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Data Analysis of Recent Warming Pattern
in the Arctic

Masahiro OHASHI

Abstract

The climate change associated with the recent global warming is most prominent
in the Arctic and Subarctic. As the Arctic Oscillation (AO) known as the most
dominant atmospheric phenomenon in the Northern Hemisphere showed high cor-
relation with the surface air temperature (SAT) and sea ice patterns in the Arctic,
the AO has attracted more attention as a crucial factor in explaining global warm-
ing. However, the increasing trend of the AO Index (AOI) since 1970 has stopped
over the last two decades, and the AO began to deviate from the global warming
trend.

In this study, we analyze the arctic climate change patterns in SAT and sea ice,
and investigate its mechanism over the last two decades when the positive trend of
the AOI has stopped. In addition, I confirm whether the speculated mechanism is
simulated by Intergovernmental Panel on Climate Change Forth Assessment mod-
els, and examine the contributions from the internal variability and the response
to the external forcing in the arctic climate change.

As a result, we speculated the mechanism of arctic warming as following. The
patterns of SAT and sea ice before 1989 are mostly determined by the AO in
winter. In contrast, the arctic warming pattern after 1989 is characterized as both
of the AO pattern in winter and ice-albedo pattern in autumn. As the positive
trend of the AOI and Pacific Decadal Oscillation index shift to negative since
1989, the Beaufort High has been intensified throughout the year. The intensified
Beaufort High in summer tends to transport more ice toward Greenland, reducing
the sea ice concentrations over the Beaufort Sea in September. By means of the
positive ice-albedo feedback, the SAT in autumn has increased prominently. The
ice-albedo feedback pattern was not seen before 1989. The arctic warming before

1989 especially in winter was explained by the positive trend of the AOI, and also



the intensified Beaufort High and the drastic decrease of the sea ice concentrations
in September after 1989 were associated with the recent negative trend of the AOI.

It was suggested that time series of the AOI and the Beaufort High intensity
vary without the human effects such as the increasing greenhouse gases. Since the
AO and the Beaufort High in the Arctic may be the stochastic natural variability
in the atmospheric pressure field, the decreasing trend of sea ice in the Arctic may

not be irreversible.

Key Words: Arctic Oscillation, Arctic warming, Beaufort High, Sea ice
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1 0000

gooooooooooooooo,bgooooooooooooooooa
gooooooo,jdddoo, oo .2000o0oooon
oo bbob, oo 2000ooobobbboboooon
O.0gogoooooo,0obddoooooooooooooooooon. o
O,000000000O0O0O0oOO (Intergovernmental Panel on Climate Change;
IPCC) 0000000 (Fourth Assessment Report; AR4) 0000000000
goooooooooo,210o000o0oboouogooooooooboon
O0000000oooooo (IPCC2007). 0000000,0000000000
gogooooooooooooon.

00,000000000000000000000,0000 (Arctic Oscilla-
tion; AO) 000, A00000000000C0ODOOOOOOOODO.AODODOO
O0600000000000000O0O (Sealevel pressure; SLP) 0000000
O0000,00 (NDJFMA)OOOO (D0 20000)0000 SLPOOOO
0000 (Empirical orthogonal function; EOF) 00000000000 O00OO0O
(EOF-1) 0 O O Thompson and Wallace (1998) 000 OO0O0OOO.O000O0,SLPO
oo, jgoobooooooodogoooodoooonogooon
AoODOOO.

010 AOOD000D0ODbOD.0o00b0obO0obDo0obobOoDpooboog
oo, ougooboouoouogooonoooooog. oo, oo
Ogooodoooooooooooodooo.onoboodooooooooon
00 (Surface air temperature; SAT) 00000 (0D 2)0,0000000000
0000000000000D000,000000000D0000000 (Wallace
and Thompson 2002). 00 0000000000000 0O0OOOOOOOOOO
0.00000000000 AOODO (Arctic Oscillation Index; AOI) 00O OO
O00.A0l00D0000,00000000DO000DOO00. Aol0OOoOooOOon
0ooooooooooodooooboooooog, dgdooooooon
god.0obodooogoooooooooooo,onooo0ogoooooon
O000000000000000000 (00 2007).

