TR R B WPt 25 57 5 B Rk 26 4F 6 H
Annuals of Disas. Prev. Res. Inst., Kyoto Univ., No. 57 B, 2014

%rﬂ » A
:II:@,.\ & D

?E’Fx

TS UTILFHERA

FRIRTREIEICBE 9 S 4T

Analysis on the Predictability of Wintertime Stratospheric North-Pole Temperature
Using the JIMA 1-month Ensemble Forecast
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Synopsis

Predictability characteristics of the wintertime stratospheric polar vortex are examined
through the systematic error and the ensemble spread of the predicted north polar
temperature by the operational 1-month ensemble forecast of the Japan Meteorological
Agency during 7 winters. It is revealed that in early winter, the systematic error has
significantly large positive values due to the underestimation of the equatorward
propagation of planetary waves in the stratosphere. The estimated predictable period
based on the ensemble spread according to Lorenz (1982) attains a maximum in early
winter (more than 30 days) and gradually decreases with the seasonal march.
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AZERBEICBWY T, KBEBBERERHFER
(Stratospheric Sudden Warming; SSW) o X 9 723
RPEBRRMZAENEL D &, FHITH & < HOE MR E
OHMIZKHEE O ABERERFEALZI ESEZ T2
L, WL OLOBRBEIC L > THLNZSH
TV % (Baldwin and Dunkerton, 1999 ; 2001) . -~
T, xREICB T 2 KB KRGED O E# T3
BT, EEERREEZNKST DL, O TR
ELHET20TERONEOMENS, kBB

RO THFTRENE L, F OXUEE~O T A2
LR FZE S Efp S LT D
%1 %2.1%, Mukougawa and Hirooka (2004) %

BITBHE1ILAT I ATHROI =L T
V& W TCL9984-12 A (T H8 4R L 72 SSW D T Il T REME
RO TN L, ZOSSWITH 1 2 ARBRELHEI? S
THIFRETH D Z & 2 HEH L7z, & 512, Mukougawa
etal. (2005) 1%, [ TEHELIPAT VT LT
WMOET YT NR N —F W L - T,
HELO BRI X > T20014E12 A (25842 L 72SSW D
THRIFTREMEZ XV EfEIC A D o 72, ZORER, =
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Fig. 1 Time evolution of the observed 10-hPa north
pole temperature during a period from 2001/2002 to
2007/2008.

DSSWIE A 72 < & b 2I R E LRI 2 b TR AT HET
Hol=Z EBWHLMNI -T2, F12, SSWDIE A
IZBWT, SSWO T RIS FIEME IS UK ET 5 2
EX, SSWOREANZALRAEER CRAE LT 7 v F
VT DOEHRENSSWO FHRIO KRG 2 LA L TWHHE
LHLMNI o=, — T, IURSETHRELINAT
Y T IVT RO EENTIC X - T, Hirooka etal. (2007)
i, IR K OB 2R B BB ORI Lo TAEL T
20044FE1H OSSWTIE, THIFTHEZ2 HIRIIZE W HE W9
HREE L 2holcZl b2 RELTND. Z0L)
12, SSWOTRITTHEM L, ZOHEHIHEICKE < B
LHEEMENR D B .

INHOHEIZ X - T, & DSSWHRF O Tl vf
BEIXI S 20T A o 7o 2d, SRS ER & i L T4
25D R FBIAE BR 03 72 SR I e T AT B O R U
HARHME TIE V. o), KFETIE, ZhvE
TREBEINTEZRAITINAT VT T3
T —H BT, AZpJEREIEER O BN 2T 3R]
HEME DI I SV CTHET 51T 5 .

DX D RN R Eh T HEICE, cHiE & xR
7Y, AZEREEEBR ITBEE R EEET SEET

L EBETHILERDD. T OBERBHIET
1%, Fig. LIZ/R &M 72, 2001405 20084E £ THT4
ZZH 510 hPadti iR E DR AEIc BV TH
RCTWAZLENTES. ZOXMS, ¥4 (104 &
11H) I8V T, Bl To Al X 2 Ml o
R REVY, MRS TR 2 I F LT Z &3
bind. £z, 12A°1HOELA T, SSWOFRAZ
eV, AEABR AR FE I UIE LIS R v B K&
KHEELCLERT 2. —F, 2H3H O4& T,
REEBHOFEMIIRESFLLT L TWD. FHiEAR
FAITIRE LA T/ S < S FEHERE TV, £
NS OFETIE, BEA LRBRICEEIIRE S LDT
5.

