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{ SUMMARY >

Purpose &
Contents

O This study purposed to develop satellte—numerical model based tropical
cyclone formation detection/prediction technique that can be used for
operational forecast at KMA.

O We purposed to develop algorithm to track many tropical disturbances from
global models, and analyze large—scale and synoptic conditions and tropical
waves.

O From various satellite data, we purposed to develop new predictors to gquantify
the spatial and temporal variations of wind, temperature, and convection of
developing tropical disturbances.

O In particular, several spatial pattern analysis techniques in GIS are newly
applied to develop satellite—based tropical cyclone genesis indices.

O Using developed input indices, we purposed to develop objective tropical
cyclone formation detection/prediction algorithm through machine learning
technology.

O We purposed to perform validation and evaluation of the developed techniques
using an independent dataset, and proposed to a model for real-time KMA's
operation.

Results

Using global model analysis data(NCEP FNL), We have developed an objective
tracking technique of detecting many tropical disturbances over the western North
Pacific that are possible to develop into tropical cyclone. By analyzing various
large—scale factors, we also developed an objective tropical cyclone formation
detection technigue based on the global model analysis.

Through quantitative pattern and intensity analyses of WindSat sea—surface winds,
this study has developed numerical indices to quantify the degrees in the
symmetry in system cyclonic circulation, organization of strong wind areas, and
system intensity. The degree of cyclonic circulation symmetry near the system
center is quantified using circular variances, and the degree of strong wind
aggregation(heavy rainfall) is defined using a spatial pattern analysis program tool
called FRAGSTATS. In addition, the circulation strength and convection are
defined based on the areal averages of wind speed and rainfall. An objective TC
formation detection model is then developed by applying those indices to
machine—learning tree algorithms and linear discriminant analyses(LDA). The
comparison between the convectional LDA and machine learning based models
indicates that application of machine learning techniques can improve hit rate and
lead time of tropical cyclone formation detection even using the same input
indices. For operation uses, we suggested to consider various tropical cyclone
formation models developed in this study, since each of them different aspect
(large—scale aspect, system-scale evolution, and mesoscale evolution) of tropical
cyclone process.

Expected
Contribution

The developed models will contribute to operational tropical cyclone formation
monitoring and prediction in KMA. Establishing the independent, tropical cyclone
formation detection and prediction system will contribute to improve tropical
cyclone detection and prediction systems at all tropical cyclone life stages that
can give more effective warning to public.

Keywords

Tropical . Numerical o Tropical
Satellite prediction
cyclone model meteorology
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wind fields

MJO—associated OLR anomaly

Australian CAWCR OLR anomaly
Hovmoller diagram

Vertical wind shear

CIMSS vertical wind shear

Upper level outflow pattern

CIMSS upper—level feature track winds

Core temperature anomaly

CIMSS AMSU
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t}. CIMSS Advanced Dvorak Technique (ADT)

oA A= m=3 A9 A} HFLAAGA/AS 71=S T84 Dvorak #4 71H
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o] AM8A+= Deviation Angle Variation(DAV) 7]&S o]&3lo AXAE ¢4 9
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o AR dFe BlF Fengshen®l 4dl Aw° GFS #4%¢ 700hPa vh&d =
B EE BT vt Ao AdsdAA e vigbde 48 FEe 23 A7|SE e
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nhol AR T 94 FFS ] viE(dE o, 10 m ¥o] HighS AEste=d o8 2
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ofug}, vrFe WEFow AP HAIES SAHFOEA wiE WIE AEE v &
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WindSat& W= st AFAelA NEe Hxe] FE wo]lART EAAR, F
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(a) Bad passage (b) Good passage
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&) (Park et al. 2016)
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B 5. COMS 7AAA2 g, o4, 278 e ¢ g8 Fof

k! gm) FEIYE FEEoF
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oA Q] (SWIR) 3.7 4km ORI % S5, AMEAAl AURE F&
2571 (WV) 6.7 4km FE5 WUl 2571, dSH7l 5ot

A2l (IR1) 10.8 4km TENHE, LU, SIS

2212 (R2) 12 4km ZERN, Sipues, PAWS

T4 L= S =
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1ste], o5 &3l sz MCl(monopolized convection index)& i¢tste], YHAE R
AbgatlaL, ofl ek 2t

Top twolarge EC cluster pixel #
Total EC pixel #

X 100%

IR1 G4 WA ¥7]2=7F 240K Bop w2 A 95 EC(Extreme Convection)® 3 2 &
B 5 gis ozl EF(Binary Classification)S 3dtct o1 & 713 o] & F

Aol wA e Bk gt Al EC 999 gtaolM AA sk vEs Tk, e Gl
MCI ez Aikstr}
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Aol AL AAGE COMS 71 AHARE

g A
lat latitude
e lon longitude
doy day—of—year
local_time local time
SWir_mean average brightness temperature of SWIR
FSAHSF Wv_mean average brightness temperature of WV
irl_mean average brightness temperature of IR1
DAV deviation angle variance
irl1_MCI monopolized convection index of IR1
irlwv_MCI monopolized convection index of IR1-WV
SHDI_wv shannon's diversity index of WV
SHH SHEI_wv shannon's evenness index of WV
SHDI _irl shannon's diversity index of IR1
SHEI irl shannon's evenness index of IR1
SHDI irlwv  shannon's diversity index of IR1I-WV
SHEIL irlwv  shannon's evenness index of IR1I-WV
g, G Ue EF HAE VIeoR Af FYgsE FEd H, & Fd329

