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Predictability of the Vortex Splitting in the Polar Stratosphere:
An Ensemble Reforecast Experiment for 2008/2009 Winter
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Synopsis

A series of reforecast experiments by using the ensemble prediction system of the
Meteorological Research Institute is conducted to investigate the predictability and
occurrence mechanism of a stratospheric sudden warming event in January 2009, which
is a typical polar vortex-splitting event. The polar vortex splitting is predicted for
forecasts initialized after 8 days before the warming peak. It is found that in the failed
forecast, the upward propagating planetary waves from the troposphere are reflected by
the polar night jet and propagate downward into the troposphere. Thus, this study
indicates that the propagating property of planetary waves in the stratosphere would be
another important control factor for the occurrence of the polar vortex-splitting event.
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% JE 8 24 8K 518 (Stratospheric Sudden Warming;
SSW) 1%, A Xy MEEROMIROBIRICLY, #

PRI FN RSy S B9~ 2 2L (Displacement) &,
HOARBE Ry N T 5 34 (Splitting) D221
¥ X% (Charlton and Polvani, 2007) . @& 1X

Z D% O T RO G MAFICHR 2% (Mitchell et

al.,, 2013) =%, TORJNIEETH D

SSW D/AERIZIE, < b, MiiEToT ey *
v HLG B L“Cb\é_ LRSI NTE
(Labitzke, 1965) 2%, IO TIL, SSW OTE
2, 78y T ORANEIZESNT, SSW AR
DEETH D LBz b D BRSO IR R % 2
fifd 52 ENRAALLNTWD (Martius et al., 2009;
Castanheira and Barriopedro, 2010; Woollings et al.,
2010; Bancala et al., 2011; Nishii et al., 2011) . =15
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PHE e iy SO EHNIHA R SN TR Y, 204 kiR
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&L ZAT, EE, RRNVFITET 2EICB N T
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SEICMZ CRBE E CRIGT ARETIy AT
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FE#EER O T FTEEMEIZ B9~ D FFEIC BV TRE A LT F
AINB Lo Tn5D.

ZOT YT ATHRT =X EHNT, SSW OF
HIFTHEMESC, SSW L xtifilE 7 m v ¥ v 7 L Off% %
7ML & LT, Mukougawa et al. (2005, 2007) 73
BB AEHIE, 2001127 IR LA BL O SSW
IZOWTC, KRETHREID AT Y v T AT R %R
THZ LWL, ZOFBEY—7OTHIELRL L
H2HBERRINOAETH -T2 REib 7=, $£7=,
TV TR RO T ZHBEICLY, bR
EETHEHSELTWE-Tey X P EaEN, 20
SSW DARICIRERN 2 EEZ R L Tzl Lz
BELRZ. LT, Yuavdr/@akEsim LR
ZH OIS 5 2 o AR &2 1T, T ey s
2N SSW ZB|EEILTWAEZ EAHMITR L.
Z D%, i, Hirooka et al. (2007) (2 & ¥ 20044F1
A DA, Nishii and Nakamura (2010) (2 X 0 2006
FEIAOFEFADFRLNEZN, 2R S50FHFITHTN
LENE SSW THDH. TDi=w, HpEE SSW D
EFERFR & FRIFREMEIC O W T G, [AAED ISR
HThD.

ST, 20094E1H TAIC, 79AATCRE =271y
X E ERE, BEROAM SSW N E 2
(Harada et al., 2010) . HfE, HAEIIAT BT
T RIE, KK - REEZWIHIH & 32254 03—
TiE, REET 5 L7 7L (LAF, Hoffman and
Kalnay, 1983) & Z&72 LT (50A »/3—) , #1[ASE
BINDDN, ZOLEZOTHORAEZ, LHME
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AREVEL AR T m A ARSI T LT LW,
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Fig. 1 A Schematic diagram of the experimental setup.
Each blue arrow indicates 25-member ensemble

predictions.
2. EBRHETE
KT, REWREAFTRIAKREEREET LV

(MRI-AGCM, Mizuta et al., 2006; 2012) Z W\ TF

MEBREIT-T-. EFLORTET, KETFOHHE]
A THERREE L, KEMEEIXTLIS9 (8 7 F R
134110 km) , SRECARMGEE 1L BdG 0.1 hPa E TD60
JE & L7z, EELRHHELER L LT, 4 3R
EERGEME 5 2 7o, BERGFEE U CEE R E K
BE, KEECIHOREENMZ2 -0 %5 2 7.

