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1.1 K5 O HE &

TR, NHEBOILKRIZHE > TREDR T XD REBIZKK P I
HshsdzZticky, KB EH L TWw 7 (PCC2014), Th iz
ONT, BMERFTFTOPHMmRENREORBELET N FHl ST
% (Bergant and Kajfez-Bogataj 2005; IPCC 2014), ZFEF, H AT
I3, 1898 — 2018 £ DM IZHFE R FHK[WITHK 2°C O EHPBE I
(KRBT 2018), HAOHE T HmHBE DK 34 D 2(2,500 /7 ha)» #& #
ThH O (KT 2004), 5B OK[EEB NBAEOKRKICKIT T EE
NI NDEREA 2018),

BMAOBBIZTEELRAMER CH L L L HIT, KAP ZBILR
FOFTHEREER T D, MARITHEWRICE > T @MLK EE
BEL, €20 2 REHIEZRNBILHEELTWS, 2DF 0,
BM@#oORKKEEIREFOEEEREZ XML, REMEBICB W TEE
72 El 2 o> T U DS (Roy et al. 2001), L7228 > T, #tA®DIE KK
RICKEFTRBELZHORELZIERT 5 2 & 13 Mkt i 72 KM 4 E
RCHEKBRREICBUTA2REZFNT VADOHPFLEDICEELRERD b
D, ABDOKEEBMICE 2 HBARERNOFRNTEBEOEKRKE~
DEBEZIERERTILEND S,

BHAROXKKMWKEEE L% 1,300 5 ha ® 5 5, K 82%72% [ B I
(1,080 5 ha) TH O B TW D (HABF T 2004), M AT AN F
ooy b Ak E IS ) TIA K A L CE Y (Numata et al. 1972), =+
WhHZHKERRTHL, MIBHOHZRMKITE W TIX, 77 (Fagus
crenata), X A 7 (Quercus crispula), ¥ /7 71 /N(Betula ermanii),
v 7 J1 v N (Betula platyphylla)’e E DN EFEW 2B 5B CTH 5
(Horikawa 1972; &= W 1985), L 7=28-> T, HAREWNOZHFMKD T
kDO RERINEZFMT 22010, EEREOLELICEDI NS
JIEEBMEOIERKEE~ORELZIETLILETEETH D,



1.2 4 5 R0 58

BEARIZTE R ETEE I L » THE® O~ 42 A EQ T
KIEREEZITV, FWMESCHEER CRIExRBELMES, Th
RS AEBFBELEMHF L TEHT L, TLTHEOHBKICAES T
LR BEOEEM I, MUEBH Y -2 RTLENZ0
(Douglass 1914, Fritts 1976), fE{KMIZI@m+ 5 Z#H T, [fEZE
AL TWDEBEXILND D, FlhECFmE g s o
RINEEERET — X L OMOBHFMITIC L > T, BANRE
DR, SHEFRER A LRERICIVZTEEZELMP TE D
(Cook and Kairiukstis 1988), 4 i 4 f % (dendrochronology) & 1% 4
RPWECTHOLNEREROERICHT 2HEREBE LB T 54
R NRRERESHFEEEOHEFBMEEL M T 2 %M TH 5 (Kaennel and
Schweingruber 1995), 4 #m O 1E f 72 JE i 4FE R © B & (Cross dating,
LLF, 7axs 4740 7), EFEMAENREXT 2FEWmiE, &E
REDEEZRILLT, sa oY —)YoEK, Hohizrsno s n Y
— L RBT —HARRKET X R EORERY L OB TOR W F
fralo—#EDOFEITFRERNTHFELEITND
(Schwieingruber 1988; Cook and Kairiukstis 1988),

M OETRENRZIL, 7 AV IO KB S4E Douglass 2% 1901
AT AR i N B R B 0 AR B X X — b KB R o 2 B R A xR
LTW2dZ EWEALEZ EICHh £ 5 (Schweingruber 1996), 7 &1
AT AT 47 0F, 1904 12 Douglass (2 X » TN SNz, %
hm%,%ﬁ%ﬁ%quymm ko THAI 7z, Douglass
(1914)1x 7 A U B Ml ICAE T 2 8K O F i iE o KR 5 EH &
BEAXXKEOEBITEU TN D Z & E2WME L2, LB OFEmENRE O
781X Douglass W . L 7= 7 U ' F K %% 4 g #F 78 F7 (Laboratory of
Tree-Ring Research at the University of Arizona)% . (I E D 5 1L
7=

FAERTEHNFEL, Bh%, [JBEY, EBFREK L RO
DFFICEBNTIEH SN TWD, FIERTHFEL EEBT O
A AT D 2 & & 4R A RE % (Dendroecology) & I 5 (Fritts and



Swetnam 1989), #l 2 I, HAKICB T 2 HEMEE B O K& ¥ E
(Brookes et al. 1987), #f K @ % & (Hornbeck and Smith 1985), 'k
WoOFEENIZEL > TH7eb 35D AW ERKEZ{k(LaMarche and
Hirschboeck 1984)& ff KJE Kk & & O FEMRIC DWW THwE N S iz,
Ehilc, FWmAERERO WL LT, APLBEORMBEEZEH TT
% SR A AR #i & 5 % (Dendroclimatology) & FEIE U 5 (Fritts 1976;
Kaennel and Schweingruber 1995) . g & A% 7 — % & © B &
O fEHT (LA T, SR & MRAT) TIX R B Ak & IR T 2 & BRI
My 2@REB/BrEeNTE, TOEKEERAL Tl E0REE
W9 52 &N T & D (Fritts 1976),

1.2.1 JRERFE I BT 2 F W F R o BE1EF %8

bk a —v v XTI T F)E(Fagus), 718 7 X & (Betula), =
T 7 & (Quercus)’s £ O ¥ R B 2 102 L B o F g ENRFE O
FZE S S S 4L T W b (e.g. Garcia-Suérez et al. 2009; Jansons et al.
2016), Bl 21X, 7 FRBicHoW<T, I—av PO T T AU
FE ¥ W (Lebourgeois et al. 2005)72> 5 A % U 7 i # (Piovesan et al.
2008)F THAEBET S 3 — v X7 F (Fagus sylvatica)ld & @ # 1§12
HI B & AL TV 7z (Lebourgeois and Mérian 2011), b /L =2 @ B iF 5 &
WAEBT Ha— Y% A7 F (Fagus orientalis) TIL, 6 H O KK &
WE 2 D EHEmEORENRELC R D I L (Koése and Giiner 2012),
NFEREHE T Xy JNICAEBET D7 AV 7 F (Fagus
grandifolia) TlX, 6 H O IEIZ X > TR KK ENH RN D Z &
(Tardifetal. 200y HE SN TWVWD, Zhbdbka —nm v R
AEBETHTTRBEOBRE CIIAEBFTH DS P, FEREITL
BAZHIR & Tz,

I —n v XK B v N (Betula pubescens)IZ DWW T, HE A T =
— T UVOEBERABTHICEVWTCERIELBICHED D £ EQMHEE
KA 7HDAIE T®H > 7= (Kullman 1993), HFE O E A LAk BT
HAEE DR D (1,670—2,010m)6 2DV A NCHEBET DHE 7T
v N(B. ermanii)TTIXE O 6 A, 7 H, 8 H @& iR 24 i b 2 e



MIcBE 5252 N HAE SN (Wang et al. 2013), 7 ¥ 7 O
NETF Y B YBCEET DX D N(B. ermanii) T, 1E&
112~864m O ¥ A F O FEdwihE & & O Kl & O FIZ1E O MR R
5 4L 72 (Deck et al. 2017), T b OWMEITBWVWTIE, I —n81 v X
RERT7 VT CHEZORVIBERS IV NJE OB K KR I 2
M wZE 5 x TWwit,
AARICBT2EATHIEE LT, [EETE B AIZ 1990 4 I
Y F % & (Fraxinus mandshurica var. japonica, Yasue et al. 1996)=°
713 U (Quercus dentate, D'Arrigo et al. 1997) @ 4 fig 4 {X 2% 19 #F 7%
NnHEINT, LBEICAETT LAY TF XY ETOEwmE L 7HOKIRE
EREKEEDORICEDMBEN® - 7= (Yasue et al. 1996), It ¥ & 12
FET D520 OERHETIE 6T AOKIEEDOHICEOMEN®
> 72 (D'Arrigo et al. 1997), iR 2 kK T 2 T EME CTH 5 7 F
(F. crenata)lZ >\ T, WAL F CIXIEwHE ERIFEOE DORIE L D
EFEoMBRHEINL, FWmiEASZERCHBINZZ N EBXHL®N
\Z 7% - 7= (Hoshino et al. 2008), Z O M &%, k& a3 —no v N2
BT 2R CEC7TFRBICBWTHERIBIZTZBRICHRBIALTWD &
OD#HEELERRLIEREZRLEZ, L22L, BHARICBWTENPDOAET
ik T 27 FoFEmERFHNNIEREITEN, T 0 N
oW T, REFRFEEEORNKBRRE & M TR OEFH OF
B CIREORKENMHN, £F ERAET TCIEMREMICENL TW
7= 2 & N4 X JL 7z (Takahashi et.al. 2003, Takahashi et. al. 2005).
BB NOFEHEICHIRT 2 ZBRMESICIE L TRRD 2L
DR ST,
EREEZHRT 2R BEEROBEWICIE, BEOEWEZITA
FHogEERELEMEICEHE LTI EEx N, LrL, &4
FTHARICBITA2HETIHIFLACH ~AFMOE B L2 X
8124 5 HF %8 (Yasue et al. 1996; D'Arrigo et al. 1997) T » 7= /=
W, B S o E A RE O K (Hoshino et al. 2008) X6 U 4 F
RAT BT 2 2 2 B fE [ o ke # (Takahashiet al. 2003; Takahashi
and Okuhara 2012)IC 2V THE NP WHK TH DL, LN - T,



