8 E AR S WA AL

WVATEHWBRRG R T A A5, HURR DO SR 4. JURGER R, IR R e,
BRIz 3 B R S oy B PR B A AR B AR . WIVATTRUIE R, BFEEEIR. 1
FebrRIE D Fa 55 (Hakanson et al., 1983; T[R4, 1999), X EEIRBEFR bR 145 & FIRALE
PRI R W EREE L AR R S N SIS B R S T THI A R T R
Mo K2 [E)E B TA TR P A PP B e B g i 5 <R RIS KR KA S
HREAKEE, $ROt T AR K& L ek,

TERKESFRARA ) LT AT, A SR EREAR L, RO 4 KA
b, BRICSNEARA 0B B AL, DS XS AR A AR AT T, 8 N 2R RE 5 AE
AR AL A ST TS AR AR B AR A (I HEAS,  ERRRGE T AR T AL

WAL B T AR A O ENL, R e A sRiE T, s B Bk
HE . B SR RRE R RE 2R AR AN (R 2 RO SRR CRLFRBTA A ED)
TEAL R RSB 08— P S BOBA FE 50 . T o AAABE U)2 p BE RSRE  KPE L
UKTREL ARV &P BN ) S AN ) 5 05 R DA SRR 78 ) R RIRFS D R AN 748 A AE T
AR MR SE R 1% R AR R 2 A AR B, BN [A) ) 7
KR AE . B REAR. PLESEA T AR A AR R .

BRI AT O, b ABASEUAAR T AR IR SR 0 SR LR TR A=, a5 1 51
e REE, MO SE AR R RO E sk, RO I6UE f S A,
AR LSRG J7 (IR -

8.1 WM IEA R

SR ARG MEREREDRE . AR AR M2 AR, Lo, SRR T
—RIE RS, NI SRIEAE R R S, A 2R IR R, AR RE
U R G AR LR S H B IR AS S AR R o B AR Sk e A A, AT
PUARCARAAL, X FLR R R 1 gD o 8T SRt o BORAA IR PR RSB A S A Ge it
ST IR S A A5 e R R Ut AR A AR 0, AR BN, A R R A R

ERRARA A AL A A A SR T, M AR, T LA SRR, B
15 RGAAC IR R SRR, SR R R AR 5 R BTk . Tl AU A5 7 A
BB TUSN 1] “ RIS IR

AT ESHZI R A R AR AL, e B, RSO 2 AN R
L KIEL AL UKE R RV S R B T s AR 50T RE LR E MR VR A T
RERN 18 E HEAE N I 7E B =4 U R G0 GO R RS, Bz b =48 K<
AR IR, UK, IR, ERALZE IS (C f3F) Bk, M P
AEFH S IF BRSO REW AT I R AR 0 o B X S A el 2 NS e L Lo
AW RE AN J2 2 R A ELAE T RE AR A R ah il DA 7 A KA I RS T s A 7E 70
R ST N 58 4 Al U R G GRS, Nz R TSR TE I A AR E
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RIBR, EARIH R AR XA U R G, DU BOE A . Pt BB B T
IR AR, K2 HOEAR B C ERE R R G Oy T TREAT I [ A
BURIRYS, A AR B T S RS R, Re PR M e ety 7l U
ARAC I 2SR SR MR 1%, A N =4 SRRl (IR, DK
TR ) s 9 76 AR AR A ) XA AT AU 047, 30 A T ARk DX ik
EREEA R T %,

HAUERBH I AL B S I URBUAR L, BRI vt Bes it &
Frogit sl st e (R 8.1.1). (RN L, & BRI T B A5 P B A 2R
S A EA AR B KA s BT AR 2 P ANId 5 2% 1 SE X
DU RE Un 3 S I SR PR A AR AL IR RE . KB AL I AR IR TR R K AR A S B
HIEAE LA E s BB URBAUAR 2 (I AR 22, X SR FE A A B ) R SE vr, Ti
IOAIEAEADL 45 SR 0 E B BTR SRR = o TR, BB BOYTA B AU R A B B ik 1k,
FEHA o ARAR A BRI HUBE T TR AFAEAR 2 AW I, A 15 B8 2 B BORITHIE SR (6,
BAEEZ WAV S 2 B EE LR

A AR DR 2 S 5 I SR s 25 AT 20 PR 2 i Be A o 16
PRI AR A I SE PR I8 26 A0, 9 IE AR N SE PR o aE S5 AR 6. $4 A
A B RPRAS FIRR S s 18] (8- U T 2 D~ 48 s il AN AL s i . P ilie 2

R 8.1 HABRABIHER

Ry BIL B g P A Bk AR 9 IE U6 R E 5K R o 18 S5 A I I AR AL T R IS [ 245
il . T35k, AT 5 R RGP AR AT A B I R AR T AR A (A
AT PR U RS, BT M5 ORI R BURHENT, 72 AU P S I — 2 4
e, B I — M R M RIE B, DO SN A5 2R S 42 ) iR 45 A ) 22 e ) —
et ARG 79250 2SI I AN R A (132 T a8 2 AF0- 55 A LIS SIS B 8 v A A 85
ey, Bl “RE .

FET ARSI A, P48 AR UL I S AU AN R AR o S P SAR, w]
BRAFRF 58 USRI UM% 5 4 B AR LU (AR AL B, 1At LGM R IR UK BRI R AR LAY Bka
BP [EJ KA, I AR AL, T SRAT— Bt s TR) R AR A R s S x4 (301 2
TSR AR AR, SR AE 6ka BP LU SR R M AR AT A% s WS 4R R A AR Ao
L, ZE A AL BRIYIAN N DK 0 AR AR AR AR s A AR A

8.1.1 KRIAFHER
8.1.1.1 kA f2fed Az

KA EE = AT EAR e, WghmspEeg (R —em). mesEE
MR E ST IEE R (R — %@)#tﬁ%%ﬂiﬁmﬁﬂkm%ﬂ%ﬁ%ﬁﬁ,
[FI IR RGN ) RE S B2 MR R RELFM SR T RAA R (TR RKA3)
I AGCM) HIFEA R4
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FERRABPR ARG T, KA EEATT RIS Grd-T, 1992):
B ITRE

d_u_ytan(pq_ﬂv:— 1 @+ fv— A'I"\N+|:}L (8.1.1)
dad r r prcos @ oi
2
N e+ W 1P i Fe (8.1.2)
dt r r pr oQ

2 2
dw _u”+v :_l@—g+fu+Fr (8.1.3)
dt r p 0z

d_p+p( 1 a_u+lﬂ+@—!tan¢)+2—w):0 (8.1.4)
dt rcospoil rop or r r

Pom T
dT RT dp
= = P (8.1.5)
Pdt P dt Q
p= pRT (8.1.6)
KIRTTHE
da_1y.e 8.1.7)
da p
Hrp

d_2o u i+!i+wg, f =2Qsing, f‘=ZQcosq)
dt ot rcospodl rop 0z

KBRS 2 — BRI E RS : L ol 2 ZERAAARINEFE | 26 BE R = B
z=r-a, r e GHULIIIEE, a RHEREAE: u, v, wRIBA. ol z BIHEE & Fiy Foo
FARA ol z B BEYE )); ¢ 2BTIE], pR%E, p ™ k; g2 InidE; q 2k,
M 2 TR BOR 4516 R SRR FUK IR AR 2, B R RS ARFRUKIVR B = A [A] A8
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R, S F AR TH 28 RIS R RS R I 3 B RS KYRY BT 51 s QU2 I ERTE % A
HE
AT RRALAE u, v, W, pop, T q 7 AR R ARG @AM E T2 (8.1.1)~(8.1.3)
BEE R AR R BEERREE; B8R (8.1.4) KHE. BEMSERKR
ks O — BRI ME TR (8.1.5) NPKHEREEFI AR R K. 7 EEEE ) FL#4JE Q.
IKVRIE M LA R KRR E BT DAR IR S 5 24004k, ) 5 F2 20 o i e A8 B+ B 20 1 PR 6
S o R B, 75— 8 I3 SRR A AR 2 A R RT SR A (R SR BRI SRR A v Re .
AT AATTRR 38 U0 5 I (1 e i R R R A 38 S U o bk 7y RR AR AT i fk, g 1 &
HFE R AR
1E (8.1.3) A BRI 0 (19 T B B2 TR B I LAAMAS 2 /NI, 0 RS R R 2 3)
A DARG 25, USRS SR ER E A S, SRASER 1T 5 R
op
Ei—m (8.1.8)
511 5% R B AATRT FHAUE p AE AR E AP S KRR REiEg). fEEE p s
AP RAMEATT HRHE R

du_ w9 e, (8.1.9)
d a acospor
2
y_ku_tanq):_aﬁ_f.u (8.1.10)
d a aop
oo RT (8.1.11)
op p
ou N 1 auc05¢_+§§g::0 8.1.12)
acos@oA acose Op op
dT RT
=2 e= (8.1.13)
P dt pCO Q
dg
A_g (8.1.14)
dt
d 0 1 0 1 0 0 dp
Hp —=—+——+ —to—, = — BN RAE R, ST
dt ot cosp oA acose o wap © dt ! -

z ARPRIIE EEE wo

8.1.1.2 GOM A4 4R % %4
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K 8.1 p-oiREGMIRIIRER
(Hack, 1993)
£ (8.1.14) X S AR 5 FEAGEREA RMARIEAIC . Besh, BT KA BTN T
Mok, FTLAAEL t ok 4% o, FIBER A% a 0B T 1, JEmE 22 T /N5 uwir, vwir A1 fw
ERONEEHIEIER, &8 RHEE o U5 K p- o IREALTR.
o ARBRINE s

_P-h (8.1. 15)
Ps_Pt

(o}

A PR, Ps N AL, Pt ABETIE <k
p- 0 SRAALBRIIE SLy:
P-P

= R (8.1.16)
P.-P

o

A Pe NFHUZR ST, Ei%)2 LRI SIE P AR, )2 LR o Ahky, 8152
p- o REIR IR EAFRKASR T, RATTRRARRIEXGT AR IR R
B, S SHEMRAEE.

8.1.1.3 #ds 5 Aol R 5040 T KR

SRR 148 5 (IR R AR A A I TR AR LA T R AL, WIAASR K R B
IR t= G RORES, AT

\Y; =\7(}»,(p,(n,t0 )

(8.1.17)
p=p(L.9,0f) (8.1.18)
p=p(Lo.0l) (8.1.19)
T=T(Lo0l) (8.1.20)
q=0q(1.e,0t) (8.1.21)

AR PIAFFAT . NILFRFAFMEL T2 T ARk, AN &
WFSA . FERAEFHIL TR p=0 I, ©=0
NIAFEAENY, p=po i,

G, u a vey 1

— - @ (8.1.22)
ot acog ol adep p,0

w
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Horb 2o Y RIS po SIS I, po=po (X» ys D)o

FESEBRAREBETEASR AR AR, D 7 3t SRR B (0 A5 A A A B AT BE 5 (8
DA I AEAS BT R OB 25 22 A A R A FR AR R 7 (8 L v Al s, — MR 28x Bk
SERTEH TR LA, BAE ORI S E AR e, KRR
GEAFRREERIERT; ORITRHAMELEIEA LN, £ T nMEdf, AR
BRI, SEFEHTT R — BT AR & T BB SR AR R A R 30T RE 2H 1)
B, HiEFERERE IS HA RN IAGE BUETHR RN S, IR S
mzik.

X bR ) 7 RE AR AR 22 20 B R T (R R AT B, AR 4558 Ak simaa 25 A
LGS T KR A AL AT B I8 5, BIR] SR R h i AU e . E
R MR R RO R b B 5 i 7 R A AR L M s 2 5 A, T HL
K& Bm R B SR SR EE R, I R BEAE 7R SL PRt DU R AT 3 TR
VBRI 2 . XSRS AR, R, L5 R i
REAESE. (A, B SRR Lt R, AR BEAAAE TRk . K, AR
JER SRR DR E RN AL T,

HA L = 4R I B R 2 4E . A7 SRR BB Rty 24, 15
LM AR TR AL AR R AR, 5y SR U 3 AR E
HAaAR, FEERAAREDTNE, SRS %, AR08 TIRE R RN
FZHATT R, 057N BUE R AR RSB % A o R R,
AT LA ARG . B B REE SO T I — NS E50 R BB R,
i 7 BN R R A A A SR RE K TV

8. 1.2 WAERRER
8.1.2.1 HHFIRAA XA K4

M FEA LS KRB IR 2 3LE . v 23 e, 18375 F8A BH 1
A 7 IR IRAR . AH A VR 2 B BRI R o) AR B, AR ER IR
1B 0(OGCM) T FR LB E i, I MUy i B

F—, BNKABEZ A S0mE, mgER ) UTBRIRE 2, W R B2l R
SRS . AR AR TS OWERP LIRSS R, TR L A MHiT
JAFFEN A JE /AN E B E . @ AL A% DA e Fgk T S50k . fit,
FEMGPERE T S JE A e TR (swamp) MRS, PR (slab) MFAEREUATE S (mixed)
A VAPRIEFE R TR (SST) Mg REEE P HEIT5, A REMS, RHE
Mo PHUEEHER S BENEFE N KRR RANIATE, AERFERMIER . B
WM E T — IR EIRA R R A R B AE A

B MR AR A R e, XAl i T RN J LB 2L, 28]
REENLTR LA AR BRFZBFESFON R REE”, BIES) 15, X% T
Wlie 5 KA RS E RRBERS N o AT MG EEZE R —RIEFEERIEA R K
SIRIRRE N B B NREN, BN R KR A AL TE X PRI R, i HAX Rk liEiE
HIFE R R E AR PR HEER . B—AEMN, SRR L, T R iR iE
s B R N—A G, M RELR—NEH. BB E R, Had
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FATR AR R 20 1

HRASMFUEL, EEEATIE WA, SR sk = . dRfhTh, R RAE 20
20 90 AT FI I BORE, A0 HE R AR AT 1 A2 00 e T s 2 AT T v B BB, AT 8R EE R
RN N ER . TXEEBOR AR S, KB AR I AL BRI i 1]
AN B RS 22, W 2 N e, I — R R RS A e . b
IR R 2 R RV AN B0 I 77 SR A R PR R MR B o 13 o A B B A DL 1 %
WEFEIMEZ. N T RBBEARBCRE, Rl /AT, AR T BRI = 10 FA
WIIRHAE T, MLl i, y?E*%ﬁ*E%E%&?fE%EE{%E@NI‘Eﬂo

8.1.2.2 AAFGAE G424

FERRAARR R, B SR AT R 2

U Wene=- P g
dt a Ps,@COS @ OA
(1-tan’@)u  2sing ov o%u (812
+ AV P LR ST
A”{ a’ azcoschak} e
d— u tan(pz—iap fu
a’ ps,d 00
(8.1.24)
L= tan @)V 2sing du ka_zv
a’cos? ¢ O\ oz?
E:_psg (8.1.25)
@4- ! a—u+i(VCOS(o) (8.1.26)
0z acosep| ol O
2
%I_A VT + kZT (8.1.27)
z
2
Z_?:AHVZ + ng (8.1.28)

Hrp

d 8+ u 8+v8 0
dt ot acospol ade 0z
2 2
v =:_%? ¢ 2 T2 - 2 ‘ 2
a® dp° a“cos” ¢ ol
f =2Qsing
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X rr s 5 RS TP AR SHE: L offl z EERAIRHIZE . AR,
FEIFIE z=0, BRFIEF T AT u, v, w2 oM z JE iy K BRI
HhaE EAUKP R IUCE, Hrh TR B R R AL An K TiRSh R R . ps

HKEL,  pg, SHEACERERFEROLM, pkdy, TREKIERE, ShHE, kALl
R TEE KRBT B R 5.

TR GXHz = —H(4,p) ) HKIAREIR

Q(U,V)ZO (8.1.29)
15/4
0
—(T,5)=0 (8.1.30)
0z

W=——UI oH _voH (8.1.31)

acosp o4 a og
TEMGPETIR z=0 Mih Ft 2k 72

pso,ug(u,v):(ri,r(p) (8.1.32)
oz
0 1
psokEU’S):(C_pWHOCN’ V. (E=P)S,) (8.1.33)
/\l:l:‘
7, = pCplVa|u, (8. 1.34)
7, = pCp|V,|Va (8.1.35)

ArPpREAHE, Co RIBRAM, ,|=u” +V,” BRI, Hoon RN

FEREE OINRAOIE, RHONTD, P RMKE, ERBKE, SoaAlFRMEE, Cuwi
HEYIN 1= PRV g e T v S5 P [

8. 1.3 PhmEER

RIS O, B3 WA T, Lok IARR KRS, Tl
AR EEA M R R R SO R A E R R, 1 R A R R R
M ER K. EREX, TR prA I R s 2, RS s KOt N 7
HuTH S S 2 (HEERHIBIN S o, AL IER SRR S, BRI 2 R S
AR, IR AL BIE 7 EX S S RN R ST B F AL SR SRS R 14T 2
At bk NACRREVKSE0R 7R, RO SR 1 s S o 2, R thomaa i 1ok
PRI AR SR, KRS IR LT R RA S 2. B TR R
ARH R, ATfa A IR AR AL B, (R R REAR AL, 2 BIUK P 8 R = 2R AN R 2
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S . AR BRI (LSMD SR A
8.1.3.1 Sh&ilE N X
il 1t T % R KR AR B &, R I R RV R T 1A E R A B &= . )
=L EE AR
7, = pCoV,|u, (8. 1. 36)

7, = PCo |V, |V, (8.1.37)

P p W RAE R Cp 2t RAE, ATHBIRMAI M T, —RRAERE -1 H i
T Cp=10"", Xt F UM IX, B AR ML SR, #6  R K,

2939 3x10™% v, | =Ju,® vt R

8.1.3.2 AT w ey it & M 7 42

b - SAZ G ROy JE PR LT, s E N E . Sl R E T AR
TER—Ia G, HREN AN

Ry =LE+H+S, +Q, (8.1.38)

Aob Ry AHBR T RSB E, LE NEHRIEE, H MRS RS ZAIMENER, SN
RIS AEY) . I FEA SRR AE R . Qq M M T 1 HE & .
(8.1.38):\H IS TH R IE . m&. WE. FoKE. TRERUENTHmE. NT
X AFEEAT I, JM‘IXTEM’E A, DA H TR Rk
1. bR [ AR S

R, = (1—05)8L +e(F* —oT,") (8.1.39)

rhoh e I, SUAN RIS B bR Mo s Fr i R K
EEHEE, ol Stefen-Boltzman # %, T, AHLFRIEE .
2. WHFIEHGE &

LE = pLCc|v,|(a, —a.) (8. 1. 40)

H = pC,Cy,|v.|(8, - 6.) (8.1.41)

A Ce RIEBATHALL, CrRBHATH RS, — MAEPET AP AR T L Ce=Cr=10";
Oa F10, SE U S E AR AR G L, qq F1Og 2 MR AL IR AR & B
3. MR E

S, =P, +S, (8. 1. 42)

A PONHEYDC SR FTHAEIRE R, BRAVERIMIIX Py ETER] Ry 2%LL |, HoR
B BEIUYIR AN Sp AP AR REFT AR, #EREE X S Alik Ry 1%, HoR
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M DX IR AN e R ER AR 7 7 B R AR ok U, St IR 2t (8.1.39) A HgR
FUUNGZ, AT 2
4. MR H Pl &
oT,

Q, =p Coky — (8. 1. 43)

g9 az o

HKrpg, Cq 70 AR BEMTEL 3 kg 2 BT [ ) #Au 5 RAL
4.1.3.3 [&@ #h&-FHr 42

il ] P PPl 5 R — R IR A
oT o°T 1

— Kk, —>—k VT, =
o ‘at " ¢ pC

Rs (8.1.44)
g

A kg A1 kn 70531 8 3 AU 34 G R 5, Re O 1 #0i AAOFRIRIR. CRsUs P s i i
), ORIV Re RN, W RIEA T
RN D R Z o T AL, WE-T v 5 o8

aT, )
ngg D(?—khv Tg):Qg +QD +RG (8145)

B (8.1.43) THZ: Qg NI
aT, )
nggD(E—th T,)=Ry—-H-LE-S,+Q, +R; (8.1. 46)
o, Qo il D IRFEM T H m) B AL A
4.1.3.4 hd Koy -FHr 42

BR AN i bl R T8 (1K ST RE

ﬂ:pr+|\/|g_5_y (8.1.47)
ot

b WORR Z A R (LUK AL, PONBERIFEK A, My MBS Z, EN
ERFE, Y NERE (AR ZENERN LR ZE N T RERNERD . AKFEIZ ik
5 TR IR R K

W>W, E=E

ap

W <W, E=E W

c ap
c
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T W s H 33 B2 1 I FHE,  Eqp RMEAN BT REZS K Z . DA BT PR U0 2R L9
Eb We K, 2SR ZRIE B KAH Eaps WIER LIBIRFELE We /N, WIZER ZAE N W 1) BR i 2 e 1
/b . Manabe {5 & 33848 & ) FH [H) 5 /K B Wee A2 0.15m, We 52 iZ%1E 1 75%.
RN TN
B _p_E M, (8.1.49)
ot
X S ERA AT E (S=pshs, hs NEIR, ps NEHIE L), P AR 152,
E, AHLTH T2, Mg AR 2, eRIE i e & PATRTH L, BUA SA77E,
FIRE Ty T 273K, M Mg=0, F I M 4% R 30015
LRy —H-LE] #[Ry —H -LE]>0
M, =1L, o
0 F=

P L RIERE A

(8. 1.50)

8.1.4 KR
UK B AR UKRD KRR S, PRk 5 R ot A 35 e i R e koA 2
8.1.4.1 kA X,

WK ER, DL ERAE. VRUKIEIKIE . FIVKT TR 20K R - R AN ES:
P [EFERT A B — @ R, BB R S i, KA RZ 2R . i
FEANR AU T B fU7E T e KR S SR, (RO R I 23 ROBE oK, 7ERE Y
BN A DK b, BRI e KR B, G BRI KA € VKR (BFEIK
(1 ) FE AN X S oK 3 B E) AR b AT . MHELZ T, BT UK AR AN K, B A s
P Gz

555 RO B, T 20 N S5 ORI 50 SR 50K BN 1156 R R
B LRSS~y 15 SR O JERE, 30 20t SR e UK ) JEE R SR BE S 5 3 U Al B e f i
HONIERE, BRI E e KRS . — S KIS E A SRR R, SRS
NIEE, A BRI e O AE ) S A

WK (SIM) #2831 e B S . K PARUKEROK A ST
WIS H e Sl & o X S0 B A5 R PRERST . NS S BRI RIS, @
KRS R4 G gl s DKANZRCIRZS AR T R ORI SO 1 RE B 56

WK KB g 2 E SR A FH T UK o 2 280 7 8] i =26 1 Bl &2~ Dy S
HREAT o RIS R AN KA BHRITS S AR g (5 i T AR
A KR), FIAVKEE ST FEA RGO, UKE) I 2350 3 B[R Z ALTE T3X AR ) IR
%%%W%WFﬁ%L

1. EEEZBIKRZMMIFTRA

Kl 8.1.2 45t V B HE K RAM AL RIS, EEARE R LRGN R PR AT 5
fEst SY, R IR SRS P, R R F L AR A i H RIS PO LE,
I VKE AL T Gy, UKRL Y RE BB R M; (Washington et al,1991).
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B 8.2 JTE AR AL AR
(B, 1992)
(1) IR FHI I RE T 7 1%
H+LE+&F"  +(1-q)S" —1,-F' +(G,), -M, =0 (8.1.51)

e NRKBIRIS A, o NOKKIRIRR, 1o B UKR FIRBHAEEAR AT E R, ek Tk
I EEE T, BRI AR — O L 29 NS 0~10%.

