I LB 4642 4F 3k, HK W1A5 Ay, LERIE ) EE23 KFH B (1996—20084E) FIRIJT
S BRI [ T A B TR, X — Oy AINER24KMA (2009—) I+, B ARS

| \‘T\II M Eﬁ o '\‘ﬁ TEHGR ] /47
A5 B A 2011410/ 108 ; 5= B #1: 20115511 A 13 H FERIACY M FEFANRARBITENGARALLT, [ PY

F—AE4: A% (1978—) , Email: zhaol@cma.gov.cn SMERBH—UTT IR LR 1 VP 2 B A
Kozl BREOARFFESL (40931056, 40875083) ; SC B R S BH I Bl 6 A A AR 52 (13 AF

ERE EL AR A EARAE (2010CB950102);  WFET B TR FEFI S 45, X RT Y 43 n) 3347 U5
(P-%-3%) “PEEZTAIETRE -AE MRS, FRAE L FER L6 R R A R T T 2 — gk
F” e

YEN

Advances in Meteorological Science and Technology S&&EHE#E 1(4) - 2011 | 37



38|

RETE ULV

dvances in Met S&T
2 KMRESISIEE LA AN L

H 191207 1 Bl 22 5K Claude Pouillet il 5 [E R 24
ZKJohn Herschel % FH % H 1190 5 2% 5 0 #45 K BH 5 50l
Jei s R R 8 S ARH O B 375 21 6T b B3R DK 11 5 W) 28 347 1%
h 2 R EE RIS X B A
21 BE

H AT, 4Bk AR 0% 52 B N A 5T 1 44 )
A, A AR ), GRS TR B I 5
DI 4 B80IR A7 2 DR R I AE AT 56 5 2 = i i 3 [
FHRAEKFEAS, KIEshHEH Pz —.

211 &kRE

MABRRERE, BEE B BRI T B i, A
I AL — /N K FH B 7 F8 AR AL Y, L ER$E 32 1)K
FH S FE g (TSD BHANA Tz —, —HH0
K, R TAESE0.1°C R E AR AR P, i
XTI 4K (1906—20054E) 0.74°C [ 1"
. NTZ . AR 2 ALK 2 EO KR 3 B A
HH A2 1 JE S AR A RN RO IR AR 2, AR DG R
AFRNI ST o 53T, TungMlCamp!"V & HL, it
SN AR A P34 3R T AU R A B AR 46 5 K BH JR 4 2
IEAE (152 2%00.48) , 1A F195% LA L5 KT
W1 5 H—J7, AR A AS [R] R I8 (1) 7550 B
Hiw, RIGT 5 KMESA Rk g m A, 1
KRAHO2KMAME S, Hmd thkeiog, i
ke 790 BT B FT Lk, Ramaswamy
SISV I, R bR T S A BH R 5 AR B AL F i)
IS AFACLIRS,  H SIS R 2 e Ui 2 A AR 1 ) 3
AHIR T, IXRT IR rh o3 B KPS 5 2 T 2 1

0.4

03

——Surface T
== =T§|

k=018 =0,10

0.2 "N
K

A

\

0af o HEN
: h /

0 ‘| A

- :
J"

k&)
= Y
“ )
01 A .
\.
—0.2
—0.3 k
p=0.47 (98.4%) ]
B _
1960 1970 1980 1980 2000

Year

B1 £KFEFHNCEPRESE (3£Lk) MEFHYKELIE

BE (TSI) BHERFS. «RAMERSTLIWM LSIRFLY

REWBEERE (K (Wm?) ) , p2@WENEXRE,
ESREDEEKFE

2.1.2 RERE

MR BEERT A BTN A ERAN R L XA A
[l vt ARG R P M5 5. B, A i diaid, 52
R /N 3T DR PR Ak A 4 RT g B A 9 i e G K FH

S U, Raspopova U7V FH S i E A % R RKIE
o 25 ML DX B 56 B A AIE SE T BR W R 4 SR R A
AT BEATAE ALK BHVE 3 R 1 90 #E22FNHE 114 A
M. Mendoza Z"SVp M7 T BV BF R B AE1920—19904F
L RS AR A 0L, R I P AR A AN 5 M 1 3% A7 AE A
Sk, B S OKPH R TH OKBARE R, i
Y)EA ML E W] . AlvarezZ5" 57 7 1889—1991
A ) FACHT TG b DX (10 S 350 a0 K BH A K 2
MR ER, KIVEAZ MAFAEAR BRI A CPE . ER
W, SoonZE Y 22 Ffr sz 7T 43 BT 9 R A T 2014l
r ] o T A S KRR I AFAE A R A R R o s
T, RS BE RN RE K2 FIR
AR RIRBE ARG b, ) T i e B SRR R A BROK
AR E I N HLTHJZ B R 2 T 2 AT 5 K P
T 224 J AR A AR — B AR A R s K BH R 3752245
JEL AR AR O Ko 2 PR R ) LU ARG 2 g e ok, )
SRS R, T A B S 1 1R R S H T 2K
AR R, R BE R SS . B
TR ) DR (1) 2 A O R 55 7™ 4 B OK BHE 3 6 o6 R 1)
WL, Rutgers K274 BRFLE S2U0 % 8 1 IA 20104528
TRAEEERE M BUA44R S i, L2010
12 HEUT3504E LIRSS A 12 3, HHIL Tk
JEMR L, X IWEAEH F I Ineson 5P M
B 1) T A T S USRI 2 () 53 (20044F %8
A KB MRS AR 25 R—— R B S 3 BRI
AN SR BRI R L 22 R RO WE 9T 45 R4~ 6% (R
3.2°95) BRI R RN H B A e R i —
XA E— R A, ORI IX R
(N ERR IR B = = (B N e P R A TR
() SL AN A D> (R N, A SPEIRE EE TE OR 74
s AERE R R R 2 A R R TR
R 1) R AR, M i A AR TE AL
KPGHE#Z) (NAO) Bk z) (AO) G AHAY
fiE, SFEALKCRSE [ HEL™ 4, g RORINEE K B
BE4ZF, N R AT BB AL B2 S BUR KU
WALRFEAY KA . X453 5 Lockwood 25 I
Woollings 25\ iR FEAR — 8. HeII IR & 75
L5 ORBHVEEN A %, PRS0 AR LA H7 K BH I A
BRI 73 BRI o

FERF JTTH, White ZFPERFSE AT, K
FVED PR UL ST (SSTY I, A WA A7 (I SST
B, AR S TR BH S B 1~ 24 (0 9 L AR
b, Hod g —AN KPR SSTAR L B 4 3k i v - 2 SST
A, R RO R, AN S K R
TR — 20, RS AR 2 KB &

Advances in Meteorological Science and Technology S&EIHE#E 1(4) - 2011



R VEAE (AT 2 . {H )5 R White 27 X AIE
S, AER BRI AEARR REIEEE, JEA R BT
FH e S 58 B2 5 1 . X T ENSOL K FHIE 8l 1) 5%
&, 1EM2.33.

- K B it 36 RN 288 5 30 56 ¥R 8 5 M) [ A 6
YT, LeanZs P84 28 75 199 54E 1) JT) 28 19 K B
AL, AT A3 OKBH 5 A T BE DTAR T 18604F LA
K0.55°C (A BREEIE 1) —F o Bells i A8 AT 7 45 1
FW, 20fkal Bort, AEREIEE 3 EIR T AR
F, HOH MR R R ORBH A 3G s 20t
g R A2t ), BERE 3l TR E AR HE
Jt 2 0 R 204 S . A IR STIA
s KB 5 T A B AN 59 1 B 1 F B
2.2 X FApEK

AT, BRI AR TR, X0+
P AE RGP KB A S T Re AR, 59—
JITH, T L B K IR R T e SRR R
RGE, FIaZER, 3X06 48 78 K BH 52 w0 = 1R 4 22
WU AT R o Ay — LB 90 IE A X s
R, 19HE) T AT R4S HEY,

2.2.1 £RRE

FEAEARBR R b, B 5L G T A K ki T B 7K 4
MRS, KREUE: 8RB FIESE, FEMR
X WEKZ, P (20~40°) B, 40°0 k-
NEHmMEZ . Bl A R 5 2 i a1 i A
], MeehlZ5P 5T Bon,  1IAN K PHISAE S 1 1) 5
W SST/r A L ENSOA Fi44 (La Nifa) , 52 [T
FC A ER CRETRURTEEE D B K e R Ry KT
DX KD, Hp bR w2, X R KA 5 (R
43 B (R i T B2 /KA AR OR 22 50, ANl el A A P 0
DB FEA AT 3N K PHUEAR, v B /K BRI LA
=, FrCAILgs e el

