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JLEHICE T 2 S EaTRSDSIBESHHE

RURE" - Hep e
(BRILFTBOE AL BUIZERT, **HBRBRI 7 ¥ 5 « THR ¥ 8 —, ** SURAA: BRI TR

ARy —VOBMIEKIRER 1~ X582 E L, 54 4R (1948~2001 45) ® NCEP-NCAR FRtT
F—yEAWT, ALEERSIRIC B 1 2 BB & IRE LRI IG L - REER OBt > W THEEL 1.
AFETHALASBEAT A <y M, Heoi&ics 2 RS ESEN 3 HLIATE20 K (L L1
BEEEHR L. FEMMOS 4 (FHy~_Y 7, 75RH, A+ 7S, H+ VEEREE) cBid 3
FESUREZEA ~ v F OFREMWE, KESHEEE (11 A»S2A) widhlcuni, FEEHORA
B, Ty~ TiisicE 1L A - 12 8, JekkEELTE 12 8 - 1 B &MlEENS S, £, FEED
FHTRREICHT 2 [URRERZOEGHEREARE L2 £ T 5, 4 & bic BB REROFEERR
FEIGRERICAT 15~25% BEROLTEY, COMERREDOITEY~ ) TS E 4+ 7 LiEEH
BMTHEETH -, i 2 il 1 2RISR OBMARZASMicT 5/00, HEEG O AKRET 21T
st FOBR, b SETHETOSEETEICE, 73R4 ETT 0w+ v SEKESEREN, 8
EHWTHF FIES~OEZOBE A O R, £/, By~ Tl B 258 ERE I, Hys
) 7EHID ST I 7 HERANOESEOBEEADHEITE ZhicHEEL - v~ ) TEIEORKENA SN,
Chid, MBI T OTADESKOWH LYy — v EMIGLTVWA EEZ SN, ChoDiERIE, 155
7B eR LA S fE D, RIS IR B 4 DR — VO KIRZEEED DT 2 ERE O H B S AT LT
3.

F—0U— K EKUREEENE, EKOWH L, MEREREL

1 B @

WED 1040 O, Wbw 2 HiIBkEE LI
B S 2 EUERIRZEAE DRI I8 S /SR, MBS
RO BEE SFRERNHZ (RGN TS, EHf
FHRER PSP S HE, XFh SEFEFEOEEEN
BESE, LObira—oyms v 7HRic T
TO2—35 v 7KREILHOFELHIIRATHS
(Folland et al. 2001). LH» L, #hsEHFEEE
FCEEd 2ERZER 02 < 13, B E W LEEIEE
5E, & HEERIOMSMEE L /o BES A
RELTWAE,

BHRr—vOKRESEE, ABEBICEIT
HBICbhirb oY, REMOBRF— 4 BAFER
BTH Lo inic, BEoRHZEEEN
BT 2B A&V ubiiw, —flE LT,
Karl et al. (1995) a7 4 U A &H®E - HY#E - b
H-A-2 350 7icB 2588 GEHEE 7

A0 ERE, 1911~1994 4F) o HEIM LSR8
M7 —4mb, SUROERIAZEN S ORI EE
HMEFEELILECA, BETTOMIRT 1 HAL
T 27— VvOSKBESEICEDER A S,

BRE SRR LERI S A 5N B 16 - SEEHIR I,
“coreless winter” (I7 L X% 4 ¥ ¥ —) EFEETh
RPN KE D EHZE{LE L T3 (Rubin-
shteyn 1962; van Loon 1967). a 7L 2% 4 ~
y—HEE, £F (LA H) o A EEAKED
| FRPE B SIS N A KB L 0 XIS
mEm s [MER] OFHEH /MG S,
H% OURRERTNIC I W T BRI v 21155
BARENEN S5 (Enomoto et al. 1993). —4
T, TEDWHW 2 RE(LERICEY, B 2 O
2 i — IV T D KR O E B P BE O B HER I > b
T, BELAEmED >2H 35 (Karl and Easterling
1999). L7, EEHOWE - FigEsic &
2 RREREZERT 5 LT, BAxOKRELHICo
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WT KO EREHARSBEL LSS,

B % ORHRE [UBEBRR ORI, KB
i (BROWEL, a—-iFy—v) Bdd K
BRI, BRPZPLIKET V7 PRI THEE
WRAEL, TOREBEHIET - JIEEL SRRk
S, MAMRMBS S HKiIchiiTD
(Chang et al. 1979; Murakami and Sumi 1981;
Boyle and Chen 1987; Zhang et al. 1997; Walsh
et al. 2001). —ffic, KIREREE ZEVEEERE
EEHOEBHIHREMES 120, FifLERRKICIE ) 8
WiLEF b OREANDZELL, 2) [IEOS#EL LR, 3)
KBOBBISET, 72 & ORHIITE/LBER S h
% (Boyle and Chen 1987; Colle and Mass 1995).
Lo L, &< ORRTEARIRHSEPERT— 5
WA DB\ T C RBIERRORBER T o &
155728, EHHERORE P HMER LS EE T 5H
5.

