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Abstract: Based on well-known series from land-based caves and reconstructed sunspot numbers, the nature of climatic response
to solar variability is discussed over a long-time scale. Wavelet analysis reveals coherence between the climatic and solar
oscillations with periods of ~1000- and ~2000-yr that may reflect a modulation of solar activity during the Holocene. Moreover,
the wavelet power spectra present that ~1000-yr cycle of these series is absent around ~2000 BC and this abrupt change and

prolonged changes in climatic conditions might have brought about major societal challenges to many regions.

Keywords: paleoclimate, Sun sunspots, Holocene

1 5I§

DT, SR RA RV L R, 510
BREUE AL, KBEEh R KA AL R . i
A o 2 B R s AUk, S, KBRS 28
KHEEZ . HHEEH KBS S &
AT AR S PR AT, AEL 2 T4 I o R £
R B Bh IR B AR A A I L 5 1% 0K 3 R A% R S5
R 16 R IF ST A e 0,

FE 0 5K £ B 00 A 38 30 S
Tl RS RS AR 5 bR BT % 4 97 0 16 30 0 7 7 05
B, BERER . IR BRI RS S S b
BRI M R M BG B . R R S T R
SEST) ATV 2 2 0 2R M et b B A R A
SR 4F 25 F 5 AR I 1) RRE (A A5 Ak, RSB
BRI IR EH 7

ST T4E R R (0, e i 22 Dot R

WAZE 29: 201491 A 1 B ; 5= B 40: 201453 A 148
%—14% : FE5% (1979— ), E-mail: yinzhq@bao.ac.cn
KNz 8 . BRERAFHATRAE (2012CB957801 )

KPGPE 2 AR A ac S T A 3 1e) A AR 4
VF 2% E WAE Sk BE R, FlWn7EBig Lakey (R 4d
5 N1 NN | P 10 R TAET Sl s - M Y
RS Clemens 5" A T4 ] (1A AR Ak 1 i
KBRS Bt 20 F I 4h 2243 K 1. Biitikofer 5 i 57 2%
WH L A A0 T S 1 ML ZR R i et 5 % B Fr o S A
1, MARARE— B,

ASORIWCAE B () — L B R il T /N b, BAE—
ST T4 RS SR, R ARAE 1 )]
AR e S Aot A BH G Bl mT i 1 1) B AR SRR AE
2 BERMTTE
2.1 EEMKEEFE

BATTE A R AZ #E (e, "Be®) &
AR ) AT B R K BTG S AR A AR F 4R bR .
TR R A% 25 A2 PR 3 o R AR O 5 KR A EAE B R
(7, o B 32 K P B o AR AL i I . Solanki &g
R T 285 38 b X B A A28 1O A [ 5% 1) i i 1 C
BRI Cic st 4t T 78 5 4T T K P 2
TR (SSND LR . 2B 3B A IC16004E 2 5
(&8 T 5 52 bR A R AP — 80k . BAR 104 KA )

Advances in Meteorological Science and Technology S&EHE#RE 4 (4) - 2014 | 9



=gt B

dvances in Met S&T
Wi P ICHE AN B FH K 23 B KBRS 30 1) s B 2y, R 2 B
G3 M A B SR SR 4R 8
22 5"%0 iR

MAKES A AL HL 7 B 55 v 3R R AR 1Y) 4 [R]
P (P0/°0) sl T R I .
T ROBEAR A (1) 73 B 55 B e R 25k Tk 7 A, FRATT 7R
SR [R) 5 5 R B i oy MR AR R . s Fleitmann
AU N BT IR S, R T A R R R B K [
PSR LE s ol sk . Hh, #EF (Dongge) i
(25°17'N, 108°5'E) [WHHEHIN A dx% T ik 229 T4
2R R R, B AL TR B M 1AE R 104FEANEE,
SERIRBEN B W 4E . Zid 3 E KR CidR T EE
HAERBE B ARG AT s, 1A 1Y) — 28 2% X AR
A A R A R BHAE S AR B R it e S T T
B2 0081, FRATTRIH 43 B3 Yk Hermite J7 1 X6 1% 40 i
T AR EE, 15 RS R B I ER T A . S — AN
B 2 b5 5 S Bt 1T R 4 Ll 1 4 T 5 3R
B s o0 BR8P0, ARt THF12°—23°NJ7 [
FrURVE I VEG p sh s BV 15 AT AR R 4
B3k Hermite 77 V% LA 10AF 43 H% 2 00 % 204 i T P9 4
A3 TR SO IX PR AN AR FE bR 23 T FR A Dongge &
Qunf. P12 T A EdRM 4k, LURRmESS 1
KA,
2.3 INESH

H T Ak SR B AR AR M, Morletd® H
TN AR NSRS TN — 45 5 B eR T A T
SN TA] I b A=y 340 20 B B e i . Morlet /N BCRE = )
PR e 0 pR B 5, JE sk I L PN R
FE IS (8] PP B (A5 5 S S 4 BT o IXFE ] LU 80
Wk 7 [ R M2 FRATTAEAIE ST b R N AR 4 1) g ik
X IR A FE AR R I AR A S A I R) A A 2 38 4y gl 3k
AT THhTt.

