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Abstract

This paper reviews paleoclimate data from around the Japanese Alps in the late Quaternary
period. The major data sources are total organic carbon content (TOC) of lake deposits and pol-
len composition from various sediments covering more than several thousand years. TOC re-
flects air temperature through the biological productivity of lake water. Pollen composition can
show paleovegetation, and can be transformed into climate parameters using a modern analog
method.

The paleoclimate was reconstructed as follows under assumed conditions of altitude of 600-
700 m and latitude of around 36°N. Subarctic conifer forests were predominant and TOC was
constantly low in the late MIS 6 (160-130ka). It was cold as in MIS 2, the last glacial maxi-
mum. Vegetation changed significantly around 130 ka, and deciduous broadleaf trees of the cool-
temperate zone became dominant in MIS 5e. TOC content in MIS 5e was also high, and temper-
ature was as high as, or slightly cooler than, in MIS 1. Vegetation in MIS 5d to 5a comprised
mixed forests of conifer trees and deciduous broadleaf trees, and their ratio changed substage by
substage. TOC also fluctuated in periodicities of several thousand years, suggesting frequent
temperature change. Climate in MIS 5d to 5a was a little colder than in MIS 5e and warmer
than in MIS 3. The subarctic conifer forest was predominant and deciduous broadleaf trees were
almost absent in MIS 4. TOC was also constantly low and temperature was much lower, as in
MIS 2. Deciduous broadleaf trees flourished in MIS 3, and the ratio changed frequently in short
periods of several hundreds of years to thousands of years, which corresponded to the D-O cycle.
Although the annual mean temperature in MIS 3 was 5.0C on average, that of a warm intersta-
dial was 7.2C and that of a cold stadial was 4.4C. The vegetation in MIS 2 was characterized
by the predominance of subarctic conifer forests and by the lowest TOC content. The recon-
structed annual mean temperature was constantly around 3C. Deciduous broadleaf trees in-
creased abruptly from 14 to 12 ka and simultaneously TOC also increased sharply. Deciduous
broadleaf trees became predominant in the Holocene (MIS 1), occupying more than 90% of arbo-
real pollen. TOC contents were also high, and reconstructed annual temperature was as high as
127 in the early Holocene, a little higher than recent temperatures.

*RMNKEEIAEEE (e MR E G RHER AR
* ILE MK AR A UFSE T
G INREER PR S TS R0 Fe R
* Faculty of Science, Shinshu University, Matsumoto, 390-8621, Japan
Institute of Mountain Science, Shinshu University, Matsumoto, 390-8621, Japan (retired)
Interdisciplinary Graduate School of Science and Technology, Shinshu University, Matsumoto, 390-8621, Japan

*

B

ek

— 571 —



Key words : Japanese Alps, climate change, total organic carbon, pollen analysis, modern ana-

logue method, Late Pleistocene

F—TJ—F:HAT VTR, [EEE, SARRE

I. 23U & IC

258 HAEHI A 51X U F 2 I & v ) eI,
HEka ke UCRImAME T L, RIEE Bk
PeAid % FEMRABZ MY R L TE 72, iz g
B3 % D O AN HEI R &R T2 BT Aok
OKIR) D3R <TH Y, IHEKITOHEEIZHEI W
ToHWFZE D & SN IE 4 ~ 5 MIAREE ok & Bk
OB LB o7z ) 2B Th, Fh
PEVWHZRNTH > 720 —J7, FEEICBITF Sk
IROPLRIFIFEIIBIT A0 ORMiz -3 &L
V) B LWBLEA S, 1960 AEAC LIRS 1 iR
W& TN B AILIEH DR (CaCOs) DR
KRR Z e T 280K E AL, €D
KR, PORORIRIBIBIES A, HBERKICIE
HIN-TRIN O R L DL E D -7-2 LS
PIZENTz T OWFERRFFAARILZ DL, #H
DE R 2 WFZE A & EIBS ) 2 L FBFE (SPEC-
MAP) ~3¢J# L 7> (Martinson et al., 1987), %
DR % 2 TR R R AR O RRAE R 72 22 8)
&, R EFAMA R 7 — Y (Marine Isotope
Stage: MIS & lgat) & L CTHEMRKGITHW SR
5 E)ITholze TNIRRMBER L V) F L
BIZHDLLIRETH D, VT TIREULOEAIK
SR RBEET OB R OEE 2 K7 LT
B0 T DR MEFEHERR Y BB ORI JT 3 X
i, F7z, KAERILIEAIHEE L ERHIE
Lo TOL Y HIF 72RO WP R R R A AR L
75 B i #% 1 LRO4 (Lisiecki and Raymo, 2005)
LLcamshtns (K1),

B 1R SN/ X 91K 258 T3 4R (T2 3%
ENZHEURLDOIILED) okl LTI
BEFENVARILDIKRE LS o TBY, BEICHEES
NTORREPRE IR L 722 LRI T
b0 E7z, HLWRRIZLE, & <1280 JF4EHTLL
FEIZIRIEATR & { o TE D, FHIUIFOKE & BK

W, f{Ehatt, ®Y Y7 hu sk, mUE it

WO TRKREDENPKREL Ro/zZ E%RLT
Wb, T/, 80 HEMEHIZLT, TNET
3 4 TEDRIAEDS R L Tn2b o, £
MR TIIA 10 HAED RIS HBT 5 X ) 124
ILLTWb, 20X IKIKEDE I 2280
ZHIE, 37> a¥vyF (Milankovitch, 1941)
I & o TR N EEkE IR o H & o
FMEs L —ICEZ LN TS (Bl 213,
Bradley, 1999) .