KT K BHE BIAE AX 2 1R B 7K s PR~ o R A 6
B, Currie@ AT T — &5 TAE (B W1 SCHk[37-39]
), AR AERE KA L BEAK . WSS
ekl RS T, A2 MER PRI T
ANBHFD A S, RS T 5 =Tk, A Bk
b KB 3 Bl %) B K 1) 56 /N T H BRI 1 s, (]
FEAFEACER N EJE B . Lambert™ i ] A1 Hr 42
w5, TR PRSI K S R . K s R I A
Gy I 2 BB /K ) AR R B T A7 1 AR 5 A K
g, AR ANEA R K . Wasko M Sharma'*' 1y
RIRAERK SRy A — AW IR B30 K B JE T
VAR /N0 o 2 IR K PR K U A 5 i 2 XU
IoH 555 1 Bl EC A 5 ey 97 ) B 2 S, AN (] B B i 3 A

Progress 44 % ¢ &

T E T HEANE, LiuZgExf 4 BRZ )UK (1 B
SR, TE TIARZ AT, APH E RS A K s
REAR F M e A BR R MUK AR 28, iR 20T 40 A Bk
KR FE AR — AR T L B A () 0 A, 1X
YA TR BAK, A BRAR BT 2= KUK ()5, —
D7 s H R = AR N, 59— 7 s 1 KB
RO N . BT ES RAE o, AR KBS
S m 55 /MK (1450—18504F) , AR K
g5, AR, Ferpizdmgi, ek RUhisg. X F
5VerschurenZ: ™ f1Zhao " W57 45 1 (AR AEFI
] g DX B K R PR S 2 A OG) ATE8p i, 3
FRE 2 BT 1) 45 18 T Haigh 26 0 9% 5 18 4740 43 W7 vl
R, PIFHTTREFEA TG, K 2 B Fu &5 A W
7N, NFHVEER, Hardley Mg A, SR T5
R 1 - o 5= = W 2 o P [ G 81
DX SE R X, Bk Ofi k2l Ak k%
5 i T DX T R s T K 2 . WL, ek
AL X AR A AT B A2, T & X R
ERGA, AERARWATT e AR X AR .

2.2.2 XEHRE

WIS, R MR ) SR o e N A AT B A R 1Y
Mg N BTN, N, B 23 K BH JE R L6 1 7 it
JEBEINAIALC, KT AERTIME, KIGA (il
R BEIK S T A R FH IR S 1AM ARk 2 AR T
S RBUR o BITLA, DX A KO A BH % B FR i A
Qv

A3, XTRIXHTFHTREMNIREKROA
(AIZ DLSCHR[9]) » EASKFHE CB23 KBHFED B
Sk, X5 IS ECAS — e HEE . Cook R — A
G R E AR, FR R T OS5
JE A s a D -, BN, K BHATH BRI 52 m 4
HAER, SRR $IE B 20052k 3 H 8 152 5
. WoodhouseFlOverpeck R G Hh 45 T G586
HRG 204 T R E I 3AN AT e AL, bz —
FEKBH— A2 R s . (552, Perry™ M5
BN TR MOCRM R A, RISE V2 H X R R K
AAIEANRE TORBAARSAR 4, T B S v 5 T oK BH
R REAE . Sy, ST T AT I ST A
J& T E AR AR AR, AH LS A B AR
FAER AR L . Bond2E W 7E200 145 R L T b K14
PEHLIX 15004 (K17 535 (Bond I , Li%%s " A
26 B ZR G Il SR AR Bk ', A —eghit 5
Bond ML, BT 4F ROBE _F K pY v ATl 58 M X A7 7E
T AR, JEEHAh— 2 g™ S—FF, f5
WAETAE R b, ORBH SR & — a5 21 1 18 i AO/

Advances in Meteorological Science and Technology SE&&EHE#E 1(4) - 2011 | 39



40 |

TR y

dvances in Met S&T
NAOWIHLHE] . ARPGABA TR T LG 18, Wbt 2o Bz i
AT E—Bond A EFHAIAH, A BLAE AT Beali b
T —A"Bond AHIR LT, XFE, WRATE B E
SRIIER, Ak VT R AT R T se s ik, M
MR X ] e AR 45 B R e

EAEM,  StagerZ5P R B AR HIX BRK Sk 2
HAFAE S Bond A WITFI 4%, Verschuren 5™ [¥1HF 51
XHF T Stager M AL, R 3AAS A B ACH TR B
R, &L THFR, NTHFERHFERE LR, RER
A B B 7K 55 K P i S R B AS B e A O, vk 2 v 10
BT, ANKH (1270—18504F) AR, Pk
IR AN R AR AR SRR NS (1645—17154F) , {H
A NKIIX AN T B R AT B, RN
)L, IFH, BFRORILX LR FAR L2040 10
SKMWARAT T F ™, XAV COME s s T
IRARAG AR A AN iy A A OB A P 7 o

TE BT Rz AP M DX R R P Hb DX, o B K S ) B R
DRI A kg S BT 35 R U 2 8 A A1 22 i U, NPt
WA R, KB AR ARG/, H R ARV AR AT
Re 23 BORIXFP gL i N, A8 52 28 XL 5738 35 B 4R 47
B, PRI B X BTz A DXRTED X
MR 97 KB B ERL, X B — e B U 5T BT ik
52, Kodera P, BhattacharyyafINarasimha &
BT A1 R B R b DX B K A 22 06T B e K BH Y )

NHAMER 518 . T, i TERNUFBr s i, 2
P B S F T R A ZER A, A DG b [ b [X R K
AR 5 ORBHAR 3 OC R W 1) @, 753 21 22841 Tt — 22 (1A
PUFIIE 527 R 57 23 30 4 X P8 7K 5 K B & 3 o5 &
o) B, FE T T R AR W 2 X R G R X LR R 1 B
W8T, B EIR v gexy s P BN LA P H B . 1E4F
K, XM ARE — g, FHTEMR, EXxT
56 by 3 A2 R UE K PH — A ¥ 5% &R RE FHPLEE A
R . Wang 25PN Tan 5 R FARH SRR R
3%, AT AR R 2R IR KT, AR i H 2 R
JE 52 R BHVE B0 530 . i, Zhao5 ™It (4R K
Hh [ 5 2 [ K R BHIE B 1R R AT RS A5%, AfA
T AR B 7 AR R 312 DA R iy 5 A AR B AR A
— R MO T OKPH R FA AR, B Rk
DL AT LG X B 7K S 5 DR BH ) O 2 AH e ) B4 i
DA, R IR 520G g 2 IR P R A A7 5 K BH P 7 )
HARAFEACPRBIAHOC R nT LS BRI S (2)

TEFTEER, [FIREEFSTIEN T K BH—RE K 2 18] )
K F . Thresher” K| 7K F . 55 ARG 38 X
A DS E s, & B r Bk B P TR . Bk 5K
FH R85~ J& B A e B 2 (R AH G, F R [R5 % T R
B R 2R 1) 75 AL A B AR AR B IR Yo
%o Nordemann®5!" i iof /Ny A8 X %5 T 148 715 HH B
VG 3 X B3k AR FERk b B 25 1112004 (DeVries-

M
' 755 1 4

K BH G B 5 2 KT
AN T8 3o X6 9 2 ) B
e, T A R P R X AR
T UL 1) b T SZ ) 5
B, XA TR
5 X AL 2 0 B 2 R A 1A
1) “ BRI BV
FEARN AP HIIX, H
2014l L, A
SR 3% K P gl e R BH
e [ A AT T P
R0 AN 7B % 71 By I I e 7]
oA H b O & (R

fF . KoderaP kit — 45 jf
0

S>> )
>
P

oYL\

30°N S

15°N A

T T TS

775002 A>53A0 RFT

&= RS SR
45°N-&§§ N T
K 77 N S
Yy > > 7 7
0% > > » 74 ANARIIN 2
< N3 > VoA A

LUV A > A NNNA

S S S

)
BN /’\\/\ 0]

"N

7’371 %O ¢

04

AN

0 ‘n A
T-< \/
IR

o=
=

FUHE)T ARAL, IR K
RS BN B R B
ERAL NS UE S AR

120°E

NN
1.2 m/s

[ K 55 K BH 3% 30 1 o &
]/, Chen'. 1&HEAI4:
el R L BESAE N HEAT
TREMR, #HHEFZH

sk: JKER (Bfi: m/s) ;

I I
-0.02  -0.01 0.01 0.02

B2 1064 (1901—20065) AKPEBmEFEFERIOCH700hPafliphz ZFIEILR S 574k, i

BA%S: EEEE (Hfi. Pa/s) , # () ERREH (T

M) EE; HXZHBREEZARAMAS/REFHFINLE; SEESBENREEEERE
BT5%IEEKEH XY ({MAMonte Carlo#gl) ; EHERTETHRER™

Advances in Meteorological Science and Technology S EHE#E 1(4) - 2011



Suess /& H#) . 804 (Gleissbergfil}]) . 224F (Hale
JAWD FI114E (Schwabe A 11D {19 K BHYE 20 J5 41