AFEVEE, x1(8.1.51) XA LBIRIE T EAR, (HEMH M LS A
H—3, ERANEHREE RSN

H = pC,Cy|v.|(6, —6)) (8.1.52)

LE = pLC.|v,[(0, —q;) (8. 1.53)

Hob, pHKRAINERE, Cy NEHASHI AR, Co AT REL, L BB, 0,8 g,
ARSIDFECMEARE L, 6;F1 g 2K MALRARE . FERENE (8.1.51) X
AR H AN LE #7530 i@ s 1a) S oAIE, 1a oA . X BAE A e L 5(8.1.38)xUH )
FE UM, BRI R UK A SRS R SRS, s BV Ok It 2 71 T4 I
7 ) Sk

F'OR S A2 AL, I K pm i ik pda b s FTi A=

F'=go(T), (8.1.54)

oA Stefen-Boltzmann %, T, NWEFKAILE, (T o NUKHEPRE . UK P #vE S8

=}
X

il

(Gi), =k; ( ')o (8.1.55)

b ki IKR L & R ﬁUﬁ%iﬁZo 2 i ST UKIERL, Qi NUKMIRLAEE A, oK
AL RERIE R M N

dh,
M. =-Q —- (8.1.56)
' ' odt

(2) VKL TR
UK #3057 R B 25 REOK B A R B SHE IR (v ST REge BT
oT, o°T,
C,— =k, —
pl I at I 622
Hhpi RUKHIEEE, CiatUKRTEEHY, K2 UK AR O R 3L
(3) WFUKAZ T I ) g &1 1 75 e
FEVKANE KA F D _E W REB P77 REAR oo G Py 7 i P I AL ) e i Bk 45 i
R Re R (RlEIRAZRA0), %Dﬂ%ﬁ/ﬁrﬂéﬂ’lﬁ% M Fo 53l vk b Sl R 2 5

+ K 1,e™ (8.1.57)
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o, R
oh, oT,
-Q (E)hi = I:o¢ -k (E) h, (8.1.58)

(8.1.51), (8.1.57)FH(8.1.58) Mk | LEHHE scifF VK RN F22H, 1l (15 g
UKJELE hi FRE Ti A4k

2. HEBERIBIKRGMNHRI 15 T FRH

MUK LB ESN, B EE A, B 8134 THTERMBIKRS AR
o

Kl 8.3 AL E KRG MR
(P, 1992)

(1) AT 1 Al T 7 7
ST kA R LA, TS R R R
H+LE+eF" +0-a)S*  —1,-F"+(G,)y,-M, =0  (8.1.59)

e NERIKERU 2, a NERESAT R, GBI TRMHE FHE, (G o2&
RIEN GAH. AN

(Gs)o =k ( S)o (8.1.60)

KL K, T 3 5 R AL Umﬁ%ﬁ
M, 25 BRI RE M B I L, BT JRIE Y he, Qo NS HORMRIE A, I
dh,

=Q (8.1.61)
(2) FWRALFITIE
2
p.C. aaTtS =k, aazT + K 1,e™ (8.1.62)

Krfps NEWERL, CoNTHIR, Ko NTHEKECRE.
(3 */JK;&?@LE’J%E?@IE&

( S)h _k( I)h (8.1.63)

THF h %ﬁ?%ﬂ/]ﬁﬂ’b&ﬁﬁo
(4> VKL TR
SETIEL—F, IKN#E S~ N
oT, 0%,

C,— =Kk,
Pivi ot '62

+K,l,e™ (8. 1. 64)
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(5) VKHEAZ FhI AEE?@I%E
_Q( I)h+h_F k( I)h+h (8.1.65)

IHR heth; FRIARVKFIHEIK K122 ST

3(8.1.59) (8.1.62) % (8.1.65)Hi M pit | 1 T & s MUK R G #2207 R4 . (iR e R
TUKAER, BRI, B K mib .

3. WIKRGHE) T

WK IZ 2 BB TR ] WK BRI T, 5 UK Ik 7,
W% 71 G , HAERIER: 5 AR IR G Iy D BLRMGUKZ I A ELAE I R T o TSk 9 3)
BT LIS N

+7 +D+G+1T (8.1.66)

K m AR,V 9K . (8.1.66) RS TAIX KA, BEAE

AR R, AR BT, WU EE, BRI, Wi, %
PSR, R B A AR R AT 15T, DA F AR A, JLiRAni
i T BB B SR

(1) KAMRH Ta

7, = p,.C, IV, =V, [[(V, -V))cosp+k A (V, =V,)sing] (8. 1.67)

K, RKAHLE, Co RATUERAL, V, RERAR, oKL REHIE R

1, IEHE A E Ko C, AR E N Hm in AT | Bk
(8.1.67) A itk N
7, = p,C, IV, | (V, cosp+k AV, sing) (8. 1.68)

(2) HEPERIKRH T
7, =p,Cy |V, =V, |[V, —V.)cos@+k A (V, —\Z)sina] (8.1.69)
Kefipy AMEKERE, C, NUEPEIIERRLL 0NIEE AR MR 1 ffy, w0 S C,
JHHG VAP TR

(3) fi[E# D
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D =ph V. Ak (8.1.70)
NFp AKIIEREE, h RUKIERE, f=2Qsing N [KS 4L,
4 w1 HG

G =—p,h,gVH (8.1.71)
Rob g RESEE, H GRS

(5) kiR T
MEHT = (1,1,), FHETN

R TN ) SN R T
U—&M+Qw+@ m& £+@W@+wﬂ (8.1.72)

0 ov ou P, 0 ou ov
|y=5[(n+§)5+((—n)&—5]+&[n(5+&)] (8.1.73)

ANAFCRAEL M DARBAE, n2dER M)A, P2 T UK R B o .
8.1.4.2 Mkt X,

KEEOKCABE VK VKEE Tk EECl s RUKB M 2%+, TG H5E %
W AFRUKE B EFREIKAREK, HAaRREEEEAR 7%, (GREHB A 11% G,
1998). T VKE 1 b - AR KAT 2, Hod ik vk 35 1 s S 2RIV i Av B A FH 0
152 o LR UK) 1 Rl Al BRK 7R A 753 ) AR BRAS /K T v 1°C i 75 #4780 £t A1 539
£, FRAERIA L PR FHRE R LA 30% YHAE T VK S Bl b, MUK R UKAE Hh R #h i P b A 28
RREREM. KSERSENY, B—S4Em, AR EE EERRGER. Hib,
KUK 36 U o A TEA bR IX , 7E b5 S8 ok BEARTOR VKA A, KR vk 78 55 5L S i 21
MREEEEIX . R (LIM) R4 ERUKE R DL S S i sy i 7 B (4,
fii 2 Vr 2 B VK S8 P BUE R BT K E KR .

— 2 Be AT UK 55 AR Y A8 Al LUK 55 AR AR AR IR (Nye 1963; Dansgaard and
Johnsen, 1971; Paterson 1994). i FH A BH £0F] FH A & Pt =,  nT B AUl K i B A
M5 (Budyko 1969; Sellers 1969). 147 K F K FHERSS BE 7 Fiti K T AR B /N RASEHDL B (1)
FasE LU SR I % (North and Crowley 1985) (& 8.1.4).

Bl 8.4 DK AR A AR AR IRAS T RO B 5 R PR B AR 2 5% 2 K g
QIQo AEVKTHIEHT 5 R HRALL, 1-3 43 AR B AT AUk 48 19 =M B (North and Crowley, 1985).
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REGUK AR 8 5 K SANEFEA R, EATRE s — AT (s, 82 AR
T 12 (B — M. PRI, Bl ORAE — B R TR BT R RS B T RE LA
ERpERER. R

Vp+F=0 (8.1.74)
_%_pgzo (8.1.75)
VV=0 (8.1.76)

R
Z_Iz(%ij.vT):kvaJr% (8.1.77)

KPVEKTFZRMEE, p K1, FRKVF-4EnE, z ZIKEE, pIik&R, V2=
eI E, TR, t 2R, k e 25l &K A EMY #3 (Paterson, 1994).

HR A5 UK 55 Ak T Fe RS F LUK 55 82 ) AR AL B i e, R T B Al oK 26 155 50
(Budd etal., 1971). )5, KE T BA B EUKZLEE IR A Hh 7 58 i — 4 vk o 85X
(Oerleman, 1982; Budd and Smith, 1982). Ajitt—25 1 fif s Mok 36 XA AL, A
P AR e RE A VKR FE 35 B = 485 J1#8 1240k 358538 (Huybrechts and Oerlemans, 1988).
FERRIN UK 35 BUE LRI (EISMINT) o, =4Euk s iR e oy =4ksh i1 hr e R &
#E(GLIMMER), BRI R W) 0K 56 188 A6 DML 86 F 58 A i — A B 32 5 (Huybrechts,
1996; MacAyeal, 1996). GLIMMER B2 — MK A g,  BEwT DLtisqT,
WA DUE N — AT & Sk RS2 1T . GLIMMER G T = 4847 PR 22 10K
FANJIRI I, MR E M) DR R, IR S VKRR IR I AR, X
VKR R A AR BT R

GLIMMER 5B A 8 R WK R R i S Re s E 1NE S U . EE AN
o ALFR R GEI 13 RGN F R UK 55 5 2 SR UK S T AL T 7R

%h =—div(D-grad(s))+ M (8.1.78)
X D RIKIIY BCR L div2BESE T. thfe R e e A n] DU S OKIR A 22 5 R
oT k 0T 107 og _adu
—=———-—-<u,grad(T) >+——(W-w,;,) + — <——,grad(s) > (8.1.79)
&t pC,h? oo’ grad(T) >+ 5 (™ War) c, “oc'? ©)

P TAEXHERE, h2iKE, s REMmMERE, udACrEEY), wREREE, wyi A%
ALK TEADE S, 0 RUKERL, Co NHIRE, < >REEGUAR, grad (X,Y) =2/K i L
IR LS

8. 1.5 SIRAGHEEAMBRERK
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8.1.5.1 AERLABSEX

SERGF R —NEIRNRG, N TR EE, FER R . K. it
UK R EN R AT G, SRR G PRl R (B2, MEMEY) TIE
PR PR B A A AN — 58 L MBS = AR (0 o A BodE . TERR AR, e
I =8 Rl R [V R O I B 0 /= el AR i 1 L o S 7 1 9 = A O 7 P e N
SR E RS KA AR, HRAHR A R S g R ZER K. HIR
DA = R MM SE 38 (T HE T R T R A ARE T S R A&, BT s AR
PEAER AT, FABRML S BARAR I Z FH O, Mo HENAR KRR, TR,
UK AR B KT BT AR B ) VAT T A ABABADL L 45 SR IF AN KA, (R0 TR o AR,
BRI BRI S5 RA S NI, A TAE R A T

TERS AR, o B S ) A OO MR S ORIt [T 45 2 2 (1) 22 o it
R A ()R 2 () JORE o EL A < BRLRY 7, RS0 J L R 5 A8 e i 7 1) 34 2R B i) Pz L
WEVE (CRP A2 R ) 0 ik L 58 T ) 7 4D 1) ROBE /) o Mgk mie) J82 P B ) ROBE L i 2 AR
%, HRE— LRSI S (RIS . [RIE,  RARSEAEL P s T) S5 S 0 b /N - Bl
UKBLA T TR I 2P . S — 0T, FEE, BRI 00 25 () ROBEAR ATz /N T KA e
(7 ERBE, DRI, i SRAE I AR X AT 2 X eI T, B SRR i R 7K ST 23 36
b, B ERE, KAMWNE EEE LA TR, SATFESEER, R
WAHEFPP ARG 17, A0 S 5T T H SR )25 L pRema 2 A Jo R, XA RS PAKOK
T THEE . (HSE, FRPRA T RE A R G ME— AT, B BRI EERT R
AIERER (RERRTERT), bR AR R 52 21 R KT B B2, 17 IS /K TR B PR B ]
XoF et 2 X I UK R 65 P g B R ROBE AR . FH SR 90 o S IR SR A B R IR 2,
FUIAT 2% OB ZE AR K, BB 90 A I #7272 i (GRR LB,
1999).

1. WA

RS A T, YRR R 5 3 Fli:

@O HE(swamp)ifgy: WFHENRE (SST) MilERAEE-PAT T, WA MR, BATF
Wit

@ fAHIRA EEE )2 (slab)ifgit: SST HIM 3R B8 5~ R ] 5 TR P Vi A5 J2 R o #4
G, PR

OMF IR (OGCM): SST HlERRE =P ANG h A E AT, HaREEKK
PN 2 BLE B K Tk .

B AR AA OSSR . AT SR A
JEZN 1R R FAE R BRI, TR 45k CGCM FRIHE & BRI o] B AR 508 N IR T
Horp—EE A EE RSB SRR B R SR 2, A, ARFRES A SRR
I L J LR VR LA A A g R X e gk U il e 5 KSR S M BEAE A4, &
5 ENSO (El Nino-Southern Oscillation: JE/RKJE#EAF 752D LLAAR AR 5
BEARMK R

(DRSBTS

XA A ISR GBI, B 5 Z0 A B I 5 KA L B 1] R A 28 K 2 3l 1) )
YR sRE, RAERER L — AR —H, EEEFRNJURZLNH, FREE
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NIV, RREFENSAFERIETE. WO E 2GR Y, SR EEITFRK
TR, BB ARG A8 HE0E & Fr it 7t i B RS A T AR R . DRI T X
T A AT R ] 5 N (R D 1 e S AGCM #i .

WP 55 KR TEL A P e o A5 T P A KU N AR A B RS2 B3 (i T i
FEAE IO EEAT AT 38 o D9 S s R BB AT HhY DR (i L/ TH R, e T R
PR O SRR & . B PR, AR AT S E MWK, SST
HIRER AE BT RETESL, TR P AT AN EAF A AR R R SST .

THE SST IR R 2T 5 FE

S+F'-F'-H-LE=0 (8. 1. 80)

Hoh s MRS K B AR ST E R, ROy R LA MEST B R, PR LMasMesti@s, H
A LE 73 ) R A PGB B, L ARG, E 22K E . AU R MG i %, SST
QBN W e ES v

BB PR A AR, R BEHTAE TR R AR S i, BRI BoE 2= 19063, 50
A EERIIK S REE R P B L o XM B AR IBURE T 7T . IR 2 5 AGCM #4
B XAREGHT . WA R I N L2 R IR, LR IR 70l T 45 2150 A
PRSI o SRS G R FH 50 R B el BROR R — SE AR B 1 T 1) SRR A T 7

(2) KA AR SR

SRR IR R i 5 N 50~100m (KR, WAHE LR R SRR R,
TR G . EATRER bR BRI K AVE RN ZTTAR . H] AGCM 51 it s
EEEER S R DU IS 20838 . BRI AR A O A DL SR R TR 5
Gih—AULEMER, BEREARSERPTHRIRE . R SEEERPPFERIRE, AR5
SRR RS (U0 A BRIF I T 0l R e R — P2 8i) . WA P i i S L,
RBAE PRI AN P B 1k 56 it v A RS AR [R]) (9] 0 224 PGB BT IR, UG BT 1A 0
), XRBAARRURREN RN B G ERA, HIT1HE SST KT T

pcph%=S+F¢—FT—H—LE (8.1.81)

Arp TARE SST, o NilF/KEE, Cp Nk, TR s e iR By h VR & 2 3 ik
Ao A IUFR) e R0 s Y A AR T B T T (9 5 R

RS R S U B TSI 18], RO R Gl A7 (X o] B R 1
JEERAMGHE ENE, FaA8 . XA EER Y 20 F£44, HWHER 50m
& R G SR R IR TR 28 AR T T 7E 5 5 A4S B, 901 1Y 10%~2096 0 75 22
15 E A, ARWIE, X T KRGO SN 18 . R TR G R
UL PV PRI AU BE S o (E PR B0 B SRR 1 28—V, T LA A
R DUSADLE WL SST 73 A1 H) & ARFAE . ACF-PEF AR, AT 34ty ) B b
&, AFHBAER A2 A SST EUMLII IR, sk EERII I o Mg/ T F
SE PRI AN 2R B A B AT PR 0 SST BRI HEER IR THRIVEIT, UE A ZE R TH A AT 2R
PRI B R B PRI BT 0 SST BTk e XX A SST 122, & R A ZERL=rn
— IR IEBTNERBIE . PAB R IE AT G2 AT PR 4™ A VR I

G RANR G R AT R G BAUA KGR SST iR 22, (H e R 7T A 2R U0 1 Bk
VEERARN, BHAR O FZE P 2R K CO, MRz, Eith4e 90
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AR AR R 2 R R S5

(3) K- EHA(CGCM)

AGCM 5 OGCM #i& il U et i B A EER ok ), i ads 1
AR VA BRI & e B R, SO i, Vi THRI IR AR VR A ik R Xt SST Ailifg
UK A DTHR o Bt T VR BRI E . PR EANR SRR A R 2 AL, B 21 AT R
KA FLA BRI I T, EAERIAR F Ay R — S5 1) )

HoRTTEER K. R OREEANEEREE, 3% (spin-up) FFHIEFK,
N R EAEHE A UA BN 5 RS EE NP EDIRES, A RETF AT U IR, )
B RITHER IR, X T CGCM, ZEAF A IRZ g 5 R i KAl B R E B T4,
— MR TR BT, T HARN A 2 e KT 218 8 (R 18 1 2Rk 2
FUKIE BT K, VKT BRSO AR By 2 = AR AR v 38 o A IR MRS, THI X TR
IR, G U EL RGBT, A A AR e B2 I 1) )R g5 22 45 rh e J92 B[] £ 18 R VR 2 v
PE—3. AL 2 TS, i HLRS8 B 75 (10 S 20 18 R e [R) A0 mT FH AR AR 40 A
KARZ . THERE SRR T 75 AR 20 46 1) R 52 i 0P AR S o R e e B . DA IR 7E
THE ESCI, AEAKH 3 KR CGCM.

OGCM GGG« WEMEE G FE, SST HIREH %A BRIRE MM EFiE, 7
WAGETE, FMEEEETH, RN EEAKCFREI B RE. 2B 5 228
TRE R, BRAEREMHEI. F CGCM R 7R £ fil B AR B8 2 i A PR H L 72
UM . (B2 RGRZEXS CGCM W E ., STt pis il —FE, REMZHT
ERE R R e RN R R BRI A S B2 i, TR R R, AR
THEMRRE M, TR KEACERAT 8B, ME s 2h SST i wmr, fHigokabih, ORIk
MARGRZE. MAh, BT RN RIS FE S H I ANE A EA RS Bt 2 0 ol S X i
.,

Kl 8.5 BiHI R ARSI RN & 17, edig st B ARE, KRB E
LSRR E L. R RKSERFEHEAMEG G, — RN RS REMNEEE
IA, BB AR SRR, NS AUATITIE. s T IE 57 A5 ik T8
B DS ) A B 4 SRR () S S A o X2 — P AT D ) R T . SR AR
[ 18) >R 22 3 A JU) AT DR 3 o ) B R A TR AR = 2 AR 22 o AR A2 o ol A A sk A7 4%
)7 AR RIS, — M ER D RO 2 AR, 20 R DA B SRS AT SR AR R U
WG, eSO R CO 38N, FEIEmib ). SIERIERSE, &)a REUH PR 25
Rz, DTN EREMAE, FERISERNR A T H 28, fEXFhZE R R,
AT BRRE 43 FRATART N A 1 R AR X 72 A i 22 DR 42 i i 36 AU M R 6 i A 1 &
Giirze. HNOZIEH, BME@, PrAREE el ZMA PRz, e a s e
RS P 25 SR, 3 R AR A BRI FE AN s PRI SR IR 2 —

8.5 RABE B G J75
AU A KRR B SO FREUE R S (BILHE, 1999).

2. WG T ANE B A
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(L BAFm

ERABAEEAT, KARSEE (BRFFEK) B0 FANETERE GEEsl) ©
oo ERA HWEPERMEUKZ AR S AL m (K 8.5), WAIAAILHT L six eS8, t
T WOKRR A IE 2 ke, W i s 7 B . i, AMUERY
TEEAHUCAS, 1 ELEAL AR B — 5, 06 FR G M SR A o g A O AU A
SE KT T B RE e S IR T . T H BRI IS (145 B A 3 AT R RN A7 TR T 2 B[] ]
K, FHETEHTEEL IE,

(2) KRGS B

KA G MR MR O e e —IRE B, KA S 5T — 8
(1) SST FHgUK A, FHAE KA — M H A R KR SST K A AL o 1R
ARG PR ER Y, MBI — M H FPME . X BRI 08 5
RPN 1 Fl vy, BIBE KR L ZE AR, B TR 2 R KR AR 00 i 45 B33 RA IR 1k /K 8
& Fr, DUAGE NI PGB R Hoey HTFEZ:

7, =Cop VU, (8.1.82)
7, =CpopVV, (8.1.83)
F,=P-E (8.1.84)
H.=[S+F'-F"—H-LE] (8.1.85)

Cp A1t R AKL, EHF Mg, sUFvlER EMFEE MR BT 5. pR %%, PATE
Fe R . it ElE R PGl &, A SST HUAT — L H A . anifg e i ok AR 2
R ey, FEAAT d R TR B, WK R R

SR TTREN:

1
V, = (U +v,%)2 (8.1. 86)

AP u Fv TR A A2 ) RGE, B RS SUERIRZE (R s 1 R0R),

TR, CYIEE PGB TP N, R E TR I E R A
{E, ELFE TR T FAGE & P 1 A P R R S = g 1 5 B R IR IR R . RE R LR
T, R FE R pen AT 2 IR RN :

pen, = Ae /" (1— A)e /" (8.1.87)

TEVEKIEDL, "THLA=0.58, 1,=0.35m, 1,=23m. B[AEE M 58%7% 0.35m (1) e 3T N T,
RERLIT 42%7%% 23m (1) e PRk, Fk, amfgEsi=CeE— 2 50m &, BAFHZEHE
BRI LA R 55, RS2/ T 25m, B SE0ZE KRR, N R S R
BAEFE Z TSN, 4% 25 10m i, HEE R, FIkREFa LT
M REUE, N R RSN A RS EH NSk, @F i (8.1.87) X REHENZFE
RBOF TS R B 1 AR I

(3) EERRIKS KA IS B

ARSNGB TR LG, TR R R 25T, By —A
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BAH, e U AR R IE N A BE RAS . KA R 132 Bk B R AU s
Ah, B2 BRI RIS, A POl AL MR OKRTS, tE RaE s K, K
B IAT P . R4 LBl Gl i, RANEBFR RIS R A SST MK .

BT TSR PR, 8 R Bk S R I KR R LA T B, (B IR R B, R IRIZE
TR SO R BRAEE AR U . B AR S8, JUP# AL FE R4
J15UF UK (W1 Semtner #5250), X PR AN 25 R UK TR ORI R A T b T AR =R T T 74
R (PR B RE A, AN UK IR RS S AATART 20 ) 0 B o 0 T B 2R A S0E L) ok =0 (n
Hibler #z{A1 Parkinson-Washington X)), {Hil5H & KK, HEMZMEKE, Arhe
B S Ak SR UK A BRI A A Y, 30k o Xm0 4% L T B KA S ) #1224
HEUKIIE ), 7KEFUKIE AR F DL S 1 B () 0K Bl 7 27 1

UK USSR T Aok H KA MISRIEA), B0 E A SRR AR AR R 7k, JIF
BORLERFRIX LEsR i8I AL 5O AR — M H o AR A vk U 7 — M H
Je s X% H 1) SST R UKo A7 HEAT 35, X SR B g KA, amia KA gk
SEAETNRSY . GBI R T SE R SRR AR . BRI TR A SRR A S A SR R I ]
(RO 1 RA LA =M, (BRI R R & MR, FlnfE 20 4 80 AR,
I T2 R R PR AR SR, o IDOX AL R TAT R o

3. MEHAR

KAGHEHERE G I REEAR B 2 —, SRS A5 i s B) ROBE ), B R
PR, MR NS . 7E 20 AT 60~70 FEAR, HITIFERAFIR G, KEHAEFERE TR,
TR B R ETIES TN Z . EAEFRPRE T, KBS A 55 1
(AT . — MR AU N TR A 2 BT H R [B], (DG >R B (R AR A PR it e LA PR ¥
PR TR BLN [R) D, T SR B ORI AR A B e R R4S 2 . ARREREE IERI XA
e, P RABEF I L, AR A, i, KA — 4, 9
A EFEZEATARAL, RN 2 10 A5 RA b, DIESE iy X — SR R KA e AR H e 8

i KKH AGCM 5 OGCM #5453, &M GFDL ( Geophysical Fluid
DynamicLaboratory: HiERPER LA S) 77225055 %) 1) Manabe 1 Bryan 7£ 60 KT
AT ST 1R A (5°x5°) AT B T R SR A, KA 9 2, i 5 = i
KR ARIE, KRR —AMEAE, T AR 2B K PSR S sia A4y 100 4. X
KA, WS R — )G B XIHHEAE UNIVACL1108 L1 1200 /)
B andz S R EAbRE, HitEERRE R,

REALE GFDL T IS — il =M &R0, B E RS, HAHERR, HEEEH
AT DS S2 I RS A RIS (K 8.6). IEEEIUTR I RGEiR 2, S RIFLI K CGCM
AT RAFAE . WGy SST KAK, g SST K, KRB MIZERE . HiXbrEE T
ARG IIITUE, BB PR A R ORI AT AR S, AHEAER, A 50 AE
EAKIEHI A% E, KRBT HHFRN x5 , KA 92, W 12 )2, A HIH IR
WG E, EVERAAFES S, KR T 310 MEAH , RS 272 MEASE,
WA U4 DN RABEAHZH—REE . e P RREEETNARD, G5
o PE A SEH, Hriid SRR A A R S (B 8.7), HIIX R 712 KA AR 4 4.2 155X
e, AR S 1200 B

LR AR R 80 4EAX, KIN 1 ARG I i) @, AN T R A g U
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8.6 £ ) -1y K AR o UL A U T
FHEWIME, £ B ym GFDL FHIRS —iveiiaCil- 58 (Manabe, 1969)

8.7 GFDL # & LA =50 0 AR PR & 75 &
(Manabe, 1979)

%, fefifE BRI PR ARG, R RS U S B AR 220
A H — I R DUE R S8 A5 B MR . AN FRE R & IS AE AR S UL 3]
VAR BUAE A

IR B H A2, AR AR H — R FEE SR8 1, R H
AR, WIS R R R S AR W Ik RN — IR 2. IR T i
PR R A LA H A SR AE 5 b 5 22 M R FE T SERLIN 2 Rt R e . R e )
80 FARNE» RS HANERE AR, KIFAZPAHEMARE, FHLE, AR
AR SR IUAT 35 (520 o (ERAE A AE H AR 00 T AT KRR B SR AR <A
FRUPER AT AT, REREIDLHE K2 HOH — SRS AE. 217 90 RN, X M a1
HAAL, EdES KRR B EIRE R 1. B2, ERAERMSSE ek
IR T SRR TR AR 2 i 1, R L U AR DL SR BT TS R D B R

(1) RS TIA L ARE & i

AT AURBT TR O A S, — Bl AR SRR 1L, A AORE & AR )
A 1 e A U S (K 8.8) SR, Wit — AN i TR S, Bk
il 2 — R FEARR AR A ik 6 ) AR R I D Bl d /N o RO U ERAS BAT Ml 2 A ) Aa iR
AE—FARREES, EAR TR R A IR H AR AL AR 5y, R0 B
AR RS R 28 BB AR FR 1K) 70 M AURHBURAE 1R 36 (U 8 5 55 3B AR A T J80) A A o Bk
T BB AR SR RS, I R A 2R © sl RS wIaa i,
AT BRGS0 91963, 8D RIS SR T TURIER s @ X2 A
(Y A e AT I

8. 8 WM AR AL SRR K
(B LB, 1999)

WA WIGEHAE S AR E, WG EE bR TR (CMIP) 1521 51k
K Z e NPT AR SWIE T S R G A5, (B AR PR IR ia s T e i &
IERZR, W RS UE Br EL TR (AMIP) #IE 1Y SST s8iE AR 73 10 4F J5 B 45 RAEVI 4637,
TR A P M AR AR L R0 43 B i P88 R 35k B A AT 2R 4 10 AR 45 SRAE I UG
Y. SR HETHIAE I 1 720 5 2 43 B89 AGCM F1 OGCM (2 LA 8.8 WItfifh i~ ). X
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AGCM, — 2 WIINIME %, FIRLSE ) SST siil ("] R 4EZ=15481k), 4> 10~20 £ 75
A EMETTY . X OGCM, — BB R 2 # (RIIR . T FANEEEE S i ibilg e (BRICv
TVERY) R, kil & 2 H R I AR IR SST MEESE SSS KB A THH, t
AHRASHAT . BRZEFEA NS, B LT B ANk 2R e T RIS .
1T OGCM MM 4RI 75 ZE AT B KK, GFDL IS Wit 1 — it R 2P DA 4 1 7 &6
BIFER R, TR DK EERK, LR el B A B R s 247 1A E T
iy S RHR TR REAR, ETE A RRE A A B Z R R R R B R .