O00000000000000000000000000 (North Atlantic Os-
collation; NAO) 0000000 OODOO SLPOOOOO, 0000000 AOO
0000O00o0ooooodo,NAOODOO AOlOOoOOooooooooooo



OO0O0,NAOD AOCOOO0ODDOOODOoOooooooo.

AO0O0OO0O0ODOO0O0ODOO0ODOO,00b0b00O0OO00OO0,00D0oU0DOoOD
OO00D0O0O0.A0l02000000000000D0O0O00ODOO0O0ODDODODOOOO
gb,gbbodgbbooboobobuoobbooboooboobbuoobobo
gbobobobobob.bo2cb0b0obobobuob,bobobooon
0000000000000,0000000000 SATOOOOO (Chapman
and Walsh 1993) 000 AOOO0O000O0OOODODOOOOOODO.O0O0O00O0OO
000000 AOOO0DOOO0O, Thompson et al. (2000) D0 O0O0OO0D0OO
O,0000000000000 A0l00b0b0obOobDoboobooboooon
O,00000000D0 AOO0O0O0OO0O0DOOODOODO.

Miller et al. (2006) 00O, IPCC-AR4A000000 400000000000
Oo0ooopooopooboOog,Aolocb0gooooboooooooooooo
0000000000000 0O0O000O0U0O0UOOOggg. Hori et al. (2007)
OO0O00O0IPCC-ARAO0ODODOOODOODO AODODOOD AODODODLO
gobodobobooob,oboooboobbooboooboobboobobo
0.00, Tenget al. (2006) 00,300000000000000000 AOILDO
gogbbbooobbb,oobbbuoodbbbuooobb,ooobbboo
O000o0oDOOoOo0oooooO0.0boodo AO00b0ODOOoOUobODbOoOo
gogoboboobo,1iggogoobbobobboouooo.gobboobboodad
gbobodbbooboooboobboo.ggbooobuoobbuoobobo
gob,ogdgbobbboooobbbuoodbbboodab,boodobbbod
ggbbobuoooobbbooan.

AOO0DODOO0OO0O,0000000DOOO00bOOO00O0oDbOO0OobDbOOoOoo
0000000000, Yukimoto and Kodera (2005) OO, 0000000000
0O MRI-CGCM2O0 O O000OO0ODOO0OOOODOODOOOOODOODOODO,DO0DO
gbobobobobgoboooooobobobobobobob.booon
0000 IPCC-ARADOO0OODODOODOOO,00000 (2009) 000,000
o000 AOI0DO0DOOODOO0ObOO0O0OO0,00bDboobboOoooboOoono Aol
00oO0oooOoOoooOooo,Ao000boooOoUopooooboooooooOoo
gooobboobobo,dddgogoobob-oo0oobbobobboogd
oooooboooooobooo.oobooo,Ao0ooobboooooooboo, o
goboobooobooboboobooooboboboobooouobOoOn Tanaka and
Matsueda (2005) 000 000000.200000000000000O00O00O00OO
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O00,A0O000000D00DODOOODOODODOD.
gu,gggoouoooooobbbbboooooooooooooon.oon
gdoguobbobb, oo bbobbbodoooooobobooboooon
000 (Stroeve et al. 2007),200r0 000000000000 OOOODOOO
(Stroeve et al. 2008). 00 200700000000, 0 10 19900000000
guoooooooobobo,bbbbb,bbbbooooooooouoooon
gogdddoooag,obboobooooooooobobbbobbbooob,o 20
dgdoooobobb,gguubbobbobboooooooobbboooon
gogooooobbobbooooog, g3 oooooooo, o
gogoobboboboboodoooobobobbobodoooooobobbboooa
O00000000000000 (D000 2009).0020070000000000
ggdooboooboobooobboood, ggoonbobbobbobobogoooo
guoboboooobooooogo, 20080, 20090 000bobooogogooboooon
ggoooooobbbbooooooog.