Walsh et al. (2001) i3, JLKEH B L OILE -
FEE 2 — o v NEXFR E L 1949~1999 FE ORI

817 5 HANRERZE OBIR KR A ~ v b 2#RL

RERKICRET 2 RIELBER OBEEE{T>TW5S

W, 13- F0 LABBIERRA SRV EREL T

W3, Lhl, COMRRERTELICI0FERNT
R - 120 DA ET TH 57129, BERTLE
DB, BIMERERL50EETS
3. &5, HoOMETIIADERHIS IS
BEZ 2BIRIEIEERA NV P ERENRELTED,
EHFEOA R r - VRIBEBE BT 2 3IEN
BHEROEFLLEATHEL,

ABIER O _BR(LR R BRIV, 1R
5 [9ERE] O LRERSIFITHEERINTVS
—AT, VWb ZHIBKERLIcfEy, BL4OR A
—WVORBEBEDESILEDL>TVEON?] &b
SERICEA B DI, —BLIEHZLEEL T
— S IESWTHEZ TOXRFED & EMICBES
BLEWMKETHAD.

VbelEA T AWRTEILERLE TOME
HIROM EXREH £ BITIR E L, £ OEMEE
BRI F R D 1o 3 DERASIFRNEZ1TH C L2
REWETZ. EFENICE, BARBOSKEEHE
RPBFE L7V - FEHEFEL, SRS
B A RARRER & [RBRES N + ORSERE
L OMIGERET 5.

M THERT — 7 O E AR TR RS [iE
BERRETEHRT 5. LI TR, LEHLeBoTy
M - BRI5 L B4 ORBYEICRE T 2 502175
VT, TTERLALJBEZEA XY MIOWT,
R eBOEN AT - FEHEES»ICT 5.
V TRENGK[EZHER & [BRERERORE
B & OB EREE L, VIIICTHREIBOAKK R
WOERERT. VIIE, FHIETEShERD
SREBER & OBRIC>VWTEEL, BEOD
VIIIZT, AAADERDBRIEL SR OF K%
™~

H BREMERAE

1. &8

ER L 77— 5 ORGEHRB L UAFRL EOH
MEZ1ICRYT. AHETRE, HERKBRCES
(F— 5 LEBIRTT — 5 DREL ST 2BHED
F— 5 = ERT 5.

H LG ERM 5 — # 14, National Climatic Data
Center/National Oceanic and Atmospheric Ad-
ministration (NCDC/NOAA) #»s#2#td 3 Global
Daily Summary (VA% i3 GDS & 0832, 19774 10
B ~19914F) ¥ & ¥ Global Summary of Day
(LL#% (3 globalSOD & B& 2, 1994 ~ 2001 £F) ver-
sion 6 TH 5. Fi, BHAMSPREE N,
Razuvaev et al. (1993) A3{ERk L, Carbon Dioxide
Information Analysis Center (CDIAC) »Eef L T
W3 IH Y SO BRIKET -4 (223 i, 1960
~1989%F) BEBELTHEALTV S, #RIC
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Table 1 Data summary of surface observations and objective analysis
Surface observation
Period Variables Source
CDIAC ndp040 | Jan 1960-Dec 1989  daily mean temp CDIAC
(10958 days) (former USSR, 223 point) http://cdiac.esd.ornl.gov/ftp/nd p040/
GDS Oct 1977-Dec 1991 daily min/max temp NCDC/NOAA
(5205 days) (global, land area) (CD-ROM)

globalSOD

(2922 days) (global, land area)

Jan 1994-Dec 2001  daily min/max/mean temp NCDC/NOAA

http://www.ncdc.noaa.gov/oa/climate/datasel.html

IABP/POLES | Jan 1979-Dec 2001 twice daily 2 m temp

(8401 days) (NH high-latitude)

[ABP
http://iabp.apl.washington.edu/

Objective analysis

NCEP-NCAR
(19724 days)

Jan 1948-Dec 2001  daily mean temp, SLP,500Z CDC/NOAA
(global, 2.5 interval)

http://www.cdc.noaa.gov/reanalysis/reanalysis.shtm

BRLTI}, BF— 7075/ BERERVWCREEE
ATV, RAMEPEEEOEVF— 7 2RELTL
5.

