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42 BEHEBEINATWSZE

HARAERRDBHICB W THRETNRE SN TV D REOFHF &2 DL FICEHET 5,

2B, BARTIEE LA 72 & BARRE O LW HURKIC ST 3 2 BARF U O BFRARER I, A
TEENC L VMR S NA AR TH Y, HIBKBRR LI X 2B LIZ <, LR T2,
2T b, Fio, HEMHERHIIINREERICED D,

PURICR LIzl 2 OB o dic L, B2 Tl <. AREEZ: Mo R & DA
L L TELTWD EB2 N EHEEEND,

(1) FHRERR

BER D [t A= RE SR Ol — YR A= PE & (NPP) 1% 1982-1999 4E D [H11Z 6%+ /1 L 7= (Nemami et al., 2003) .
CO, [EERRIT P HE DR ELE KE <%IT 5 (IPCC, 2007), H AR TIIFRKREEN I (K
PF7, 2004) T, ZAUEAM OBEINC X D OB (BREFT, 2007) & ERZICEM LIZE W
AN THROERERERBEIMZI LD & ZANRRKE W, HARIZET 2 THFAIH, SR HZE R OWRETE
#i) (LULUCF) &{&® CO, Y3z I% 1990-2005 4D Iz 13%HE 0L T\ % (UNFCCC, 2007), Z &
HMEIZIZTR B DS CO IED EFHIZ L D HERARER~D COMEE R L EENTVDHN, H
TEDORBONE (777 2V 7T 7 k) (Canadell etal., 2007) (X TFVENARMENT T, HEKIERE
EDRBIT 20T ORTZ LT TE R,

1) BRAM

IR DARAE B IR 3 A0 3 2 7 T AT OHERI AR D 7, i, B o miR04 W
DFEENDLIRNE NS T FHITE o TIRADRESRMICH D Z L LEHE#E L TWn5, &I, 7T Hn
IO IUTEA T A0 D 5E01E, BB LT 2 & 7T ONA FTRAILTEL D E< 2> TLE I 120,
FoXFICEBTHLETPHEEND (HFDH, 2003) , DX H 7T FheE LCid, KRS,
KIIFESR L2 ENH LTV D,

FHRILH D 7R CiE, RS 1970 LR DA E D . BUE LRV TR 0 &Nk 23D 7e vy (B
M, 1996), FIROFKE LTk, AV v ERGABRNPZFET SN TWD (GLHE B, 1999, HIE
5, 2004) . ZOHUKO T FRRE, AENCEE N D2, BESEITSRORELH Y TICE
STRADOREICH D720, IBBALDEIRZNESETWAREEND 5,

B R ToOE LRHIERROFIRIL, > ORENFRRE & ST 5 (BIR - 147%, 1992) .
—J7. Z OO M E LR ERAIT, BIRAORRRICH Y . BB O EEEZ TV,
EREN R E MRS E TS AL H 5,

B OB Y « R « ARYL T, i m (LA SEERIARSC 2 7 I SR D IR - RESESBRAEAL L
TWAHNR, ZOFEERFRIFIAETH S Z ENHEHINTND (BADL, 199), JUNOFZ LT
X, BEOEEBIZLDZ 7 FTHROEERPHRESNLTWD G LS, 2002), IREELIZEEO B RO GEE
MEEDLZENTHENTHDEDOT, MEOHIENILRT S L L I, TTICREDEZ »TW5
Hik TG 72 D OFRWHITEZ R 2 OISR EN LR T 5 2 ERHEE SN D,




=

2) AI#

ANTHIZHADOHIERE (248,680km?) D#J 4 | (103,210km?) Z 5% (FAO, 2006), 98%7)°
FHEBA TR MR B IELS (44%), DWW TE J FHAIEVY (25%) (2004 fEEILE ; EHOKES.
http://www.maff.go.jp/cemsus/) , A FIIFEE (SfF. 1971) TEMELW (BA S, 1992) &
Fo, AIFEOENHE LW EBOKREENH XS (FE 5, 2003),

WA O A X AEIME B OO FERITERAZ IIERER SN AF | b 2 OB X 5 B REH
BORNEHEER (EMIEFFES, 1988) SH TV AN, IHEDOREEL H A SHROIER E O
G L TCWAHEMERSH D, ThbbAXOMMAFEIIIIFEORESRMOFEE 51T, & IThHI
7 HOKIRNE &R (BREFPFT, 2006) CHBTTICHE T 2 /EM & (Teranishi etal., 2000) 23
Wz 5, WRO LS LHEIEAEEZECT (BER S, 2004) OT, BMEROHBE OB (K87,
2005) BB EMIO—RIZ/ 5, B (6~8 H) OYHRIRIZL, dbHA (eiEE, k) &R,
1970 FARLLE ESHEIAICH U | EROE O B 23 % BV KETTIZIR & 978 2 T 5 (REGT,
1999)

BAROEEF-CHE A NN (BLAR - 58, 1990) 72 K B FHM TAXOFBRALN A 5N D, LLAT
X RRIGYSCBEMER & OB MR S =8, OB OZE TRADFEMELIZ L DKk A b L AR
WNFRIR (AR S, 1992) & &N TWnD, AXITHMRICIH< | WEREK SRR E A EHEIETC)
100~110 K O TITAEEFRE (BT, 1983) L7225, ZDOKA R L AOHEKRIZIZHES LD 2
N2 ERIRRAL D BB KA TS LB B, IHHITIER, AXOEIBRBGIT R (BiX->
) RFTICRED BN TWA T TH D, JUNTHRAE L TV BIERMIVIER 2R3 A% N AR
DEMP eI BB L TE (RS, 2005) RBESRZ (5K - HK, 2007) OFELHELEINT
W5, REOFIEM AN THE ExtRETIHRETOE=42 Y A (1991~2005 4F ; 54—
T 3 A1) (T, 2006) Tix, MESIZME > ZREO EHLSMCAF, e /% AT~V K
~VCRBOFIRITERO N T, BERKE L ED LRI 5T,

