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1. # L

BAOBRR L EBRELOBFREALPICT S5 2 T, BRNEREBRLHVLZ &3,
S OERICOWTRIICOz> THEBIBLNIFAE2RL, FHLHETHEEELLN
5, INHNWRIL, FHRAEREYF (dendroecology), FiSAMKEY: (dendroclimatology), &L
TRBIN T B, B2, FRITTSY 3B AR D A FHEE & SRk & DBIRIC O W THED CBRETL,
FERIBL ARET L OBREMANICHTT 2 HEE2 L HTW 3, 2512, CooK 57 i3HiE
B FECOVWTHL (BRI E21TV, BAL TS,

RERDOFRIZ, FRFERE L CTEICERBEZACUTONL T 2%, FRANEEELE
BT 2HELLTKRIBKT > F 2 b )—DPOLGEY I k- TRASI N T 5,
SCHWEINGRUBERY 38 X 7> > } 4 } ) — 2T, FREHR L JERT & OBIR 2 BT
L, 3—uy <0 ERIC OV, FRIBL ) OEMBEEIRAROBRICET 22 L2 HE
LTwa3,

B, BARCBWTLERABRENHEI;ITONLTE Y, £RFR L ARRATFOMEIH
EINTW5, FRIIBZFEL LHRICIIRTD, BEH?, BLY 2 &»H Y, HILY I,
7 uey DERIBEBRICNT 2RARRAT (KRR, BK) OFSCO0TREL T3, &kx§
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Ty b A M) =2 2FEREBEAVHEL LT, /MRS, BF LY RSN,
BEHY, FEODIT AV ey 0EREBHRE ARET L OB TERBIMTET, AREA
FLOBEZHEL T3, LL, ZNLDOMBRIIBITFELEW L S OMELESCEITS
ha,

F—3, FREROBELHMIFHL (LEBEN LW IRFAVITOLNTEE5TH S,
HE, HHEro#RIZ, SFERERL[ARET L OHBREFER I LiIcRENS, RED
FOFBRE AT 21c U7 > THEROUBBREPILEL (B EHIUEL L5, X, &/
X, ThH=Y 2 EBHFRCEL A AREN T2 —-ROBEEZ BT, MAIKRIT T3,

BRI OB H B, FBLLIZ, FRFROEIE L EMREDELZZ L
2dY, SRETIRI2ZG2HHT 2 -ONEELNEERTH 5%, Bl Emile 3 4
TR LLEINDH B, ZOMEBIBRIC OV TRET ZMZ 2 EIZIT LA LB, FREBEN
FREITIICUZ-T, T, ZNLOBERHLRFT 2T ILENDLLEZ B,

AR, RIEMFEIRCEFTTEIT AoV ENREL, RXBT O P A M) —
KL THRLNLFRFBREARRT L OBREMINICHT T2 LICE ), FRERICK
IZTHRREROMBE LT 2 2 LICHNE B2, MEBITFEL LT, £FRARFENTR
BWOREE—RICHWSLNTWA L XE A7 7 7 3 >~ (response function) #&H7%
Hwiz,

ARREATIICUL > THIRD & ) ICHBES I Z %I oz, 22T, ThHIYV = VN
BREBGEBRNOBE, BE(LEMREEZT >4 T, VARIZR7 7> 72 3 »BIFETY,
Bon-FRIFR L JAREFOREFEE KD,

2. EWTALATR

KRXBT > b A M) itk o TRLNZFRANDERE MBI MBERAZEL & F—
WL ERZRD, FRIBIIPRS B MROBSEICKEL, TMEEIIMBOBH
BELMRERICKET S, 22, BonFREBIZFRBELMBENICRLTWEEEL
%,

FREBRT UEER, MROSE, ik HREOREENARLETUEEREN, o
ERARICREERI AT S Z LIk VRRNICERBENER & L TREENZ /- T,
AT 24T ) H/AITIS, FROVEBRELIEEL ) 2 C, FREERVEBRENLZEH &N
CEERBL TEREIT) ZEHPUEEEEZ LN,

EHEEDHERICOWT, H 7= VOFERERICHTLBEIH 20, TH V<
VIOV THRERERE 2 BHEL LHRERIERY, 22T, —BKEMIC DWW THERERERD
BEL BB E L TEREIT- 12,