IO ERRBHEIF - 7055, JL¥EkeERz
B L T3 GDS & UglobalSOD 7 — 4 2%
EHT 5. Co5b, FIARRERRIRT — 7 BE

HEHAES (8127 B) D 90% (7315 8) Llb &5 %,

Bl (20°N LD JL$IKT 1843 H1) DB %
XRETH (K1),

EiEy - s dELBAMSEOADF - 5 15D T,
wiE L, &b tEEROBlcE S F-s L
L T International Arctic Buoy Program/Polar
Exchange at the Sea Surface (IABP/POLES)
HRHEL TV A ERIE Uk TABP 7 — 5 &8
3T, 1979 ~ 2001 %) & £ A 9 % (Rigor et al.
2000). IABP 7 — % i, JtBBHROERK 74 LB
A ORE A S ORI 7 — 7 EREREEIC K -
TH 100 km fEfRIC 77 » F{EL /A, HiE2 m D&
m7F—7TH5.

Z WY 7 — % i, National Center for Envi-
ronmental Prediction / National Center for At-
mospheric Research (NCEP/NCAR) BRI 7 —
% (Kalnay et al. 1996; Kistler et al. 2001) %

1843 stations

180

1 BRI Lot ERRERA S (1843 #h
B) o8t
Fig. 1 Horizontal distribution of available
surface observatories

W3 (L& NCEP ¥ — % LHEED, 1948~2001 4F).
KRB 2.5° R, EAERGHEKED -
BEHEESE -500hPalH VA RTF v+ VEET
H5. ho3ERIC-WTR, &ALy y—-AC
£ 10 1948~2001 FDEEFHL T, S SICHED
BMBHTEH LIRS LA ERIE (365 A 2%
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K[EERDOABITEBEE LTIER L. (VISER).
&7 — 5 TEICRHERRCEIES R 205, A
RTiA %L DM FRBEBERERT 2700, §/XT
BEIRURICIRE L TERLTVW A, BENICE,
GDS 7 — # i3 HERIERR & BHRBKIE O FfE,
IABP 7 — % i3 0000 UTC (Coordinated Universal
Time, HEHRFEOMR) & 1200 UTC OKEDFE
Bt zhZThBEERBE LA L TV, 1,
NCEP 7 — % X&) 5 BXE5{E L, 1 B 4[5 (0000,
0600, 1200, 1800 UTC) DOYHETEZRZ N 3.
FHATE, K> LBRAEEYH 2KBD
FHUELMERNR LT 20, UERoBHTr
NCEP ¥— 4 2 EE L L, zhlA o LB F
- % NCEP ¥— it s L RELTHOTY
AR T 2 HICERT 5.

2. JRBERROER
FRRICHIT 2 HXORHLEKEBESH LK K
BEEA N+ L&D &, UTOFIRCHE > TR
e 3.

) BHSICBWVWT, HorEH%ET Day 0 &7
3) OKE (T0) &Z2nLE =12 ,
twax) BORIR (T(@) EDEAT(E)=T()— T(0)
EEE

2) |AT()| HHUE AT, % L% b 1IBRIR
®R (AT >AT,) - iR (ATW)<AT.) FH&L
TR

3) AV rDEEERIT LD, REEhi
FiE (&RE) FH D Day 0 LUK tw BRIER
RS SRR

COFNRZHFMA - HREE T ~XTIHBL, &

METLORBELINY P REKENY v VT3,

B, AR - BREMAZENZTHERBICRIELT
Wa7ew, 1LLARSHBRRECERCRENRIE
FLEBSIRFE - BREFFAHE 1 BT RIS
na.

KUm OB, FEREET - BRI~ 0T,
RHEEERL] OXENLCEERLYV. BEE
FTORELID by BLU AT, BIEBICHETTHE
TH 5. HERMOBELSIEES LT ATEKEOE
BEREPEALONDY, BEFEIFTEHE - s
TERKESRUEBZ1D, ZAREOBHIO—>TH
% ISR O LU SRS L 75 %

RERDRT v 7 RILKic B 3 e BT
BT, B4 OB T &I ARITHIRI P Sthis
WRIEBH, BREXRBIBCEBOMERECHL
TH—SNIERIFELHEVWES>TH S (Boyle
and Chen 1987). ‘

AEERB BT 25 & 1B, KBo&#:
RPEWMELTOBHEF &5 5. Rogers et al.
(1997) THESO TV ARBREAI NV +TH,
7Y -5 v RKEKRLEIRBWT 24~36 BT 12~
I5SKDREPELTVWES, £k, TEyILDNL
¥s~3% (Baruunkhara: 106° 4'E, 48°55' N) ic &
F3EBRRBAEBIc LD, SHMIT20KRERE
DHYEAM EKRBOETHSBEME ATV S Mi-
yazaki et al. 1999). X 52, 1989 FRKDT 5 A A
LB BFEA N FOBE, ROEETERIK
EVWHIEICBVWT, THTHOK O EKRBEREN
Bl TW3 (Tanaka and Milkovich 1990;
Tanaka 1992; EL# - EHrh 1999).