SRV OAERRIZZ O 25 FIZ L7 FIZIER L, HEORK 48 %2 EDDHICESTWND UNE,
2008), #EEIZ K AN OFIRIIR HREEZIEE L, KD ZFH T 2812 28R K5
AREMED B D, =R VI ZEHH CIIBARNEETH 203, LOFEHKIRD L5 L FEEHF OR
fElC X 0. BOBETIL 1980~1990 £k 10 AERIC A M LR L= (Liet al., 1996), #&FILaard
HiJ5 (HH 5, 2003) Th oz BARMEH O OALRITHE Tl b Uiz, A TAHRERBR CHE
DT O WA ITESCDNT BRI U TR DO A BB R BE 2 ST 5 Z L N EN D
D, =RV BICEDEETARADRZ, HRILT 5560380 (Sakaietal., 2006). AWML EkME
DOEHALSLWIFRERE DX T3 & 72 > T D,

3) BILMKSE

ARDT <0 A F T HO ZIRMRITBEMOH R AEPE, EIERDEDO NDOAEIZL VL L
bDThD, BEHITRESKAN R EEEAPEICHSIFIN - FECTHER SN, 26O HE LUK
ROBHTRECILE, BROMAEIR E 220 | RBIRAEMZ RO OB TH LD, KERED
> T& 7, FRA2005 (FAO, 2006) (Z 4% & HA® modified forest (B 52372 A& DEEED G &I
FYSE U790 TR B 72 D 2RAK) 1 X1RIFE 99,550k nf TAE DMK (248,680k nf) O 4 ElifiZ 5 5,
LA AN DAY | R AESE DT L CBITED RO KR E S TW b, IEFEZORILT
<R TH AR S EMWENEEL TS, IO TEFREIZADEROIK TITH D08, H
ERIRFRALIZ L A2 RIE LA BB L TV A AR D 5,

< U MBHRIFEIXIAROBTARICRKREREELEZ TWARET, 7Th~ryeszu~<wY, Javu¥ka
U RS, BIZOHICEAKA N LRI VYOBRBI I EEE L, gEAHEOT (85K,
7
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1984), IR~ /A FavDENE~Y ) ~Z 771X ORE ENMIBEITHES L
% (Rutherford et al., 1990) , A FHKIEAK 11°CLLE (W H AKD M7 &) Tid 1 £ THHRIZZR Y
ZNLL T O REOHIEHTT) TiX 2 00D Z &7 < Zavy (8, 2005), 1960
FRICEHBARTIRE o 72WEIT 2N E CTITEREE, SIS ICIER 26T, BRI - F 4R R
B~ A FREICGEL TS, ZOYMNOILRERIZIEL, v~V HROEBARITIA, BEIZ
TR 72 MU ORI &2 o TR R R MBAT D Z & & KR BRI & 0 SN~ Y R fE i
WRIER L2 EOmGNEEN TS (BEH, 2005),

By ) FHXT A B RNESFEE GERT T )
Lk D, I RFTRET TR AERBERE (FF
Fiu) 1% 1980 HERICHAE/L L, £ Dk, B ARV Z
DNZHEEHBIER LT D (X 4-4) , FIRAFED Y |
FTRUA BREARE LT &R, ARA DB A
FEoOFESl (fmH, 2008) LBFEZHLNTND, LaL, SR
HWIERIRIEAL T H S ) FH X 4 A O/nIER L, 5
F T B O B O SO EE H D | RSO - B!
BV AT OATHICE L D L sy B A4 CRETIEFSERAREL
I L) RATHSRTEY G, 2008), Mgz ST HORE R 1990 FAOARIC
XY BISE DRI Lo TRIRDRER, M 5 30 L e direen x 1 poh
AR BEAERICTILOIENDR AT TWAATRet: (lE - BH . SEFSHADHELH M
/it 2008) 3 % 1970 ERUBTOAHDELD) (BED,

2007)

(2 BLERER

1) BREICIIERMNGEE : ELWNSTHIRARLIOTROLT

B LI oA IZB VT, 1976 A2 13K A -0 FIRAE S 3,100m 7> 5 3,300m DAL E (¥
3,200m) (ZAFfELTz, LML, 22 Ht4D 1998 O CTIIHER 3,200m 25 3,400m  (*F-¥ 3,300
m) L7pofc, HASE TIXEERE LILOKAR TN, 22 FMICEESZ T 100miE STHK L7 2
Lz b (1 4-5),

3800 T
199888

1976%8A8 ]

3600 [

3400 [

320

3000

=% (m)

2800 [

2600 [

A € B IO MRIATE O 2 & & 8 1018 1d 18
=M 50 cm 158 ("C) 50 cm 138 (°C)
R 4-5 @E 22 FEOETILIEMBIICE T HAKARLITESEOELL (FH - #BRS5, 1999)
XN TES  HETRESEDEHRE, BE 22 FRITIOMEELR LI-mEEEEZRLTLS,
XER  EaE0REN S 50em FTOHE, AKRIEEAME. MRIHEEEZRLTLS,
XHEIEEE. JBEHBERERICHY. E5HLLASE—EDEESTHERIFIETI 5, ==L, KAEK
INFEETEHLETDENENEILLT S, HETREEDHEIIZDINE HEBBROEE) OEEMD
KRKHTWS,
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2) BILEREBRICETZBLEL LER
N +“&ﬁé@&w A 2 o ILE Tk, IREEkIZ X -
4. A BRI BB ST < DR L OBS IS B,
—— ZOB, EEICEILEAL < IEET 2 HBAIIE. Soick
w0 HICBE LTV ZENTRETH D, L, NrEDL
JE 725 2,500m~2,800m T, ST HOT ITIFEET D H
ZEIEm AT LTV AEAITIE (K 4-6), TDESY
J: D EECAE I EN T D Z E N TE R, BIEDIN »
TlE, BB L Z 0RO LT IR HEERNE & 9 FanElsy
(ZSAEAE AR SO Rk OB IR N AEET LTV 5,
(2,820m) ZDOHTYH, 4 U A (Diapensia lapponica ssp. obovata) *
(2.825m) 4 U /% (Cassiope lycopodioides) |%J&LARE R OHEH) ThH
V. FEOHE - i FEOIE - 1O RER &SRR
Mt. Akadake WS L TCWAEMTH D, LIz -o T, FrRRBREICA
K HETAMMORIEEITH ECERERRM &\ 505, RIE
BIZED FHENOBEN L CEX MM E BRI H 5 & E
i L RS PNWABGENREDL L ZATROND, £z, 10~20 FHTD

