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The Origin Elucidation of the Arctic
Oscillation of the Decadal Variavility
using the AOI Equation

Masatomo KINO

Abstract

Besides the increase of artificial carbon dioxide, decadal variability of the Arctic
Oscillation (AO) is overlapped with recent global warming. The AO is a dominant
atmospheric phenomenon in the Northern Hemisphere, so that it influences on
climate including Japan. The AO have caotic property, and a decadal variability
of the AO appears notably in recent years.

In this study, we investigated the dynamic origin of the Arctic Oscillation Index
(AOI) using the AOI equation to which is applied the Barotropic atmosphere
general circulation model developed by Tanaka (2003). The purpose of this study
is dividing the change factor of AOI into the portion depending on the linear
term of internal dynamics, the portion depending on an interaction with unsteady
turbulence (the nonlinear term), and the portion depending on external forcing
(the force term) using an AOI equation, and solving the origin elucidation of the
AOI of decadal variavility.

This study shows that the AOI has a resonance relation as for linear term and
a control relation as for a nonlinear term and a force term. This means that the
linear term has positive feedback to AOI and the nonlinear term and the force
term have negative feedback to AOI. Moreover, it shows that the most of AOI
of decadal variability is caused by the linear term and the nonlinear term. This
means that the decadal variability of the atmosphere of the Northern Hemisphere
is not based on external forcing but is brought about by internal change of the
earth atmosphere.

On the other hand, it becomes clear that the great portion of change of AOI is

brought about by the nonlinear term in change of the short cycle by about one

v



month. In the long cycle of about 20-30 years, it is suggested that AOI is changed
by the ocean, sea water change.

Key Wards: Arctic Oscillation, Climate change, Decadal v ariability, Barotropic
model, AOI Equation
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gbogobobobobboboobooboobo.
goooobbbbbboboooooooooon.

<Hnlm7 Hn’l’ 4 / / nlm /l/ + anmv n'l'm + anmZ n'l'm )
TJ-3
e~ X cos B \db (46)

0000000 oooooog,mO'mO00OO0OD0ODO0OOOCOOCOOOOO
O000000oo0oo0D. 0 do)oooooo Lm:Y;llLXmDDDDDDD
O000000000,0000 (skew—self adjoint) 00O 0O0O.

<Hnlm7 LmHn’l’m> + <LmHnlm7 Hn’l’m> =0 (47>
0 (47)00 (43)00000,
(Unlm - U:ﬂ/m)<Hnlma Hn’l’m> =0 (48>

000.0 48)0000000000000000.

en=n'001=0r000

0 (Hym, Hu) 00 000000000000000000000O000,00
00000000.0000 @W)00000000 owm=0%, 00000000,
0000w, 000000000000,

e000D0D0ODO

0 O £ 0%, 00000 (48)00000000 (Hy, Hyp) =0000000
0000.000000000 04, 000000000 Hy,oO,00000 owirm
000000000 H,,,,000000D0D000000000.
00000000000,000000RmO0000,000000000000
oo.

2
<Hnlm7 Hn’l’ 4 / / Hnlm : ’l’ cos 8d\df = 5Tm’6ll’ (49)
™ g
2
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0000000000 Hye(\0)ODOOD000,000000000000000
0
0D0mO000000000000000000,A 6, 700000000000
00000 A,(\6,7)0000,

Z Zanlm nlm )\ 9) (50)

n=—o0 [=0

1 g 2
nim (T) = E/"/o A, (\6,7)-Hy, cosfd\dd (51)

goo.

4.23 3000000000O0OO0

000000000000000000,300000000000 (), 6,p)
0000,0(20000000.300000000000 My,,(A\6,p)00000
00 Gn(p) 0000000 Hy(M\6)0OOOODOO00O0O,00000000
ooo.

ILum(A, 6, p) = Gu@)Hun(A, 0)
= Gon(p)Orim (0) €™ (52)

ggs3sbbobuoooobobuooobboooobob,gooooboobog.

H H 1] — H : / /
< nlmy Ldn’] m> 47Tp3 / /72r / nlm I'm COS Qd)\dﬁdp

6nn’5ll’5mm (53)

0000000,3000000000000000000.0 (20000 UONDO
rO300oOoobOOobDbOOoboobooboobooboon.