ORI RKREREHETVNFET DD, 4F
W23 1F B R PR B O T P RE PR D SE R RO G & 15
HZ O CTHEETCHLIZENRTHEINE. 20
7%, AREFFETIE, &A@, RBREERO TR A
BEME DI S W TR 51T 5 .

* 72, AR#FZETiE, Mukougawa etal. (2005) (ZfE
VY, BRI O S AR R & L CARIBURIRE 2
5. ZhE, AefRERE SRV (FEV) & E I3
W< (55<) , ALHRARIR B 1T A R BB g B O
BHELISRELTCVWDIEDTHD. S5, FHl
AREME DR E, AH THREH LT v TR
FHIHEL T UL T AR T Ly RIZESHTER
T5. 2T, FATEH LT v T NVEET
W RMOBREITIFESISL, PTHETLOR
SEAMICH I BRERREEZRETLEEXOND. —
¥, FEATEY LT YT AR T Ly RiE, K
RIBE O RLZEMEITE S VMBS OREL KRBT 5
L&z o605 (Lorenz,1982 ; Kanlay, 2003) . F7=,
Lorenz (1982) R L7-¥HIBREREET LV %,
BZATEH LT v IR T Ly RICHEMAT 5
ZEltkY, HEAECTRAREHEO LR A

Table 1 Specification of the JMA 1-month ensemble forecast dataset used in this study. The first and last dates of
the initial time of forecasts for each year are indicated in column 2 and 3, respectively. Column 4 is the number of

forecasts, and column 5 denotes the number of ensemble members.

Year First Last Number of Number of
initial date initial date ensemble forecasts ensemble member
2001/2002 31 Oct 27 Mar 22 26
2002/2003 30 Oct 26 Mar 22 26
2004/2004 29 Oct 24 Mar 22 26
2004/2005 1 Dec 30 Mar 18 26
2005/2006 5 Oct 22 Feb 21 26
2006/2007 4 Oct 28 Mar 26 50
2007/2008 3 Oct 27 Feb 22 50

— 170 —



LT EWTED.

2. THREBIWFE

AHIF FE O R R SR 1%,  20014E/20024E 7 52007
F[20084F £ COTHES O ERELZE (104 7 53H)
T, ZOMMEYMEL T LIKBTRELINAT
YU TNTRT — 2 AT 2iTo 7. ZOH
IZEBWT, KET12AT U 7 A THidEE
—EFEHEINTND. £, TOT P T A v
R—1%, EIEKE L REO12UTCZ WA &+ 5,
VB EET &, EERhvnwar hre—n
FUMBRREN TS, 22T, MHEINIIER
£ — F (Breeding of Growing Mode; BGM) % T/ER
INTWDE. Zokd, KET1I AT In
P CIE, OB % 1 B9 5 L7~ LAF (Lagged
Average Forecasting) 75 &BGMIEE 0L T 5.
IFTE, 7o 7 AT8Ho T8GR HE
JKIEH12UTC L T 5.

B, KETEHELIPAT VU TATFHR AT
DX, RATHIM P ICMENEHRINTWD (IMA,
2013 ; Mukougawa et al., 2005 ; 2009) . bR &7
FHTIX20064E3 A ICFE N S, 7o TR LoN—
26 550 L=, £z, R URHIIZ, 17,
ATHTHWLA L HM KK T#H (NWP) ET /v
(JMA Global Spectral Model) DKk ¥ ¢, T106
(7 AR&A) M BHTLISY (BRAIAT 7 AR 1) ICE R
INTH, KB OMHTHIM A8 T T, NWPET /L
DKFEIRGEITBB L Z110kmTH 5. —J5, NWP
L OMEEEITL0T, £F L L 130.4hPaTH
5. Fi, 20073A 1T, BRI T D WIHIHEIE
REICER NN A B tz.