X PR SOE A — MMEA TT %o FERLUTT AR, SRIEHEAE I = 4ES5 #5000 Gk — B
UREEPERR A R () — 4 (Z6 % - IRBE) BRI IR AN ER R 4T 0, R iR
RFAEESL . ZAINERI AR, RO I RS A I i e, 85 1 DA
IE AR T3 32300 e iR 1) ROBE [t = AR i R GE vk 22 o AR A VA RIRTIR 2, X R 2>
TR SZ AR BT AMEL AN 8] RUBE R 9 100 AF BB 1o DRI, X BT 10 M€ T A ) i ) RUPE
9100 SEEELAR I (nZE T BIERRRUE), I FEIRAS KX A0 AL LU AR S L it 7T
BYMIZ. BT PRI RIE B E T, BEUREER 2 RE g A oAU
WSER, NMERMERZ AN, ERRG D0 AT, XM skRE RE R0 RS S5
MR seAh, EAUVRERIL R ORI, MIRHE - KRG TR E T2 H, K
IR AR YER—A S 41, BB 2 A 1) R AR 2 i Be RS

LIRS BIRB A AR UIRES, RIVE 0 A 1) 1 A8 58 P i A e PRAEHEE S
KAE IR A HEAVLHES, FERE & IT4a )5 U & L ARAS T 7= 2E A% & vy (coupled
shock). ARG P, HAEREGIHREREA (i 10 F20H) #ATHERE, X
RS 5 W R BRSO A AR AU R OB ATk, IR B LUR RSO AR & 132 s
Bl

(2) "G A £ 1

A B EENARH EH EASN R G R E . MEHARGHRZEE O
B PR IR, B m B BRI ™ AR R 22, N BB e B RAE R & 2 Ja 7
AR ZE, BCE U T ARSI R TR AR S A AR P AR R 2 . A I AT
FEE LM R GORZEFAF RS . AR TURIER , A RARR AR LU LA B A
(] [ AE REE [ R SR 2 AU SR AR, ARSRER G ARG URINERE (HHEEH) M
PR — RO IRES, SRR & 0 Q2 18 N AT BT IR 2 1R IR AR . IR
I RESAEE T %, 1% X RGEA AT LSS, (BRI Hr BEH B
RFRZE.

XX RGERTE, MEHE LA SRR E . — BTN E RGERE
BIRAESE IR > o™ 8, (HATRRYEE S PTHEM R SR SRR, Dy iR Uk
ISR M OGRS . PR B I, R A IRAE AR — 2, BRI
A ARG, PR AR S i B B AR U R 16 Lk R A IR 0 ) R G
TRZE AT REAN LS R BB R G R 4 2R

MR ET i BAUE RGE, R T L R GUR LR, W U R
ZER IR CIABIAREIESZMRERL, AU H K P R Z AT I ME 1R, DR Y U
PEARIAR it — A SRR AU RES . RMITER S EIT IEsGE B MR, L ab R
PSR CE RO R G, SEACIRZS A 8 rTO U U SR AL S 4 (vl . X BIE
By — MBS BIBUEME IR 2 R AR R — AN ST Skl a RECHEcE,
ST I6 25 R AN REME R RS AR A 1T I I DL R 45 R BORFAIE
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XA L AR (K 8.5) 4 ) LM kAT B AT 1k X AGEERITIE, — SO
R DA A Tl 98 N ISATHGPRASE N, AT SRAS X A ) Pl f il Ho,  BII

HO = 7(Tobs _Tcomp) (8.1.87)

Y % Haney FOMRE & R 8. ICARBGIRE T — XA (T H S SST(T comp) AU
[AJHE JE 1T 1, BRI ) SST (Tops)o FEXTHRAERE AN TR G, Ho FIME (T 2217
1E Teomp F1| Tons T i (19 28 5) M I TR 225 [R] R 504 it A7 1 Ko

A LK) SST s KA AT ALY, R R B HGE R Ha(h 8.1.5
FUIAS T 77 25 ) AR IR TR0 22 TR ) R A ok IR S AR I B & T A He oA

H,=H,—H, (8. 1. 88)

FERF— 20, ST EAREJ I A2 6] ) R BNt AR BN R Al B . LM
B RIEIUE, R A & T] LIRS Al 5 2 77 S il

FERGHT, R Gl B 0 R G iR 22 o LU R/ (e U s N 22 V4
#), MBI R R ZE 2 AR 3T o ANTERR AR, b ARy 10 R & LWL I ) TR A
K, SST HOMIMEAR. AEXMIEN T, KA He fE@EITIE, INAH R TH5 Hud
B b, ST R AR G AR IR ZE .

T HERREEITIE, —BAEMIEK SST 5id N & e KA. Rt
SRS AR KB B (P - E) ELIBRE I 10 KU 3 A0 R U £ B v 5 F 35 7K e U 3
FXR B RAEARERE T I, TR AE s (8] R 18] () e8 B A7 ok, AERE &R
oriEE—I 2, AT IEE S AN d KA AT S KU A AR KB B . X AT Rk
HERRA R RGRZE, RS EUREHGL I .

BEATIE AT IR A SV B S 1) B B 7 AR SRR 22 10U “EEAR . BRIAT IR I
FERE I, MG AT REAAER RS, 7 /MO RIS R, WA 1ok
FEREAS s AL, 0T A BR 85 A 5 A BT IE SRR R U AT b . Bz, RAARK
MIRGRZEIREE, WMATAEE A0, IR AEEITIET%, ITIEBMHE R, AT
IBIETE R 5 A b HABMTIEREATIE, WESURA MM KR RGRZE, e R Lk
X SST LEMME nI ik 4°C YA L

(3) TG

NG BRSO RR B R A et R BT S AR e s Eak
MGk, RIS 5L B ol A F G B A SR AR U 1 P 2 49 G 5% P [ S0 B Tl
FHCy (NCEP) I 3K P3O AR R O R B S R XU R BT AR 45 5 5 1K SK
br bR —FEEITIE, W R AR AR S R R

Hh (R Bt KA ERRIE FE AT oK 23k 5 (1992) R H P 3558 2 PRl & 77 R 7 4
BRORA AU A, P SRR S T AR AR . 207 Rk
OB I RN A E F ORGSR L € X

F°=F(®°,¥°) (8.1.89)
FU = F(O°, %) (8. 1. 90)
R =F(@",¥") (8.1.91)
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A bAx o u Mo 3 RIFRRIE G . RAEE RN EPIRAS, F et =R R U = B e
HIHEPER BIE R PR R B I KR MR RE R FoR N HIR
& HHEEA RIS AR S S HE.

H R ARE NI (38 B PR SO

&:zFC—FOR (8.1.92)
A A A N IE = ) O
F=F"-oF (8.1.93)

R W BRI AR & RSB R TBME N ZE T %, W2R
B AR TT RGN AR IR AR A U Dk 2 B S s, XN A9SF (MR T
%, ERXARRIERE I ESF K KIPFEEE T%, BOVERE TG LR
W& FEBEERF R KRBPFERGE T, 1207 BRI BT G M B E, W
ity 1) I Y05 B R P A

__ 1 T c R

éF—?L(F —F,")dt (8.1.94)
Hoh T AR R ], RS S — O S RISl

Ff=F"+oF (8.1.95)

FLRIHTIN S50 e F AR P HEAT 58 U & Ay, 13 50T OF A FR. gt

YRR, HEOF BIETE, REAREENSLER P B0I0eKR, XHEeHE

BRUMKERN 3~5 4, RAEZIT 1~2 RAIAAEEIE %, G TE T 25k 20
JE AR R 9 2 RSB AT 200 4E 8 G AR 4015 31 1) 43k T- 35 SST Aig vk i AR A2 AL 3R B,
4R SST KR 10 4E08 AT _E TN B S P EME IR, MK AR e A e SRS

4. KA WFE VKR A BN

BT KA PERIE KA BAE O 2L, DR RS A A S AR RS - 0 - 1
VKT I ARk, BEERAE TR X AN R4 S AR (FE UK L, R
FINKAFIEEFEP AT 0 IXA ] T B[] OB AR A B B, AR = g n —
FALRRANIR B SR R RS ) . 2N R T Tl OkARS
HIAh 5450 (Washington et al., 1991).

TR KR SR G TR, — A 2 R AN F A (R REEZE R, Rl
HEA RN A1 2% A VR 8 1) S Sz LU v TR AR 22, TR B (R It TR RUBE R 29 A LR BT LA
H (Gates, 1981). FIRMGUK. =5 55 A1 [ K i B (R IR () ROBER 292 LA H , (H2 IR
M S FR) R [ ROFE — ROt FR LB 4 1o UL L oK ARG, Ao S 8 B 1) FRUBE 49 il
JUASFEM)LTHEL .

BT R AR RIS (B R BEAN R, BT AR RS - AR & AR AR . fEIXFhE
LT, KAREE PR G AN RN R K A TF AR RIS B . SRR R85 RAE N T
R 2 AL ST AMIUPUR 1 L o AW RE 2 s W A SREEE (Wbt e - NESE O AW - s W 17 1
Manabe et al.,(1975) A1 Bryan et al. (1975) KI5 —M2IKIFmA SRS, KRAHNZ 9 E
B, WA 12 E#i. Washington et al.(1980)f) 8 |2 K SN 4 E WL R IR 7 7%
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A, WA XA AL . RS XA R (Bryan, 1969b; Manabe, 1969a,b;
Manabe et al., 1969) FI#fE) iz F R FE-FI HI, A RH F= R R RS TEER
FIRE AR A (Manabe et al., 1979) et R A 1 52 br A BHER 3 1 LS AR 0 fE

1E A — e X 34T 7 A28 5, 5020 Bryan et al. (1982) FARRE 3 0Ks KA A1 A 5
AR HARE A P& . Bryan et al.(1982) (AU SZ.7E Manabe et al. (1980) i FH 452
AR, A9 B R S A a0 [ R TR SR R

RO R A A DA A O SR T OK . EARA T G BT R B ) R KA
R LIS H04L, 140 Bryan et al. (1975) #1 Manabe et al. (1975) H4f A8 & V47 M0k %
31, (EBAH TN TR 55 S, AREA % BT VKA [F] JE BE R0 . oK 5 FE e i
am i, A HEOKERME IERE 8l MUK /N T Am i, W02 Tk Bt i v L2 I KRR 1 .
F L= AR (T B 2 S S BRSO DK B B RGP RN R UK R EEA W K, 7EA
LI 200 £, EATHIME S ik F] 5.32m F1 29.7m (Manabe et al., 1975). St il
(1) e AR K 25 376 b SR 3520, 3 H TS0, Fi Al [ i P2 R Wiz R

ARSI AT R Z B 5T (19140 Manabe et al., 1975; Manabe et al., 1979; Manabe
et al., 1980; Washington et al., 1980; Washington et al., 1984; Washington et al., 1986) Frtl
HH AR UK 23 A 15 G AR A4 DL 45 5 22 . 7F Washington et al.(1980) FOREL, HFuki2
FAP A& BT 122 070 BRI, T BV 5 eI VKRB AT, 45 R KPEIRKIR b o —4FHk
53 B 1) UK = PR T 2 il AN A R o A0 5 SR e W i DAY AL P T B B S
PlE 1~5K, 35 PR T A R A ROBE B B e i = AR [ 45 5 (Washington et
al., 1980).

T B B0 00 225 SR L SR ot 0 BT s, R A1) TS A 2 R ) S e AP 22 F
77, BN A VR e A A BN, S vk U H SR i A G R P AR
MUK, TMAE Hibler et al. (1984) JFEE - WUKFE A 0L i AL R VG VAL 3R OK R k> T
Hibler A1 Bryan 4% Hibler (1979) 0K\ Bryan (1969a) i A#E S, T QI %
=2 RN SR A PR X S AL, 4 SR A e =2 g R Jal A S K I A B, AR IR UK
W% KA B B Hibler (1979) PR A 1 #H &1 ek

8.1.5.2 &3 -RHEHER X

T 2410 B VR R R A 0 (CGCM) IS 1A 0 R — LA T A L &
S, DRI HE DA IR DX SR R ST M T« R S AR FIA B A, 0o DX g RO Fy A fie S HL AR
1, JOH RN B K BN TR B ST AN o N T S lk CGCM TE1% 77 THIHAFE HIOR [ ANt
P, 90 AFAR LIS DX 38 S A5 A Ay s b A R K

N T A X SR AR RE S, BT R LA LN RN ARk
WM ACE 3, H AR SEREARTEE7E1HR] (Frontier Research System for Global
Change) i IEFE KR JEZK P23 e KA L2 LA B Ry 0.1° 1
LRI, RN R R I AT TR AL < HUERASTIES 7. R IE SRR AR
HOR P AR A RHAR, 7R Rt T X SR B i (R K2 e (i T2000, 17 328 125 2 A
T 7 DX s Ayt X U BRI 23 . (it T18) 0 = SR i 0 o 1) X I S i i, 5 4 BRI
B TIRE . — eI AR R OR A BROK SRR 0 Bl 4/ BB 7T X3, 7540
ISP AR AR R o 17 B 22 1 X3S A ASE 2 K 8 7 S HE SR DI E | o ROBE R S, FF5
NSRS BN T R, &R TSR 7.
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BT E— 3B M2 2 EALRE JIBRE] . AR WA T R AR AP DR &
B RS HL T R AE, BT LRI 28 =Romik— DR 4Bk - XIER G T X
BASGERRAT FE S 24 BT BA RS R, XA nT DA SR A T 7 X 3
P . I 2k R R AT S RIS AE, I AR B e 3B O E 7, BEifd et
X3 N AN [ R G2 (A1 AH LA FH AT SR G AL, (R, X8 S =00 o ] DA o
i 8 78 O RUBE S 55 1) XU ARFAE

R SAFEARA LA O RESH % @ EadiR; Ok
FETTER:; OVE TR BAEEAARE A R R R BOSOE R T & B AN F IR A,
FHA4H MM4 F1 RegCM2 55X, FFXT FHAM 2 7 264 S B HARMME Z A4 .

1. X3 REA G

HIR X RERZHR (MM & —AN B =4 R a7 FEEUERE S (Athens and Warner
1978; Athens et al., 1987). MM #Xrh 2B R AAEE IR MR R0, B EX)
WS W AR,

FVUR MM B (MM4A) 48 5715 SGdE i) CCM2 4R 7 &, K K BHER S 4 ik
CLAMATRT WLGRR 53, KBHIGEE 43 18 AN B AT V5 I S A B8 A U A O5 » CO;
H,O. O, MARHTRUBLER ZEI FEIBRTRS . 5= = 5T A 2 K5
A Kuo - Athens U= 77 RZIRIB =6 IS FE, B4 = /KRR K (1 it AT 43 9 R
FTRss . Al N S R BATS #84, DLZIRIEY . H3EmAamsh &,
MEAKEZ W, B EHEYS =2 TR TN EES . s 18 il
PR AL -2 43 H ) R M AN B S S A R . XA R ELR 4G — R BATS
IR, — MR IR R AR R 5 KRR R EN AR —8, RIKSER
PER R e AR . EHOKCOT RIS R IR TR . Bk, . RS, Rk, LI
KT BLEE . R IIKIZ B M i 2 #F ) SRR oK HE i SR AR VAL A2 PR 7K R L R AN B ) kR
.

WFE TR &R TT R, REZARKB T LK 5% £l REml
TR T U AR AR T AT o 2 S5 R SRR T BRI B e, KA B R BRI TR
THRE RS B2 A MO 2 K SRR B . TEARRE S HE T, Iiaiidinds B T X A BT, BRARvE IR
FEVREEAL, tHEHTRBREENEE M. X RS TR ERmIED, %1% 7 5HE
AR R AL (MRIASE, 2000). R PR E RS T8 BN ERERE . b EEE
THI L B 5 o

BT MM4 F B ERE, 78 SR A BN, (B EEA FRR
T XA, T SR AU B A

2. XA R

NT R GCM R WA R e DU A /N ROBE s 3 ke 3 B F 1) X S AR Ak
PR %, Dickinson et al. (1989) H5EHIH— M RX I RESSZHEA (MM4) 5 H It
(RAEDRE - RAAEHTT % (BATS) AHIEG, IF5 36 H E 078 0 (NCAR) ) CCM fix
BAE—, IS E P T TR DU P ESOk R, imA CCM2 H4E
W& T % X Dickinson (1993) ki) BATS1e 7%, LR E. REXMKSEL K&
TR BT ST, NCAR B H 25 — R X 43S % B 20 — RegCM1(Giorgi, 1989; 1990).
XA D) 2 SRS . PHIR. 2RI IR A X S S AR 5 AR R

RegCM2 [5h IHEZE 5 MM4 — 3, RHotbr E#Ef. W IESsF G5 FE . HprEid i
FEQREN SRR BT ROF R, # PR TRE . RIES A R R SR
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it e 7 F S AR B S EDE P A2 W T R . AR K RS RGER T “ Arakawa B7AZ
FERUAE, XFPARCRE BN R (Pxu) B (Pxv) € XAE “BRl” £, MHEAREE XA “ XA
o B AR R WX R A% 2R GO SR BOKCT U BT B oRS f . AAE R BT
FAEREN R, SRBERETRERRE M. o “EEEE” BE¥e/z b, Mt
AR REBIEY o2 L. K 89 4T RegCM2 I ELAUK-FMI&LM, N T RA®D
PRILFZTT%, TETTRRBERSSI R, AR UR R 135 .

#* 8.2 3 1 RegCM2 NI HL 73 R 1RO AR IUAE 2200 T It AR S TR
Lzl sy e, FFT bl L S B Ry E. 25 R BRI RE A X B P & 01485 R 18 200
MUK (Anthes, 1971), BRITTAR A A7 34 s L@ T2 il BRI 2 (0B 2) B
H PP RS 2], WA Wl H AR S 0 Blo B R R R R b

R BAFE I TSR I # JH1BR 1) Corby 4% 0. RegCM2 [ [ AR 43 7 2K FH i
Madala (1981) $i2H ()73 BAR P BOR, 1275 5K FH B IR 1] 25 KR AR B AR PR AT P> 2

B 8.9 XA Ak =T B Mk 4544
kKREHDE: 1,2, .. 11 B, #5IxRE 2, BUE WK 9.1 (B EE, 2000).

F8.2 RegM2 EXREEHSZEBM

R, T R R R B K B 1R) 54K o ) P AZ A3 AR P 8 CRIE RS B O 100 A6 Rt
PRI K. A T S RARZR AR G S IRIE 1R 25, RN TSP B, KT
PR U 3 A0 3 Ak ) IR e 0 R, T X3 P 38 FH Y g

N T AR R AR ) B R A AR B TR, DA UK X e R N A FE AT S U
NCAR H 1993 4E#fE Hi RegCM2 Ji , — HL A5 106 He i B it 2 2 £ db 1) ek . 53 RegCM2
FAS PR R 58 5 2 50U R T (1) 52 Briegleb (1992) & CCM2 it 1I4E 54 —CCM2RAD, H41
AMESIT LS DLRT I T R, (HAEE S BT S U S AR . CCM2RAD XA &
BTG E R 050 HyO. CO, A1 O, HUSEN, BT WO M 0.2~5um 23y 18 4
BB, IIEUR . RS E R A Slingo (1980) (I TAE, ZHESHKEI T =ANE3%, =8
B fon ZKEE L. MSRTFEE e, ERETRE, &7 ZiHE RGeS g %
LB T EASE. hJ5, RegCM2 w1 X | CCM3 (4R (Kiehl et al., 1996) 1%
# 7 CCM2RAD, ESR¥TT7 S IR B 1 507 2 1) L, (H3Gm 1 eI %= A (W1 NOy,
CH4, CFCs). KA K& =KW . £ oS5k 51, RegCM2 R A
Kuo-Anthes 77 % Grell 75 ZBFIESRE, JaRUMAN CCM3 K& PRI =X & - i
Bl E 7 E 4 (Zhang et al., 1995) . 7E RegCM2 i, /Ky AT @ & 20N & 2y i 5 93k
THEL, RAERTTER, KR, ZKMBKEERTERES H, (HEZT RS R
FERML IS 2, 5 OMHEEHT T ik, fEfit 7 R IUBE —NaKkeW e, A
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HBIRBKIER STRANGIE S RBARES T 10728 R SO i Bk H 3% 3207 jY 7K
S 458, %07 RIS &L T s i, i B s KR Tk B TR
AR, ERRTRRCA T, H T RS E R = /KR I AR 2 WS 2. XM
Gk R 7K B IR FORN B S S TSR AR ELVE SR 7 B (Giorgi, 1999). RegCM2
HRE T MT RIURES TR, WK RS 5 5 FRE A HHARZE T % FIH
AT T AT TR RG#E (U, V) Al AKIRIEA () LK) HEERS. %
T7 EH RS RN VIR PERL, a2 FRE . WIMRORZGA . SRR E &
H HARATEE . X PYSE N ATAGUN AR R, BRI AR S A E XA R RPN
AN RN AR RAS 43 ) SR AH . () 2 L O V2R v B s

XN B R R I, RegCM2 144 T H Dickinson (1993) i i) BATS1e
HE . 1% FAEKIEA . HUR B S B & il ST 57 581 BATS 7R, nl
b 18 AR AATHIZEAY, (HARFE ZANTE o SGE IR BN T 3m R IR, BIE T
=X ) g FE R Bl S B, FEERI MRS B 5 i T AR KR ATIE.
ot - AR EAE AR AR SARB A R, HOF X RegCM2 Hh (i i thi ik #5277
FAEBCATEL I 4H

IR B S AR P R A5 . BATS i HIE R REE T AN =2 XEHE
BA BRI R E LR T To FAZ AR K2 58 B T oo A E 14
BIRZ IR Tose

RIZHARZE IR AR

T, lot=Ch /p,Cd, -C,(T,, -T,,)/ 7, (8.1.96)

ang /ot = _Cs[(ng _Tgl)/Tl +C4 (ng _Tgs) +st] (8-1-97)

Hi1C, = 27 =35449,C, = 27,C, IRELHEKILA, T 02 Co NFRE A

KPR IR R0, BRTE AR AR LAMBECH 05 1,=8.64X10%, HI—K. hy AWk
PGB R Qg o B TR Bl Sh 1 U 02 3980 B2 AR L

XTI DK ERCRR M 2 S A B P RS e

Fs = p.C,CoVa(Ty —To) (8.1.98)

AL, KB b
I:CI = paCDVa fg (qg _qa) (8199)

Hrr, g 2MANEELE, g R RABRICZE KRG, o ZREE T, BRIy AR )
THERES, BUEN 1. FEYHUR S 133828 SO MR PR R R e R R L B
f=Fo/Fapr Tav Va 705 95ek 2 TR BE ARG . 6 B 530 Co=f(Cpn,Rig), Con NS E
AL, Ripg AR ABE AL

7E BATS 1, HITHE T Y25 KA, 25 ZE WL SR 2 ]
MR L3 2 (8] 7K 7y VBRI AR 2 i i, DRI 20006 A THEAT & PR S5 .

