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AO is defined by EOF-1 of SLP (Thompson and Wallace 1998).

AO pattern of SAT shows warming at Siberia and North America and cooling at
Greenland (Thompson et al. 2002).

— About half of the variance of the observed warming pattern is explained by AO

(Thompson et al. 2002).
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AO Index (AOIl) and SAT

AO Index(Sea Level Pressure)
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AO pattern of SLP and anomaly for 2009/10

2009 / 1 0 The anomaly shows AO negative pattern
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AO pattern of SAT and anomaly for 2009/10

2009 / 1 O The anomaly shows AO negative pattern




AO analyzed in IPCC-AR4 models

Internal variability shows AO pattern. | (Ohashiand Tanaka 2009)

MRI MIROC NCAR

-Internal Variability- -Internal Variability- -Internal Variability-

20C Eigenvector (EOF1:38.4%)  20C Eigenvector (EOF1;40.0%)  20C Eigenvector (EOF1;37.3%)
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stochastic
process.
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AOl vs SAT
NCEP/NCAR reanalysis
(1951-2010 DJF in K)
(Barotropic Component)

AOl vs SAT
NCEP/NCAR reanalysis
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(Sea Level Pressure)
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Singular Eigenmode Theory of AO

Barotropic Height

DJF mean for 1950-1999

Climate basic state

W, =wi +w,’

EVP and SVD analysis

U=(,v,¢"), ¢ :Deviation from global mean

M v +LU=N+F Primitive equations

dt

w.
drl +ioWw, = —iz Faw W, + f; 3D spectral model
J

Construct a barotropic model from 3D model

% =Ax+ f Linearized by a basic state
t

(Tanaka and Matsueda 2005)
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Singular Eigenmode Theory of AO

Observation Theory

Barotropic Height Barotropic Height

Arctic Oscillation (DJF) EOF- 1 EVP- 1 Standing eigenmode EVP-1

(Tanaka and Matsueda 2005, JMSJ)



AQO in Observation and S-model

Barotropic Height
EOF-1 (Tanaka 2003, JAS)

1950-2000
(a) NCEP/NCAR (5.7%) (b) S-Model(15.1%)

+iow, = —ZZ raw,w, + f; Barotropic S - model
7

dt



SAT anomaly (K)

Serve

60—90°N mean SAT anomaly (K)

ren -

Linear trend of surface air temperature
NCEP/NCAR reanalysis
(1949-1969 in K)
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(5-year low-pass filter)
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Moderate cooling when AOI shows negative trend.
Cooling pattern is similar to AO negative pattern

No clear trend in spring to fall

(Ohashi and Tanaka 2010)
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Linear trend of surface air temperature
NCEP/NCAR reanalysis

60—90°N mean SAT anomaly (K) . (1969-1989 in K)
HadCRUT3 Winter
(5-year low-pass filter)
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* C(Clear warming trend in winter when AOI increased.

* The warming pattern is recognized as AO positive.
* No clear trend in spring to fall

(Ohashi and Tanaka 2010)
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" Observed SAT Trend (1989-2008)

Linear trend of surface air temperature
NCEP/NCAR reanalysis

60—90°N mean SAT anomaly (K) _ (1989-2008 in K)
HadCRUT3 Winter
(5-year low-pass filter) :
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*  Warming trend is AO negative pattern in winter
when AOI shows negative trend

« Warming trend is Ice-albedo pattern in
fall .