EFHOBSHEIT60H & L, £ HI12 UTC %)
i & Uiz, FIHMEICIE, KREMERT 37
VY AT & (MRI-EPS, Yabu et al., 2014) 12X Y
B &N = b D% A=, MRI-EPS T, #)H1#EH)
ERFIEE LT, EE— FEMK (Breeding of
Growing Mode; BGM, Toth and Kalnay, 1993) i % £%
LTEY, ZRICEvAERSINZEE (=12 —F
*C) &, AL L CHE L7 ERA Interim (Dee
etal.,2011) Mz sz Lick v, & H C25MD
MIHMEZ HE L.

Fig. 1 12, FEM L7z PHOFHAKZ =T, 200941
ATHMPB30H ETE TWMBAMA &3 230025 2
VR=TF Y TN T U ERE L. AR T D
SSW OFREEY—7 HIF1A2ATHD. 7ok, Z0
SSW FfBI D central date (FFE10 hPa, dL#E60E
B 2R E O35 H, Charlton and Polvni,
2007) (X1H24H CTH BN, Lk, EICHEEY—7 %
ML LT, PRIRRARRT S LICHET L.
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3.1 1BIRE DR R D EHT
THAERICKH LT, FT, WIRIRE O R RSO

Wr#&47 - 7. Fig. 2 |2, ME10 hPa (281} 5 AbRik
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FER A RT. Fig.2a |2, Fig.1 ¢RUERT, =
fa—nT oo, ZBEENDDORZEEEY TERL
TV, N TEHICHNTE (ERA Interim) DfE 4 &
9. F£7-, Fig.2b 12, RAHFEOEAT, EEHETT v
T NVERfEE, B TAT LYy K (Trdr 7
WA N—HIOREEERAE) OEEZFRLTND.

9, arbo—1T Ok E (Fig. 2a) ([ZHH
T5HE, FRE—27 OSARNIHMG LI THN G, &
Wiz, AREZHEETLILIICRosTWNDH I E¥bi
5. Fiz, FREZTHCELZTHIZ, TOBROBAH
LRSHIALTWAERTABE TS, Z0oZEh
5, O THIPTREMEDORRANFEST D &N
HERTE D, Fio, TR L7z T#® T,
FEEIZAR L7 SSW ITHIL S TWARWnA, TH
RN R 7ed L, RED SSW LIXR2LBOR
BRENFELEL TV, 20D, Z O OMEIH
WEHFEIABRETh T2 AlRetE R H 5.

W2, 7oH o 7AEHEZF Ly R (Fig. 2b)
WZEBRTD. £9, 7o T AEHTYL, SHATN
LAWMIZ, FREZOBOHAEZ RS HHTEDL X
SN oTEY, BBOay ha—/LTHRIEFMN
ENRbDTHDLZ ERbNrs. £, A7y RN
HHDE, OHAMHEIC L THT, Ry —2
E%IZ, RATICKEL o TV AT T 5
ZEMNTED. B, TRLUAIORZITIE, A7
v FIFdERIC/hE <, 2, AUF#EZcH, #l
BOTHII/NSRAT Ly FOEEZRLTNWS. @
W, A7 Ly NiE, PHERICHAIL TRERY,
HOLBEOHETCRHMTLEBZLLNN, SROT
VYU NAFHROELIBEDTHRNTHL LMD
m5b.

IDLEOT YT NVORDEENEFEL L AR
5728, MIGIRED SV 2 — LM %EHTHD. Fig. 3
2, FEE—27 01388, 9ARI, 6ARTZAHA &
TLHTH T NATHREA L NR—DFEREZ R LTz,
TR IR, HWTT v 7Y, BfTa
Yhru—nNZ v, KRTERT U ERT.

