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Seong-Joong Kim, Eun-Jin Woo and Baek-Min Kim, 2011, Antarctic surface temperature change for the Last
Glacial Maximum (LGM) reproduced in the second phase of the Paleoclimate Modelling Intercomparison
Program (PMIP2). Journal of the Geological Society of Korea. v. 47, no. 5, p. 443-457

ABSTRACT: The Antarctic surface temperature change for the Last Glacial Maximum (LGM) was investigated
using the results of atmosphere-ocean-ice coupled models from the second 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-Plank Institute, HldCM3M2 of UK Met Office, IPSL-CM4 of France Laplace
Institute, CNRM-CM3 of France Meteorological Institute, MIROC3.2 of Japan CCSR at University of Tokyo,
and FGOALS of China Institute of Atmospheric Physics. All seven models tend to underestimate the present
Antarctic temperatures in comparison to the observed. In the LGM simulations, the atmospheric CO, concentration
and other greenhouse gases were reduced to the LGM level, the 5-G ice sheet reconstruction data were implemented,
and orbital parameters of 21,000 years BP were used. With the implemented LGM conditions, the temperature
over Antarctica has simulated about 8-12 C below compared to the present in austral winter, while in summer it
is 6-9 C below. Overall, the annual mean surface temperature is about 7°C below the present climate which is slightly
lower than the temperature change obtained in the proxy evidence (about 10 C). The surface temperature reduction
tends to bigger toward the high latitudes and biggest temperature reduction is found around the south pole. In austral
winter, the surface temperature reduction is bigger around 65°S than in 70°S. This seems to be due to the increase
in sea ice extent in the LGM in those latitudes.

' Corresponding author: +82-32-260-6232, E-mail: seongjkim @kopri.re.kr
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Table 1. Boundary conditions for 0 ka and 21 ka used in PMIP2 experiments.
CO, CH,4 NO;

Ice Sheet  Topography (opm)  (ppb)  (ppb) Eccentricity ~ Obliquity ~ Pression
0 ka Modern Modern 280 760 270 0.016774 23.446 102.04
21 ka ICE-5G ICE-5G 185 350 200 0.018944 22.949 114.42
ICE—-5G 21kyrs
@ 3500
100030, 3000
% — 25000
— 2000
— 1500
1000
{500
—0
5-”9..1500%:@0&0

Fig. 1. Ice sheet topography over Antarctica for Last Glacial Maximum 21 ka from Peltier (2004).
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Table 2. Coupled models used in the analyses with their horizontal and vertical resolutions.

Atmosphere Ocean
Model Organization Resolution Resolution References
(levels) (levels)
National Center for o0 1o .
CCSM3 Atmospheric Research 8‘62) ! ( 4)(0)1 OttO'B(g%S(I)I g)r etal.
(NCAR), USA
UK Meteorological Office, 3.75°x2.5° 1.25°x 1.25° Gordon et al.
HadCM3M2 Hadly Center, UK (19) (20) (2000)
Institute Pirre-Simon Laplace 3.75°x2.5° 2°x0.5° Marti et al.
IPSL-CM4-VI-MR 1 g Brance (19) 31) (2005)
Max-Planck Institute, T31 o o Roeckner et al.
ECHAMS5-MPIOM1 Germany (19) 1.875°x 0.84 (2003)
Center National de Recherches o o
CNRM-CM3 Meteologiques 2;1452) 2 é ?)5 Ro(;;eoroezt)al.
(CNRM), France
Institute of Atmospheric 2.8°x2.8° 1°x1° Yu et al.
FGOALS-gl.0 Physics (IAP), China (26) (33) (2002)
Ceneter for Climate System
. A T42 o o K-1 Model-
MIROC3.2 Research, University of 20) 1.4°x0.5 Developers (2004)

Tokyo, Japan

517]5¢HE 229571 AL =ik g e R A+t
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AFFAAZEJNA7E oz 9] #3te] m|2]=
Fgre mjujgt Aoz deA 3 ch(Broccoli, 2000).
PMIP2 =50l A ARE-E @Aet Wst7] 9 A
2712 Bracconot et al. (2007)] ZAI3] 71&E] o131t