2R PGl & He MY R SRR AGE R H, SR 20 PG & Hy 735
RN

Hi =0Lsa rlglpacp (T —Ty) (8.1.100)

H, = p,C,CoVa(Ty —T.)=H, +H, (8.1.101)
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Hg :panCD[(l_O-f)Va+O—fUaf](Tgl_Tf) (8-1-102)

R, o MRWERR, A =0 Lgy FRRIRAEZERL, 1" N HRAKIGE

BEIESE,
i (8.1.100) ~ (8.1.102) A[{EFM-[a] 2SR E Ta

Tor = (CAT, +CT; +C5 Ty ) (Cp +Cp +Cg) (8.1.103)

LLESR: ¢y =CpV,,Cr =0 Luhy 16 =Coll—0( )V, +o U ], AHIRHET

AR K B U 93E A £ SR
FARERI E,=EtEy (E MR M ASMIKIER, E 5 Ey 43I0 5 i

KAMKEEER), ATRE 2SR L O+ B
Oar = (Cala +Cy 07" +C5 fy0g ) /(Ca +0y +C5 ) (8.1.104)

Hoif, o, =r"C, S M ATUER I TR,

g R ST IE A 30 Newton-Rophson i&ARVE R SR AR T, 182 Tr Gt H
AT, =T, -T, (8.1.105)

AQ, ¢ =0, =0 (8.1.106)
A (8.1.105). (8.1.106) A] v 5 A HE B Hu 3% ) KA P EGAAE Hod /&, FFnlmid n B2
B I ) R /K PR 2 2 R T K 43U S
a5 SRR 3 2 R T SR T KR N

&S, |t =P. (1o, )~R, +1, - fE, —F, +S,+D, (8.1.107)
&S, /ét=P,(1-o,)-R, +E, —F, +S, + D, (8.1.109)
S, lot=P(1-o;)-F,—S, +D, (8.1.110)

A, Ssws Sw BN ERE RE ELCK N RAFIBK S &, Sew NI T K G E, P
Ps 0l N FEASPEKR, of NHEBE G, R AR, Ry=R+R NEILTE, r N
HIRZBIRZ PR DT ButEimE, B AREZELIBRZABILE, E, A THEBER, Foh 5k
K Z5IH%, Sy Dws Ds 730l NSRRI E/KMOd 55 | M TH &R . A X BATS H
SHEAS R FEAR AN T AL, 155 % Dickinson (1993)IHF 7T .

H T RegCM REMEHFR E -SSR DL, 72 S 2 R (Hostetler et al.,
1994; Zheng et al.,2004)

3. M F A SIRERAR

(1) a5

T XA A AR K J7 IR THAR A R, JF R 78 s BN HOERR I, DRI 4 20045 H AH R
N S5 A Re AR 3 P o SR XU i U S R AU U AT i ik, R
GCM fRftii FHE, A KIS A7y . AR AR, i SR P A BRI ARALL Y
45 FAE I S A A 2641 (R 2, 2000; /K B 4§, 2001).

BT AR B TR LU, B B BRI A5 ) j, — M 75 i e # A5 40
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(1) XA R AR o A . 75 220 8 1) F SR a0 S A B (BJEMAE), K
FASEEDY km, FEETT AR, XRI o FE R, B TIE R (hPa).  [R]IN Ik R
Tt e At T R0 R B4

(2) MEHESHEAR

HEFE#E. REBAREARAER, SRR A 2R AE, AEH
Ut th 25 R BR B 1 43 HEA I XA A . AR B iR R R, XA 2 2R (R FR
TFFA AR A B B BSR4 BRAE 2URE 0% F AL A5OR S MBiE (1) IE R 82 . A BRABE
(LAY 53 HEAEAE 200~400 km ZoAs XSS A7 B2, IXAERELIK 20 o AR OR b B
iSRRI A 2 S B 0 AR S — R A SE N Jey i U A R T o R b A DX AT
B IRERA, B SRS K RER IR RN EEARRE, AT B K& R
SRIESERE ARG T MERRKPAN FEREL: HREX BB TRREA S 25
KA Ay A 5] R R 22 A PG, R B I AU R AR G R AR
T RS R AURE I REAE S v 23 1% 3 11 DX IORT rp ROBE S i A

BEEA.  BRE XSGR AE JLA L S AL 7 R gk, e O gl
Ft; QWA T @WERARBLSR; @iF4ias; LMl ©Fa%tait
5.

TR Y DX U ASE SN R 45 AT G S A A N [R] AR AL 2 Foiaa b, 46 R iR
BEEHARE) o X — A58 BIAR 73 I B X 6 5 1 5 A BRASE 100 i Hh 45 SR R 4B 211X
SRS s b Rl FE oA R W B I A Z b X, DA RO R 1B SR S . X
5 AR IRE R, AR’ — N E B R, 5 RS DO O R RS
5K, BN REMRARERG AR, NZADESCETE, XL T
JRI B IX 5RAE SR B R INR, BN RRE Y b BRI, 500 4500 R I Ak 2
FH DX 35 X 51 R R FE IR IR A 255 A SRR PR At 10 DR RO BE 5 — 3, [ B X3 =i 2t
BT RN B R R R A R . B, RREERRIE AR ORE, 50
e 7 XA R RIEAE 5o G2 P XA E FAE TR R e 5 X s X A5 3 i1 o
R RANRE, BEORFE XA A — 2, SO DX =X 3 b ROBE s 4 2 0 7%
IR o

8. 2 HRPAIE R A B v S ARAR I

8.2.1 FEILESFEHERL

FELET 2~3Ma, ZHTE T B — AN UKEIRAR . MRS AHT AEARTT R VR
(Cenozoic Decline) , ZEPUZiE N 5T 52 R ) 85 5 — N OK .

RAE LA T — N UKIARAR, AR B A IR — R UKR- R UK AL, SR EE DY 204 |
BRI Ab . HENSEIU BT, BRI PEABUC KB (A S B O AT K, EBE vk
() UK AR Bl , T 1D 22 R AR MR BEAR R (R TR, SR BN i (1) 10 RS ] 7D 7
K. YT FAEFN LR IR TR B, Rl 2 m AL sh 7 it
th, ATHILTANE, BONAEK LIRS UL ) RER . B SRS 1) T 3 A
KIEHG BHILLE, JCHZE LR, B 2A0RN) “BR” 2k, MEAEH
SRS )T 5 B b T IRZI NS sgm Fr 3L Rl = AR i) 25 R . RN L0, FRIE PR
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JE R, ARET AR, B A AR S 2 H AR, R RIS
AT~ B P IR PR 7 DX P D 80 SR ) 3 L0 S AR AR A A T MK U AR
FURAE S AR B T ZUCR AR IR .

8.2.1.1 HWumit - 4%

FEMBER AL S, OB )i I S AEAE S BURR U Ae Ak, e Kok e 5
sRIELIZEIME, VUL RIKR S e R BT . ST R LR R IR A, 2
VUJt (1972) $8AJ “KBE ETHESIR TR, BISIR7, iRk IR 1L, HED> e A
R A0 (352 7= Rciol7 g 1 P < s N il wb W TTH= - A /A NP e S 0 =)
AL CAEUKT R, B A s th N A KT B s (AEARAE) o L 1o 5 it U1 ) R AL
FRLZAE: KRBT T BL S BN UK S B AR IR, R AR 2 R A
Hay i - AR RIE TR SR S TR AR A OB AR -

AN TIUNE S8 58 DU A0 M R B 2 2 RIS B — T ey JR R T, HEAT R SR AU AU A
4.

1 R TR R SR
JEFEERFAACLLR, BEE o R PR 0 R AN E R R, 1T RN ABRNER,
RARGEH R EANE AL, AW SRR . FARIRRESE (1977) HIRTALRM, 166
ok AR, JEEEROE S L R AR S, Bie& . AR H AT S

K 8. 10 GOM AL IR HEARLL N H ALY (hPa)
M: HRE; NM: BiliR%. EhROFkFERmT %A (Ruddiman and Kutzbach, 1989) .

B3, HREHUEB P E RN 1000m asl. DURRHIE, I, i
SN, ZZEMPARNE S EAEAAE, BEMEERMEEHEER, HALFES KR
KIRMIPURE TR, EXRMHGFIERA T, e ST N, SRR TR,
XPALE T EB 2R IR R G2 B ARk 2 A AR R IR e R inaidg s, AU R 4007
AER—RWER, M TCHOIEAER, BRI X 2 BB s & (Kuo et al., 1982).
Ruddiman 1 Kutzbach 3K GCM =X, w & 1 Wi F e AL E RS i 2 & JEAE A
I JEC B A SRS By B A7 SRR (Ruddiman and Kutzbach, 1989), #6536 b2 Bk AR
A 2T 1 2 A BRSNS ARk o BEAUCR FH S MR8 7 2. AL SEms
WHE ARG I . 501 RIGAH b, RS SRR B RIGE R 2 (7 A 1)
JEEFE P~ T B ERINR (K 8.10), RITAMILERIMFE AL, MALEET
A g X KD . &2 (1 HD dB3E, JCRCRIEPNALS . JLOKTEREE, PN Py Bt A
Bl bl ST e YN

2. T i JE TSt S N IR B B

(1) FTERIE K
T[] 25 44 SR 22K Flohn (1968) i 48 Hi 75 ey J5L A8 KO RUBE 7 V2= XU HP B 22 2241%: , Manabe
et al. (1974)FIH R AHGIER GCM BEAT T4 1l Jo Ll FRx Ui g A4 431X — o] i 45 314
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TR AN AR o 58 5 R P AN B B A il 36 A 2 PE A R ey s oz B RIS, i L
WEE R ZNES S K E . Hahn Al Manabe (1975) (& 8.11) M GFDL +— &2 KSR

P 8. 11  GFDL-GCM #4817 5 v R Xt 7 IV 25 X0 2 ol P Ao 4 36
7 HMEEAESEM: a. Fik%, b, Lk (Hahn etal., 1975).

e, AT el R B RO VR o AT ARG R AR 1 2 IR A P b
s IR RS R R ZE A8 — AR SRR o R T 428 1) JRU P 2 2 R s 2 6 ) XU
FARRIE S, R S R AR S IR PP RN AN R . fE s, &2
R QURHA R AR AL, M, gt b shn. e X a2t , &
KA AEHERE I H AL (L2 5, (AR EE g2, HAb At K BERIIAED EE g0 15°N FHik.

I — R GCM BUBAARIE I 7 15 e JE b TR 6] B 37 2= XU 4R F LL BRI 2
. KR CO, B KUK - MUK R AR e A E . HUE IR K (Prell et al.,
1992; Ramsteinetal, 1997)FKHH, T A FHrgH 20 Hogrtt,  BROW KRR v s B85
AT BRI, R (Paratethys) R4S SRR KREIARY K, AIMTAd 72
R BB K (F 245 30°N LARGHMIX) & 3as, Ui 1A Paratethys HEB 45 5 2 1) i
i 53~ A7 A8 A AE T NI 2 R SR 2 77 10 5 v it R 4 P (R S B

(2) AW ZE RS

T ASAFEAR A B S JERHAIE S 75 e iR K BT X KA 520, e Sl A2 5 2 B2 2R X
RN o T SR O BT X LR, 2 B O X I 9 4 25 XU IR A I 20 1 2 4 ) B 2
(Manabe, 1974). KH—"> 8 2P, B 17 B =M SURIRNL, A IR A TCHL Y
FIE AL 2 = A BUB AR RES . R IR A R LN LK S T7 Re A44SR ) LA S B
£ X (Murakami 1970). RIZERINRFE LR, KM AL AAEH L 13 /)
YEH B EE; WX ENERERINR RS, HIEME) J/E AR R 3434 J14E H [H)
SHEE (YRRES, 1991).

Kutzbach et al. (1989, 1993) %5 H K i< E GCM B 45 R W], RILE
JRBRITff A Bt s iR v FEE ) TR T AN BB [ T T o 2 7 DR AR 00 1 A o DRI 5 e o e T 328
ALY . TEHUE R E 2 K — NG 200N, & R E BB — 2 A
i, M R RCAT CAR AR B E) 30°N fHix. RATEm e iR G, R A M e R
A ge bR 40°N LAAb. FETCHOF I 90 2 K A He K B AR E 30°N LA . 1
R AR 30°N BAALHILIX , AN ER)E 1R R Bl o v S 1 T M Al 75 X 7 7 A2 s A 1 b
JA (de Menocal et al., 1993). — 150 7 i i Jot i P i B2 R BBURR A LR IR R B, R E
ZER R AR AR AT DAAE R X, e Ji B (g i I 4 2 XL LG B 2 IR ik . P25 FE B 4
FE (1% BB 2 A IR T R BRI S By bR i, 17 H 2 B 1 AR I B 2 X 2 R TR
Ve e, B PE 5 i v AR R P AT ) IR 0 5 g S DX g i 2 [ 9 28 ) 1 o06F Bt 22 A
WOk B — s E vy = G (R Y R RETHR B S s R, BB R AT
Hof LA il i 2R 02 X g HEEAE 30° N DAAE R R AR FE L IX. (R 4R %%, 2000).

(3) mRZ R

X E AR B PAR 2 6.5°CIkm IR R BE, R ULRE S RS, T R
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JETH - AR S ROz X B AT R P RS, H Al s R i R bt
i HIIC 129-20°C . Kutzbach et al. (1993) MIEUERBILE R ER, i X 78 & R FE R /5 b
BEfeHT 1 A FRET 14°C, 1 7 AR FRIA 22°Cs AZFBKBUAR, (HEZFRFKK
KA. mIOL, FHE R R EANGE S T AR N E R E R SE T,  FINR
T — AR ) S AR X

o JE 2 RS KR IR 1 S o P [X A g 22 S 2 e e A8 ey o 7 7 )X )
M. XE)FEmE ERSRANA (), FrUAE s FEH Ty R ShE (Re) SR,
XA R AR HL X RS 2B AL BB RIAMEAT K. SRR AR (A%
G4, 1993, 1995; XIMEAR5E, 1996), 1Em i fEidfEd, mEENWAE P KRR . M5
J5 e /K S RO R I R e R AR 2 5 S PRI S ROBERSE v R A FH I ) U 3% 7 e
dekf, MM ESIAE. BT4. BERERXIKEARAMRIER, TRIER—F%
VI R R R X 22 o B 1 A B v K TS e S e s - (1500~2000m) B, il
ST EAZ B, NI BN E, BAERUSRS BN &Fm R KA
X T JE A RAE R 3 5, B 2R I S a3, AKVR AR Bk v RS, e
KATEMBERKRI DN M E KT FEAIN A B[ ER, (S8 mEK, KE
(R EE S I8 BE B SR RE B R E =S, R R R R, T RIRE MR E
) e R 2R RO A 37

B T S R U SRR R 1 Bk 4i i ety (s sk, P, BAKR . db
PN IR T BRI ZE 5. R AR U A 1 v S A L i e N, AT A8 v S 2R
52 22k B 67 KSR AL S b, 45 R BB TR A A TSR, &R
PEN 52 215K F A M 1 ) O XU, 3 BSOREDO R () A& 2 M . LRI L
ELFRR, SRR E IR S8 S 1 A U R R 5, T2 7E e i 4R R R e A= A%
T 7 e SR P AL A A A%

3. miFEFET 5 RS ER L

(1) FrAEARLUERMAEFRA R AR A

RE A NRHIE LS 3 RE 5 R A Bk A%, H 2 SEUKYH B2 E . Ruddiman et al.
(1997) & H ARG FE T R B URARINE R . N9 AT e S5 E G T, AMY
X KA E IR LA RO IR 2, 1 ELIE I KA R T SR, 3K CO, IR B I,
NI 32 BB AR AR AR I AR ASAEARYA o v B T T DUIE b &% P B 2 R0 (e 2 1R A< A
o — 7ML, = JE AR 2 b PR SR LR AR AR VA, [R5 R s S A PR K R
2 G, SAEHR g NOKR IS, R M i ERVE A RS A, it 9= -
B s A ER . ERARRIAE. S— 0, s R ] Dod i A ik
FUERfE AR, R EGHXARS . 7EE X, FERR SR B4 KA 3 o
A AR S BE 2 1) CO, PAAE UBRFRES , MR T RS CO, IS &, 45 SR Al S b
LSRN R BN ER . SCT R T3 B BRAUR AR A IS A AR i, 451 Gnie
A ARREAESE, R A RO RHLERIOR, I AT B P X a5
X B, DARIEROUKI (555, 1998).

(2) dbfrkrpafi i X+ 2SR KR

REHEE R S, TN 8 R Ib 38 P Bl B e AR A DR SR LE [ 36 T R0 T7 1R R
JE. MARERS RSB RN, A AR E PG A 0 AT L X T A, S
I AR B I3RS P K B v R AR AE R R AN AR R T G X b
Broccoli et al. (1992) ) GCM Xfb3 RFEARALL, A LAt Lt guk ki, &
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AL SE N kT 2 5 A 4 I B R R L 22 . JESE R AT R IX R A T HUE
SERE T BRI TE AR Y B, AT OB RUTIX,  #0H T RER SN 1 8 LA I 28 1) 43 AT 7
Ll 51 RS B e RS R R L S R UTHER R WS 8L, R RdEE N
b TR EE R . H TR 0 S A e A R AR RO X B R0 ) b, B
FOPG R ) L PREAS 2055 6 o o e S e e YU 2R R AT I 5 ) o I R
B SR Z AR T A sl H i UTR R A R R R AR I AL RS B UIAH G . kAL,
HO AR 8D T E N KB PR I KPR s FI bR 280, DRI o) & BB R I TR R ik (X
I 7R 5%, 2000), X LEHUE I € 1 i SR R 0 i 2 BT B AR TR RE R -

(3) 1 R P T ] AR ) A R AL 5 A

o JiR 2 M R A AR A BRI BN ) R R BT A ], DR S PR 5 et A
— Mo TELMERBIEN T, ME B ERR, 4 FEREEEZIg Al H Y5
JE BRI B T, 2 51 SRR . AR SERR R DL SRk, BFSERG
AR, TR SR IR ST, WA 2 v R PR T A T LS 3R 48 . Birchfieid
etal. (1983) R H A4 F- e & P B AU R I, FETCHUE 61 T AL BRI )
b TR <ULt A PH A S B 5 AR b S 2R PR s AE Y A B A i SR, 7R SR I YA
K PE R S A AR R AT S B E R AR o i U R U 3 2 B T 4 i SR AR
F R R SO R - IR RS B BRI B . KRB IR RS E R, mih Ik
AINRIFEIT 5, AAAEEFED BUUA) i sE . e R R 7w B, fexy
KAFHEBEUER, W& BRI KRG TR T B2 BRSE N — RS
EORHAR (RIBRZR SR, 1996). MR ah e 5 IE, 506k E IR K3 i 5w B R Z01E 1.5~2
km Z[HECEAR, — B & il X —Im A m R, I SRR M DA 2 3 A8 R LLSsii N
F, XIREIHE KSR R I — ROAEE . i SRR 7KV Bk & v FE KB IX — I
T, Pt R ETHERNX — S, XSS ORI, AT KRS A
RN TR, NITAES) I ABIIE R I FE R &R SE R (B, 1995; X
B 7R 25, 1996).

REFRAASEFHEAFRRE ISP (Plumb etal., 1992), XFZX G20, & IR AR
AR AT — NG FHE . 2 5 SR AR B X /NI FHELRT, A REAE e i e L 2=
5 Hadley MR AIE 12 XAALIE, 4ERE 5 IARMIT 53R RIEH . HIABX A
Y5 AR A R S PR T 1 B A AT 3km IR AN TR A g 2 B A AR DA T
ZERRAH —NEEJF R (Molnar, 1997). BURMRIGEKH, 7 & JE A B &
—Z R0, RIKZ 30°N LAAbHLIX, SrHbii KA E & AR R R I A, Fik
T e i B AR — R e A, AR AT R [ T — IR A B AR KR (IR
4%, 2000).

8.2.1.2 Kk IAlukHA

MR R A 8 V28-238 AR AL = R 73 J7 22, W R LG A T2 50 T AT [A]IX
N B (PR 128ka ~11ka). A—ANFERERUK e, BIEEFEALE 2~5 DUANH B
(Emiliani, 1955). X} ARKIEVKIIE R KIKIAMR 5, FEAFEWN: —ME IR K
VKINEFE TR FIAL R B 5, FRaLi[a]Z) 58Kka, 1M A RUK IR LS T 70ka BP (Bowen, 1978).
TR AR R UK R R AR A7 5 e BB, H74Lm) A% 20ka (Shackleton et al.,
1973; 2003), A KUKIA4GT 115ka BP,
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PRI R TR, WA RO R YT B Be B B AU L i A R R, I TR R L ILAE /&7 4m
Fe A, TEALSEHAR N Eemian [A1UKHH . SR T, 7E Se B BOR A 3RASR 1A 7 7] KR - M 125ka
BP #I| 110ka BP S fi kAT B KA ML, 7EAZE] 1.5 JAEMET I B, A frdvil f gL %€,
AT T BE, M 0m T F4%5]-60~-100m (& 8.12). SutEN, kI3, JbZEiE g
XUKER R K, BLIAF LGM2/3 ML (Suggate, 1974). X Se#R bR G & AR KA UK IS A%
SEO, HENBIR KUK . X R IRBIOK A B SRR, AR T DRI S5 1R B A PR AR
A, AR VKA 1 TR UK 55 1 e S i A B

1. 125ka BP Rk [A1UKHA

H 20 thed 90 4EAR LAk, SRk (A UK A0 0% B L0 J5 SR FH B8 & 1 i 155 =0 1l
(EBMs)(Crowley et al., 1994). il Fi3z 1k B RSB AL (AGCMs) (Royer et al.,

Kl8.12 125~100ka BP I S F) 3 T i 12 284K,
ASTA] B 2B A S 0 AR YE Imbrie etal.  (1984) ; Bard etal. (1990) ; Chappell et al. (1996) ; Eisenhauer et al. (1996) ; Cutler

etal., (2003) ;Gallupetal. (2002) ;Zhuetal. (1993) Z %4l (Calov et al., 2005).

1984; Prell et al., 1987; Kutzbach et al., 1991; de Noblet et al., 1996a, 1996b). F& & [ A
RAE RSB A, (AOGCM) (Harrison et al., 1995), L&) /1 i ep X0 & 1)
KAMTAEREL (AOGVCM,) (Montoya et al., 2000; Kubatzki et al., 2000). 2</)5 3 E A
24 Montoya 5 ARG .

Montoya et al. (2000) % H#5 G E K S (ECHAM-1) Rk 9k (the
Eemian) #H47 & SERL. ECHAM-1 BXCh = MEENT 21 Jmisaist, ==E R EN
5.6°>5.6° LM, EEITIZ 19 FREN sp AhrRSG. HRXBITHE R 40
Iy REERIEERE (LSG) KM 7 HLHMgG IR, BAREMSE LR =8
BreEmE b, BRGE 5 KAERME, 11 BiKSE. WK, R E R
[Py 24 /N o BRADIRES R H (1 35T BRI A5 1 120~130ka BP, #RAUEEH17E 125ka BP.
7E 600 4 [z ae 3l _Fdk T T 510 FEMITH SR 4o

AR B UK IR IG D S8 B, ARYE T Berger (1978) %51 125ka BP HiERk#LiE
24 (3 8.3). 125ka BP {0 FIE AR K AR TR, HFo A THAR @ H 20 H),
MIEHSERE S, SIRMAZE S EMZE 180 £ (K 8.13). MIFUKELF (Barnola et
al., 1987), &® 267ppm HIKS CO, W, AT #1356 330 ppm.

% 8.3 125ka BP S/RHEHHBREE SHL G

(Montoya et al., 2000)
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8. 13 125ka BP HiBR#IESE KR
a BUC b, KKFIKM. VE: H4M: AE: KA SS: H&E M WS: &% M.
PR IOR O B B, G HSTEL ML, ARREKIIR- O HEEMRE, 35 H S 7EE EIE (Montoya et al., 2000).

B, 125ka UEA JLAE R EEFERI RS, UEFRMENEE (8
8.14). TR KRG FIAS I, FehigX SST N, JLIKFEKIAD o JEFERA
AN 4=5°C, VHRgEXIG R, HER 30°N, ALKPEEEAIIL AT AEHE X4 1 i

Bl 8. 14  SRIRIAIVKIAAL -3k H 2= 54
R 125ka BP S5#ilitih 2 2% oR: a iR IEE (T), b WHISE (hPa), ¢ HEHLZE 10m KUK (m/s), d FE/KE (mmid).
B8 X O 22 G A 3 1) 2 K IREFARLIX h 80%, IREBARSIX N 95% (Montoya et al., 2000) .