00000 AODDODOODODODODOODODODODO. Rigor et al. (2002) OO, O
00000000 AOQ00O0ODOODODOODOODOOODOODO,O0DO0DDO0ODO
gobggooboobbooobobda,boobbooobuooobboooan
gob,jdbbbdbodbobboouobbuoooobboogb.oogd, Rigor
and Wallace (2004) 0,000 90000000000, 1989-199500 AOIO O
gogooobbobobobboodooooooooobobboooooooo. oo
0,AO000000000O0DO00DO0ODOODOODODODODODO,0000
gu-gddggdddggodgddgodoodoooouuoouoboooooon
000 (Lindsay and Zhang 2005).

SATODO0OO0ODO0OD0O0O0O0OO00O0OO0O0OO00OO0OOO AOODO,O0ODOOO AoID
0000000000000 000000O,000000000000 (Overland
and Wang 2005). 0 O, Cohen and Barlow (2005) OO, SATO AOIODOOOOO
001990000000000,0000 10000000 AOQ0O0ODOODODO
gob.0booboonb 192019400 00bodbboobooobuoobobo
00,00000000A0l0D00000O00DOO00DO0O0ODOO0ODOOOO.DO0
2000 00000000000000, Bengtsson et al. (2004) 0000000,
gogoobboobbodoogooobbooboboooooooboboobobbobouogoa
O0000000D00D0D0. Wanget al. (2007 DOOOOOOOOOOODOODO,
IPCC-ARAD0 0000 200000000000000000000O0DODOOOO



ggboboooaobn.

00000 AO00ODOOO0O0O0ODOOO0OODOOOOODO,000bODDOO
gooobbobobbbogooogobbobobboooooobboboboouagd
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obooo0o,Aol0b00db0ooboooboboob 200b0bOobobOoon,
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3 Oooon

3.1 0o0oboogoa

000000000000 (National Centers for Environmental Prediction;
NCEP)/0000C0O0O0O0O0O000O (National Center for Atmospheric Research;
NCAR) OOOODOOOOOOOSLPO SATOOOOOOOOOOOO.O0O0O
gboogbd250x 250000,19480 1000 20080 1200000000
goo.

gbbogboog,ugbbuodgboogobuoobbodgboobbuooboo
gbobodgbbodgbobog,ggbboobobbuoobbuoobboobobo
goboboobooobobobooo.bbooobbboooobbbooob,od
gogbbboodobbbuoodoobb.oobbboodob,bood0bbbod
ggbbobuooogbbbuoooobobobdaod.

NCEP/NCAROD 19480 1000 50000000000000O00O0O0O0OO
gdodoooooouououoooooo, oo ooooooooo
0.000,199000000000TIROSOOOOOODO,0000000D0O
gboboobobooobboob, 99ubboobbooobboobbon
gbbodbobooobuoobboob.obbooboobbuoobbuoobobo
gbbuogoboogobog,buogbobuoobobooobooooboob.on,
250x 250000000000, 00Db0O0bO0ObOO T30 ODDOODO
gobbbooobo,bggobbbuooobobboooobobo.gobbbod
oooooDooOO,0000000000000000000000000000
ggo.

NCEP/NCAROOOODOUOUDOODOUOOOOOODOOOOODOOOOO Te2,
gbobogbsob,ggboogobouosboogob,gbbggboogbod
goo.gob,bobooboboooboboobobuobboob 130000
ooboooooo.

