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Abstract In this study, a new consensus technique for predicting tropical cyclone (TC) inten-
sity in the western North Pacific was developed. The most important feature of the present con-
sensus model is to select and combine the guidance numerical models with the best performance
in the previous years based on various evaluation criteria and averaging methods. Specifically,
the performance of the guidance models was evaluated using both the mean absolute error and
the correlation coefficient for each forecast lead time, and the number of the numerical models
used for the consensus model was not fixed. In averaging multiple models, both simple and
weighted methods are used. These approaches are important because that the performance of the
available guidance models differs according to forecast lead time and is changing every year. In
particular, this study develops both a multi-consensus model (M-CON), which constructs the
best consensus models with the lowest error for each forecast lead time, and a single best con-
sensus model (S-CON) having the lowest 72-hour cumulative mean error, through on training
process. The evaluation results of the selected consensus models for the training and forecast
periods reveal that the M-CON and S-CON outperform the individual best-performance guid-
ance models. In particular, the M-CON showed the best overall performance, having advan-
tages in the early stages of prediction. This study finally suggests that forecaster needs to use the
latest evaluation results of the guidance models every year rather than rely on the well-known
accuracy of models for a long time to reduce prediction error.
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Fig. 1. Changes in annual-mean errors (MAEs) of GFS and
NAVGEM for TC maximum wind speed (MWS) predicted
at the lead time of 48 h during 2008~2015.
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Fig. 2. Comparison of MAEs between JGSM and NAVGEM,

according to the lead time, for TC maximum wind speed
(MWS) predicted during 2008~2014.
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Table 1. Description and information on guidance numerical models used for present study.

No. Model name Description Data period Sp atu.il F.orecast
resolution  interval
Global Data Assimilation and Prediction System
1  GDAPS (Unified Model) 2010~2015 25 km 6h
Regional Data Assimilation and Prediction System
2  RDAPS (Unified Model) 2011~2015 12 km 3h
3  TWRF WRF-based Typhoon Model 2013~2014 15 km 6h
4 KWRF WRF-based KMA Operational Regional Model 2011~2014 10 km 6h
5 IGSM JMA Operational Global Spectral Model 2008~2015 20 km 6h
6 TEPS JMA Operational Typhoon Ensemble Prediction System 2009~2015 60 km 6h
7 NAVGEM Navy Global Environmental Model 2012~2015 37 km 6h
(NOGAPS) (Navy Operational Global Prediction System) (2008~2011) (55 km)
8 GFS NCEP Global Forecast System 2008~2015 1° 6h
9 ECMWF European Center for Medium-range Weather Forecasting ~ 2008~2015 0.5° 24 h
10 KEPS KMA Ensemble Prediction System (24 members) 2012~2015 40 km 6h
11 HWRF NCEP EMC WRF-based Regional Model 2012~2015  27/9/3 km 6h
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Fig. 3. Flow chart explaining training and forecasting processes for M-CON and S-CON.
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Table 2. Mean absolute errors (MAE) for TC MWS at lead times of 12 to 72 hours (12-hour interval) obtained from training
process in 2008. Bold numbers with asterisk represent the lowest errors (i.e., selected method) for each forecast lead time.
Simple average (AVE) and weighted average (WEI) methods are evaluated based on both MAE and correlation coefficient (R)
depending the number of models used. The last two rows represent the selected method and number of model used (in bracket)

for M-CON and S-CON.

Number M-CON S-CON
Method
of model 12h 24h 36 h 48h 60 h 72h Total
AVE 4.96 6.06 721 7.90 8.11 747 5.14
MAE
) WEI 4.20% 5.73% 6.89 7.75 7.88 7.15 4.84
N AVE 4.96 6.06 721 7.90 10.76 9.22 5.14
WEI 422 5.73 6.89 7.75 7.98 6.72* 4.84
AVE 6.80 7.38 8.05 8.05 834 7.74 5.66
; WEI 429 5.75 6.76* 7.56% 7.74 6.90 4.60%
N AVE 6.73 7.46 8.13 8.39 851 7.74 571
WEI 433 5.82 6.84 7.56 7.73* 6.90 4.62
AVE 7.84 8.58 8.93 8.65 8.83 829 6.30
MAE
A WEI 436 5.86 6.84 7.66 7.78 7.07 4.61
R AVE 7.84 8.58 8.93 8.65 8.83 829 6.30
WEI 436 5.86 6.84 7.66 7.78 7.07 4.61
M-CON MAE-WEI(2) MAE-WEI(2) MAE-WEI(3) MAE-WEI(3) R-WEI(3) R-WEI(2)
S-CON MAE-WEI(3)
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Table 3. List of the consensus models (M-CON and S-CON) that constructed from training process of every year for 2008~
2014. The numbers in the bracket for lead time and consensus models represent the average of sample numbers at each forecast
time and the number of guidance model used, respectively.