1;31m§;;ﬂkgﬁﬁ$%ﬁAﬁﬂﬁ#%ﬁifwéﬁ%(#A%/kﬁf7ﬁ%)
T = =] ,%' \ ¥
DIt BREADHELETNG,  Noganumaetal, 20060 HH 5.

(i /R, 2005) ggﬁg!

Mt Higashitengu
(2,646m)

Mikaburiyama

Minenomatsume

Mt.Io (2,760m)
(2,567m) -

Akaiwanokashira
(2,656m)

Mt. Amida (2,805m)

3) A—AYNRIZHITIEE

=By NRXTATATEELSNLE=X Y 7T ebiu TR0 TR LI X 5 EIUAERER
DEENH L L U CHMEICHRE ST 5, Grabherr & (1994) X, I —1 v X7 L7 ZAHED
wmm%ﬁzét 7 ZFi0 26 DN W THHADKF R 22 b 2 & L7z, £ ORER. HEmn
mM®L%«%%#é@ﬁW%é ERNDOMY | ORI RERS A 10 FEFNHK Im BE), KT
L. I0FE[ICAmMBEI L TW e Z EB LN e -T2,

(3) RKERER

B2 Blix, B0, (LR 2 e D R0 B A AL D) 70 E SRR TR AERER R H D |
ZIWERT AWML ZHEEICEA TS, HIER EICART 2O 6 2% KITIKIFEL T
AFELTEY, HER EICED 2 KAERRROEIRN 1% U T THEH I L a2EZ DL L, BKITHED
720 ORESARMENEWVERER & S 25 (Millennium Ecosystem Assessment, 2005) ,

LU, WOKIROFEDMEMOR EE VI BE Z AR & R CRREEIC = < (IPCC, 2007), F 72 4E CITH
HEBD P D AR FE T I BE 1 3Ol B AR RERICHE AN TIRAKAETERDIE 2 I AT E < e > T
% (Millennium Ecosystem Assessment, 2005) EREICBW T, B 21X 2006~2007 I S
7Zly FUZ b BREEA BREER) IS W THEBEUEE LI S L CH# S 7284 1,002 fEo 5
B, 50% L RITAEEORTE, HDHW —%% Bk (GRAKAERER) TIToTWDTETH D,

WIKARER DHALSCRE DR 5| X i 2 LtE@%I AERHOWZE, B ARECTG R E D
WA, BESHISNSEFE 7 & CTH DD, SkIT W@W@®%@ﬁ%%m¢é®fﬁ&wﬂ&%ﬁéhf
W5 (IPCC, 2007),
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1) BEER EEYMORBITS
IR T AEEEN L KT R OEBERER DO 1 S5 TH L0, IRE LIS 2EMDINE T
BUEDOEBREIZ L » TR > TV D, BIZIE MOBMAEMOMRSATHERE L, KRN 20CH56 2
SCITZELT 5 & 10%¥EMT 503, 4CThH

b T CIZZAL LT EIZIE57% b4 200
% (Pace and Prairie, 2005; [X 4-7), Z . .
DEEIL, WAMED 5 VIRTROMS 0 175+ AR
B - AR S OWHASCW)IICIRE 5 2
DEBRRENLDOTHHZ EEEE 5 150
LTn5, =
Lol AMORE - (BEDIL, 0 '
FEDRITEF L TN DD TRL, F3f '
SEIRIC L > THHIRE NS, FEEEW)
T RARERLH YR EEICH DB T i |
K 10°C D _E ST D Al R E E % 2
RN S 28, TR ety | SRR RO

BTN AT ORI 12 e L B4 KEANCHEMLEZBO. #K (R RUH
PHII LAV ERE ST D EHFEY (RR) [CERT HHE OB AL FERERE
(Gurung and Urabe, 1999), DEmE
HAEHEFEY) : Pace and Prairie(2005) 2%

3 . H =
2) SEBEOEE L BRI #7K : Carignan et al. (2000) #ch %

BARFALDET LT D RO I, BB L OBRA 2 EENBEL Loodb 5, JUN O i,
IO TEAERIEAEMDER L TR, WEROEFIRENE LR T L, BIEIX 2 EOKELE
B (A FIR) ZBRODTEAEDITHR L TWD, - ORFREEEOK FIX., EXEICE)
HIE~OHEYAMEOKITN A, THFEORBE(LIC LD . LHNTWHIKDEREEER L < 720 BEH
HEBNITONRL o2 Z ENFK EEZ BT 5 (Ohtaka et al., 2006), FEEMTH. HIELD
DOWETOEIBFBACOEAM N R 5N TS (Kumagai et al., 2002), EEWHOLA. WK TOlEE
HEEEITIIIZELM L TRV, ZHOEENED L, BBREROBE RENE K HIE~TTA L7
o= Z EREMRFPLOFRNTIE 2NN EEZ X 5T\ 5  (Kumagai & Fushimi, 1995), = @ X
O IRIMARIES OGBFE L, ERLD U U7 EORBHEOEH M &, NHANICL 5 EHEl
ZMEST 22 LICb DT, MBEARR~OEBEIEZEL L IR BELALRMETH D

