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The Arctic Oscillation in coupled climate models

XIN Xiao-Ge' *  ZHOU Tian-Jun'* YU Ru-Cong’
1 IASG  Institute of Atmospheric Physics ~ Chinese Academy of Sciences  Beijing 100029  China
2 Graduate University of the Chinese Academy of Sciences  Beijing 100049  China
3 LaSW  Chinese Academy of Meteorological Sciences  Beijing 100081  China

Abstract This study investigates the winter JFM  Arctic Oscillation AO  simulated by 23 global coupled
climate models participating in the project’ The Twentieth-Century Climate in Coupled Models” organized by
IPCC AR4. Results show that almost all of the models capture the AO as the leading mode of the interannual
variability for the extratropical atmosphere in the Northern Hemisphere. In most models the North Pacific
center of the AO mode is more pronounced in comparison with the observation. Such bias can be reduced with
higher horizontal resolution of the AGCM deriving from the intercomparison between two pairs of coupled
models. None of the models can reproduce the upward trend of the AO index as strong as that observed in recent
decades. Significant correlation of the AO index between the simulated and the observed only appears in two
models ECHO-G and UKMO-HadGEM1 . Anomalies of the zonal mean zonal wind associated with the positive
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phase of the AO exhibit a dipole in the latitude with westerly in the middle-high latitudes and easterly in the
subtropical area. Such features can be generated in most of the models 20/21  although the ability of some
models in simulating the AO feature in the stratosphere needs to be improved. The models with good
performances in reproducing the vertical structure of the AO for example CCSM3 MRI-CGCM2.3.2 and
UKMO-HadGEM1 can reasonably simulate the cooling stratosphere in the North Polar and the warming
troposphere in the midlatitude at the positive phase of the AO. The majority of the models reproduce the
significant influence of the AO on the temperature and the precipitation over the Furasian continent. Several
models can simulate the relationship between the AO and the East Asian climate to a certain extent. Overall
the model UKMO-HadGEM1 performs best among all the models in simulating the basic features of the AO. The
above resulls provide a certain reference basis for the further improvement of the coupled models’ capability in
reproducing the AO. They are also the basic reference for researchers to investigate the climate variability
associated with the AO using the output of the coupled climate models of [PCC AR4.
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Table 1 Description of 23 coupled models participating in IPCC AR4 20C3M including name of the model
horizontal and vertical resolution of the AGCM and originating group

AGCM AGCM 200 hPa /
BCC-CM1 T63 16 8 25 hPa BCC/China
BCCR-BCM2.0 T63 31 - 10 hPa BCCR/Norway
CCSM3 T85 26 13 2.2 hPa NCAR/USA
CGCM3.1-T63 T63 31 - - CCCma/Canada
CGCM3.1-T47 T47 29 - 1 hPa CCCma/Canada
CNRM-CM3 T42 45 23 0.05 hPa CNRM/France
CSIRO-Mk3.0 T63 18 5 4.5 hPa CSIRO/ Australia
ECHAM5 T63 31 9 10 hPa MPI/Germany
ECHO-G T30 19 7 10 hPa MIUB/Germany
FGOALS-g1.0 2.8°%2.8° 26 13 2.2 hPa IAP/China
GFDL-CM2.0 2.0°x2.5° 24 5 3 hPa GFDL/USA
GFDL-CM2. 1 2.0°x 2.5° 24 5 3 hPa GFDL/USA
GISS-AOM 3°x4° 12 4 10 hPa GISS/USA
GISS-EH 4°x 5° 20 11 0.1 hPa GISS/USA
GISS-ER 4° % 5° 20 11 0.1 hPa GISS/USA
INM-CM3.0 4°x 5° 21 8 10 hPa INM/Russia
IPSL-CM4 2.5°x3.75° 19 8 - IPSL/France
MIROC3.2-hires T106 56 29 40 km CCSR/Japan
MIROC3.2-medres T42 20 8 30 km CCSR/Japan
MRI-CGCM2.3.2 T42 30 16 0.4 hPa MRI/Japan
PCM1 T42 26 13 2.2 hPa NCAR/USA
UKMO-HadCM3 2.5°x3.75° 19 - 10 hPa UKMO/UK

UKMO-HadGEM1 1.25°x 1.875° 38 14 3.1 hPa UKMO/UK
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Fig. 1 The leading EOF mode of winter JFM extratropical SLP unit hPa anomalies in the Northern Hemisphere
in the observation NCEP and 23 coupled climate models
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Fig. 2 Taylor diagram where each number marks the resemblance between the winter AO mode from
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the spatial variations within the AO mode normalized by the observed value. The angle from the vertical

axis represents the inverse cosine of the spatial correlation between the simulated and observed AO mode.
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Table 2 Correlation coefficients between the observed and

the simulated winter AO index from 22 coupled climate models NAO
with the bold number significant at the 5% level
AO AO
AO

BCCR-BCM2.0 0.15 0.15
CCSM3 -0.12 -0.01 2. ECHO-
CGCM3. 1-T63 ~0.2 ~0.2 G UKMO-HadGEMI AO
CGCM3.1-T47 -0.20 -0.19
CNRM-CM3 -0.02 -0.04 .
CSIRO-MK3.0 -0.10 -0.05 AO o)
ECHAMS -0.05 -0.03
ECHO-G 0.31 0.27 AO
FGOALS-g1.0 -0.01 -0.01
GFDL-CM2.0 0.02 0.10 ECHO-G ~ UKMO-HadGEM1
GFDL-CM2.1 -0.12 -0.10
GISS-AOM 0.07 0.11 AO
GISS-EH -0.14 -0.23
GISS-ER 0.0 0.06
INM-CM3.0 0.0 0.02 4 AO
IPSL-CM4 -0.12 -0.21
MIROC3.2-hires 0.05 0.01
MIROC3. 2-medres 0.13 0.10 4.1 AO
MRI-CGCM2.3.2 0.04 0.03 AO
PCMI -0.01 -0.09 5
UKMO-HadCM3 0.01 -0.05
UKMO-HadGEM1 0.28 0.26 . 5
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Fig.3  The winter AO index in the observation NCEP and simulation with 22 coupled climate models
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The vertical axis denotes the height hPa . Shaded regions are significant at the 5% level.
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