Training M-CON S-CON
period 12h (97) 24h (83) 36 h (71) 48 (62) 60h (51) 72h (44) Total (382)
2008 MAE-WEIQ2) MAE-WEI2) MAE-WEI(3) MAE-WEI3) R-WEIQ3) R-WEI(2) MAE-WEI(3)
2009 R-WEI(3) R-WEI(5) R-WEI(5) R-WEI(5) MAE-WEI(5) MAE-WEI(5) MAE-WEI(5)
2010  R-WEI(4) R-WEI(4) R-WEI(3) MAE-WEI(6) R-WEI(2) R-WEI(3) MAE-WEI(5)
2011  MAE-AVE(3) MAE-AVE4) R-WEI(5) R-WEI(5) MAE-WEI(6) MAE-WEI(6) MAE-WEI(7)
2012 R-WEIQ) R-WEI(7) R-WEI(8) MAE-WEI(7) R-WEI(3) R-WEI(2) R-WEI(9)
2013  MAE-AVE(7) R-AVE(5) R-AVE(6) MAE-AVE(8) R-AVE(5) R-AVE(4) MAE-AVE(8)

2014  R-WEI®4) R-WEI(2) R-WEI(3) R-WEI(2) MAE-WEI(6) MAE-AVE(8) R-WEI(3)
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Fig. 4. Comparison of MAEs among the best model, simple-average (Simple-avg.), M-CON, and S-COM, according to the
lead time, for TC MWS obtained from training process during 2008~2014.

ot R 7R BadEel B 485 b al 0152 Adsh QAT 2914 PelA
& 62 5 A oA BE A=) U Junet  ABER)E NEOR AHEHE SN, 5%t &



0 1020 3040 50 60 70 80 90
Model Prediction (ms™)

0 1020 3040 50 60 70 80 90
Model Prediction (ms™)

SR LT - ol 297
20 90 90
8o f(a) UM go (b) UM_R 8o f(c) JGSM
g 70 70 70
—60f =. 60 . omIa 60 e n5h ..
g% == 7 o
E N} = 40 = 4 40 = ':‘_'
W =, 30} "% 30p
B 20 20b 2 . : 0.62(9 20b 2 =R 0.7
@ MAE Rrat - MAE 8.3 ““MAE :7.8
m 10 Bias : -17.1 10 Bias : -7 51 10 Bias : 3.7
0 0 0
0 1020 30 40 50 60 70 80 90 0 1020 30 40 50 60 70 80 90 0 1020 30 40 50 60 70 80 90
20 90 90
~— go }(d) TEPS 8o }(¢) NOGAPS 8o p(f) GFS
2 70 70 70
< 90 - X 00 Y 60 =-
ﬁ 50 '_.._;— ..: 50 ==z 50 .. =
© 40 = 4 o= 40 -
= 30 30} = 30
% 20b = =R:0.7 20 bt :0.72(7 20
@ =MAE : 5.9 = MAE 8.17(6 MAE 49
m 10 Bias : -016 10 Bias : -7.11(6 10 Bias : -0.69
0 0 0
0 1020 30 40 50 60 70 80 90 0 1020 30 40 50 60 70 80 90 0 1020 30 40 50 60 70 80 90
20 90 90
— 80 }(9) ECMWF 8o (h) KEPS 8o (i) HWRF
g 70 70 70
~— 60 60 = 60 'l
S 50 0 === 50 LA
£ 40 of = . o
F 30 N = o =T
3 20 “ - MAE : 176(;{ g 200 = MhE':a'.gagi
m 10 Bias - 11.70(9 10 Bias : 175 10 Bias : 7.
0 0 0
0 1020 30 40 50 60 70 80 90 0 1020 30 40 50 60 70 80 90 0 1020 30 40 50 60 70 80 90
90 90
~— 8o }(i) M-CON 8o (k) S-CON
‘v 70 70
5 60 - &5 60
5 50 g 50
’._‘E 40 40
S 30 30
e 20 g MAE 40 20
m 10 Bias : -0.27 10
0 0