1207
100~
80
z 60
A 40
200 —9.5
0 —9
—20
-3 —852
w
—2.5¢ —8 %
=
o 7 -75 8
‘ |
£-15 ‘ _
E
© -1
—6.5
—0.5
oL I I I I 1 | | | |
—9000 —7000 —5000 —3000 —1000 1000

(o= fREATTHD
E1 SSN (4 ) . Dongge (¥ ) XQunf ( &) BfE 51
Tl 2k

3 HFRKEVHE

245 1 T SSN, Dongge & QunfEidin 1741 17Nk
AR e W T A T AR AT R E KB )
(19 A8 AL REHEABCRIE 5T, MO /N D 23 AT 14D ) 09 L 3
64~40964E. /PNIEE (K2a, 2¢, 2e) W, HREN
e, iR AR RS KR S AR R
N [8) PP 51 @R 75 ZE0E /N D) 2e Al T A — AR BE,  DAgR
H DR AR AR N BE2b, 2d, 2045 HI T3
ANFEHN A R /N«

&l 2a t 7~ 48 T 3 ] SSNUINF [a) 55 471) B A B & ) K
JAAR S (E£220, 517, 1000%20004E%) .
WU 20 W AR A AE 190~ 2204 2 i), T-4F i 1K
FE A2 £ 900~ 11004 2 18], 20004 J& #A K £ (1)
AR FE R 2040~24004F . B 2b 1) 4 Jm /N i A%
ORI R IAAE EAE KL . E2c—dEoR
Donggeif 1] 24l B A R BIAIHRFE . Donggel¥ 41 11
FEE ML H210, 567, 1000, 23204, Qunf/F5
1) 53 T 7R L UAN S 2E W FHZ 24 . 1000, 1820 K%
24004 (WIE2e—) o JLTHTH 8" O AL 4
15 SSN ARk il 42200

AR HE S HAERE EI ' Be & CHINZI90
E I Gleisberg i 1] K 252004 1) Suess Ji 1 LA Kz HoAth K
FHIGBIE SR,  [AIFRR AF L E SR BT Frbr il K
I et 228 AE AR R TR R RN A T B R
SSNFI 212004 J AR S8 52K I Inf B = 4 A TG HT 4
8000—60004F [] . /A JGHIZY4000—27004F (1] A JLHT
Z5700—504E ], LR JC1S004E /T J5 i JLANI B

Dongge it [l w7~ HHZ12004F 1 T (B2¢)
BARAZACL KIS 0 A 7 H W (208 4F M 86 4F I K
BHE,  HA R JE52 K BHER B3 3h i s mat ™, fH e
N D) Ze 43 BT 7R 1% 8 I E Dongge 5 SSNEE H I
A2 (K2a52¢) o KE2eld/n T QunfiF4i [ A%
FRAE, AT IAE EAF KV Z L IFAAEAEL12004F
W o(E20 .

IR TR, Z910004F K 20004 (1) & 1 5
JESSN, Dongge &% Qunfl¥ 41 1 B I AR AR, I
HEEGFKPZ o HIHARB S, X LR T
BONEE o JEHZ3AN A 2110004 J8 1) LT 71 4
AN B b EAAAE. 7346, Dongge) i I JE AR
A TCHT6004 P IT R, 22 TG HT20004F 2 J5 FH i A%
Ko XFQunfidsk, EATITHT20004E 2 1/, %A
FONRRE, RS AAR A . X 3N TR A B S
WG BN, AEA JUHT20004E 1T, 25100045 4 1Y)
HH BRI TR (KE2) . DebretZ®4 4 17 c 4 =M

10 | Advances in Meteorological Science and Technology S&EH#E 4 (4) - 2014



Special ¢ #

JA ()

JE (AR

1024

2048

4096

-
Al

1 \ ®)
& ; 128
K 256
\ ) 512
N 1024
= 2048
5 4096
1000 2000 3000 4000
(d)
128
256
512

1024
~—__ Do
e

lg 4096

T \'
128 5 . }v
L L ]
256

5121

JEM ()

1024 -

2048

B2 SSN. DonggeX Quni#iEF SIH/NETH, (a) .

: - 11

T * T g T T ‘ ;
» ¢ ’ Qunf Cave ; 5 128
L 4 BRAY 256

o P — I . . L o
—9000 —8000 —7000 —6000 —5000 —4000 —3000 —2000 —1000 0 1000 2000

=7 REATTHD

(c).

