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Arctic Climate Change for the Last Glacial Maximum
Derived from PMIP2 Coupled Model Results
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ABSTRACT

The Arctic climate change for the Last Glacial Maximum(LGM) occurred at 21,000 years ago
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(21ka) was investigated using simulation results of atmosphere-ocean coupled models from the se-
cond phase of the Paleoclimate Modelling Intercomparison Program(PMIP2). In the analysis, we
used seven models, the NCAR CCSM of USA, ECHAM3-MPIOM of German Max-Planxk Institute,
HadCM3M2 of UK Met Office, IPSL-CM4 of France Laplace Institute, CNRM-CM3 of France Me-
teorological Institute, MIROC3.2 of Japan CCSR at University of Tokyo, and FGOALS of China
Institute of Atmospheric Physics. All the seven models reproduces the Arctic climate features found
in the present climate at Oka(pre-industrial time) in a reasonable degree in comparison to observa-
tions. During the LGM, the atmospheric CO, concentration and other greenhouse gases were redu-
ced, the ice sheets were expanded over North America and northern Europe, the sea level was lo-
wered by about 120m, and orbital parameters were slightly different. These boundary conditions
were implemented to simulated LGM climate. With the implemented LGM conditions, the biggest
temperature reduction by more than 24°C is found over North America and northern Europe owing
to ice albedo feedback and the change in lapse rate by high elevation. Besides, the expansion of ice
sheets leads to the marked temperature reduction by more then 10°C over the Arctic Ocean. The
temperature reduction in northern winter is larger than in summer around the Arctic and the annual
mean temperature is reduced by about 14°C. Compared to low mid-latitudes, the temperature reduc-
tion is much larger in high northern altitudes in the LGM. This results mirror the larger warming
around the Artic in recent century. We could draw some information for the future under global
warming from the knowledge of the LGM.
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Fig. 1. Ice sheet topography for the Last Glacial
Maximum(21ka) from Peltier(2004).
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Table 1. Boundary conditions for Oka and 21ka using in PMIP2
CO C NO
Ice sheet Topography : H ’ Eccentricity Obliquity Pression
(ppm) | (ppb) | (ppb)

Oka Modern Modern 280 760 270 0.016774 23.446 102.04
21ka ICE-5G ICE-5G 185 350 200 0.018944 22.949 114.42
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Table 2. Coupled model used in the analyses and their horizontal and vertical resolutions

Ocean
Lo Atmosphere .
Model Organization . Resolution References
Resolution(levels)
(levels)
CCSM3 National Center for Atmospheric T42 1°x1° Otto-Bliesner et al.
Research(NCAR), USA (26) (40) (2006)
UK Meteorological Office, Hadly 3.75°%2.5° 1.25°%x1.25° Gordon et al.
HadCM3M2
Center, UK (19) (20) (2000)
IPSL-CM4-V1-MR Institute Pirre-Simon Laplace 3.75°x2.5° 2°%x0.5° Marti et al.
(LSCE), France (19) @31) (2005)
T31 Roeck t al.
ECHAMS-MPIOM1| Max-Planck Institute, Germany 19) 1.875°%0.84° Oec(zr:)e(;; a
CNRALCMS Center Nl\a:[tii)nall d.e Recherches T42 29%0.5° Royer et dl.
- eteologiques
gl (45) 31) (2002)
(CNRM), France
FGOALS-g1.0 Institute of Atmospl}eric Physics 2.8°%2.8° 1°x1° Yu et al.
(IAP), China (26) (33) (2002)
Ceneter for Climate System T4 K-1
MIROC3.2 Research, University of Tokyo, 20) 1.4°x0.5° Model-Developers
Japan (2004)
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(a) Ok surface temperature(CCSM3) (b) Ok surface temperature(ECHAMS- (c) Ok surface temperature(HadCM-
MPIOMI) 3M2)

(d) Ok surface temperature(MIROC- (e) Ok surface temperature(IPSL- (f) Ok surface temperature(CNRM-
3.2) CM4) CM3)

(g) Ok surface temperature(FGOALS-1.0g) (h) Surface temperature(observation)

Fig. 2. (a-g) Simulated surface temperature and (g) observed surface temperature averaged from 1900
to 1920.
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(a) Ok surface temperature(CCSM3) (b) Ok surface temperature(ECHAMS- (c) Ok surface temperature(HadCM-
MPIOMI) 3M2)

(d) Ok surface temperature(MIROC- (e) Ok surface temperature(IPSL- (f) Ok surface temperature(CNRM-
3.2) CM4) CM3)

(g) Ok surface temperature(FGOALS-1.0g) (h) Ok surface temperature(Mean)

Fig. 3. Simulated surface temperature change from the observation at Oka.
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Fig. 4. Simulated surface temperature change between modern(Oka) and LGM(21ka).
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(b) 21k-Ok surface abedo(FGOALS-1.0g)
Fig. 5. Surface albedo change between modern

(Oka) and LGM(21ka).
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(c) 21k-Ok SW radiétion(CNRM—CM3) (d) 21k-Ok SW radiation(Mean)
Fig. 6. Incoming short wave radiative heat flux change between modern(Oka) and LGM(21ka).