SREXBEH D HARICEFTT 2B AORKKE O W T REME
RICKAEFTTHEZ T 272D 0%, KB B IR T 5 E i
ERMBEEROBEARIE DWW T, Z#l SO % B EE O kKD %
Hanhnd,

1.22 [MEISEEMRFT LHEHO T =/ v ¥ —
FERTHFETETEREEZ 6 RS 2 K06 ZER L2 MHED
R ICE> THRET 22N TEEDN, BAXRECBT S
AT 7ot 20 MIIRNETCH L, FWMERKICERE L H 25
WRAEHEMT D2720100F, FWiERL E2HRT2EREL XOAR
D7 x /BT —0OWFEHLNIZTT DML ENH D (e.g. Fonti et al.
2007), ZiL & (1994) (X 7 1 = V' = Y (Picea glehnii) % %} %2, 4F
WiE, FAMIE, MR, FTWEHEE, ERREEOIBELE L #
BENhEARTE 7=/ n YV —Z2lrabET, 7=/ 8P —BEBO
EWICB T DR ERRER ZBH S ML 7=, Cufar et al. (2015)1%
S—m Yy N7 ST EHFRICEENME L FdmEOMICITAE M
WienholeZl tx2rLiz, —F, E»road—vvXTFOHET
X, BEOREMOKSFE(LEARSESLHEKE)E FimiE & o M
WIEDOHBEND D Z &N HE S Lz (Kolatet et al. 2016), FE D 7
/Y —BFRERKECRERAEELEEXDLDLEEZONLD, LD
L, B0 7=/ v Y= RBREEDOEBKIZONTORE DD RV
(e.g. Cufar et al. 2008), L7ZB" > T, KHMLED 7 =/ oy —1¢
Tl OR[RBEICEMTIC LR EEOFEAENITITLY, JEOEL
PIEREEEOEBICB I DA DI =220 T I HEMREST D
N TE D,

1.2.3 FdERZICBIT DR EIGE MBI T 15O ME R
EROEWHBERTFZICE T, FWlE & RBEEREOBEHKIZONT
AN KW Z RIS N AT 1L T & 72 (Cook and
Kairiukstis 1990), — 7, i E & K 2 £ & O H B B 1R 1T #% kgL
{3 % A BEME N & 5 (e.g. Biondi 1997; Carrer and Ujrbinati 2006),



Garcia-Suarez et al. (2009)1Zdbt 7 4 Vv 7 > RICAE T 5 4 # %
BRI, FiiE & R EERLEOHBAMBROERMEEZRIET 572D
(AR R & KUE B SR L oo [T IR R HE R R (R R D) B RR B £ 2k (LA
T, REMEBESHMEE)ZEHLEZ, TOMKE, 33— v 7T F T
THES AN TAOMOBEAKE, BAKHEKES KO PDSI(E K
POt oMBEEIRFMEKICELR LoD, SAPL 7THORHO
KEmREEOMBEPKEMRLEEbITELLTWE, LML, 20K
HD R BB MBEMT R AL, BRKEESABEEREEOBRK
DR EAZEZHOLNMIZLEZHREITHEARITE W T2 W,

MA T, FE A EoBEDERHENEITET DM MBI TIETA
DRMpET —F AL TRREEICRT 25 M60KEZML
T % 7= (e.g. Fritts 1976; Schweingruber 1988,1996), L »» L, X &
FERICKHTI2BAOICEYMMIZ, PV ¥ —0H BN TRET D
EIXBR 5 722 vy, Vaganov et al. (1999), Kirdyanov et al. (2003), ¥
& O Kujansuu et al. (2007a, 2007b)iE Larix gmelinii % % %12 5 H
MERLITI0AMOFEHRE L Fim sz /vy — LR ICHE
ZEHEL, HEXVEVWKER A7 — Lo FHQE & OMICAHE R E
ODHBEND D Z a2 RWVWH L, EFIE, BEOBE»S KW HHE
CEDLAEN B OEYRELT — % & FliE L OMIZ o T
FEB 233 5 FIEBIEE STV % (e.g. Constantin and
Chiriloaei 2017; Arvai et al. 2018), Z 4L & @ 43 HT 1L £k & 7o W ] %
=L IlBTL2RBERIBEREEICEREL L5 2 5 WM % # 5
I &I 3 5 2 &8 T& 5% (Beck et al. 2013),

1.3 Ao B # &K

BEEMEG R Dol AARICE W TIX, KERMEO L F H[H
BIOBMBEMICBI2RBEEMRBEEOHEBE AR LEN H
5. £, EFWMENRFEHNTFEHEICBVT, O 72/ 8y — LR
KEORBMFE, IEREE & RBEEHRL OBGEOREMES XK E
BRPERRECEEBLEX2HB 2 E0BZEPLETH D,



Lo mh»b, AR CIXMmIBERICH M T 5 E A L5
PDERKREICKAETRABEEZOEEZ2FMT I 2HME L
., MAEBRERZHFEZH Y, DM AICEETT SR — B &
BLODM LM AICAEAT T 28EBREORBEEE LIERKE D
LR &2 B 5 2 ic L7, R B W T, a) KRN KK
ROEBH IR ETERALZEMT 22D AKIBOEKKEBML,
FAEMBRASNOED 72 /) ey —0F —XEH Wi, b) KK
REERGERLOBMBORBHELEZER T 22D, REMB
BHBEE AV, o) REERPERRECH 2 2 FEHM % H
BT o270, ~THRTBEBLAROIERLEEHRET
— XU T, BHEHLEKET —2)x v, FimiE & ot
fR BT 24T o T2,

Kig X OBBEIZTLLTOBEBY Thod, H | ECTIEARMREONE & &
VBN, FRENRENFEZH OV TIHAERKE & XBEEE O M
ODRAMBRZHRFT T OBRICHBT N RICONWTEHRL L,

FB2ETH, FWHENRENFEZHCCAARSEMIZAET T 57
TORRKEEEHBST H2RJBEEREZ2PALNIC L 13 AICESR
T2 7 FOEEOMSERET DRI TH DA R EEE
nmrY—%FEELE, e/ Y —RNItE L CHEET LHMIC
OWTABHMBEOHMBESITB LI O ERS S ATV, 4 F H#H
ODEBOELPEIZODOWTHRFT LEZ, 780 /780 Y — LR EEZNA
TR, ARKE, AREBHE)E oM THERSIE X OIEE
B EIT o 7o, BB S MBI L0 REEEICHE DS F Wi
ERMEEFE L OMBEROEE T LT,

FIETIE, Ml BRMICAEETST 20N, 7F, I X F
TOBAEKRKEOD 7 =2/ 0V =220, IbkETEB LS
A7 ~—F 720 LTHLNIL L,

FBAECTH, FHENRZENFEZHCCHLARBICES T 2
Bl vy, 79, IXFTORKKEZGHERT 2R 6EEEEH
ML, 3MBEOERBIEOM S ZNRET 2RI TH D HEH
EEAE R / n Y —2MELL, BXRBEWEICHE ST, 31



HHMoOFYE* 1BEHRBTCBH LARLABLERET — % &
g7 o/ ny—LOMTRBEISEMRMMET o, [EER &
FimiEg & OMICHONLTEAERMEBELEIED 7 =/ v ¥ —BLH
WESWT, KBEZERPPREECKRET ek 2150 TER

RBEIC, B SHETANRZEEL -,



FH2E OHBASHMICAETT 27 7 OKMWEIEE BT

2.1 T L®IC

7 F (Fagus crenata)lI A A O MR FICB T L2REXOHBHETH Y,
KUK (HEHEB L2 13007 hay 5 b, 8 17% % 7 F K2R EHED T
WhH (RS 2009), 7oL, SR/ ERB LK
BWDHT 45~85 I —HT 2L HEINTWVWDL(HER 1949), 7 F
Ak E RN E L ERE RO SBILHE THAML
(Horikawa 1972), ¥t &M & (FE M 1987, & UE S 1995)%7 /
Lo E AR B L L C b (Hiraoka and Tomaru 2009) H A ¥ ] & K
HEMl o >4 FI8hnritTW5D,

AETETIAARASHOBEBIEWERERESZGENCAEET T 57 FICER
L, EFHMICBT2FEmEELADoHUEEZHRE T 5, £, &
W ERFENFELZH T DERE & QEER S OMBBEKRLLT,
KIS E)VEMT T 5 L &b, 2)T ORMER 2 B &2 ML, W
MBS JRBEISEDOEEZWHLENNICT S, £ LT, 4% 7T H
SN TVLIREEFZHO LT IRBEEIBHICL DT T ONE KK
R~0ORBEFMEST D,