(Carpenter etal., 1999, IPCC, 2007),

TV T HENEIEER O ITRA 2B & 72 %, BRI, RA Y OERVESREBIE TlX, 2003
ATHEZZ K 0 K OEHEIRA DN R 72 < 72 5 T2 72 OWIE OIS FEE R IR E AU IR T L, 2 Off
RLELTHMEDELI AR LT LD (Wilhelm and Adrian, 2007),

3) BKEDFE

EIRGIE, BRAKESZEORHINNY — OB bZ B U TH, WKERRICEEZ KITT, WINCE
WL, MEOK N IXAEER B OFREENE £ 5750 TR, BEEZ ER T2 812750 T
WKEDEMIT & o> TIMD TEHRARME & 72 5, F7o, WIVE TIEREE B2 b ORBEMAG BT
578 EOMBEN B G2 T 5, EEMTIE 1994 £ EWNIYEK & 72 0 )17 B O3 AN DS iR 2
D UTc, TORER, REOWM 77 7 R L, WD D ORI HS S 5 KiIRER &
I/ oK T 7 NUNERBT LI DY AMOSHESMNREI L LE

10
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(Nakanishi et al., 1999).

4) BR

MJFREA L, RUEOREE L & HIC, WREITERE &V ) THISFOREL R < 2T, A -
PNZHL “ﬁ#éﬁif@é mﬁm&# IERBBE(LORBELEZ SN FEFALHEIN TS

TN I T 2 BT JR Cld 1960 25 1974 FEDOMIC, EEIRIR K — A%%@MEIﬁfAf

I FOREE D 1.0%5 5 3.6%~ L BHFICHIINL TR @ADL, 1981), #i2 I X I X EHORKIT
37.3%0 5 29.8%~ &M Lz, £7-. F—20O—#IZiTE S ml bté%?%@ﬁ X, K—
SNTEERAM T D EAZ LA RG> TWD 2 EAVRE S - RO EE1RL, BB

BHZEHRIE DK T, ABBOEAN I AT r OREEZMIH LR BRI T0D (KRD,
1997),

HIZ LD EEIEDIZ L D KNMNZE L TODIBFIL, BAKDOEILDOREEZZIFIZS\WIEA D,
L2 L, ZEHOILEORECILTRIZ RN T 2 BERCE HEEIL. BHEOREREELZIT TS
_kﬁ% FEEEOZICK L TEZEREGWEEZ 6N, 20 L5 RBHREHEAIL, F0
ZWVHARDLHEOMAFDO B2 S > T\ D, BEBR LB ROEIZH 5 7 EHIH EEOMR O

FERAEPIMZEEE L0 IE S, 1971 4B 5 2004 4F £ T 33 4R TR O HAE K 10%5HE /)N

Li=Z R Elolz (ZHG, 2007), WIFROUBH TIEITF v~ ERICEI L TVl
>\A47/&&ﬂ%ﬁ#ﬁﬁm&ﬂbfwé EDRMER SNz, Z O OEEIL, HEAKOEN
HIZEICKREDOEENRH D Z LIk > TR L TW5, IHE, Z Ol ¢ & IBAEA & S E O
DR O HILTNWD T, BBA - DEIC L > TRIEPHE N LT EEZ LD, BB LOEITIL,

SICIR AR/ N SED LTSNS,

A OBIEH (B EABRWNT) O X 512, 1REE 72 RAZ S O #ik O 52 AL 7 5% OFEY A3 FEEEy
A LTEER LT D7 813, WIESEOBEEGT - B (L7 2—U7) IZ2oTW0HI &
EIRPIN R LTS, ZO XD R Clik, BB (LOREZ L IZHER L TV SLERDH D,

HARDWBR OB DN TR, A% (BT, REESE), HUE, kﬁh)@gﬁ%ﬂﬁbkﬁ
ZEHNZ N, Lo, T OE(LERBET UL, FERICIIAL & [UEZ OB AR LR S
NHEFLHL00H LR,

(5) BHFLERER

1) NEEER

Nakanowatari > (2007) 1. i#®2 50 DTG, A h—>Y 7% & Tedb K ELEDO @K D
IKIE B M ORI F8 T E DM 280 M2 Uiz, Zhud, IBREB(LOREIZ L > TR —Y
7 WEOIKIR CREBRFRIRE O ARG ST Ko TV AT EHEEIND, UL D4EY
i#é@ﬁ?#ﬁﬁéhé

REGT . KB OFETERHT LV | BEOHOKIIM A 1946 4F02 5 10 4E Z LI B LTz
I%Tpr%(lm&géfﬁ L= 10 AERR)
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4-8 JLEERFEOFKBEEDHRE (10 £48)
http://www. data. kishou. go. jp/kaiyou/db/seaice/hokkaido/hokkaido_static. html X ¥ {ERK

WO HIZBWTH 88 END 97 Fd 5T 98 D 07 4ED 10 Rtk H XL
IO 40 FE-ONWTIHOFE L HAE< . DA EEL THHKOJD I L1 TH 5,

VE—hEUVT T EoT, 6 FMO7an 7 A VRBEOEIEZRE LI Z A, BWFETIE
A1%DEMN B> 7o, Z OEEINTIN IR T TH > 7228, £ < OFNEEIE Tl 2 E [ % R
L. ZAUIRmKIBE O LA 23> Tuiz (Greggetal., 2005),

HIERIRRALITEE A O M 'ENEIMIET 2, AARBL T T ITA T HU IH A,
RRVTGH, BT NI eavwesFa, S RIATA, B AERE, 1=Filn%
< DWLEEM DA, EWER EICB B TWD (#H, 2003), £72, =F B 7 74712t
REND T T 7 ORFEEINT., WEERONTREED N T OB Z MG LT\ D 2 & Ik -
TR LT/ NS D> T7 77 BRBEOMEZ D22 & ¥ LOBBRDUHEA~D 7 A F#
DOHFEEWS L, EEBEORDVICRABEOHEMERE, 2NN 771280 i e iR 2 {EY
HL7EZ & BB L CBIGNIAMN -T2 2 e CIC L BN REBIC LD EHESN TN D
(_E, 2006).