107 0)49] $X 23 1550o] PMIP2 Z2AHE
of] FrostATE, & AFolA= X =Y B
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FOAM, etc.)& A&JstaL 7|23} g5 Algdhe
27709 $AmY 2, 0)F 7P CCSM,
= gAEFT A4 9] ECHAM3-MPIOM, 9
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dE T4 7| FA14e MIROC3.2 183l =
7] &2 A4 0] FGOALSS o] g3ttt EA40|
SR L ERE R E PEEE ST
Slatoich. Zhzke] BREL ofy|Ee] £ s

255 ol W, Sjope] shg = o e A
& Rolir, ol shepe] 3k st ]l vl
3l 27] W] wshgEE ekl Bzt 4] o)
wolck

3.4 14

3.1 &9l H=3712 e

npR|e; Fslr] ¢t @S 7155 A
Aof| 2] A RF o] A &= 71FE %
Al BAR=A] 2AFE 27t qlok. o2 X Fe o
3 B FYSL o 1] =EEO|H A2 A
3] 7]&% 7] W&ol (e.g., Kageyama et al., 2006;
Bracconot et al., 2007; Weber et al., 2007), ¥ A+
oMe d=9 712} A F=T AR B2
t}. 2% 2= PMIP29 A &3t 0 kao) 7|23t &5
9] 7|1 2& vjugt ago|th #Sof o] & 7|22
o] = SJATE tfEtell A 190093 E 20087k 2] A
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&) Ok Surface Temperature (CCSM)

b) Ok Surfoce Temperature (ECHAMS—MPIOM1)

) Ok Surface Temperature (HadCM3M2)

d) Ok Surfoce Temperoture (MIROC3.2)

e) Dk Surface Temperature (IPSL—CM4)

1) Ok Surfoce Temperature (ENRM=EMS)

g) Ok Surfoce Temperoture (FGOALS—1.0g)

h) Dk Surface Temperature (Mean)

i) Ok Surface Temperature (Observatisn)

Fig. 2. Annual mean simulated modern 0 ka surface air temperature at 2 m.
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a) Obs—Model Surface Temperature (CCSM) b) Obs—Model Surface Temperature (ECHAM5—MPIOM1)

c) Obs—Model Surface Temperature (HadCM3M2) d) Obs—Model Surface Temperature (MIROC3.2)

€) Obs—Model Surface Temperature (IPSL—CM4) f) Obs—Model Surface Temperature (CNRM—CM3)

g) Obs—Model Surface Temperature (FGOALS—1.0) h) Obs—Model Surface Temperature (Mean)

Fig. 3. Annual mean difference between simulated 0 ka and observed surface air temperature.
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a) 21k—0k Surface Temperature (CCSM)
=5

b) 21k—0k Surface Temperature (ECHAMS—MPIOM1)
—1

c) 21k—0k Surface Temperature (HadCM3M2)

d) 21k—0k Surface Temperature (MIROC3.2)

€) 21k—0k Surface Temperature (IPSL—CM4)

f) 21k—0OKk Surface Temperature (CNRM—CM3)

g) 21k—0k Surface Temperature (FGOALS—1.0g)

h) 21k—0k Surface Temperature (Mean)

Fig. 4. Annual mean difference between simulated 0 ka and 21 ka surface air temperature.
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a) 21k—0k Surface Temperature (JJA)

b) 21k—0k Surface Temperature (DJF)

Fig. 5. Seasonal mean (a) JJA, (b) DJF difference in surface air temperature between simulated 0 ka and 21 ka.
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a) 21k=0k (Annual,JJA,DJF) Surface Temperature (CCSM)

b) 21k—0k (AnnualJJA,DJF) Surface Temperature (ECHAMS—MPIOM1)
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Table 3. Annual, JJA(June-July-August), and DJF (December-January-February) mean surface temperature
change between 0 ka and 21 ka averaged over north of 65°N.

Coupled models Annual JA DIF

(21 to 0 ka) (21 to 0 ka) (21 to 0 ka)
CCSM3 9.3 -12.4 -7.0
ECHAMS-MPLOMI1 -94 -12.5 -7.6
HadCM3M2 -6.9 -9.2 -5.0
MIROC3.2 -5.5 -6.6 -4.8
IPSL-CM4 -4.2 -4.3 -3.8
CNRM-CM3 2.0 -1.1 -1.9
FGOALS-1.0 g -11.8 -13.1 93
Mean -7.0 -8.5 -5.6
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