FRE—7OBAFTZMHA LT 5THTIE, &
TDAN—, 1H23HD260K BOFHEE—2 %
HHELTELY, 200K BROKREOEETH D (Fig.
3a) . — 7, RIREY—Z709A/EZ WA LT 5 T
T, EOAAN—HFHBEMHEMZRLTWVDEH, W
KOMD A N=UERH SN HIREFHEL T
R, R DA = 3230 K FEO /N 72 FHIR T,
7 BT T SICERRE~E K> T 5 (Fig.
3b) . Fig.2b TEIRINEZAT Ly ROWKIX, =
DEICLTEHREINTND. 2k, FEEY—7 06
HAiZMHA & T2 THRTE, o A"—3HIR
ZRLSEHLTWS (Fig 3c) .
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Fig. 2 Predicted 10-hPa north-polar temperature
initialized every day starting from 1 January 2009. (a)
Anomaly of the control forecast from climatological
value. (b) Anomaly of the ensemble mean from the
climatology (contour) and spread (shading). Shades in
the lower part of panels indicate the analysis.
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Fig. 3 Time evolution of 10-hPa north-polar
temperature during a period from 1 January to 31
March 2009 (red line) and the ensemble forecasts
(gray lines) starting from 10 (a), 14 (b), and 17
January (c). The blue line and the black line denote the

ensemble mean and the control forecast, respectively.
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{a) 13d FCST

Fig. 4 Spaghetti diagrams of the vortex edge (the isoline of 36 PVU) at 850 K isentropic surface for 23 January
2009. Thick red line shows the analysis (ERA Interim) and thin gray lines indicate all (25) ensemble members of
ensemble forecasts. The number in the top of each panel shows the lead time (day) of the forecast.

3.2 WRDOHKDZH

WIZ, & THMTHMBOBIRNS EOREFILTEX T
WA M EAT. Fig. 4 12, HEEY—27HO, 850K
ERNLHE IS BT DR OZKIZ DN T DRSNS T ¢
KMzZHET. 22T, WiRoRKT, $HEF IR O
BT L VEIE LT Ertel ORT V3 v L E
(Lait, 1994; Matthewman et al., 2009) 36 PVU i
MELTCERLE LAIOAGITRZWIMA L 45,
BT U T ATROBERERLTEY, K TH
HrHE, KR CETHRMEERT.

FRE—7 O8HRILIEEZ WM H & 325 F# (Fig.
4f-4h) 25, BIROSHEFBE L TV LTI
T& 5. TOHEBNILE LT (Fig 4c-d4e) T,
WEOR A NEB L TWD Z EITRD LD D, Wi
D2O DI ~DHFHE T PRI TE TR, ek,
FHRO TR L= TR TIE, FOEZIZHEE?
RO I L, FHBICEALHIET, 2IEMEO
FERICE->TLE S (BRE9) . £/, L
D, FlziE, FREY—70138Ri A 35 F
# (Fig. 4a) TIE, BWE2OHIENIEE TII2<, W
MIETERZEL S, EELXREFHEDLYICT
NTWORRTEBETHENTED.

3.3 REBEDZH

—RI, pfEEICB T D mimoOmEIEL, £, %
T D EFERE LT 2 EIEEE O K S Z 2344
LTCT\wW% (Newman et al., 2001; Polvani and Waugh,
2004) . 22T, WIEBEEZRZKTLZLICLD,
RIS O BRI OV T OB 2{T>7. 2 2Tl
Andrews et al. (1987) @, ERi#x4%E S AR 2B )
L57VIT 4T HBRLTO E-P 77 v 7 AEAN
7.

Fig.5 |2, 1A10H (1BtH) , 14H (2B H) , 17
HE¥MHE T TH BEE) , ROMHHE (4B
H) ToOEEBEOZKRERELRT. 2k, 1A17
HEHMHE &THTHRORD, BOSEE S £<
HHELTW5D (Fig. 4h) . ZFNIZ, REE~MEET
HIRIEBNE A LD =D E-P 7T v 7 ZADEERK
oy%, BHFNT, REE T ORIEENE DR A D T
BDIZ E-P 77 v/ ADFEMELZRT. 1A HOREH-
mENHNEZEL, BEFTHEY—7E2KL TV
Z. W#FEE I, JLHEES0EE LARIZ BT B I E
AL, mE100hPa 2°51hPa £ TEERL TS,
FHERT, KA VNAN—THHELEZ EP 7T v 7 A
OB - BEEEZT VU TAEHY LD R
FRL TV,
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Fig. 5 (Left panels) Time-pressure sections of the vertical component of E-P flux averaged northward of 50N (units:
kg s) from 1 to 31 January 2009. Each panel from top to bottom denotes the ensemble mean of forecasts initialized
on 10 (a), 14 (b), 17 January 2009 (c) and the analysis (d). Thick vertical line denotes the date of warming peak.
(Right panels) Same as left panels, except for the E-P flux divergence averaged northward of 50N (units: m s).
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i, RESEARLS>TLESTWA. BITETIE, %
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