(6) RELERER (oI -<v/0—TJ - FiK - 5 - WES)

1) Yodf - y0—J4EER

B IREII A 220D AEZ R RIRE & e o T D, BEIZ 30% D v FRENHER 2B LIRREIC &
V. 2030 FFITITEARD 60%2VHET D &5 THIlH &5 (Jackson et al., 2001, Wilkinson, 2002).
Z DR RNITIEIE L S W PRAORREE | A0 B O, HENL e & oW ZE | B RO E KRk,
BERAIZ X ARELOINCES e, A=t NT OREBBEICLDIRER EZIKITDOIEH0, 20
HCH @AKRICHE S B o b, R OYRROGHRIER DY, 1980 LA H T ICHE S
D& 9o (R - PR, 2003, Weil et al., 2006), 1998 FED it A7 ALEIGHX, HARDME
THFRA LT EREEE - HAY TSRS, 2004,  http://www.wwi.or.jp/shiraho/nature/hakuka.htm) ,
LI Z D% b BT AE LTS, F7-. o TOIEMIT L 0 AEFEME DR VEEREE ~D > 7 F R
K THE I TV D (Hughes et al.,, 2003), —J7, {EEE(L & BIE L TV 5 & b b afmimadt
ERBEEICR SN TWD (B 5%, 2003, Precht and Aronson, 2004., http://www.asahi.com/speci
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R
al/070110/TKY200707180428.html) .,

B, BAVE ORIRE LIRS~ 7 r =T R 233 L < Bl 50 £ T
K30 1O~ 7 a—=7 RN EROHRENPLHEAL TS (Alongi, 2002), O FEHEZRFRIL, 1
FRCB T DRI OGN 2 E N OPRFEIEEN LD b OTH D03, KEHGRCHRR E5, Flk» 5
OWERFG N Z — > DEALBBEG LT 5 &b D (Alongi, 2002), LA LR ZRFEMLITZ L
AN

2) il - BIBERER

IO 5 5 TR KR OEES OmifEIL 20 AL 0 @ EERE G RN L <D Lo BREDT,
1994), ZO®%IIRAE, BAEOKEDOR EV L HITEHDEIFK T LTS L Bbihu s 2, SEBE
TOEEMNRT — XL, RIROWEEOBA O FHER L, #HOT TOTHEORIBIZ L DIHK
ThHD, &REASCHEKGERE LS OB L UOHEEDIK FICEE L TV ARt H S (BRE
JT, 1994, Short and Wyllie-Echeverria, 1996)., $flc., <o & i Tk, KR T2 <
FHRFOKIROEE G T 5720 IR O X0 BT 0970 (Helmuth et al., 2002)

AR L~ LTI, SEIERPFEMEOIEERY N A THMMoOd ERGRES TS, ofmodt
FROBENZET 5RO H A TITHOWTER T 5 & SREmES AT 10 EfMICE
#) 50km D~2—Z Tk LT % (Helmuthetal., 2006), HAIZEBWTH THEICAET HFEICE N
THAMDARDN I SN D T — ARITFEHR N THE SN TWD (B5K, 2007), £7-. Bz
T X0 340 DS I ACITIE R L7z AT REME S R S 7= FE % (Kojimaetal., inpress), &%
7o, CHRTE R & L TIERRE STV RN S DD LIRNEIEA T E 2o T2 B OB 34 H Tl
mINTW5D,

IFEOWEAKIRD ERIE, TR0 FEME (FHEZET) ICTADIREH 2 T\W5D Z L
HINTWD, BlZ2E, WA NE TIIKEDREWFEIFEET U OWEEST IE 7 OBFEN V2
DT VRSN TS (T NVEXKEIEHT, RBEERERD ., HE LV T, #l2IE,
BV T H V=T O T, 1930~1990 4EAR 0 BN FEEIEAKIRAY 0.79°CHIMN L 7= DI, B
FREDOENN, AL OB Nk ST 5 (Sagarinetal., 1999), [FEEDMHAIZ, £ XV A TH
WE SN TW5 (Southwoods et al., 2005, Mieszkowska etal, 2006), HATiX, KBRKIECF0aHK L IR
FOTE DR Cil FEAHERIC T TEMBZ2RENMTONTE Y, TOME., FEgics VT, B
T A g Z FFof () 2B x ., RN LTnD 2 &R ST % (Ohgaki
etal, 1997, KFZig=AMbI%Es, 2002),

MM AER OZ 2@ U AR A~OE LWE L IE SN TWD, Bl IX, WP N Tl
FRDOBETHDL TNV READBHEMNT D2 LI2L D, THILH TN KREIERS SN, AERE
MEZNZ oo TS, £, BEREMEOEETH L7 A THITFRTIRO T v THIML, 7~%E
ZBRFEAET LI LICKVEGZREBIELr—ARME SN WD Gl EELEK. 6
http://www.kaikyokan.com/fish/tanken/no106/no106.html) , A D L 5 7&K CTlx, EOmEER T
JEORE T Z 7 N B REIZHIE L, ZHBERET D 2 LI XV BEORBENEITT 578
Dy —ARHESNTWD (8, FME), B, HEFHETOLFORDKIBORAIX, hF
O EFEREEOC BRI ELO R & SOME (JRELL U —24) OZ(b%2E U COhRAERBRICKE i
BrHE2zTnbEEbRAN, ZNUOICERT 2AEBROEICOFIUIAR+55ThH b,

HERIERRAL S & 72 IO BREEK O (B 21E, KEO EH-. &R0 E KRN EDZE
B OEENNAE 5> WERIIRELO BN, WFEREYEL) (22O W T, HARDRFEERRRIZIIT D20 DH
B CEAT DA IR S TIT RS 72 S 70,
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Ri&H
3) k. T O