FEROEBAEL BROICBET I HEICOVTUL, T Fox—2—-19 FigtE", B
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[RNBEE, FTHREED T EPRBAIN T2, BHRICB T, MREDA T
MlOLKR, MEENEE, BREMRBOEENRIEL &3 MicBETE 2 HEELT, T
BEEEHV, SNEAEY OFECH-T, 7oy 728BL, 28 -k - BEEOL
BEICH ML REL 72,

2.1 K&

2.1.1 #RA

BEARL LT, dERFRIER S EENEE IS HAHLL ) T 4 V= (Picea glehnii
Masters) #EHAZ 1 BEBREL 72, BB 27 £, WEBERIZ 25cm, BEIZ 4m Th- 72,
2.1.2 BEOEN :

1992 FO—FEMICOWT, M2 AMBEICHERER 28070y 7 2RBL 72, A
i, 4H24H, 5A8H, 5H21H, 6R89H, 6A22H, 7TH7H, 7H24H, 8A6
H, 8H21H, 9A10H, 9HA2H, 10 A2l B 12WTH 35, 7 v v 7 DRBUIHFAA
DIETRD 6 K> F (4 20 mm) 2 HWTIT», BEbic FAAGGRL=Y >, KRR, T a—))
BHICEY 2~3HEBEZEL 2. RRBEOBEOHEEZRBIT 2201, RRBMIZE I
10~15cm OfR% H1, WCEEFMICEL 2 Lo hwr ik L,

BELZ7ay 739Kz T2 BEARL, M8, BREFZ&LH5 X 5 X 5 mm a/h
Tay 2Lz, ATay 7T I ) =X THAKE, BEICEWIEX BRI T
amLrz,

ATAT 4> 7370 b =AW BBLIZA70y 750815 um ENOKRKOEEIN %
WYL ARIEY 7 T =2 The, KEEL 28, X 74 F T RRBENHT, +—7> (45C)
FHWTH 1 HREEERIE, EAFA4 P THRHALL,

2.1.3 H#A

ERL 2AA 7V 35— &), @B ToERI N LEEE OB R XD
Dk, CMEEEESOMBIRE, QF - wHEfraEL 2 (Fig.l), UTo5HI, &
FEZRBML 2B E T TICERE N EEFICONT, 10 DEEFIICO WKL, FOFE%
Kediz,

(@) FEEHHRE

L 227V 35— P 2 REFEREEEBY L, HURIEELTT- 72,

SEPIE, BREHEOMR L ARBOMBAORF b2 LT, BEBHENMELEAT
WL 72, BEREH LAROXIICZOWTiE, 58% HLricitkEithoiEL 50 s (¥
BEEDORELME L ) BUHENKE W) MiaL /MU Z e L TRAIL 72,

(b) HDERUEXPhOBEBOAE

YERL 227V 2 ¥5 — |+ D E—80L % o5 SR B ORCSEIRSE CTEEBY L 72,

RASREE THRY L 72386, T KRES1BOM#Ms D 2 LERFVALNSL, ZOBEZH
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HALT, #HEHFFRL N WHIIE 2 02 E 723 kb O Mile (—REER) &A% L TZ DM
fagz fEL 72,
(c) HERRERFERE+ofEfagoRIE
MIENIZ R E D HR > T 5 MIFE R ICITAEETE ), EE3E LTl F L b5,

Zzone

Secondary
wall

thickening
zone |

Secondary
wall
thickening
zone

Mature
tracheid

Fig. 1. Transverse views of xylem formation.
Notes : (a),(b) : Light micrographs. (c) : Polarized micrograph.
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2T, BREEIR->TEY), HOREEBET CHEEBITO RS 1 2 Ml % MEaeEeE o
fa & L-CHlzEL 72,

(d) B -BHRFoORE

HohrUHDFREEAIKT L LI L HErOLNER (9H25H, 10 21 HiciR
) 220w TTole, WERTT74 v 7TV 4F—2HWT, BEETITYW, REFOE
MEEE (double wall) X BURHEZRIEL 72,

BB BRI MORK NEE™ 1> THREL 2, MIEENIHRE, MBEEORELY
KOZFBEEHMICAAL, B - BEOBITRHEHE L 12,
2.2 BREEBE

SEOBAGIZ, EREoOMBICH 7 A EEOMBESR LN B L, 5H8 BICHD
THEREZ N2, FREOBRTRIEEEOMBICH - a3 B A LN k- ks (HEEEDH
BFALNT S T-oREm) &L, 8A 21 HIcHEREI Nz, BEEBED®KRTIZ, FREIEHM
ISR AL hk->72REa2 L, 925 HicHEINn.,