—7%, 7V —r Iy FREBKIKTRILE 7z
KR 7121, Simoitsk s LT oKL
DAL LT, KABKROERD BRIMAT ST
Wb ZEMNHLHPIZENTE7 (Dansgaard et
al., 1969; Stuiver et al., 1995), 7V —> 5~ K
KIRTIER 12.6 T 4EHT £ T (North Greenland
Ice Core Project members, 2004), FMIKIK Tl
74 HAEW T (B 21X, Jouzel et al., 1993; EPI-
CA community members, 2004; Kawamura et
al., 2007) OHFRBEEHFIBHSNODOH 5, K
ROk, 35 vay FORMMEREERE
FMAARRZE L ) & Fo LR (BEE»S
BT4) (#21F, D-O % 1 7 )V; Dansgaard et
al., 1993) T, LbECHEL W) FHHICET
YRI5 ~6C &b b L) AR EEH)
DAL EZHL L,

D &) USRI 2 BEOZETIE, KT T T
WAL S A HAROHERILHE IS b 5 < B L 72
X9 CTH L, — IO RSB T
HY, 72, LIZLZERBE)PHETH L7
B, RN 72 % K HAE B o Bl S s
AL TW7z28, JT4E TLRiEiER Y o ki il gk
NS B 2 L HNEA, MU & FARICEETRE
TR AI RIS A U Tn /22 L
ff1Z 72 - C & 72 (Adhikari et al., 2002; 2530137,
2003, 2009; A3 - HJE, 2009; Kumon et al.,
2012) 0 A TIE, REDOIIZEIZ L o THHL
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Fig. 1 Quaternary §'°0 curve of marine water, a part of
the LR 04 curve after Lisiecki and Raymo (2005).

T & 72HRILAE HsIC B 5 IR H I o K EE
BOBEREE LD, SHOMIEDORLE MBI
bo 7B, WERINEEICIZ SIS IIHE KT O R Bk
BHEAINTEBY (Bl 21X, /IME, 1956; A HIR,
1966), T oL HABEOEELIBECH D, L
"L, TORREHZFET 22 Lh% oG
WCHREECTH ), EHRNEREEDEFEOLT L
% HIR L 72 ARBH S 13 H % T %,

II. ABHBEHOFERKRE - ER=DEHIC

EO(RREE
ALAE,  IPRCHIRL 2 WA HERR Y rh D A A R %

(total organic carbon: TOC) + &% # (total ni-

trogen: TN) #7%5, BHITHIBNICE T 544
FEMEERLCBY, FoAWEEEE LR L2
RGEEBOMBEN R L 25 2 & 03% O]
e cHts ST &7z (Inouchi et al., 1996; Ad-
hikari et al., 2002; 2233 %>, 2003, 2009; HIJEIZ
2, 2006; Tawara et al., 2007; A3 - HIE, 2009;
Kumon et al., 2012), 72, KIF#izB T 21
EHOKL G & WBBLIIGEC S, B X ORI O
AR R F R W L 2230058 (32132, 2005)
T, A0 L ARhO 7 0w 7 4 VIR
/B LU TOC EOMICIEOMBE D H 5 Z & H7H

LMIZENTWVE, RIEOEDOEZNRED L)
HALATIBEN O WA E % LT 2 0h, &
W HTORANZ XL TR IR Twb b
FTRRWAY (B2, A3, 2003; 2A3C - HIE,
2009), MR R SHEEE % X SO L 72 3R
& o TV B HFEIZ I FHFIRF 72 THI L
TBY, T/, BOWUIRICH 2o TEEE 5
BRTOBHIELNTVWEDT, ZonHRBEEE
MORBINT Do F7z, [ UMW R S5
PR DZ SN TV BEEICIESH LY THET .

1) BRIBHEY

1-1) TOC, TN KU C/N LkOZEE

PR (bi 36.8°, HIRE 138.2°, i 654 m)
TIX 1988 EICHE B THMBE F THET 2 54k
K=Y YRR ENTEY, 72 /EMF ToM
o L7z R G TR 84m £ T) &,
ZOTRSHK 10 J5 4T E Tl A PR BHERE Y (3
J¥ 34 ~44.2m) HPHRIME N TS (NJ8S I 7;
IS - H, 1990)0 F 7z, 1995 I, HE 4
MW LI BV THE T OB 35 m £ Tl
R AR E N TR Y, METHESNH
WRE - SERLERLT, T2 HEMTTOH
Bk - @FROLHAPHL M SN (AT
A, 2003; A3 - HJE, 2009 5 23137, 2009; Ku-
mon et al., 2012)

WE SN SR - BREOLENIITITFELT
T5DT, UWTFORBTIEITOCRTREXES,
TOC #1%, HHEMBEFMIAKLIEF (marine iso-
tope stage: LT MIS & #B&FL) 4 OFEHIICIE 1 ~
2% DIEWEAHEEZ, MIS 3 TlI&he LTeR
<, 2~ 4% D THAOMBAEM KL,
MIS 2 TlZ 1~ 2% DI WETZE L, MIS 1/2
OFFIN 2% 05 5% ~2¥ L, MIS1 T4
~ 7% TRHWEEZ RO OO, K&, *
7z, =T v RKIRICB AR FAMRIEE
B 2SR™ T EFE~ B TAE 0 oS5 E )
(D-O %4 2 ) I T 5 EET O TOC &0
BRLEDOND,