2.2 A MEB X Ok

T o AKRSAAOIRIE < 2 b RE B D (B S R
B 46.8~83. )BT, 13 #i48% & E L 7 (Fig. 2.1, Table 2.1),
INETIEHREESN TV DM QOIOD EE, B, HE#HE, 77K
(2005)D J\IE -, JUH H, Hoshino et al.(2008)® KX 4, #J)Il, Ik
QOO R L, @ HE, BRICB T H2FWmEOFZERNT — % 2W_olo,
INHOWME TR TR X H R B 2 BB L, KX R
TV RPAMY BRI T4V A E AT Y S — (RBRE 2400



dpi)lc THif# & L TH Y iA Z, WinDENDRO (Regent Instruments
Inc)Y 7 b =7 2HWT, BEHBE 0.0lmm I THIEZ L 7=,
ARFRTHEERMBOLZT AWV, XBREENREEH 2L AT R
7 — ¥ X o 4 i g I E #F (Velmex Inc)Z AW CEAEKBEME Fio T
FigiE 2 E L, BB LOMEHB FILE(COFECHA v 7 7 A
Holmes 1983, 1994 = ffH L T/ v AT A4 7 4 v T %47 o1z
(Stokes and Smiley 1996), M #H 72 FICH KN 5 K J& # £ &) 5k 7 %
BOBRLSEZEDIZT A NVE—RISFORT T4V EEEH TIEDH
T %8 {t (Cook and Peters 1981)% 17\, Al 4 LLAT O B & O 5% % T
HbHrACHBEEZIRVEBELS ZoiIcAECRIFBET Y 72 L0 FEkE
IKf %l 2 45 72 (Cook 1985), AU I 52 2 %4 = 17 1T < \» Tukey's
biweight robust mean 7% (Mosteller and Tukey 1977)1C & v ¥ i %
Ko, EFEHERRT LAFEmEEZRE I/ 0/ a Yy —(LLF, 7o/
Ry =) L, ZOB, BELEVICEEKORBEN S D8 E 1T
Bk D PEHMEERDEZI) Z THHBLE, ety 7 by =
7 R (R Development Core Team) L {Z T dplR (Andrew 2008) /X v /7
—VEMRWw, v /e —%FER L, v /un Y —-0EFEHMEE
FEAM 4 % FEHE T & D expressed population signal (UL F, EPS,
Wigley etal. 1984)% 41 M 2 %G L LT, 1HE T HOTH LAENDH
B L7z, EPS>085 L Fo KM aFEETE 2 XKML LT, LB
ODfFFICEMN L, EFHHEOZHOHELME LMD 2D, & 7T
Dz ymr Y —n3EELTHEET DHMEEZ LI ‘o s
B/ Y —HiZoWnWTET Y rOEEMBHRECIT, 8% %EK)
ERoOL, Mz TCa2aTo s/ vay—%x4%L L TCERYDNE
17 - 7=,

EAEBFHOFHIBOXKEERIZCT T H2ICELZMDTEDIT, 71
Jm Y — & RMEEFR L OR THERE LIS B (Fritts et al.

10



197 H) 2 H B L, BEEKMIZZ—MANT v 7% (Efron and
Tibshirani 1993)% AW CTRlfli L7z, @ To s v /v v— N3l
THEAETH2HMICH L THEBET L EbIIC, BRENRELEEZ TS
T2kl matWflae 41 FHEL,5FT OFEREZFT S LT
A ERE L, RAEoMEIC L TIREBRHE L HHE L,
OB, MEHMBICH LA EOERE T L0 E A E ER
L7922 TCHHBLE, M T, EFMICONTTELETEVH
WMEEBRNRENFELM»S 7 2/ B Y — (2T EPS>0.85 28
BonsHE)ENS LT, MHEBERKESEEEZENL 2,
AEERLE L TABTHICRODIVEASR A £ 721385 K %8
BT O ETHE 5 A DB Y4 10 HE ToM o FHXINE,
HBEK & Z M vz (Table 2.1), R BEHHABEORHICIH LY,
EbLbBHAHMEoBEVWERKIKEORBEICAEDLDYE T, 2 COEFH
COWT 1924 F DB Z R E L, HHICETHKEEMIT Y 7 b v

= 7 R k{2 T treeclim /¥ » 7 — ¥ (Zang and Biondi 2015)% H W\ 7=,

2.3 fE R
231 7w /v v—

GEt 299 kD, HKAEBFHERRT 278/ 8 Y -2 MEL
7= (Fig. 2.2, Table 2.2) , B4 TIiX 1934~1964 4, J\H H 1 TIlX
1932~ 1974 F 2P L E L T 5 KHIZE W T EPS O — R RET
DROOLNTZ,EPS B 085U Lo Torsr /vy —nHdEL
THAAET 2 BB I 1955 F 05 1994 F (40 £ M) TH - =,

B L CHEETIHMERRIC/r /) 2 YV — DL FHBE OM
P £R # 2 5 L 72 (Table 2.3), WAtk & Vb E (AL & 9 % )1,
KA, NEFE 1, BUoAEAFTHOHMABEIZEBWT —HoOMAAE DY
OVIESE 1 &I, 2 & kM) 2 BR v TR & W AR B AR 2K

11



(p<0.10)2" O b, LW EBOETWAEFTHHE TH 2L
KM (r=0.69), HJII & JVH H 1(r=0.44), 11 & L% FE 1(r=0.49),
NIEFE 1 & JNH B 2(r=0.50) 0B ICHB W THRIZEWHEBE R O L
N, BB IFHAMICEWICLELL THI), NEF 1, Bl
p<00S DHEERMBEEZ R L, —F, HHABNICE BT WVWDR, B
MEBERZNEFE1LE20BIO, \FHI1E2O0MTIEAER
HEPNRBO LN o T, FFIC/AEE 2 & B A2 3 W E AL
DAEBFHEOHMTIIAELRMEMBEBEEIRZD DRI, HEH»
LB BRI CoMIBRIZoO T, @mmeEREOM, &I & H
EOMICHEBER(p<0.0)MHEBEMMENRBE O LR, tho 4t EF M
TIEHERIEELEHERDZLEHEVWHBEBEERRD Do,

EWRD AN AT o7 ZA, B 1EKRDDOFERIT 24.6%, 5
2 ER DO FHF G FIX 14.8% T H - 7= (Table 2.4), 5 1 F 5k 40 1 & 40
A AFHIZE W TIEOAMETH > 7 (Fig. 2.3, Table 2.4),
FBl1ERDICBWWTAMBEN RS WAEFTHITHI), KM, \EFE
1 CThotz, feWWT, Bk, 2h, \FHI1, ®LTHos7, &H 2
ERTICBVWTAMENREWAEAFTMITIEARICAET D&M,
MM, BIR ChoTo, PHMAFICMET 2, &ILTIEHH 1 E
By, B2FERSELRILEEEBAROAEFTHEDODHMOMEE & o 72,
JVHHE 2, VBB 2 TIXE 1 £y O A &S o ]k o4& F M

o/, BE2ERDOAMEITATH » 7,

2.3.2 KRR E

ACor7nma /oy — 2@ 5 M (1955-1994 -, 40 F[H) %
xR R R L O MBIk S (Figs. 2.4-6)% KX VG & B % (Figs.
2728 HEHM L, ISEBEBEIZOWTIE, EFHMIcx L TAdH
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Table 2.1. Summary of the study sites and meteorological stations.

Latitude Longitude Altitude Meteorological

Sampling site WI Raw data source
N E (m) station*

Hachimantai 2 (HMT2) 46.8 39°58' 140°48' 1080 Morioka Takehara 2005
Hakkoda 2 (HKD2) 53.5 40°37' 140°56' 700 Aomori Takehara 2005
Takayama (TKY) 54.9 36°08' 137°25" 1420 Takayama Shen 2016
Hachimantai 1 (HMTI1) 55.6 40°00" 140°48"' 820 Morioka Takehara 2005
Nishikoma (NSK) 60.9 35°50' 137°51" 1450 lida Wakui 2009
Hakkoda 1 (HKD1) 64.4 40°36" 140°57" 410 Aomori Takehara 2005
Ohata-Kawauchi(OKC)  64.8 41°22' 141°01" 400 Aomori Hoshino et al. 2008
Hiyama (HYM) 66.6 41°45 140°08"' 250 Esashi Shen 2013
Masukawa (MSK) 70.7 41°10' 140°33' 260 Aomori Hoshino et al. 2008
Chichibu (CCB) 73.7 35°56' 138°48' 1200 Kofu Wakui 2009
Shiiba (SIB) 82.8 32°022' 131°09' 1100 Miyazaki Wakui 2009
Ehime (EHM) 83.3 33°41' 133°36' 1000 Matsuyama Shen 2013
Kochi (KCH) 83.4 33°54' 132°05' 1030 Kochi Shen 2013

Note: “WI” is the warmth index (annual sum of the mean monthly
temperatures above 5°C) according to Kira (1949). WI was calculated
with a temperature lapse rate of 0.568°C/100m as an average of the four
seasons in the Japanese Alps (Ueno et al. 2013). * Meteorological stations
whose data are used for calculation of climatic responses.
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Table 2.2. Basic statistics of tree-ring-width chronologies.

Number of Chronology
Mean Mean leneth .

. trees (cores or . . g Duration of analyzed

Sites . number ring width
radii) in K Start End span
. of rings (mm)
chronologies year year

HMT2 13 (22) 103 1.26 1904 2004 1929 2004
HKD2 13 (26) 79 1.62 1905 2004 1924 2004
TKY 19 (38) 74 1.71 1932 2013 1934 2009
HMTI 14 (27) 47 1.88 1942 2004 1944 2004
NSK 42 (119) 65 2.19 1918 2008 1924 2004
HKDI1 9 (17) 78 2.54 1955 2004 1954 2004
OKC 10 (40) 119 1.44 1899 1994 1924 1994
HYM 33 (64) 58 1.78 1940 2012 1944 2009
MSK 10 (40) 128 1.98 1922 1994 1924 1994
CCB 16 (24) 133 1.97 1946 2006 1949 2004
SIB 36 (76) 145 1.37 1891 2008 1924 2004
EHM 30 (53) 87 2.08 1953 2012 1954 2009
KCH 30 (55) 63 2.16 1934 2012 1934 2009
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Table 2.3. Correlations among tree-ring width chronologies of the sites.
MSK _OKC _HMTi_ CCB _HYM HKD1_ TKY NSK HKD2 HMT2 EHM _SIB _ KCH