Bl S Nzl nEih e, FREW, SFEKT, BEXTRHOHENRER L HbE,
FERTZE R & L C Fig. 2 IR 7,

SEDPERERDY, B 5EEK AFHICEATE 2hHEE2T-72, O™ R, /%

Cambial zone + Primary wall zone .
100 ‘ .
@ A
g | e S |
s Earl N .\
A
.§ 50 | \Secondary wall thickening zone
2
Mature tracheids )
Apr. Jul Aug. Sep. Oct.
Earlywood
Radial growth >
Cell wall thickening ]
Latewood
Radial growth >
Cell wall thickening >

Month

Fig. 2. Smoothing growth curves resulting from plotting of numbers of cells in the
various tissue zones of Picea glehnii.

Legend : A : Mature tracheids. Ml : Mature tracheids and secondary wall thickening
tracheids. @ : Newly formed tracheids.
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DRKBFR 5~ 1%, 7uo—rHBEULICEENERIKRE(, [BEHFIL-TEREN
DEICHEBRN L BRRE S —> 2RT I L EREL T 5, —F, AR, Funada 593,
BEENRAEEEI L > THROEBEE RN, T/, BEREI/PEWI LIk 58 H
RN BT & MRAEENRIHE L 2 HiE L T3, RIBROERI S/ NG ICET T 53—
2y TEIRDOVWTLEEINTE Y, ASHICEERE 2 H#E L Ty ZTnEEAKRIZO>WTY,
Bt R 72 5 B8AK & HBAR TIRMIBEENS LRI — 7 ARENEN R L 012,

Ubko#EL ), 7ua—rREES RV 00, BEROBERNEIC L - T, FCHlE
BEDEILEEIIC I3 b —H AREDTNHH U 2 TR S L7z,

FERER L ARET L OBRLBRETT 256, SRUBRRIC T 22 & 2FEIC
W h's, BIET ) LEGH L EFEZLND,

3. FRRBOMRLEDR

FBRFROBIICIIFRERRENR2 LBERTFOREIEEL TEITN TV 5, — RIS,
LE# 4 18 (dendroecology) I2 5T, EHRFHFRIEIRDDL ) L 2»DRFITERIN
PREESLALEINTWEY, ‘

Ri=A.+C.+DI;+D2,+E. e 1)
R:  FRIEHRT
Ae iz £ 9 X8 (age trend)
C.: ZRBHETFICL 2ZH
DI, . B8l L ¥, R, WR LK)
D2, RE, EWEL ¥ OHBME % RO KRN A
E.: FEin oz

2Lz, EREHREAEET L OBERITICH -, ERERTFIC L 558 % KEMEmh
B.G ELTERELT, AERFICL2EHERBIL THYTWA,

Gt =f(At, D]t, D2t) ......... (2)
G: : BRI R

ERIERRTD L DG, NREDPIRIZEHRAIL (standardization) & IR, —#ICEREL
5 LIZEGEHRY . R DEMBIR : GicxdsHE L CHT 2458 (ratio method)
i ->TRDLINB,
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R L
=5 ®

I, IR ¥EALE

I,

BER{LOBEMIZ 2255, 121, FRBERTFICLZEHEMIRCZETHY, 151
DRERERLEIEOKRE I ICEAINEVIMEL T 222 TH DY,

BHINLEERERERO L ) CRBT 2EMMKRIC L > TRE Y, AHRENEE, B
BLERABEC L 2EGHDAEFA TR EHLET L,

BEfbicHY s aEmiRE LT, BEBEE 2EKAETN, ERETL, FNEBR)
gy, Low-pass filter, 2754 V%, % &, AT ETNABBMHMENTBY, F5HBEI%
i3, ic & 2 ERIEDHED (age trend) B DB L TB Y, EKRERSS > 7L LD,
#) 2 [TBABR S Ti v age trend ZFOKRMTIRI|Y R HETH 505, ZHUIFEEICHLH)
TH b, BECHHT HHKD L S B BELFEITIE, P, EOEHRT R
Bl 22iz, SIER, SINERETY, Low-passfilter, 2754 BB L EPFBVWLNTE
7z, ¥, Low-passfilter, 277 4 > B, BHELTHREMEM <7 —icbGTE, 74,
B BB B ORMFEESEFE LW EE3N5,