U()\, 0, p, 7') = Z Z Z Wnlm (T)XmHnlm()H 0, p) (54)
N()\, (9, D, 7') = Z Z Z nnlm(T)YmHnlm()‘v eap) (55)
F(/\, 9, D, T) = Z Z Z fnlm(T)YmHnlm(A7 Q,p) (56>



0000 W (7), N (7), fum(r) 00 000,00000000 U, 000000
O0ON,00000000FO000000000000. wWan(7), Raim(T), Faim(T)
000000000000 (53)00,000000000000000
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fnlm(T) = <F()‘7 97 b, t)? Y;zIHnlm(/\v 97 p)> (59>

0000000 (20000000000000,00D000D00000O03000
gogbooogogbood.

<M§U+LU—N—FgﬁﬁLm>:o (60)
T
000000000000000000000000000
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1
uuy( ghmZ) (02

000000000000 L,0000040,000 (43)000000000
goodg

(Y, 'LX)I,; = io I, (63)

0000 vUoo0o0ooooooooog (9o (0)boooooooooL, O
000000me2) 00000

dwj

dr

dw; .
(Y LXT, T wy = S 4o, (64)

> (20Y, 'MX;I;, I0;) -

J
000000000000
0000O0003000000000000000000000030000
nlm,n'U'm/,n"!"m"000004,,k0000:000000000000 n, k, ms
0000000000004,k00000000000
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2
(N, Y, 'IL) / / / G ye™
27Tps %
1 ’ tan 6
savers Ui -V Vu—wap + =
o= (V) —V Vo —w — 2y | cosfdAdfdp
06 | wp ¢
mZi (Y VE+2L(EE)
(65)
(590000000000 0OOODOOO
K
u = Zwm/ghmiUiGmiem“\
i=0
K
0= 3 i Bl ()G 6)

K
= Z Wi Ghum, ZiGmiemi’\

=0
00000000 (5900 (650000000000
00000 p00wiO0OO0OOO00000000000000 ¢;Z,00000
000000000000 (00 0,1997)00000000 ()00000000
(59)000000

p
w——/ V- Vdp
0
__/p 1 %ju 1 Ovcosf J
~Jo \acos@ON  acosf 00 b
ghm, [ 0 ing 0 in;
__Zwl/ mid — L‘))\U 89( iV;cosf)e } (67)

ggbobobooooboogn

2Q) 1 0 0
N ZZ lnl — _U an . V 6 ’Lnl 68
1o "V ghm acos@[&)\ +8(9( Hricosve } (©8)
gooooggno (67)DDDDD
K » '
w= sz’QQ/ G, dp(—io; Z;)e™ (69)
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G, dp = — T2 — 70
A Ry ™ dp (70)

0000 (66)00 (67)00 (65)000000000000000000000O0
ooooo

vy =13 Y [

7=1 k=1

T
Ui P (%Y 4 tan6Vy) —-P%E PRU,

cos 0

V; P (2% 4 tan0U,) —PiLE BV
Z; Pyl —Py%%e _p 7,
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Vi | et cos OdAdfdp (71)
052,
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\/ghwh\/ghmk(; GG,
2Qav/ghm,

P \/ghmkgh 2G dij dGpm,
T Jghm By ™ dp dp

P ,/ghm].G o _\/ghmkghmj 20 dGm; dGp,
3 N A 2Qa Ry b Srm: dp dp

P =

2Q)
Ghm, dGr, — Ghm, dG,,.
=Gn,Gn, G G, G, —20G . —2G,,
T 3 k + Rf)/ p i 7 dp + Rﬁy T dp k
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interaction) D000 0-000 00 (zonal-wave interaction) 00000000
00 (interaction coefficients) 000 O000. KOOOOO, K = 2N+ 1)(L +
H(M+1)DOOO.NOOOODODO,LOOODODOO,MOOODODOOOOO.0O
U0 K —-occUUOOO0oOgoboobob,b0b00DbO0DbO0ODLObLODObDOnOOn
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SR\ _ R R I I WR . €R (81)
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bbb eOO0o.

wi(1) = a(T)& + &(7) (86)

oo0o &uoooobo 10000 400 0obobobooooono
a(r) = &Gw (87)

000000000 e(r)0000000000000000 (r)¢000000
00000000000000000000000000000 BC;00000
0oooooooooo.

(BC); = —iva(T)§; (88)

gddooodooooouoououououooooooobob, 00000 oo
ggbbobuoobobboooggbobuoooboboonobobo.
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goooooobo0oOoboooobbo0o  A0bDoOOoobooooboooboobooo
00.00000,0000000000000000000000000 A*O
0000000, 000000oooooo00gu00 g=0;/n0000000
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gbbodbooobuoobbodobboo,ggboobobuoobbodobobo
ob0ob0obOob0obOobDOg HoughOOOOOO.OOOOoOoOoOooOOoOoOO
U0 HoughODOOODODOODUOOD HawrwitzOO DO DODOOOOODOOODOOO.
DDDDDDDDDDDDDDDDZDDDDDDDD,DDDDDDDDDDD
gbogbgobooboboo.

