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[ 5 T 5 LRI ST & SRR (2012CB825601) | E Bl 2 5 JR A T A2 5 K3 H (KZZD-EW-01-4) | [H K A /B4 245 (41031066, 41231068,
41274179, 41174150) . EZ 2[Rk HuO < FA T S E 5 W AR 28 35 PEA T\ B 0 0E B

% TR EFH 4. K FH K48 B (TSI E Ay 348 o 5201 3 % W 7 39 08 8 4k 48 (4 3k
R, HEE), AR N R A XM Kk A 4 T 3k, AR T K PR IE o fndh ok IR R A B E 4R A
BRE Loy AMMREMXE. TEERA: () ENFENHEEEN, KEEH(EERETFMA
MEBE)VEEANEGESG T 95%(A% A MERAB L, 2000 11aAH, 50aFH, HLH
AR L H, 2R EFE A3 a W EAM LA, HHAMEN S0a AM; Q) KHEDS

Kekin)
K PH &
AIEN
N AT
JE
Al x M

AIRERMEAR 22,50a W B EHIREAH; ) AHEFH EHRBEKH RN HX S THE
R, WERTFHA, ©H5REBEFHENMEX REA 031~035, 11 a #z1-FHEA
X ZH N 0.58~0.70, 22 a H BT E ALK RN 0.64~0.78, K[ EIEE 5K EFEH AL ER T
EZFEMEEBENMELE, 4 KMEHAELI00EERHEHE, ¥ 5L EE@EHH . EE)
100 6 AR 2 — B Hy, K P TE 30 5 i 05 By A ok Mk i T K PH UE B0 5 I R Y AR K 1
WG RFW, KGN AT E A RE Tk E ST AR T L%,

2 BRI AR I 2 Y 1 P9 AMUE 5T B T ) R
R e A G B TR A (5 RS R R 4 LA A,
K FHTE 3l N3 3l Bk i sl 252 i S AR AL Y
HRRNZR. KHZH IR RGN RE R, KA
K BE G )2 A0 R B A2 i 45 A2 2 i P O R
FRARFHTE . AR B 2 MK FHIGE 2 10 4R 3
AR ) RUBE | b R S AR A0 i 22 H AR IR B T
B4, Herschel " L7E 1801 4wl 4 K PHASfb 255 |
HER AR AR, IS B R /DR RE I A 251
B JE AR 2 TAER B T K BHE sh S5 s S s >
] H AT R AR DG 0 SRR SE 0. Hovh, Eddy™' &
B OK BH SR U > 1 518 ) /N 1) (Maunder
Minimum, 1645~1715 4F)7E s [A] | 1F & X 1 T 5 ER
NI R AR I Currie! & BUAR A 18 2 22 (n
R BERR VT TE A ) A AR 2SR FHTE B Y