BARI BT, 5 FBEFFEEDD09, ZEAD g g TRICHWLNTER, L
L, TNHEIUNTLLHELRBROBICHWLN TS bIT TR TV,

AFRICBVWTHRE LD THZ YV VORKKTH ), RERELREHCIZ, B
TREHEAPRLN, BE? L2, ThHYV =V 3EEKNICBWTE, KERNOEY
At 788k LIS /NBER TEGR L B AT )RR EER S IHIN 2 ERRR ¥, Bnl
B EAE 2 > TEV L TB ), b3 EBAROBIEIC & - UEX D i ER~NEUHRE
B 28O, L3NTEY, FRERCBTIHAKRNCOVWTLERLBERMEMIZZNL ) LK
BOBRERML T2 EFEZLND, - T, KERMAITIY KR DI, L VELH
M2 &R 2 Z LA EETH D, AWRTIE, $EN, 5 FHBEITFY, Low-pass filter »
EFEr B2,

3.1 X%k
3.1.1 #tRAkCHEEH

KIEEHEHRARE 1S KD T # V= vilitkic 7o v + 28&E L 72 (Fig. 3), LRI ECE
BThd, $RAKE, BNFORELEEHIES, WHESES 20 cm Ll EofitkE: 5> 74
IR 72, BtEAROEEL Table 1 ioR7,

3.1.2 BREoFREN

HRAROMER L D ERH$E (6 5 mm) ZHAWTERAKRCOE 1 ENATH L TLER

WLz, MBRLZ2a7H > 7NVEBRERES CRBEEY, BX2ZKRTHY FA v FRIcEEL
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Table 1. Outline of sampled plot (Compartment No. 19)

Parent material of Stand Altitude (m) No. of sampled No. of rings Average
soils trees (average)DBH (cm)
Surpentinite Pure natural forest 300 30 95-470 (224) 46

EwW Lw
led plot - . >
© y RW .
Toikanbetsu
Distance
4km
Fig. 4. Tree-ring variables analyzed by soft X-ray
Fig. 3. Sampled plot in the Teshio Experi- densitometry.

mental Forest. Notes : EW : Earlywood width. LW : Latewood width.
Legend : @ : Sampled plot. B : Weather RW : Ring width. MIN : Minimum density.

station. MAX : Maximum density.

2k, VA V- (GTEARHEY) T2 mmEizML, q8EL2,
3.1.4 X7 bAMY—

FBHI 50C T# 24 B¥fEl, 105C TR 4 BERIEEMRL, T34 —2— SV AZLAD)NT
F2ARMREL 22, BEIVE L L LICRXBBMEET (Softex IER) 2k » TREL -,
‘Y L7274 v (Fuji X-RAY Film FR/Industrial) |3 B &34 (Sakura KX-40) ic k
VE T 33 (AN

RXBEENDMERT VS P A= —(a=H 2T 4 N2 BRI L > THEAAE R,
FRET7T 0772301k > TREEN, UTN 8 S>nFEKRERY B, ERIE, S5 m%
Mg, —FREREE, EMEREE BHEAMTE BXSWEE, BIESHREE TH>D

(Fig. 4), %, B-BAERIZ MORK NDEH? I2E W TR »EH L - %E#0.552/
cm® ¥ L7z,
3.1.5 MmO TIZDH

RXBT> P AN =i d > TRLNZFERBHERICOVWT, UTH3>0lEETF L%

fErE R & L 72,



252 dmEAEREIRHEHRREY Bo1E H2F

(a) ZIAAdhiR
FHEARRU)TERI N,

Ge=ax?+bx? 4cxP 24 e +mx4n e 4)

SHAIKRB DI L > THNERRIEDLTIZZ ) DESWHIELAIND, KB p DR
RERT, REL 12LMEIHRL TWE, RERBOBEL S BUTIC L2 2DREE
N 12EVkF p & LTGRIRLAY,

() 5EBBHTEY .

#E)FH (moving average) (< & ZEMEHEIBRIZ, BIERW L OPDEICOVWTEL VWY 2 4
FEBNT B Z XICE VEHREN, MEH0ERERFIFRICEDLNLY, 5 EBETHEICL S
B RG)TREIN D,

G,= Ri2t+ RiytRi+Riat Reso
t— R 5

(¢) Low-pass filter
Low-pass filter |3 2 £— X RH 282720, HEMOEENRL 74 NF—T7x4 b 2
LOBEEHTHY), T4 MR AGHICL L, THFEEIZ HoLLowAY®® i L DL <
BHRIN T3, HEthRIER6)TREND,

Gt=h=2n_anRt+k ......... (6)