—1 g;
[ g ——

— == =

(l+1) n

gdododo, oo ouoo, o
DDD(DF)iDDDDDDDDDDDD.

(DF); = —kp(=)w, (89)
O000.000kpO00000O00O00OOOOO0OA0.
O00,0000000 Ss-00bO000bbo00bobooooooO,o0oboooa
godoooooooobo20o000oooooooon. oo,obo,0000o
godoopooooooooboobobooao.

gogbooodg

ol obuoogyuuugug
gogoboobooooooboobbooooo. oo boboboooooo,
gbbodboooboobbooboo,booboooboobbodobbo
gbbogobboobbuooobboobbuoobooo.obbuoobboo
ggbbobuoobbboooobobuoooobboooon

(DF); = —Kz(w; —w;), for n=20 (90)

bt w,0w,00000K, 00000000000 O0ODOOODOO.

gogooog

0000000000000 Charney and Eliassen (1949) 0000000000
oboobobooooo. oboboboobobobg boboobo,0ob0o0
gbobogoboooboboobbuoobb,obbuoobbuoobbbweg 00
goo.
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ggobbbbbbouooooobbbbbouoooooobbobbboogo
gogbobooboboo.obuooogobobbuoooobobobog,oobbobodad
O(DE),0,000000000.

(DE) = ((0.0.55)7, v ) (92)

ooo /0000000000000 00,KgOOOOOOooobooDb,000
00o00doooooooOouoooooo, (DE, 000000 w; 0000000
go.
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ggboboboooobbbuoooobbbuoooooo

M = —io;w; — 1o;W ZZT,]kawk

dr
71=1 k=1
K K K K
. __ ’ _ / . ro _ /
- E E riji(Ww, + wkwj) —1 E E TijkW Wy, + S; + 5;(93)
j=1 k=1 j=1 k=1

gogbbobuoooo,buooobbouooobood.
0000 93)0000ooooooooo.

K K K K
. —_ . [ — . / ’ —_—
0 = —io;w; —i E g T W; Wk — 1 E E Fijrw wy, +S; (94)

j=1 k=1 j=1 k=1

0 (93)00 (94) 00,

ggo.
0 (95)0,A00000000 EOF10000000000D00ODOO AOIODOO
ggbbobuoooobbooogbobuooga,bboooooo.

d(w;-w40) &
i WAO . ’ . - ’ _ ’
— = <—wwi —i E E 7k (Wjwy, + wkwj)> “WAO

j=1 k=1
K K K K
! ! !
ZE E rUkw w,, — ZE E TijkW Wy, ) wWao + 8;wao (96)
j=1 k=1 j=1 k=1

000,000 A0l0000boooOoo,cogooo0ogo,ogoooogo,
o0obo0obOobOob.0ob00ob0obOobOoboooboo Aoloboooooon
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Barotropic Height
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Arctic Oscillation Index

Barotropic Component of the Atmosphere

1 year runnning mean
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AOI

Barotropic Component of the Atmosphere
5 year runnning mean
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Regressed on AOI 1950-2010
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Geopotential Anomaly

Regressed on AOI at 500hPa 1950-2010
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AOI Equation Linear term

Barotropic Component of the Atmosphere

1 year runnning mean

4 } } 4

- 3
5 (2o
< 3
o (7]
N £
i) e
3 5
c (0]
S £
b, S (1AL I S O ¥ 111 S | L _|

. -4

1950 1960 1970 1980 1990 2000 2010

Year
5 years runnning mean

4 4

3 J’\u 3
3" ) Af"/f”“\\ 3
< o
- 1 y b i - 13
@ e
N 0 1. Cl A X W 0 by
2 ‘:mm V\)\ Wﬂ' W g
@ -
MY t
S £
n 2 2~

-3 -3

-4 -4

1950 1960 1970 1980 1990 2000 2010

Year

09 AOIO AOIODODOODOOO 0000 201000006000000000O1
00000 (0)0Os500000(D)0D0000000O0O0OOOOO AOIOO
oo0oooooobOo Aolbooboobogo

67



AOQOI Equation Nonlinear term

Barotropic Component of the Atmosphere
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AOQOI Equation Force term

Barotropic Component of the Atmosphere

1 year runnning mean
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Correlation Coefficient
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Correlation Coefficient
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AOI Equation score

Barotropic Component of the Atmosphere
5 year runnning mean
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Power Spectrum
Barotropic Component of the Atmosphere