(Ohashi and Tanaka 2010)
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Long-term variation of AOl and SAT

AO Index(Sea Level Pressure)

2009/10

e

- 3

" 2 AO is an unpredictable
| | natural variability,
' ° which controls the
| | decadal trends of SAT.
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~ Trend of Surface Air Temperature

Linear trend of surface air temperature
(1951-1999 winter: Dec—Feb in K)

IPCC-AR4 10 AOGCMs NCEP/NCAR reanalysis

AQ pattern

Ice-albedo
pattern

IPCC Models ~ Observation

Observation shows that the warming is AO pattern (natural variability), but the IPCC
models show that the warming is Ice-albedo pattern (anthropogenic forcing).
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Eigenvector (SAT) Eigenvector (SAT)
IPCC-AR4 10 AOGCMs NCEP/NCAR reanalysis
(1951-1999 winter: Dec—Feb in K) (1951-1999 winter: Dec—Feb in K)
EOF-1 (32.7 %) EOF-2 (13.4 %) EOF-1 (23.3 %) EOF-2 (11.4 %)
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 In the IPCC models the warming occurs by the anthropogenic forcing, which
is not seen in the observation, and AO appears as EOF-2 in the model.




" Inconvenient truth of IPCC Models

10 IPCC Model Mean Observation
EOF-1 (32.7 %) EOF-2 (13.4 %) EOF-1 (23.3 %)
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 In observation, the warming occurs by natural variavility as AO pattern, while
it occurs by Ice-albedo pattern in the IPCC models due to the anthropogenic
forcing: a discrepancy in the IPCC models.

e The AO pattern appears in EOF-2 in the IPCC models with variance ratio of
32.7:13.4 (i.e. 5:2 ) for the 10 model mean: i.e. 5:20 in theory for one model.
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Variations of the Earth's surface temperature
for the past 140 years

 \. + Thelong-term

¢ trend may be
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0°C Natural fluctuations ® Natura-l Val‘iabilitv
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(Akasofu 2010) the recent global
-.5°C warming.

Year

The warming has stopped in
the 21th Century by natural
variability.

Rapid warming after 1970s
contains large fraction of
unpredictable natural
variability of AO.

Hence, the models should not
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- Natural variability and warming trend

IPCC models are developed (tuned) to fit the rapid warming for 1970-1990,

which may contain unpredictable natural variability of AO.

If this is the case, the future projection with that model must IPCC
overestimate the global warming.

Variations of the Earth's surface temperature
for the past 140 years

Observation
.5°C I
/ New possible interpretation /
(+0.5°C /100 year caused by natural cause )
0°C A Natural fluctuations il
-.5°C

1880 1900 1920 1940 1960 1980 2000
Year

Ohashi and Tanaka (2010, SOLA)



We attempt to exclude the AO from global warming

IT'(x,t)=a,)(x)+a,),(x)+...+a,()T,(x) EOF
T(x,t)= a,()T,(x)+...+a, ()T, (x) without EOF -1

Eigenvector (SAT)
NCEP/NCAR reanalysis

(48/49 - 09/10 DJF in K) AQ has the largest amplitude,
EOF-1(20.0%) e,

but it 1s almost orthogonal to

the global warming trend

NCEP/NCAR reanalysis
5-Year Low Pass Filter
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We attempt to exclude the AO from global warming

T(x,t)=a,)T,(x)+a,()T,(x)+...+a,()T,(x) Orthogonal Projection
a,()T,(x)+...+a, ()T, (x) without AO (SLP)

T'(x,t)=

1950

AOl vs SAT
NCEP/NCAR reanalysis
(1951-2010 DJF in K)
(Sea Level Pressure)

AO Index(Sea Level Pressure)
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AQ has the largest amplitude,
but it 1s almost orthogonal to
the global warming trend

NCEP/NCAR reanalysis(Northern Hemisphere)

AOI(Sea Level Pressure) vs SAT
11-Year Low Pass Filter
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Another inconvenient truth of AO in global warming

U=(u,v,¢'), ¢':Deviation from global mean T'= ¢,'=0 :Dynamical model conserving
ilabl potential is orth 1
M a[ + LU = N + F Primitive equations AVATADIPOIHATENCIEY 150 _0 sona
dt to the variation in global mean 7".
AOI vs SAT
NCEP/NCAR reanalysis .
(1951-2010 DJF in k) AOQO has the largest amplitude,

(Barotropic Component)

but it 1s almost orthogonal to
the global warming trend

NCEP/NCAR reanalysis(Northern Hemisphere)

AOI(Barotropic Component) vs SAT
11-Year Low Pass Filter

AO Index(Barotropic Component)
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Summary

AO is the most dominant natural variability in the
Northern Hemisphere.