WIRERITTERD 3 LV, TORKE U TABZRER (BARICHE D TERE. ¥ LDk
(2 XDt oftiaint]) ARE <KL L TWD, RIS X 2 EOME LA b im0 L8z
BAH- L CWDAIREMED RS, EAERYZRGEIL L 2V, WA RERITAEPES . —IRIHEEIZBT 25
ABRZLv, =7, MRHEZ THLHUXF NV, iz iEINGEre L TR0 I U A
[ZOWTIE, B TEEROEBNREICOEVE=F T 7SN TWD, BIZIE THUITA
D PEYREIEIT 1990 RIS HTRIBUTHA LTV L2y (AAD 0 A s, 2002)., 2000 4ERIC
SIIZEE LG b & 0 iR & OBJEEII AR TS 5,

(7) EMEHE

1) BEEICES EMEHOEL
EEDOKR BBV T S 172 1961 4£~2004 F2RB1T 5 16 MIEOMYFEIT — % (12 FEfE
D) IZEUE, BRDEIINT T, YRF, UA ZURR, 7T, JZTV T nFD
B & A T a UORZER, Fx B RN AN (K4-9), £/, 7oA OFfE, FKick
FH5A T aUDHEE HTTORE A Fa vt hoT OFEET EL > TWD (UIMKRS, 2007),
BT, A4 F 3 L 1953 4~2000

FEZNT T, BT 4 BRIRC 72 | mEFoTLEED  TEGOTLALD |
D HEHETKI8 HIHEL 2> THY | VB
R LCEEMMAYY 12 ARE fjlfj;E
LIINTN
N TW% (Matsumoto et al., 2003), ﬁ,ﬁ;m
W& 2 ik T, IRAIC L - T AFavBA%
HCPAERERD L bb D, Wl *f’f?:fﬁ
- o I YU
WIERNE, AIEO R - I 2B /,;fj;;f
FlME

B L TIRIRT %, 2 OIRIRIZA D5 PO ABATE
X1z Lo CHIR S (IRIRARER) . VAU

DRIBER L & bIHIET D, 2007 IR

EQBADHBIZE >T, N 1ramss

TS T ORGSR, LA AT | }

L0 BBENES Ry  TTIER L | |
HITHE - i I ‘ ‘

ShTnod (FE - /K, 2008),

0% 10% 20% 30% 40% 50% 60% 70% 80%  90%

HEELERREDBREBISH T HEE

4-9 1961 ££~2004 F£IZE 115
EMEEHDOFRRINELDHER

(ERKETE K E B B E r})

2) BEEICEHS SIMEHOEL (EITHRKEER)

JEHERIE AT OWITIE 2 D 100 ORI, FOKRFHN 6 R EE <, REOKMRHA 7 HIZE
F.L 72> 7= (Magnuson et al., 2000), FEEM TIILOKBEEANEETH Y, % 30 4 &M
DKIEN 1.4° C EHLTWD GHEK - I, 1999), T TIIAWOWM T 7 7 b o BN RBIEER
MO/ OHiFERE~LE L, FEFICAICHE I DV af @R T T 7 b LTBIREND L)1
o TGS, THIFAMOREIREN 20 . RIMEES 2 LB LIS K o2 & /M
DHFERED I PV AADEEL 72> TNDH T B X BT 5 (Tsugeki, 2005), £7-. 777
FrORWE=2Y 712, 83— v RKROIE TIE, KIEPIREE DRHA R ol
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Rkt

7= AT N OFEM OB < 725 TuvA  (Winder and Schindler, 2004; Peeters et
al., 2006), Z DX 5 REDOREVIL, WMBLSTHEEA REKAEY O EZ KT L T
%o B 2N ALK T A v O < REHIAS 20 HACHTERIC < 5310-13 FIF L RS o 72 L v 9 (Gibbs
& Breisch, 2001), {FJIITiX, KR EFICE SR> TH T v TEHOPULRFIN R L oo & OHE
% & % (Harper, and Peckarsky, 2006) .

(B)EMZ kit

BREEICHES EYMDSTMEL

—WRZ, LT RDOKEAEMITKIE 20 EEBZ D EBm L 720 | foKAEAY L KIEN 40 £ %
B2 5 & ETFIEREI IR & 72D (IPCC, 2002), 1EBREIC L 0 KE O G ET 5 &
FHIENTWA2Y (Nakano etal., 1996; Fang etal., 2004a), FSEIZHBWTIZZDOIEIZEZ 45
R S TWh Y, L L, 3 —8 v XTI OWPKRZET, 2RO B ~DIE KD s
NTW5D, FlziE, A4 ZTIEIDKIE2 @ZE 25 EMTYEH 1 EEF L, 2o TTF oo
N7 U oo mh Eil~& 7 L&D (Hari et al,, 2006), 7z, L~ ilzilim s 9
% Rhone JI|J1 il Tld, 2 20 4ERTKIEAY 1.5 B EH- L, ZHUTtE- THEDAE N EKAOASK
THICER L TWeKAERBREHMT 2 X 91272 > T 5 (Daufresne etal.,, 2004), {ATBEARIZY
—CR M EOMIGZE U TV AED Z2HET 57200 T < BRI X v KB EFZB SHREE A
LTW5% (Gomietal., 2006), KR Tld, RAMEZ RN DN TIIA > a v a~R3omd 555,
20-40 FERITICHRER - fEAK L 72 HUS O I TIFOKIERNm < A v a ma~<idnfi L& (Kishi et
al., 2004), ZOHEEL, BOPEICBWTHIIKIEN EMOSAIHEFIEEL RITT L, £
OEEIIW)NE LV EHFHROREIZL > THRRDLZEEZERL TN D,

WAEFEOKAERBIZE 5 TH, BAKEOZGITEA BB TH 503, F OB I - HF| H
WX TR ->TWD, HlziE, I—8a v/ T DBV TlE, BKEDOEREI D 1 T4 <o - HiF
HANRARE—CTHLIHIBITE /NS o720, ZHIEWES EHFIHNRY —CTH 55N E
U« BIED =D DKGGN LD & RSN D AR E N> 72729 Th 5 (Pihaetal.,, 2007),
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Ri&H