Low-pass filter & 1F 5 S EFEYIC L Vi S N 2 EB 0 B BAsER Fig. 5 iciRd3 it
% k 9 % frequency-response function {2 & » TRI 1 3V, MEMIIRIBOBEE N RERKE%,
B AR 2R T, 22T, IR (response) % 50%% & (L T\ 5 MRS 2 AERANC
B bAT7HRA 2 (cut-off point) & L, BB O» 5Ly PATRALPETET4NI—
£ (filter length) : (Tc) ¢ LTRL—Y > /ORE*ETHREL L TEREINSY,

Low-pass filter &z 74 V7 —8K  Tcic k> TRD SN 5, 4 Wi Tc=5, 10, 15,
20, 25, 30 EDBPAIC OV TERRIRE KD, BT 4 VI —RICHIET 5724 F % Table
AN, o N

PRy sns: 388, S -omiiREg, Thehe ToEERNFERBRIICL T
o, EH#AuEZ KD, B FESR Fig. 6 ioR ¥, 72, FRERTICL T 50728
e, B N bEOB % Fig. 71273, o% &9 2 #4HI28% 100 F/E & L, 100
SRR L 2 RV 5 N5 30 Bk & W7,



Loss response (amplitude)
& © o 9o 9
[ V] [=] [ &) B =% oo

&
F

T ALY DERTBEENMT (L0 - ME - BE - 87

o
hh
—
[=]

15 20 25 30 35 40 45
Periodic elements (years)

Fig. 5. Characteristic frequensy-response functions of low-pass filters
(solid curves) and the five-year moving average (dotted curve).
(Modified from Fritts, 1976, and Holliway,1958.)

Notes : Filter Lengths : A : Syears, B : 10years, C : 15years, D : 20years,
E : 25years, F : 30years.

B PR S S S ST GA TR S SH TR R SOY NS WA S T SR N S TR S SN

0 L
1760 1810 1860 1910 1960
Year
Standardization (It = Ry/Gy)

2
It : Standardized ring width
is ¢ : Standardized ring
05 i
ol v e
1760 1810 1860 1910 1960
Yi
Transforﬁ to mean value of 0
4 e . 200 sStandard dcviTti_t.?,l..l of 1
2

Fig. 6. Process of standardization.
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Table 2. Weights of Low-pass filters and the five-year moving average

Weight Low-pass filter Five—year
number® I R 3 average
—8 0.0222
-7 0.0233  0.0359
-6 0.0237  0.0394  0.0447
-5 0.0216  0.0434  0.0521  0.0543
—4 0.0473  0.0628  0.0659  0.0638
-3 0.0474  0.0806  0.0844  0.0794  0.0726
-2 0.0260 0.1231  0.1189  0.1045  0.0908  0.0796  0.2000
-1 0.2335  0.2065 0.1503  0.1190  0.0985  0.0841  0.2000
0°  0.4792  0.2460  0.1626  0.1243  0.1012  0.0857  0.2000
1 0.2335  0.2065  0.1503  0.1190  0.0985  0.0841  0.2000
2 0.0269  0.1231  0.1189  0.1045  0.0908  0.079%  0.2000
3 0.0474  0.0806  0.0844  0.0794  0.0726
" 0.0473  0.0628  0.065  0.0638
5 0.0216  0.0434  0.0521  0.0543
6 0.0237  0.0394  0.0447
7 0.0233  0.0359
8 0.0222

Notes ; *Weight number expressed as position relative to central values of the data.
*Central weight.

Polynomial

Low-pass filter
Te=30

Tc=25

Te=20

Te=15

Te=10

Te=5

Five-year

moving
average

Fitting curves

Standardized indices

1
WMoy Foaad

VA \vvv v
A aml A MMA

AVVVV WV
i

AN AAA M and

WYy W W Vk
AAMMAA bt an

Wi VW yTW

‘A .AA..AAA MA..
v‘ VVT ‘VV'V“ VW

V’

\..,A A.AA.A Ak mA LAA.A.I
AR

wl A.MAA Ao MA shanadad

vvvv V'W NAdd adl

1890 1940 1990

Year

Fig. 7. Examples of fitting curves and standardized indices. Dotted lines

are original series.
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3.1.6 MAFBHIROBIR