MSK 0.24 | 039 | 030 030 | 0.18 | 0.16 | 0.18 | 005 | 0.16 ]| 0.13
OKG 036 | 031 | 0.17 | 039 | 030 | 0.15 | 0.16 | 0.20 | 0.08 | -0.12| 0.03
HMT1 | 0.24 | 0.36 032 0.27 | 030 | 0.21 |N0BON| 0.16 | 0.00 | —0.18 | —0.28
coB | 039 | 031 | 032 036 | 018 | 006 | 026 | 000 | 008 | 028 | 009 | 004
HyM | 030 | 0.17 | 049 | 0.36 009 | 004 | 013 | 084 | 013 | 016 | 006 | 007
HkD1 1044 | 039 | 027 | 0.18 | 0.09 013 | 088 | 014 | 005|007 -014]-010
Tky |_0.30 | 030 | 0.30 | 006 | 004 | 0.3 0.30 | 005 | 030 | 0.14 |N0M@2N| 0.01 |
NSK | 0.18 | 0.5 | 0.21 | 026 | 0.13 | 033 | 0.30 010 | -0.12 | 0.24 | 031 | 009
HkD2 | 0.16 | 0.16 |0W0ON| 0.00 | 0.34 | 0.14 | 0.05 | -0.10 0.16 | —0.11 | -0.15 | -0.10
HMT2 | 018 | 020 | 0.16 | 008 | 0.13 | -0.05 | 080 | 0.12 | 0.16 008 | 021 | 023
EHM | 005 | 008 | 000 | 028 | 016 | 007 | 014 | 024 | 011] o008 0.13 | 0.32
siB | 016 | -012]-018] 009 | 006 | -0.14 H 031 | -0.15] 021 | 0.13 -0.01
kcH | 0.3 | 003 | 028 | 0.04 | 007 | -0.10 | 0.01 | 0.09 | —0.10 | —0.23 | 082 | —0.01

Note: Dark, intermediate and light gray cells indicate positive
correlations significant at p < 0.01, p < 0.05, p <0.10, respectively.
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Table. 2.4. Results of the principle component analysis of residual

chronologies.
PCI PC2 PC3 PC4 PC5 PC6 PCT
Variance% 24.58% 14.82% 11.77% 9.97%  8.57%  7.08%  5.71%
Cumulative explained ) 500 39 400, S1L16%  61.13%  69.71%  76.79%  82.50%

variance %

Eigenvectors
MSK 07503 0.1242  0.0969 -0.3243 03221  0.1056  -0.0709
OHT 0.7195 -0.0278 0.1705 -0.3865 03070  0.0166 -0.3911
HMTI 0.6854 -0.4248 -0.0050 02720 -0.2368 -0.1569  0.0848
CCB 05729 02038 02260 02911 0.0469 0.5246  0.2233
HYM 0.5580 -0.1811 0.0440 05825 0.0223  0.1073 -0.2330
HKDI 0.5320 -0.0929 03121 -0.4875 -0.3495 0.0120 -0.1637
TKY 0.5000 03151 -0.5155 -0.1603 -0.0543 -0.3901 0.3176
NSK 04256 05029 0.0615 0.0064 -0.6039 -0.0889  0.1949
HKD2 03792 -0.5812 -0.0276 02478  0.0776 -0.4746  0.2802
HMT2 03007 -0.1699 -0.6674 -0.0294 03753  0.1701  0.0377
EHM 0.1886 0.5696 02162 04574  0.1445 -0.1154 -0.1902
SIB 0.1334 05701 -0.6336  0.0849 -0.0938 0.0627  0.3755
KCH 20.0604 05273 04203  0.0441 04377 -0.4076 -0.2230

Explained variance and eigenvectors for the contributing chronologies are

given for the seven main principal components (PC). The percentages of

cumulative sum of seven main principal components are over 80%.
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Fig. 2.1. Map showing the study sites for Japanese beech tree rings.
Note: The broken line shows the boundary between two ecotypes of
Japanese beech, namely the Japan Sea type and the Pacific type (Fujida
1987; Fukusima et al. 1995).
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Fig. 2.2. The residual tree-ring width chronologies.

Note: Shaded areas show the number of trees in chronologies; thick black
lines indicate mean correlation between trees (Rbar) and thick gray lines
indicate EPS for the residual chronologies (central value of 41-year
running windows). Thin gray horizontal lines at EPS = 0.85 show the
reliability threshold presented by Wigley et al. (1984).
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28



Previous year [ Current year Previous year [ Current year
Month MSK Month OKC
Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct| |Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1924-1964 B AT 0T I 0 IR i 1924-1964 L] ﬁ O7a ] I'TH [ i
1929-1969 | | B B O D00 D B = 00D ’ [ || 1929-199 H B H 0 [ H I d ' 1] F | H 110
el N R T A R oo A R R R R R AN
1939-1979 1939-1979
e RO R R
1949-1989 R | 1949-1989 |
wscims | (0| B[00 8¢ 0| 0a T B ] BB R BT e| R
1959-1999 1959-1999
1964-2004 1964-2004
1969-2009 1969-2009
1955-1904 [ T WO O[T TITIO(T{TIT[TTHE T T [wossuooa [T T T TR OTT[TTTTOITIO[TTIT[E W T
221994 | [ [ [ W ETOT T TTTTO T T T O T W BT OTTT T T [usoonooa [T [T B[BIOTTTOTHITTTTTTITHTEITIOTT]]
Month HMTI1 Month CCB
Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct| |Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1924-1964 1924-1964
1929-1969 1929-1969
1934-1974 1934-1974
1939-1979 ‘ 1939-1979
1944-1984 ﬁ ‘ Of o)) |m E H Fporoforege E [1]] 1944-1984
W TR B TR s L ST R
1954-1994 1954-1994
e UL A AT LR RN AR (AR IR R - A AR SR R AR R il
woea-2004 | [\ O | B Op 0 (0000 Op0p0 B 0| 0[] 2004 | [ ([ F]T]1]D00D plojije]on ooy
1969-2009 1969-2009
19551994 [T [T | B DTO [T [T TTT [0 TT O OTT [ OTT[o][wessaooa TTITTTTT{OTTIONO[TITTTI[TIT[T Ol 0| m
19422004 | [ [ T O TP PP T Or O TP PO O [rod62006 [ T[T TTOTTTITIOTOITTTTTITITLT TTTTT
Month HYM Month HKD1
Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct| |Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1924-1964 1924-1964
1929-1969 1929-1969
1934-1974 1934-1974
1939-1979 1939-1979
1944-1984 | [] H | | 0 m IR 1944-1984
1949-1989 | % [[D E h !ﬂ] Iﬂ 1949-1989 ' e 0 I (ol 0 0
1954-1994 1954-1994
1959-1999 H | 0 0|n B0 @ B R 1959-1999 [ H |10 |0 H i H | E RN h 1 E 1] F
19642004 = i il I = & 0| D 19642004 |0 (| [ |O0 @ O (0|0 0|0y oty rpopt
1969-2009 1969-2009
1955-1994 [ 0 19551994 W [T [T T @ [OTTIT T T OIOIT[aroonn
19422012 [T I I E] 19552004 [0 1] NN BN ENENEN INEEENERERIN]
Month TKY Month NSK
Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct| |Period Mﬁy J-I.]n J-ﬂu Aug S?p Oct er Dec Jsin FEb Ma.r Apr MaDy Jun JEI Aug Ser olc]:
1924-1964 1924-1964
1929-1969 1920-1969 | | | [I HH | f | % 1| D| B H 1l d 1] 0| o
1934-1974 | [] |l I I 0 a 0 1934-1974 | | H IR d [ H [ H Oy pp o H 0 H 0 E
1939-1979 | [] B0 1] I [ 1939-1979 | | | H i I | g 1 1] ]
19441984 | 1| | B | ] 1944-1984 [ i || B D 0 1] 10| B
1940-1980 | [ | [1| | 0l 1 1949-1989 | | [ (0|0 | O 0 0 I 0| m
19s4-1994 | 1| 1| B | i 1954-1994 | [ | i o 0 0 D B
1959-1999 010 ] ] 1959-1999 | || | ] | | 0 I 0 7]
1964-2004 0 d [ 19642004 | [] [0 0 | 0| Ol 0 0 7]
1969-2009 01 I 1969-2009
1955-1994 1955-1994 D]] E l}] H D[ |[] ﬂ]] E { H H H H[] H lﬂ] 1]
1932-2013 1918-2008
Month HKD2 Month HMT2
Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct| | Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1924-1964 E 1924-1964
1929-1969 i U 1] 19201969 | [ (@ | 1| || BT[] H pyoja|no| = IH NN
1934-1974 I 0 [ 1934-1974 | | % IR il | | [‘ 11110 n 11
1939-1979 i i [ I 1939-1979 0 1 [11]1 ] 0 Ora el
1944-1984 [] 0 [ 19441984 | [ | [ | I 0 RN RN 0 opo oy
1949-1989 ]H & [ 0 1949-1989 | [] H 0 0 ‘ opn|ta H 0 I =D |10 ‘
1954-1994 01 0@ (0 i N oo 1954-1994 | [] I 0 IR ] D oyt
1959-1999 ]= 0| ]| |0 I g g 0| B 19591999 | [] { ol H IR E i I = oy E
1964-2004 Bl 0|0 |e I 0)d B B 1964-2004 | [] [N I o oy o
1969-2009 1969-2009
19551994 [ T ITT [T [T [T DT T O [T [ OT I 0 | [rossaooa [T TITO[O[T[TTTITIT[][O % I DT[]
19052004 [ [ O[T [E[TTT T TR TP T Ty (osesa004 [TTT T TV TOTTITTTTTTOL [ BT [TTT
Month EHM Month SIB
Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct| |period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1924-1964 1924-1964 1] T TTOTT 1] 1 | 1
1929-1969 1929-1969 | | ull 0 | E opot d | | ‘l | |ll 1 [1
1934-1974 1934-1974 | [] i | | [ | Iy D
1939-1979 1939-1979 | || [ | [ | o1l gl ao
1944-1984 1944-1984 ooyl 1 I{a | 1]
1949-1989 1949-1989 | | IR 0 | | l] [ 1 1]
1954-1994 | [ | BN O Op 0| D] 19541904 | | | O ofr)r|n [ (0|0 Ii1]0D 0| o
1959-1999 | o(glogid 1959-1999 | [| Eu I ‘ | H [ I ] R 0 ’ 1] H | ‘
1964-2004 | aoje|a 0 1964-2004 | [| (RN 1 | 1 i I |
esroor I T g0 5 1 O R W T
1955-1994 1955-1994 |
1953-2012 1 18962008 | [ [ DT T[T T TTTTOTOTTIETTTETTTITITETTTT
Month KCH
Period May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1924-1964
1929-1969
1341974 | O] D B O] O O W W B 0| DO 0| m
1939-1979 [D] E D. E O 0 5 E g I 0 % ? correlation coefficients
1944-1984
1949-1980 | | @] T ﬁ 1] 0| 0 0 05 0 05
1954-1994 | [ | [J] | I 0| 0 0
1959-1999 [[]l 0 [% H % d 1 . H ) <005
1964-2004
19692009 | i [ [0 0|0 |0 I [ || [0
19551994 | || [ I |
1934-2012 | | T 11 |

Fig. 2.4. 41-year window running correlations between the residual chronology
and monthly mean temperatures at 5-year intervals.