(9) BREBRIZETDHRBEICOZEDREMLES H 5B OREFDNZE

AR LTl 2 OFEEFNT, Frx 2ZRBE S, BIR R TIEL L HIRREA EERN &
FWTE TE RV, IR EOEEEZZ T TV D HRBERH D EEXONDIHEFITH D,

& 43 EEICEITSERBILOFEDREMEAH LB DOREFOLE

Mhigi X 53
EEH - BEWLFH AR - Lk BRRH Cifo
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B B B O HR R LA |« AP =~ )
RO I HOFIREBFBAR
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AI#H e iy dhe - R - R
- B - F T HERE SR8 i gV
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o JLEEAPE O HE N - AWomEME, BORE Y LEHMEOR
« WK Doy ArideifE JiEg
<Rk B
s O TTORREEL
- ZHIOHEAN, FEORE Y L EEHMHEOARIA
B IR - 1B R O FIRAE /I
=Xy E2: 15 A RV FHYRT D
B, =R LDy bk
HiyEK

KB R TIRRREA EER TH 200 L 0 HIETII RV, TOREERH L EEZLND,

®4-4 BLERR - EVFHICE T SEFREOFZEDAEEEL H S BRI DRFOZE

izt X 5
dtiEE A0 mE - A
hyay)—
BILEER CGTEBEEN DR oy | Ny HIZBIT 2 @I OMB O - &L T
DA OEEEERTER L, BENEM| D, T bEo TRAAFEHDE W ELRW
- TIRA EOEINEARNY ORI, B R X0 BRI,
EOWD EEBICEYOZEDRA, |7 AT AOELFICEIT S =Ry
FEOWNTEHEKIRO EF L BE, | O EEREOHEMN, BRI X 55
O L BEEE O LK,
(b o/RE, BE,
EMEE - FommZER (BAE - BAZER ) ORI b, BKOMMZT GREE - %IE/R| - IBAFEDIR
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NIZEIK T
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o - R )

- FETREOEEN, AL RO
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HLVEE (8 b7)

- FEFREOH, AL RO
-Yra e —7 F0Mmom

TED A DI AR DAL b, 7 1 A
R 2 T A ORI D RIR,

- FEEAH AR 208 U e AR R A~ 03

LW (L hbExA, 74 )

« B R OBA GRS O HN
50 N DREIE,

Rl &
HUHEK OB RFLOWELT

Hhigk X 43
i B - BB BRI
HhFrd)—
EEERER At HUER CORFEONMOLEE), | WM T T T b0
c FR—=Y TWETOUEK « WoKDOW| « SAXTT5, hT I 757, =F8
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43 FERFPASNLZE

HARAERER D BHIZB N TR TRIS LD B OWT, EHORFIMAEZ b &2, DUT IR
R

(1) FRERER

HIERIRBEALIZ K DR O EFIX HEE O A i 2 e % (Hashimoto, 2005), #AintHUEIZIX
DR G WEN L < | IERIBRRALIZ K D MR 2> 5 D CO, gk H IR Hilsk K 0 4 i sk T
25 ETFTHRENTWS (Ishizukaetal, 2006), 4=ERofElliERER DIEE D REWIL (NBP) 1% 2030
HFEE TICE— 7 IZET D75, 2050 4FELURRI L R OIEIN72 EIZ X 0 L, Saic X - Tk
HHICHR U CREZ ) A g9 5 leEME2 & 5 (IPCC, 2007),

1) BRAMK

BREEER )N 7 F RO Al 2 % T3 2 0 FRE 7 VI L AT T (Matsui etal., 2004, HH
5, 2006, BiEEE, 2008) . BILET T4 2 MU BT B i (o AmE=RA 0.5 DLE) 13X,
2031-2050 E 2 13 & M2 27 U 4 RCM20 & MIROC T 65% & 44%12.,2081-2100 4E121% 31% & 7%
2, FREREDT 5 EFHlsne (K 4-10), 78 HARSAM RO 7 FMRix, soAmuEEkssix
EAERL D ETHEND =D, B TH D EEZ LD, AL FSEE IR T, 7
FHROSABEIHITIRE LD L, S XFT, 2T, 7 VR EORERERBICIZHEL TN & THE
Snd (M4-11) (s, 2007, EREE4, 2008), IWBE(LIZ LD 7 FHARDORIEN 2ITHINIEL L e
WIEA I, BT TR LRI TREETLIZEFH L DA S, 7T OREN
HaICEIT L, LV IEREARREICET OB (W, I, 2V, BIRY) C@EEHboT
WS EHEEESND, TD XD RENEZ A-OIiE, 7T HOEDICE & #ib 5 BTEORE G
ENHDHZENBET, 9 TROVEAIE., 7T HMEARKRSCY Y RICE X #ab 5 AREMENH 5.,
TFHRPAMBOBTEICE X b 52T, 7O, ETFEOR A Lk E ORI A M E 7= 9, 100
FELLEDORNR DN D THH D,

Fo~PHER~ ATV X7 L BT, BARMBZSEHICA AT 2 Th D, RMNEEH O
HE LR L (2031-2050 4E) (28T 5. F o~V 0w | (Hil S, 2008, BEEE4, 2008)
2 ZAuE, RIS MREE & ica HOISHE N 5 & TRl ST, BIEOammEiEkiT, KEE ks
7V 4 RCM20 TiX 54%IZ, MIROC TIL 45%IZjd 9% (X 4-12), P s ClInAmmsni: & A
ETEWT 2 LW O RERPRE SN TN D,

