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Climate Variations from the Viewpoint of the Arctic
Koji YAMAZAKI*

Abstract

The Arctic Oscillation (AO; Northern hemisphere annular mode), which is the most
dominant mode of climate variability in the Northern extratropics, is reviewed. The AO is a
seesaw pattern between the Arctic region and the mid-latitude regions. It is an atmospheric
internal mode caused by interaction between mean flows and eddies. In winter, it extends to the
stratosphere, and the tropospheric AO interacts with the stratospheric AO. Since the mid-20"
century, the AO has shown an increasing trend in winter and summer. Climate models predict a
future positive trend due to global warming. Recent sea ice loss in the Arctic Ocean is also
discussed. The decline of the Arctic sea ice cover in late summer has accelerated recently and a
record-low ice cover was observed in September 2007. The rate of decrease is much faster than
climate model predictions, and it might pass a tipping point.
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Fig. 1

e R B 168 % (Ogiet al.,2004) G L7- @ ESGHZ=. (a) 4 (12, 1, 24
D) » 300hPa HERAE, (b)) B (6, 7, 8 H D) @ 300 hPa & i
#%, (e) %4 @ 1000 hPa & £ fi 75, (d) E @ 1000 hPa & F£ i #5. 1000 hPa @
] o> & il % 1 B 1% 5 gpm, 300 hPa & 10 gpm. £ fi 75 58 48 12 B2 32

2 5.
Geopotential height anomalies regressed upon the Arctic Oscillation Index (Ogi
et al.,2004). (a) winter (December, January, and February) mean geopotential
height anomalies at 300 hPa, (b) summer (June, July, and August) mean
geopotential height anomalies at 300 hPa, (c) winter mean geopotential height
anomalies at 1000 hPa, (d) summer mean geopotential height anomalies at
1000 hPa. Contour interval for 1000 hPa is 5 gpm and that for 300 hPa is 10 gpm.

Negative values are shaded.
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BB R E AL E L3 <, —F, #&
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WEOE T OXTEOMRIEEEZ S 5125 58 X
23 5 (Kimoto et al., 2001) Z ® X 9 12
LR E DRICIED 7 4 — FNv 2 hH by, b
WIRB O L 5 RRESLSHODNERET LD
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b 3% B) 45 %2 (Ogi et al., 2004) 12 7] Ja U 72 f6 B2 734 74 R 75 & 2 35 S 3 SRR 72
TAmEREAZD ETHETCRZ PVTCRLTH S, HEROLGTIC02m/s DAL
JARZ P OKE S ERT. HIEEIE 1008 (a) & (1, 2] OFY) o EF
YRR, (b) E (6, TH ®FH) o YRR, (o) LD/ Y
SR 2, (d) B o R P 3 AR 2. U o> S5 il R T R U 0.5 m/s, AR TR 2 O
SR MRS 13 0.25 K I FE. ¢ @AMk, 100hPa Tie/h® —3C. B ® I IZ M.
DRATICHEEREBICEEZRLTH L (Hdoh s EEKICHE K9S, 99,
999% CHHE %R L Z A). Ogietal. (2004) O Fig. 3 % L %.

Fig.2 Zonal-mean zonal wind anomalies and zonal-mean temperature anomalies regressed on

the Arctic Oscillation Index (Ogi et al., 2004). Meridional circulation anomalies are also
shown by arrows in all panels. The scale for meridional wind is shown at the bottom right
of each panel. (a) Winter (January and February) mean zonal-mean zonal wind. (b)
Summer (June and July) mean zonal-mean zonal wind. (¢) Winter mean zonal-mean
temperature. (d) Summer mean zonal-mean temperature. Contour interval for zonal
wind is 0.5 m/s, and that for temperature is 0.25 K. Negative values are shown by broken
lines. Statistically significant regions are shaded (95,99, 99.9% ). Slightly modified Fig. 3
in Ogi et al. (2004).
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e 7% FOMOBEKENE) 2GS T H i
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Lag Correlation with AO Signature Time Series
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Fig. 3 Correlations between 90-day low-pass annular mode values at 10 hPa
on January 1 with annular mode values at all levels from November
to March. From Baldwin and Dunkerton (1999).
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OALBIREY AR OIREE IR AN IR T2 D
X9 %L &ITIE, FoBIicxtiE TldbmiRE A
AR, JEkRERE - I—ayox- XY
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Dunkerton, 2001) o

et RE) O WEE O —D 3 FiE L 22k & o
MEAER, FRCHE E 2 S I E DR L v
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#3C T % 72 (Baldwin and Dunkerton, 2001),
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BKOBEHRDOLIEL—F 37 2 HRLICELIC R S
A 525, b IHEEREE O KT 7
VI X B MBI X R R o R AR <
% ) B O DIHIRE 2SIEIC e 5 w9 Tk
THETE S (Robock, 2000) . F g - ki &l
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FIRET 2 & ZIEEmELEZ S (2 PR
EWnH T LT B) B, —Ti, FHROEIENE
DAIEIEIFE R R B0 SO — A IV EMHELEHIC
L VRENTHETLL V) DOP—2DEFEZTTH
%o WbIRERE 2 RS (QBO) D HE#HEEE
CHB, ZDAN =X LIHEEOWAE Y =
MRE) (REENTE s 2 TR 2258 )5 -
THNEET 284G %33 %5 (Kuroda and
Kodera, 1999), L2 L, i THOZILIE T
ERETHFICREZ 20T (K3) oA H=X
LDBETH D, H2D X = X LT EE D
PWERIPEDLLZ LI TT A5 ) =W E S
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BHATEZ 2O THROKER A r —VHHE L,
EoEZEHE LIC v F31%, KEET
OWHFN L o> THEINDIERIZE L) E— M
WBLEEZLHDLDOTH A (Kuroda and Kodera,
2004; Thompson et al., 2006). #l Z X, THK
JE P T 2RI D X 5 70 T8 R H O W il 25
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%o N XD M FE T T R AN S
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5o