Fig. 5. Scatter plots of MWS between all model predictions and RSMC-Tokyo best track for all lead times up to 72 hours (12-
hour interval) during 2012~2015: (a) GDAPS, (b) RDAPS, (c) JGSM, (d) TEPS, (e) NAVGEM, (f) GFS, (g ECMWF, (h)
KEPS, (i) HWRE, (j) M-CON, and (k) S-CON. The correlation coefficients (R), MAE, and bias are denoted with the rank
(number in bracket) based on the model performance in terms of R, MAE, and bias, respectively.
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Table 4. Comparisons of MAE between the consensus
models (M-CON, S-CON) and GFS, according to the forecast
lead time, for TC MWS predicted from 2009 to 2015.

Lead time M-CON S-CON GFS
12 437 4.78 6.64

24 4.70 5.03 7.02

36 5.68 5.14 7.25

48 5.69 5.64 7.46

60 7.05 5.85 7.78

72 6.86 6.44 8.06
Total 545 5.35 7.26

o] o5 wia 7P We oxE HId sjErd
(Z™ElA Best modelZ 3FEA])F} vl Ao A=
(Fig. 6), ¥4 Fig. 59 & FH oA #4474t fA1
A tIF-Eo] S gE A HES] O
Q227 Best model®th Wttt £-3], 2009, 20104,
Z22]3 2015 72h A2 Rdo] oS4 afefA
7 Be As el Bt M-CON3} S-CON2
QA= RS AE9 dSAelA F Alel7) §
AA T, H2 339(2013~2015)2] A =ZH7E3], 60h
0]3)ellA] M-CONS] 2217} S-CONell H]3l] 2] 8}1A]

F -0 94 299

A YeRdTh o]EA AR Al7]e] M-CON< <=
A7t S-CONET =4 Yehd R oA AF3
7ol o] Al7|o] Rl AFo] dSAZHERE &
e 73S YAl Figure 6he} Table 4= o
2782 M-CON3} S-CON2| & 41d(2009~20153)
o] HHFAE F 717 A& FI FARY F
HAaHez 7 d3E/deo] EY GFSe} vluwsh
Zeltt, o] 7|ztel s JidE F AAAM L 7Y
d|ZQ 2}+= Best model?l GFSHT} Bz o2 ugk
AR B, M-CONS o &%l £
TS HIIL, S-CONE o|ZA)7ko] Zojd4= ¢
[e]

ox f
2
gy

7 A EAIZE HE ot /R o] A E =R
2ol owgt AAX 2 7o) 7MY 2 4 s B
A=AE FAsp7] A7z T 7 22 (2015)9
Ao Sl AR FRRY EE 9 A4 7]
NS ZALSFATH(Table 5). o714 A2 mdlof] A}
28 /R 3HGTE 25 gl FAEHIJAT
o EW, 12h J==dME TEPS, JGSM, GFS,
NAVGEMZ} 4= 7] ofs) AE=EA, o] =
g Zo] NAVGEM (0.40)7} 7V & JARFE =
2 HFA)E 7 AL & 4 ATk 72he] A= 8

Table 5. List of the consensus models (M-CON and S-CON) that constructed from training process for 2014 and their guidance
models selected for each lead time. Numbers in the bracket for guidance models and consensus models represent the regression
coefficients and the number of guidance model used, respectively.

M-CON S-CON
12h 24 h 36h 48 h 60 h 72h Total
Selected model R-WEI(4) R-WEI(2) R-WEI(3) R-WEI(2) MAE-WEI(6) MAE-AVE(®) R-WEI(3)
| TEPS NAVGEM NAVGEM NAVGEM NAVGEM GFS GFS
(0.24) (0.36) (1.38) (0.58) (0.78) - (0.35)
) JGSM GFS RDAPS GFS GFS NAVGEM NAVGEM
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Fig. 8. Comparisons of MAEs for TC MWS predicted from
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