2.3 KEHSEETS
AR PEA R, B, JeWiEs) (A0) Lt

KPWVERE) (NAO) « ENSO. #EWFE R %
(QBO) . KPEFMEFHRY (PDO) « KFif—
£ (PNA) 55, fEAMBRE T IMER &+ E
B, ARG, R, WA S
s, GRS R P N
T 00 g T A A A e 75 0 K BH AR S5 = AR i Y, MK
T A% 326 L A8 R BB UK B A 5, fe 5 Wi < i AR
o ITLEAE A ST R EAE P AEAO. NAO. QBO
MENSO%E J51fi o

2.3.1 KEEEIXFAOFINAOK I

O M RCR 2R, KBS 35 o w2 KA
() E AL 2 S I R A S, 0] T A S 1 )
HBAEIR D, 1 AOLE Tt /2 5 6 it 2 1R & mf
REE EEAEH], M2 AOS T T 5 il i 5%
. NAOH BN N j2— X I A0™,  Shindell™
il ] — AN A A TSR I, K BH 3 3l 5
AO, JHfR SR /N, A X 2 RS
AOFRINAOMMEHR ECIR AT 6. Kodera™ F10gi %5
MWF I, b 2= BRI T A8 A0 11 225 [R) 45 44 52
KPS S5 gS 5, £E K BHIG BRI, X R 23 [a) 45 1)
FHITAO, HALBREFAE, mide KBHARE I, (5
G R BRAE R PEIE X, EARNAOM . Huth%5E
Sy MG AR T 8518, AH SE A ) T A 4 K BH & B % 4AF
CIER/NEY , AOKSS . AN, KT SN
NAOWIRFE, KFB S K — A Ay, 1 ik
55 1109 K BH 6 55 B AN SN AO AL 4
2232 FHNAOXS K BH 38 31 J 149 i) 13 Sk fift ¢ 40 J LA 1R RR
FA A B RS R W IT 45 RAE g0y LAy s %=
S, AHKZ N AOBNAOXS A BH 5 (1 i i 1] §E &
K BHFE W AE S AR AR AL (0 FE AT, R 5T
R TR B 5 10 Ak A A 2 3k A TR A 2 i s TR
(1), FEWIERE T K BH G 2138 Ik 3 P FRpRAR 2544 5 | ik
AR S R,

2.3.2 KBAEEIXQBOFF 1

Labitzke"'#£ 198 74F 15 56 K IL T AL AR M X 3P 31k )2
5 OK BTG S RIQBOAAAE — AR M R 5, 1F
Z 5 H IR EAQBOL KFHVE B C R, ILedy, —
SERfF S 5 PR, AOFREE A A i i 152 K BH A%
R AT ey T 2 QBOMIIN TR I 4H . Gray
SEPOFRH KB S T R 5 QBO A H A I T fik i i
TP 2 i 2 A A A FH 5 e~ 3 2 A 1k 4

Progress 44 % ¢ &

LR AR R R I TR T8, 5ok, Matthes®5PV F 4L
AP IR TI1X— . skt g won, F
2 P R R B S i A R 1 L B AR A e 8 U )
MIAT R WAL 4%, I I A A 20 1 ) F Brewer-
Dobson (BD) FFijit i) 48 4k 3 B J2 KU TR 42 )
BRC2, S s nT S TR e B m Y, fg s
QBOIH AP,

2.3.3 KBAVETNXENSOH 1

Haigh >R A 40UF 7 4 K 00384 588 1) 0K BH 3% 2y n]
PLOIR 2 AR Bz, AT 5~ )2 K3 RO )2
Hadley il R UL ) s 4i#e 5)), FEENSOR G K
Ao H—Fh K BH M ENSO A AJ 8 77 22 18 i e 28
ARG o Farrar™ R ISP 8 1) 2 5 5 NINO3
BB EA G L R . Marsh#1Svensmark "4 ISCCP
Hn, 19K 852 KBS sh RS 4518, R 1%
gz BN g, e AT KBS R W ENSOH
— R RER AR . SHTIH W S AN F], Ruzmaikin®A
9, ENSOW] REH A H g B — My [ &b 55 e , 1
eI I BEALIL IR AL HI Ok KRR IRES (WPNA
) TR R BH 5 18 0 A 1R 520

1M 2% TENSOAAH 5 K BH B+ Ja 3 A7 AH 1 5%
F, AL S AR T 2 5 0. WhiteFILiu"™
T FIENSORE S A4 5 K BHIE LA, JF HAE Ak
SR A A AR B A A8 ARRE R T8 AR RSPV SSTAR 28 1) L 2L
oy . {HIE, MeehlZEP 5T R ILKBH S T IE4E, %)
J%La Nifiafi A (ENSO¥% 4if) . RoyHlHaigh!"" A
K XTSI SR R AT S BT K RH SR e —
HI TR (1) K BH 8 S WA — 4 2 4

3 KPEEXSRET WA HLEIER

S K BHTE B B AU AR ] REFLEL, B
RO G E3) s (1) ORBHRARSLED (TSI
D s ZMLHIA R R BHIE 35 e AR BH £ CHPH
SR B AR ORBH A R D ARk, H IR T AR
B, (2) KPFHBH PSR AAHLE COVHLED , %
FLTIIA A K BH 58 A1 8 S5 AR 4k g 5 | S Bk v g |2 KR
YEEAL A PE SRR AR CLEan A AR ), Tl AT
SR S AR AL s B R 2, SR R AR
o (3) REEHR T CBIEKMHAEER T (SEP) Al
BT R B2 (GCR)Y ) HUHIL, ZHLHEIA b KBS
ENEEM R ER A% (R R/ (2 BERE M 25 () IR B vh 1 25 ok
T E) , EIEXRE XIS A M EE AR,
B E WAL, eI A R E5iR A R
L A S N TN S o o 5 e R | P S i
th, FECAEERN VAR, ATTIRESE AR . R/
WA S K BHAR A O (AT 5 R, B

Advances in Meteorological Science and Technology SE&&EHE#E 1(4) - 2011 | 41



42|

SERE

dvances in Met S&T

GCRs TSI uv SEPs B0 AQK B 48 S v 900 5 A e 4
BH, A (TIMD B

‘ P ﬁ ff Hir BR 76 T 3 5 e kA AT A e

| W resosmere A TSULBIBZ i, i
S 9 ) BE 2 s ok K B3 B

1 SUAIOPRUSE. kst ity F0L M 2 0 45 6 ¥ f11, O L
stratosphere 355 3k [ J W % 1 KL/ 9 £ 5 ke

v o 2 AT ) 5 SV RIS . Svalgaard
(_j r_) E tropopause &' F1Schatten! 2005 4F ¥ Fiil 5524

U wroposphere i ey 1 gy KR E, LA T
(. ke S urece fEEFEKRBM. FK, Penndl
Summer Equato5iicecale PETeRy Winter Oceans Livingston"'” ""fi| fj Zeeman splitting

B3 ARMHTRMSE, R T ETARENST (TSRUY) foR
SN (SEPRIGCR) HEEMEBREMTE, HTERLRRERES

kBB S ESEgs "

FEERIEBAER , FoMUSRERERN TE
SIS S A, ST R B 28 ik 5 i R 3 oK 5 i)
HuER AN AEHLE] . TSR HLRIE AL, JCIZUVHL
A BE BRI ML R O T R, 32 B2 [ S A Hh
BRI B e AR A B e S MR SR R R KRR
A R AE — X — 2 TR ) R T )
3.1 KPREEEHE (TSIHLED

201208044, AMTTINIRE], KBHE HOFE—
ANECIE i B, LA A0 R 35 K BH 28 740 2 Dok
U IRk, PR ORI 2 (KR SR K PH 4
AT A P 4R N Y TS () AR AT
FE A, KB R TR AR A A 3 SO R A AR
IR AR, 6 TR R T R, AR
FLREEE M IRA, AFAEAN DA, PR T
PR, LSRR, TSIMALEA A 1.3Wm®, 2
dr A BH AR BF 190.1%" . 20064F, Foukal"#k—25
UESE, FE1VAERH B 7 J B IR],  QBH & e St 11
A BT R BH T (RS2 (W g R AR e S k2, JF
WA A 19784 LAk i it R 2% 0 2t 3 19 A48 A6 K/ i A
RE X I 25 3O 4F i T 1) 4% BRAS IDE Ak HH ORI ok, K BH
A 22 N % AN AT RE B 17 40 LK [ 4 BR AR BE AT b
TR, HJE, K BH SR AN RN G ST T A H AR
AR A IR BB AR AN RERE HERR o ANid, Mg XS TSI
AR A A vT RS L, RO A KA
A, B RS K IR IR RGN R AR O\ = I AR
AU, XD AR T . F5l, A3 SSTSI
A THHE, KoppFlLeanfifsy!" "L T BoE, i
TIEH T —ANBARMTSIEE (1360.84+0.5W/m*) , Lk
LT INEIBUEAR T SW/m?, A W EUR e S