FHATR, ThOoRTARTOTBENERES
EZLLT, BROBELE t..=3day, AT.=20K,
EWSEEBEEREES LTHERL

COERICLOVREBSINAZRBEREI RV O~
Pl 2R2icRd. M2-aldfiy~Y) 7EMERD
ko N 22 (Turuhansk: 87°57'E, 65°45'N,
BIREE3T m) KB A51975F 1081855
1976 4 B30 B TOEFGMETRTH 5. H
PicREERF (LR &XH) »3E, BEER
(P& KED) 56 ERHEE N TV,

19754E 11 B 19 HO BFHKIEE, 232 1K &
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(b)
14000 " 1 N 1 M ] 1 L 1
Turuhansk I
12000 | (87.95E, 65.78N; elevation=37m) L
) L
10000 S "
E 8000 - .
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~
<
2000 - > |
/ .
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] T Sy
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200 210 220 230
T[K]

T M I
240 250 260 270

B2 SRRBZEAA~v+of

al bewnvRy (81°57TE, 65°45 N

#wHR3Tm) o3, 19758108 1

: B o 1976 E 4 A 30 B TOAEHREKRRT. EEz (TRZX) RENIRE
SNnRE (%) FEHo Day 0 8BRS 5. b: 19754E 11 A 19 B 1200 UTC
() & 19754811 A 22 A 1200 UTC (W43 OREOHEFo 7740, K

2~-a ® W1 14~ Dl

Fig. 2 Examples of abrupt temperature cooling event

a. Time series of daily mean surface a

ir temperature at Turuhansk, Russia

(87°57'E, 65° 45" N; 37 m above sea level), during 01 October 1975 through

30 April 1976.

b: Vertical temperature profiles at Turuhansk. 1200 UTC 19 November

1975 (solid line), 1200 UTC 22 Novemb

WHOBKE TH B0, 21 HIZ257. 8 K, 22HiC &
263.8KIT:ELTHY, 9L S 21 HO 2 HET
B.TKORBLE->TWE (K 2-a DEHHD L[
EREHD. CoFfloBEeicit, Day 0 (FiEBHA

er 1975 (dashed line).

B) BI9T5F 1B 198 &KL 5. EBO Y v 7
BAlTHoh /i [UBOHE 72 7 7 1 L HE 2-b
TH5. 19754 11 A 19 B 1200 UTC O E il i
2, hEREREIX 229.5K T, BE 1000 m HEE.
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TIEIBOKESEE (1000 m TH 20K OBE
%) PEELTVS, 728R% o0 11 B 22 8 1200
UTCicid, M EKEAH 265 1K &7y, £ L5
T3 260 K HIR D 313 %E O K KE A& 3000 m
fhEE THREL TV 3.

COFIDIBEICE, BREE(LEHMRRERCSVWTR
ROZENE L7325, FiROSEFHE I HREDIZ
BL2BRERATWVWS. $1bb, HIREICE M
WEZBOTEK, - B I T, MRBLETER
BBANEDL->TWBIEERLTWVS,

1 BRES - SESORTYIREL L 0EEM

SURTZEA ~ v b OB 1T SN, JLIkEE
Wik 2RES - [EBOTIGREL H 4 OXE
HORKEZICO>VWTEEHTHL. K3id, NCEP
F—% (1948~2001 F) k&AM EKE - BEE
IERHE - 500 hPa EEESD 1 Aic ki 5 BF5(E
(FEHR) & HNECEERFZE BN £2R7.
Bk, EHERZE 1948~2001 D 1 BEE M 5D
REZRAVTHELTWA.

1 A ERRE (K3-a) 245 &, IREH
THRBEPALE->TED, BEHICBY 385EED
B3V PSAMBREVTEERLTVWS. HiE
[URD B 4 OEBIEE, ATE - KTGES & Ol
rohal, REEETKEV., KELOKELEHD
BAIIE, 60~T0°N DEERH L A+ FitfERO o
v F —IIIRERRC /R S s & TH N D, BRI
AR AR TEDN S 1), BELL TR
B4 ORREBENRE 450, KELTOBK
LD PhEV. T, FEEGOFVW I Y-V
v FERC & BIEEKRROE/NEIE 7+ 5L
O B ISR & B o~ ) THtBIC A S 3. s
&bz, FEKER/INEICEY 2 B4 OKEEHE
(3 BEE 9 A g TR h & o,