JE AR Ak Lean %5 AP1E L 1610~1800 4 BH %R 5T
A Ak 5 Ak Bk b O 2 A A OC R 2R A 0.86;
Friis-Christensen 25 A M % B AL 2 Bk il #b 55 11 U 8
5 RS0 K Z W B AR A H &R
W EAFI T RESEGK AR ET RS
K PHIE B 22 0] i 56 22 B3 0% TR K BH 36 30 ) 3 [ A< A
A AL LA SR, I HLX R R i B X 22 U
F— T, H Tk A Dok NG 3 R 8ok iR
TR EE W SR N, Ok B TSN R X R
Sl 20 g e rk A i B EE RN Z —. DIEK
A B BUM A AR L 1125 B 2 (IPCC) M AR FR 1 B
B FE UL A Rt 2 50 4F B Hb RV 0 B 1Y) D 35 4
1 90% LA b2 B N ST sl HE B IR = AR E LAY,
L Z T F SR 78 A S0 (4 5 Wi 1T A Z 8 AN 3110,
SR, BT R G0 = FE B A PR TR K F
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B SR PR, A 5 4 KR 52 Bl R A9 A 1 — ELER AR A AL
VKGNS R H At Iy o R ks 4 K BE 5L AT B Y
WS FRE, 4T ARk IR JE T A I B I IE F
s s EREA S 20 IR A S AREL, A
b 20 tHE20 i FE AR A ¥ 1), X R IR A TS sy
M Sy e A SRRz, JF HL 19 22 RAE T 1 AR
B9, T IR T 20 20 B 23R AR 25 ok —
ERIR2E", F E ARAEA RSP EESENE
ok IR (http://www .nbcnews.com/id/28074879/), IPCC
SRR il (AR ENE BN S I KW PR f i - A FS I REs
KT ARG TR, SRR NE
FIRZ, VF 223515 1K AT 3l 2 5K 30 Mok < fie A2
LR EE R ZEPPL W, WK R b %5
IR BHE 2t sk = A 00 52 AT H A+ o S 2N
BERERERANIGERZ —, WM TR 2
K BB LSRN — A EE SR, I AR SO
TE AR 2 E0E AR ) R R K BH T 3 5 M ek 5=
T 38t R I A ) LA B EATTZ R AH DG G &R

1 Bdi5mbriiik

P& % (sunspot number) 24 & K PH % 3 i H
B2 E, AR 00 5 e A R IR] A K Y R BH T 3h 2
. AR R T EEENEIE 1610 1),
AR IER RGBT BRI bz e T K2y 1 it
g, BIAN 18 28R4, 7R SCHT I AY 2B 50 T 3
El K B 52 i 25088 23 B H 0 R 3G (Solar Influences Data
Analysis Center: http://sidc.oma.be), FHEfL5F T 1700~
2012 4E3E 313 a WAEM(E IR 4. J0 —FhE HA K PH
I 3 2 8O RARTIE #Y OK BH R 4% B/ (Total  Solar
Irradiance, TSI), ‘& —E#IA R JE HEAEH T HUER R
i (8 O PH IS Bl 280 SR T K PH B B 2 1) 0L
R 20 4 80 ARAR, A HA LY 30 41 B R
I A AR A A I 0N R U I AR R AN S
By, ST, ASCHME ] LASP/LISIRD W3k 42 Ay
P35 A K BH OB R B L #E (http://lasp.colorado.
edu/lisird/tsi/historical_tsi.html). Z X FH &L 58 T8 4048
T Wang 25 P 30 A% SRR B R 15 3 1Y,
W T 1610~2012 4F3E 403 a 94735 K BH S5 IE O i
BAE. ROV R R i A 2R AR AL e Y
SR Z —, EMESNEITET 1880 4F; ARCHIR
FHEY 25KV SR BB T 300 2 E NOAA [H %
¥4E s .0 (National Climate Data Center, http://www.

ncdc.noaa.gov/cmb-fag/anomalies.php), il 5 4F #5 4
BRURRE S AF 349 i b 3052 S o A 1 R U B S
3 FhEE, IHRIBSEE N 1880~2012 4F, 3k 133 a. X HL
PR EE SRR IR E S 2B EZ 2, % HEBCh 20
1H42(1901~2000 4F) B PS4, 787087 77 %07 I,
AN Gy AT R — R BRI B AT s, R T b
B A% 5 B D 2 Jm i A2 1k 5 4% e 4l 43 B A
T4 AT 5 A E, /NI BT 3 e JBSE sl R 4 1 Jeg
WALRRE, S BIET I E EE MG R, I EA R
HCHIE (14 300 5 30007 b JHG TR 4 5 i 125200 A SO SR
SCHR261 T8 HERY Morlet /1N FR 5 3k % 8K FHIE 50
R A BRI B AR A 0y R A, IF SR E AT Z [ B /N i
AH e (wavelet coherency); IEAk, AN SCiA ¥ FH 3] £
PEAE 2 43 BT F A2 AR 43 BT (cross correlation), X 26
i IDL 1% 5 i CORRELATE Fi1 C_CORRELATE pRi%X
SRALH.

