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A study of the solar activity cycle in 7-8th centuries by the carbon 14 content in Yaku-cedar
tree- rings
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Abstract

Radiocarbon (**C) is produced in the upper atmosphere by galactic cosmic rays, which are modulated by
solar magnetic activity. Its content in tree rings is retained and provides a record of past cosmic ray intensity
and solar activity. We have measured the C content in Japanese cedar tree rings from AD 600 to 760, a time
interval that includes a grand solar minimum in the 7th century, with a resolution of 2 year. Periodicity
analysis of the “C data shows that there is a component in the frequency band of the Schwabe cycle, with a
period of 12-13 years continuing throughout the minimum. This is the fourth case in which an increase in the
length of the Schwabe cycle has been observed in a grand solar minimum, after the Maunder Minimum, the
Spoérer Minimum, and the 4th century BC Minimum. In addition to the increase in the cycle length, it was
also found that short frequency components appear in the preceding and the beginning of the minimum. It is
possible that this short component is related to the solar dynamo.
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1. XL®IC

KEBEOTEBIEECH 52 BABOBANX. 1610 £iICFB I, BAROERIXIEND 13F0
MTHRYIEIHh, E90 11 FRMUTHI L Bbhro T3S, ZORMFOZ LR 27— A
7V EFRA TS (Schwabe, 1843 [11]), E7. 1908 4EITi, ~—/ViZ & - TRAOBB BRI
BRI h, KBOREBSKBRESEBEBAHICKETSZ L bRASNE, 0 XD RBERIEEEE
TAHEKBAMITI2NRELHBHZL L TE S (~—/FA 7 /L Hale etal., 1919 [4]; Hale & Nicholson,
1925[5]). ZhHDBPEEEZREATH720IT, KBEF A TEEESBRI LTS, Zhid, E
ICEB TR BE R ERTA L E2ERLTE Y, BEBRELHATIF LT
FATHBHEEZLENTNS, L, YaU—_PA 7AFMER 11 £ET—ETHR2L, Zh
PR EoTHEESNTNWAONTILAYERESRTHWRY, YaU—_YA IAVEDRA =X 5
2Z25LTCi. BMMNRKEOFRESZMANERS LN, BE 400 EFORABEORET T T
RoN71E# LG by, 1610 FELLETOXRBTEEI 2 MENICT S FiE L LT, FHRERE
BOBSERMEEZ BWEFEREHE ST 5,

FHREREEL AV XBEBOE T, 5% TICBAERT O “C R, BHHOXKEFICE
ENDd Be BAHNLNTER, MBRICSHHE#MIX, EIT Grand solar minimum & FEREH 53K
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BICKBIEH T E - TV THh 3, Grand solar minimum DF TR M A TWE DL, B
REBMTFEa Thote~v v ¥ —i/N (AD1640-1720) BETF b3, w7 ¥ —f/Nics
5 UC %o YBe @ 1 FEREHIEIZ L Y (Stuiver et al., 1998 [14], Beer et al., 1998 [1], Miyahara et al.,
2004 [6]). Va2 U—~H A ZNURBEN 14 BTN EBREHENTWA[1L6l. £, <
w7 2 F—H/ N1 LLRT D Grand solar minimum T# 3 ¥ 2 ~2—F — /N (AD1390-1550), BC4 4T
B/ (BC390-330) @ “CHBE 1| HEEBAEENTEY, ¥aX—F— B/ NIIZ >\ Tt/
AT 13 iz, BCA @I 16 Fi2 v 2 UV —Y A Z VFHEBRM AT 2 L BRRE X
T3 (Miyahara et al. 2006; 2010 [7,8], Nagaya et al. 2012 [9]), Z @ X 512, Grand solar minimum
WBWTEABERMUS TEY . KBEEIE & FHHE & o O HBEBEABER I TWER, 4
2177+ Grand solar minimum IZHRAFEAO L OENY TH Y, /MR O Grand solar minimum <, X
BIEENBAEPLERERYICBITAHERIT LA LT Ty, i, aX—F—iE/H
i ABADIDIEE A LB TRBERHBTVERY, LeBoT, KBERE L FME & O
RIERE, T ULHEE S AV,