1-2) TEREERDEE

NJ88 2 7 ilEHcx LT, F¥ 100 13D
W R 2 BE CAE 0T 25 7 SICTHB Y, MIS 4,
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MIS 2 1281 % W 5Em7 1 38 o vlBk, MIS 112
BULHEELEB OB (95%LL 1) 23] 5 2
3N TW 5, MIENTEFREMIAER F & vy iy ¥ 3%
TR EERAER B ORN RT3 % i & 320 e
BOWELIBELTLE, TOEHY — i
TOC DR /Ny — > L X LPTBY, Kkl
BWTHRBEZEN A E - THRED ANER 2 2558
ICEXTWAZIEHL2TH S (Kumon et
al., 2012),

BpHLil OB L O TEHB L ZDOTMICH
LRk EEEMIRRE) (22w TdEhiie
BV —7 (1993) 12X 5 TH 500 4 D FI5 [
f& T 10 JJAETT 2> & 5 JHAETNS 2 TOAEH 34T
MG SN TV D, FEMARERGL R VDS, Rk
RO (R 38.98m) (2 Aso-4 775
(8.8 TH4EH) MR SINTHBY, RIEHHMERY
(21X MIS 5 DfiANGER SN T D LEZ BN
Bo BHITEORAEZRNTEZ S E, ZORMIE
AX DL S THHOT LN, 7HESL IS TR
IS 5. —, EIWRPLPILIED
WIS IERIIEETH D, TN O OWHIE, #
T2 HEH W HERE BT 5 MIS 5 Ok &
T 5,

2) EARHMHEEY

1988 4 I HIE AT IC X » THARM O EAIK
DALES (Site A) L ALHHEB#EFHA I (Site B) T,
ZMHRE 2% S e (UEENASHT, 1988) . Site A
TIlZ28m, Site B TIZ 17m ® 2 7 K 2RI
SNz I FETVWINbBETH LA, ol
PV MR LR BARE TR REMTH D, EES
Bomm O NEBRE L HEICHEN T2, RO
L9 %% 3.4 JTAERT LD TOC =D ZEBHH &
MIENTWS (K2; A2, 2007),

MIS 3 DFRMZH 725 3.4 ~ 3 HAERTTIE TOC
T2 I EDRREHEAFERERTY, 1
~ 3%HPTRESLH TS, MIS 212H725 3.0
~ 1.5 HEERITIZ 0.5% 05 2% & &k & L Tiw
fEZRL, ZOHMD 3.0~ 25 HHFETIE0.5%IF
EOIEEIT N E, F#ED 25 ~ 2 JIERTIX
1%mifk, BPD2~15HHEMTIE15%E, B
BRGNS %0 MIS 2205 MIS 1ICB IV EDL D

1.5 ~ 0.8 JI4ERITl&, TOC 728 1.5 ~ 2.0% & fK\»
Rl & 3% i 2 ORI & AR HEITH Y %9,
MIS 1 O - 12 H 72 % 8 ka UIFETIZ TOC £
34 ~6%DHPTREZ AT S b DD FIHE
X 5%IFE LB,

[ L a7 EoER SR (K2) TR
) BRMAEDOEBNIHLNIENT WS, 3.4~
1.4ka ® MIS 3 K22 & MIS 2 O] Tl gEq
SRS L, ZOMTY 3~ 2.5 HERTIX
TR T 5o MIS 2 K25 MIS 1 912
P TOD 1.4 ~ 1.2 JHERNTIE & SR Jat o M=
HEAB L, BRI L2 L AES
5N b,

HFARMOHEREY 2 71213 mm DJE LW D
WRAHHE I T N TV 5, FHARM O TOC #IZ
ARETLDIEEDENRENZ LO—IZ, HH
WMalze AEET R OIEHRY O BRI A
WhbEEZOND, £ I21.5~ 0.8 RIS
BOTIETOC B2 HIMLIZLHL b, £
DTN HIK T B0 EWHIED S A B L[
U 1.5 JJAFHI A & ¥ 32 A S O LR I 12 %
KV, WEDANEZPRELZEIRINT
Wb, 72, C/N X 1.5 HERUR® 6 25 L
BOL0ONHIMLTHY, AEWOIRIFICEND
LTV EARET 5, 1.5 74T EHNCIE
BB IR o TN O AW A e 0 3 s
Hotzboo, WEPIEWRAOMME ZDRHK
W72 B2 & - T, TOC & DM hNT B B 72 %8
BrholtbnlEZONS,

3) =HE

SIS R B T R ER o0 45 BT i B oD 4 Hh A LA
LCWAilE T R, 1987), 2004 4E1C550D
W H 7B hiE (B 720m) Th4m EO
MR =) IR ENTWS (HBEIED, 2006) .
Zoa7HEF (TKN2004 2 7) 3398 kL8
VIV ETHER SN, £ ORWIRET 79 %2t
DTHERYSEDREED E (FBAEIED, 2007). £
16 Ji4ERT 205 4 J74ETT E T 20 ~ 30 E DO fE T
HifE L7z TOC BEBOERH»ES N TV 5,