(a) 21k-Ok JJA surface temperature(Mean) (b) 21k-Ok DIJF surface temperature(Mean)

Fig. 7. Simulated surface temperature change between modern(Oka) and LGM(21ka) for (a) summer and
(b) winter.
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Fig. 8. Zonally averaged surface temperature change between modern(Oka) and LGM(21ka).
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oA oAl ukrgh Hdiystrle] Suk
715 (B9 30% o]AHE Qok| By dnF 86
T sh7Fstgin, odgolls 74T stpe= ALA
9] 9.5 st7toll |3l b7k AA UepdS & &
gtk oleh ZHe AAA &= wW3to| xtol: A
2 g wstet sule] stato] whE Eo o

= 2ol 7]Qlste 702 o] ARITH(Table 3).

323 nEA| A2} u]Z

ubAle} syl SOt B3 oy wete

Yol gIgvl Wgel ZEA ARE o] 8at Tl
B9lo] Aol uls) ufo wokstel, Hekat u]

2 7zl opale ofFch A= Wal(lce

Core)#h22] £9I94 uZRE ozl 7| 2wt
29 7|28 W9 GRIPZ GISP20IA H]&aHA

qst7]29t ¢k 20°COllA 25C AHE9 7|2 817}
o] YehtaL §lck(Cuffey er al, 1992, 1995; Jo-
hnsen et al., 1995; Jouzel et al., 1997). PMIP2
22 B¥o2HE 9ol 21ka®t 0kall 7124
St =y M oF [6CEMN, TEA ARZHE
o10]2] 712 wisto] w[g] Ok7t ThA mOJSte A
3Fo] QItt Kim er al(2008)°1 olstd, o]+ sioF
7149 TAHAE WA thr] LS of

—Ho

A

[}

rio

S3tol ohAe Hohysty]) AYe A= WA
A¥ Aztel wlms £ A, DelAE(TI70)
WA AL 20T o140 LE 7havt dojHE]
ubsl], ASALE(T42) BEoA = 18C oJste] &
& #7po] olojFcrh Table 201 AalE AN
PMIP20IA O] LEl $£XWBHES] SJAETL TR
B T42 o[t AFAE moly] wjRo] 2l
e 71L W3yl 2ta BOE Hog of AR

17|15 =2 AR50 ostH EzletolE 4]
stoh 2o web 29 Zo=e £2 7122 o
10°C AE 7} o.o(Barry, 1983; Guiot et al.,
1989), Hotulalz} wlate] HRoJNE ZA|A 2
719] ZFe ustE olFf ALH L& d7to] o
He AR 2w gy V1250 oty 2
oot 293 et YEANE ALH 7]Lo|
15~20C A= 3t7k3id 712 FZEoj(Wa-
tts, 1980), ¢k 10°C AEQ| d}7+S Bl 22
AQlste thRLEo] ZIE AAHE 5~8C
Azl 2% st7}o] LreryFth(Markgraf, 1989;
Liu et al., 1985). 281} Eu]o] XN&RoX £ ofief
A 71%9] odgre urol tt2 x|Adof wlE L= 3
7ro] ThAlE RA(4~5C) LhEbgtTh oo Al
oML V1L 7ol £ pETE R 2

Table 3. Annual, JJA(June-July-August), and DJF(December-January-February) mean surface tempera-
ture change between Oka and 21ka averaged over north of 30°N

Annual JJA DJF

(21k-0k) (21k-0k) (21k-0k)
CCSM3 =79 -64 -8.8
ECHAMS-MPIOM1 -82 -6.2 -9.8
HadCM3M2 -10.9 -8.7 -123
MIROC3.2 -7.8 -6.8 -83
IPSL-CM4 =77 =79 -74
CNRM-CM3 -78 -6.1 -95
FGOALS-1.0g -9.8 -94 -10.1
Mean -8.6 -74 =95
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22 JZEG=H, ols WIe Fol A4
= A%=9] W3KRind and Peteet, 1985; Klein
et al., 1999; Porter, 2001; Seltzer, 2001), TH&
0] =BIFA(Noble Gas)(Stute er al, 1995,
Weyhenmeyer et al., 2000), 22|12 Ftff ylst 5|
ZZ(Thompson et al, 1995) 712 ZSof 93t
U EIGCh o]¢t FFo] BEA ARFEHE 3
AHEl 712 ¥t A2 2¥oA LRy F&=
AST YNFS Bl ok

ol AT AN HPeINLl Tle et
ot YA oA tHAIZ A tiettb=dl, o]
= ol Alg9 Y $20] AR Y] o2
of, upAlet Xy stz] 25 FrA= wsto] s
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Sieh s SohE Eag Bemerl ARE
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=lck AA, skt sfiylo] s w UL EA
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