T3 VT 9 K BH B 1 1 3 o B 3 ek
B, AR LA K BH A A 55 45 K
JHHEN CHIK B AR L3 “ Sunspots
may vanish by 2015”7 £ F 4R EHEWUWT R
2O, ARATIHEN, W R AL 1995FE 2 R R BT
2, F20154, KRB R REst 2B E 15000
Wi, JmEEE, R RURAR M R, IAEMER
24 KPH AP R S AR RIL T E NG — N BT
PRI . X —g5 W nIRE R Z e . R
ifii, Dikpati'""*"Z£20064F AR H 15 M 1) i f ik 5 A p
TR EE 24 K BH JE A I 55 (1 — /N K BH ) CHGRT— AN o
30%~50%) o Ak, HIETE20114F6 H 155 E R 3%
SRBHY 245 b, 3BTRS I H 43 53 K BH
WA WL RS A R I L m (H1%%
P (5 2RI H SR BRI R () A B o BT
HTM T ARG ZN S, FHAFH— AN IR 45
1 KA A BER 3 AR . Lockwood A 5 4¢
T BEHEM, EAR RSO, o L 8% MR
PR B SEAE AN AT, IFIE SR i X
AL R BHTE sh m 9545 P . ARk ABH HEANARIR 15%
PPN S VAN R X S D S o T = 3 0
5y, AR S5 IRIE N I v i, (R SIS0 % T B
T 3510, AR KB B REN S A “ Sl
N IR AMER SRS R AEAT AR ? P2
N IX NS S PR AR AR BE (A KK, AN
HEN UMK o Ak, REG ? it Feulnerfl
Rahmstorf " HLAF 53 i, 6 AT B2 A BRAR IR
I270.3°C, 1 KRR F- 2 B2 v] RE S PR 1 ~2°C
3.2 KPR RESTZHME (UVHLED

T FH K B S S RN A8 A SR g o K B A 28 50)
SARAEARBR AR AL (5 i B 2 R e, X a A AT
TR B A B 5 HOCHL I SR (7] 22 A R K B A 2

Advances in Meteorological Science and Technology S&EIHE#E 1(4) - 2011



WAl IR ) A AR AL, UVHLEIRE A A & — T BRI HL
il XFPHLHIA Y, VER KPR EFRS 1 —45r, K
SOMEN A EHBRMAL R, GRS 5 00 A SR s 2
KA (WPFRE R VF2 . Wl R
€O INTEIFEYS Pl = N B2, 44 oY G T 32 3 A ]
S IXFPHLEIR A W T T — 7T, OKBHAR S
CUPR AN ) S mE KA G 5D 1
Ws Sy —J7 T, e 2 R 2 R RS & A
HAEH

FRUE AN B R R B A AN IR D
Ty, AR B AT A AR K I LA R B AR %, mf
56% ~ 8% A4k 1, mT L K BH R A AR Ak 1)
15%"%, X LG A HATSIZN0. 1% A4k &, ZERA
%, HEAT g5 L 8 1P AR, NASA2003
R CORPRER S A% SE5 7 (Solar Radiation
and Climate Experiment, fij#/RSORCE) T 2#gftT
55— AN XS 8 2100 21 40 19 56 JE K BH 29 e J % B
MR, & B AE KRR B (2004—2007
£, UVERS FRRIEELZ s R AEL, H
4~ 615 TR, AN e 4 Ak T ' G 1
AT Lockwood! ™ ) d5e BT 5 AT X i) — s 18] g 4
B B, RIS HEAS [ R YR (0 $ s S, 223
KB ] TR /N UV 4 55 A S EE i — S K BE BN
WE TR, MAEATEE RN AR A
S, 20034 Z | UV AR S I 52 15 R T ST it
—Ff, fFfEKoppMlLean" " A K (088 BE 1 L 1 5k
B, 15 B0 e A RATAE B R M 228 2 X g — A4
G PR SE OAVE 2 7S DS o=y | L TR R By i
I, WRFEA~ef5 g REEMK, Bas5z
I 2R 110 30k P58 R S AU PR i B, 0 38 2 TP oA BH 268 S5
i, LSRRI SARAR IR 5, #0584 0 BT
PR, R, AT WESORE BBt UV AR G D 4 R
IR, R DA A 2 12,

5T, ER S AR A R A, LA K
BH 2 30 i O = 2B, i — s FE R b 2 K U A O T
IR S Ah, 2B M X 1 e A R T AR AR A A B
Ao BHET, EATRR RN AR, HER A SR
Ao, EOKPH S I SLA TR S s Al e
MZ-25%" 2 F+45%%, I HARKFERE _LARHET SLAR
B ARG . AT TR, BT
OXBH MRS AR Za g FE AR, AT B4R i T s Z 52
ANPHIE BN BT, AR R, X RBCKHE&EE, 7
T2 SRS IN, ORIR B 2% A A, AH A L 4
SR 5 B R (SR

XML, P92 R U R A 5 A A

Progress 44 % ¢ &

HE—ANEETm. FiiE AN B, nraemidt
— 5 S I R BB AR S s 1Y, 5]
V2 N7 A, AR RE ST Z T B K
(] PR 202K IR AR AL P E R B ROR
120, PR R R R A 5 R KRR
CRHM R KD A8 56T KR H A
KBVEE I G R, B AN 8 KB
My, AR ZMaeEEAMER, T Hardley
WA KA RIER A (ITCZ) HIRgss, M 584
IR 2 RSP R AUR FRAK, 45 S0 3 DK 1) Al b
A, KZHMHX KGN, mdEbX (2
PEF BRI ) AR A3 TP, 33— A ) LU R
AR TR S 50 2T B, e il KA
AU X R RS A HLAE 25 ™ Haigh%E1)
BEAE ST W, AR B i i i v oy A, &
ffi S A Hadley PRk 55 I A M B 5 . 76 Haigh R
Blackburn" [ S 86 B, ShL 2 T ER ) A 1 B0 AR 1)
WIGE RN 2 gD H R e Bh f ol A S, A 3K
JE A S AR AR N s 1wy, Bk
S, RBHXST-ALUE B0 T DA 3t 2 R i ke AR AR
A, RS0 A A R T 53 T 2 I R B L A (1) 5%
B, PR ERAT U BB v LA AT 2 I i
BHALE, WA SR A BDIN K FE 10T 520
FURJZCY, HWE R E W] A2 e AEAOREN IE A7 AR
AR, T T A X B A BH A S R BN AR AL SRR
o2 IR 2 A R T B R AT
3.3 gEERIFHLH (SEPFAGCRHLH])
SEPHLHIIN Ay, A BH 5 1 i K BH e ek 7 B
U AERR X BE AN ERTG S, PR RIRZ . a2 REIR
EE ), g R A A A s R H i R
R AR B KA A e (WHO,, NOJRTR
AR, IR A Y, B
RIL, SEPF=EMINO, e 78 M X ) ik 2 & 21
WE, mA RN, B, AR K, Wk
NO B EI—#B4> (A[ik10%) w4 J-SEPM, {H
A&, HATIZ A HLEN S = e 2, 52 A R 54
(19728 A4 A A5 1] DAAE S A RO b 5038 8 B R A<t
W Ctetn, M) , m AU AR LA R ORIR
R 12 E R B2 A
GCRAHLHIN N, %5 5 £k /e B 4% 5% KRS
1%, 19594F, Neydpe 4% H 5% i S 26 nl A3 1k 6 =
118 ok LRz e ma <. Dickinson 5k — 20 fg
H, R 1 B AE T BE A LR R SR LS
AR RIS %, AR TR ER (—ME
B R s BEEE %) AR ], X PR AE R U

Advances in Meteorological Science and Technology S&&EHE#E 1(4) - 2011 | 43



44|

SRR A

dvances in Met S&T
R = i 5T TR SR Y, HERAMNTR
MFHP LR AT, A SRR, fFEmRAHEK
RO, HIXFHLHIAREMRREX I OC R

TEEAE, —FB I 8 T GCR— 2 Z [ [ B R AL
A ER A L SR T A EROC AR L
ECFERA IR 2R I W B )2
ZALE: NPl ST B2 k) O = R i R i L O R 2910y
EH BN AF AR, NI = I B S5 1), |
THREEZFHNEE 7 RS, bl 2R
HL BBt T ORBHAR R A 2 Z M — R T R R, &
DU f i R 42 3R A o o 5 92 1 S e 22 ) B AR 5 5%
o AR, AHLETUVHLED, XRHLEIE AL T “ %)L
w7, HAarWITH G e A . wisbakiest, 7EKH
1, GCRIFAERDE S IR X K 2, 7= A 38R 3%
R, XTSI E S EE R —8"Y Har, 14
T N 2R TR, A
AR AR ZL A SO P AR B, A2 ) Py R 8 43
RS Rl E,  d PRI IVE T, A R I
R, kL 5 R R T S K R R, HLAE
{&%%%%E[B% 139, 140]O