Note: 1955-1994 is the common duration for all sites. Correlations for the
maximum period, which cover both chronology and meteorological data for each
site, are shown at the bottom of each panel. The gray bars indicate correlations
significant at p < 0.05 in correlation analyses. The stars indicate correlations in

response function analyses are significant at p < 0.05 (see Figs. 2.7 and 2.8).
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Fig. 2.5. 41-year window running correlations between the residual chronology
and monthly precipitation at 5-year intervals.

Note: 1955-1994 is the common duration for all sites. Correlations for the
maximum period, which cover both chronology and meteorological data for each
site, are shown at the bottom of each panel. The gray bars indicate correlations
significant at p < 0.05 in correlation analyses. The stars indicate correlations in

response function analyses are significant at p < 0.05 (see Figs. 2.7 and 2.8).
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Fig. 2.6. 41-year window running correlations between the residual chronology
and monthly sunshine duration at 5-year intervals.

Note: 1955-1994 is the common duration for all sites. Correlations for the
maximum period are shown at the bottom of each panel. The gray bars indicate

correlations significant at p < 0.05 in correlation analyses.
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Fig. 2.7. 41-year window running correlations by response function between the
residual chronologies and monthly mean temperatures and precipitation of May to
December of the previous year of growth.

Note: 1955-1994 is the common duration for all sites. Correlations for the
maximum period are shown at the bottom of each panel. The gray bars indicate

correlations significant at p < 0.05 in response function analyses.
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Fig. 2.8. 41-year window running correlations by response function between the

residual chronologies and monthly mean temperatures and precipitation of March

to October of the current year of growth.
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Note: 1955-1994 is the common duration for all sites. Correlations for the

maximum period are shown at the bottom of each panel. The gray bars indicate

correlations significant at p < 0.05 in response function analyses.
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FHIE RINICBU 2% ELEBBEORREE Y =/ 1 ¥ —

3.1 iFLwic
FERTFHFETIRRELHBRT 2 QBEHBRERZBE TS
ZENRTEDLN, —FH, EFEHFTHN ot 208 MIINETH D,
TOREDICEFEHOBY ALV ICES MY oOREDOEL, DF 0 #H
AKEH(Z7 =/ B Y —)OEREBLEITAR D, FICIEKKEICH#
METLI2ERBEBESHZ2MOILERND DL, ARTEILICEET T 2%
WEIREMBE L 7N, 75, IXFTOBBHOPERKELE 7 =

Y =W oNICTLHZEEEMNET D,
JEREEOFEHEHIZONWTHLNZT S HFIEL LTI, 7 v
KFr A — &k (Hall 1944, /N 1991, 2H - F®H 1996), 5
DT ECERB - 5B 1996, Seo et al. 2007, Werf et al. 2007), T
Lk EE) - AW 1970, ZIL 6 1994)7% KAk x 72 HIER B
ENTWVWD, 7y A =X EFBHHRICESAHTTHEEY 235 2
ETHBEEZMET 2w BEThr, o~ —F v 7LD
PR, $, T4 7R ETREMAMICEHMICTE L ST, T
FoThkrEHEBOMBEELZ~ - — L LTRRKERERZ
WESTL2HFETHH(EH-IFEH 1996, LT H 2006, Werfetal.
2007), FIHLH S EITMMBEE S TN, & H IR MK
EFRBL, BBLEEEABHEROREZERT 2 HiETH 5 (5
JII - A H 1970, ZILH 1994), & HiECB W TENLENIZH A
ERENS D, 7y R A =2 EEBAEZES T T ICEMICE-
THERKEEZMET L ENTED, L, ARSI E
AKRXLXRBREOE BTN - WEL, EEOBRRKKEZ KM LR
WEAENHDH(ER-FEH 1996), v —F U 7 ETIEFEmANICEB T

LEERORKBHROMEZMHET L, HFROBKE OM XL E
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EHEoNICT 2 EnHEDL, LaL, oMbt o KEME O IR
BBEZRHELIZSWVWEWIRKED D, fILbHKTEITABRIT 5
WF O T B JE M % B BE Bl 22 T &, BEAR A 4 R OB AE S K M o
LB EZMD Z LR END D, Lo L, BB B E O AT
TIHEFRERENILINLIDBEAL DY, £, 1 FMZzEL
JEXKEEICHTDHELTRT I EEFTERY, LEB - T,
JEREEDZ7 =/ v Y =22, B LCTFEZEW
DT LUEND D,

AR TEHERBOIBEIEE L ALY T, BEXKECKET A
BHARZN 7o 22 R T 57020, BPREGHHMZMm5 2 &
xHEHME L, REEROUMEMRIZCEIT 0RO A EL MR
L7, LR ESETHERBEEBE L, KEELKEREKLE %
RT LD HEAB TR LEBZOEBIIBNYW Ty —F 7
EERHWTBEL -,

3.2 A b

P ML BRI EA R Y —mIL AR TH D,
I B W v LT oo b KR 36 FE 8 4y, R 137 JE 26 43 O R fH O |1 E
& 1420m O H55 TdH D (Fig. 3.1) MEBIZ X X v, ¥ I h
> /XN (Betula platyphylla), X A+ 7, 7+ EnEL L, HEIZX
7 < A W Y (Sasa veitchiDlZFEbh TWE, fEHITT 7 v 7 28
HWx> hT =27 (FLUXNET)IZ BT 27 o7 ik~ 7 v 7 2A#EH
(AsiaFlux\))#f % 4 b 1> ThHh v, EHEEMAEBFZIHE R v b
U — 7 (ALTER)IC B T D B ARAEWM AR E XYy VU — 72
(JaLTER)® % A4 N CTH H 5 TKY ¥ A4 FICH#E L CTEB8 Y, TKY ¥
A4 FTIE, BEHMORA0EFEL YRS, EO7 =2/ rny—8B XY

RFAME 70 & 2B L CTU 5 (e.g. Saigusa et al. 2008; Muraoka
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and Koizumi 2009; Ohtsuka et al. 2009; Saitoh et al. 2012), 74 %
O E D X 45 [WI, Kira (1949)]1X 549 TH D, oh, B HEEK
X, BE EHE 0.568°C/100m(EH S 201 LTCHILARA
EDOEMEZEICEI o THEBE LE, HFR(1949F)IC KD 7 F oo
WI(45-85), B X OEF (1998)IC L 5 I X F 7y Afidk ® WI(40-80)
DA DOIFTIERRIZH D, X7 00 N FRGHAE TR TR
B I B W T 1600—2500m O & A I 5 L T 5 (Takahashi et

al. 2003), U AEFHOE X v N X o4 FRICANE T 5,

3.3 Fik
EOHMBEBICE W THOHRESIETHEREO D HEHR L
o, TOHRDODEM T~ —F > 7AW, X7y N (#L
¥, ¥ DBH: 23.3cm), 7 7 (#+#, ¥¥ DBH: 31.0cm), =
> (BRIAIM, ¥ DBH: 25.9cm)Z L1, £ L2 3 K7
DD MIE N EERERE R, 2014 4F 6 5 10 B 5 2015 4
1I0H 1THETOMEREAFZHBRVT, BREEO 72/ vy —0#
BEAiTo T,

15k &k

o2 EC 1mE, fERARO M EESAQ3mfFE T, oy ¥ —F A

ZEJIEMVTHE, BAESLIOABEZ LT 0 v 7 T
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U TxL=15mmx15mm # R L 7=, W EIT o =B M Ix, 2015 4
3H3IHE~5H 1M BTHLL, GHEORELZET D720, & IHE
MLIEME G 3em L EOMBAE H T, @i 5 THEBLLRLWED
HFELE, BRLEABIET, BEHIZ 3% VX — LT VTt REK
WCHELE, FbltoilkEix, wEECCHRE L., B2 H#
o, BlEHRB I OMEARTRAEENLI N T vy 7Y I 7T

L(3x3x3mm 2 E), 5S0% = ¥ J — VIZRERBEBIEHRMELEZ, 2 OB,
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O ORI THMHAIZL, ZOFFORETITS50% ¥ /) —I)VIZR
HIHMERICHEFELEL, TOo®K, = FAXVHEQLEZIT-

(Kudo et al. 2015), /N7 2 v 71X 70%, 90% , 100%, 100%, 100%
T X = TH IREMBEAKLEZ, RIZI0 72 LA F v R
(PO)T 20/ M EH L7, POMBEMHIT 4M#HYIRLAL, POEHL
le/h7 w7 % PO: = AR F ¥ 5 (Quetol651: NSA: MNA: DMP-30
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Mikeo>L, BlEZ2RUCEERL, TO®%, = HRF HE 100% 12
REBSE, FMEES LE, 1EE, NTuaoy s zry)arild