FERIN 1°C.

125ka BP [ISAMEE FAIESE T SR 2 3160 220K 50y, 51 T K PRAR SHEAL 3k 4
BeARA, AT B IE EAR o  THEAE (AR A X KBk A P2 A T K I RBR e, 14 KT
bR 22, FEERGREEIGE. HT CO, Lyl iksa /> 60ppm, Xt Bk 134 s 2 41
Ko

2. S

125 ~110ka BP & [ ¥k - UK HAS %A mt 1. Calov % A\ (2005)FH CLIMBER-2 1%
35 SR F BRI AL, 7 v SR 4 140 T 26000 4, 3515 T 115ka BP, 110ka BP #1 105ka BP %
JUA B ZA i B AR .

CLIMBER-2 (Petoukhov et al., 2000) s&—Aguit B f KA, KA. e, B
AIPK SR . BRI URE AR (B3R5 7 DA AR 18 N H), JE HHh# 5y
AU B RTUEE . EIEEVERIARCSF I = ki Iz R IR B AR B8 e B K<
5, IBATHET,  BRNS IR 6 K O (A] P B o AR A

TR, ST R BHEE S AR AR HE HhERBE 250 (Berger, 1978) % &, KX CO,
WEERRIEVKEEs% (Barnola et al., 1987) AR K 1 I [R) A7 PR IBR AN 3838 o 580 (1 )
25Ky 1000 4F. DK 1 R TR A8 4 R 12 IR I M A0 00 B 08 25 fF . Calov S5\
(2005) HR4EALEVKETE 8000 4Erf 4 E 5] 3000m LA b %kl (& 8.15), MHMEE T
115ka BP, 110ka BP A 105ka BP — /M BARIUK G2 YE I, AR ARG HIVKRG 5miE 3. 5 RE 3 [a)iK
BBV A FE R I KSR B, R T oA R AR 2R R A U M G

Bl 8.15  SRIRIAIVKHAALSE KK 55 = B 4 AT
a. 118 ka BP, b. 117 ka BP, c. 110 ka BP (Calov et al., 2005) .

AUl Sk B> BRAE 26000 4R (8] (PR FEIR, AP TREIR 1 D RCEEREEAR R4 P Bk
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FRIA% 5 o AEIX B AR A ] &, A AN R R DL K PR B ZE 5+ (18 8.16) - Calov
etal. (2005) X A A5 2 AF B RER 45 R M, DONUKEAR LA R RAIE - UKaE A
AP BRI X, IR BRI UERBER, Rkt —By K, 5hEdbse,
ABAE WO KBS X AR s o TR AL« e 2R A AR S COL MR FE AR ALAE %
FeRI s AR Tk, (HRCR TUKERPER, i 7 ARRREER AT R4 B RIHUES
BRI AR AN AL LA A2 11 K] S K AR R B 25 A

Bl 8. 16 AR IRIAIUKIAS A% B 2215 52 Al KB
a f b:118kaBP 5IMAEZ 2, ¢ M d: 115kaBP 5IMAUEZ Z4ZE, a M c: RJEHEN,
b A1 d: BF/KAHL (Calov et al., 2005).

8.2.1.3 K Kk IA kY

WA RN R =1 (MIS-3) AbF 60~20ka BP, ¥4 [ 2 UK 7R~ i OIS-3 78 AH 2415 A1)
SAEp A IR IEM B, FRELEFRILTH. A E, MIS-3 Wil (30~40kaBP),
Ko M X R T RIOK I BRI SARARAE (X5, 2003). X5l 35kaBP [rIfEHn Fl vt e A4
FEAH, 7R R Hh DS AR AR 1 L7 B, AR R R AL FERS B 24° N 8
AV UKSERMI R 3 LR TRk TR COTRR S0 e S i 1 R I T 0 AN A e
DX B2 LU AR R 2~3°C, A 5 v SRR vy SR A P K B ARG 0 100~300mm, 1T 75 i J
B 7K AR 3~5 % (Shi et al., 2001). fEERH, 60~20ka BP 5 [H A1 H i H(van Andel,
2002), AEFINAZE K I E BRI R R RS R =S, AMUEFIT
X NZREAR RN T R, T B AR e S AR I WIAE L RS M3 WA A
FRIEJHAS (Huntley et al., 2003)4 B 1 fiF.

RIRIA KB S AR ORI 7 A2 B 80 . Barron et al. (2002) % MIS-3 BB o i g AN i
H: 30 ka BP Fll 42ka BP A7 1 i S AGARALL,  FX0T 1 25 P55 1 X RH BRI b X 3047 1 B40L 5 %
BT EE RT3 4T {H 30~40ka BP 7R [X F SR AR AE 5 WK 35 2 5 AN TR (e X4,
2003), &Hx} 35ka BP HSEARAL /3 i o, W REH X 5 & 4 B X I U AR A 2 7
(Yuetal., 2005). Z%/INT5 (] = 5t DA_b P AR ES 1) s R AE A4

1. BRI DX 3 ot A AR A

Barron et al. (2002) KA KRB AL IR EEIRE, X MIS-3 BRIk dE4T
BRI . KA K GENESIS, XN RegCM2. KA GENESIS #5353 1
(] 8 ANPIHS 5, 3% T 20°W~50°E, 30W~60°N [HERINHLIX, MA%ASEE 60km?. AE3EHE
JFACsE MIS-3, BRI ¥ H14E 78 30000 a BP, BE IS 7E 42000 a BP, X1} MIS-3 #
A BRI, A= BRI R (R 8.4). HTHURVERIAIR, MIS-3 45
SKELT FIFHAEX Oka A1 21ka 14 737 B4 AT B . ALBR VK S5 ARYE T TR 7E-80m [IIF 4
HEATIREI - VK RSN S, 43 A E A AR RV E: (R 24 T3l ZoAREY B, ca 11000 BP)
FUBE IS (/K S5 (VKSR AOUN AR FESS 22, Bl CUKER) PR A (B 8.17). Jb K
PERIHL I SST IE, 14 GLAMAP2000 BFFTRLE, 254 38 MR B AL 7 kM
MC EARINSE . SRS ZHLUE MUK R 2 FIEHE (Coope, 2002). 30ka BP XfJs% § Heinrich ¥
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WAt 3; 42 ka BP X T Heinrich BE #1544, [AI24 42 ka BP Lt 30ka BP (il fH M. 12
TCRBRIHIE 2, R Z RS LAWK . XTRE R g B, BRI P AE
42000 a BP, A4 R 7E 30000 a BP (Alfano et al., 2003), & 8.18 Ji& 7~ B IR 560 A0 ¥4 A 56
IR 4% 1R 53

FRCRH = BB : PuESEaRE GRIE A FUESE. K CO, IRERVKEE IR
%GR B); BUESH. (K CORME. VKEANE GRI C. B4 REW, FHES
AR ISR, RN ZRTERR BRI BRI PG, T4 RS TR 3%, #
BRI FE A R TR B 7EUK S5 AL, JBRRIK 25 1) AR X PR 2 2°C, (HBEKARL
AN AEHFR AR HIRES  , K ZE LR AR 7210°C, TR RRF#IR 427°C, g KA 020.5°C .
B ZELRREIR 024°C, HRER-FIRRFEIR 4210°C (] 8.19). H4DL2 B B Wil [X & Z= [ K kK
A% (-4~-8 mm/d), JERKESEURFSE RN (0~1 mm/d). SR IIRHLE R T & ZE R K
M RGeS 8E, BA SRR, 518 1 ACER K3 22 F0me R 5 R oK i R vy
JE R Giyzil, R X ) B KD o

K 8. 4 MIS-3 HrA/RAERI R i R4

(Barron et al., 2002)

B 8. 17 MIS—3 W bk 22 42 AN UK 75 40 A1
KA @fb); HERE (cFd). o a, c AAIARES, b, d AR (Barron etal., 2002).

P 8. 18 MIS-3 KRyt pt o A
a. BT, b-d MIS-3 BrBrikie, b b AmEH), ¢ vk, d A#H) (Barron etal., 2002).

&1 8. 19 MIS—3 i A8 Ab DK B ) 2 2= I FE LA
a: B, b: MIS-3 BEHH, ¢: MIS-3 &1, d: MIS-3 #4J (Barron et al., 2002).

MIS-3 MR B, BRI ORKS Hh e 26 B2 XA AR 1k, BUIESH. CO, UK o HUAR (1
IR B A BAT R ENE, MALKPEEE SST AR U A TTRECK o SST sl I Id i #1221 T
I MK IR AL « 12 A DL H RN PR AT 5525 1) Bk 324k, RERE FFE 31 MIS-3
P ARSI P23, (EIEME AR = B BB I AN v S ) A AR 2R
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2. R SAGAR A

XFZ5E MIS-3 [ SR 7T, Yu et al, (2005) % FH A= ERA 5 AR 2QxHZ i 30 R 39T
WA TR, B R 7E MC JI4E 3500043000 a BP 1A %136 & Fil T it A%
RS (AGCM +SSiB) (Wu et al., 1996) HEAT AL, AGCM ikt 9 )2
15 PR, KPR YT 75945 MRS T 4L 4 4 8 4% =X (SSiB:
Simplified Simple Biosphere Model) (Simmonds, 1985; Xue et al., 1991). SSiB 1 # il ih
FHJTH BN 1R 3 2R3, AP ) AR ARy 12 2. @it SSiB
& R 0 LRI T 5IRE . A E IR S K A R R A T A B A S
Wi g, 5 AGCM M4 .

35kaBP ML S % B LK 8.5. ARHER T, 7E 40~30 ka BP Ak FH4R
U} f KAE 35~34 ka BP (Berger et al., 1991). 35 ka BP it 1 A 5314t (1950AD) #HHLAHZE K
£) 200 Ko XSO R RES BN ZET AR, SURAFRS R AR 2 . 35ka
I 3 ) H R AT Ml O R RN B 7R AS A AR A SN TSR B, JEER 90N, 60N , 30N
RFREH X 2 4R it & 6 A0 LbBR 538 i 18.4, 21.3, 28.0 Al 27.0W/m2, L rp R4
X HE N 5.9%; 12 A EEERAR L4 58 0, +2.17, -9.11 F1-23.1W/m2, A rR{ggiih
X ks> 4.0%.

iR S Bk 35 ka BP UK 7 AR IR (AR 1/10), {H/hT LGM oK (4 Flidh
1/3) (Peltier, 1994). ARIEVK)3B2E /3 AT RO MR . JUBLIEHE, 35 ka BP JL3&0Ki% (Laurentide)

8.5 35 ka BP KRFEHUARK LG BRE

(Yu et al., 2005)

FJERRYK G (Fennoscandia) XA AH 2T LGM [¥) 50%~70% (Clark et al., 1993; Stumpf et
al., 2000). MUK AL 1T () s FE AR AR, FEAIRER R th X (%) B FE Jé P8 RSP ¥ &, 35ka
BP ¥ E-65~-80 m a.s.l. (above sea level), ffit 4t 43RoKaE A 24T LGM K
50%~70% (Clapperton et al., 1995). 7£Fg1b4 30404 5 [X sk (1) 25 Rl 2 . vk A - H 3
MUY R RO T e R A5, 35 ka BP MR £E-30~-40 m a.s.l., HEWT 4N 4 Rk S
FUH ST LGM ) 20~30% ( Lambeck et al., 2001). AR¥EHEFEE RN R 4R R
BEIEJG, BBk 35 ka BP vKFE 24T LGM ) 40%~60%. AR¥E ik 3 Ry ik, Jb-ek
35 ka BP KBl UK 15 20 A MU A 24T LGM P 130K 36 MU 1) 40%~70% 75 47 (Winograd, 2001).
RISLTIE T 35 ka BP VK55 /- A 24T LGM ) 50%/E 47, ST 0 ka vkt (E
8.20a). ARIEALKY A A A ML FHIEHE 25 A R (Yu et al., 2000, 2002), #7517 35 ka BP %<
WAERE 740 (] 8.20b), FEATH% AU G W B AR TR L . KA COL WK FERR A B i)
Rk B = UK FE (Raynaud, 1993), K5, CO, W EECF34{EHEL 210 ppm.

P 8.20 35 ka BP SABRAHLLR A MK 25 F1 2R S AR 40 A
a. UKZEHAT; b, W HEHE LR AR B 5 ey o i i
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A BRMRHEHEIX, B, JERpRiEgIX. 1. oM, 2. BEJE, 3. FEdE, 4. BE-EFITAK, 5. BRm-FEHRASH, 6. FFIHAR, 7. BFiE-R AR
RAZHR, 8. VAR FEMAR, 9. HERFEMAR, 10. Hak-TE AT R RASMR, 11, FREREEE-H 4k AR (Yu et al., 2005).

29 7 DA 35ka A [F) A PR3 AN KR AR A2, SE skt 7 3 21 35ka k%A1 2 41
UL (K 8.6). k36— (E1) RH] 35ka I MUERHUIE = IS Hdzii| T HIKBHSES, LBk
UK EE T AR MR I B . 136 2 (B2) SR 35ka BP KBHER AT 5 16 -F BRIk oA,
{EAR WAL PN IR B E . 555 3 (E3) AUKPFHARMNT « AL RRUKEE 70 A FIAIE T 38 TR 735K
H1 35ka BLE . KT CO i EAE 3 Ml 4R M 210ppm. 24 1A KR COL ik FZANKRH
FRST R SRR, BT T 2 MU (3K 8.6).

# 8.6 35kaBP SFAERARB T R
a: Ins, Ice, Veg, CO, 43 HIMREARPHARST . vKaG. FE#AIKS COME (Yuetal., 2005).

E1 B T 4R X AR R s, 76 120E DAPEHB X B3R AL i 72 70N, LLL, 120
DAZR IR X A ) SR i X (B 8.218). A4 K PHAR S /e m i th X LbBARIE &, 2 51
RN FER R, R ELWE TEIKIRA COKEE (210 ppm), BUEMEIAL: EML &
NI COL B S AR AR = At X (60=-90N, 60=-150F) ~FI4Ji 5 F£MIK (-0.29°C); EM2 H
RS IE B R XIS R RN (+0.89°C) o MM HY 25 W FP R4 K0 H X (20260N)
IRFR (B 8.21a). RAAFTIRIHMET IR, BEm TN, [ 7S b MERN,
FERRIEARTHIIX, AZ=PEIE TS 304 P YR B A

E2 B2 SR RS AR AR FE I s PR AIG, it X (R b S AR X 45)
BT 13 CHIRRIR (F 8.21b), Sl 1 55 U020 VK 55 75 i 26 b X 53 K ) B s sk i . SR 35
ka Mg ST UK FIRE i 10 R A PR omaE 1) E3 RIG, AT 17 7R WU e 45 b X 4D ol IX 3 e
AN, T RA X B T R (I 8.21¢). XFEE E1 RN E2 BMRIGSE R, E3 Bon T E
IR I LCHIR, T AR 3 SR RN . EL AL T R S AN 5 98K e iR
R K EEDAR R 180 (14 8.21d), 1 0.5~1 mm/d. X FHES M 4R S AL Y
ERA 22 a1 AR TE SR F TR B, R T R AL RAE JKIR A e AR AN
LR RBE XX PRSI SRR, AR RER R K H 2 3. fEUK#ES 51 E2 15
P, RWAERKBNIEARY EL M, HEE & FEK M r R4, FRE R IR KX
T RN (B 8.21e). WL T UKEESARMI AN, & AT i A KRt B 3G, A
VAR b A K k2> o

K 8.21 35 ka BP -PIgEE (C) FEFHREK (mm/d) i

K& R 51HR5 (E0) MZE{EFER: a. E1 IR, b. E2 I&E; c. E3 i, d. El B&/K; e. E2 PRJK; f. E3 &Ko
ROX IR R TR0 7 R EMIAE] 95%  (Yu et al., 2005).
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E3 MBS 1 A [ K3 0 X 4k AL A%, e LB i A R 1.0 mm/d. 5 S R AR SRR
IKARACIE TN B35 XK, A B K Bk (B 8.21f). 1568 35 ka I#VE . ¥R, B
KR EGHAT, BT R IR W KB, (HE R T F5 TR H X BEK T
RN,

8.2.1.4 KRRk

AR VKRR A2 10T s E i J — IR UK RS, 5 AN (] () b sO0 e 1) w4 6 BT AN I
TE 78 RRFR A B2 R VKA (Weicheselian), 7R R S5 L AR A EAUKET (Wam), 7Ed63E
FREBFR B e B VKA (Wisconsin), 753 B 78 5 1L AR g R ER VKA R R AVKIH . X —i
ST b T AT S R R R B, PSR ARG 510°C , HELhE K 20C LA E,
FRIE X 2K 223°C o SRIRAR 1 B 1 R0 70 M X B AR 28 b R4 5 FARLAp 20 AT
DROMA, R A EREE OGS 2 TR SRR AL, — S v A A e v A X R 2 R D T HE B
BRRER i U P AR ORI — I S S AT BUE A, 9 i SR B J L)
MEEEHIE T, S35, HEHREERTIE, B8 U A
HLALLBE

1. EHBr PMIP &1EITRERT 21ka BP 1541

DA 2 A BRA AR AR A P LE LR FE B0 A SR I S AS A, B BRad 2 2Bk AL
(PAGES) FlI/S i85 ] HPERF 701+ &) (CLIVAR) T 20 tH 40 90 AR &1l T b <M
R LGB (PMIP), FEE AR VK (21ka BP) F1rh 43 ithiE U] (6ka BP) 1 i &5 Y
LA B B SRR I AR 7 . 5T 21ka BP AU M R SR I TN A B e & 1
IREE AR FORRI R 56 R 1) AT FH T RADL R i 8 10 A A TR, Rl FC A L PRS0 45 5 AT LA
iSO T O EG, FRERT AT RE R ASAE SN 1 2L

(1) e

1999 4 LLATE PR BT 18 MR LS 5 T EFR i AR BHRT &I 21ka BP
MBS . FES N 18 MEA, A 5 kEEE, A 3 REEE, HE. HAHL
MHASAWRA, W mER. EEFHE A —4 (Joussaume et al., 1999). iXLLf
ALK 7, Ak SIS PR AR IRE TR, A HE R
AN SR (N G) AR BERIAR, Bt iR 5 R s 0 H % W3R 8.7 i .

% 8.7 HEPr PMIP R 18 MBHEAMBREE

e Kb REUT RAEGEHN, RAGETRENT, TR, 5K E T s, 0 R15 FoR3EEAIIH 15 3
BE; 7246, - SRR R B SAG L ROREE R, SR T ROR R W 119 SRR E T AL 19 RS

3 8.7 ATLLE H, XL M PR ZER K, EESENT 3~20 EZ[H], K
P HRERA T 10X 15 28 128 X 64 4% s (8] EPE I AR (1) A0 88 K S5 #E B 1R K
(1225 {B7E PMIP 21ka BP BAUMELL T, #HEAT 7 ARAEM) BLCCE F L8 S AR B AL e, I
15 Oka BP FA4% il 36 A oy A Ak BBk EAT X L

(2) %A
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PMIP (Joussaume et al., 1995)(1) i M ARIIARES, 120 o 18 2% A0 6 0K BH R S N5
(B ERBLIE S B E). KA CO, & Bk (WKEE) /iy koA MR (B
UKIE L) WERE AT WERIHIEE (SSTs). M Hh R AU A S,

KBAFESS: 21ka BP ABH#E S £ EAKIEHIERPUESHL (i OR . SRR ARILH A) K
e, 4i—1# ] Berger (1988) 57543 H . 7RIS Eda ] Al LAfS 2] 21ka BP i A BH$E 5
FEHLER EBEZEBE R 50 AT . X S E0 A8 A 2 O i S 1R 23 TR) A0 AT A= 40 BE, (RS AR 1
BRETAS 3 1 R %R ST R, K FHH BUOIUE 9 1367wim?. 21ka BP X5 [T F 1K BH 4R 5 2 50 0
% 8.8.

£ 8.8 FHNLHSFEEHIAR I HBRIE S8

H 4 Joussaume et al, 1999; de Noblet et al, 1996; Kutzbach et al, 1998

PMIP 21ka BP fALik5:H CO, & &4 —HL 200ppm. R PMIP Hf [ — szl i th
MR T RAME R IR, AR IR 23 B PR B A 26 1) R AR = AU & 2 AR
DI FE. 21ka BP [FAxBRBHUKIA B RN, 45 A2 b BRI KUK 55 75 /K~ AN 3 B 7 M #A 2
B, BEHREEUKHIE K. PMIP SH Peltier (1994) FI4xBRUKE 23045, 46 B4 2 RS b
B (K18.22). nTLAEH, HITUKEIEHEIY K, AAMEIRCIHR, Jb3E KEFIROE KR 2
B KR /2 CLIMAP (1981) %k, H4IL pydl B AR A%, 15 H 25 (8] 404
Yo X EANE EAKEE, KRN . CLIMAP FigikZ Rl A f 2 HF 8 HI
{8, SHEFUKAE T AR A A H . BT AR R EKES I FE A S 3 il ~F 1R PR AR 36 18K,
LR FR 3t T v P A AR ORI E T BRI UK 36 M X AR M, TR UK 56 6 184 v i o6
TEH R 1000m LA b, TR T B s A S K s R o Ak, k) RN R A
5N L ok B s v B BT, AR4fE Peltier (1994) %1 H i 21ka BP & vk s 7E N MBI &, ¥4
HANHERIAB AR -, 5 8.23 #) 21ka BP M4 m4k & (& 8.23). 21ka BP [
YRt 73 AT AR Peltier (1994) 14 JC B RS H P A A A A 20 A1 11 o PRI TR T
FEAVK Y e, 21ka BP (1)l i FE L ROAAK (18 8.24). 21ka BP HyiFiRis PMIP 3k
P4 CLIMAP (1981) BRI LR . RN CLIMAP (R A A /D FEE, (HH [
B4 21ka BP ME— R R A KGR IR TEE A GRA A A) Mm#A 8 H) 1
eI, — R BT IE X BN IR R 12 A H , 3B BG4 AL IE A TR .
RAL RIS R T IACHE e ) TS 21ka AOAELRY , [RIASF SR A T M0 1 3 B 1) T AR, 40 CCM
X LGM i S A48l (Kutzbachet et al., 1998).

8.22 21ka BP ¥KE4)

(515 %%, 200D
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K 8.23 2lka BP vk e S = 8 =

(51 335, 200D

8.24 2lka BP ¥Rh A SR HI 2 57

(F51 8T %4, 2001)

(3) HRALLLh

PLEAREFMEREE CCM BRI IILE R (Kutzbach et al., 1998) Ay, ALY 5
ZERUTR

O BT ACEBRP UK 55 AR IR CO, & &, dbFEREhBERRIZ, b3 Rk
PHUK T X 2 ZRR JEAE-20°C DAT, A ZEREOKIY R, J6EBERA 30°N EARMFK
B Fifi AN 50°N - DA 19 X 8GR FE 3 7E-20°C LA T &

@ 7 LAAME K 2 o X B Kb, SR AR T 21kaBP B (14 FE 7K 3202 1~2mm/d,
AL S K5 X, BZREKDT L mmid, 1AZE4) 1~2 mmid. FRIE X 2 XA R 2 2,
B KBEKFEZ) 8~16 mmid, (HE5IARAEL, HZRREEKA 2GS, JCHER
WZE KT E IR . AREEK (P-E) SR/KEI AL

@ MU 21ka BP “Ufig -5 BARAU% 22 57, 2 JULAAE U T =R 10 B oK Pl Hh B8 P AR A
UKEEMHERLX, A8 16°C DA b, FRIEHIX FERTE 224°C ifi. HUbAH R 2 4Bk K
WD o TR R 3 P KD XSO AL R = R A, andbSe . BROORREALES. 7R
A ARG BRI, R RS . BT RIR AR K k>, 21ka BP 78 K IR
A, DR 2B K P-E ZEALEERAGH 20 K Bti b X WA 388 0, (HAHLR &, S s,
HR AR A B L AT A

@ Z=A5i1E . 21ka BP & H MR R ik EAARAIC, i ffih (30-60°N) FaiE
10=15°C, FRIEHIX (0=30°N) ZIFiE 5°C A4 FAEHIX (30%60°N) 4 H%6 H (P-E)
Hmim 10 HZ& 1 Hjb s

O PSS ARBY R G 45 R R, B & IR B PSRN K il Jb sk K24
X I A S, MR A AR

© TiE R A T IR U S R — e s . MR [ A, P HI4S
SABAL, A B T SR AR UL () PR AR B RO . AR ZK B2 B, A SR
AT H 78 TR FE WA T B M R A UL ) (2 3

@ 23K LA IBARE 2, SRREPYFRIRL 627°C , AFRF-FIREKEIAR
> 12% s DRI BE FRARFNZE K>, P - E fE 40 A BT hn .