31EM, S ONMBEHERN I b, UIEELICHEL T3 rRE 2T, BIRERYE

L T, #EEROEREBRBIIC S F 1 5 LBLENKS (signal) DEA V2 58 L § 5 K5 (SNR

(Signal-to-noise ratio) #), ERICARKT L NHBZKH2 ) L THRLARYEEICHS

TE2LDPBIRT 25, R AHRRTICHBLTRRT— 7 LG HE:, b

CoOK 522k > THRMAIN TV S, AFFRHONBHTIE, KRT—IHS0FIELrBo5N
T\nize, FRIBBRNNDA» LRI TE 2 SNRELZACWTEREZT- %,

BRLZ LS, FRIFROEBIZ VL OPDERIC L 2HBLZT T34, ZOHT,
SRAFII 7oy FROLTHEKICH L THBICHRL TWB LIRETE S, #-T, RH#
fbick > THHENA-ERMOEE (ARETFICL 2 LREENIER) 13, 7oy FRDE
EREICBWT—BEIB X5 FHEEND, 22T, E#Ho—KE%:, 7oy fADETH
DAL iz OV TEH L 72 cross correlation (Bt AR HMEBIGE) i< & 2 HBIEK
Ik o THRL, 2DFHENRD HVERLERIERY 285 - Emihssc, GEEBIRS
RHHT 2 0IcET 2 Emi S L TRIRTE 5,

B & N2 HEBIRE O FREIIC 472 5> T, 5 EBE)PH), Low-pass filter ic BTz 0tk
B, RAIORSIREL, HHELGRL 32D, HBREE, S ARELMEL - tiEicER
L7z, Mg = &IP3 t 2R, BAHEBREROERE L.

3.2 BREER

FNENOMERBGRY LTz, EELEZHHL A, $HSn-meuiE, SBE
iz o\ T cross correlation |- t 2 MEBRE % BH L 72, ERE T3, £RIBEEEOBEEKHE O
FBRIEV DY, EBLEITS 2 &icd > T LA L DBRTHER Y —BL, WR¥fick,
SBIC L AEBF MBI N T 2EHIRE
n7- (Fig.8),

Table 3. Average t-value for cross correlation

. A
Bt X AR TR, v Fitting curves tvalue
FABRIHAR S & (P A B L 2o, #hRy  Onginal series 2.
. Polynomial 2.56
Table 3 i27R"$, 22721, 30 kD H &, wTh Five-year movig average 3.86
OEMALHIC B\ T b HOBEA L DAEM R R Lowpassfilter $°=150 2;;
c= .
R e o 72868 K No. 16, 30 iz LT osEth & Te=15 3.94%
. Tc=20 3.92
¢ Te=25 3.03
(a 3|\ Tc=30 3.54
SER 2 H W 5E, EE(EERfE: __Number of trees 28
Notes : Tc indicates the filter length of
KT, fHBo%EIA LN Lh - T2, ¥/, the low-pass filter.
»Suitable fitti f
FOMOMEELT, 1) KBORESEE- cndadrzation e

TEMMEL DL TITZ ) H5R, EDOREME
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Fig. 8. Examples of cross correlation for standar-
dized ring width indices calculated by
fitting various growth curves.

Legend : © : Significant at 1% level. O : Signifi-
cant at 5% level.

Hen ojololajolojololo/ololls
| FHFH"‘IHFIP"’IF‘.HHIHF‘H’Hmmmm’-’rﬂr"nu

REEFF-EZN L TnnZy, 2) RIDKE) EMRLIMMETERMELNLTIZZY
(end fitting) B B2 2 2 HH DI &, L EHFEITLNTWEY, - T, FEAZMEMEA
MELTHVDICRPELTH S LHIEL 72,
(b) 5 FEBEHFY
5 EBEER E HW CRo 2 ERLEIIEW t B2 R L, LeL, ERELEEET
E— 7 ONEFTHUIAERLEEY A LNz, 2, 5 EBEFESO RS RHEL, 55
UT RS %R 2% g 282720 (Fig. 5) &2 Lz, Cook 53 kI,
ZORWIKSFEL Y, ZhLDEMERBTFHRIBH LN LW EARNTEY), 5EBEFY
BB THLEEZ LN,
(¢) Low-pass filter
Low-pass filter % fl\v» TR EZRALEIR, D74 VL7 —RIZBWTLEHEIC T
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Fig. 9. Standardized ring width chronology for sampled plot calculated
by fitting growth trend curves.