BT I — SEF 5T 6 = RIGCR I B R4t T &
WEYE, HE PR AR L T R . Marshfl
Svensmark"® 8% % 1€ TLEL 7] (1) FH FLARZHE )8, X6} [
PRERAMEIN ASCCP) D23l AT T HAR
B, NI R IUE = 5 GCRZ M SR ZL W IEAH G . 4R
M, MREIATEIR, eI XA FG = HdE
Fe A e B R 2 U, R AT SN, ISCCP
R AR W] e R IE A K AR A R e Y.
A&, WRAE AR (3 D ISCCP = il , 2
K ER, K —GCRZIA M IEAH G2 W 3#
M R Il 2 B CaniE e BRI A T
AR, LRI T a—GCRZ A )3
Beppt /U Y R A SR S T T AT B AT

- [145-148
/T:[ ]c

4 JHeFNG

Hil, KH—SEBZ LR, BRFEMR
Z R ) B, (H I R IR SR ) 8, FREH T IX—
ST AR IR TT 17 o

LEXLIN 518, el % T SORCE LA HE AL TSI
R S UVERS T BB T RRRE, R —
W TS A BRI R RVEAL LR . K
TSN, TSI TE WD BT A FERE, LA
5] 1) A8 V4 S 4= BRAEFAE 6 2 DX IR MR 1E, B I 4 5
Wo H—J7H, KHMEERMAZ —MEEKES, A
IR Z W I 25 R, Ak i AT B S () X 3k 7

2?2 ANDRFEE NN IX ] REW K BIMF 5 ORI A
RGURTER . Rk, EXIBRE L, SRR
P E AR S R, LW E 5T 4R W
XA KPR OC R I, 5 KE R RS MAE
F s e ARSI 2K BH R (S 5 2 B RUEFE R R S
P e ORI % K BH—" 4% 5% R WU A
BTk, HIX— TAEIFAR Y, B EE S
(03 B8 TAE, RTHRE & FhZE 2500 B S A ™4 10 o
ARAE A% PRI TR) 5 B RN 25 RS 1), ) RSB 3
T X EOREHATRAMEE R, SAh, iR A
FEAAAR SR N, AFE S B AR N A%, 5
A, IR SLARUHS X BH A S 1 o 1 B RSO 72 H A
AEAE R AR TG RN 2 1, IPCCES DY IR AL R
W ORI T S T A e SR BRI ),
B T P92 OO0 fa ot aoe i 7 A, X4 iE
FSCR S R TR, DR A AR Ay e B BTS2 T
SR B A k> T BE U ZE T KB SR s T
T, 300 S AR D R A, AR B I B e A
TENLEIARRE 0, e LA ), K FHBN 1)
AR A RG] Bl RO B 24 3 BUAR AR AR . MOKBH
FIHEROCAETO, T 2 ek i 2R R Y, X
SR CBEST U, REATAE A (B8 IR R
HRBMIESUE S IEM, HHXAS (28 Fra] Ry
FEHAR SR S . ST TSIHUH, HRAE B il R
A EE R, 2 AA N B — KA TSTH A 1.3W/m’
(AR ] BT BE M1, 75 B8 — GRS T RUEER
FHUSEAE IS0 E, 177 H i T o] REAFAE AR LM Sk R 48
A2, BNk R AN B 56 A 15 2 K BH—" i
Z IR K TUVHLE, —SiF 50N PR R
J2= BN R L% ) 43 A 2 3 BRI AT SRR RS R #viy
Hadley R gy 7k (19 J5L IR, AEORET3F 30 22 R i
JEARAIRNAE, A BRI IR, T FOXFF i
JZ2 50 R B SR DA R AT B A L b (A AT sk
RS . KT GCR—= KA WAFAE LA A . —LEf)t
FUEE I = AR G T GCREH I ], X2 AN
BTG B GCR— = AL A B R 10 . R = X GCR
Y P 87 () (5 R 2 T 45 % 6 G C R Wi 2 1] 1) 70 25
RGP NIEJLRZ N, A EILNH. 55—
JiT,  H AT R AR AR s AR (B T2 AME
40, REAMEEAY, FAT S aSEMKS, JF
HAR = R AR A AR vk i e 2 )L, T 4
Z LR ZE 5 56 4 AT LA IR e i B 21— B0k, il
MG R 250 54h, 200490 P A =5
P PR R SR B B AR B, 5 3LGCR—= ML
UEAFAE R e o IR LE ) BURAFAE, — 7T, 7 Eakat

Advances in Meteorological Science and Technology SE&EIHE#E 1(4) - 2011



I P ] A R SR AL, EE = By S x4
. U7, R AR B A fe
IR AR RUR— R AR S B R, T
VAL KBS 5 o

HT 18 R BH A A 2ok, R BH G 3l B )L AR H H
Wrig ik, X o R F LA A R F AR E R I, (H
s, et T AR TR PSSR AR N
T aedles, WA W BN RIE. B PR
SEVE 2 FE R B R )3 T RGP AL, B0
UK A FH Vg4 S 1 05 2 HORAGL I8 TR A SR o 2
e, AT AR T RIS B A TSI E AUV
BRI AR, AN HLIG AR R 5 7™ A 55 R B Bl Y
KA WARREW K IIFHIA K IH— R Z R SR 1
BRI e A B . KT AR 23
IR F R 7 6 R S SR 55 24K BH ] R AR Bk, F
ZREEFOHIAE T, XU UK N s C ek A
TSR, (BRI BRI AT A7 X RK
R ER O AT 2 5 7 N SR B L 8 A U B
ko DAL, INSRIX— 2 AR SO K TR AN
AR AR AN BT K I AT H BRI (R 5, AT
FOR B BRI R PV SRR U v, AN i B &
HFE RN F 2 5] 3

S RSP RN I R, FRILEOH .

SE XM

[1] Russell C T, Luhmann J G, Jian L K. How unprecedented
a solar minimum? Rev Geophys, 2010, 48, RG2004,
doi:10.1029/2009RG000316.

2] 24K, AHF, AR FAHERAE2LAD? BEER,
2010, 55(30): 2980-2985.

(3] B2, I, AT, A e, BH. ZERAHEH R AL
&, 2011, 1(4):26-36.

[4] Rind D.The Sun’ s Role in Climate Variations. Science, 2002, 296:
673-677.

[5] %48, 4%, gnd, £ 22BN 7 — T L HwiR. kK
FL2£,2003,27(5): 789-797.

[6] Lean J L. Cycles and trends in solar irradiance and climate. Wiley
Interdisciplinary Reviews: Climate Change, 2010, 1(1): 111-122.

(7] ZAK, B2k, 27, F. 2R AEL RS FHZC A b3k
FLe 3 &, 2010, 25(6): 656-665.

[8] Herschel W. Observations tending to investigate the nature of the
sun in order to find the causes or symptoms of its variable emission
of light and heat. Philosophical Transactions of the Royal Society of
London, 1801, 91: 265-318.

[9] Hoyt DV, Schatten K H. The Role of the Sun in Climate Change.
New York: Oxford University Press, 1997.

[10] Herman J R, Goldberg R A. Sun, Weather and Climate. Honolulu,
Hawaii: University Press of the Pacific, 2005.

[11] Foukal P, Frohlich C, Spruit H, Wigley T M L. Variations in solar
luminosity and their effect on the Earth's climate. Nature, 2006,
443:161-166.

[12] Benestad R E, Schmidt G A. Solar trends and global warming. J
Geophys Res, 2009, 114,D14101, doi:10.1029/2008]D011639.

[13] Intergovernmental Panel on Climate Change (IPCC), in Climate
Change 2007: The Physical Science Basis, Contribution of
Working Group I to the Fourth Assessment Report of the IPCC
(AR4), edited by S. Solomon et al. Cambridge, United Kingdom
and New York: Cambridge University Press, 2007.

Progress 44 % ¢ &

[14] Tung K K, Camp C D. Solar cycle warming at the Earth's surface
in NCEP and ERA-40 data: A linear diskriminant analysis. J
Geophys Res, 2008, 113, D05114, doi:10.1029/2007]JD009164.

[15] Ramaswamy V, Hurrell ] W, Meehl G A. Why do temperatures

vary vertically (from the surface to the stratosphere) and what

do we understand about why they might vary and change over
time? in Temperature Trends in the Lower Atmosphere: Steps for

Understanding and Reconciling Difference, edited by T. R. Karl et

al. U.S. Clim Change Sci Program, Washington, D. C, 2006.

Luterbacher J, Rickli R, Xoplaki E, Tinguely C, Beck C, Pfister

C, Wanner H. The late Maunder Minimum (1675-1715)—A key

period for studying decadal scale climatic change in Europe. Clim

Change, 2001, 49: 441-462, doi:10.1023/A:1010667524422.

[17] Raspopov O M, Dergachev V' A, Kolstrom T. Periodicity of climate
conditions and solar variability derived from dendrochronological
and other palacoclimatic data in high latitudes. Palacogeography,
Palaeoclimatology, Palaeoecology, 2004, 209: 127-139.

[18] Mendoza B, Lara A, Maravilla D, Jduregui E. Temperature
variability in central México and its possible association to solar
activity. Journal of Atmospheric and Solar-Terrestrial Physics, 2001,
63: 1891-1900.