158, IABP 7 — #ic &k A LK /E © A E &

gz &, Sy vifhE T NCEP -5 0
FREEESKEL, B4~0XEHHd, Bigc
NCEP ¥ =39 DEMWREL B >TWV3 (NIR). 3
Wb, NCEP ¥— % T3, v v vilfhiics
% H 4 Ot ERRZEY M &8 KERM L TV 2T TRE
Mk B,

1 AESES (K3-b: %) 245 &, E
ETEKE, JLKRFE - LKFETT ) a—v e v
BRE- 7425 v FEKE, LHEQEED b

FRAMPEELTVWS, Bica—35 v 7kEETIE,

T v INGEBEERICRLERD YR ) T EREBEE
T, LEHERBCREEESRKE V. B2OKE
EEOBAIRIL, 72—y VERFEOHLHS
RHEBLUTA RS v FEKEDOHFLH o RALTERI
KBUTV 3,

X HRERED 500 hPa BREE (K 3-c) i<k
TR, AEEE (FER <), dekXEoIER
Ea—35 7 REECRANCHABI b 5 748, Fa—
oy NEBRANCTEV F 5 750, B2 5L
L3NEHLBRIBEE->TW5. BADEBHH:
(FERER) 13, BESKES & RHICILRERE - LK
PEETHRALLY, FHILARTEERTIREGHOK X
A & O FRBIOBILRAEICHET TV 3,

BEXROEBEEKIBOZERN I, JLEEkERE
WicREkBEL T, BESAELTAYOKE
EBPBRE L E2—HT, BERGOXHMHIIEICE
HELTRREH TS,

IV [URRERROSIURFHEH

1. ZEfE5S

H4ic&7— 9 XoBRHISN[BRERES NV b
A (FE - BROAR) OKELHERT.
a), b), ¢) @ZhZ i EKKBRE (GDS, glo-
balSOD), IABP ¥—4%, NCEP ¥— % %2{EH L7
RERKAGERT 27— OHEHETH 3
19794 1A » 191128 (13ER) 8 £ U
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R parYeis

100 150
Os00z [M]

3 1948~2001 %@ NCEP 7—# ZF\/z 1| AOREHRURE (FEhR) &L HBECFRERE (B

a: WIESE (A sKREMR HRERZE 1KMR), b SEEERE (H¥Y: 5hPa i, EHEFEZE: LhPa MR, c

500hPamE v ARF v v+ VEE (A 100 m B, (E%EZE: 10 m B

Fig. 3 Monthly mean (solid line) and daily standard deviation (shaded; SD) based on the NCEP-
NCAR reanalysis in January for 1948-2001

a: surface air temperature (5 K interval for the mean. 1 K interval for SD), b: sea level pressure (5 hPa interval for

the mean, | hPa interval for SD), ¢: 500 hPa geopotential height (100 m interval for the mean, 10 m interval for SD}

FEI

— 615 —




1994 1 AH» 52001 E 12 8 BFER) 04a:t2l
M, d) [ NCEP ¥ — % O£k (1948~ 2001
F: MAER) OBEERL TV, KEEHAK
WTEBBLR NI TRBEEA N+
MRELTBY (K4-a~c), Hicl) v 5Lk
ES L BEICH T TORIE, 2) 7524
W oA F FITEER - A F FEIRERIC 2 T DA,

KEBNEFETBRLTVE. hsSHIMEI,

K3 iLBWTHLX DRBEEBESKE VIR E b &

C—BLTVE, 7, CHOOATR HEDE
BAA)NFRZE 5 it (Chapman and Walsh 1993
Yasunari et al. 1998; Folland et al. 2001) *°,
HRESED ERERMKE OHEE bEELTL
% (Karl et al. 1993).

YN Y TEMID Sk v XY T BRI A i
TOHIERIE, LFEKTRBEES NV P BRLBHR
THHBDO—oTH S (K4). RE - BEOSEH
[EIHASRASERE & 75 21 EKRKERAME (F o v
vR27: R2TRLCHA) T, 8 1977
F108 ~ 191412 B, 199441 B ~ 2001 £ 12
R: 2235 A) o&itTl167H, THbLEL
7 EOHEETHRBRE O LREA N M sFELT
W3, LHEERTOEBICH -5 L) ORI T
i3, BIEFE—OBEFICMET 20~ THEEP
7 5 2 AU & & H T RAEER AR DS
L, BRMO~Y) 7TR, By THIRE D b
VRO B DEHE S RARE (RIBEVIEE) 15E
BRIKEELTWA I &5 (Kahl 1990; Ser-
reze et al. 1992), v~ FHUR TORESLEH
REBHER 7 -V TOKESEBOWE - BigaiR
HLELATVWBEZEAONS.