AO may be understood as dynamical eigenmode of
the atmosphere with zero eigenvalue.

AO controls most of the local temperature variability
In the Northern Hemisphere.

However, it is found that the large variability of the
AO is dynamically orthogonal to the global warming
trend and the decadal variabillity.

If the AO influences the global warming, it must be
the indirect effect through climate subsystem.




Thank you.



AOIl and PDO

AO Index(Sea Level Pressure)
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AOI for 2009/2010 and the 90-day
ensemble prediction

Arctic Oscillation Index
Barotropic Component of the Atmosphere
Ensemble predictions from {2010021800}
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2010
Year

The negative AOI for 2009/10 exceeds
3 standard deviations.

Arctic Oscillation Index (10-day mean)
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Anthropogenic global warming

IPCC, CAMBRIDGE UNIVERSITY PRESS

more
than 12°C

. = B 8 to 12°C

= x«! 6 to 8oc

4 to 6°C

2 to 4°C

0 to 2°C

Projections from computer models predict large temperature increases in future
arctic winters (Dec., Jan., Feb.) after CO2 has doubled in the atmosphere.
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Ensemble projections by models

AOI

External response dominates Internal variability dominates




[TBarotropic Component of the Atmosphere]

O _Vertical Transform

7 1 rps
(u,v,¢")3 = })—./0 (u,v, ¢ ) Godp
5 —

O Barotropic Model

du . dd
g{ = —L-Vu.—i—fv—a—m
a—; = —'U-Vv—fu—g—z
9o

= —7-Vo—¢V-T+

ot

O 3-D Spectral Transform

(](/\, 0, p, t) = Z ’lUnlm(t)l\—mnnlm(’\: 8, ]))a

nim

u’nlm(t) =< (/'r(’\a 9:1)3 t), -X-;;lnnlm >

(1)

(6)

where U(X,0,p,t) = (u,v,¢)7, wnim(t) is the spectral

expansion coefficient, X, = diag(cm, cm, c?,), and

is the 3-D NMF.

nim

Numerical
simulations
of AO

3D spectral model
dWl .G . @
= —] .W.—ZZI".. w.-w
i ijk "]k
dt ¥

fi =fAB +fBC +fDE +fDZ +fDF

Physical process contains
large error (20%)

Barotropic S-Model
(Tanaka 1998, JMSJ)




Ensemble prediction of AOI by S-model

Barotropic Height
Arctic Oscillation Index (365-day mean) O (31.9%)
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AOI and Wave-Wave Charney mode and Polar mode
3-Months Running Mean

— 0.005 A+ i eopotential Height Geopotential Height
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Trangient eddy AOI V. is the vector of AO




Gain Function

Singular Eigenmode Theory

SVD Analysis
(Diffusion only)
1012 : : : l
: EVP-1
10 3 >
EVP-1 SlngUIar
[ eigenmode

108 o 3
5 The eigenmpde can be excited

- resonantly by arbitrary steady forcing.
107 o 3
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108 E
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105 - —— 3
1 52 Days 20 Days |
e A
10% ‘

0.000 0.001 0.002 0.003 0.004 0.005
Rayleigh Friction

(Tanaka and Matsueda 2005)



Summary

Statement1 by ICSU on the controversy around
the 4th IPCC Assessment (23 Feb. 2010)

the IPCC 4th Assessment Report represents the
most comprehensive international scientific
assessment ever conducted.

The IPCC processes are tried and tested but they
are not infallible (and have never been presented as
such by the scientific community).

In any area of science it is important that errors, or
previous assumptions that change in the light of new
evidence, are openly admitted and corrected.