VaU—_YA I NVIZIEBERFT o TEBY, Yy FeAP—ickb 1755 E0 0¥ D HE
a1 EREENRTE (1A 7203 BREOE/N»LROWE/NE CORIM) ., BRER, 171024
DEITIZE Lo THAER, 1 2HiOY A 74 23 Bbolt, #H2FEWichizo TRAMFE
AMEBNPWERIR ST, VA 70 24 OFBRIIMBCETCWS, Va2 T0—_P3 A VAR
BERPTHNDZeMnD, SHRKBIEEI A HIE Y, Grand solar minimum B % T8 L= REH H
5, KEBHEH & HIBRKBEIIEBIE O NTNE EZX LN TVWA®), HIZAKEAR Grand solar
minimum {222 AT 5 & HBREE~, S DT ABOLEE~EZ SHBITRKE, LEB-T, v
U —_RY A 7 NVANE L ABESEOBRELZHAOHICTLZ L, FEREETHH EEL LR
v

A EIE~ v v ¥ —BUg N O T CIARIEAS S B/ (AD650-720 ; Eddy, 1977 [3]& Usoskin et
al,, 2007 [16JIC &> CEFS i, LI 7 i/ & FEE) WHEB L, oMMz Stefifo
AD600-760 5% T “C #E 2 HIE Lz,

2.

HAWi=EEhd, FoFERBFmEREZHWCTIREI L, #B#Ef 1900 FDEBALE (Cryplomeria
japonica, 30.3° N, 130.5° E) TH5 (K1), 1 I LICA v F—FTA 7AWV TTEICHBEL
TeRA %, TREN LS (AAA O3 EERBAE, Bf) 247> TEREZBBH L 2vE
na—RAEHBL, Rizera—2B{E#, A7 1 v 7 2 (ERER) LEICHEZERTH LY
D IEAT B L TCOMLERDZ, IHIBA LT v 7EACTEEZ A T CO, DRRIZITV,
GBS CARBBIGETVW S 77 74 M &35, BRIC, 2B BRZENRUERESHAEE ¥
—@ AMS (Nakamura et al., 2000 [1I0DZHWTF 777 A PO UCBRELZHIE L, “CEERX
Stuiver & Polach, 1977 [I3)iC X > TEBENDZANCIZ L - TR EN D, FHIEDTIHEEL 2.6%0
ThHY, BERNILKTHEHIRALES 1-3 BHELE, ACERTOREEIIEEZOHEN
T—H Lk, EAOZEHEMY SR L (BREDOEHREIT 2.0%) .
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(a)

Japan

O < Yakulsland

X1 Q@QBABOAME OGEBARTARZ () GIVHENEARFGecmxT7emx5ecmx52emD=
AtL)

Figure 1. (a) Location of Yaku Island (b) Disk cut from a Japanese cedar tree for this study. (¢) Cut core
(triangular pole, about 4 cmx 7 cm x 5 cm x 52 cm)

3. ¥R
HEIX AD 600-760 FiZH T T 2 [EIE Y BEE CIT - 2(AD600,638,736,748 £EiL 1 @D

AD676,678,686,698 “FiX 3 [FIiE ¥ ), AD 600-760 4F-% CD AUC FFRFIF—F 2 2a ltnd, 7—4
MEY a2 T—_ A 7 AREEE LTI H7-0IZ, s B# (Stochwell, 1996 [15]) ZfT-o7 b DA
X 2bThHd, sEHRLIIV—T Ly VEBRO—E T, AHORESA 22 DI E i
FHETHD, K2b LY, 8-13 ERFORH 7 IARELRE, LL, ZZTEILEVEN
RV OE, BT “C BEIIRFBEERIC L > TouOKBERAHORIED 1/100 iCHBEL TV
Z L ThD (Siegenthaleretal, 1980 [12]), RIZEOFHBOEH N 15% LT85 L (i LhtF
FoH—T L B), CEBEIZBITAEMT 1.5%E 0D, AI-bOHIEREN 20%THHH, ¥
2= VAR ERRTS LT, BT 3R EICEREL D, Va—T Ly
NEHAKE R % Nagaya et al., 2012 [9]iZ/R S FEE HAWT, BIEBRECH T HEMTRLED
DNRE 2¢ ThHD,

4, B

X 2¢ X V. AD630 LELARTIL 10 45, AD630-710 4RI H5T T 12-13 SED T 7 F V3 3 0 LA E TR
ENTWADORDND, FETAREE 12-13 FRECAHMRBAMUTWAHIRS, 7 itk iiic
IS LTHWBZ & THD, 7 B NIOHE (AD660 FHE) 12, 8 FREOCHEEMHRSD 30
PLLETRHENRTWARED, ZOEIZIE 2 DORSBEET 528, 12-13 FOE BTS2
BRIZBNTHRIBRHERTWA ), 7 iE/NMICEBWTERASRISER O LEX TRV
A9,