2 Fbasarbr

2.1 AR B

K 1(a)Z8 H T 1700~2012 4F K FH B T RUE A (E A
e EGa 5%, B 1(b)& 4 Morlet /NI 284 2 )5 &
Y 7 22 H — 1k 42 Jmy Ty 2433 [ 401 i A8 4k, st
TR MR, RN 95%EFK T4, HIE
AL, KR RO AR TE 4 D EE KR T 95%
BRI, 4390k 10.7, 52.7, 100.9 F1 173.4 a(& ik
FiaRy; Ho 10.7 a B AT A H KA T 11 a
W (Schwabe Ji 1), /2 R 2 09 28 8 9, 52.7 F
100.9 a 435 N2 FA 50 a & W A2 E W
(Gleissberg JEH]), B AIT1HE—2L3CHlk bt A7 i35 272,
173.4 a AYJE 3T 22 7 A9 XUt 22 5] 8 (Suess JH138),
1 Ogurtsov 25 A PV3H7 14C 30 s B8 7w K BA T 3h
XU 20 JE 30 ) R K BE 7R 170~260 a Z 1], B FixX B
JIT R BH 275500 () B [ 5 B A 312 a, PRI G
S BT B ] A A SR P G S 2 b R T 3R
T T GEREB 43 B 05 1k 14 ] S

FHb, & 2a)% 1T 1610~2012 4F A BH 46 g
EXEELRE S, B 2(b)2 20 Morlet /)N il 748
e 2 J5 Hy 25 3 — 1k 4 J5 Dy 2R 0% B R W 9 A8 4k,
LEKIR 5% EAF AT L (A M S R I E). XTI
L(b) 5 2(b)aT 1, K FH R TR0 5 B 1 )
R R AR Bl R R X, R B R R A
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E RIS 11 a8, 222 A 91 (120 a) FTRL
20 J549(199.6 a), 11 a J&(10.7 a)h 4 > EAF K
T 95% I B 55 Y, K PH AR IR 50 a JEI
(77 a), 20 A WA 20 J8 3] A ) B4 P s v T
p N EE R VA R R B N R PSR g L 2 ]
K B S AR (R JE 4 A £k

K 3(a)4h T 1880~2012 4F- b BR A 4415 i 5%
Bk, AT, fEid 2 100 A HL, bk TE
AT T—A W8 B, EAEE L 0.5C,
I Lty b - 24738 5 0% L T v U R SR )
T, RECFERER B T FHZEL B 3(b)Rs
i Morlet /NS 2 J5 BRI B 4 R oh R ik
Or 223 —4k) B JE B n 28 k. iy BRI, 78 i %5 5511
X — A L, S ERCEEE AL R — B E R
64.3 a R, EEMKE A TERF0 50 a J§
HH(52.7 a)Fl K BH B BR (Y 50 a B (77 a)22 6],
A — S0P 100 B 4 BRI R 1) A2 A R 5 R BH IS Bl A DG A9
PRI B 21.8 F134.3 a i E, HENTHKT
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2000

19$'3.6 ‘ (b)

EII—GIBIIR

[E4 (a)

B2 1610~2012 F KM BEREHER N (@ REFZRA—HER/MEHEED)
(D) BT 95% B 17 K T (11 M)

95% B 5K -2k, KBAWESD 11 a WA A8k 3
A3 AE A BRI B A . R UL 4 BROF 34 3 A
FERATE 43 (50 a JEI3 ) B A BHIG sh g A8 1k, A
T, A BRI T FA% 4 A 4 5 A PH A R T R
B oA Bl T S5 0R R T R | IR B T
Rk 5 A EROF YR R T g AL, AR N PR
.

