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Abstract A Selected Multi-model CONsensus (SMCON) technique was developed and veri-
fied for the tropical cyclone track forecast in the western North Pacific. The SMCON forecasts
were produced by averaging numerical model forecasts showing low 70% latest 6 h prediction
errors among 21 models. In the homogeneous comparison for 54 tropical cyclones in 2013 and
2014, the SMCON improvement rate was higher than the other forecasts such as the Non-
Selected Multi-model CONsensus (NSMCON) and other numerical models (i.e., GDAPS,
GEPS, GFS, HWRF, ECMWF, ECMWF_H, ECMWF_EPS, JGSM, TEPS). However, the
SMCON showed lower or similar improvement rate than a few forecasts including ECM-
WF_EPS forecasts at 96 h in 2013 and at 72 h in 2014 and the TEPS forecast at 120 h in 2013.
Mean track errors of the SMCON for two year were smaller than the NSMCON and these dif-
ferences were 0.4, 1.2, 5.9, 12.9, 8.2 km at 24-, 48-, 72-, 96-, 120-h respectively. The SMCON
error distributions showed smaller central tendency than the NSMCON’s except 72-, 96-h fore-
casts in 2013. Similarly, the density for smaller track errors of the SMCON was higher than the
NSMCON’s except at 72-, 96-h forecast in 2013 in the kernel density estimation analysis. In
addition, the NSMCON has lager range of errors above the third quantile and larger standard
deviation than the SMCON’’s at 72-, 96-h forecasts in 2013. Also, the SMCON showed smaller
bias than ECMWF _H for the cross track bias. Thus, we concluded that the SMCON could pro-
vide more reliable information on the tropical cyclone track forecast by reflecting the real-time
performance of the numerical models.
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o ZA 7]oI3FATHWMO, 2007; Elsberry, 2014).
20 wEt L 2EH |0} 71743 (Australian Bureau
of Meteorology), &=+ 71’37 (China Meteorological
Administration), F 3 % 3] 2]AIQ1AIE] (Central Pacific
Hurricane Center), €7 71’4 (Hong Kong Observatory),
dE 7]4* (Japan Meteorological Administration), ©]



376 HZE X2 5S st s

= 35574 B AE (Joint Typhoon Warning Center,
JTWC), 1]=+ & 2]A 21 Al E] (National Hurricane Center,
NHC), HIEY $F-7]/de] S Ef(Vietham National
Center for Hydro-Meteorological Forecasting) & =<
o] W AY7IFA Thekst HAA L 7ol it
o] 453 Atk(Burton et al., 2006; Heming and
Goerss, 2010). ¥ 7= 71°3d =7HSAlEe A
A2 71 e g Al oisk W8-S =3kl

A2 7ol BB o &S 23S A%Z,
ojf AMEEE WEE dF TARIS 9Y e o
3 M= A2 4 ATHNHC, 2009; Cangialosi and
Franklin, 2015). NHC2} JTWCHAE ©=H(Goerss,
2000; Goerss and Sampson, 2004), Hfo]oj2 ®© A 7}
Z X (Krishnamurti et al., 2000; Williford et al., 2003),
A€l ¥ (Carr and Elsberry, 2001) & tFket AAA
27k hdkEo] wind 28 2 HrE A ok TEE A
WS NHC2] TVCN(GFS, EGRR, GFDL, HWREF,
ECMWF S22 FAE JE AdrM2)o] tjxF o]
o olE& AEste ] AMEEHE WY R wid
H7lH o] MAE 4 JTHNHC, 2009; Cangialosi and
Franklin, 2015). TVCNS] Lt d Zdof vlo]of
2 BA WHE H83 TVCCE d&5x7]d A&
T Ue FAEEHE 7o e Bd 9] ulolof
25 BAste] ALt nixge g 7ExR] 712
IS B AA ASAHT wet 2dd T
g Fost= Wgolth.

g, =] H S X2 S A2 digk A
o ik mzlEk AEjolt) 714 STkl EAE =
54 deolguol2 71§k BjF X 24| Z(DYnamic
database Typhoon tRAck Prediction, DYTRAP; Lee et
al, 2011)°lgh= AL o5 Al2" S 7ttt
o] A|2dle Al HFH FAEE JEE Hole HF
of tigk Bd AsS WUista, ol EWE 999
TFEAE Foste AAMEE ket 28y o]
HHo] FpAoR FEAPS A= oL fAF 2
2o =d Heof glof o iae] FHAQl ATS I
82 st} o] Jun et al. (2015)2 &g} 253t
o FHAA A 7S A8 teRd A
25 et oy, o9 o] ek terd A
AX 2 7S AR d5ol E8314] Rale AAolt.