¥, FEORILRIES 7 £ U & ARERERY
&, KERETE 20°N 1 TRIBEEA Nk
DOREPREINTVS, KERETIIESOWE
UHBFELPT < (EFH 1978), EBicIhSEE
EMUIS TR S N B OL { BTRRETA <~ b

THo1c.

LhL, M ESKERICE S RER (K 4-a,
b) LB T — 5 icE S RERM (K 4-—<)
EHBT L, E—0RFHEETH2Icbhbb b
TNV VETETEEICKRE LRSS LN S,
NCEP ¥— % (K 4-c) A, IABP ¥— % (&
4-b) D6 ELLE, 21 FERMIT 200 ML EOKES
BARY FBREBENTVE, ok~ LYy
B B1) 2 IR R WIS, EkBlERick i 5
BT - s oREYS BRI s EEL o0
%2 1o, FHETREEgME, ST 3.

oL, MERKBRNF— 7 L EEFERT —
F Ik BRBAEA N P RERMSH 5 KT 3
&, NL Yy BHIREREKEST - RAEEKE b
KEBURMELTW:. 1, [UBEEIXV
REORE (e AT) Z2EFELTH, RAEEK
DAL 5 A MBI ITIE—F L Twi (X8).

FHETEH, ERREOKE BRBRLERR LM
WXIR & T 570w, Lk NCEP 7 — 2 ot k&
BICESWTRBREM NV b REEMAIS Y
Ml %8R T 3.

KURBEA N P BFRMISIE, K 4icBVTER
THE N (A) By~X) 7iR, (B) 75 24
B, (O &7 sitmEti®, (D) #+ syEERLH
], ©4MERIRL, DIBoBiTicERT 59,
o4O EME B IEE— (1.7~1.8X
10°km? T 3.

EiEagic VT, HiokEREOREVWES
AELEITNRE T 501, KBV THE
ERED 50% LI ETRIBRE S ~ v P BEHRIS hic
Bex [HBKEELEI NV ] EEHL, Do
fRtrcERT 5 9.

2. ZEEE
"2, VOl ORBFIESWTREE ML
BIUBEZEA NV O ABSERE (1948~2001 £E)
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T = Lo TR

o

E T,

a) GDS, GSOD o b) IABP ,

_* 40-79
O 80-119
® >120

180° 180°

1 40 80 120

d) NCEP (54yr)

180° 180°
1 40 80 120 1 80 160 240

K4 SRSERFAREEMOKEST
a: i G REMMS (GDS, globalSOD), b: IABP ¥—#%, ¢ - d: NCEP #—#%. a-c OHiiZ 1979 | A5 191 F 12 B X
O 1994 5E 1 Ao 2001 £ 12 HE T (21 ), d OWIMIE 1948 5 | A» o 2001 £ 12 B T (54 ). [BEEERPOEERG I
0 2218, KhoBugclHE Nl O, FFETRIRL AK[BREAS <X P SRR IV 0 | BIB) £86ET 3.
Fig. 4 Spatial distributions for the frequency of abrupt temperature change events
a: GDS and globalSOD, b: [IABP/POLES, ¢, d: NCEP-NCAR reanalysis. a-c: January 1979-December 1991 and January
1994-December 2001, d: January 1948-December 2001. The four study areas are surrounded by thick solid line.
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*®2 [EERBEEAM N b OHABIFELBEL (1948~2001 £F)

Table 2

Monthly frequency of large-scale abrupt temperature

change events in each area during 1948-2001

Frequency of large-scale abrupt temperature change events (1948-2001)

Western Siberia

Oct Nov Dec Jan Feb Mar Apr | Total
Warming 0 7 8 6 4 3 1 29
Cooling 2 11 10 4 6 1 0 3
Alaska
Oct Nov Dec Jan Feb Mar Apr | Total
Warming 4 13 7 8 2 0 34
Cooling 0 2 4 5 3 3 0 17
Northwestern Canada
Oct Nov Dec Jan Feb Mar Apr | Total
Warming | 0 0 14 20 8 3 0 45
Cooling 0 5 12 19 5 0 0 41
Southeastern Canada
Oct Nov Dec Jan Feb Mar Apr | Total
Warming 0 0 5 15 7 3 0 30
Cooling 0 0 9 20 10 3 1 43

[RihA ~ v P OEHEBEN VO 1) 818

ERY. BAREREE 5 ABTATIE, SRS
&I 100 B & 160 [EFEEDRE - (BB 1 ~ v ks
BllshTowich VOl TERLLBRER
AN+ DOFE, BHIBLE bEARETHD 4 5
DIosHRDIEBEEITIEPLTVWS, 752
ATORBETA <y b 2ER< &, 54 EMDLRSE,
[UBEZA N v M BHIEE b 30 1 S 40 EIREE
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Table 3 Averaged frequency of abrupt temperature
change events classified by regional averages

for seasonal

mean surface temperature

anomaly during the cold season (from

November to February) for 1949-2001

1949-2001 cold season (NDJF; 10-year)