F AT T BV E IR SEERAAR DT I B OB T, FARR/H B LS AN L E £ oA
L. FDOSFIITIRE & FBE & OR8N (Daimaru and Taoda, 2004) . 2527 U 4 RCM20
(2081-2100 4) THE A1, IRBHLITHE 5 BB TRED CAb BILHCTIEAF 3 T © Y RO RT3 A B
Eb e TRIND. AT eV UANTHHIE L - @ILE IO T DEMIE, RIS S
A8 3 FENZAE /N T D DT < ORI CTHEEH 2 WVITRBENEZ 5 Z BB LN,
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2) AIH

AXDOFIRBR N R SN D il EREK
100 SRijifi O Hidsk 1L 2090-2100 4FE % TiZ
AN O I O N AR T
A ETHIE TV A (EER - FEE, 2003)
EHUZ I 2 RIBBRITA % bET T
HEROGND,

PR K LTI AR DI IE ) 727K 53 ]
MAELHEROLEERT A (FFEXR
R/ K E) C, AXIF05LLER
AT S 725 (K 4-13), REHIC
AT LT D AR A TAROBREITEE |
DT I 240km?, A FATAHD |
MEREDLRWET S & Rl | -
2081-2100 4Fi2 (3 430km” & 18 f5ICHE  [@4-13  HEEKEOSET v 7 (£IE 1971-2000 £0)
KI5 (AL, 2007), ZNEAFAN  EAIE. B 20812100 FOKIESF U A1 &Y EH)
THROEERMIZEDHEEGTRD &, (AR5, 2007) ——
BIfEIX 05%, 21 tHAdR D 0.9% & K&
I TRV, AXORPFIIHICH Y, T TIEERENRSH T VET LR, TOBEBIE, Bk
BOHBMMA T S, RBEKEICRE RN EL RV NLTH D,

i A O TR T AR . AN TAROSHEETe rTREME I/ N &V, AR, ADED <
75 LA ENSIE 2, REBHES R E > T (&, 2007) AFIEHIEOIERAE S, FEMMNE
KB ElOMNnH5, LinL, —HTEBILIZE D AXOAEFTRNDZE(N LZY , AFHEMHHNE
#ékwoﬁ%%%w\/f)ﬁ%%fw_£of%wﬁiﬁofwéo9&<&%\X¥®$§
HHUIBET S ATREME S K&V, L2 > T, AAER EOBRIC SV Tk, #ulsit: & 80 TR
FHERRKEL, A%, VTV ARETNOUER EOMELE G DFEEERES LT DULENH D,

N TAROEITE T 40 400 EC, %&@WMKmELT@@%ﬁzézkm%LwohM@x
¥, b/ F ALAIE 2090-2100 FIZIEMIRATICET 2 DI <20 #HEAWFICET 5 b O8N
LETFHIENTWS (HF S, 2003), BiEED AR, b 2% A THIZAZ, KERBKEL O RN
BENO T, BEHMER) & RE L. ZONMIERE T2 ThA 5 (KR - VElE, 2003),

— R REIR A K 0 b TRRE 7 RIS TR S AU 7= AR I3 RS IS V09 < L WIS B < Rk
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BTV T IR KT D ERRIR AT B EIBEREE LA T 2 Tl 0 | 2 ifBEIZ /2 - T
WD, TEROEEFIIZEHIK T CTH D28, JERITER(ET D &3 (%%, 2005), BFEIXEK
NBAEAL L TRV T . MO EA ZRBEE TlE, KR LT X0 Bk o &~
DOYERMPHEIC 2D Th A D, KHEBIZE ROV RN, #1425 ERER—HFEF D M+ 57
D, R OFEHEAEEN K E BT 5 (FED, 1989), MW T2 < RE O -5k
EMHLIEATD (Bocs, 2001), &R TR S SRR CR B Z K L- & 2 A3 E ofF
BEIITHR TR, FRARS EZ T H, IBBA (%45, 2005), 7 UE, Z 0ot FH1T
M B (FES, 2005) TIXKE ZREWII AR -T2,

BT RO L5 A A~ A fRFEERRIT 75-125C-Mg ha B2 (B &, 2007 kv EH) <.
HE OBHEER AN TAROMEIZILECT 5 (BEH S, 2007), 7272, MIAROIRBENS iR S5 & REEIT
BVMETEEfT B 725 (BED, 2005),
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TEHTIZ Sy FRICOTNICFET 72001272 0 | #7040 Tlde < 25, MK, A
I L TCEIEOSAN LN D INETIE NEWE L LHZ ] NIEE ISR EEORO kol
W LIRAIREEICR D Z N THISN D, 15 3000m 7 7 ADEINZB W T =R P ORE, BiE
RN 720 | & ILE R O RCREED 2 < OHUIR TR 625 KX 9 ICR D ARt & 5,

(3) RKERER

TR ALIXAE 2 O AKEMTED AL BRI A AL - M/ T 27200 Tl < | ARBREOWE AN
FIEAER 22 b 3825 2 L THRKAERRRICEEL KIET, BT, B LIS X SHEMFEERENT
F VKB A~OBRBMEHDT D, 207D, EREBEDET L TWHWITIEL, EHITITWIER
EEFRINFRIC AR D ATREME DN B 5, BEFINBITEAAY 2B ST 5 & &b, B S OX#EE
WHZRET 20T, BRELEZIDITMET S Z 25724595 (IPCC, 2007), EEWMD XS
(ZE A TR B 278 T, EAEYRE OMEBEITIRL CRATWITH D, HHAIRENHTY
JIRSCIE VRIS A B O B N HERE L TR, ZKIE DS E5- U CRAMER LERELRA L 72 W R A3
fe< &L NROMIERITER N & 720 | AESCEAEY NS 2l eEnEm< 72 5,

VRSP TUE, IR RS0 CO MMM K 0 Bl D B pER L S EENNT 2 23, RBEHALE 23 Z L
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ZD XD WA A~ORIEO NBBNLE LA OAEYFEE IR S, BRERBRE CTH- ThH,
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RKESEET S, fiROT NV FEZA LT A DR EOFNLZIUTHEYS T D, S HICEAIR T, K
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