H

OB ARAIEPEMZMC LOREL, E2rbzRK* I
Jt LA #, 60°CIZ E LIz A — 7 »IiZ AL, 24 b & & 72,

A LR Y v AT U8l A 7 (LEICA TC-65)% 3 5% L
7w —%Y—327 1 F— A (RM2265; Leica, Germany) CHJH| L, 2
~3mDOARAEY R EZFER LI, ORHIZAT A4 T 7 20 H,
G e nhiTHmELE®R, P ATy T LV —ERKRTIMMEEL,
AENKCTREICEE L, TOBROAICHE LK EZEESE,
A A4 EMEEL, A= T7 22T EHAL T, KAT LN
77— h&AfERL 2,

ESL L 72 7 L 8T — b 0@ 220003, 5 B M 8 (BX53; Olympus,
Japan)Z Wiz, BB OBRKEMBOEE 2+ B L, B
R I B T oy RS X D T BE Ao B AR OBE TR S TR S 7 B
R AR EIEE B e & L 72 (I JF 2010, T 2010, f HH 2011),
~ —F v ik

HHAROMEHICNT Ay Z—FT A7 H T, BRBEIZET
LDREICAKEICEZ ST 22 BB 1 E, LEEE D AT,
HBLeEOMMBIETMN 3em & L, T4 7 ~—F 2 7 HHIX 2014 4

6 H 10 H~20154 10 H 1 H T, F XIS A 7~—F 7 21T b
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v 7 R E 2014 L 20150 10 AlcE 1 IR EZBEILL
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G AT T B OB A8 O L E 1, R ES I RS S o s B
L7zm & L TH E L7z (Kuroda 1986; Fig. 3.3¢c1), M4 J5 1 i1
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SEKRIEFT 2EEINS D, AL E oS EIC iR I
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MAE H O O 4y &K IE & EF L 72 (Seo et al. 2007; Fig.3.2d) ; BN
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ARKERFEEL TWVWRWNE O ZTRERIKIRKEZ T, 2)FKEIE
oI EEHRLEL (Fig. 3.2¢),

D7z /v Y —BRETIRBMEAKEY 2 NET DL E
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FoTHLBMNZLE, o7 =28y — 1%, BEMHFEOEHZIC L
D FE DO X Iy (eg. BEA 2007; Gonzalez-Gonzélez et al.
2013; Kudo et al. 2015): 1)& 3 (Fig3.3a); 2)BI3F : NP & &
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2Rz %k HE (Fig 3.3 b),

3.4 fERBIOE L
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2014, 2015 4F X MM 1 A2 BRI ® LY 70 vy 7 28 0L 7,
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ORI oW T, Fig,3.4 1B W THWXRH TR LK, 2015
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32eyTF Bl E I N LTI RKEEORFEIESE L, Fig. 3.4 ®
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EofElLEtmo 28 LY 2~4 BRI EAELE, T XTOFH
B WT, BMATH® Y O 4 &K Ik (Fig. 3.2d) 3 K JE o 4 #HAIK
IE(Fig. 3.2e)® 2 %k CHE I N h, EITBIMAEHN B LS
NFTIERBOSHEKIERBE IR, LR T, HEHEIZK-

BMARE AR TREZBMEIZ2HEABUAN TS - 72,

KEIERL & EDORM OB TIX, RAM O I X T 7 0K
JE Ay H OB MIT, MAMOE e T F X0 LK 2 M
B, T 3MBEIEIMEONTH o 72 (Fig. 3.4), 2 A%, 3
BREORBENFERICBEZINTZ, 7 o7 F OFKEMI

/]

SEOBBIT, BRELRULUAAI VI TBESNTZ, LN - T,
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MUKERKE T THL, BRAMOI X T T oK BEME S HD

pa

Bt I IM oL rh v N T F L Rip- T, BEMICAL TV
HIZENBINT, AERICEILM © =27 7 (0. serrata) Tl IFE N
BCHTICERBO M s AZRBRE I, RELCRICITAEES
O T WEEOHEFE N E S U7 (Kudo etal. 2015), % ZE M o B LA
MBIV THELIHCANICALBEEE R BRI N Z EBHRE S
72 (Suzuki et al. 1996; Takahashi et al. 2013; Guada et al. 2019),
—J, MAMBECEIENOEEERIIBER CBE I
(Suzuki et al. 1996, Takahashi et al. 2013), Kitin and Funada(2016)
FRAMBESRLEICH LVWESFICHREZEHE T 22012, @
BEABECHERTDEVIRMEZERE L 2, RAMBEE B LM
BEO 72/ ey —fMICBTL2RAEKSLEIED ¥ 4 2

CEALT, ARMMREORIAMTCHLALIXFT T LHWIAMTHL L 7 T,
BT RN BTLIBEMBIIRETEONELE - L 2,

BBy NOBERKKEEOEIEIZODNTIE, T E R 7R 5 MK
WHOWT, MFEICEBNWTHMoRELIYD LH 172 ARSBEINT
(Fig.3.4) ¥ 7 W UV NOEREEOEFEIEIZT T FTBLIOIX T TR
WZlERLE, ENEFE T ONREEZBREREESZS LD,
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Fig. 3.1 Map showing the study site.
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Fig. 3.2 The transverse images show stages of wood formation phenology. a) No
new thin cell walls (NCW) are visible, indicating that the cambium is in a dormant
stage (B. ermanii on April 27). b) NCW formed in cambial cells (arrow),
indicating the beginning of cambial cell division (B. ermanii on May 11). The
proportional radial cumulative growth for each wounding date was calculated by
the wounding position (Rwi) on complete one ring width (RW). ¢) A wound tissue
formed in B. ermanii wounded on July 9, 2014, and collected on November 17,
2014. The broken line shows the assumed site of cambium at the date of wounding.
The thick arrow indicates the position of the cutter-knife wound. c¢1) Magnified
image of the rectangle in c¢). Increase of radial cell files (triangles) is used as the
mark of cambium at wounding (Kuroda 1986). d) A Q. crispula sample wounded
on September 10, 2015, and collected on October 15, 2015. Additional xylem
(AX) (Seo et al. 2006) was laid down onto the completed tree ring due to the
wound. e) A B. ermanii sample wounded on August 27, 2015, and collected on
October 15, 2015. There is only a crack at the wound site, indicating the cessation
of cambium division.
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Fig. 3.3 Leaf phenological stages. a) Winter buds were observed in B. ermanii on
April 27, 2015. b) leaf expansion and appearance of small leaves were observed in

B. ermanii on May 11, 2015.
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Fig. 3.4 The wood formation phenology. Cumulative proportional growth of
xylem is measured by the wounding method.

Beginning of cell division (white arrow) was confirmed in the intact tissue
samples from three trees in the early stage of xylem formation. The end of radial
growth (black arrow) was confirmed at the particular trees by the wounding
method (for details see Fig. 3.2). Leaf-expansion (black triangle) was visually

observed in all the trees. B. e. indicates B. ermanii, F. c. indicates F. crenata, and

0. c. indicates Q. crispula.
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HA4EMILICBT D Ji BE R R O SR IS B R AT

4.1 T L ®IC
AETEHHLABRMIZIBITILA2RUBRICET T H2X 7 0 07,
7, IXFIFICHEBRBL, FWREREHFEEHNT, BEI L
DI/RKELERABEERLEOBBRZHLNIIT 5, TOEIC, BH)
EHLIERRT — 22 HNT, ABEERIERKECEEL 5
LZHMEHONICT L, REEREFHKEEOMIIHELNLTLEAE
BRHBEIZOWTEIED 7 =2/ 2 Y —@HAICK > THZHAE LI
H, Ththo 7/ v Y —@BRBICEBT5XMEEIERKEOBR
OWTERT L, A% THINLNTWLWLIRIBREAFZHD & T 2K
GEBIZCLILI2BME O RKE~ORBEFMIZIE T D,

4.2 FiAM B KO FHIE

Mgz m LR Th 5 (5E 3 EELSR),

X dhh N, 7F, IXFITEALENLIORT OEEAL, |
Koz 2FmoFEwma 7 zH L, M XHBT oA Y —ik
ZFHAHWTH@mEZNELEZ(FE2E22R), I XFT 7280 i
M XBEEPEIRTEEEIZRH ChLo T, A7 —VHDOF
fii M5 M E 2% (Velmex #: % Tree-Ring System, /% 0.01lmm)% f
TEMRBEME T CHEEIKZ T L,

ITNENTHLLILERIBOZEWMICOVWT I B AT AT 4
VI EAToR(E2EESR), EBMEOERIE s 2 ) 1Y — %215
L0, 3R2HFEOATIT AL UEEEMN W THEELEIT -, #l
FELUROMEOREBETH LI HCHE LRV RS ZOICHCEIF
ET U 7LD ERERRI AT (Cook 1985), Tukey’s biweight

robust mean 7% (Mosteller and Tukey 1977)IC LV F¥ L, 3 B D
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FmiExZEZ7 0 /v —Z2FERLE I EFHRBCTC3IIFEFoBH U ¢
Y RUDEPS HEET HLICLY, s rm oY —%2EETE S
HMesHE L, LEOMHIL, ¥F Y 7 5 R (version 3.3.3; R
Development Core Team) ¥t 52 T dlpR 7' & 7 7 A (Andrew 2008) %
AW TIT - 72,

KB T — XXX % T HP(http://www.data.jma.go.jp/gmd/risk/obsd
l/index.php) D & LA R B W S LV 1961 25 20134 F T A
O Em AR, RERKR, FHRIER, BAKkE, FREMEZLEN
Fgyru—FLEE. @UBKXEB S ITMAEMNDS 15 km (247 & T
D, FFEHRIE 7 m /) ra V-t RBET XL OMOMBREOEHIC
b, MARERE 2 — L E RS R E 5 KBS =L 0 %8 B 2 B
LA Z U T NEHKEGEY 7 h TR EICTHEITL, LTFEHEH
LD SHI6 BNPLAFEDO 1L A ISAHEF TEXS &L T,
A KZBNMED 31 AMoOFEHELZ1LIAMBETTLLARARLH