[19] Alvarez Pomares O, Pérez Doval J, Cérdenas Pérez P A, Vega
Gonziles R. Solar Variability Manifestation on Earth Climate
Parameters Registered at a Tropical Location. 24 meeting of IAU.
The Sun and Weather. Manchester: Joint Discussion 7, August
2000.

[20] Soon W, Dutta K, Legates D R, Velasco V, Zhang W. Variation in
surface air temperature of China during the 20th century. Journal
of Atmospheric and Solar-Terrestrial Physics, 2011, 73(16), 2331-
2344.

(210 dh 45, WRBE, 33, WAL, RANE, B 5, Mok @R R
SRR IR AR 5 AT IE 5 B R kAT 3 3R, 2005,
20(7): 794-803.

[22] Lockwood M, Harrison R G, Owens M ], et al. The solar influence
on the probability of relatively cold UK winters in the future.
Environmental Research Letters, 2011, 6 (3), 034004.

[23] Ineson S, Scaife A A, Knight J R, et al. Solar forcing of winter
climate variability in the Northern Hemisphere. Nature Geosic,
2011, 4: 753-757, doi:10.1038/ngeo1282.

[24] Lockwood M, Harrison R G, Woollings T ], Solanki S K.
Are cold winters in Europe associated with low solar activity?
Environmental Research Letters, 2010, 5 (2), 024001.

[25] Woollings T, Lockwood M, Masato G, Bell C, Gray L. Enhanced
signature of solar variability in Eurasian winter climate. Geophys
Res Lett, 2010, 37, .20805, doi:10.1029/2010GL044601.

[26] White W B, Lean J , Cayan D R, et al. Response of global
upper ocean temperature to changing solar irradiance. Journal of
Geophysical Research, 1997, 102: 3255-3266.

[27] White W B, Dettinger M D, Cayan D R. Sources of global
warming in the upper-ocean on decadal period scales. ] Geophys
Res, 2003, 108(C38), 3248, doi:10.1029/2002JC001396.

[28] Lean J, Beer ], Bradley R. Reconstruction of solar irradiance since
1610: Implications for climate change. Geophys Res Lett, 1995,
22(23),3195-3198.

[29] Tett S F B, Jones G S, Stott P A, et al. Estimation of natural and
anthropogenic contributions to 20th century temperature change. ]
Geophys Res, 2002, 107(D16), 4306, doi:10.1029/2000]D000028.

[30] Meehl G A, Washington W M, Amman C M, et al. Combinations
of natural and anthropogenic forcings and 20th century climate. J
Clim, 2004, 17: 3721-3727.

[31] Lockwood M, Fréhlich C. Recent oppositely directed trends in
solar climate forcings and the global mean surface air temperature.
Proc R Soc A, 2007, 463(2086): 2447-2460.

[32] Wang Y J, Cheng H, Edwards R L, et al. The Holocene Asian
Monsoon: links to solar changes and North Atlantic climate.
Science, 2005, 308: 854-857.

[33] Kerr R A. Changes in the sun may sway the tropical monsoon.
Science, 2005, 308: 787.

[34] Verschuren D, Damste J S S, Moernaut J, et al. Half-precessional
dynamics of monsoon rainfall near the East African Equator.
Nature, 2009, 462: 637-641.

[16

=

Advances in Meteorological Science and Technology SE&&EHE#E 1(4) - 2011

45



46 |

w
R Eik U
dvances in Met S&T

[35] Clayton H H. World Weather, New York: MacMillan, 1923.

[36] Meehl G A, Arblaster ] M, Matthes K, et al. Amplifying the Pacific
Climate System Response to a Small 11-Year Solar Cycle Forcing.
Science, 2009, 325: 1114-1118.

[37] Currie R G. Luni-solar 18.6- and 10-11-year solar cycle signals in
South African rainfall. Int J Climatol, 1993, 13: 237-256.

[38] Currie R G. Luni-solar and solar cycle signals in Chinese dryness/
wetness indices. Int ] Climatol, 1995, 15: 497-515.

[39] Currie R G. Variance contribution of luni-solar (Mn) and solar
cycle (Sc) signals to climate data. Int J Climatol, 1996, 16:
1343  1364.

[40] Lambert F H, Stott P A, Allen M R, et al. Detection and
attribution of changes in 20th century land precipitation. Geophys
Res Lett, 2004, 31, 1.10203, doi: 10.1029/2004G1.019545.

[41] Wasko C, Sharma A. Effect of solar variability on atmospheric
moisture storage. Geophys Res Lett, 2009, 36, L03703,
doi:10.1029/2008 G1.036310.

[42] Liu J, Kuang X, Wang B, Ding Q, Soon W, Zorita E. Centennial
variations of the global monsoon precipitation in the last
millennium: Results from ECHO-G model. J Clim, 2009, 22:
2356-2371.

[43] Verschuren D, Laird K R, Cumming B F. Rainfall and drought in
equatorial east Africa during the past 1100 years. Nature, 2000,
403:410-414.

[44] Zhao L, Wang J S, Zhao H J. Signature of the solar cycle on
decadal variability in monsoon precipitation over China. Journal of
the Meteorological Society of Japan, 2012, 90(1), in press.

[45] Haigh J D, Blackburn M, Day R. The response of tropospheric
circulation to perturbations in lower - stratospheric temperature. ]
Clim, 2005, 18: 3672-3685, doi:10.1175/JCLI3472.1.

[46] Cook E R, Mcko D M, Stockton C W. A new assessment of
possible solar and lunar forcing of the bidecadal drought rhythm in
the western United States. ] Clim, 1997, 10: 1343-1356.

[47] Woodhouse C A, Overpeck J T. 2000 years of drought variability in
the central United States. Bulletin of the American Meteorological
Society, 1998, 79: 2693-2714.

[48] Perry C A. Solar-irradiance variations and regional precipitation
fluctuations in the western USA. International Journal of
Climatology, 1994, 14: 969-984.

[49] Bond G, Kromer B, Beer J, et al. Persistent solar influence on
North Atlantic climate during the Holocene. Science, 2001, 294:
2130-2136.

[50] Li Y-X, Yu Z, Kodama K P. Sensitive moisture response to
Holocene millennial-scale climate variations in the Mid-Atlantic
region, USA. The Holocene, 2007, 17: 3-8.

[51] Hu F S, Kaufman D, Yoneji S, et al. Cyclic variation and solar
forcing of Holocene climate in the Alaskan subarctic. Science,
2003,301: 1890-1893.

[52] Stager ] C, Cumming B F, Meeker L D. A 10,000-year high-
resolution diatom record from Pilkington Bay, Lake Victoria, East
Africa. Quaternary Research, 2003, 59: 172-181.

[53] Fleitmann D, Burns S J, Mudelsee M, et al. Holocene forcing
of the Indian Monsoon recorded in a stalagmite from Southern
Oman. Science, 2003, 300: 1737-1739.

[54] Neff U, Burns S J, Mangini A, et al. Strong coherence between
solar variability and the monsoon in Oman between 9 and 6 kyr
ago. Nature, 2001, 411: 290-293.

[55] Haigh J D. The impact of solar variability on climate. Science,
1996,272: 981-984.

[56] Kodera K. Solar influence on the Indian Ocean monsoon through
dynamical processes. Geophys Res Lett, 2004, 31, 124209, doi:
10.1029/ 2004G1.020928.

[57] Bhattacharyya S, Narasimha R. Possible association between Indian
monsoon rainfall and solar activity. Geophys Res Lett, 2005, 32,
1.05813, doi: 10.1029/2004G1.021044.

[58] & w7 4. 2k E i & b A e fikah. A0 ], 1926, 16(2): 274-

282.
[59] K2 AEFEZH TN GREAZRZ R R AZEF, 1936,
12: 600-619.

[60] # % #1. 3 4 o [ 4h % F A P 7 50 3 R A F i fn KA o By o
5. R 5 %], 1962,32(2): 172-194.

[61] AR AT KAFEH PN S EL MG RENAERS. AF
#4%, 1962, 32(1): 20-36.

[62] Chen J Y. Tendency prediction of precipitation and inundation
in July in the Sichuan basin, China. International Journal of
Climatology, 1984, 4: 521-529.

[63] 1, &% KMEs 5okl e EBENHGRT. K
S AH#,1986,10(2): 204-211.

[64] BHE mEHFREEHRKEW R HXARF K FH, 1987,
10(2): 177-187.

[65] 402, PR, #FIT B K & B AL S 0. 8 AREFR,
1992, 1(3): 101-105.

[66] DAk, 7 A, KPR E2h B 4F REWRE G5 AFKRET XL
M. 8RR %, 1998, 17(3): 266-270.

[67] X 48, #h %€ A K [ 7 30, El Nino 7 4t 72 3t [X e 77 49 % v BTN
o 2R 4 22 2 9 2, 1999, 14(1): 123-126.

[68] T#, %, BN, &. TN ZERNFRIFRG RS K XHETF oA
*. 8BS %,1999,18(2): 179-184.