AOI
1055 M| . ] . ] |
104 5
. 10% 4
)] 1
=
8 ]
102€
10! -
100< S ———rr — :
101 10° 101 102
Frequency(1/Year)
AOI time derivative
1055 T | . | . | |
10% 5
. 108 5
[¢D] ]
=
8 J
102~§
101‘§
100 T ' L | ' L | ' A
101 100 10?1 102
Frequency(1/Year)

O 16: AO[(O)O AOIODDODOOO00O0O0OO0 (O)ooooooooO

4



Power Spectrum
Barotropic Component of the Atmosphere

AOI Equation Linear term
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Power Spectrum

Barotropic Component of the Atmosphere

AOI Equation Force term
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Power Spectrum
Barotropic Component of the Atmosphere

Baroclic
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Power Spectrum

Barotropic Component of the Atmosphere
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Spatial Distribution of AOI Equation (1950-2010)
Linear Term (AOI > +1.5)
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Spatial Distribution of AOI Equation (1950-2010)
Force Term (AQI > +1.5)

AN

P T
! ¢ & \ f
)

i |
R (“"""
P ) D ‘ y

/
N
_ ~eszly
~ —_—
\ ~ < <
) ~ .
\
\ N
X \

0 22: 1950000 20100000 AOlO+-15000000000000O000O0

80



Spatial Distribution of AOI Equation (1950-2010)
Nonlinear Term ( AOI > +1.5)
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Spatial Distribution of AOI Equation (1950-2010)
Linear Term ( AOI(1.5) - AOI(-1.5) )
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Spatial Distribution of AOI Equation (1950-2010)
Nonlinear Term ( AOI(1.5) - AOI(-1.5) )
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AOI Equation Linear term
Barotropic Component of the Atmosphere
5 year running mean
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AOI Equation Nonlinear term
Barotropic Component of the Atmosphere
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AOI Equation Forceterm
Barotropic Component of the Atmosphere
5 year running mean
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Coherence and Phase
AOI time derivative lags AOI for Positive Phase
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Coherence and Phase
AOI time derivative lags AOI Equation Linear term for Positive Phase
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Coherence and Phase
AOI time derivative lags AOI Equation Nonlinear term for Positive Phase

| . ] . ] . ]

1.0

o
(o]
. l

Coherence
o
(o))
|

o
i
l L
I

O
N
L
T

0.0 -_—
101 100 10?1 102

Frequency (1/Year)

180 | . ] . ] . ]

120 B
60 \\\\ ; L
0+ - o . _ ,_,ﬂ/m\/w;mm

-120 : : ! [

Phase

'180 MR | ! R ' ' o Ty ' ' rorrr
101 100 10?1 102

Frequency (1/Year)

0 31: AOIDO0OO0O00000AOIDOOOO0O0O0000000 (0)0000
0(0).000000 (1/0)

89



Coherence and Phase
AOI time derivative lags AOI Equation Force term for Positive Phase
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Coherence and Phase
AOI time derivative lags Ekman for Positive Phase

| . ] . | . ]

=
o
|
T

o o

» (0]
L

——
—

|

Coherence
o
N

|

T

o

N
| .
I—
T

101 100 10! 107
Frequency (1/Year)
180 R R | L ] L R R | L ]
120 - B
]
60 - -
(O]
Q
& 07 i
o
-60 - B
-120 A , -
‘180 L ' I ' A ' |
101t 100 10t 107
Frequency (1/Year)

033 AOI000O00000AOIODODOO0O0O000000000(0)0000
0(0).000000 (1/0)

91



Coherence and Phase
AOI time derivative lags Baroclic for Positive Phase
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Coherence and Phase
AOI time derivative lags System A B for Positive Phase
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Coherence and Phase
AOI time derivative lags Diffusion for Positive Phase

| . ] . | . ]

1.0 - , —

0.8 A

Coherence
o
N

|

——

o0 -
101 100 10?1 102

Frequency (1/Year)

180 R | . ] . | . ]

120 - B

60, H H =

Phase
o

-60 A B

-120 - | —

‘180 L ' I ' ' R ' ' L
101 100 10t 102
Frequency (1/Year)

0 36: 00000 AOIDO0O0O0O0O0000000000(0)00000 (0).0
0oooo (1/0)

94



Coherence and Phase
AOI time derivative lags Transient Neutral Wave for Positive Phase
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Coherence and Phase
AOI time derivative lags Climatology - Eddy Interaction for Positive Phase
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Coherence and Phase
AOI time derivative lags w'w’ eddy term for Positive Phase
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