Elsberry and Carr (2000)2 2A|71o.2 2= A
7t @S Z0 7 didEe BdS A9 A9 A
Ax 27 Blde A 2B ASwrt =& Zlojet
SISt} Carr and Elsberry (20002)2} Carr and Elsberry
2000b)= F2mEe] 2o} AR E WAYSS
EAsle] o]F R &8 F IRE NERIS
FH39.em Carr and Elsberry (2001)& ©]E 2-&
3l Systematic Approach Forecast Aid (SAFA)S 7l

A=7)gets 7] A1259 2% (2015)

3 TE SAFAE 72A17F el 3ol [Z 227} 300 v
olfe] d RYS oHzo] wdaste] Me HAIA X
£ Akt = A B9 Al2Eo R o) S
2 Adol Faditt o] H7HE 3 Sampson
et al. (2007)2 A8 AAANLE A&Eshe Zgo] 4
HA ol Ao Feid ool ATk Tt

Qi et al. (2013)2 Edlo] X&HF o7 JfAE 7] o
ol 7 Bl A g Aol AR s
Aths AE AAsAL, AAZe R A2 247 A=
g Wrhste e AAdx2 7IHES Jidsta
7FFAth 23y Qi et al. (2013) TURY L
A SYkS o] &3tk A 7F ATh Goerss (2000)]
W2 AMA 2] Q3= AR BHEle] i 23f
o B 7he] 5gAdd) #de] glong dwdrd
BE AESES AF R 5P tdEeRY HEE
R} 28 kol glth HIE Yu et al. (2013) T}

we Hagwe Fa He AAMLE TERH0L
E N ER R Lo

SErd Dol AAROR AT €S A5S I
1ol maAle Aushs 71ES A8, BEAZ,
BE, 3 Akt wske FAnde] A5g W)Y
& Slek. ol W, Hlolol2 1A, 715 7)Y

2 o]§3 BERY ANNLT} A FHEde A
o] lEshe R Aolst ek, Ek, HA 3
59 452 G A 4 meEE B3
A87t Suslofof sA T AAORE AT of
e Wkshe WEe AR/ FRA Roks
EASE S glone 6 B RUg oge &

We] B A7E HF Az pod Agut 2
A FARAL ol g3kl BFAR A2} 71F H o
29 o3yt 2 RS AYSHe BERY He 24
Nz ge PR S A5 AZdnA
stk 24 AHgE AR BERd Y A
WA T3 el sl A&kl on], 33elAE of
Eel AE 1E £2E A9 s 49, 957
%, AEAE AASIT 4o E A7 aok
W AR AT,
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B AT 71 "F B49A9) 217 A2
HZE 2S5 A5E AHE-SHATHTable 1). theEd
el AN 2 AA7E 28 BHo7 FEEo],
2013, 201439] F 5471 ElF AHEE ez HA
7F 29] of|Z(hindcast) HAZo] AAIF AT

FARY 25 B o F A A7 9d A
o= o3l BFE o B AME-37] YeiME 6~124]
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Table 1. List of the numerical models and their information used in this study.

Produce Center Model name Type* Forecast time (h) Frequency/day
GDAPS S 0~288/87 4
RDAPS S 0~87 4
KMA (Korea Meteorological KWRF S 0~72 4
Administration) TWRF S 0~120 2
DBAR S 0~72 4
GEPS E 0~288 2
GFS S 0~168 2
NCEP (US National Centers for GFS H S 0~180 4
Environmental Prediction) HWRF S 0~126 4
GEFS E 0~240 4
FNMOC (Fleet Numerical Meteorology NAVGEM S 0180 )

and Oceanography Center)

ECMWF (European Centre for Medium ECMWE S 0~168 2
Range Weather Forecasts) ECMWF_H S 0~240 2
g ECMWF_EPS E 0~144 2
CMA (China Meteorological GRAPES TCM S 0~72 4
Administration) CMA_EPS E 0~120 2
. . CMSC S 0~144 2
CMC (Canadian Meteorological Centre) CMSC_EPS E 0-240 N
. JGSM S 0~84 4
IMA (Japan Meteorological Agency) TEPS E 0-132 4
UKMO (UK Met Office) EGRR_EPS E 0~360 2

*S: Single run, E: Ensemble run.