00,000000000000000000 (Hadley Centre for Climate Pre-
diction and Research) 0 0000000000 HadCRUT3 (Brohan et al. 2006)
O0,SATOO0000000,0000000 (Sea surface temperature; SST) O
00000000 HadISST (Rayneret al. 2003) 00, 000000000000
gobo.0ogbobooboobbooobostx s, 10x 10000000



gogbbobuogodoao,bduodgf 1900 1000 2008t 120000.
O0000000000000000000 (Pacific Decadal Oscillation; PDO)
000 1900002008000 (DJF)DOODOOODOOOO.PDOOOODOO 20
00000000 O0D0O0OSSTOODO EOF1O00D00D00O0O0.000,00000
Oo0ooooooooooooooOo,EOF0000DOO0O0ODOOODOODOO
goosSSTODOOoOoOooogSSThbooooogoo.



3.2 IPCC-AR4000000O

IPCC-AR4AD00DO0O00OOODOODOODOOO0OOODOODO20000000
(20th Century Climate in Coupled Model; 20C3M) 00 ,30000000000
(Special Report on Emission Scenarios-A1B, A2, B1; SRES-A1B, A2, B1) 0 OO
O00,0000SLP,SAT, 0000000000000 0OODOO0.0000D0OO0
oo, 00dooobdoooooooondoooboobnoonooon
0001990000000, 000000000000000000 Program for
Climate Model Diagnosis and Intercomparison; PCMDI) 00000000 OO.
oodoooooo,20C3sMO00 19010 1000 19990 120, SRESOO0O
20010 100020990 120000.

20C3M 0000000 vooooo 2000000000000 0O00000OO
gog2000000000000000000.00000000000000
00000oo00ooo0.00oo0o0oo0ooooUooo0 (Dooog,
oOo0,00C0O0O00O0OO0O0O0OD0OO0OO0OO0)OO0OOOOODOOODO,00C0O0O
ogoooooooobo,booooooboooooboooooobooooon
ooo.

O0,SRESO 000000000000 DO0O0O0OODOO0O0OOO0OOooOGOa
0000000000.000000000oooog (AlB, A2, Bl)yOOoOO
ogoooo.

AlD0O00ODOOO0OO0OO0ODODODO0ODOOO0ODDO,0bO00DODbOOo0O,0b0oO00n
21000000000 bbb00oo, oo bboooUbDbobooo
O00000oOoobOOooo. Aldoooooooboooooooooono, A1FI
O000,A1ITOO0DO,AlIBODOODOODOODOOOOOOO,000000
OABOOOOO,00000000000O0O0O0O0000O00O0O0O0OOOO0
ogooooo.oooooooo,2icocooo 20ppm0doooooo, o
oO0o00ooooobooo.

O00,A20000000000000000000O000O0,0000DO00O000O00
o0, 0oodooooooooooonoooono.ongooooon
godoobodoooooooooodoo.ooogouooooooooga, o
godooodoooooooo.onouooog,oooooogooooon
O00bO00OO0.0000000Db0obOOobO0o0oD,2100000 840 ppm OO0
ooo.



gbobooboobooboboBliobobog,gobobobooboobo
O00.Al0D00000D0210000000D00O0000DOOO0OOODOOOO
g,bgdbbodgbbogbbuogobogbooooboo,bogbboon,
gbobodbobooobooboboob.obbooboooboobbuoobobo
gbobo.gbboobbdgoboboobb, 2000000 540 ppm 0o
gogoo.

0,00000000000000 (bOoooO,00,00000000,0000
o000, 00000000000,0000)00 10000.0000000
O000000000,00000 (2009)00000000000ODOOOOOO.



4 0000

4.1 AOI000O0OObODbOOObbDOoOoobDbO

O00D00o0o0O AOIO, 002000000 (DJF)OOSLPO EOFOOOOO
00 EOF-100000 (EOFOO0O00DO0DO0DO0DOOODOOOOOOO).00OO,
Ooooobooooooboo,0oooboobo0ooooo,eoF00oooboOoOon
OO0oO0oooOoOooDoOo.0o000 Aol0 11goooooooboooooobooboo
OO000O0b00O AOL11000oo0oo0ooboouooooo0oooooDoo
AOoIoono.