IV. #IRER{E & ALHBHRED

RAEE TN DL X EALHFE A L Clig
195 &, Z0BIREIIEDH T~ T FT5
EFMLTw23 (Miller et al., 2006; Yamaguchi
and Noda, 2006; IPCC, 2007) . 20 it #1128
WEN72ALBIRB OIED M L ¥ FIZHREF O
b HBVMMELORRLDHZ 05 Lk v, i
BZAL§ % & R @ILBIREI DS IEIZ 2 5 DD, ED A
HZAMTEZTHEB SN TRV, —DDE
AXKEEOEETH D, COy AHMT 5 & X
Vi BN IRBE AL T 2 2SR B LS8 AT %0 it el
BB TR 16 km OB S AT E R Tl
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NRORMGEERZZ 2 5 LT, LIRS E S
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MY FEALEZ—F VT EHLICHERBILL T

Wb JEBIRENEE (2 2 TR IR
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FERMDIZH T TOPMIZE S, 1990 A2
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BME DL o TWD, LAOIkiRENIZ, #
D DKDL—5 7 OREFIZL > THBELN,
RORFH L 1990 FHLFE, ©LABML T3
CELBEENTHDLEVWINIED H S (Cohen
and Barlow, 2005), Z OKOFEE HRE OB,
9 A O Auti i O MoK AR DI AN & B KSR DK
MO7=DH Lz v,
HoORIERIRBOED L > FIZEETH S
(X 4b) A%, x> — % B4 (1958 4E) 405
1990 £ F TC, R 10 SFIEHE R AL m
F72v, Hodufkoksimo MLy Folig
B FAeEIREI O b LY R THMTE 5, KR
WALk b, MK, FC1—F 27 KEE R
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TH2MLYRERY, HOBIRED IR 20
TRBEWES ) D BEOWI L ¥ B2, 5T/
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REZOWTIE, B0 &) LanwIENEL, 4
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V. tiBEDHBKDOED

Aot o K AR (3 2 B 23 5 b 1979
EURE B MNL Y F2EH D (Mba). HiC,
1990 SEMR AP DIRE, AT L T2, FH
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FL Y FA2VK & W (Serreze et al., 2007), 2005
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(b)
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Fig. 4

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
Je A 3% By 5 2 (Ogi et al. 2004) O FEAFEZEH). (a) & (12,1,2 H)
DV, (b) B (6,7,8H) OV, HBMITEEOME KE
M 1,2, 10FEADIERBFY. EHRERENL Y F. F—
Z1ZLLF @ URL & Y B,

http://wwwoa.ees.hokudai.ac.jp/svnam/index.html [Cited 2008/
10/02].

Time-series of the Arctic oscillation index (Ogi et al. 2004).
(a) Winter (December, January, and February) mean. (b)
Summer (June, July, and August) mean. Dotted line shows
yearly values, thick solid line shows 3-year running mean with a
1-2-1 weight, and the straight line shows a linear trend. Data are
taken from the following URL.

http://wwwoa.ees.hokudai.ac.jp/svnam/index.html [Cited 2008/

10/02].

2006 fEICIERRFEHE L2 00, 2007 4121
S ST & K LB DR o i /NI AR % Gl
L7z (flziX, Comiso et al., 2008; Schweiger et
al., 2008; X 5a, b, ¢)o 2007 4 9 H DK MifE 1%
1979 ~ 2006 SEDFIYD 37% M TH 5. 2008 4F
b 2007 ISR SA R ETH o7z DLIDTF
DR— A THRA LT L, 2050 4ELLRETHICE LS
FHEKSITEAE R > TLE D WHEMEDLE
Vo JURRIEE A IERIK T A AN IIRE S 5 5

BRI 7% B DR OBED X 9 IR R %,
—H, KMk 7% < UL, JRAS - 72iffEmias
H 4% 2 WX L &2 FEFE 9 5 O TIRO L DK AR
DMZ HND, Bl O EW R MK HIREH)
O—|THY (H21E, Schweiger et al., 2008
D), TOWS LD E LA L v FIZR
W) IHREMED H B A, FEHIET TR
(tipping point) %k 2 T, duisidHEr L v A
L' ¥V — A2 A - 72 (Lindsay and Zhang, 2005)
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5 9 H odkiE oWk (a) 9 AWK RENZE (%) OFEL0HERE. (b) 6 HH 5 10 HDH % O
KT FE O HE#. FEH I 1979 ~ 2000 4 O T3y (K AEAE), R AS 2007 45, B THRbo Tw b Hw
#2008 4. () 2008 4E 9 H ok (F1 V& 43). K v & &8 il o i ok @ i P, National Snow
and Ice Data Center ® & — A ~X— ¥ X ) (Fetterer et al., 2002). http:/nsidc.org/data/seaice_index/ [Cited

2008/10/02].

Fig.5 Arctic sea ice extent in September. (a) September sea ice extent anomaly time-series in %. (b) Daily Arctic
sea ice extent. Solid line is 22-year climatology (1979-2000), dashed line is year 2007, and light line is year
2008. (c¢) Sea ice extent of September 2008. Thick solid line denotes the climatological ice margin. Figures
are taken from National Snow and Ice Data Center homepage (Fetterer et al., 2002). http:/nsidc.org/data/

seaice_index/ [Cited 2008/10/02].
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