PMIP A4 2 [ A Ebdse, TR 2 18] o R A B FE AN R, DA FE VIR
Wik £ LB MOR R R (B R AT E0ER), %1 21ka BP I AR ZE R,
{EX} 21ka BP AL ARHE IR AR — S0, Rl 2R 4: B DXCRC T, T v 46 P55 1 X 1)

422



AN ZE 485K (Pinot et al., 1999). PMIP {451 0xT 21ka BP A {5 (A 4EL 45 R 22 57t IR R
— A G, R R R A R RS — PE RS ER . B0, CCMO A5
)4 BRI FRIRAUA 3°~9°C, BE/KIE/D N 5% e 4, ¥ CCM3 (45 /N, 18 /> PMIP
BRI AT L IX 45 BRI, ZR+toRE.

2. FH[E ) 21ka BP ##42)

(1) ZEkb B

H ]SS DU LB KBRS o S, R A RRUKI S R IR U I X 38— o IR AR
FFRE T 21ka BP AUBMEHN, B FUAR WK SRRRIE . AR P A 75 7 2 XU B KSR IR AR AL
Hil. KOPVES ENEEVELL R R RS EVE B . U KRE AR A S . T e R UK ) 1 S
KAL), XF EBR PMIP [ 21ka SAGREIULE A< 011 Jg PR PEAS T Sscdb A =

R SR . PMIP FR ) CLIMAP R EERE, B AR 2 A8 1 7 B
(SSTs) K H CLIMAP (1981), A —ERIBkIE. MR¥E 20 tHh2d 90 FAR LR K &SR, %R
Wzt 1) 21ka BP il s, JUHARAE AR IE i f RS -3k (Farrera et al., 1999). X #t H 5
M) o K R R RAUL 4 S . BB AR SRS A S Qg B3 mT DA A i — i, (HT SR 2 15
FSEA A R Tl A BRI SAIE . [ B A ) 21ka BP R AN THE R, A
R RIS RAGES . SR, % CLIMAP [ER ZORE 8 [ 2°C , HARH
4k Fks 55 E ) 21ka BP SR AR IT

155 (2003)7E PMIP RIS 77 R T, K PE KTV B i A0 e v b X B g /1Y) SST,
e e XA IH R CLIMAP %5k}, FIH CCM3 4Bk KSR 47 T 21ka BP A fi%
L. 5 CLIMAP [WifER FR A LE, B A T PR IRR R E R m, 7R FEA
o BDGE B, R VUK o B KR R IR AE 227°C 2 0] &8 KPE h L 77 B3 0,
B 25 ALE RS 7 IR I X R ek s s A E AR b ARAEORER A B X L 3w RN g e R AR
AR E IR E D, Hh s AR E e ST, e i
— S X PR 7% R R N A T AR VR, AT A R 2 B Ik e b X A T BT

5 PMIP ARAERRIE %S e 3BT DL VRAG T V6 K -F35 A e g SSTH 4 72 S 4o AR IR K
BSR4 XIS A ASADL R B M 40 BT (Zhao et al., 2004), S SST ANESEL T Ho fdb Bk
T3 L RS N2 S = S 2 T i e T = R 4515 AN N7 082 T T = o o N | N
Jb 2 B 26 5 1 X R AL AR b X bR ST . A0 BT ol R SST 22 57 5 I B 2 XU 52
BT #H U SST AHNTREE, B E(ER ARSI R FMEVEFE MG MESEI . EIEZE
WX LR ZE IR FE i E R RN, R R X R ARG (M 5%, 2005).

MR sRE S G, WA KR - RS (AO) AT TR, nI R At
B SIS AR AR, BeERELAE . BT R R R o A,
A BRI HRKES .

M RBIER. KEFARE, SRS FERESSL, b i sk ednt
ORI R IR ER . AR 78I . R IELRE FE SR 52 e b <0 48 () B S8 R A BR7KIR
&, MIi#E—5 5 kAR . FMBRFHEL, AT RS0 S 8T R IROK S Bl R KRR
FE A BT AR B A . RITT, 7E PMIP B (kRUE T 28 b I A% FE R 28 Ak
SRR GE- . HHT 21ka BP ARG R A BRI E BN, TEREE
TR AR AR Ay, R AR A AL 45 A R KR

1 PMIP ARl iR ae it b, 3R v SRR A 35 SR AR I IX 4k AR B A R 21ka
AAEBEAL R 5, AT EBRRES (MR A 4%, 2000; Liu et al., 2002; Yu et al., 2003). 1%
PoLE ARSI 1 RBEAE S A SR R VE R, AR UK S I B A 5 2 AR s i PR AR 51 ke T
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BB RERAER, o e R A AR R L DX BRI N R, BT B R AT NA
HIAE FIAEAEZR AL B 1L X BRI 2 PMIP ARE RS0 T B IR B2 1) 30%.  [RIR St 7 AE 4 By 5
PRI b IR B R A FH S AT LA S5 A Ak B 5| AT 1 3R e R e 3G A, TR Dy AR A B A
RO RRE, SRR R SRR R, AN B T R AR A R R . SR AR A L,
HE PO BEKPIEMIRTS, 51 R MFEKEA S PMIP FrAERLE T BEKAZ LI 0~10%.
PRI, PER IR UK 2R 02 A DX oy AU AU 7 b, LA I S it B B U S

REKSERRBIER. X REEBEAE LGM AR, R & SUERA
FIFHLEZE BRI FET LGM F 8 m SR 48 R 7 i X (1) & A 3 LA B oK 25 158
B, B, SR EUK) P g s B, 3R IRE T 0 B BRI R A RN, (H
FE UK P-4 2% 5 M L IRAR PR T 300~900m, MIRAR ) 5400m [4 % 4600~5200m (X -F-2%
2003) o 5K I [] o X A= W BR AL 22 AF 72 BT ) BIOMES ZE 25855, 78 Hh BR 3L 38E 2 80F1 200ppm
KA CO MR BRI T, BLFLT LGM K it th A B 52 IR MRS o 7EFIR 5°C B /KD 10%
AR R, R b X VK S 7 o5 o BRR AT T in i) A s fUBaR 56
UL L v SR VK 25 )7 o A K (2 K54S, 2004)

15 PMIP Friffiate i) 2t b, e 70 75 v i S 20 M X T K N 38T, AL T v SR A
B R B KV AE AR DX SR SR 8, Bom K IMN S8 T B IR A 2 E A, R E
HZR ARS8 K R B D o AR BTN IR D X 3 A A P il — D B4 75 i o i ) 1
PR, SRV K (2 K155, 2002; Jiang et al., 2003).

(2) X3t A AREAL,

FIF DX A R R BRI S, S BT T R IR UK S 2R T X 35
LA RIAMGIRGL, W ORRURE S A A RURE 5 I I A [R] A B R XS X3 S 1 AR
A=A R, TG KR BE B T 5 S PR A BROK SRR S5 B AR AR R UK B 2R W0 [X
WAMFEER (B, 1998).

PL RegCM2 Hifalfit B 4 ER KSR CCML B RAEG (O 2374, 2002; Zheng et
al., 2004), KB LGM R AFHFELFRFE 7 AR WA ZXGRME . RN ES; A
SRR R A R g, R T E AR FE K B s TR e R X R B K
JA KA BN . ek e R A KGN, 3Bt B K I I AT, M SR 2B
TURREE /AN BEAL, 2RI X A oy AR A 1 5 | O\ A A AU 2 SR 5 AR e ) E S o —
. fiH RegCM2 HL ik BRIV CCM2, BIRikE RGN T LGM ZRIFIX 15
A BRI B AR R A T B CCM2 AT A4 (Zheng et al., 2004).

(3) sl (W2, 2000; Liu et al., 2002; Yu et al., 2003)

PSR T 5 Bl T 2 A A BR O SR VAR 30 (AGCM+SsiB) o AREL A 15 A 36 42 8 ]
bR PMIP (2R AHESS , A alie il A AR IR 48— 1) 21ka BP KPHAR ST MRG0, Hb
Wy K CO &, MR MUK, KUK SR 158 7 3% A | 1) e 4 51 5k A Ay
S A RAT, B PMIP Frifi——IUACHE # T E 1 21ka BP (A # TS B A . X KPHER
SO A REAEAR DG [ HOERPIE S 403K 8.8)FIAR/FAE T MBI U . Ak, AT T UK =
. ARITERR. KA CO, UL . 7E PMIP ArEIRIGHESL T, 1Zi 00,
SR FH 2 TR R 7 &

21ka BP (M- SHACEBA IR K ZEA, — & KRR KUK AR, e R )
TR ARG K. BRI, SR AR VR Bt T 53 e % B0 G b4 LGM LS Stk abL
21ka BP fHMRH TR, FEM. S WA R IHIX (42 & ek %k (Yu et al., 1998,
2000). R4 EPR Biomizition J7ikxI ek EdE %4k (Prentice et al., 1998), 3k15 21ka BP it
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FEME IR TR 0 AT o e IR AR M 5 i I 25 (R N 4 3] 7.5° x 4.5 LA 0 A, i
J& AGCM+SSiB #7514 2K

X AR BRI R STk A B S AL E a0 R b

VK 56 = BE RIS R . 7EXT LGREeh, VKEEAKCPEaFEAE R, (H UK EE A T
— R RICUKE R, MR AIKE T . K 8.25. 8.26 MM IHIL N4 HIIBEK . IR,
A ES A BhEs, HEEENEIKEE KRB . IKEHX S ER
Guitom, PREEONEEE, [FRX R RE K [RER,  BEKASE aAa R ER .

RN, dbREERPT KUK 35 2 it il 21ka BP 4BR & 45 Wb X P I6 0 = BRI . ka5 b
TR = BN LR SIS I E A E R AR (R el KBRS BA S oK
AR RER, B 7a XA ok HLeg e, KR4 sk R G, CO, MK BAMERYIES
ARk BAR N AR PEIR AR S, (HHETTERIR /D, =R 1 22 A AR BN Gt R 56 1 12 %
7K

K 8. 25 LGM ¥K 55 JCuK5a 25 F T Rk IR R R <R A5
a, ¢, e, g ALUKEIRE, b,d f,h AEKER®. a bEEEPHAES (hPa); ¢, d &AZEFHAES (hPa);

e, £ AZFM/K (mm/d); g h FFHRE (°C (FFEHE, 2001).

& 8.26 21ka BP 5 Oka BP {5 (115 & 7= (B K1)

a. MR IKZ) 21kaBP 428 (DJF) , b. 21kaBP fHHIKBIAZE, c. DACHEBEIKEIEZ  (JJA) , d. 21kaBP HE#IK3)HE 2,
e. DUEHIRANTE- PR, . 21kaBP MEHEIKANA-PHREE GREEHAL: °C) (T-H4%, 2001) .

@A R B i I RIS R R . AR PEL R 7 R B A RAT IR KRE . RN
IR AR R —MEE BIZ A BN 5018 Y, N 5 P BRI AR 7096 /244,
T AR 7 (L SEE L e IR AT R U Se k. BT A b2 ft SSTs TE sRiE MUK
PfsAll, SO P T B T SR T IR P U, RS ZEONTE: RIEK R
H PR KA X O IEAE, BIE 2 21ka BP KRR UL RGBS HEiR
F AR XU i U 22 Rl A A AR B 2 UG, P I SRR S AR Bt X B X
BN, AR HS IR, P E PG X I R, R IRIER
G IRILE, (AU s X B g, BRI . &ZF 21ka BP MIE
AP IS Z M AR, S0 AN B AR S A o, (19 4 XU, R
NFEVR, BEARNLKREFER B2, AR &R b .

AN A 518 A L . SR PRI B CRE AR AU A R (T L B R A R R 2
537 2 B E AR AE I X ) AR AR R BRI AR AL, A I i fR 21ka BP
T AT E R, BRAUESE RAE K 2 BIX IS AL, R 21ka BP Tl B A 4 5 10 FA A
MR (K 8.27, 8.28) JRMAKZFFEIR AT AN ETK, RF5EETHZERA
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B 5
@ KAFIH R Ea% A F o 1 T 32 P 8 7 P 42 1) 4 S b [X /= A 11 32 B
RO H R EVEEARE . IR = R AR 88 B 7E 21ka BP Ff 5 BE AN 25 [A) o7 B 36 —
SEARM . AFEFHE R R, BT, SRR MRS Bk LR e R
JERGURTS, ZER SRR IR o BT R BRI R AE ARG 5, IXFERRAL T R KA B
AR o S5 B R R R B 2 S A S R 5 o SR B (W R s R R AR AECK,  FLam s AR
BONARTE ST, (H S Y AR A AOR, P B A v [ 25 B i B e B AT R A 2 R
FER T T2/ MRS R EFE. %t 21ka BP £l Oka BP ) 700hPa £k B RIxTEL (/1 8.29)
BT 21ka BP I 3R EE AR HKEORIE O AFAE . R = RN, KR EERES
DX T 38 74 35 K 75 v S 4 b [X DA R vty o PR b2 e db X, AT T A 5 AR A1
SEAAN [ IR A 7K SR R0 I8 A% S A A =) o

B 8.27 21ka BP Y5 Oka BP U&7 Rk B4 7K 22 (B4

a. MK IKZ) 21kaBP 428 (DJF) , b. 21kaBP fHHIKBNAZE, . DACHEBIKEIEZ  (JJA) , d. 21keBP HE#IK3)E 2,
e. BURIEHIRBNAEFIPEK, £, 21kaBP MMIKBIETFHIFEK (FEKBAL: m/d) (TS, 2001) .

& 8.28 21ka BP Al Oka BP 700hPa ik (1% Lt

a. Oka BP HZ&, b. 2lka BP HZE, c. Oka BP &2, d. 2lka BP &Z& (T-#2%%, 2001).

8. 29 HEUKHIE IR B IE T W KR (1 451 343 AL
SEHRR AR a W (NA) UL b, B (NA+SH) B (BRESE, 2004).

8.2.1.5 whik iy

iUk (15~10 ka BP) /i T ARIRUK AR A8t 2 6], DA 2 OS5 U el 22
SARPFAE o ARFEAL T4 R 22 H 38 GRIP2 UKts, il &R (YD) WA/ T 12.94 ~11.64 ka BP
(Stuiver et al., 1995). {H YD M 11.5ka BP % 12.5ka BP H#4EF&IR %) 1000 4, {HIEAREH L)
£ 200 2N, RIEHARMREEREFRE, FIREE 154 CEL; 1fi YD i F
IR R AEAE 100 SEIA A 47, TEREEIR 225°C (Mathewes 1993; Schwander et al., 2000). AR ¥k
ZRMEAFPIE R, SEDYROKHEH - [RIVK e [ 5 R E T B R BE J LT RS I8, iE
FROK PR S 8 (0 i BA T AR A . FEAb Bk 46 B X2 AR, FRiT 2= 7E 11~10ka BP HH[a]ik 215
KAE, B BRSNS 2 YD RRBAEM, HERFENHEt 4, —BERFEN
AR KON SR A (AR 5855, 1996; #4048, 1997) AL S I AN,
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YD /& H T Lawrence K a5 FIVKRZKEANIL R PEEIE AL (Broecker et al., 1988). Mk H =4
FEHLIX (B RIER BT, YD AR Z8SR AR A 5 AL K TG PR AR S PR IR R 0%, (HAEL R
DAAMHLIX ) YD FfF AR T 5 A BRI 1 sma AL A 5% . Hughen 55 (1996) Ak, PRI Xk
FE PSR 51 62 0 98 TR AR A AE By R PE P (R S S A B AR P, OO T 2 1)
SO X SR B PR XU YD MR A SR BRI A O, RN KRR K
B DS R R 52 240 o S5 mT BE IR /K IE R R UK UK 5 IR IR KUK 35

FEBr_EXE YD FER T ALE] . A S B AL DL SR S AS AT T VF 22 B AR B
FT. Weaver (1996) fff F— MG HIRERE T (EBM) FIMFEFEAGIEZL (OGCM)H 5T
T YD SRl 7, i — RANRIGEFHAT T 7 YD FRT S, BRI R E
FB R KUK 55 (1 Rl KA A M BRI [R) ARk . S5 SR, (R SRR K 3R AN B
FF A6 K U EE IR K ZE i . Marchal et al. (1999) BE48l T YD ZHAF:1E KA CO, & R ZE L,
KUALE YD FHIAE, KAH CO, & EAa e N, S b K vE iR SR8 X KR CO,
(PR B R mAR /N, i AL K PG EERA 216 CO, ISR /N

E[H GISS KA ZIL A T YD BH4ERS % (Rind et al., 1986), 4 H &I
TWAEATIC A FMBIL T Z RS, KT RPEERX . RSP X DL R 2 2R EE
HuSH YD IR R B o 38 [ AR B 77 S8 i A (GFDL-T32) SRAVKGE: . IREITRA
TR S5 R o U0 SR B M L P R Kt TR AT, HEAT T 1250 SRR AL, B4l ALK T
7 SST ARZHAE 500 4 N f& iR 6°C J5 THEIAS] 6°C (Manabe et al., 2000). #E ECHAM &
PR R D AU T G OK T st 32 4b Ui (Ganoplski et al., 2001). Goosse et al. (2002)
IR A BRSPS AR (ECBIlt-CLIO, T21), SR FHUEVEIR Eh PR AN A BH 45 5 35 1k,
URENXT YD I AR R R A 94 S A AT KA 5000 4EAR ML . H g R AU IR IR
BRI RIAEH, KPR E) B A flsHLH] (Renssen et al., 2001). i8I X LS4,
JE RV DL K BRI TE MoK BT S A [ AR 13 BB S 3B 1 RE . YD AUEAAL 5 H T
ZORHPIXS LA 7T (Manabe et al., 1997), R T K5 - OKERZK Bl T A0 e B 8 R i 74
ZAFIRS, RSB M TE UK B 171 UK 5 T A [ BR AL AR (a4 b, AT S8R SR I
W AAR, R 520K 5 5 PR AR IR S 1 3 L] .

REEE BN YD d A SOE B e s T R (2004) KA 4ERKS AR
RUBHATEE B, X AR X YD F4 1 [ A SR RFIE R YD T RS R, 48 KPR
S R IULVKER . SST. BRI #E . KA COp &35 T HS FIE B AT 4Dl 36 A Uk
P .

B A R T TR IR ) A BRI IAPLOR1S A AR A i 5 X
ECHO-G. YD “EBALL SRS 77 2 501 QOR A i B8Rk & 14636 -ALBRUK 55 40 A . SST
At TR HEAT 3R ARG o R BRI — R PEIX S (32.545N)  SST 5iifd;
IREE - LR PEEE(32.5 245 N) Al g 2 BRI (62.59-708) SST 5l . @il SR A AL LR LG -
I ER R R GFDL MOM AR, CGCM2 #3477 #i & 1000 4K IR A1 AR 73« M Z0AE
3 TP B T LR PG PEIX A SST 47 BE T (R B ik F kB b, K I 4 3R e b oK vg
T SST A EEFHAMIma R, LA 4R S0 i X 355 e 7

K ECHO-G g SR & A5 A5 202 oh 428 5] 535 S R 70 T R (P SR A 18 0
(Legutkes et al.,1999), ZA% IR 43 FH 12 ECHAM4 T30/L19 Ji A (Stendel et al.,
1998), HIKF4r#i 24T 3.75° X3.75°, FH 7ML 19 2. Wi HOPE-G, KH &
#r T42 Arakawa-E 4% BT, F24T 2.8° X2.8° Ik FEr i, MaEHHE /G, Zmk
WY, /K 05°. FEEITEA 20 2 (WOIFf et al., 1997). iZiRE 4T KN AIFA S, AT
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51 500 M EERR 7yt B EL T A KPP X3 SST A7 i i BUAE s ELiskie 9], 37
FesE JE ) SST sE e AR G B 57728, TSIl A Bkt ALK PG A SST St 1
o 7EHEAS 500 MR, 1E 20280°W, 20%60° N (8] LR TH ¥ X I P 1) SST i 84
I B e P I B A IUAS, k4% 2 M BL i iR S I B SRR A I B

TiUE R ASE R, R AL KPS SST S BRRIIMEA (K18.30a). 7EAL KT
L SST a1, BENILFERE TR BT, R WX F -T2 B AE 2%-4°C
Z 18], PAARFSVS X PR IR AR OR, WIIA 4°C RAE. B RPEVERY SST AR AT LA S] ke 21 M1 3 [X

Kl 8. 30 BEUKHAAS RIS EEAR & T 41 24 il B AU

KASEHRRZEME (C), a HWMEGHE, b, SMENER BRESE, 2004).

P 8. 31 EVKIAE R PE VA SST 55 A BRAE-F- 2l BE AL A 5% R 8000 A

SST K H EOF fIZE—E s (PCl) (FRAEZE, 2004).

AER R JERPIEEFIR EER SST i fdiR (B 8.30b) Ein, Fa¥adk SST FEEHL
T 5T NASE RO K i B 4P 35 BRI BT RS, BRiR IR BEZ07E 0535 C 2 i), e KRR
0N 35°C, HBREAOIETI AT BT WL, i 23Rk 2 1 IR 11 BT 2R 37 Hb [X ) %
AR IEIER, FEEH YD A EREAMUS KRERK IR A S, i H 550
SBRAE T S L R A OCHE, ATtk — B R B SST fE AR R F I EEEH .

WA IS R, AEHE S HEUE RS (S) FIFgHEE (W) BRI LL. fE
SRR A E LT, ACRPEE IR TR R S PR, dE BRI AR I LR 2 R
PR RE oA (B 8.30a) SRR BRI K Fk AL 3 KEBRIRISTE 0.5°CLAE, SRR
HRUOFERRE R Rl A FE X, )0k 3.0°C LA o R IE AP SR FE M X PRI TE 0.5=22.0C 2
6] o LSS BRI B /N TR KR, B KBRIRZI A 2.0°C . maFERBEIE AN, 76 1L.0OC LAWY,
BRI XA RS .

TESRAEIEOUN ,, RGP RRE AT % S5 as S AHL, (HRFREEA Y 2°C (B
8.30b), LUaEFh oA RN, H XM R BRSNS, R SR PR R
BRORRA AR . HRTHX PR S A oY, 1R8EE 05%2.0°C 2 H,

R PR P RE G LU AR B, ARV RV T LR XS T AR W R A ER R AR B
B, PR AT AR 51 R i b X P T AR A R Ak R AL, Y AT RE B ER LA X S
A . PR, KRR K 5 A7 K N A6 KT S A L TR B RN 3L R R, IR AT RE 2
YD SRR B R A T MR AR A I Y e IS AR A R R, KT AR
ST BR R AT BN, (R IR A WA R, TR RV R R B
B, dEPERBBLYER B, 1R R AR AR E R B TR X —IR AT REE R
A b Bk S0 R 0 N 30 Je e R 5 PO P38 A 22 2 DA AR AR o SR ML, X T ra b
LERIGIRERAREZER, BRI, ARk IR T e s EEEH
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I FHASADL G K3 440 ML K PEEE SST, M H IEAZ BB Hr(EOF) 155 — I Al
AT H5ERRIEEH T (K8.31). AlLLEH, &R ONIEM IS, Btk
PEVE SR HX Ak, ZRWE . FEINAEEE Rt gt X . PP BB VR SR X A 5% R
#nrik 0.20 A E, H R EAKIA 0.001, R ndbKPEEE SST AR 43k i B A H 245
- &

8.2.1.6 & #HHE M

AR (6ka BP) J&RE A s dlr (A 50d B 1, K& 5T BRI BN 1 4 Bk
AAGEIUAIR IR IR , FE A0 5 IR AA 8K ZE 7 . 6ka BP B b akik a5 ) LT 58 4 2k,
HERLIES B SRR ZESR, JoH 2T H ARSI RS AR, SR B & S 2
LR oA = T RO . R At B IR AR R T R E AR seoeel. Bk, %
B H S A B RTE FC7E [ BR b o PMIP BRI 8 22—

1. EFr PMIP ff) 6ka BP f54L)

PMIP 1) 18 MEEFFEXT 6ka BP B (S MEAE T A FIFEEE LS (Joussaume et
al., 1999), X 547 21ka BP BN RAHE (W3 8.7).

HRIE PMIP 1% %t 6ka BP SRR IG M, W& T LR A M id A omia & 14 .
R 9RIE K H Berger (1988) THE I ERPIE S H(N.3R 8.8) THEHAHRIERE S &0 AT, K
S CO, SRR T EAATHE, B) 280ppm. H& il FLomaa &4, A% 5 |
UK. WA HUESERR A SRR ME, JbrEkiksE ek, Miktasfms
AT FEBE R

RIEZERIX: PMIP AL 1) B K AT 24 B /K B B HE AR 2 AU S 25 3, = 2
I AGEENFERIP E PGS (29 2535°N, 80=95°E) , {HALIL A b BE A [Al . FElEon 1
SN ZE DX (1 2 D5 3 0 ) s K, R B0 70 H R R VR R R R X . X R B AR T
ZERX 5K, FEBEE AR SRR A DR AR 48 55 ) AT B T i M X . PMIP
FEETR St W TV A i R BB AL AN [F] 257 . ECHAM F1 LMCE % 402-60°N i [X [ A54DL L IRAR,
T, 11 UKMO, UGAMP FI CCM #i4ll 7 54 KUEHE (Yuetal., 1996; T3, 1997).