6A1ZF ZHA S 2 AR AL 6~12417F o k= F 4l
o] ARNE @A B Ao EA AR 24 (shift
or adjust) ¥ THGoerss and Sampson, 2004). Z2]3. U]
A WHoll= Goerss and Sampson (2004)014] AR
T AZE] WA e o 22 eakE Bt
3 LR APWARE ARSI tH(Sampson et al., 2006).
Qi et al. 2013)2 Z} EFdE A HZ 2 12
A AR QA7 A Wi W+t eAtr Tt 2k v
2o e HHE o]8st AAME s A
stk & At oleh 242 AAZE duE e o
TEY PFEo A&t U= dAS Tl

Bdd o] Ak A7 AARsH, Ui AES
3l BFAR A1z 7l H2 6AZFe R SFSiTh(Fig.
). 3, 2dS duste 7E feR A dHHe
Z7b obd =9 AR B 70% M2 WelE
ol g3ttt thee AE A 2E &S oA
°]3L Fig. 19 RA%=ES veldth

2=

1A &4 A ZA-HA sl 6~12A17F o] =4
F A ARE dFHoR 6AZF o)d AR Ui
g 24,

224 B FE A 7E FHE AT o F =
227} &9 70%2) 2 A 9] 30%2) 2 AL,

3. AdlE rd S o8 I & AR
AlHo2 %A,

SMCON®] &84S AFstazt, As T flo
BEE BEdE Hgs viAY teRd A4 2~ (Non-
Selected Multi-model CONsensus, NSMCON) 2 7§

€ UsRY MM e 20 olde] Rdo] S
T AEE AT AsHlael AFEE 2Ee HA
B A R 66.6% ool AR7E e A=, H
ZFAEA] ARETFs AlHE ] 6~12417F o] A
B U4 ¢ 243 A5 tK(Cangialosi and Franklin,
2015). &3k, 27} vl AAY, MEHA] Al
FE wlg G4 ke 2d2 ALHAL AR A=
717474 "3 B4 AT A 287 shHARIL ¥
2] (Haversine formula equation; Sinnott, 1984)% 2-&
gk A AZI R Aot shHARL Faoz ALt
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® a current analyzed position

® 6 h model forecast positions

i.: alow 70% error circle

—> model forecast tracks

—>» a SMCON forecast track

Fig. 1. Schematic diagram of SMCON technique. The radius of the dashed circle includes model members showing low 70%

6 h track errors among all models.

H AR A= dSA2de gk diiFd 45s
i}%é} | &ol3t=E 2(HF Zeol AeFd ¥&
(impr ovement)i HEkslo] J5AFol ARSskTh A4
THE USSR e Ao e, B 4
T2 HrIetaAl e g ¢& exjela ES ]
e 93 713 A2 NSMCONo] A=t}
E-E
r L
A x100. 1)
3.4 o
3.1 2dl Mej 7= QI8 Qi MY
Ae) AAXZ FE Je 78S =E57] 4
3le] 2013, 20149 A EIES tige® uze 4
2

#S 3 THTable 2). 24 uﬂ& 212 3}
zde] AR R SE Frtete] AHES Exp2i

Table 2. Mean track errors (km) of the four selected multi-
model consensus experiments in 2013 and 2014 for each
forecast time (h).

Forecast Number Track error (km)
time (h) ofcases Expl Exp2 Exp3 Exp4
24 708 78.3 83.9 78.8 77.1
48 534 136.1 1464 137.0 133.0
72 373 1953 206.1 196.8 190.7
96 235 289.0 308.6 2936 290.0
120 143 4334 4784 4329 4315

Expl: selecting models showing smaller than mean 6 h
errors of all available models.

Exp2: same as Expl except 12 h.

Exp3: selecting models showing low 50% 6 h errors of all
available models.

Exp4: same as Exp3 except low 70%.

#7143 ol7] A|25d 25 (2015)

o} 6A17F &L ©]-83F Exple] NEZQxP/} BE o
2= A7H24, 48, 72, 96, 120X 7)ol Zro} J—% 5.6,
10.3, 10.8, 19.6, 45.0 kme] Z}o]& R}, o]9} 7He
A= AA B A oA ZHAo) ArkE 2ES AL
|42 HriEs o SA7ke] doix Ak mdlo] A
e wolx7] wio|t), 12l BRdg Adsh=
71 WOE H(Expl)yS ARE-F AT 519) 50%
o] 71%S AM&EF Exp3o] 120A7FS A9)3h o 2]
7vllA Skm olal= X297t ZiTh. Exp3el Expl
o ¥ z]ij}h 201330l 2+ oI, 2014
dolle & Aol &gt sFdi Azt 7% &
2 6*]71- o2 20X} oM 70%2] RAES A

A= 30% RAES A9)) Expds 29 Hol
Al 96AI17F A& 1%1940}‘33_ RE UE A9 % 7}
AL JR2AE HATh 7h7t A=HE 24
< w, Expd= 2013 96417+ clSollA Exp3xth
1.9 km, 2014 96, 120A]17F oS0l A Explxth ztz}
3.1, 40km A= A2 027 A AL A9stA o
WA A SAI B 7W 242 ﬂioz}— B &
3k, ol9} 7+& 7152 Elsberry and Carr (2000)014]
AAl g A8 74l H* A ejet Fgeint wEb BE
o HA it AbEE 43 A7 IE 27} &9
70%%] RdE9] 52 Had As tsrd A9
ZAA A 2x(Selected Multl-model CONsensus, SMCON)
2 ot A5S A