W tEERRL 72, I N BB b RE BB LK, o2 20BN, B
THdEEZ LN, X270y P TR 74NV —K  Te=15FIcBWTFY t GHEHIREDL S
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7 4 V7 —k& 1547 Low-pass filter iz L 1) K> 7= KiEsh B HABMIC BT 5 E%
{LFE&%IEHY] (chronology) # Fig. 9icR¥, ZHRFIBAK 228 EZFHLLLNTHY,
ZOMRNBERBE g —2® Y RLZLHTED,
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» 2, P2, FRITTS 5% 3, PERIRIC BT, BKIC X 2BARDERIE - FREFED
THBSBALR 2 BT L, EBE &G BEL { k2o, IAKREE, FHRIIEIBIT 2, FERIER
o O—2tE, [RERICHTIRIGEIB 252 L 2HEL Twb, 72, Bob,
FRITTS 5°9 13, KR L NBREERIBOA TL <, SR, MISE, MR, 2ico
WTRRHICEITL, [RREFICL 2 EREENER* €T /METHE-TW2

NS HERER L [ARET & OHBBROBIT 21T ) B4, BER, TicvaKfr 2
TrY 7y a B BRWLNTEY, ZOMHNLAESESBRE ST B,

AFRICBNVTYH, VARV A7 P> 7y a YBRE2AY, ThV=yERERICH
THRRRTOBEBERIL 72,
4.1 F&
41.1 ART—%

7ay MIHET 2ARBRE L LT, hEG2BIRL 2 (Fig. 3),

2, LBV, THXIY=V0ERESHMIEZ, 525 9ATHB I X HEIHLNT
Wiz, #o T, BIFENDRBAREINIUIRT TIRE9 A L, BAKEIIIZRT T544E9
RETn13 7 ABOAFEHRE - ARBRKERMER GF26 %8 & L THWwZ,
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4.1.2 LRARCRT P o a @R

VARY AT 7> 7 a YIBMREEANICRERBOIN TS 225, [RREF GRrE)
EHOPLHOERTHCL ) ERFCERT I LI VBRI NS, SBERTFE K
HCERTHI LT, BMUERIZEVICET L7 b LTERBMHCER) ARLbh, &
RERICBEST 5L THRRET L OMICERFEEGBNE NG, 72, BEEBSFICHAT
LHVEKE LT, TDORRT—I D N% 7213 95% % HET 2 XD AV 5728, %
BOBBTCORART — IR T % %), BRBSHOBEHIHETY, Zhboflfick
D, EEORBRSN, ERRSICERTEMLHEL I NS,

ARRICBT BHEOFMIUTOE) TH 3,

1) 3. TORERLZEI 8 DOERFHIC DWW TERLERBRRBRTI L HH L, EHAL(F
00, BEEE1:73) L, EEKELL,

2) [ART—F13, 1951-85 (n=35) DA 2 MR L Lz, ERILL 2%, RS EFT
W, ERASBEERBNERE L, ERASTICEAT BYERIRITOEART— 7D 5% %
T2HATHLNEL, H18 EHT T THBIRENT,

3) 1) REVKRDLENFNDOMBES L, 2) KLV RKOLBIEKICHOWT, AT v
774 X (stepwise) iz L Z2EEBIMN 2T o720 TN E ZNEHRIROEN L % 2 F il
1&L7

4) ERRDIIC & > TRLNRERFBFEEE, TORRT— 2 icohibd 2 BIREE (L
ARYRATpr7vay) CERLE, {HENBEY Fig 10 cKRT 5,

VAR RT77v 7y a YEBHOERRIRDNEBR E L TERENS,

Tree ring indices : il Climatic data : mCa
o : Years of the calibration period m: Climatic variables
‘ I (Tomptrutars snd procigiation)

analysis

v

Component score : pSe=pExCa

pEm : Bigenvector
Stepwise multiple
‘ regression analysis

[ Principal component J

1Ib=1RpSs 1Rp: Regression cocfficient for stepwise
=1RpEnCa multiple regression analysis
=1 IECu 1T : Response function

Fig. 10. Flow chart for calculating response function.
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Yi=a1X1i+asXait et taAmXmi  eresesees )
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ZoOEPRREZTIC, UTD 2 o080 5Rat 247 72,

1) MRRICEBRNRRET— 7 2RAT LI EICEN, KRREFOAICL > THAZINS
E£RFRRYOTFRMEI RO LB (Fig. 11), Ked72 FHUE & EE L nERE (79, »
FTNRRICL > THHEINIEENEE L KD,

DIVARYRT7 P73y lan® 77 720K, RAIOKERFHOREZRFL 72,
4.2 RREER
421 MREFICL->THBEIAIEHONE

KRR FIC & > THHAS N2 EHOEIS % Fig. 12 1TR7,

RAL7ETHOERBEFIC L 2 TFHHEIZOWT, BHIBEL ) BHIET, WICBEIT 28 8L
NAREFEICHTIHBECB W TRERK (V) BXk&dp o7z, 2F 0, BRI MBEHC
W, HiRRERPELT S, MBOBHE MlEED, [RBERFICL VB BRBCRBRL
TWHEIFTRING, RRLEREL T, I—oy 0fERICB VT, FRIBICHEX
BFHEEVRBICARRTICRIGT 5 Z LAy BEINTWE,