NI WTE=RGIT I DA T v T FPHlT —
X DMl & Table LlZ/R T, Foxid, T DO74ZEM TH
BTEELETOTHT —F ZMITICHWER, T
YT INTFTHOE (Table LOFEL=Z L) 1k, =<
NOAZET—ETIERWY. REBTFHT—21%, TH
WIHIREZ 2 534 H 52 F TO THMBIMIC OV T, 248
4512, 1000 hPa%>51 hPaE TO22/E DEEHIZE
(75 2.58 X 2.5 LR EEHS - R TIRAEFS LT
L. FTMATEL LT, [T ESKRMITE (IMA
Global Analysis) # 7.

AT, RAMEBRSICER L THIT2
7o, FF, TEME & MATEICTH OB E) A &k L
72 (Fig.2) . ZOFHERIEDIZD, TRMM O]
&tk DAH BN DWW TIERNT T & 220, Fig. 2¢i27R
EnFEHie, TUTrT A TERE (FR) L
FENTIE (RER) L OENT ¥ v TR PR
By, Fie, TV T ART Ly KX, Ro=x
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Fig. 2 Time evolution of 10-hPa north pole
temperature during a period from 23 January to 27
February, 2002. (a) Raw data. A red line is the
analysis, and black lines denote each ensemble
member of an ensemble forecast starting from 23 and
24 January, 2002. (b) Low-pass filtered data. (c) The
blue line and error bars denote the ensemble mean and
the spread at each lead time, respectively.

T NR—=TRENLII, TrHh TN RA =D
THEDOEERZAZTEZ BND.

PAFTIX, & A o436k B SR o 70w etk
DB AT B0, T 7 THE T DY)
HHEMNGFETL2HCOE L. Z08EE, 10A0253
AETOEAZYIB LT EHT7 T A THROE
%, EnEh, 16, 26, 30, 32, 28, 21 TH 5.
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3.1 EBEREEDRMIRE

Fig. 312, % H M2, 10 hPalZ3s i) 2 dbM i & o
7/%/7»Iﬂ?% a7 () &, T OFHfE
CRIER) OT WM (BEL) (o33 2 Re#I 38 %
R BEDR, HFABRORMBNEE (N4 T R) &
RELTCWDIEEZLND. £, & ) THE
D LETHMIF T, MANICEERE () OX
M P HIRFE N4 T R) BEETD.

ZORMNG, RHAEEIC S KE REHNLEN
FHETDZENbNG. Tbb, LLAIKITAERR

EDNAT AN, 2H L3RI ABERADNAT A
BIEET D, — 0, 12H L1AICHL KR&ER AL T AN

GET DR, Trhr 7 ERPHEED THEC

RELEHTH720, HHMICAR TR,
SHIT, Fig. 4TREND L DHIT, ALMmRIREDAN

471M%EK%Wﬁ?6.:@IT%,HQS&ﬁ
2, BEBRNA T APFET DA AR L.

ZOEBILTHRMMNE L 2D IZ0E, thal2pE
B FE~LIENR > T Z ENbD. Z ORKIT,
FRIZILACTHETH D, —J7, BATIX, AERA
DA T APERJEE EJgIcfFEST 5. F72, 100 hPa
726550 hPad & FEFEIE TIE, 10H 7510 £ ToiR
DI0HREE TOTHMM T, FERADNSAT A
BHEETDHZELRTEND. &5, XM TAD
REZS, EE LB TRES RS HI20T

11H O Ak JEE CiE5 Kic %#éﬁ%@A47x#f
fEL, TORE IFHEEOZNDOIRF2HETHS.
PUFCiE, EBICET 2 Z0RENA4 T RICE
HU T 5.

3.2 KEBMEI I VI ADRMMRE

Fi JE8 P AL A L BE L2 35 1 % R & 7 RARHIRAZE D J5
REEDLZD, ZOHTE, FIEEBHETT v 7 AD
RMAIRRZEIC owf%ﬁ%ﬁi ZhiE, wLon
DB BTS2 (Newman et al., 2001;Polvani and Waugh
2004) ToREN LI, BEEmIROFE, Tk