HL, FfWMEsre / oY —Loficon THMBEBREK 257,

43 fERPB LB
431 7 mJnuy—

3B OERwREE S 0 ) 0 Y — & ER L - (Fig. 4.1), EPS
N 0.85 L B RMIEA 7y XTI 56 FM, 7 TIiE 104
M, I XF T TiE 80 4 TdH - 7= (Table 4.1, Fig. 4.1), X 7
BN, TFBLOIXFT TR TI2BEAEMEYMEEREITEN
i 032, 040 B LV 034 Tholc, 3WBEDOIE /) 1BV —I(C
i@ L C EPS 78 0.85 2 x 2 WM X 1957 £/ 5 2013 £ TH »
oo MILKLBUAIZBTL2HEKRET — 21X 1961 006 Th o
-, MiEOKRLET —% L rsua/ad— LR E24T 5 7120,
RIS A O AT WL 1962 v B 2013 4 F T E L,
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4.3.2 iR & KR O B R

BHHEYH LK RT — X EHERIE 7 7/ oy — oK oM E
fEHTAE R IX Figs. 42— 4227 ¥ ., FWiE & O F E 2B (p <0.05)
MBS T-HM % Fig. 451" —TRLE, AERME%L2TL
FTHBEEREED 72/ B —DAT =V DOEWVWICE > T, L
ToMMIZTH T THRZ RS (Fig. 4.5),
AAFEORREOIESHHICE T, ka6 H 19—7H 21 ),
YR (6 A 18 H—7H 19 ), mIEXE6 A 17H—7H 19 )

EXIX T TOFEIE L OMICIEDHENRD N, ¥ 7 1A

171

7T TR, ERBLEALET X LOMICIIAERMERRD S
o T2,
MEDIERKEEOK TOE®GS A 12H—-9 7 11 H)Itks W,
ARIFEMEFY T D O NOFEREIEE OMICIEDHBA®NRD b,
AR O KEE O THIZCE W T, 77X To O RE & &
KRB (X 72N 10 H 9B —11 A 10H; 77+ :9H 14 H —
11 A 13H, 2 XF+7 :9H30H—-11H 6 H)YBXOEYWRIE(F
AN 10 8 —11 A 18H; 75 :10H 8 H —11 4 11 H;
S XFTTZ7 :9H20H—-11A6H)Yr0EODHEBERRD LN, &
ble, 7+, IXF T OFmE L EKRKE(TST :8A 20H 114
13H; XX+ 7 :10H 483 —-11H 11 H)YOoBIZADOMEBENR
Wb,
EREBMBEOYHOBERICBW T, ¥E3HOUWD»L 4 K
FCTCoOHMMITBWT, FigE EEKE(ZTFT 34 1 H—4H 30
H; IXF 7 :2H2H-5H4)YrO0MICEDHBENRBD L
N, FlgmE & PRI\ (ZF:3H16H—4H20H; I XFH 7
3H206H—5H 26 H)L OMICEDOHBERRBD b,
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BVEOEBREOFE TICB T, X7y NOEHEE 4 H 29
H—6H 12H& 7H 28H -9 H 14 HDOBKEKEL ORIZIE®MHEEBHE
NRH LN, FKRKIC, FigiE & ke xIE(7H 228 —-9H 4H)
BIXOHBBREMOZAISA-9A4B))E0MICADOHBERRD S

Wiz, 77T, AIMWERXZLOAFAFTLRHERBREIRD LRI,

}

RAFTTIE, BAKEATH3IH~8H 12HA) D EDOHBENRD
bivic, £, MREEOK TERHICAHKEMG®H 188 —9 A
21 HYE O I TE O F B 2858 & 4L 7= (Fig. 4.5),
KBEIREMBTOBRICENT, FMIEORKEEOHBEF, K
EXIXTFT IO EORICEOHBERNRD N, Z OHHEF,
EIXELHTH > 72 (Fig. 4.5), Zh 6, BiFEOREYM T oK
BRI XTTOROEOERMBICKBEBELLERLDL I LardT, HE

BICEBTLHIIXAFTTO0OERREELYFLHMEREORERIR LD

/1

I AR WF5E & R AR O IE O F B 2 # & & 4172 (Jacoby et al. 2004),
WIESEMME D T ~ Y (Larix gmelinii)z X% L Lz PC0, 7 XY
VI EBROERTIE, ROEORMICHHEE B X OK O A KA
b RNfEbiui-Z &N MM E N7z (Kagawa et al. 2006), A #f
RHOFMELEHE T, FIFOREDAFEOFEOHMICE W T, H
ERICEBEBL, BEOEKRKKECHEHN I D2 HEG /K O 4 E&ENE
LR, FWMEOLEHCEELEZALLEZLZLOND,

ERKEOKRTHERBICAREME X r 7y NOFERHEE O RF
CIEDOMBENRD S N (Fig. 4.5), ZOoHM P, BIELEHETH
- 72 (Fig. 4.5), L7 o> T, BiIFEOREKEE OK T % O H KK R
WDAEMBICE B2 52252 A REN5, B BRI EARERE
CHBE LG 2, EELEZAAGREY O REOEBIXEEOERKKE
DEBIZEELH22EE2x005, RAEICHTEDOE NS KO IM
DEHRIE, MAKELEZE XD NOERHIELEOMICAHE O IEDHMH
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BN H 25 & #HiE S TV D (e.g. Wang et al. 2013; Deck et al. 2017),
IHLOFRETCHRESLHEKENERIEOLGHICKIETT Yt
AW ONWTOERNTEREholz, K T, FWE s K EE
FEOMBEBBIVARSLED 72/ 8y —0BHUERELHED
LT, MERRKREREOKTHROEELMICK T 2 A BIEH N
EREICEEL, R LTHEBEINLBH T 2T 5 TEMELZ 0D
T L 72,

JEREEOK THIZOWT, T XToMBEICEWWT, 9HTH
726 1A ERFEF CORKRRE, FHRIEEFimiE s oM
FHE RO, COMBMIBTENEELBEDEEICE D £ TH
M <& - 7~ (Nagai et al. 2013, Fig. 4.5) (L F, HEOH M), - %
D, IEXEEOK TH» OHEEOHM O KIK, FHRED KO E
DEHBICMEI M 2 EBELEZD L5250, AREMICHEET S
TKY %4 hTOXrH R E I XF 7 0OEDKMNERE G KHE
EoB I XD e, it s kE E (Amax), & KB VAR F 0

O (Vemax)$d L OVE 1 25 3 B (Jmax) 2 35 2 #1112 3 v T
LT, BREWRIZE LIS T—E TH > 72 (Noda et
al. 2015), 4T 2% 4 b TORI O TIX, 18°C LV K WHEHEA
RKEPEEDO XA I U I BEBE 5 2702 &R S L7 (Nagai et
al. 2013), 2O b EORRLEAMEORRZHDLOEDL L, @ W
RESKE, FHRBIHEOHMMBEZER L, MREELZN®EL
BEOEKRBEECEMN SN NEREMEHEE T 52 L1I2& -
THEFEHRIBREICAODEBRL HZD2LEEXxbN5.% 2% T,
KIEBEMENE I (WL 5498 W JUHE 2(WI: 53.5)8 X XN\ EA
I(WL: 55 D)ICABET 27 T OFEHmME CIERIED 10 F721F 11
Ao¥YHRE ERLEOAOHBEINE OO, LN > T, BAR
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ODHEEHEHRTRHREEBE BV TIRAED 72 2R THKOK
BEAEBEORERRKEEIZCAOZEZ B TWVWDLABEEND D,
JEREEOHMBEMIZCEIHRBEBB LB KEE 7B LV
XF 7 OFmEEORICENENEOHBERED N, 2 O
MIIBEBSBIOEKEESHBFHEOBEMN CTH & 5 (Fig. 4.5), 2 O
Rix, BEA B LI OEME O S R ER O KR & FEKE DN ERHiE O
PEICEHBELZL5 252 23T, [ EBKENREL LB K
JBiEB O W HFIZHE 252 E8IZOo0 Tigm L7, 2004 7205 2011
FETOMIIHEZE ST OIBE(EICIXFT T LE T )0
JEBEBA A1 5 H 18 H(DOY : 138.75 A)ICH £ S, 1= ¥ {2 1%
3.41 H T3 » 7= (Nagai et al. 2013; Fig. 4.5), [{ U # % Ti% 2°C %
Hx 2BAVEYHREIRBRERBKICEELZIEXA L LD RSN
(Nagai et al. 2013), VW RENFVWEEZMRL L, THLIZ L > TH
MM ZERE S D AN H D (Vitasse et al. 2009), Muraoka et
al. (2010) O®ETIE, MmUY A POFEMKRF Y /  E— 2B 5 K
KBNVARF AL E (Vemax) B K OV 7 BE 5 2 (LAD & % — &
HEE(GPP)D BRI OV TH~, BELBELIHHEICBT D
Vemax O Z B X GPPIZ B Z 5 x5 2 N L NITR o, KU
DfFEREBETOREZEDLE D &, & WIRED NG KAEER
(GPP)E ML ET D2EDO 7 =/ u v — &8 B L, TO/KE, XK
RICEBENREELZLEZ2EEZ 2005, BRBIEE IOV TIL,
IREBBE OB @G IR ATMB ZAT o ZBEEREICLY, BE O
HOMMBMPBEIZL > THIBE N D Z & MBR ST (Begum et al.
2007; Kudo et al. 2014), Begum et al.(2008)/X H 4R 5 T H & | &
23 15°C a2 x 72 8— 10 BR@#%E, ~1 7Y v KA T Z (Populus
sieboldiixP. grandidentata) D #f # O W L EIHEE A HBA L7 Z & %
WE L, BREEHOHEROX A I 71, KEKREOEMEZ
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BMx2HHEOEFH(2EY, BERE) X2 b DO E THIND