3.2 SMCON Ms#H=

NSMCON tiH] A58 &S 38 SMCONz}
NE SRR €& 5E vzt SMCON
o] A% 2013 24, 48, 72, 96, 120~ 7+ ol 20l A
NSMCONET 53t th(Fig. 2a). AR} A5
H W3S ul, 24, 48, 72A17F o =041 SMCON©]
A ¢/ 29(GDAPS, GEPS, GFS, HWRF, ECMWF,
ECMWF _H, ECMWF_EPS, JGSM, TEPS %)Xt} 4
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Fig. 2. Homogenous comparison of improvement rates (%)
for SMCON and 8 numerical models relative to NSMCON
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. 201499 A< SMCONS] NSMCON tiy]
H—E—ffok% H &2 48A17F dlSollA] &9] #e RIS
U, 2 gk w9 Ao 72A17HRE 120/ 77FA] %
Fae<s EME}(Flg 2b). X =4l =2} wa}‘)ﬂ S =
SMCON2 ECMWF_EPS®| 72A17F o|&-2 A|9]stH
M SRR ET BE dSA70A Ao l St
9lolA-{= SMCON, NSMCON, #x12d 5 JF
AZHste] AAZFQl AR = HF5S FJolskitt.
ol¢t= thEA NSMCON °'rH°1 NZES E3
AH F AAE HAislste] £48 23, 2013, 2014
Y SMCON<2| 24, 48, 72, 96, 120/\]7& A2 A=
NSMCONRT} 29 th(Table 3). 2@ Ha A203} g+
o2 HS uw, SMCONS NSMCONXT} 24, 48,
72, 96, 120717+ Sl 22t 04, 1.2, 5.9, 12.9, 8.2
km -2 X2 9 x}7} 2o} 24, 48X 7FRT} 72, 96X 7F
dSolX Adso] B 53 Ao e
SMCON A2 B¥E A28 S o]g3led A
2oz MZ ezt 2kd NSMCON, ECMWF H,
GFS 53 23l th(Fig. 3). kA= HE 57 gtz

olFo)A e, Tl FHFIE EAHL FH
(hinge)o. & = Al 1EF(0)% ABEAF(0)E

A7 28Rk Axp o Fo g 429 (whisker)2
Aole 7t ARl + A ol(0; - 0)E @3 # W
9 ot e HA: e HUFoE FoHw, 1 W
2 JdE e ol (outlien® H FAIETH AR
I8 BAANE dAgF A vS&HE tEA
doid sz MEH bﬂl wizel] o SA7hE
AH 7 Aol stk NSMCON#E] 2013\ W]
4] SMCON<S 24, 48, 120A17F <& AR Q3 4] E

=
% Agfo] 1:1 o Byo) 9xslgom, 72, 96417+

)

in (a) 2013 and (b) 2014. 12«1 A5 AT o5 He7F AL oA 9
M7t AJh 201499 A5, BE o SA7HA
SMCONS] 22} FAEE o] ¢ e gl
ol S8k ) 96, 12047k = SMCONS z}Hzt X5} tHFig. 3a). TH>C & ECMWE He9l XZQ
ECMWF_EPS, TEPSE #|23t BRE SRR 4 2} HlaLol Al SMCON®| FAlE3E 232 20149 120
ol stk T3k, AA| FAIOR mFo] & AZE A &S Ae A dSAIbe] diFor 2
] SMCON2| A2 xte /Y FxrdHc) zhe 7 zholl 9128k tk. B3 2013 ECMWE _H2| ©]43]
Table 3. Comparison of mean track errors (km) for SMCON and NSMCON in 2013 and 2014.
in 2013 in 2014
Forecast
time (h) Number Track error (km) Number Track error (km)
of cases SMCON NSMCON of cases SMCON NSMCON
24 386 76.4 76.5 373 82.6 83.3
48 280 131.2 132.1 297 143.1 144.7
72 185 193.7 200.2 227 199.0 204.4
9 108 306.2 3252 160 278.9 285.7
120 55 487.2 498.9 113 395.6 400.2

Atmosphere, Vol. 25, No. 2. (2015)
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Fig. 3. Boxplots for track errors of SMCON to be compared with (a) NSMCON, (b) ECMWF_H, (c) GFS, in 2013 (left) and
2014 (right).

o] gk W7t SMCONE‘:]' & 73] YEelgth ul¢- e, 2de] FE QA HlwelA 2013 96,
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