R NAFIHAT, SRS “C HIBICB W TR Sz oix, 7 s/ T Ciide, =7
vH— art—F— BCAHARICLEFE LTV S[6,89], Lt T, ZOERMORHEIL, Grand
solar minimum {ZRE U CTAE U TWA BN Z X L5, Grand solar minimum (2B U CERY
WanETRREL LT, KBEINHED - LICX Y REB/RICTEBREATHE. HB0E
VaU—_YA 7 VEEICERYMROBEETZREO 2B BELLRD, EEIZ, Choudhuri &
Karak, 2009 2] DBERERE KRGS A T EEF BT, w7 ¥ —/NogH (AD1648 f1i)

142



EEEBAYINESRRE S e XHm S ®, XXV, 2013.03

R A FAVEOCEHRBRSRRLND, LizBoT, RIZZOEFARELWES, KBEX A+
TOERAPRSNB UWCIZBWTHLRIZTWAHREEIRZZONEMN, LVELWEREZITI DI
X LRb R/ NICBIT A REER ERMBEIIRBEAS,

@ © ' |
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X2 AD600-760 £FQ Y =—7 L FEBRER, (a) AMCRRIFT—F, b) V=—7 by}
EWHER, 77— X RIE[ %] &R T, 3 ARDHEBE LSS, 8, 10, BEICHIET S, © V=—"
Ly FOMREBREBCHTIABRM ¢ [CE LI LD, 2 RDHHRRIT 10 48, 13 FIZHET 5, KE
X8 EZTT,

Fig.2 The results of a wavelet analysis from AD 600-760. (a) Present data of A!C. (b) Result of
s-transform. The color shows the amplitude in %o. The horizontal lines correspond to 1/8yrs, 1/10yrs and
1/13yrs. (c) The color represents the significance level in sigma with respect to the measurement error. The
horizontal lines correspond to 1/10yrs and 1/13yrs. The arrow shows 1/8yrs.

SEO 7 HRE IR S 2 7 —_Y A I ARPFEOHRL, v F—, at—F—,
BC4 fit# ¢ Grand solar minimmm {ZRWT 4 FIEH DO H L 72 5, Grand solar minimum (%, F Oik#kE
HEOBRNNL, B8l Bnira—5—-RBiraEsnhTnb, 32075 —
g (wv o —, 714, BCA ) 1R ISRICD > TRMERH T oozt L
T, ¥ a—5—RE/ NIRRT C B W TOARHEREC TS, va~—F RO/
iz 2 oG BERIERENI D, v VU F—B LRI A TEAI =R LBRRZ Y
BREBERTHAES, ELWVWIZ EXGDPo TR, LiedosT, ZOXivwrd—allia
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ARG B DOBNBEETEZNE I DO TE, 5 %M Grand solar minimum OFEIC L - T
BHOMZENAZ BRI S,

5. ¥t

AD600-760 D BAMAERT “C IREDRIE % 2REE 2 £ TfT o7, BlET—F ORMIMITIZ X
2T, 7fR~ A =B NIIC BT Y 2 U —<3 4 Z LEMER 12-13 £ TWeZ &
D3EH & Iz 7R o 2, Grand solar minimum (2B W TEERHRADIL,. =0 o F— ra~—F—,
BCA HRIZRWTAFIHDORAETH D, £/o, v v ¥ —RoOR/NITII, hEefichizoT
AP EMBTWBDIZH L., BEHE SRV Y aX—F —BIic B\ i/ Mg o 2 F 1 E
BEBTWHWBZ EBRALMNI 2T, Thiz=wD 3 —B v aX—F—RDBNEKMLTWS
tEZbRB,

S biz, 7tRE/NMAICRBW T, BT 8 ERECEIR S SR v, = ORI
@ Grand solar minimum {ZBWTH R 5, BEEXEKEY A FEET b~ v ¥ —f/ AP
DOEPRDE TR L TWAZ b, UCIZALNAIBHIRBZIIRBT A T EIZ XD FRRIENRE 2
Hhd,

SRELIEL DR/NIERE L. BNIOERPRSORAZSCOVWTHLRIZ LT FTE
Thd,

WE
BRRFOARMBE AT, RHFRMOMAFREREL TS K Lk, TOEEED T,
BILALETET,
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