Area Warm (AT) Cold (AT) Normal (AT)

W Siberia 2.68 (+3.27) |3.16* (—3.84) | 2.98 (+0.10)
Alaska 2.64 (+2.92) | 3.16 (—2.90) | 2.91 (+0.03)
NW Canada 2.85 (+2.83) | 3.60* (—2.85) | 4.15 (+0.08)
SE Canada 2.31 (+1.83) |2.85* (—1.68) [ 2.52 (+0.04)

1979-2001 cold season (NDJF; 6-year)

W Siberia 2.59 (+3.49) |3.07* (—=2.67) | 3.0l (+0.07)
Alaska 2.65 (+3.25) | 3.14* (—1.13) | 2.87 (+0.05)
NW Canada 2.72 (+2.72) | 4.00* (—2.32) | 4.38 (+0.16)
SE Canada 2.37 (+1.23) | 2.67 (—1.63) | 2.22 (—0.04)

EIA G ERFEPIRERRE BEREMOEHREBKOH LRF
*) 13, BEIAL - FEEM L R LIBATLESRREOAN
BEFESRH &0 SREBBBED - LI LEBKT 5.

Temperature anomalies in each case are also shown in the
parentheses (in Kelvin). Superscripted asterisk (*) in cold
anomaly cases means “robust” increase compared with warming

anomaly cases.
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TW3, WFhOBIcE W T &t ciRIgFEE

FEOHBEIREBRIT NS VT DS, ANTF -
Y DEICLBHEBRINSVSDEELONS. F1o,
SUREEA NV b OREREIEL DEEN bK<,
Y7 Y) 7L ORI BETELN. 20
RIED 7%, BIR L1 10E (1979 ELIFE I 6 F)
P REREDIRM PEE - L L b2 7V -7
SEILT, FERRCEIREREZHE LI L5,
EDDLIT L ~Y 7 & A F ST D 2 Hif TEAE
REFIC BT 2 REBFMRED LTV,

Ekic, HEKFBRAF - TREShAKER
AR/ P20 ThH, BERREE - BHREEEC
AL TR ERKE LB L/ L T A, NCEP
7F— 7 LERRICERBREFCIIEIEA NV MR
HERIE AV D - 12 (1978~1991 £ 6 £ T 1995~
2001 EDEBI: B 2ERN). S bk, P
RURREEZR W TERE - IS0 Er20 # A THHR

—619—



LTS RERB AR Lo s T A, TIRARH
F SRR THEHREERICKE RO BA SR
B, YN TBIUNF FILFEERIC B W CRER
EZRALERBREADENELC B » T (
1), WEA LT 3L, misie bRBADH
SRHILEER LERETH 505, FHY~Y 7R
TORBERFRZARBEGREROH 0%, »+ 54t
PEESHIR T34 25% &7 b, FIgRERBORD
SRR TH - /-,

Sl 7c & Hic, NCEP 7 — ¥ OgHriafe £
& (1949~2001 FEEEW) T, BEBFEOA
NF—9HE - BEHITELTWA LY, £
SiRR{LIER & OBEE R/ T A ICIIEE AT 5
WHENHD. 12120, 1999FEDETIE, ik
b~ ) T & AL FERR ST B\ TR BRI
RURAREA XV PBRELICSB2TVWEEWL
5.

VI SKIBERBERROWLEIS

LT, MBREFICBIIRBELEI NV
RECHOBODBERTH ~ 12, 7+ yILFERETE
YNR)TO2HIBICOWT, LIBGEEEI NV b
RENFORES Oh EKE, BESE 500 hPa M
) ERT. Bk, DEBETRTARK (K5b&
UK 6) Tid, HIFE@E (1D 1EB) »o0R
% (BER) BLULBHOLT -5 OFYHE (%
B =&LTWVAE,

ol i

B 54+ FAETERic B 2 B SETER (4]
BH) 0&KK%RY. Day -2 (BEER® 2 B
i, =Y v 7 S h ¥ SRR O Bl ic »
FTHVESREESHE LTV S, BROEBIfE
> TEBREBIIFETL, Day +21icid, T
—12K LBWTERIRE 1 - TH F SHLTET LicE
LT3, RBREBRORIRE TIIBEER A X