EE g O TOC &1, MIS 6 D#EFIHY T 5
#1116 ~13 HAEMTIE 1~ 2% DEWEZ D b,
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A TOC, TN and C/N ratio B pollen composition
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Fig. 2 Temporal changes in total organic carbon and nitrogen contents (A) and pollen composition (B) of a sediment
core from Lake Aoki, central Japan.
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MIS 6/5 BRI T 2% 025 6% N2 5, MIS
5e I3k E L THE~T%DOEWEEZHRD, 20
BHNZIZ 8%IETHIE L H 72, MIS 5d 12id
3%HIHDOR R NMEE b B, MIS 5¢ 11 4%
BRORRE MEZ R T MIS 5b O ##i21d TOC
It 2% ETEWML, ZOH%4%1TEF THHE
5, MIS 5a 1213 TOC &E1d 5~ 6% DE W EE
b0, TOC #iX MIS 4 Ti&, MW 2%1ZEF
TRIRL, FIKIIC 4% T THIINS 28I 2
HHboo, ERELTIE2~3%DM i %
D, MIS 8 CTi&, mMWII5%IFELFETRNT S
A, FOBIIFELITRD LT 3% REE T T T %,
D& B RFEEOEINT LR RO
B L —HT 572 TR, KIKOBEHEFN
RIAE) & b HORMI-ERDRIY A 7 v LT
LEZ L OFEPMrAED LN S (HEIZ2, 20086;
Tawara et al., 2007; A3 - HJ5, 2009) .
ZOaATRRIIOWTIZERBIEIZ D25 TIEH
SRR RS ZE N TBY (HWIE2, 2007), MIS
5c & ba THEEILTMPME S L, MIS 3 TIESR
BHECTHLH, —F, MIS 6, 5d, 5b B L U MIS
4 TIXMIET S IEB O ILENlHBT 5, TOC &
DL WIEINIE, BRI SR 2w %
WRTEM ORI, D NIIE g
SHEERHAER O LSBT % DT, TOC D%
IR BELEBOH LM (KR *RL TV,
—7, HWFEICHELT 5 SRR 10 75 4FhT DIRE
WKRHNTWEA, KF 2R TORGHIE
TTICHwE SN TV (G, 1987), 0 #H
ABEA (2005) D HEFHORKE 2 H VT, 10cm
1B & v 9 B RRE THER AL D ZE 2 25 & A
2L 720 ZORERIZIEHA (1987) O PHELED
FaEEHIZ, HHIEAS (2007) A3 TKN2004
AT LT o 72 TR E DA TH 5,

III. e S S CHEENETE

F LIS IR LG HUIs T EE G X R 22 AL O
A IEHEG % R, TOC &% JllE L7z 3lkHc
DT DA AT DAEROBENL T TRz
T, MOES TV, ZRUSOHE T, WM
R L ThSN8E 20 HEEITEZS

IN—=F DAEH AT (RISIE A, 1997) AS4FEEIC il
T 5o FEAEFLIRIE R KB SRR OHERE WL, Bei%
IR DI OREAZEZ LG L CHB Y, HE
Thbo 7NV T AOEERBORBEHERE Y 0%
<iE, W1AEMDEOEHOHREY TH 5
A, FNHICHT MG R INTVED
T, TOH)HLOBELHWL72DDEMINT 5o
1) EREHHEAHERRM DTERHERK

MEHM (36.1°N, 138.1°E, i 759 m) T
WL OB DIBIYRWER =) » F 2R EhTw
5 (BIZIL, ZRIE D, 1990) 25, HAHBEDE
OISR RE TIENT L 2B S Tw b, 20
BT, KIBIZ2 (1997) &, FWEhM M HE O
TN X 7z GS400 27 (FEFE 400m) IS
5 LUTAER M 2 AT\, MIS 6 OMWIZH 725
#9 18 JAERT A H MIS 8 KW 3 J54EHT £ TOHE
H: D278 % K9 1000 4 [HIFE TER L 72 MIS 6 12
HYU T 5 18 ~ 13 H4FERiX, PV B EIR,
< VM HEE (Ta v o) 2ied
5 WSS M DL AR L TV 5, HRELYE
BOMITIZE A LEET, HAERD Z Vv,
MIS 512725 13 ~ 7 FAERIICB VT, &k
&L Ol % SR (7 8, a5 g,
JNVIFRY) LSS (AF, av v
FhL) OEMOLEPFEHRTHY, TRHI)S
MIS 5e, 5c, 5a OibE%Y 7 A 57— I T3
L, MIS 5d, 5¢c D& AT AT — I Tlkigd
T5L0) RN REE 2 RT. ZORMT, iR
WPEEITER O L, ERIL A OMME Y
LLLERTHEMZIZLD, 7o, L LENIE
WNCREMEEO Y =27 2D, —F, WigEnrstiE
Bhaafke U BRI R L &b, %
LR & X O A TR Ao MIS 4 124
29 2 W HERR ) O R 3 258 72 D IR ALK
DMV, ez dis 3 5M%E
HWHEBORBRTEHEKSTONE L) Th b,
MIS 32725 6~ 3 JJAERIIE, Wi SEmy $1 J ks
D% s, < EHEERHEORE L7z,
BLOHELEBEND S E TR WIEL RO L
T SN A 2S, HRIERTEHEERT & 7 3940
DR O HITBFEICRE LT 5.5 ~4.5
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THERNC IR EM OB (¥ —2) LRt
B OB (7)) PROOLND, B, MIS 4
VIR At 3Emhid Iz & A EIEI L2 v,

FEGM DOHER Y TR S N2 AERHLL D FEAE 1)
BB, P O &M THE S Tw B ER
MR OFERGEBL L —HT 22 &M h
TBH (KWIEA, 1997), 72 LA Rl
WIZBITBIMEL R DIERERTH S,