FAMEZRRX s KR 73 PMIP AL ZR XX P - E ELEIIAE 2, 1X 5 B Z=FK 13
A YRR e &R, AR T W2 KX AE 6ka BP H B — N3k 11 22 FR < 1o 0 T AN 70
RIS FIHLE o A AT LE A AR 3 Rl Sz /N T 1 R R HE R 1 X 88k, Ui T ARl
RAIAETT 7 R R R . X RN T Se PR 2R X5k, R AT RE 2 BT 8 4k
5 b BRI 22 R . X ST SR S AR L T E 6ka BP 1) ETHIA A %644, il
VFPESRTNREE , VKA BRI VKR IR B), ol ok e A0 3882 2% . (U BIARS&1-1E  6ka BP
(R TE,  Fl i i A UL 2R XU 1)

JEWHX . ECHEM S AEA FIFEBE EAH JLRT- R 3F 5 . UGAMP A4 1452
L RO, FT R MR EAL A, 4 i 0 4 0 P S AT AL AR P e, B 3
PEEFIE. UKMO B4l 75 UGAMP ALK /A28 A, (HE M TEuEZE/NMFZ . CCM
REFR IR T It X 43 A1 78 9% [ &2 Bt il g 40 b 358, 1) ECHAM UL T 58 inw AL (9 +
FEIX . PMIP R0 T JbAR AR A S EL B EZ I P - E, R0 T ARMZE KU K
SR, IXFEMIZEXAL RS A IR, A — MBI B s b Xk Jb 4 20 B2
ULKMO Z&PUAMEE A0, T 5 R L AR SEVR I A, il AL va e . v [ g 50
R RFI AN i LB SR 1A R K B, s it i DX e 4 th 32 JE = R
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FEECI Y “25ZEX 7 484K (Harrison et al., 1996). 4=tk B B AR T I 15%
R E I R NI R ER s BT USRI ES 1 R i B 2 P 2 v R R AR AR
Han, RIS R X E =R EE R K (Yu and Harrison, 1995).  H1 T PIMP SZ4G
WA T B gl oy AR AR A, WO DAL B I SERRAIE

FARRHLIX : PMIP 2 BEA0 114 g K L BRI , A T 38 K & P S AU 5 i v )
—3. 1H UKMO, UGAMP, ECHAM FlI CCM 3 IR Vi B0 2 28 25 [ 7K 184 o () &5
X5 IZX AR —8. k) Pk 2 BE M b v DX B AR AR, JBE A AN B ARl 7
Fh AT A St AR T R AR T B AR e RN T MBI E AR AR
JRE UKMO, UGAMP, ECHAM Fl1 CCM R AUAHUL I 4130 24 Bk Silim ookl — 2, (H
BRI SR IESE A —8 At R E 2R KB IN, 5OV PR R A R AR
HHE R X Rk 55 177 5 SR Z X SBERT I A o0, F e AR X PR AR . IS — AN N
RG2S 5 AR, (Claussen, 1995) , R WY JbAR AUAE AR 0 5 i 23 i b [X 5 2=
WA L. B, UKMO, UGAMP, ECHAM FiI CCM FITAE4DL fty 1 o i b [X 5 2= Jk,
AR AT i f 6] Bl TSR T 5 A MR AL T, G2 X 6ka BP RE#R ) “BIACAL” AbHE,

JEAEHBIX : %F 200N BLALHIAEDHEX , UGAMP £ T 5 IIARE A — Bk B P AR
B, ST I ARAG T SR A S R A R AR RS AR R R 5K . A AR IE
W5, BT A6HE(35%10°N) 6ka BP & % #v, JRIEIEHGEFERIX . (HiE, X SHEHRUE N
PARIERFE AL, SAR T 2% T BE 88 RO 2R SO, bR SR 5 0%, RE 2 Hh R e R R 1)
TE R o IR BIARAE R 20 48 5 (1 V05t X7 5 A 4 T 500 2 A e 78 55 A 24 e ) 2 S R
W, BRI ZE i (] 8.32). IR 25\ 6ka BP A5 AL E DAAERHBLA0L tH AL
FER AR o
KO KRti: PMIP {56 H ECHAM F1 LMCE B4t 1 b IR T FL e Al 1E P 1 A
1k; CCMO R, T 76 K FHAR S AR LIRS T 1) 6ka BP AT, b 3E AR FIRR I A Fil 3 35047 e
TR 2°C , S5 R A Ak RO R P9 b A th il R AR AR R A —
o BRI, WRIP KR BT RHE R T 6ka BP LLEUARIEIHE. BT ECHAM Al LMCE
B T AT, UGAMP, CCMLDM Ei4tl | 5 IR AR K S~ FHPIRIL . AR R4,

F8.32 18 4> GOM Xt 6ka BP JbAR4E 4K AL
KA SOAREE L EMERR; 18 MRS 5 W3 8.2.6 (Joussaumeet al.,1998)

BHRIER K SORDL, S e 7 AN 4% 35 5 22 A4 5 R0 75 30 A< Je 79 385 558 1) 3l 27 AL A 4
B,

K4y PMIP AL H KR A ik B 20 P R AP IR B 0 v SRR FE A
AiFEHLIX A 123°C, RIS, X BREAARAEL 1 RICTE ARl; HP IR 26 Hh X A 23R B 1) S 35 PRI, 3
i DR 4 R R AE AL BR R AR X, v 437t 1) B R o i LA 3 7%~8%, 1T 4 Ze i i
= ELHAE 29~3% (Kutzbach et al., 1993).  Hi T~ 4= R B AR 4k 1) 3 B2 IR R R SCIR R
IKZh, RIHbERPIE S H0 S0 B 5| R PHAR S 74, Hgs N AR AL Bk b s 4 B i X
ZEMR I A =PRI . HIRE A R R R 6ka BP B AR MR EBIMAR S
2.5°C , PHHLLBIA R 324°C, FFAlRAFIFA NI RIEEE, HRFEMSHXAGpEE. -
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I GAUL PR T H B LXK, J63E A4t i A 2RI 5t m 3 =1 (Wright et al., 1993).
AT 17T 2 FH B — B SR LA ASEADL B A AR ORI = PR

2. FEFFRET) 6ka BP Ll

A PMIP 6ka BP “UfBEAAU IS5 H, KFfi%F kiR, X5 A A= s
B BT RARF o A4 B AR X DL R A6 98 KRR b 4pi th B A R, X
ST T AR TR TR BRI IR . AR, BRRSCIE 2 A H e B B 45 | R 11
R P 2 o — e SR, L S IIAT B A 3 BB E N LIRS s TR S
(K PRS2 50 6ka BP 7130 X 5 2= B2 (3G N A R FE IR R I, X2 o AU fie
BAFELEAE BB FA I ARA R A . A AR T AR R Ui il 6ka BP Il
WEPEIRERE N, TS KR m A R, R S SR m RS, — BAR
T AZE R AR TS, KX PN A ZE = AR E K (W RSN, T BE A [ 1) A 2 R BRI i
KK o X S EALH B R R IER . REEMNHBIR TSRS, AfrTisiAix
P EAT A GAE . Claussen 5 A (1999) i A KM i A A =AU, 17 R o 4 37 1<,
15 5 R R (3R, UE S T AEARTE SR R I B B S A o R ) — Sy S B UL AR
PN B RIS T T BR PMIP R ASHESS, SR 17 v ol 1 0 SR 2% A b ATy AU,
AT T AL T ) — SR (T35S, 2001; FRAESE, 2002).

(D fEfsEE AL

6ka BP “AGASADL IR Beit MRS 76 E BR PMIP SR AHELE, SEFH 7 v Bl Tl L 4k i3k 4T
WAARREL, R T Ak 4t i eE (Prentice et al., 1998; Tarasov et al., 2000; Yu et
al., 2000; Takahara et al., 2000) AIILACAK HHE ML (Liu et al., 1997) R [F 7 &, #-4T IUACH % 5%
B GR%E—) A 6ka BP M #E s Galde —) Al .

6ka BP S fEAFLIRLE — 45 R (K 8.33) R T AERRIE KR 645 50°N PARGHLX, “F
PR BRI =120 0~0.5°C, 7E 50°N PAAL R 70 X R I ARG, LLIARAE 224°C. RTE
HiL X AE 40°N DARGHEX , B Z=F 35 B EL ARG N 2.0°C /245 , {H &2 118 B2 L IR AR FAAIG,
PR IR A 2°C o X — LS5 5 PMIP ] 6ka BP “AEBLLLAHLL

TRI6 (] 8.34) B IR K Fil E Ak 4k 50°LAAEhIX, KFERTF (BRMHLIX) 473
TGRS — A BTG n, AHAE VAR S X A BT R . 7EALZE 50°LARgHLIX, 4E-F3
BEEIRE AL, R X HEe — 38 2°C (PRI =2 122°C). B ZRiR 7R AR
P X 5 AR56 — A LR AR AAN K, (H B B A S PR 4 ZRIR S o 7F 50°N AR HhIX, 4
Zoe P 14 U P A ] R SR P S M FE T v, A — 4 2 2°C PR IR i/ 4 224°C).
LD 4P 1 U B RN A 2308 B2 TR 38, 15 6ka BP RS A8 A6 A O 2R 3R IE 25 L Th#51 30250°N
BN S I R - 0y w1 7 U S 7 N R e N R 1 NP 1 o AR 72 T Ml
AR TR E R, G KA R R R KEE N BRI B

K833 DI IE T 6ka BP i FERN

FIFH 6Ka—0Ka Z{H ("C) : a. FTFHEEZE, b. BFREE, c KAZHEE
(FHZE, 2001) .
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8. 34 M T 6ka BP i EEAN

KRR - E5RE—MEEFR CO: a FPFWREE, b. HFREE, . &AFHREE
(FH:45, 2001).

FELAE SR T 3 S AR I IRLAE. 122°C 2], A ZRIBIRAETE 294°C. B ZME Ak I35 IR R0 [X
dof ) 22 S AN WS, AT R S AR 1) AR A AE B R RSN O o 758K e JE Rt T R 52 285
AN, AZRAE R R LS — I 122°C, BB/ mEALA 1°C £ 4 1R .

Hh [ 400N DA XA S50 B2 1) 39 00 DA SR Z= A48 1) D koA 3, W98 80% LA F.40°N LA
R X ) & ZE R TR A A R R B UE MR . 0 1 e S T ) 2= 1 AR A AT
FEWAE B %, 10 HH ATEL = s JE X 6ka BP 38435 (10 VE 0T ZORHE A 0 b o A
S RE, Hilm IR 3 25 R KBRS g 5R, JCLAE R M. Bk, 28
PR RE R LA R DT TE K. Xt B T SR R R M A R OR SO SR ATt . A
X, AR BB R A FAE e B DX AN B RS A SRR () UM 5B T s 5 A
FNIE AT A G, WVASEADL H PR A e J 285057 v 75 e e A e A 2R R A AR 2 R B il
et — PRI A58 — B T 0.5°C 35, IS Rl T 122°C iR . R T e 0K
B —BHUA BRSO . BRI B B R, AR E AR i X A2 R LE IR
R 3°C PA Lo 358 A ik X AR G IRIA 224°C, B =R BEIGIRAN /N 122°C
ek, HESR SRR MY E . SO S AR AR T A SRR A SN, 2
HH T AU 10 7 [ P s b5 A 2 G U 110 1 0T B ) J A PR U AR R, FRAT T U A
7 T OKBHER S RS AR 4K, 5] B R ) AR A A T L (R AR BB o 3 — DL e et 1
PMIP 6 ka BP “ A5 D146 .

Xif bt 6ka BP #E4LL IR 700hPa it £k A1 Oka BP ik, W] LUK IR A FE O KI5
LTRSS AR S AT B X R RS B AR (] 8.35) . B ZR 4R 7E AR W H X A W i 72 57, 6ka BP
JEACFRERR R O 2R3 0K Bk 5 38 B S 4 Okal BP 386K, (13 5 ZE P& I X 17 Ve fm A%, TR
TR R 6ka BP H Z=[/K S BUAEEFEE A, PERF/KEBIAIE 2, AR E 051008 B 5
PEI IR AR IE . IR ER 0 A v DL, 6ka BP H [ FR I 46 FE P K K VRV 5 B
A, R E AR R VE R R, ANk B R AR AR AR T Oka BP 17K
TR 3 B P R R

8.35 6ka BP #ll Oka BP B Z=Eyizk il

a. 6ka BP(6 ka fE##IE), b 6ka BP(Oka Hi#EaEIA), c. Oka BP (T4, 2001).

RV IEARFRGFURRAE 2 KA REAS (8] 8.36). 6ka BP HZEZR W ARKHMEE RS AL
ISP RIRGHT =1 R RS 258 T Oka BP, Fr7m izt i fli 22 7 K TR, E 2= IR A
R, BRI TGS . 1 6ka BP &2 KA = K R 48N Oka BP (1B A = i
RAT, KFRTAFERZITT, FEATEERT. 6ka BP 5 Oka BP [P EER
B, 6ka BP MM #E oI BNIE K TiXx—ZE R
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8.36 6ka BP Fll Oka BP ZE75i [ A1

F|H 6Ka-0Ka Z{H (hPa ) : a. HZ=(6ka fEHAEHHRIE), b. %ZE(6ka fEHHEHHIE),
c. BZ(Oka M#EERIE), d. A2 (Oka fHAEHEA)
(FH#E%, 2001) .

(2) K PFHAES5 M4 1 aia 10

RAEHBRAE S E SR I 6ka BP HIKBHERS 240, 700 W B HR S 5 A [ 41
A BURE RS - 56 1 0y 6ka FEMT 5 Oka HE# 521, X565 2 Jy 6ka FE4T 5 6ka fHA5RIA,
Wl 3 v Oka 4@MT 5 6ka fE gk amid .

I 2 BRI R St (] 8.37) HZRMEI X 2 2 ) Pk AR A . el T b 4 it B 20
i, EREE R R GG 58, RFRKIE D . WRIR RN TR S A F A
15 6ka BP IS (AR AR 0 AT S EUACH BURZE R o Rl AL SR 1L DX, K 5 R AR AH
HAERR AT WL,

8.37 AGCM+SSiB %I 6ka BP JbAE4F F& K4

KA SEREMEMN S ETFIEER (im/a): a. FEFEKE, b. 6 kaBP AHAVEMRKEZE. 3 1 N 6ka 45
15 Oka fEAR TR, 36 2 4 6ka 34T 5 6ka HEAEIRIA, R 3 N Oka i 5 6ka ML RIA
(FH%E, 2001) .

LB T 3 AN RGP e BB WRIZ AR KR ) B /K AR A, 3R AR R R A2 Ak
Trp At R B B R . DL rh A b AR X AR K R A L S B KR 1 22
AR, KRR B2 1300mm. Hh 4 TH AR 3 XD R A O e 4 ) 5 e 4 P A >4 80K
A R A A P A PR A DL S LA s A RI 2 o i[RI 5 A5 RSN 4R
S5 A 1 AR A AF B X PR B N a5 oK, S5 I AR T AT 6ka BP 4 4 5 )1 35
3 B K B GRS N0 1o R, A AR A 0 5o e BRI BT P MR T X
S et 7K 0 ) = A2 A s S AR

8.2.2. BiSUREARM

2004 AFHEFAEF TR (WCRP). (S AR 5] ik 7t ) (CLIVAR) FiE bR
HupE A= BRI (IGBP) 1 (k24 EkAE(L) (PAGES) £, ¥pKidZ 1000 455K 1A 5%
AR 5T 78 A AR LA B AN AU A —, BRI A DR AR SRR A B R L
PGB P AE . 3 & 1000 4F B A MEE AR, DA A RE H (AD900~1300) « /N 4K HA
(AD1550-1850) il | 4 A AL W = AN AR BON - BERHIE . 0 T30 B AU AR A R AR
EIMARAEHUEBAU TG RE IR, ABAFEFR, LN AU A 20wz AN KR 1 #5540
TEN4H.
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8.2.2.1 W izag g

it 22 BE ] (Medieval Warm Period 5, High Medieval Time) — i # 5 /1 Lamb 7£ 1965
R E (Lamb, 1965), fil 7EA T 1100~1200 4E[A], PHERAIIEES 1900~1939 45
0.5%1.0C, T2 7t 1100~1200 = 1EA2 R ) “rpted”, Wt “ i Zamg i, 765 REwt
FEHR NATTZHKG A 76 900~1300 4[] (S dR BRI BAGERR b th 2 B 1T 3 1 )75 sk ik
10, FHEFEFERAL (AJG 589~907 ) SAFIRRE, A8 (AJT 960~1279 4F) A et (&
AT, 1973), UHAHE Y AL BRI H I B 1] LRGBS L. R 23 MR R )
W58 22 76 1000 4 SRR T 51, I 10 /N B BE T H BLAE 2 76 900~1300 4R, 6 443
BRIE /A TG 1300~1800 4F[r). FREH, with 2o BRI R e Sh s 5 B, AR EERENIS
(Bradley et al. 2003).

Rk, TR APalE AN FRF 7T, ST A e BRI R A . BRI 75 2 A Bk
MBS, rh it 2o R 3 A 8 T e P R AR AE Pt 20 R 30 ) 12 SR TR 228 ) fE ) R e AR B
AR R4y (Mann et al., 2003; Bradley et al., 2003; Soon et al., 2003; %44, 2002;
ki, 1993; A, 1999; FAHEEE, 2002). BT H ET 2 AR T A Bk E
(R BE T4, TR 52 E g e bt I BRI, AN AR B AR A5 A A B A AN [ A= fige v 7
SO AL B IR R) . AAAEVE ] AR R SR A R

K FH DB 0 SO 7, X DA e T 20 B 17 o DRI AT L R A At i G 2504 B
RINRMRTE. 20 ta 90 AFARLAK, EPr EFFRE T 1000 47 st BB 78 . Bertrand
N (2002) HRAEFE S HORS TR T OKBRAR S A, 6F T SR E KRR AR A,
a3 BE R RS T A AR S 7, BT i AR A ERIE R AR (K] 8.38). AN SRR L,
R F: TAE SRR TSR BAEHEAR B, FE50KE. KIKF °Be SR %
Bl EE TR, R TR B TR AE AR L. R A P B A

8. 38 I 2% T4 TR SR 14 A PR 26 A2 A 3K )

AL, =ASKFRESHFFIE AL, TSI_R F5UH TSI_L FFFIiR#E Bard 2 (2000), TSI_BelO /#411R#E Crowley (2000).
A2, AERETIR S B AL =0 g () K B4R S B (R i B, ML I AR K 22 R Z5 08 S 50R B I A ER AT 3

SR FIBHUMIRL. (Bertrand et al., 2002)

HEPERL I HEAT L (Crowley, 2000; Thomas et al., 2003), 4 5 5 & @ %Rl wf bk, WEsE 7
KBRS KL B AN & AR AR o 2 BRI T i B E . iS5 N (2005) 5
HHAT T il 1000 AESRACH [ AR 2 SRS A o DA AR 32 B Gz A O 72 1 Bk, 7
AR

1. B, AR R &

BEAUL R A BRI SR AU ECHO-G. '8 I &ER KA ECHAMS Ay
Wi HOPE-G # & i . ECHAMA VLR UG FE N EEA, RAES p - o 45, /KP4
HEF N T30, 24T 3.75° X3.75°, FH4» 19 2, #iaIi)Z 0 30hPa, #124TF 30km. z7J
A FE B R AR5 Ko 24 4350, ARSTHECR 2 /NEF ARG . RN HOPE-G 2ifF
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PERETT R, HoKSP 0 30 T42, AHYT 2.8° X 2.8°, #viirh X % 0.5° X 0.5° ffn
TG, EETAIL 20 2. WEER R HOPE-G H K S RIA IR, Hig e TRk & adE K
SERERE . W . AR AL A . ECHAMA F1 HOPE-G P @ 1t OASIS3 #i & 2e il &
NEMFERE ECHO-G.

SR FA 2 AT A B S siaE a5 2 AMREE, M 901 FETF4G, 403 1990 4F . R
DL 1990 4 ()5 bRt B g imia 264, s ilie Je LA d e R e i Ak s, &
50 AR o3 JG B A 1k U 1) DA SR Bl I TR) AR A6 14 ROK BHER S« COL IR RN CH, ¥R B2 A 415k
o ZIAKAE 1000 AR RIRER, ARE— B 2] 1990 4.

TSI R 8 RS8R FH 508 26 A EL S BE I () SR IO BHER S 2. K1Lig Bh$8 4. CO, il
FCH R o, RBHEE S A4k K PH BRSSP B SRR R R, Kl 2k
AT SR N S A R AN RIS R A ) S IR AN B, SRS AR KRR AR A A it
HAOE R RORBHAR S84k, KR CO, 5 CHy ¥R H RS MR KGE R RS

2. FlEE R

(1) 1000 4= LA (1)1 ] 7 511 AR A,

AR AHXT T 76 1000~1990 4F [1)~F- ¥ FE LAY 31 4F ¥ 3 BE -3 B, A 76 1000~1280
FEZ ], ABREESPYIR AN T T PRSP N IE, A JC 1280~1430 4E (8], HIELE T
B R RUMEY, M 1430~1860 4, 4xBR. AL PERAIRG LRI R S E—E
AE, 78 1860~1900 (A, R EETAFF/KF LN R%, M 1900 FH4h, R
NIE, HIRGEZET: . f— MR RO OB B, A RN K

hE X B XA T 15255° N, 702140° E, AR ERIA . FiElX . Hak R,
F [ AP 35 UR B PR T 31 ARV Bl TS B I R AR (& 8.39) R, AT 1000~1260 X [&]
TEEEESFNIE, A JC 1260~1430 (8], i FEAE T4 357K BN R% . £ 1430~1850 4 [H],
e ] PG 340 (0 4~ 2403 B — oA A, {BAE 1780~1790 Ja] H I — /N FE XS s ;o [ 453
£ 1430~1750 1 1780~1850 4 [a] 3t & #H~F- 9 671, (HAE 1750~1780 4 A3l B 25~ 1 . A\ 1850
SETFAG, A AL b R AR SR o [ G S AR IR B R A — BN IR, HANETZE T
rp LT T4 (R AR AR I B ~ R ~ VA 3 ~ BRI 7o e B R — ANER S XS BT R
HHLOBR ], A TR, S —ANBR I BT 20 AR

(2) w2l B 2 A 2 A

AFR: PRI 1125~1155 RSP IR PR A (B 8.40) R 4BR4iK
o X IR, HAEKAFEAILX A 05210 CHBKRX, LLAMKPES
0.5%2.0°CHFRIRIX o Jbp3R i KGR H ILAEME BE 22 10 X 2 PE L RSFAe X, w3k I
70°~805, 5°~60W [{iFIE, R KHIRIE 2.5%3.0°C o BRI ARl AL 36 AR #1521 i
X, HEUENEE AN 0.5%1.5°C., AT Hv e g X, (HEEEICN 0.5CAEAL . it
SRR WINT, R EERS X e, A EHIX IR, mE X K.

Kl 8.39 rpEAE-P I LT 31 SR 3N T LA (K I (A3 A2

CFIXE T 1000~1990 4F) o Segk: 4, Sk PEAE; Bk PEPELE  E, 2006).
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K 8. 40 ABRep it OB AR S (1125~1155 4F) P33R E IR
AEXTF 1000~1990 4E 4341 (CKD (X, 2006).

. A E A I S TR R A (] 8.41) S [ X I
SPERAE AR, TP B AR 3G IR R P ~ AR A A~ AR R R 1R A, B R e AR R R
FEMR, w1 0.4°CIESHEINE] 0.8°Co Hh [ PR ) 3 52 sy AR o0 A, HL Bl S ik s FE R 3
b, BERMEFEE IR, ORI IRIL 2.09-2.2<C,

K 8.41 WE A HREIAR I (1125~1155 ) VR R
AEXTF 1000~1990 4E 434 (CKD (X, 2006).