[69] Z2FE, ML PHEMRXNBERE KMFEHXZNHAR. =
R & & Fl,2000, (2): 34-38.

[70] LiX D, ZhuY F, Qian W H. Spatiotemporal variations of summer
rainfall over eastern China during 1880-1999. Advances in
Atmospheric sciences, 2002, 19(6): 1055-1068.

[71] KRR, &M, BAR, & FEHNRLESLERNFREE AL
B3t F 8004 DL K By I AR Ak, B 538 4], 2004, 49(1):10-14.

[72] =%, K&, 7 K. L1000F KT+ TiF By 5 AEL X R,
% 9 424 58, 2004, 24(5): 518-524.

[73] # %, B0 E M. T 454 3 X 3T 400 4R By FE K BRI 5 A
& 3. % W9 %, 2005, 25(002): 184-192.

[74] Bk &, Fhaide. RFE 7% A MME BN XA AR
FH4, 2006, 34(4): 381-386.

[75] Tan L, Cai Y, An Z, Ai L. Precipitation variations of Longxi,
northeast margin of Tibetan Plateau since AD 960 and their
relationship with solar activity. Climate of the Past, 2008, 4: 19-28.

[76] Thresher R E. Solar correlates of southern hemisphere mid-latitude
climate variability. Int ] Climatol, 2002, 22: 901-915.

[77] Nordemann D J R, Rigozo N R, de Faria H H. Solar activity and
El-Nifio signals observed in Brazil and Chile tree ring records.
Advances in Space Research, 2005, 35: 891-896.

[78] Benestad R E. Solar Activity and Earth's Climate (2nd edition).
Berlin, Heidelberg, New York: Springer praxis publishing, 2006.

[79] Shindell D T, Schmidt G A, Mann M E, Rind D, Waple A. Solar
forcing of regional climate change during the Maunder minimum.
Science, 2001, 294: 2149-2152.

[80] Kodera K. Solar cycle modulation of the North Atlantic
Oscillation: Implication in the spatial structure of the NAO.
Geophys Res Lett, 2002, 29(8), 1218, doi:10.1029/2001 GL014557.

[81] Ogi M, Yamazaki K, Tachibana Y. Solar cycle modulation of the
seasonal linkage of the North Atlantic Oscillation (NAO). Geophys
Res Lett, 2003,30(22), 2170, doi:10.1029/2003G1L.018545.

[82] Huth R, Bochni ek J, Hejda P. The 11-year solar cycle affects
the intensity and annularity of the Arctic Oscillation. ] Atmos Sol
-Terr Phys, 2007, 69: 1095-1109.

[83] Slonosky V C, Jones P D, Davies T D. Instrumental pressure
observation from the 17th and 18th centuries: London and Paris.
IntJ Climatol, 2001, 21: 285-298, doi:10.1002/joc.611.

[84] Mann M E, Zhang Z, Rutherford S, et al. Global signatures of
the Little Ice Age and Medieval climate anomaly and plausible
dynamical origins. Science, 2009, 326: 1256-1260, doi:10.1126/
science.1177303.

[85] Ruzmaikin A, Feynman J. Solar influence on major mode of
atmospheric variability. ] Geophys Res, 2002, 107(D14), 4209,
doi:10.1029/2001JD001239.

[86] Ruzmaikin A. Effect of solar variability on the Earth's climate
patterns. Adv Space Res, 2007, 40(7): 1146-1151, doi:10.1016/
j.as1.2007.01.076.

[87] Labitzke K. Sunspots, the QBO, and the stratospheric temperature
in the north polar region. Geophys Res Lett, 1987, 14(5): 535-537,
doi:10.1029/GL014i005p00535.

[88] Lu H, Gray L J, Baldwin M P, Jarvis M J. Life cycle of the QBO-
modulated 11-year solar cycle signals in the Northern Hemispheric
winter. Q J R Meteorol Soc, 2009, 135: 1030-1043.

Advances in Meteorological Science and Technology S EIHE#E 1(4) - 2011



[89] x| %%, 4 WE. A2 K FH 114F 8 J & 3 b R A B W0 %0 3t
AL F AR, 2010, 53(6): 1269-1277, doi: 10.3969/].issn.0001-
5733.2010.06.004.

[90] Gray L J, Phipps S J, Dunkerton T J, et al. A data study of the
influence of the equatorial upper stratosphere on Northern
Hemisphere stratospheric sudden warmings. Q_J R Meteorol Soc,
2001, 127: 1985-2003, doi:10.1002/qj.49712757607.

[91] Matthes K, Langematz U, Gray L J, et al. Improved 11 - year solar
signal in the Freie Universitit Berlin Climate Middle Atmosphere
Model (FUB - CMAM). ] Geophys Res, 2004, 109, D06101,
doi:10.1029/2003]JD004012.

[92] Kodera K, Kuroda Y. Dynamical response to the solar cycle. ]
Geophys Res, 2002, 107(D24), 4749, doi:10.1029/2002]D002224.

[93] Gray L J, Rumbold S T, Shine K P. Stratospheric Temperature and
Radiative Forcing Response to 11-Year Solar Cycle Changes in
Irradiance and Ozone. ] Atmos Sci, 2009, 66: 2402-2417.

[94] McCormack J P. The influence of the 11-year solar cycle on the
quasi-biennial oscillation. Geophys Res Lett, 2003, 30(22), 2162,
doi:10.1029/2003GL018314.

[95] Farrar P D. Are cosmic rays influencing oceanic cloud coverage-or
is it only El. Nino? Climatic Change, 2000, 47 (1-2): 7-15.

[96] Marsh N, Svensmark H. Galactic cosmic ray and El Nino Southern
Oscillation trends in International Satellite Cloud Climatology
Project D2 low - cloud properties. ] Geophys Res, 2003, 108(D6),
4195, doi:10.1029/2001JD001264.

[97] Ruzmaikin A. Can El Nifio amplify the solar forcing of climate?
Geophys Res Lett, 1999, 26(15), 2255-2258.

[98] White W B, Liu Z. Non - linear alignment of El Nino to
the 11-yr solar cycle. Geophys Res Lett, 2008, 35, L19607,
doi:10.1029/2008 GL034831.

[99] Meehl G A, Arblaster ] M, Branstator G, et al. A coupled air - sea
response mechanism to solar forcing in the Pacific region. J Clim,
2008, 21: 2883-2897, doi:10.1175/2007]CLI1776.1.

[100] Roy I, Haigh J D. Solar cycle signals in sea level pressure and sea

surface temperature. Atmos Chem Phys, 2010, 100: 3147-3153.

[101] Pekarek A H. Solar Forcing of Earth's Climate.
Environmental Geosciences, 2000, 7: 215, doi: 10.1046/7.1526-
0984.2000.74003-7.x

[102] & 5z %, Tinsley B A, ¥ K, A KFEE L A ELMAE
8] K A AL B 58 2. Bk AL 3 &, 2007,22(011): 1099-1108.

[103] Gray L J, Beer J, Geller M, et al. Solar influences on climate. Rev
Geophys, 2010, 48, RG4001, doi: 10.1029/2009RG000282.

[104] Smith E A, Harr T H V, Hickey J R, et al. The nature of the short
period fluctuations in the solar irradiance received by the Earth.
Climatic Change, 1983, 5: 211-235.

[105] E 48 3. A a5 % A% & A% 2 &, 2009, 5(1): 61-62.

[106] Willson R. Total solar irradiance trend during solar cycle 21 and
22. Science, 1997,277: 1963-1965.

[107] Kopp G, Lean J L. A new, lower value of total solar irradiance:
Evidence and climate significance. Geophys Res Lett, 2011, 38,
L01706, doi:10.1029/2010GL045777.

[108] Svalgaard L, Cliver E W, Kamide Y. Sunspot cycle 24: Smallest
cycle in 100 years. Geophys Res Lett, 2005, 32, L01104,
doi:10.1029/2004GL.021664.

[109] Schatten K H. Fair space weather for solar cycle 24. Geophys Res
Lett, 2005, 32, 1.21106, doi:10.1029/2005G1.024363.

[110] Penn M J, Livingston W. Temporal Changes in Sunspot Umbral
Magnetic Fields and Temperatures. Astrophys Journal, 2006, 649,
145-1.48.

[111] Penn M ], Livingston W. Long-term Evolution of Sunspot
Magnetic Fields. Proceedings of the International Astronomical
Union, 2010, 6: 126-133, doi: 10.1017/51743921311015122.

[112] Dikpati M, de Toma G, Gilman P A. Predicting the strength of
solar cycle 24 using a flux-transport dynamo-based tool. Geophys
Res Lett, 2006, 33, 105102, doi:10.1029/2005GL025221.

[113] Lockwood M. Solar change and climate: an update in the light of
the current exceptional solar minimum. Proc R Soc A, 2010, 466:
303-329.

[114] Feulner G, Rahmstorf S. On the effect of a new grand minimum
of solar activity on the future climate on Earth. Geophys Res Lett,

Progress 44 % 4 &

2010, 37,1.05707, doi:10.1029/2010GL.042710.