2.2 M

AN Ay BT AN AL BE % 0 P A5 5 1 B b, &
REZN 2 IR AR5 Z [ B /N A (wavelet
coherence), M TR R 2 PGS 38 %Y
I BR LAEEAME S B DA, ERYEAE 0 A 1 Z ),
REHE /R 2 B A5 5 Je 0 A 58 SUAH & B AT % (L J]
WA & )4 T RS RO R
ARE R AR T PERE S A o0 A, IR A2 b 4 B 3
B I, I 9 JRL 1 43 30k 21.3, 32.5, 52.3 il 81.6 a,
ARR YA R B4R 0.73, 0.82, 0.60 1 0.65. X3
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Bl 4 KPHEFH(a)FIk B 558 R (b) 5 & 2R-F 118 B 1 B oM T B R B 4 7

B, BTSRRI HA R
HARICME, MIERECN 0.6~0.8, HLHD K FH ST 548k
TR A 21.3, 32.5, 52.3 f181.6 a i ZALIRF . [
BH, P 4(b)4h R B R IR S A RO 34 7R R A R AR A
TR E S B oA, ZRIAR A 2 A0 3 A Ik g,
SIS B RV 23 R 21.5 1 61.6 a, AR (AR 56 R
SR 0.89 F10.94. AT UL, A BH S5 AR 5 4Bk IR B AR 1k
A 21.5F161.6 a It FHILIRE M. 285 1K 4(a) Fil(b)
AL, TCIE BT RGLA R RBH AR, 1A SRR
A 22 a AL IRE ], XA 22 a RWIERK
FH G TS s ), 5RO He, KPH B4R e S 4 Bk
T SRR i SR A AR A EAH T AR SR, R 62 a
(61.6 a) J& M2 4= Bkl B AR Ab ME — A7 7E 1Y 32 5 1 43
w#H(E 3)ry 64.3 a ). B, KPS RECK
PR 5 2R TG Em T, BEZgE

B /N 53 BT A1, St A DG 43 B RN A SURE G 43 A
2 3 A Bt AH G e W R 7k, (] IDL 155
1) CORRELATE #iI C_CORRELATE pREUN A FH

MR K B R R 5 A R R R AT A A O A AT
AZ XA KA HF. X H, CORRELATE REGTE 2 4H
B 22 (8] B 2Pk B2 R AR O R B, N B R AT 2
V1) %) 8 O (B2 1T B 228 ), B3 () 4 4R 56 R 8, i
C_CORRELATE pRECUTT5 2 gl %kdiE 2 Rl 1 32 SUAH
oK R B RE S AR T EIE S A e BT R R
BOSREAEIEZ A A O, T A5 SR K
FEAHS AR EE A S4B (A gion) Y TR 2 11 A 56 FR 8K
4016, BN 90%, 4 4BRIEE T )5 BT 21 a i}
MERBUR KR, &3 0.35, BEERT 99.9%; B+
B 5 il R BE AF I E (Avana) B[R]0 £ 1R AH DG R A
0.11, BAFEEN 80%, Yt il 4t f5 B F 21 a B AH
KEBEK, K7 031, BEERT 99.9%; BTH
551 7 U BE A 2 {H (A geean) B [R] 30 20 11 AH 5 2R B0
0.19, EAGEN 95%, MU HREE 5 B ¥ 21 a B AH
KARFEK, 15 0.35, BIEERTF 99.9%. [FIFEH,
T T K BH e IR 5 3 A (2 (R i A G M, 3
LR WE 1. MEI—0F, B S@%H T KHE
TH05 A BRI EE A X (EURH O 28 550 b I 3 A i e [R] 1
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A, BRI EIE G BT 21 a BHAOC R BUA ) i
KAE 0.35; [ 5(b)4h i A BH A48 I8 5 Bk B AR Y
AH 5 22 BB I B A J B[R] 09 40 A, 4 A BRI S
KA EER IR 9 a BIAHOC REGA R KRMH 0.57. R 17T
A1, — 7 T K BH R A S R 2 ) A e e TR
T 5B 2 18 AR S, A BH A 4 I 5 AR 84 4 BR
L AR C R B 0.54([RII) AN 0.57(3EJ5 9 a), AHM
EAREARRT 99.9%, 1T 54512 BRiRE AL
ZB0U K 0.16([R1H A 0.35(RE)5 21 a), AHI B15E
5510 90% KT 99.9%; 75— 7, KPFHIE (B
PR R PH R ) 5 7R 1 L BE 174 A S 1 e v T R BH
T Bl 5 Bl IR A AR G, K BH IS Bh 5 4 BR IR EE )
AR S AN, F =3 2 (] (LA 5 K BH R BE AR AR D E N
W, FH3EZ%0.58>0.57>0.51).