2.1.3 BEHZE R

M A BRI E R BTRE (Jones, 1998) At [E X 5 N 2 MR Fabr RO B BERE (1R,
2002) YGAEAEALAE R IERE Sl fEtE. K 8.42 S A [E X1 (15%55N, 70%140FE) £V
FIFHXS T 23 76 1000~1990 4 F I FE FE Py ) s AR el o FHASSHOL 5 3 A PO I R) e A8 vl AR
H, EEESERMEA HFE R A, (H 5 R LSUE AR G K, AR
WIEEN (-1.0%1.1°7C), TRBUE RIS LTEEAN (-0.620.9°C). FIE MK AL 074, B
fEREE 99.9%., HEHE = ) b [H 4 36 (2540N, 105F LLZR) 1000 4ER A& FAEEE (10 A
~4 A) (B4ME, 2002) SHLLE AT EG, KB R I AR AR AR AL AN K
#, MK FRECKH 0.37, LF] 97.5% 115 BEKF, HHAJG 1000~1300 4 [ H £ B H XS B
KRBT

8. 42 o [ DXCIAR-F- B FEE B P PR A0 5 B A {1 P I )i 48

(Xilfg, 2006).
8.2.2.2 ki

/NKHT (LIA: Little Ice Age) A& it 2 2000 4 DAk A= 3k H IS 18 FE A S A (1 RFAE B 3,
a1 13 e, (BT 19 e, 7E 16 g 19 40 i R B v 1T A . FE/NK T
6], 5 EVF 2 b s UK ) ER R AL B R R A HITEE, 7 8 A0 S B PR UK AR ) S LA 1 ) 1
I, 2 W USRI BB 2 L I A B 0K )1 RIS 22 o 1 /INOK I — 1] R R (1) i ELEE K HE  (Grove,
1988). &I Z MM FL, DNUKIARIBES TN KB 2258 . U5 2% R S5 5 KBl
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e, W MO TR O AR 20 {H A BRI 2 TR A RE S K 6 M2 R FE VAR T,
HARREFIIREZLIAUK 05%1°C. JTER, BEE SERSEBITFIARBIRN, FF
RS R S5 FN M (CLIVAR) Filid & 4841k (PAGES) W7 B & 454, NIRE
ANOKIAFFARRE SR T LM L E A, R AAAE R IR A BRI N, A —E W
A (4SS, 2002).

[ P A 2 RN KR A F AL T/F (Manabe et al., 1996; Cubasch et al., 1997).
Zorita et al. (2003) X /MK DASK A5 AR A EAT IR BT TR AR 24540, SRF T S L DK B
R AR P HIE N R BEA s 2 — o FRIERE AR O NK R S5 R L R A
BLEI BT e B U 7 (%S, 2003; Liu et al., 2004).

1. BERIG A5 N 7 R T &

INKBITRE —Fh A BRI, A XISE 22 0 101 48 ROBE SR sh SRR . %
FIX AR TR B S RN &, A B R URRAE 1) K BH IS S A KL B2 A
BONTEIRIFS IR 7[RI S0 1) SO A2 A0
AR 5] A A3 /N oK A5 Fs R PRI 7 Rt RSP 6 AR AR 2R SR P A B 5 48 A0 T/ vk A
L AME (1] 8.43) fENSAFEMBHUR) EZAMRIa R 1. KB ECF AR IR TE 0.1% %
0.24% 8], {E/INKI Maunder f5e/INUIZ 30 45 18] A B H BT BIBE KL 0.24% ., 78 L4
i, FREIEEERTIE 0.5% L E. MR4E Hans (2002)F1 Crowely (2000) FIHF7E, AJC
1550~1800 F: 7] A FH )4 25k H g B (K1 A8 AL (B 7 1363~1365w/ m? 2 7], {H KL 4F 73 (1)
ARG AT I% 1343 wimm?® A1 1355 w/m? LL T, JBk/D I 3 3% 1.6%~0.88%, X 46 IR 3 A FH AE

K 8.43 /NI LUK K BHER S AL

YN AR K BHAR ST A5 Schwabe 53R, AL Z N T H Maunder f5/NUH DASKAR S 28 A FHE 2 W
K PHAR S AL 751 (Lean etal., 1995),

B> 5 HLE Maunder fie/NAT Spéver F /.

KK sEIEAE T H 0.55usb R ACFRE G R Rk R R (B 8.44). a7t 1815 4R
Tambora K ILTE DG EEAEE R, HAEEEAA TG 1810~1820 F (AN K LG22 R FE T4
EES, PEDEEREIASR) 0.11, HIX—BHIY Spaer f/MEMEL, £ — it Ay
K BHE B0 A KL Bl A 5 3E i 3 R VR B B A 7R SRl A SRR R G i A i
K725 B 1 R ESE K.

K 8. 44 T3 600 FER KL KGR

a. Jb2FER, b. BEFER, c. &R (Robock, 1996).

SR A b i I E SRR B B A A T ST . Tl BT B AR RELAE A
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[ X IR 3 1 E A SR EELL (Yu et al., 2000), He X RA T HACHEE (Liu et al.,
1997). /MK CO, & BAMA K, L{HF7E 280ppm 47 (Crowley, 2000). CO, %5k
AT INUK R S A% 1) 5 e AEABE AL RS R AR A 2 B s R 1

FRAE X NUK IR BHTE S . KIyEsh . DA N 3 IAE g ARLR, XF X e x5
IANEH AT 7 BREBUERTEREE (€ 8.9). HERLRLG K &4 B id fE 4Bk KA 3

R 8.9 /MKHV SRR KRR R I T R

(HEXfE%E, 2003) .

ik (AGCM+SSIB) (WA E: 8.2.1.4 2 HFE ) 21ka BP ##i0)). K< CO iR HHE. K
RABIE 53 KA R g —1E, BUIA 15 45, BUE 10 R FIAEA R
LIPS

2. BUREEF b

(1) RPBAFE S D

PR SCRLE 2 1, AR IYIR LBk R PGS (K 8.45), BRIEIEE BT 0.2°C.
HBRAEFEMHEE 100N Y0 FBIA N IGE AN, JEBRCER 4 1 X 5 27 135 B PR e
FERAEE YRR, SR 0.3°C. AZEHIE AT 60°N DA mdh X, B K IE
15 0.2°C o ZR M [X (100~140°E ) F 41 34 B i B2 A1 B B K T A BRI~ 34K 0L, 2094 0.6°C,
HEEREIE X AT 20°N % 60°N 2 [a], 1fj 0~20°N, 60°~70°N Hi[Xu&A#4E ., H, EF
R HE X BRI B3GR, S R rTHER 1.1°C, FERRRA AL T 20%55°N 2 [A]; 60=80°N
XA 6, 18I 0.5°C . &2 3560°N 0] B FRIR, 18 /N T 22, & KRR HBLE 50°N
BT, WAL 1°Cs HE e XA MTHE, RRTHERE L 0.7C AL .

8. 45 /INUKIHIRIE 2 Hh A5 B A [A) P S {EAF L
AR, b R THX Y (CK) (xif#s%, 2003; 2004).

(2) Kiixszm

RIS 3, BIAIRFIAR AP AR (] 8.46) 3% FHIR B Y FRAIK 32 BEAE AR 18
% 300N X3, J5E HIASAIE FE e KA 0.2°C o B 2R BR-TH 10 B IR AK 3 2574F 15245°N
], TR R, HAE 45°N DAL XORIR B X, SRRk 0.4°C. &2
B i R, MARTE 22 60°N [R]3%) 2 FEIRARHIE, f KR EErk 0.37°C; A7T 50°N % 60°N
PAAGHE X A3 s, MEEAE 0~0.3°C 2 [al. AL, AFRANRERICH S MdntE. R
Hi X BRI A B R, AR FRIRIREEZ) 0.5°C, FEAT T 20258°N 2 i, HE4iFEHhIX K
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B 8. 46 /NUKHRES 3 Hb T AR Fr 26 1) -S4 2 A4
a. AT b ATHXEY CK) Gz, 2003; 2004).

W, TR RN 05 CAL . EREBREEFEKR, AL 0.7°C, Haim 5 4aEmH
Bk, {HTE 55°N DAL H MR B2 B T e, SRR BRI 1°C o AR P M DX A Z= I B AN fe
R, M 30°N % 75°N MFERH, wAMEERIL 1C. HEdgEARMINE, (HiEEA>
it 05T,

(3) fEHER A

R 3 FESCER M IR T, BRI UMK BRI HIX A B, &
Z= AR K B 0 46~100mm LA b, [F)HS EJEE RN 2R g 0 T 0t A S B AR i, AR D R
B A BTkl o AZEREKTC R, HIRRAETE B R 7 DO R -5 18 000 45 SR AN AH
Bl, AHER— K PHAR SR IR 7 B S I R 2, X AR b X oK ()38 n R S /s, B
KL R R 8 DA 5|2 P B K B B K, T T 79 A R () 2 A g P 4 00 SR B A
B KB IN B oK. (EERE A O i AR R ALK, BRKBE A k> . mT AR, HEpES
WG, AR BRGNS IXD, FEKEIG N, WS 4 sk i (BRI,
e K 2 T k2> o

(4) KPHARS Kol A AR A X 5 B 1 45

TERREE 6 1, RPHFRST . KOLTEZ) AR e R UG 45 R (B 8.47) o, fEHE
Xof A BRST S4B () AR A BT A, ST R0 B AR A FE AT ik )y, ELRE A FE A0 A AR Ak
B, M X BRI, DR MR AR R RO R . AR W X IR AR L B
2, 50°N LARG 4P I B AN AR BE T ey, EIRLIR RS P 23 75l iA 31 1°C A0 1.8°C, 1fif 50°N
PLAEHB X BRI X, S KPR AR 1C AN . B ZRREAR BN, (HA 30°N A 5/
R, AL s THE .

3. ZR /NS A R PR 43 AT

TERPRER SR I DL RIIE LT (RS 2), R IR B AT PR XIS N R T4, 7
RIE T AL ERE 2 KBRS RS, (15 E RN AR, 2 Hh 4 57 N ) B
B IIERIM AR . [FIRE, A0 348 S IRUK BH 4R S 198 D i ik — 2B A% . (H R L

8. 47 /INKHARIE 6 Hh IR A4 A P 2R AR A0
aIRF, b A WHIX S (°K) (ilfiss, 2003; 2004).

FERORRE AR SR AR, BRI BRI BT R TN, fEIRER P
AR ZZ S BCRIIE DL, K BHAR S (9l b3 B2 2 BE (2 5K

FEPULR KA 2 R R N U S8 (A 3) , HAURE BRI A
[Flo 58, KULARAESIA A T 0 R PR SN e, (BRI 2 A e 2 e s AL, DRIt
FLEE SRR AR UZ X K BHRE S AR ST AT AN 10 2, A ol (5 B W AT PR A S 4 S5 B S >
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MREEIRTT UV Y, ST BIRER XEEER, EREHREERLFRT RS, MR XN
REFRTET, TR, KINRIBER SR AR A= O, (H i v F I E 2
AR . R4 RS KR BRI <. 2R MRS BRER, KR AE T
T B 73 AT EAT W B BRS04 ) DR DX AR M e e i 2>, L DR B il U
) A ARSI 2], DAL I 6 52 ) 2 A B 1 DXk 22 S AR D o R KBRS
BUN, KK SR Pt BE O S, R e v e A R R ORR X, Al AR BE s 1 3
RIVEMER, (ARG, RS NaR KRG A v s, AT A o 45 Kol
) 55 ot Ot o

455 7 T8O H A S5 Ui/ IS RITK LR 51 B 13t J2 0l 22 S BE S N i B n A P (k3
5), PARANIRIA AH L RO TLAE F A 450t 2 s (0 X322 S /s, ELRAR KOs K. 7R L
PERORRR AT B IR B AR, R A2t R LR, DA ERIRE RS K. dn
IR, LE K FHAR S AP0 R KL 2 B FE S I A~ s e R, BUS 3 AOAE TEOK,
Al Tl A A S, /s 7 Xz S, AR TRV B s it . TR, /NI
SIS A TR A it P55 A B 08 T PR A0 L Bl F R~ 20 22 B RE I A L)
KHo

SR AR R REERF AT EL, B 7K B0 e A8 B BAT DR AE . (RN Eh 52 K 1 A
THOAEA, I A AR S A0 LUK R RN B 7K B B2 M YA i B AR B s, R e IE
FERORFL, FPRIRKIARAES 2, 3, 5 =/ MR IR, (AR PR B HIX,
DR R S s/ 5 S AT AR AR, S BURSIS ARSI A e As, i R B
B /KGN IR S, T AR 1 X B KA szl o T AR, KBRS 9 A 2R3 0 b [X 5 2
IR K X 3R 2 B - 2R R A G i 2 AR K B0 AT P N o &2 A K i 1 B /K T2 P 8 224 o
TR K LARIE I K I R L S RS A F, Rl ORI E, RIOVRE
JEE (1% P R 2 AR 2 o 2 XU K B4 T » 1022 DX DR [ 2R ) Kt X 5 2 Kk S
PR RRSS . A Z KA KA AT N, AE B B FE K AR IR, S 7R TE 3B X )
XHRANR &5 KITEBIAT € R AR KBHARST AT L A N (3 R4 A A4 B AN F 3 X
SRR KIS, R e B 2RI R R G R IR KR, R ITE B RS o TR
5] 2 0 L 22 1) 25 T 2 XA 7K B S K e et R I B 2 RO AR A B T 5% 1 AT T o
(B ZRREEAROR H I 2 224K o 78 UK FRR S 3D A0 2 KL ARG Iy sk 2 A ks
ARV X 52 2 B KA BT, i e T 76 2 XU P i R T

IR/ UK I SRAR A ) 2 B 538 PR D A BB S A K LA R R [RA o B4R S A
SRR KB R EERIIE I, 238 7 R R KRR S ORI Pl IR AR SIS
(SR I R AR BRI IR I 22 5, DT 508 U 2R 4 1Y) 20 A1 Rl R
B L ISR R R ARV R, M SR IR S 2 R AR L SR
o AR A SE A D 2 (R R T B, A g o, T B R AN AR e ) DX 2 e 4
Ko X B KR 25 18] 73 A R EE 7 R A0

PR BLA A R /NKHIE R — RO SR R R AU A R, 9 U A 22 1k
I ERARAS SR R, A PR S A AT RERE M0 21K FH AR S G R . (KILK) & &
AR, RS G/ NUKIY U TV 1) e 1 B LA

2 % X W
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Kl 1K18.37. 38 Hy At vk e KA AR (EEED.

® 8.1 HABEMBIHER

HH HAR P2 i
PIENAE (GGHAIERR . AR . K
RS R AR
AR HIZE. BRI, R, 3. £
TR HE
up et
B (BT, BHIBH. WA K HRIL R4 R, TR
MR
TR, AR 4B . SRS FRAAG BeTrR
T RV TS T SoRAR s 2 St 2 B etk ()
I R T A P
TR RIS I S OB A A S B D R G
PHE RN L sE I
SR, TR R IG) %
RS WIEZAFGORIN, RS BRI,
VERLR
B R
# 8.2 ReglM2 EREH L ZEM
EHNE ol E PRAEUE = FREUE
1 0.00 100 0.075 167.5
2 0.15 235 0.225 302.5
3 0.30 370 0.375 437.5
4 0.45 505 0.525 5725
5 0.60 640 0.675 707.5
6 0.75 775 0.80 820
7 0.85 865 0.89 901
8 0.93 937 0.95 955
9 0.97 973 0.98 982
10 0.99 991 0.995 995.5
11 1.00 1000
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% 8.3 125ka BP SR WHIRFES LU

(Montoya et al., 2000)

{0y ZE wmARIAA () BEZE (°)
R R ) 0.017 23.45 282.16
125ka 0.040 23.79 127.27

R 8. 4 MIS-3 W RIS RA KD T %4

(Barron et al., 2002)

I ViZ oz
SAGKRFIE ¥ W/Heinrich Fi 3 Z W/Heinrich F{F 4
PNk 30KaBP il 2% 42KaBP #LiE 24
CO, 200ppm 200ppm
UK RIS S 40 48 T 0K 26 NS B g 4 DK 5
2R -80 e H -80 V1
ik BIOMES3.5 ¥ I # BIOME3.5 E Uk
ET] CLIMAP/GLAMA/30ka SSTs CLIMAP/GLAMA/42ka SSTs

# 8.5 35 ka BP SRERAAFHRE

(Yuetal., 2005).

LA 0 ka BP 35 ka BP
WA 23.446 22.75
HhERYE S5 fRiLo % 0.01672 0.01539
i H 282.04 71.28
Jb2BRES MU LB oK o 7340 A2 0% LGM K3 #024 50% LGM vk
CO, &rig 345ppm 210ppm
i) /R ARV R A
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% 8.6 35kaBP SRR TR

a: Ins, Ice, Veg, CO2 43 HMRE R BAES . UK AR CO2 W (Yuetal., 2005).

R

35ka {HiXHE a) WAEZE a) I AT 1] H i
35ka e 1 E1 Ins + CO, Ice + Veg 30 4 35 ka A PHIE S A CO, 3EIA
35ka i 2 E2 Ins + Ice + CO, Veg 30 4 35 ka APHARST, VKM CO, Rl
Ins + Ice + Veg + 35 ka A PHAR S UK &5 AR CO, 5
35ka 4 3 E3 30 4
CO, b
BURRLS 1 EM1 CO; Ins + Ice + Veg 44 MR CO, FEARASARRNL
UKL 2 EM2 Ins CO;, + Ice +Veg 44 WA PR AR S AR A SR AR
Ins + Ice + Veg +
PR EO 20 4 R S AREAR XS AR AR AL

CO;
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£ 8.7 HEpr PMIP itXIF 18 MEBHEAKERER

A=t i Bk JiA 5 b5 xd
1 CCM3 NCAR EZ KSR L (EED v.3 T42,L18
2 GFDL BRI AR S) S e (GRED R30, L20
3 GENESIS2 IR RASHRALH RS GEED v.2 T31,L18
4 GISS Goddard K= F T (£ED Ml 7246, L9
5 ulucit lllinois X*% (S£[)D 72546, L11
6 CNRM2 ER G0 GEED v.2 T31, L19
7 LMD4 SRR E GEED v.Ater 48>36, L11
8 LMD5 AR E GERD v.5.3 64>50, L11
9 UGAMP PEE R AR (JEED v.2 T42, 119
10 UKMO WEARR (FEED v.3.2 9673, L19
1 CSIRO IRFHSRL A AV RIS S0 GRORRITED v.4-7 R21, L9
12 BMRC SE RO GRRFIE v.3.3 R21, L9
13 CCSR1 SRRSO (HAD v.5.4.02 T21, 120
14 MRI2 GRS (B4 v.Ilb 72>46, L15
15 MSU SARYN LR (HE D 10>45, L3
16 CCCMA2 INE RGN 3 B epts CINEE0O v.2 T32, L10
17 ECHAM3 RS ZWRT FEED v.3.6 T42, 119
18 YONU wh[E Yonusei K% (EHED Tr7.1.1 72>46, L8

Wiy 15 Pk 7246, -

%8267k %o R TRKMEN, RRAEIN, TRESAIVEN, FHNETSRITEE. 0 RIS LRI
SFTH AT S L RRREAR, FIORT RS, W L10 Rk
5519 2.
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* 8.8 BNAHSBEEBRR K HIRPUES

B CRSCFARRRIMED HERELIE S5
i 2R EH/ B BRI

AL (0kaBP) 0.0167 282.04 23.446
AR E VK (126 ka BP) 0.0397 111.24 23.928
KUK EVKH (115 ka BP) 0.0414 291.02 22.405
KIRVKEEH (21 ka BP) 0.0187 294.42 22.949
MevkHl (11 kaBP) 0.0195 98.408 24.201
A (6 kaBP) 0.0167 180.92 24.105

H 4 Joussaume et al, 1999; de Noblet et al, 1996; Kutzbach et al, 1998

2R 8.9 NS RA M BUR IR T 5

(FEx g%, 2003) o

PGS KA K5 CO2
URARTS SHE3E PR T2
(w/m?) (FEEHN) (ppm)
1 1 1367.04 (LA 0.004774 345 AR
2 1 b 0.5% 0.004774 345 AR
3 1 1367.04 /> 0.15% 345 AR
4 1 1367.04 0.004774 345 Tl ¥ A
5 2 > 0.5% /> 0.15% 345 AR
6 3 b 0.5% /> 0.15% 345 AR
7 4 b 0.5% b 0.15% 280 IR 8
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8.10 GCM Bl b sk AL T 1) <3 (hPa)
M: HiRE, NM: TR, EhROELER R 2#AE (Ruddiman and Kutzbach, 1989) .
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] 8.11 GFDL-GCM AR LT 18 i J %) 7 SV 23 XU 3 A e v R 563
7 HEASE R a ALk, b, Lk (Hahnetal., 1975).

W RN B
S5e 5d 5¢

WM (m)

-‘w4
125 120 115 110 105 100
Bf 18] (ka BP)

Pl 8.12 125ka~100ka BP B {H fro i 1 i FE AR 4L
(1990) ; Chappell et al. (1996 ; Eisenhauer et al. (1996) ; Cutler

AN i 2R AN B 25 AARYE Imbrie etal.  (1984) ; Bard et al.
etal., (2003) ;Gallupetal. (2002) ;Zhuetal. (1993) Z¥ £l (Calov et al., 2005).
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$8(226)

WS (2312)

AE {14.9)

VE (21.3}

8.13 125ka BP Hi Bk iE S KR
a. DAL b, RREKI
s B AE: BKOYAs SS: HE M WS: REA
BARH O 2 BT BB HIE, 0T H A I ARIRIEVK R OFREGEME30E, 50 SR EMIT (Montoya et al., 2000).

K 8.14 RIKIAUKIIAL R R T st
KM 125ka BP S5fEHliR K2 72808 a ITHIERE (T), b # UL (hPa), c FEMZE 10m KGE (m/s),
d BEKE (mmid). BEXNEROGHRBRNEEKT: HEREXA80%, HKEMEXA 5% (Montoya et al., 2000).
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a. 118 ka BP, b.117 ka BP, c. 110 ka BP  (Calov et al., 2005).
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etal., 2005).
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K 8.17 MIS-3 Wi it i /3 £ AN DK 7570 A
UKFEAYAT (@ fb); HEEE (c Al d). HHa, c AR IR, b, d MR (Barron etal., 2002).

P 8.18 MIS-3 R 43 A
a. B, b-d MIS-3 B EGiREe, Hod b AREHA, ¢ A%, d N#d (Barronetal., 2002).
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125

] 8.20 35 ka BP SR AR R FH 1 UK 5 A0 2R YA 4% 40 A7
a. VKEAE; b, AW LR AR AR Bl 5 e B A
A BEMKBR, B, AEBRARRILIX. 1. B0, 2. B, 3. FEIE, 4. BUEAFHAK, 5. GIH-RETRAAK, 6. SHHBK, 7. SRt

SERAMIRACHR, 8. TEI RN AR, 9. EEERFAMAK, 10, HER-VEI FE R RS AR, 10, WE 5 - SRR AR (Yu et al., 2005).
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K 8.21 35 ka BP £ FIIRE (C) MEAETHFEK (nm/d)

SRR 5 (B0) MIZEMFR: a. Bl I b, E2 WA c. E3 JHE; d. El B&K; e. E2 F4/K; f. E3 BE/K.

ROXIEFRR T- R E R BEMET 95% (Yu et al., 2005),

8.22 21ka BP VK54 4

(Fe51 8 T 445, 2001)
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8. 25 LGM UK 5 JCuK a2 A T BesK L I BEAN g T UM A

a, ¢, e, g NLIKFHIRL, b, df,h NEKHZERE. a, bEFRTFHSIEY (hPa); ¢, d XFFPHRAEY (hPa); e, f

KK (m/d); g, h FFEE (T) (FHESE, 2001).

8.26 21ka BP 5 Oka BP 5 i B 25 (B H 40

a.  DUARHEHIRS) 21kaBP 42 (DJF) , b. 21kaBP HEBIKAIEZE, c. ARMBPIKEIEZR (JJA) , d. 21kaBP FHHIK
HMEZE, e WACHBIKANIEEY], f. 21kaBP MgEIKEIAEEY) GREEHAL. °C)
(FH:4%, 2001).
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0 2 400 BOC BOE 100C 120C 1406 1606 180

8.29 ML KHYIE IR B IE T WL Kl () 41 345 FE AR
SEHIRRI LR a WKE— (NA) B b, X5 — (NA+SH) HU0L (BRESF, 2004).
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P 8. 30 BEUKHIATF) 30 FERR 5 T 471 il B AL

KA SERRRZEME (°C), a MWAEMEL b SSREMBL (BRES,  2004).

8. 31 MEUKIHAL KT EE SST 5 A BRA=F ¥R FE AL AH 5% R4 A

SST K EOF MZE— 24> (PCl) (BREZE, 2004),
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P 8.3218 1 GCM X 6ka BP A4 & /K AE4L
RAEBREMENAEFIMERR; 18 MERM T W% 8.7 (Joussaumeet al.,1998) .

N0 400 GE  ME 00 1206

K 8. 33 BRIEB THE T 6ka BP i EHIY

FIF 6Ka-0Ka ZE(H ("C) : a fE-FHREZ, b EFBEINE, o KFEEZE (TR, 2001)
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B 8. 34 HHEME T 6ka BP I AR

RARE SR — 2 ERR (O a VYRR, b IFEEZE, o LFREZ (THES, 2001).
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[ 8.35 6ka BP il Oka BP B Z=i 28 f4H)

a. 6ka BP(6 ka fH#Z#Ei8), b 6ka BP (Oka HI#3®A), c. Oka BP(F-#E4E, 2001).

,',Sllillll

8.36 6ka BP Fll Oka BP Z=7 i< A1

FIf 6Ka—0Ka ZfH (hPa) : a. B7F (6ka HBIRIE), b. %7 (6ka MBHE), c. HF(Oka M#FHIE), d & (Oka

HRIA)  (TEESE, 2001).
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