(Begum et al. 2018), T b O W& X, BENIBKE O 5 & I2 H 85
HEBL, EAREOHMEZzER ST A EEE RET 5, LR
ST, Z2OHMFTOEmWKIRIE, L AREBOI K OB LI L,
JEREEOHME L EEREBHE O S L —FEITWG %

ER SEDLIHREMEND D,

3HE AADOHKEKRKEE TS, IXFTTOFEEEL OB OIEOMH
BEFRICOWTIE, 3A 4AICmLY A MZBWTLEKS &
DE =7 RNBERINEED, KAMLRICIDZEKTERWES
Z 5 (Fig. 4.5), XY A FTEH3IA»PL 4AEFEMRIHMMEMTH - 7=
(Noh et al. 2017), REOIEZE E LT, HAOOLEWENEFH
(WI53.5—60.NDNICAEBT L7 FICcBWT, YEOKEHOER D
SAHERRBF4HORBRAKELE EOMBEIRO LN 2ESR),
— HFCHBENBEBIPCAEBTR T T TOEREBEEOKRKE L O
MICIEDOHBER o (FH2EZR), ZhbofRIL, 75 &
SAXATTORREEICHMEHNOBEBKRKEOEBENEETH DL Z &
AT 5,

WAE R EHIC DWW T, X7 B o NOEHIEE Y ERE o9
BIOBHOBRKEEOMICEOMBEL, YFEOREHO %Y O
KEEELEIHEEBERELERBIE EOMICAOHBENED b 7= (Fig.
4.5), 7T OEHRIBLEIAEERLLOBMICIARRHEBEIRD bR
hol, AT TOEmIBE TANDL 8 A FAOKEKEL O
CEOHBEAROLONTL, TORBMIZIAARICBNWTONETYH &
o, 72, IXFT T O0FiHEEL 8 AT AL 9 H A £ ToH
MoBRIEMEOMICEOHBERARD LN, BEKEHITE W
T, AICABTRRKE ThH-TH, BHEICK > THEmIE & K MEEFEL
DRICERRDIICERARPR OO, T B o RNTBWTHER
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HBEARLZ 8 AKX, HRRKMEB L OBKEKEIXTEEE R
THEHRCTCHDZD, KA FNLVARERIBOREZHBRT 2 2L %
AT L, £, SHIEIRERKERNK TTLZ2A T oz,
MR ER SR E My ok X 4 3 B ERIET
ARERERZ2ZObND, 7T TRAEREMICE T, #HIRT DK
EER I AN oT, 2 XF 7 TIEHEZEO KN E GG IE I ED P
Brhzs, BRXEEOKR TRI%#OBREMIZIERKERXRT OX
AIVICREBEELGZ, FREICRENEEL LG X2 RRMENH
2.

Eo NI T 5 BEEONZE TIE, o m EROEF H
IBWTHERIBLEEFORBLEOMICEDHBEMER®H 5 2
7% ¥ 45 X U 72 (Takahashi et al. 2005; Wang et al. 2013; Deck et al.
2017) — 7, REHEO KK EO 5AMA FRORTFIEEL Y 180 m & V)
CEBET LI NOFERIBILISHOBRKE L EOMBZ R L
8 HDIRE & &AM % 5 L7 (Takahashi et al. 2003), A ffF 28 @
MR IE, "o FROBEEMNIE LR EMEREZRL L,
LENo>T, KAMLREISAD FRICEFET DX 70 30 R
KREEZHBRL, ERBEEOKTTLH2XA IV IICLEEL L X
LEEBEZObND, 7FICHONWT, RmIULTORBEEFELOMEBA &L H
2EOMOMBL TCOMBEERXTZEZ A, ANFHIL, 2 TEHFAKI
AITAEKOEHR[IBEOAOMBN, B CIEAMKICEORIR L O
EOMBER, NHEE2, NEF 1, FHE CIEAMKICEOREKEL
ODEOHBEINRBO LN, FAEEOHBENE D b EF I
MEBH DD, BHRAEABTHM CHRAFEORMEELRICHRI L
TWwWaeEE2ZDbND, X FFWCHo>VWT, EBHEBDOIXTF 7 04HE
W iE X E ORI & EOMEBE AR L 72 (Jacoby et al. 2004),

AT ERRLIEEZ L, L2rL, I XFTZ7ICEHLTIENPD
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EEMMICBTL2HEHMERTFTHOMIEN e hollod, AFHMHEIC

BITLICEMEBOLBEIIATA TH D, mILTOR R EBEO#H
HICkY, b oOEORBRKEICH T AIRIENERD Z &N
HoniZhole, PV HElIBIZE SV ZEDMEMEIZ DN TR
HETE, N FTHEy, ZTHIEHRR, I XS T EMEy L5 HE
ER(U 1996, mILERBRMICABTBT L2 XD AND AT T
IRTHY, FEWMiIELEAKELOEDOARERMEIL, OGN
BWwWZlticERT2EZx26ND, LArL, IXFT 7 HHODBKEK
BELODEOHBEEZRLELED, 2L OENDL, Eomigtto
EWAERKEEZHBT2FER TS O, ¥ 7 e
TFEm G EbBAMBECCODIIC LD LT, BARKICHT D
JIREICH S L REWE R LD, BEE ORI (RIS, BLM
BHEYDEWICERT b2, YEREHNICBTL2ED
EARABEICHTOXIEDEVORKITIELZAHTH L, KA ML X
L2 b0fOMOKIEDEWDRRIZ DN T, Ka ke
KREEICKRETEEBICET 2 EZr0LERAHRZHONEZ KRG
LHHENDH D EFZE LN D,

AETIE, BARAOBERFROSLABRMICAFT T 2 3 >D%ER
BB O E RGOSR AR 217272, BIEICE T 5B KEE
WMKETL, BELRo TV ORI IMBMEICLEB L THEREIE &
Y, REERKRELEOMICAOHBERED O, LEN- T, K
BAEREEL L OBENMICEREZ LIT L, #iFE O RED O
BHLBLENZH LEZER, KOFEOBERKRKEEENSLLLEZ L
WS CTRMW I, AiFE OB OEE M, #l 4 KK E O K
TOHE#%, FREMBOSHROBER, YFEREOEEHF O 45
DOEBETIIMEICHEBE T2 REERLOMHBAIRED bR o
oo HEMAZR S RBEERICH T 5B KKERE O E T #HHE (I
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TREL BRDZIENRHA LN ERoTL, RMTRITRERT — &% O
R BEBMEEZFHAL T, FWig L xEoEKEZHRELE, &5
W, BREREZ7= /0y —%28EL, B#HOEDOT =/ n Y —%
ME LT, &7y —KEBICBIT2%6LF HmiEo M
BEWHLNZ L, BEMELIV AT RAREZE LT 52 L
N T E T,
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Table 4.1 Basic statistics for the residual chronologies of tree-ring width.

Number of ~ Mean DBH
et o cat Period of Analyzed period of Mean correlation ~ Mean  Standard

rees (coreé) " (range) chronology climate response  between trees* sensitivity* deviation®
chronologies (cm)
Betula ermanii 27 (46) 21 1957-2013 1961-2013 0.32 0.20 0.20
(15.5-32.0)
Fagus crenata 19 (38) 28.2 1909-2013 1961-2013 0.40 0.12 0.19
(14.8-47.3)
Quercus crispula 26 (47) 263 1933-2013 1961-2013 0.34 0.13 0.16
P (19.0-37.7) ' ' '

* Calculated for the common period (1961-2013) that corresponded with analysis

on climate responses.
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Fig. 4.1 The residual tree-ring width chronologies.

Shaded areas show the number of trees in chronologies; thick dotted lines indicate
EPS for the residual chronologies (the central value of the 31-year running
windows). Thin dotted horizontal lines at EPS = 0.85 represent the reliability

threshold presented by Wigley et al. (1984).
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Fig. 4.2 The climate responses of B. ermanii tree ring width.

The correlations between the residual chronology and 31-day moving average of
maximum temperature, mean temperature, minimum temperature, precipitation
and sunshine duration at 1-day intervals. Each value indicates the central day of

the 31-day interval. The dotted lines represent the level of statistical significance

(p = 0.05).
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Fig. 4.3 The climate responses of F. crenata tree ring width.

The correlations between the residual chronology and 31-day moving average of
maximum temperature, mean temperature, minimum temperature, precipitation
and sunshine duration at 1-day intervals. Each value indicates the central day of

the 31-day interval. The dotted lines represent the level of statistical significance

(p = 0.05).
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Fig. 4.4 The climate responses of Q. crispula tree ring width.

The correlations between the residual chronology and 31-day moving average of
maximum temperature, mean temperature, minimum temperature, precipitation
and sunshine duration at one-day intervals. Each value indicates the central day of

the 31-day interval. The dotted lines represent the level of statistical significance

(p = 0.05).
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Fig. 4.5 The seasonal changes in the phenology of both leaves and xylem, and in

the climate responses and moisture conditions at the study site in central Japan.

The wood formation data were from observations of the 2014-2015 growing

season (see Fig. 3.3). The climate response indicated the period of significant

correlation between residual chronology and moving average climate variables

(see Figs. 4.2—4). The timing of the start of leaf expansion (SLE) and end of

leaf-fall (ELF) during 2004-2011 are from Nagai et al. (2013). Leaf phenology

photos were taken at the TKY site at midday of each month over 2014-2015 and

provided by the Phenological Eyes Network (http://www.pheno-eye.org). The

average monthly soil water content and precipitation were from local data at the

Takayama field station of the River Basin Research Center, Gifu University

(http://www.green.gifu-u.ac.jp/takayama/).
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