goboooobo,0bbo0boooobo0ooooobooo,Ao0obbooooo
goboogbuogbboooboooboobo,gooboobbooobboobo
gbbodboooboobbooboba,boobooboboobbodobobo
00.00,000000000D00000000D0DODOO0O (DO 73.75-81.250,
00 130-1700) 00000 SLPOCO (DOCOOODOOOOO)0O0O0DOOOO.
go,bbodgoobbbduououobbobuoooobbboooobb,od
(JJA)OOOOOOoOOoOOOoUooo,00000000000000O0D0OO000oO
g.g,boobobbobboboobosobgon.
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4.2 0O000O0O0OO0OOOOO0OO

IPCC-ARA0DODOOOOO00O0ODODOOOOOOOOODODOOOOO,00DO
gbbodbogoboobboobboobooboboobboobog.obo
00000000000, Yukimoto and Kodera (2005) 0 000000.

IPCC-AR4000000020C3MO0O0O0O0O SRESOOOODOOOODODOOO
gbobgoooo.oboboobobgoobooboboobobobon, 200
002100000000000 (0 1).00D0D00000DOOO00OOoOOO
gobbooboogbob,goobbobuooobbboa,gobbbooogbbboo
gbbodbboogobogooboa,bugbbogbooobuoobbuooboo
00 (00oo00ooO0o0oooo0o0ooO0)o0ooooooooo.00oo
0000000000,00000 (2009 00000000000000000
gbogbooobogto,goboobbuoobbuoobbuoobbodgboo
goo.

o00oO0oo0ooooo AoO0bO0bObOobOobO.bo20b00bD0ODOD SLP
gbobodbboobooboboobboo,ggbooobuoobbuoobbo
OobDOoooOobOooOboOoD.EOF-10000, 11000000000 0ODODOO
OOo0,000000000000DOO00DODOO0DOOODOO AolODOODOO
go.
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5.1 JUo0oobooooobobboood

OO0Q00O,00000SATOOOOOOOOOODOOOOUOODUOUUOUOOO Aol
gogbbobugoobobooogoobogo.

5.1.1 SATOOOOODOO

040,000 (0060000)0000SATOO0O0000000O0OOO.O
00000 (DJF), 000000 (MAM),00000 (JJA),00000 (SON)
000.00000 HadCRUT30O000000000000000000000
00,00000000000500000000000000.

0000000 1940000 197000000000000000000000
000,000000000000000,040000 197000000000
00000000000000.000000,A0I0000000000000
00000 200000000,0000000000000000000000
0000.000000000001990000000000000000000
000000,00000000000000000000000000O000O0
oo.

5.1.2 SATOOO0O0OOOOOOOOO

O0500070,000 (0030000)0000SATOO00OOOOOOOOO
O00000.NCEP/NCAROOODOOODOODODOOO,0000 1949-1969 O,
1969-19890, 198920080 0 000D O0ODOO.O0O,0800000 AOIODOO
O00000.NCEP/NCAROOUOUOUOOOOOOOOO,000D00000O
ggstobbuooggbbobooaobn.

1949-1969 00 AOIOD 0 00O0DO0OOO0O0ODOOOOOO0OO (D8)ooo,00
0000000000 00Uooooooooo.oooo0 (05 000000,
gbbodgbbodgbobogouoobbuogobbodboboo,ggbbuoobobo
O0bO00oDO0o0ooOooO,0bb0 AO0bbo0booboooooboboOooboobooDo
g.bbogdgobobboooobbbuoodobbbuoodob,boo0obbboo
gobooogag.
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00,1969-19890 0 AOID 0000000000 OOOOO (D8 UUO,O
O00000oooOo0oOo.0poob,A0l0SATOOODOOOODOOOOOOO
0000 (Cohen and Barlow 2005). OO0O0O (D 60000, 00000000
o0o00ooobO,b0b00b000ob00obo0obOobOobo Ao0DODOoDbDOoD, oo
ooooooooOo,bo0oo0ooobobob0o.0oobboo A0bDOoOoboboOoo
Ooooooo0oooOoooo.ooooobobobbgooobo,Aoboooooo
ggbbobuooogbbbuoooobobobood.

