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Prediction Experiment of the Arctic Oscillation Index

Using a Barotropic General Circulation Model

Shingo KATO

Abstract

O The Arctic Oscillation (AO) is one of the dominant atmospheric variabilities
characterized as opposing atmospheric pressure patterns in northern middle and
high latitudes. The oscillation exhibits a "positive phase” with relatively low
pressure over the polar region and high pressure at midlatitudes.

0 In this study, we investigated whether long-term prediction of the Arctic
Oscillation Index (AOI) would be possible, using a Barotropic General Circulation
Model. AOI is related to the zonal mean polar jet anomaly, and a index of the
winter weather in the Northern Hemisphere. This model developed by Tanaka
(1998) predicts the vertical mean component (i.e., barotropic component) of the
atmosphere with an external forcing of the barotropic-baroclinic interactions. In
order to correct the bias by the model, the ensemble forecast using some error
averages before an initial time was performed.

0 As a result, it is found that AOI could be predicted exceeding two weeks.
Paticularly, the prediction skill in initial time about 50 days before when the AOI
is changed sharply was good. And the ensemble forecast in consideration of the
bias was good rather than the control run, therefore it is thought to be effective to
use the ensemble forecast. On the other hand, the forecast occasionally changed
a lot depending on the initial value. In order to improve the prediction skill, it
is thought that we need to conduct more prediction experiments and examine the
characteristics of the model, and to consider another method to correct the bias

by the model.

Keyword:o Arctic Oscillation Index, Barotropic Component, Long-
Term Prediction
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a% [X;} (X Hpimexp(—ioum))] + (Y 'LX) (X (X Hyimexp(—i0,, 7)) = 0

O —icpmHum(A, 0) + (Y 'LX,, ) Hum(A, 0) =0 (61)

0000000000 Hyx(A, ) OODDODLDODODODODODODOODOOOOO
©,,000000000000000 exp(éinA) DO0ODOOO0DO0OODODOOCOOO
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H,1m (A, 0) = ©,0,(0) exp(in)) (62)
Unim (9)

= | —iVium(0) | exp(in)) (63)
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oooood Hy,,, O0oooooooooo
1 5 27
o / / Hnlm . H:;/l/m Cosed)\de = §nn’5ll’ (64)
T J_= Jo

OO0000DOo00ooOoooooOooooood ndmO n'mO000000O0
O00000000000000000000000 (Fourier-Hough transform) O
goobo

OmDO000000000C0CO0000000O000000000 WA 6, 1)
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7r

gogbobobooodn
0(GY)000000D00000o0o0ooood
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goon

(66)
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Hnlm(/\7 97 p) = Gm(p)Hnlm(/\a ‘9) (69)
= G (p)©pim () exp(in)) (70)

obo3boboooooobooooooobOooooobooooooboboOooooDo
00000000000 (Tanaka and Sun, 1990) O

1 Ps % 27
(M, M) = / / / I, I, cos 8 dAdfdp (71)
o J-zJo

27D,

= 5nn’ 5ll’ 5mm’ (72>

0030000000000000000000000000 (32)000000
00 U,FOOO0OO0OO0OO0OO0OO0OO0O0000000000000 (Tanaka and Kung,
1989) O

U()\, (9, D, 7') = Z Z Z wnlm(T)XmHnlm()‘a 97 p) (7?))
n=—N [=0 m=0
F(>\, 9, b, T) = Z Z Z fnlm(T)YmHnlm()‘a 07 p) (74)

0000 wun(t), fum(r) 0000000000000D0 UDOOOOOOOOO
00 FOOOOOOOOOOD300000000000000000000 70
00000000000 eém 00000000 nO0O000 (00000 mO
0000000000000 N, L, MOO0O0O00000

0 (32)0 Muw(X 6,p) 00000000

U
<M%—t +LU-N-F, Y;}Hnlm> =0 (75)

gogno
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<M%—? +LU—-N-F, lennlm>

= <M8_Ua YmIHnlm> + <LU; Yr,;lHnlm>

ot
— (N, Y, '"TLy) — (F, Y, Ty ) =0 (76)
oo
d K K
Ewnlm + LOnimWnpim = —1 ;/ Nl; ) Tnimn/Um/n 1" m!! W/ !m! W1 m + fnlm
oooo
oo
nlm — i
n'l'm — j
n'U'm" —  k
ooogao

K K
d : . ,
Ewi +ow; = —1 ]EZI ké_l TijeWj Wk + fi, 1 = 1, 2, 3, ey K (77)
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0000 (7000000000000 0000000
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(590 0000000000000 0000000000O0000
goooodo

riye 0 O00000- DO0D0ODO (wave-wave interaction) 000000 O-
00000 (zonal-wave interaction) 00000000000 (in-
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O000000oU00ooooooooooooOoOoOoOoD Gur(p)OODODODOO
o0ooooooooooooodd Hye(\, ) ODODODODODODODODODOODO
O00000000ooooooOo (rOoooUooooooo
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3 Uooon

000000000000 ONCEP (National Center for Environmental Predic-
tion) /NCAR (National Center for Atmospheric Research) 0000000000
bbogooooooooon

e UUDOODODOODDO2.5° x 2.5°

0000000001000, 925, 850, 700, 600, 500, 400, 300, 250, 200, 150,
100, 70, 50, 30, 20, 10 hPa O 170

00000000 V=(u,v) JOODODOOODOO ¢

goob19s00 10 10020050 120 310

0 0 0 0000Z, 0600Z, 1200Z, 1800Z
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K K
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00000000 KOOOOODOOOOOOO0OO0OO0O0O00000000000
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D00 FOOOODOOOOODOOOODOOOOO FOOOODOOOOOOOOO
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ou ) 1 0¢ tan 6
E—QQsmg-v—kacosgm——\WVu—k - w + F, (80)
ov _ 1 0¢ tan 6
E+2S2sm9~u+gﬁ——V-Vv— - uu + F, (81)
o ,
5 ~V.V¢ —ghyV-V + F, (82)

00000000000000000000000000000000000C0
000000000000000000000000 (80),(81),(82)000000
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O0(r9)0000000000O00 ;0000000000000 00DOO0OOO
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Barotropic Height and Anomaly
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Barotropic Height and Anomaly
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Barotropic Height and Anomaly

February, 1977
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Arctic Oscillation Index
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Arctic Oscillation Index
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Barotropic Height and Anomaly
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Barotropic Height and Anomaly
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