KfENAH, BKBNAICE > TTFHEINTFEMEZHVT, RBLBKBNFSLHEL
7z, SFEGIR, FHIE, BB, —FREBREBEECBVYTBRKBROFSIA[BNFS LN KRE],
EMAERERE, BHAEREE BIAENMEE BATHEEMCE Y TRENIFSIBRAKNEF

2=0.56 — Actual

Index
bbb bt o b was
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Year

Fig. 11. Example of actual and estimated series for ring width.
Note ; r? : Coefficient of determination for actual and estimated series.
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{a) Temperature and precipitation
100

-]

(b) Temperature
100

A= =0 =0 =01 ]

(©) Precipitation
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Coefficient of
determination (r*)
(%)

8

Coefficient of
determination (°)
(%)
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A=l 288

RW EW Lw RD ED LD MAX MIN

Coefficient of
determination (rz)
(%)

Fig. 12. Coefficients of determination (r?) for actual and estimated series.

Notes : (a) : Estimated by temperature and precipitation. (b) : Estimated
by temperature. (c) : Estimated by precipitation. '
RW : Ring width. EW : Earlywood width. LW : Latewood width.
RD : Ring density. ED : Earlywood density. LD : Latewood
density. MAX : Maximum density. MIN : Minimum density.

5 r 0 kEbodzht, BELETII 72,
4.2.2 Ao REFHNS
VARV A7 7 7y a vBINICE > TR LN AloRlRHEE % Fig. 131tk L 72, E
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FREE, BWHENMEE, BAEWMEE, BIBFRERICHL T11-12 AnKREH»ARICBES L
Twiz, FREZEIEL T SKRIRICA S $ ToOfRIC, [BEWZ LIk DIFERES N,
BrE BRI NIEREFEZ LN, FARRC, FIEKRKORR L FRENOMICADHE»H
5T EHWEIN T,

(&ZF) BHCBT28E (BB —FRAREE, BVEHREE, BAEEEE)
LT 1 ADOREHER, 2 AOBALEICHES L Tz,

(SHBEMER) 4 AOBKERICEY 26518 (ERIE, BHIE, ®HIE) XL TE
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Fig. 13. Response functions classified by month for each tree-ring

variale.
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Previous autumn

RW,EW,LW ED,MIN LW,LD,MAX LD,MAX

VR N 5 A

Temp. Prec. Temp. Prec.

May Jun. Jul. Sep.

s G rowth period s

Aug.

Fig. 14. Relationships between tree-ring variables and climatic factors.
Notes : Temp. : Temperature. Prec. : Precipitation. “+” indicates posi-
tive correlation. “—"” indicates negative correlation.
RW : Ring width. EW : Earlywood width. LW : Latewood width.
RD : Ring density. ED : Earlywood density. LD : Latewood
density. MAX : Maximum density. MIN : Minimum density.
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BIBHRZELRLTWEBNELNTEY, 20k ) o1 BEANTHICHRE L KIBMERIC
MLTRAMLVRELR > T B AHEMADTRE S 1172,
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Summary

The relationship between tree-ring variables and climatic factors was statistically investigat-
ed using response function analysis. The trees of Picea glehnii growing naturally in the Teshio
Experimental Forest were used. The tree-ring variables (width and density of annual ring,
earlywood and latewood) were obtained by soft X-ray densitometry. The average temperature
and the total precipitation in each month were used as the climatic factors. Prior to examining
statistical relationships, the seasonal process of tree-ring formation of Picea glehnii was
examined and the standardization methods of tree-ring variables were chosen.

The results are as follows : 1) the period of radial growth for Picea glehnii is almost five
months from the beginning of May to the end of September ; 2) 15-year low-pass filtering shows
an optimal standardization ; 3) the climatic factors influence the variables of density more than
those of width, and latewood width more than earlywood width ; 4) ring width and density are
negatively correlated with temperature during the previous autumn ; 5) latewood width, latewood
density and maximum density are positively correlated with temperature and negatively correlat-
ed with precipitation during the growing season (May to August)and 6) latewood density and
maximum density are positively correlated with precipitation at the end of the growing season
(September).