AW B B |MOKMIER (B 1.5 J74EHT ?)
PIBEDEMHE D W TIE, LEIEAH (1990) 2%
WA TR L 72 2 A0 27 3# (SL-2, SL62-
4) DHMAREREZHE L TW5D, WKL R
WOTHAZH 2 EHERYOREE (157 ~ 1.3
FAERD) T, IRV VRIS 5 g
SR THo72b D5, 1.3 HAERMMUETIZa
T Wi JE O RS % WA I S S AR IS A
B &b %, #4000 FHTLAETIE T 7 S 2AS
WAL, b o Tl e e 25+ % o

2) wIEKEIR~ I EHOTERERK

2-1) BRBHEY

Tsukada (1967a, b) (Z¥F Ll O EE 2> S FRHL
L2 I 7 I2oWTOM o2 ikag e L
T, ZOBREM TR 722 73 F 2 08 L 725G
RARMZT, FEBILE IS 350 2 BURA: O 1
AT L SO T, 1.2 HAER (BAEBIEAEAC
T 1.4 HAER) 2 OBAAEICE L T TOMIAZE
BEWPOLMPII L, TO%K, Witz HAYE
SIIZEFTIRLT, ¥ 5 HERMPLBEICES
HMOHADRAEZEEZ R L T3 (FH, 1981,
1986, 1987) .

WU A % S b L 723 W (1987) o FLf#
LT 45 TTHERDOHET TUTFO L9 %kl
AL RBEOEEBNFEILCEINT VD, 45~357]
AETIT O EDKINE IS BBy TR S N2 i
DSHERZMRTH Y, WIERLAFIREN TV
%o Dl &fE XL e S EOKY (3.5 ~ 2.5
JiAERT: PRAER ) IS b vB L~ Bk
HHLE ASBEIN S % A%, i FE OB S L 7z 4
Wl DFERELEE DS 5722 EHATRBENT WS, £
D%, 2.5~ 1.5 R (FGAEMHTH) TiE b+
LR EIB/PESLEL, TO—HTIZLALDR

WAL TB Y, I ORISR %
BICHM T %0 1.5 ~ 1 J74EnT (L AER ) (30
I EAE D S, HERES SERE o 2
S L CaFSHER 7 FIE 7% &0 ZakhiE i,
1 TAERNICIZITREICANED D, 1 HERLL
o BRIk E LTPAER & LTRES
n, W (1~ 0.7 J54ER: P-1 AER ) \Zida
SHRPELEST 525, TFRR I/~ YTR, 7V
IFLL CHET 5, I (7000 ~ 4000 4 Hi:
P2 iEWH) 123 FF, avv<F, 7HHVI
B v L CHBLL, BHRTE O ZENTRS
SN b, %H (4000 4F 17 ~ BLAE: P-3 fE# )
T AFZ2F L3 20 8 B OWINA2E L v,
TIRAR, IYNSALNLEIICRY, B0
WENHERTE D, B, HBOFE AL, FiK
IED “CEMRMICEBEEZBVTEY, BHAETIZZ
nNERoEH OBEROEM %2 1000 ~ 5000 4
EEHCRMD DLERDH L. 2N S DIERHIK
DZEBIX, HiHCTERMHERY O TOC S48
b THRRIAEHATHER L ZIZFA L TH S,
2-2) 7T X ILNEEOREHEREY
Tsukada (1958) (&, b7 V7 ADH B EL
AR A 1S 1,260 ~ 2,200 m @ 6 Hi DR
OHEFEY (EE 05~ 24m) 12OV TOIERHHT
HREAME LTV D, IR HERRIE i
BATHY, R EEERICET S
ML 7 LA OS2 TR E LT b
ERE LT, SRt oM ST S IR AT
T HMENAD B [ UG, HE R E O b
W (B 1,770 m) (2 HHEZR SN 5 (Tsukada,
1957). 72, Morita (1985) & HEBHLIE O i %
L 12 AE 9 2 e T 7 1 o0 SR JRUHERE W O FE R
AR LT A2, RIS A o Tl g4 6 5
BRI EL L2\ ERALLIENTE D,
—J, TNV T ZAOWMIALE T BNV T
7 OYRFE 7 5O 2 fEpT O EHERY) (255 1,700 m,
1,890 m) (%t L-CAER T A3, 7300 4FHi
® K-Ah 77 7 DIBE D #HEHY 22 AERHH K D28 B A
RSN CWD G5 - i, 1981), WInd i
JEOFEAEHOEDIBAL ) bR, THER
aFsHiE, N XE, NV XEREDOELE
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IR AR TRE L, HEFHESOE IR Y
RO BRI Z RS, HEREY O b EE TS5 41
EB O LIS %0 VIR EFOREHE
Y (% 2,420m) Tb K-Ah 77 5 O T A
EPLHRET TOEBME I HEINTEY
(FHH, 1988), £ xE=ReH Y ) FHEOEAD
BT A EEBEICAN ) FBRNY X, B
FONA =Y DI BRAEDEITEIN TV 5,
2-3) EERTZE