00,198920080 0000000000 AOl00000O0O0O0OOg (O8Y),
oo0o00oooooboobOobob.boboboboobooboooooooOoo, Aol
OSATOODODOODOODODO (Cohen and Barlow 2005). 0000000 7000
Oo0,000000bD AoO0O0O0O0oO0bbo0oOoDoOoboooOobD.obobooo
ggbobobooogb.buogo20bboboooobboboog,obbodad
gobbobooobobbuoooo.buodob,bgooboboogbobboo
gogoobboobobodud,ggogoboboboobbobouoooogob-uogd
googbobobbooobooobooobooob.0obboobboobobo
gbobobgooo.o4b0b000bo0bobobooboobob,boo-obon
ggbbobuogoobbbuoooobbbagod.

5.1.3 900 0ODOUOOoOogboboo

OO000bOO0OOSATOh OOoOOobOoUooobooooboooobooogoo
gbo,ggbobogobboob.oobboobobooo9ybuoob,3boda
00000.000000000030000900000000 (Serreze et al.
200 0000,000009000000000.090,0000000000
O0b00o00obO0oobooobboOobD.0o0ob0od HadISSTOODOODOO, D00
goboooggbood.

g, 191200800 00000000obbob,boggoobbooboogd
go,0bo0boobo,ooboobobooboobobodgb,bbssdl
gdooooooooouoooooooooobbb.0odo0oooooo
SATODOODOOO0O0D0 AOIOOO0O0DOODOOO00O 1969-198900 AoIODODO
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AOIDDODD0O00000,1970000000000,19900000000,00
00000000000000000.000,000000000000000
00,A0I0000000 (000000060)00000000000000.0
0200,00000000000000000000000.000000000
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0 HadISSTOOOOOO,0000 (00)0000000AOIODOOO, (00)
0000000 AOIOOOO,(00)PDOOOOOOD,(00)0000000
ooo0o0o0o0O0o0ooo.

0000000 AOIODD0O000000,00000000000000000
000,0000000A0I000000000,00000000000000
00000000,0000000000,00000000 1969-19890000
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0000000000000000000000000000.00,00000
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(1949-1969 in K)
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Linear trend of surface air temperature
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Linear trend of surface air temperature
NCEP/NCAR reanalysis
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Linear trend of sea ice concentration
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Sea ice concentration anomaly
HadISST, NCEP/NCAR reanalysis
(1951-2008 September in %)

Reg. with interannual AOI Reg. with decadal AOI
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SAT anomaly (20C winter in K)
CCCMA-CGCMB3.1 (T47)
Regression with decadal AOI

Internal variability + External response
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SAT anomaly (20C winter in K)
MRI-CGCM2.3.2
Regression with decadal AOI

Internal variability + External response
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SAT anomaly (20C winter in K)
NCAR-CCSM3
Regression with decadal AOI

Internal variability + External response
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Sea ice concentration
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Sea ice concentration anomaly (20C Sep. in %)
CCCMA-CGCM3.1 (T47)

Reg. with decadal AOI
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Sea ice concentration anomaly (20C Sep. in %)
GISS-AOM

Reg. with decadal AQOI
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Sea ice concentration anomaly (20C Sep. in %)
IPSL-CM4

Reg. with decadal AQOI
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Sea ice concentration anomaly (20C Sep. in %)
MIROC3.2 (Medres)

Reg. with decadal AOI
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Sea ice concentration anomaly (20C Sep. in %)
MPI-ECHAM5

Reg. with decadal AQOI
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Sea ice concentration anomaly (20C Sep. in %)
CCCMA-CGCM3.1 (T47)

Reg. with decadal AQOI
Internal variability External response

Reg. with intensity of summer Beaufort High
Internal variability External response
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