)

- /\\ 512
R o 1024

] -
<’; 2048
I ! 4096

1 2

Tk

(e) 9%I4SSN. Dongge. Qunfktia) 5l i B ER/INE

hEE,; BRELAMorlet/NETRIRFHMAIBR, ZBRUTH/NGENTREERE; BERXEABLERFKENE

5. (b).

(d) . (f)&5I5SSN. Dongge. QunfEfiElFoIHI/NEEF/INERE, ELAUBREAERHISKER

KEHERE

KBRS M A R, 32 B 25 10004 JE 301 [F] BE
#£5000-0 B.P. 5L I ZE U o

N T RERIX LB ) T4E R RSN, AT A
I (8] FUAM T VA — A RBE 38 /N g D el , 340
THIN ISR KRN, BAMERN0) o« THERE
AR/ R 24 900~ 11004F

3R LUAE 2], Dongge &% QunffE T4 ] FAy
B B A DG . A JGHT7000—10004E 0], Dongge /7
FIRPE AR FE S QunfE i — 3. A JTHI’500—70004F
],  SSNIWT-4F-k J& i BEAR O R, BlJG AR /e
SR Dongge % QunfT] /MR U K113 fig &AL T 5 SSNITIAH
ML, EATIHE 2 JCHIT20004F B3 (1) #56 /I W] RE

[ ] — L L I L L I I )
—9000 —8000 —7000 —6000 —5000 —4000 —3000 —2000 —1000 0 1000 2000
=" ARRAIGHD

E3 SSN. DonggeX Qunfhtia] &5 A )3 — 1k REF/NE
&G

Advances in Meteorological Science and Technology S&EHE#RE 4 (4) - 2014 | 11

IR FISSNT-AFE RUBE G 2R AH K

GNP ARG KW, i 221110004 1
(), LI TAF R A AE 1000~20004F 7247 .
CATS AL RV R B A B £ 15004F J& AN
[P, 4N, BrDongge 5 Qunfid st i) 5 2= [
PRSP C SRV 2 R S YO )
FHSRE 10U RATHI A M N B35 (R 20 10004E 38 3 A
S HHIK PRAN I R I A BT i £120004F 3% sl T gk A
T RGN IS . Debret2GE P R FELS HI T AL K PEVE
RIS
4 Zig

TP BT A AR 2 R R A 5 I 8 O B i
G, NS BT SRR AR A I T AR R AR 52 b
FEAEL) —TAEMA W TR A F s . BATMSS
R WX A AT g KBS ) Bk 3l . BLARE 4 BT
RILSPOIC 3 2L H B BORBH S 3 AR, AR
T 7N 53 AT Ak 7 e AT T[] — B 1) P 5 K BH 3 3 ) 48 5
BA R, NX—451okE, adrt e
TAERE B, N2 RS 08 Fibr, 1TCZk
EI) 5 2= 20 AR 34 2 B 2 KBRS B IR B0 1)
HEERERAAMLL, T4 RERE RSk /5 AR



12

% .
dvances in Met S&T

P SEIEA I I, X P s AR D> 2 N 2T, M
[0 -5 D QUE eSS ARG R (PSR 15 S
5 R BITE A BB R v 2 FE 5 A SARAR ] Fia b R IR
TR FOBER BH IR SN, FATTA K IR R 52 P e AN 2
— R, ) AR T AR RS

Foh R Solanki% R EEEZ W K B F U
7|, Wl AR HNOAAE AR T E R AR B, DR
#:42 7 8 C. Torrence % G. CompJF &, 7t #n T4k 4
FREL: http:/paos.colorado.edu/research/wavelets/,

SE UM

[1] Wang Y, Cheng H, Edwards R L, et al. The Holocene Asian
monsoon: links to solar changes and North Atlantic climate.
Science, 2005, 308(5723): 854-857.

[2] Rind D. The Sun’s role in climate variations. Science, 2002,
296(5568): 673-667.

[3] Bard E, Frank M. Climate change and solar variability: what’s new
under the Sun. Earth and Planetary Science Letters, 2006, 248(1-2):
1-14.

[4] Wanner H, Beer J, Biitikofer J, et al. Mid- to Late Holocene climate
change: an overview. Quat Sci Rev, 2008, 27(19-20): 1791-1828.

[5] Beer J, Mende W, Stellmacher R. The role of the sun in climate
forcing. Quat Sci Rev, 2000, 19(1-5): 403-415.

[6] Mayewski P A, Rohlingb E E, Stager ] C, et al. Holocene climate
variability. Quaternary Research, 2004, 62(3): 243-255.

[7] Versteegh G ] M. Solar forcing of climate 2: evidence from the past.
Space Science Reviews, 2005, 120(3-4): 243-286.