{, BOKISHRRAIBELS oM. FEEoR
BEh@Ecid, 752 EREREDMERTEEE
Y, Toyx s JSNRERIEE - TW3, Day
41T, BEKEB TRT 5 X HiBIREEHE H +
TP OT A ) APFERD S L— + L — v X
D 2 B EREREOBEARAA LN S,
ChoiRESE - [ DZE/MANT & £ ORI
i3, JERRELORIOKH L ¢y — v & B LG
LTw3a. EEIC, Colle and Mass (1995) i< &
BILKRTOERE IS RE R & 39 FH (1965~1989
F) 035 9BH3, FRARTRES NS F 5L

PEERIC B A LBREEE I NV P EFIBEL TV S,

ULDER»S, #+ FImERic s 3 BEIKT
ARV MR, TIRAMNETOT 05+ v IEBRE
RIS > BKURHLBIE (BRI OEA) 2&5
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Northwest Canada ; cooling case

—~ pm— A T, (K] ~—==m e ASLP[hPa]
-2 2 -4 4
5 A yitEEERHsic B A RBRIET 1 ~ v FRIROARKK (41 BF): HEH)
5 i ERiE (6 K Ei), Ry EEEERE 4 hPa MfE), B51: 500 hPaf V4 £ 7 » ¥ + LB (50m
BifR). ThThEER (Day0) @ 2 BAT (Day —2: &L 2o 4 ik (Day +4: RTR) £TOLK. &
EHOEREFN (102) B8 BESLEENTEEE FX1 01818 hooREOLEFHTYLET.
Fig. 5 Composite figures of large-scale cooling events in northwestern Canada for Day
—2, Day 0, Day +2, and Day +4

left column: surface temperature, center column: sea level pressure, right column : 500 hPa geopotential
height. Solid contour shows original data composite (5 K, 4 hPa, 50 m interval from the left to right
column). Heavy (light) shaded area denotes positive (negative) anomalies from climatology (white
line intervals are: 2 K, 2 hPa, and 25 m, respectively).
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Western Siberia ; warming case

I e 7,

i

R

!

N
5,

& LY Fy E

[ " 5, %i‘w
< — AT, K] ~~omg e ASLP[hPa] <z — AZ[m
2 2 ' -4 4 50 50

K6 FHr~)THIRICE 2RBRERA N FTROSEKRR (29 B SiE)
5 # ESRIR (5 K BRR), k¥ BEEIERE (4 hPa fEFE). £ 500 lPa BTS2 £5 » & + ABE (50 m
i), €hehEHE (Day 0) © 2 BAET (Day —2: JEBR) 25 4 H% (Day +4: BTE) 2 TOARK &
RHOERRIEX 102) BB BEREANEEE FX018R) »oORECLENTIGERT.
Fig. 6 Composite figures of large-scale warming events in western Siberia for Day —2,
Day 0, Day +2, and Day +4

left column: surface temperature, center column: sea level pressure, right column: 500 hPa
geopotential height. Solid contour shows original data composile (5 K, 4 hPa, 50 m interval from the
left to right column). Heavy (light} shaded area denotes positive (negative) anomalies from
climatology (white line intervals are: 2 K, 2 hPa, and 25 m, respectively).
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Climatological Study of Abrupt Surface Air Temperature Changes in the Northern Hemisphere

HAYASAKI Masamitsu®™ - TANAKA H, L.** ***
(*National Institute for Environmental Studies, "*Frontier Research Center for Global Change,

4+ ife and Environmental Sciences, University of Tsukuba)

Climatological characteristics of abrupt temperature change (ATC) even‘ts in the northern
hemisphere are examined using NCEP-NCAR reanalysis data for 1948-2001. An ATC event is defined
by a daily mean surface air temperature difference exceeding 20 K within 3 days at each grid point.

ATC events are frequently observed in the interior of continents at high latitudes: western Siberia,
Alaska, northwestern Canada, and southeastern Canada. Most ATC events occur in the cold season
(from November to February), but there are some seasonal dependencies in each region. In western
Siberia, ATC events are frequently observed during early winter (November and December)}. On the
other hand, the peak of ATC frequency is delayed by about 1 month (December and January) over
North America.

The frequency of ATC events decreases by 15-256% in warm anomaly years compared with cold
anomaly vyears, especially in western Siberia and northwestern Canada. The typical synoptic
evolutions of ATC events are described using composite charts in the above two regions. In the
cooling case over northwestern Canada, an intense blocking anticyclone' was formed over Alaska
prior to the polar air outbreaks into northwestern Canada. In the warming case over western Siberia,
the Siberian high was intensified accompanied by the southeastward passage of cold air from the
West Siberian Plain to East Asia. This pattern resembles typical polar air outbreaks over East Asia.

These results suggest that ATC events decrease when global warming is intensified.

Key words: surface temperature variability, polar air outbreak, global warming -
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