AR 5 (b #E 36°29.37, W 137°53.4,
945 m) (I KM ORIICALET S, ke b
DR D BRI TH 5o BIEDHLIE
a7, 7)ERHRLET LERELESKRS TR TH
BH, BT IDONTHDEIET S (P7, 1991a).
BEoRIEce—5—MKR—-) v 7rays—%
WTEHRIRE N 5m (ZEDORE~HFRER 120
VT 10 ecm BEIER G R ENT WS (T,
1991a), SEACTLE DML R vAs, ok
B SEH IV AR E £ 2 5N b,
L LT 4 WX En b, i oL
B LIE, bPyeBE<VENESTE ) FRE
I+ T HE A SIS o R (1991a) 13K
ORI IR L LT B 28, ez
O O - FTERZ, MIS 3 DPITH YT 5 G
LBRBETCOSEREMRTHLEZ O D,
MOy elE, <~ YIE?T]E b & g
THY, hIIVREIR/RIMMNT 5, —F, 2
FIMBERL ) FRHITIERL 20, EELHE
T L7z BB I OB ZOWOREE TIZ
AF T OWEHI S MIS 2 O fiefoK I #5112 AH 24
THLHMEIND, FEHH I TIE P YLERE
I, H T~V CHEN S EB AT,
—HTaAaFSHEENPELSEL, e/ FRELL
bo R 1 HAERT DO % Sk L C\w 5, fE
i IV L 1500 AERi L L HEE SN TH Y, 2
FoMBOMDLE LD, N IFEETVIED
HBINTHMS OGNS, <V I 3HEEEHITEETH
D, MR E EONBR R EE SN,
2-4) KFIERER

KBERE bk 35°53.17, HURE 138°10.67, 14
= 1,820m) &, AL (BEm 1,955 m) Ol

frfEd 2 ~ mERECTH 5 (M, 1990; 77,
1991b) . FLAOMAEOHETIE, N THIEBR
THDHH, FEFE 1,000 ~ 1,500 m OEE L7 1E
IXFFRYTHUN, THHY S5 EOHLELLE
BIMAERAE L TBY, KROMAZRLT L LS
NCTws (HH, 1990). 2% 1,500 ~ 1,800 m T
L TE L BERHC S BEB SR L, 1,800 m B ET
BN, v YREI, aRAYFREDIFENEH
BRSNS S,

KO R E ORI BT, b—F —RFK—
V7 a7 g —THRNENZZ3m IZEDRK ~
IV N EIRHEBIZOWT DI T ORE R,
2.2 JI4ERT A 5 3000 4R E TIXIZ—H L TER
B/, bR, VAR SRR SN 43
BHAGAT L T2 2 &R T 2HERMTAD
AR R B W T O BARIER O L= H
{, BHERY Y FIDRETH-7-L13F 212K
WEE T3 (HH, 1990). # 1 J5 45
VRscix, arsHige s Lo RO, < v H
MES IR & AR O AR S, SeRr o
TRIRL DB TERTE 5,

8

Iv. &

1) ERRFETHOHEREFZNEK.
RIGHHERE W 2D W C OB T, HE
21 - O R b ORI FE RS KR o 7 1
074 )a DEMRAREL XLV EANEE
EOMMEE O ERHSNIIEINTVE (AL
132, 2005) F 7z, FRMHERIWIC O W THIR
L7z & 912, AT aIR UHER O ERHK
ARIET AR (B ICHEIRET) LFFL
TEWHT 5, 51T, RN RRELT % KT
W R AR (MO 2 ) <
IR O KR Fidk S - BE R AR OkKa 7
ORI Hb L & RBER ORI OHHE) &b L —
HL BB 2 RT . SBEEHBEDL ) AN =
A L% BLCHRYO TOC BEH & L Cildks
NTWBED, LWV IOV TOMPIZLT LD
T TId Vs, Bk U 22 SEIF7E R o> &t
e QxS MRS S AT, TOCEOZEH % A
FI BB 2 EREB ORI R I5HE L Ao
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ENTELEEZOND,

2) TEMHERPSRFE/NTA—F—A

Nakagawa et al. (2002) &, BEOHARIZE
VF 2 AR ZE 2 SO L 72 AR LB B & AR R
EDBRIZEDNT, BEOIERHIEA & /G
WMEMITTHEY 7 Fu s e fREL. 0
#1: (Polygon 1.5) # M \WT, FHMHEREY O
TERIE G 2 R8T A —F — 1B L 20 %
B 81ZmY o F7z, TOREEHHEEEAMVAL
@R (MIS) ZZIFHEL T 2ITRT, 7272
L, FHLMHERE O~ VB DD FH W
A, Y VT FurEoNEE L R B EOERE
BT EER REIEIS L7z~ Y B g (7
gy OME) LNk~ Y BEHEERTR
(=g y<yofil]) LKL IN TR
DT, BY VT FUTHPEIEIEELRV, €0
72, W HLHERE Y O AE ALK DFFEHTIC O W TR
< W AR 2 Bk L7z ) 2 CHIR LS % 7
R LT L7z 3, DTGB BERK S
I MIS IZHIS 8 TWABD, b &R mEET
A B U HERE Y O AERHUB A B 5 X0 h3 b
NTBY, BEFROEMRMINLIRUT O PR L
RILEF (LR04) OXGELVOR—H0d b,

MIS 4 (7.2 ~ 6.0 4D 121F, ~ViE (B
CHMES R (T3~ vHE) L rveEeE
T LIRS M AL, DB L AEE D
D, 'Y VT FUSEILL o THILEN - BHEOR
BNF A= —HHELTWD, FPHRIE 25 ~
50C (F#3.0C), I 5 15 ~18C (‘7
159C), mEARIMM-11 ~ -8C (F1-102T)
LR RN B, FERBEAKED 1,050 ~ 1,400 mm
(*F#51,060 mm) &g S5,

MIS 3 (6.0 ~ 3.0 Jj4FHi) 121d 35 7 HiE H%8
MU CEEIRZM E 2 B 2%, FEEILTER OB
TR ) & W SR S IER O BB R AT ~
2, 3 TAEDQEVHHITHY BE§, PRI T3
~8CORELEHNDY, FHLLTE5CHH
WA ERT. BEHSIR 15 ~20C (B
17.2C), mEALMR-10 ~ —4C (F3#H-7.2T7)
T, MIS4 &) dHBHEENL, KIATKE 21
TAB L 720 FRKEIE 1,000 ~ 1,850 mm (F