[8] O’Brien S R, Mayewski P A, Meeker L D, et al. Complexity of
Holocene climate as reconstructed from a Greenland ice core.
Science, 1995, 270(5244): 1962-1964.

[9] Bond G, Showers W, Cheseby M, et al. A Pervasive millennial-
scale cycle in North Atlantic Holocene and glacial climates. Science,
1997,278(5341): 1257-1266.

[10] Bond G, Kromer B, Beer J, et al. Persistent solar influence on North

Atlantic climate during the Holocene. Science, 2001, 294(5549):

2130-2136.

Cumming B F, Laird K R, Bennett ] R, et al. Persistent millennial-

scale shifts in moisture regimes in western Canada during the past

six millennia. Proceedings of the National Academy of Sciences,

2002, 99(25): 16117-16121.

Viau A E, Gajewski K, Fines P, et al. Widespread evidence of 1500

yr climate variability in North America during the past 14000 yr.

Geology, 2002, 30: 455-458.

Clemens S C. Millennial-band climate spectrum resolved and

linked to centennial-scale solar cycles. Quat Sci Rev, 2005, 24(5-6):

521-531.

Biitikofer J. [Online] Available: http://www.giub.unibe.ch/klimet/

docs/diplom_jbuetikofer.pdf (2014/1/1).

Solanki S K, Usoskin I G, Kromer B, et al. Unusual activity of the

Sun during recent decades compared to the previous 11,000 years.

Nature, 2004, 431: 1084-1087.

[11]

[12]

[13]

[14]

[15]

[16] Fleitmann D, Burns S. J, Mangini A, et al. Holocene ITCZ and
Indian monsoon dynamics recorded in stalagmites from Oman and
Yemen (Socotra). Quat Sci Rev, 2007, 26(1-2): 170-188.

Dykoski C A, Edwards R L, Cheng H, et al. A high-resolution,
absolute-dated Holocene and deglacial Asian monsoon record
from Dongge Cave, China. Earth and Planetary Science Letters,
2005, 233(1-2): 71-86.

Neff U, Burns S ], 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.

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(5626): 1737-1739.

Kumar P, Foufoula-Georgiou E. Wavelet analysis for geophysical
applications. Rev Geophys, 1997, 35(4): 385-412.

Torrence C, Compo G. A Practical guide to wavelet analysis. Bull
Amer Meteor Soc, 1998, 79(1): 61-78.

Yin Z Q,Ma L H, Han Y B, et al. Long-term variations of solar
activity. Chin Sci Bull, 2007, 52(20): 2737-2741.

Mergentaler J. On the long-period changes of solar activity. Acta
Astronomica, 1984, 34(2): 263-267.

Ogurtsov M G, Nagovitsyn Y A, Kocharov G E, et al. Long-period
cycles of the Sun’s activity recorded in direct solar data and proxies.
Sol Phys, 2002, 211(1-2), 371-394.

Ogurtsov M G, Jungner H, Kocharov G E, et al. On the link
between northern fennoscandian climate and length of the quasi-
eleven-year cycle in galactic cosmic-ray flux. Sol Phys, 2003,
218(1-2): 345-357.

Raspopov O M, DergachevV A, Kolstrom T. Periodicity of climate
conditions and solar variability derived from dendrochronological
and other palaeoclimatic data in high latitudes. Palacogeogr
Palaeoclimatol Palaeoecol, 2004, 209(1-4): 127-139.

Velasco V' M, Mendoza B. Assessing the relationship between solar
activity and some large scale climatic phenomena. Advances in
Space Research, 2008, 42(5): 866-878.

Ma L H, Vaquero ] M. Is the Suess cycle present in historical
naked-eye observations of sunspots? New Astronomy, 2009, 14(3):
307-310.

Debret M, Bout-Roumazeilles V, Grousset E, et al. The origin of
the 1500-year climate cycles in Holocene North-Atlantic records.
Clim Past, 2007, 3(4): 569-575.

Vonmoos M, Beer ], Muscheler R J. Large variations in Holocene
solar activity: constraints from 10Be in the Greenland Ice Core
Project ice core. Journal of Geophysical Research: Space Physics,
2006, 111(A10): A10105.

[31] Wang Y, Cheng H, Edwards R L, et al. Millennial- and orbital-
scale changes in the East Asian monsoon over the past 224,000
years. Nature, 2008, 451: 1090-1093.

Nederbragt A J, Thurow J. Geographic coherence of millennial-
scale climate cycles during the Holocene. Palacogeography
Palacoclimatology Palacoecology, 2005, 221(3-4): 313-324.
Usoskin I G, Solanki S K, Kovaltsov G A. Grand minima and
maxima of solar activity: new observational constraints. A&A,

2007, 471(1): 301-309.

[17]

(18]

[19]

[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(32]

[33]

Advances in Meteorological Science and Technology S&FEH#E 4 (4) - 2014



