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The Relationship
between the Arctic Oscillation and its Forcing

Analyzed by the Linear Barotropic Model
Wataru Echizenya

Abstract

The Arctic Oscillation (AO) has an impact on the climate in the Northern Hemi-
sphere. The AO is characterized as the opposite sea level pressure pattern between
the middle and high latitudes. The Arctic Oscillation Index (AOI) expresses the
change of the AO, and it reached negative three times of the standard deviation
in the winter 2009/10.

This study aims to examine the structure of the barotropic forcing in the winter
2009/10 and analyze the barotropic height and forcing calculated as the linear
response to the barotropic atmosphere general circulation model assuming the
steady state.

This study shows that the barotropic height and forcing are distributed in op-
posite sense to each other during the extreme events of the AO including the
winter 2009/10. It means that the barotropic forcing damps the AO. This result is
supported statistically by the monthly data Singular Value Decomposition (SVD)
analysis. The daily data SVD analysis implies that the barotropic forcing moves
the barotropic height eastward on the daily cycle. The linear response to the
barotropic height on the steady state is similar to the observed barotropic forcing,
while the response to the barotropic forcing do not match the observed barotropic
height. The inverse matrix amplifies the error between the observed barotropic
forcing and the computed barotropic forcing as the linear response.

Key Words: Arctic Oscillation, Barotropic model, Linear model, SVD analysis,

Steady state response
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SVDI1: 10.7% 1950-2011 Daily
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SVD2: 9.9% 1950-2011 Daily
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Barotropic Height Linear Term(AOI Eq.)
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SVDI1: 13.3% 1950-2011 Daily

Barotropic Height Nonlinear Term(AOI Eq.)
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SVD2: 8.5% 1950-2011 Daily

Barotropic Height Nonlinear Term(AOI Eq.)
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SVD1:30.3% 1950-2011 Monthly
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SVD2: 11.9% 1950-2011 Monthly
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SVD1:29.2% 1950-2011 Monthly

Barotropic Height Linear Term(AOI Eq.)
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SVD2: 12.1% 1950-2011 Monthly

Barotropic Height Linear Term(AOI Eq.)
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SVDI1: 28.3% 1950-2011 Monthly

Barotropic Height Nonlinear Term(AOI Eq.)
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SVD2: 12.1% 1950-2011 Monthly

Barotropic Height
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Barotropic Height
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DJF 1975/76
Barotropic Height
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DJF 1976/77
Barotropic Height
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DJF 1988/89
Barotropic Height
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