[FIRE, & 2 F1 3 43545 i T R BH I 3h GR 140
K BH B R 5 TR R (4 ER L Bl VAT 11 R 22 a

WHEPFEMEZ BB AHC R 5L, BEEE 11 Fl 22 a FEMEL
YA Y DX TE] 2 R R AT R i 8 Y K BH I B
2 K PH I 3l 5 M Bk 2 1 I 2 [A) EL A v A S T
BRI A (L 2.1 FTRIARAT AT R, 1 TR
i SR AR AE 2 2 R 3 P RSRAEAE, B K PH AR
HE 5 TR A e PE 5 T 2R T SRR A A e PE L R BH TS
By 5 16 1 T B ) A S 1 % v TR PH TR 3l 5 b e
BAHSEME. SAh, XFHeF 1, 2, 3 AT LB, B HOEY
B B ) 5 3 14 R, K BH TG 1 5 1l 3 YL 3 22 [ 199 A 56
Ptz A e, MWAEFH | 11 a 1§31 %) 22 a 15 3)
A, RRCS A RRIR AR S R EUKIR S 0.35,
0.67 F10.73, K BH B4 AR5 4 BREEE 19 AH 56 R Bk
90.57, 0.85 F1 0.89, AKX HRECRY BT, MifE 22 aliy
)P4 R K BH B S i 2 TR R A O R 4K
HOERE] T 0.9, XFHEALE N 133 M RHEAEL
Pk 15, AN v AR OC R B R T B 2 R B S AE
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SHE 5 >0 FoR A BRI IE IS 5 K B AR TR, “HE S <0 e BB T Bl K B AR IR AE S 2RI, C.C A R
1 KHFEHSHEREENEMNTREY
AEI B DG (1880~2012 4F) Agiop Alana Aocean
i J5 (a) 0 0 0
AR 0.16 0.11 0.19
BAGE 90% 80% 95%
.
ABR TR 35 (a) 21 21 21
PR 0.35 0.31 0.35
HFE >99.9% >99.9% >99.9%
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HEJ5 (2) 9 9 9
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Y HGRE >99.9% >99.9% >99.9%
K B A R T @) . o .
HHE R EL 0.85 0.80 0.88
HFE >99.9% >99.9% >99.9%
a) A'giobs A'lana T Agcean 73 I Z R 2R | Jili HURTGPEIRE 11 a WShFIME, 185 (a)Fm IR B 15 6 5K BH AR BRI I); b) R[]
WIAR & R AR K

£3 KHEHESHREE 222 BHFHEMERHEY

22 a W BT ¥ (A AH oM (1880~2012 4F) Ayi0b Aan A ocean
HEJ5 (a) 0 0 0
LIPEN 0.53 0.45 0.58
P HIGE 85% 80% 90%
I 5 (a) 17 19 15
KR 0.73 0.64 0.78
HGE 95% 95% 99%
IEJ5 (a) 0 0 0
LIPEN 0.89 0.86 0.90
S BFE >99.9% >99.9% >99.9%
I 5 (a) o o> o»
FHK R 0.89 0.86 0.90
HGE >99.9% >99.9% >99.9%
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RABGRR K, BRI 16 a, RlibiR s
MEJF RS 18 a, WEREE/S BT 16 a. o EIATAL
PR RN N RAE KBS shim 55 i R E S8, ©TF
T 100 AF HLA B R, 5 2 BERIR R (L35 b
TR TEIL E AR I THR e — 80, 8 Z R
PEFIE RETE 0.6~0.7 Z 0], [FIEE, & 6(b)5i 11 a
T P28 A PH LA BE B R () AR Ak M L5 4Bk | Bl
TR VE TR W S (AR A Y L35 (5 SRR RV SE ) ), FiE