1,360 mm) TR, L WKEFORKR
DD K95 TN AN D Y — 7 258 5,
MIS 2 (8.0 ~ 1.4 Ji4FHi) Tl&, WS4
BWOEETH Y, WL LZELTW5, F
PRI 2.5 ~7C (P 34C), &IEHAIR
13155 ~20C (3 174C), w%EH R
-11~ -6C (*F¥-96TC) titExh s, F
BRI, T2 TIEHEH, MIS 4 X0 HEw
WL 2o T, ZORMERBRKMRENE T2
— MR R 3R TH D BHRBEERT
IR DTS T Fa 7GR DenZ & hs—
HeZmoT, BNVUTORELEROBREEZ,
HEZRCHET 2/EL WL D 5,
ERREIT 1,000mm HFE D THY, P,

MIS 1 (1.4 Ji 4 ~ 3000 4E4i) O & 1.4 ~
1.2 HAEICBW T 028 R Z b 23H 0, SE
DBENENTVD, TOMMERTIE, H£FH
RimiE 10 ~18.5C (F¥126TC) T, mIEARK
21 ~25C (F392447C), mEALME -3~
25C (F#514C) THh b, FREAKRIL 1,000 ~
1,900 mm (°F34 1,800 mm) TH Y, HWETE
% LTV Do 4000 4E Fif DL R T L 4E - 35 AR
10CE TR T3 575 #4, 5 THEATLETHRRD
TANVHIBOENDPALNL E W) ZEETET
%o 4000 ~ 3000 4EHIDEIT S 72 &R0 F K &
BEAEDDL O L URETH L 0T, MIS 15
FOEPEERR 11~ 12C L W) HIZET X 5T
FEMEDSH 5o WERELTEM DO 90% ZHER 5 &
W RIS S Bl R €Y Y T Fa s h R
ZEPREWIREDEE SR b Ltk v,

3) fFFLEEORELE)

16 TAER 2 SBAE T TIZoWTIE, 5
DOHEBEERDIE S TWB DT, HERILG IR
TR E RA D, W B L O REFRE O &R
ML E B DT, JufE 36°FFE ALl T 5 REF
L O 800 ~ 900 m D fifi A2 25 8 % e &
L, Ml (Mt dikafEpcsE R
T 5

MIS 6 #% (160 ~ 130ka) &, MV bvERE
IF, Vv WS R 2o & 3 5 SR 3
BSEBL, 237 XL OEIEILTEBNZIT &
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Legend

Tann :mean annual temperature.

MTWA: mean temperature of the warmest month.
MTCO : mean temperature of the coldest month.

Pann :annual precipitation.

Psum :cumulative precipitation from April to

September.

Pwin : cumulative precipitation from October to

March.
[ : the confidence coefficients 68.2 %

[ : the confidence coefficients 95.4 %

X 3 WHMMEBWoOABMEKICESY v 7 Fu s EEEA L THE
TLEERBENNT A= —DBET2HEMDLEE.
ThZhoEMoR (RodEfH) T FYRECEAKRED 3 M
BEHTYZRLTBY, AHOK (FH) EMer o0& OH
Jefili & F OREOHP Z R T,

Fig. 3 Past 72,000 years of changes of climate parameters reconstructed
on the basis of pollen data of the NJ88 core from Lake Nojiri,
central Japan.

The black line in the left figure is the moving average of three
data sets and the blue line in the right figure is the median of

each parameter with confidence intervals, respectively.
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% 2 BWHMHERW 2T (NJS8) DMMMEAS TS v 7 Fa ZETHIT LZENLBENORMKE $F X — 5 —.
3000 AE AT LLER I3 L HE I X 2 A B RIZAEBER M L VO THEILATE 2V, 14~ 12 HEFIZOWTIE
S ARRAEZLICEY YT U R ENT A ENEL VO THEL 2.

Table 2

Japan.
The period from 12 to 14 ka is excluded from the table, because of difficulties in applying the modern analog
method to rapid and large change of vegetation. Vegetation after 3ka was disturbed by anthropologic activi-
ties such as deforestation and agriculture.

Late Quaternary climate parameters reconstructed from pollen data of NJ88 core from Lake Nojiri, central

Total organic

Temperature (C)

Precipitation (mm)

Stage (Age) carbon Tann: MTWA: MTCO: Annual Summer Winter Vegetation type
content (%) annual warmest coldest mean (Apr.-  (Oct.-
mean  month  month Sept.)  Mar.)
?;_"ie;ap)e“"d 6.1 10.4 22,5 -11 1719 1138 579
Cool-temperate
MIS 1 Warmer period deciduous
(3-12ka) (9-8 ka) 5.7 12.8 24.6 1.6 1627 1157 469 broadleaf forest
Average 5.7 12.6 24.4 14 1676 1183 491
Warm period _
(17-18 ka) 2.0 4.8 17.2 7.7 1244 807 437
MIS 2 Cold period Subarctic
(14-30 ka) (29-30 ka) 1.0 2.2 16.2 —11.0 1164 739 424 conifer forest
Average 1.8 34 16.1 —-9.6 1102 696 406
Cool-temperate
Warm period _ broad-leaf forest
(46.6-47.9 ka) 2.6 7.2 19.2 4.7 1424 992 430 with subarctic
MIS 3 conifers
(30-60 ka) ! .
Cold period _ Subarctic
(45.2-46.6 ka) 15 4.4 16.8 8.0 1266 810 455 conifer forest
Average 2.2 5.0 17.2 —-7.2 1364 884 479 —
Warm period _
(63.1-64.5 ka) 1.9 3.3 16.0 9.9 1084 666 418
MIS 4 Cold period Subarctic
(60-72 ka) (65.6-66.7 ka) 0.9 2.8 15.6 —105 1047 652 395  conifer forest
Average 1.5 3.0 15.9 —10.2 1061 657 405
AEER L\, ZOREI Y E & IREN & T HEIE MIS 5e L3573 505, Giiis OEE)ILLE