[115] Chandra S, McPeters R D. The solar cycle variation of ozone in
the stratosphere inferred from Nimbus 7 and NOAA 11 satellites.
J Geophys Res, 1994, 99: 20665-20671.

[116] Lean J, Rottman G, Kyle H, Woods T, Hickey J, Puga L.
Detection and parameterization of variations in solar mid - and
near - ultraviolet radiation (200-400 nm). ] Geophys Res, 1997,
102(D25),29939-29956.

[117] Harder ] W, Fontenla J M, Pilewskie P, et al. Trends in solar
spectral irradiance variability in the visible and infrared. Geophys
Res Lett, 2009, 36, 1.07801, doi:10.1029/2008 GL.036797.

[118] Lockwood M. Was UV spectral solar irradiance lower during the
recent low sunspot minimum? ] Geophys Res, 2011, 116,1D16103,
doi:10.1029/2010JD014746.

[119] Haigh ] D, Winning A R, Toumi R, et al. An influence of solar
spectral variations on radiative forcing of climate. Nature, 2010,
467: 696-699, doi: 10.1038/nature09426.

[120] Cahalan R F, Wen G, Harder J W, Pilewskie P.
Temperature responses to spectral solar variability on
decadal time scales. Geophys Res Lett, 2010, 37, L07705,
doi:10.1029/2009G1.041898.

[121] Merkel A W, Harder ] W, Marsh D R, Smith A K, Fontenla ] M,
Woods T N. The impact of solar spectral irradiance variability on
middle atmospheric ozone. Geophys Res Lett, 2011, 38, .13802,
doi:10.1029/2011GL047561.

[122] Haigh J D. The Sun and Earth ‘s Climate, Living Rev. Solar
Phys, 4, 1rsp-2007-2, http://solarphysics.livingreviews.org/
Articles/Irsp-2007-2/, last access: 30 March 2011, 2007.

[123] Wuebbles D J, Wei C F, Patten K O. Effect on stratospheric
ozone and temperature during the Maunder Minimum. Geophys
Res Lett, 1998, 25: 523-526.

[124] Larkin A, Haigh J D, Djavidnia S. The effect of solar UV
irradiance variations on the Earth’ s atmosphere. Space Sci Rev,
2000, 94: 199-214.

[125] Haigh J D. The role of stratospheric ozone in modulating the
solar radiative forcing of climate. Nature, 1994, 370: 544-546,
doi:10.1038/370544a0

[126] Frame T H A, Gray L J. The 11 - year solar cycle in ERA - 40
data: An update to 2008. J Clim, 2010, 23: 2213-2222,
doi:10.1175/2009]CLI3150.1.

[127] Haigh J D. The effects of solar variability on the Earth's
climate. Philos Trans R Soc London Ser A, 2003, 361: 95-111,
doi:10.1098/rsta.2002.1111.

[128] Kushner P J, Polvani L. M. Stratosphere - troposphere coupling in
a relatively simple AGCM: Impact of the seasonal cycle. ] Clim,
2006, 19: 5721-5727, doi:10.1175/JCLI4007.1.

[129] Haigh J D, Blackburn M. Solar influences on dynamical coupling
between the stratosphere and troposphere. Space Sci Rev, 2006,
125:331-344, doi:10.1007/511214-006-9067-0.

[130] Shindell D T, Schmidt G A, Miller R L, Rind D. Northern
Hemisphere winter climate response to greenhouse gas, ozone,
solar, and volcanic forcing. ] Geophys Res, 2001, 106, 7193-7210,
doi:10.1029/2000JD900547.

[131] Solomon S, Crutzen P J, Roble R G. Photochemical coupling
between the thermosphere and the lower atmosphere: 1. Odd
nitrogen from 50 to 120 km. ] Geophys Res, 1982, 87: 7206-7220,
doi:10.1029/JC087iC09p07206.

[132] Jackman C H, et al. Short - and medium - term atmospheric
constituent effects of very large solar proton events. Atmos Chem
Phys, 2008, 8: 765-785, doi:10.5194/acp-8-765-2008.

[133] Funke B, Lépez - Puertas M, Gil - Lépez S, et al. Downward
transport of upper atmospheric NOx into the polar stratosphere
and lower mesosphere during the Antarctic 2003 and Arctic
2002/2003 winters. ] Geophys Res, 2005, 110, D24308,
doi:10.1029/2005]D006463.

[134] Ney E P. Cosmic radiation and the weather. Nature, 1959, 183:
451-452,d0i:10.1038/183451a0.

[135] Dickinson R E. Solar variability and the lower atmosphere.
Bulletin of the American Meteorological Society, 1975, 56(12):
1240-1248.

[136] Svensmark H, Friis-Christensen E. Variation of cosmic ray

Advances in Meteorological Science and Technology S&&EHE#E 1(4) - 2011

47



48

l
Rt Lk WLV
dvances in Met S&T

flux and global cloud coverage—a missing link in solar-climate
relationships. Journal of Atmospheric and Solar-Terrestrial
Physics, 1997, 59 (11): 1225-1232.

[137] Tinsley B A, Rohrbaugh R P, Hei M, et al. Effects of image
charges on the scavenging of acrosol particles by cloud droplets
and on droplet charging and possible ice nucleation processes. J
Atmos Sci, 2000, 57: 2118-2134.

[138] Zhou L, Tinsley B A. Production of space charge at the
boundaries of layer clouds. ] Geophys Res, 2007, 112, D11203,
doi:10.1029/2006]JD007998.

[139] Tinsley B A, Rohrbaugh R P, Hei M. Electroscavenging in clouds
with broad droplet size distributions and weak electrification.
Atmos Res, 2001, 59-60: 115-135, doi:10.1016/50169-
8095(01)00112-0.

[140] Khain A, Arkhipov V, Pinsky M, et al. Rain enhancement and
fog elimination by seeding with charged droplets. Part I: Theory
and numerical simulations. ] Appl Meteorol, 2004, 43: 1513-
1529,doi:10.1175/JAM2131.1.

[141]Evan A T, Heidinger A K, Vimon D J. Arguments
against a physical long-term trend in global ISCCP
cloud amounts. Geophys Res Lett, 2007, 34, L04701,
doi:10.1029/2006GL028083.

[142] Brown B H. Short-term changes in global cloud cover and in
cosmic radiation. ] Atmos Sol Terr Phys, 2008, 70(7): 1122-1131,
doi:10.1016/j.jastp.2008.02.003.

[143] Harrison R G, Stephenson D B. Empirical evidence for a
nonlinear effect of galactic cosmic rays on clouds. Proc R Soc A,
2005, 462: 1221-1233, doi:10.1098/rspa.2005.1628.

[144] Svensmark H, Bondo T, Svensmark J. Cosmic ray decreases affect
atmospheric acrosols and clouds. Geophys Res Lett, 2009, 36,
L15101,doi: 10.1029/2009GL.038429.

[145] Sun B, Bradley R S. Solar influences on cosmic rays and cloud
formation: A reassessment. ] Geophys Res, 2002, 107(D14), 4211,
doi:10.1029/2001JD000560.

[146] Sloan T, Wolfendale A W. Testing the proposed causal link
between cosmic rays and cloud cover. Environ Res Lett, 2008, 3,
024001, doi:10.1088/1748-9326/3/2/024001.

[147] Kristjansson J E, Stjern C W, Stordal F, Fjaeraa A M, Myhre G,
Jonasson K. Cosmic rays, cloud condensation nuclei and clouds—
A reassessment using MODIS data. Atmos Chem Phys, 2008,
8(24): 7373-7387.

[148] Calogovic J, Albert C, Arnold F, Beer J, Desorgher L,
Flueckiger E O. Sudden cosmic ray decreases: No change
of global cloud cover. Geophys Res Lett, 2010, 37, L03802,
doi:10.1029/2009GL.041327.

PR
NEW BOOK

Precim;aﬁdﬁti
Microphysics

Geosphere-Biosphere Interactions
and Climate

«&&@—i@%gﬁazmﬂ&

%
. Len;‘m'tO.Bengtsson’é?
Hi#x#: Cambridge University Press
H R4 2010

Cloud and Precipitation
Microphysics
= Fo T A B SO0 40 32 5 )
Y& #: Jerry M. Straka%f
H % : Cambridge University
Press i i 4. 2011

Z RO AT LR h ARG R I A5 1R ) W i e R A S i B

The Dy?ami(

Aeronomy of the
Magnetosphere

Earth’s Atmosphere
and lonosphere

B springer

| Erom G

Aecronomy of the Earth's The Dynamic Magnetosphere
Atmosphere and Tonosphere Cok B30 71 %)
(BRARAWEE—HIR 4% %, William Liu%
KAERERE) 5 s Springe
%% % : Mangalathayil Ali AbduZe ﬁ}%&—ﬂi 2011
Wi Springer '
W4 2011

Advances in Meteorological Science and Technology S&EIHE#E 1(4) - 2011