Jr B TD 36 10 4 5 A B ok, BV A Bl JEE ¥ Jm K P
SRR 6 a, Bl IEL RN S OKPH SRR IR 0 a, VR
i Ja RPHEARIR 6 a0 SERTHMLIL, KIHEREER
WSy R B Dy e, R B R AL ARk Y
ETHERTE AR, S ARk R (AR R )
e Z B B ARG PE o 58, MO RETE 0.8~0.9 ZJH]
P, K BH G s T | 4R Bl i _ETHRA A
] 2200 BT

3 s
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5% 45 FAE IR SEAEAE . A BRIRE A9 AS A AR BT % 241
i) B B A — A 0 64.3 a B EIIME, & R
KENTEBT 50 a A (52.7 a) K BHE 4R IE 50 a 4
W77 a)Zb), L2, Bk )R 16 %
IR BHEFE B DR G R, HERE AL £
PRI ok 1) 2 2208 A R I AR Ak, e R R BH G 5 S
SR EIDIE s BT A N3 1 e s T (R T AN N E B8
MEECOR PR 5 b 3R B A s AT, HE
TEAE TR B A R IR . 38 SR G A3 B 3R
B, MAEEERREIEE BT 21 a B F ZEIAH
KAZFOAB R AAE 0.35, M HEREE KT 99.9%,
MAE A ERIEEE SE J5 K PH AR IR 9 a I H A SE R B
RERKRAE 0.57, BRERT 99.9%; 1H, K& BCF
IR B RS N, R PTG 3l 5 b 3% I A9 A e
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Periodicities of solar activity and the surface temperature variation of
the Earth and their correlations

ZHAO XinHua & FENG XueShang

State Key Laboratory of Space Weather, Center for Space Science and Applied Research, Chinese Academy of Sciences, Beijing 100190, China

Based on the well-calibrated systematic measurements of sunspot numbers, the reconstructed data of the total solar irradiance (TSI),
and the observed anomalies of the Earth’s averaged surface temperature (global, ocean, land), this paper investigates the periodicities
of both solar activity and the Earth’s temperature variation as well as their correlations on the time scale of centuries using the wavelet
and cross correlation analysis techniques. The main results are as follows. (1) Solar activities (including sunspot number and TSI) have
four major periodic components higher than the 95% significance level of white noise during the period of interest, i.e. 11-year period,
50-year period, 100-year period, and 200-year period. The global temperature anomalies of the Earth have only one major periodic
component of 64.3-year period, which is close to the 50-year cycle of solar activity. (2) Significant resonant periodicities between solar
activity and the Earth’s temperature are focused on the 22- and 50-year period. (3) Correlations between solar activity and the surface
temperature of the Earth on the long time scales are higher than those on the short time scales. As far as the sunspot number is
concerned, its correlation coefficients to the Earth temperature are 0.31-0.35 on the yearly scale, 0.58-0.70 on the 11-year running
mean scale, and 0.64-0.78 on the 22-year running mean scale. TSI has stronger correlations to the Earth temperature than sunspot
number. (4) During the past 100 years, solar activities display a clear increasing tendency that corresponds to the global warming of the
Earth (including land and ocean) very well. Particularly, the ocean temperature has a slightly higher correlation to solar activity than
the land temperature. All these demonstrate that solar activity has a non-negligible forcing on the temperature change of the Earth on
the time scale of centuries.
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