LTV 5B, TOC & DA DKIETEE LT
Wb RS B EAOKITREL (MIS 2) &%
LB R G TH o2 EZLBND,

MIS 5e (130 ~ 116 ka) O &E¥E TIX, 7
B & T B E SRS MBS L, S
SHEBHIEETH 5o FEHNTH 2 ORI HIDL,
L7RiAEDRD b s, BRI Clasediitic o -
TR T FEFES T AR ET D, D

WS 2 M3 IE L Cwb, PREDPSES
J& 7% E O ER S EBAEFIIASLNDL DT,
MIS 5e Tldsefitt & W UFEEEICIRBEA, & L <
32 DEETH o 72 R B V.

MIS 5d (116 ~103ka) Ti¥, EIRRLY N
B, MY veEE R 5 WA R B
%0, BELREBOLRIIKT TS, TOCED
ETFLTWwWA, ZOMoORMzBwWTAFORE
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mizdwo<T, hik$2 MIS5b L1 bR
T, MIS4 L) JiRETH-72LEZSND,

MIS 5¢ (108 ~92ka) T, &fk& LTik%
LR DR 60%ITE EEL 7Y, TERS
WM OFRIIKL LS, —F, AFXRavyr~
¥, BLOv/ FR oGS ZEH D 20 ~30%
L4 oTHBY, HLBEOENSZRIET
%o HIFEO TOC #ix&ke LTHEL, 2, 3T
FERMOWME#HY R T, 2 ORHIZIE On-
Pml, K-Tz, SK 7% &R T 7 5 95% &
JKLCTEBY (WTH - Frk, 2003), KHALZ KL
MR TS LTz

MIS 5b (92 ~ 85ka) T, #iiwiir & 5EIL%E
B OEA 10% B EE & AR, TN ST JEm A9
BCThb, ZORMITEHINOEE S MR KE,
TR, WEFMHERI I L CTw b, MIS 4
ORI X D 1ZBE2 <, MIS 3 O30 7 i 1]
KM I DIZESTHoEHEEZINL, ZOHD
HILHIZ Aso-4 77 I 03eE N5, Aso-4 77 71
HARHFEIZBWTH MIS 5b OFEGIIIHER SN T
W5 (R - R, 1990) 6

MIS 5a (85 ~T71ka) Tld, &fk& LTHE
JRIER DSBS R LA TH 5 2 L D EE IR
AEHHHERE IS B W CHERR SN TV 5, BHINT
b EEBIIEHRIE T 2 ORI %58 L 358 0 R
DREVHIBRZKSPED SN (BRI 7
V—"7,1993), Z O YT TEST R D 2 X8
ZnEV)FHLILEL TWD, FEEEEROL
RpSHEETHE, MIS3 X IdEL<, MIS1
IWIFEGThHoLIfEE SN D, TOC =ICIE
2, 3TAEAMOMKIE > EVBOSN, Bk
B D R OZB A SN LT, HEMO
FEMREBDEAE Lz EHEE SN D,

MIS 4 (71 ~57ka) T, HHEWE M A
WL, 72N FEEFRCTHEELERNIZEAL
FEL 72\ 2 & 28U GUIMMERT YD 2 S T g, IR 9 3
BBV TR SN L, FHICId~ Y BiEE
WHE (T3 o=y OMH) A& ATHEBRLTw
bo BF YT FUIZEICL - TEBRRIZICE
BEIENTWAED, ZOHETITIE~ Y WM
BEBRAL TS, k& L TTOC &b Ky,

6.4 ~ 6.3 JTAERINC TOC HO/NE VY — 7 H3380
SN, BRI S OFIREITLTH R RE T
ENMb, 7V =TV FRRTHWEISRTWS
IS 18 D i [ RT3 IG LTV B W REMED D % .
B, ZoMHorEicKILETH 777 (DKP)
AHER SN TED, FEIEOINIBWTEILHERK
WosEDHEEShTws (ITH - #HHE, 1979)0

MIS 3 (57 ~ 29ka) OW:HICIE, WHZENE3E
B & GRAT A SR TR A O 7 B EHIEIR MDY, B
oL loMBEOEREEZ THEL TV, AT
TT7IDTMIZH S E V) BAEEREPS, 08
JAIRASHRDFEEL, WU R R O HER Y, =
B2 TR, FARMASL (£13h, 2000) X
AL RS (Fri, 1991a) OMERY T L HERRT
&%, BPHLIMHERT Y R S B8 T TOC = b A
E~2, STHEDOHMTLBHZHYELTEY,
7 =5 v FRE T OBERMKLOZE B )
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L (Bl 213, Bradlay, 1999), HARIZBWTHHML
e & I S i K] (372 b BImEN]) A
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J5, WE BRI % 2L B 0 LR AT 70 % i
FTTHMLZDT, MIS1#WM XY LEHT,
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