Fig. 475, BB CIZHLICIED AL T ANRGFEL, bbb, m%%%mmmgﬁiﬂ N SR Y A
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Fig. 3 Time evolution of the ensemble mean error of 10-hPa north pole temperature for forecasts starting during each
calendar month (dotted lines) as a function of lead time. The thick solid line denotes the time evolution of the
systematic error defined by the ensemble mean error averaged over each month. Time intervals of the lead time when
the systematic error is statistically significant at 99 (95) % confidence are heavily (lightly) shaded. The red (blue)

shade corresponds to a positive (negative) bias. The number at the right top of each panel shows the number of

ensemble forecasts starting from the corresponding month.
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Fig. 4 Time evolution of the systematic error of the north pole temperature at each pressure level for the respective
month. Contour interval is 1.5K. Time intervals of the lead time when the systematic error is significant at 99 (95) %
confidence are heavily (lightly) shaded. The red (blue) shade corresponds to a positive (negative) bias.
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Fig. 5 Same as in Fig. 4, except for the vertical component of E-P flux averaged northward of 50N at each pressure
level. Contour intervals are 0.25x10* kg s above 100 hPa, and 2.5x10* kg s below 100 hPa.
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—J7, WP ERER L SEANRATIRO
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FDEPT T v 7 ADEKT DA T ANTKD B
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—J7, BB TEEICRBTARIEME TS v R
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5. E, BREE GRS IRE R X B
TH0, E-P7 T v 7 ZADMALESITRADE L 2 5.
ok, b L, REETEEICBHNTEPY 7 vy
ZOFEALRSTICIE (B) ONSL T ARFLET D &,
ik JE B i CE-P Y T v 7 A0FRBUIIA (IE) ©
NAT Ao, BSIEEITZIEE (A) oA
TAERO LB TED.

Fig. 6 (Z50NIZRIF BE-P7 T v 7 ZADFILAS @
%A ORBREOKMBEREZTRT. ZORLD,
WA K NELIZBWT, 20 hPak v & FE Ok EE
T, BAEREDONA T ANGFET D ERNb0D.
BRlZ, 11BICIEO A T A3 K ER D, TH4AHH
THLZOHEIFAETHD. £, ZOXHREPTT
v 7 ADBEIRDZICB T DEONRAL T ZE, KEE
BAEBEDOTED AL T AL LBEENTHE. &5
IZ, Fig. 57 b, P& A8 BB i 1 A7 HE-P
T T w7 ADERSIICB T DEBRADNSALT A
b, RJBE P EEEN COE-PY T v 7 AKIZIED
RAT A% bl b0, BB AL S EE O IED
NRA T AEERKEIE L5552,

—J7, Fig. # CTRENT2, BAITRBT 5 A8 B Aok
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Fig. 6 Same as in Fig. 4, except for the meridional component of E-P flux at 50N at each pressure level. Contour
intervals are 0.25x10° kg s above 100 hPa, and 2.5x10° kg s below 100 hPa.
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Fig. 7 (a)-(f) Same as in Fig. 3, except for the ensemble spread of 10-hPa north pole temperature for each forecast
(dotted lines). The thick solid line is the averaged ensemble spread. The blue solid line is the fitting result using Eq.
(1). The horizontal dotted line denotes the climatological standard deviation o, computed from the observed
temperature at all verification dates for each forecast starting from the respective month. (g) Same as in Fig. 7d, except
for 500-hPa north pole temperature for forecasts starting from January.
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(Fig. 79) "% % . Murphy (1988) ToREN - &
21T, THRFEMAOIBEREI DL, AT Ly K
X o FHEOEICHIET 5. - T, THATREHIM %,
AT Ly RS o ITIFIEET D E TORERM & L TR
HDHIENTED. FEREFig. 7L VY, 500 hPa Tk
SR E O PRI FTREIM TN 4B RETH D Z &N
bnsd. ok, ZORMELVIX, ECMWF OREm
B ¥ T HICF 1T 5500 hPam 3 O AR B ' h
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E—ELTW5.

Fiz, TV T NAAT Ly FOBMBREIE, K
SOETh O R ENEAE D WUN R WIEE O LR D 7
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BIFTREMIRD X, TRIATEEMED ERE 52 5 Z L ICiE
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BICEKFELTRELLELBTLZenbns.  (ii)
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D e pe2 1
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(Kalnay, 2003) , £ HEBECEH LT TR
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BEMICRE L, THRAMA SRS 25L, 5
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Fig. 8 Optimal parameter values of the logistic equation of Eq. (1) to the ensemble spread of north pole temperature

averaged over each month. Each panel shows (a) growth rate, (b) saturation level of the spread, and (c) the predictable

period at each pressure level. Red, orange, green, aqua, blue, and magenta colored lines show the parameters for

October, November, December, January, February, and March, respectively.
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