TN} ol sk HeAg Qe b stk ol WV, IR1, 223 IRI-WV el
Agol HAwd, 72t Fde ex Bxo fiEl, wrlexe el W 20%E 4T

) F(Deep convection), 20-40%E W+ (Convection), 40-60% S ¢Fgt tfF(Weak convection)

oz FE3Io], A FY29 A HES SHDI (Shannon’s Diversity Index), SHEI
(Shannon’s evenness index) X 4 WHTE F3 A3t A AY (29 19). A2 ofg <}
2},
SHDI = — Y (P, x1nP)
i=1
—Y (P xInP)
SHEI = —=1
Inm
i M (=1, 2, 3), Pi & WY ¢t i7F AA e v&S& YEU A, me 29 NTE
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M : Deep convection
: Convection
: Weak convection

Symmetric & Asymmetric &
well distributed gradient biased gradient
“High value of SHDI" “Low wvalue of SHDI"

= 19, SHDI (Shannon’ s Diversity Index) =% ®#174 /WNHE %=
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2014.01.17 18:00(UTC) Dev 2014.02.25 15:00(UTC) Dev

12°N GRS :
11°N
10°N 2 A E 3
|"\J“— o - z ‘. b
125°E 126°E 127°E 128°E 129°E 130°E 146°E 147°E 148°E 149°E 150°E 151°E
SHDI = 1.07 SHDI = 0.68
SHEI = 0.97 SHEI = 0.62

2014.02.25 12:00(UTC) Dev 2014.09.10 06:00(UTC) Dev

= |
149°E 150°E 151°E 152°E 153°E 154°E 155°E

a o £
e — Ll =

140°E 141°E 142°F 143°E 144°E 145%E
SHDI = 1.02 SHDI = 0.69
SHEI = 0.93 SHEI = 0.62

14°N TS - ~ - N -

I - ST N SR _J_l

111°E112°E113°E114°E115°E116°E117°E 107°E 108°E 109°E 110°E 111°E 112°E
SHDI = 0.20 SHDI = 0.19

SHEI = 0.29 SHEI = 0.28

B : Extreme deep convection (~190K)
M : Deep convection (190-200K)
i : Convection (200-210K)

I3 20, wg/pjdg A AEe] COMS/MI 94 2 SHDI, SHEI A5 oA
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AA A% gz 20156 HH 857 AlFalt. Himawari-89l= M Z 712 ¥ imager?l
Advanced Himawari Imager(AHD7} HAl = o] 7]&E9] AA A 5 Hluste] o 2
Bl 7FAa k. COMSeF Hludte] #33 a4 =(spectral resolution)] 74--ol& 7]&
570 AEMARAA A 10, A AE 47)el wlis) 1670 AE AR JAd 3K,
wAe A 3, A9 AE 1070 7 A o F3E el Adg-ol= 7= COMS

Aol ZEA B A9 1 km o A=, HLQM Adol 4 km ¢ SHNEE A
A" Aol Hld Himawari-8 ¢?14de] 45 7FA134A AdY Z5 05 km, <494 239
A9 1 km, A Ade A5 2 km 9 EFEE 7ML Aok AT #Elle Aol
COMS AL 60 F9 dfd=s 71# a2 AT Himawari-8 9L 108 1149 s
ZFA I glo] o Be wEE #=S 3 ¢ 9 A "ot

(b) WHE

2 Aol e @ At Rt o] & bt ZRAgA A eA AldES AL HoH Ad

< 8 10, 11, 14, 15, 16¥ A AR E &3k, 60 Aoz 5 ARE o883
BAAE AGNA A= diF 3d ARES HE 2 g5 783 AREE 7hest]
AslA o5 JAAE ALY V= AFENA l
B TEY FHE 45t "I FEE
e Feo] WstE HE LAY FAAQ] Ad|AR At 5435 A
o & WS sttt

ol S oFst7] fd B SAS Rede dA=ES tiel dE(intensity),
4 (symmetry), &3 (Diversity) 37H4 ®e#l= ste] /WEstdtt. thwe = 4
AA UF duAE FAHs= Ae HHoz JTEHAL dFe gAY AfdE 7E
Dvorak 7]WellA &9 s £4sdd A FAsHA 752 ddes A&Fst sttt

sAmto R dlfe REL AW uRel REs 2Asd die avle 94ns 4w

AAAE 94 As= BAF oyA] 7S A Fs7] wio] Radiance A5E 7|2z
H3lsts 29 e sttt A (sensor Plank function)e] AAF A& olgie} & FA&

w21 Takahashi ¢ Center(2017)2 %3}t
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T, = by + By, T, +b3iTe2

e,
k )
T(B)=——"
e( Z) 1 thzv? )
n B +
HA BANB) S ol &3l effective temperature(7,)S A4ttt he 53 A5

(Plank coefficient)® 6.62606957e-34 [J-s] = HAo¥Ett k¥ =% 4<5(Boltzmann
constant) 1.38064880e-23 [J/K]I =& AJHAY. cx= "o <Ex(speed of light)®
2.99792458e+08 [m/s] = AolHt}t. W3ty effective temperature #L3 A S o] 8314

97 e e ARBY. o £ 7 A 4 94 pE 2 Ade] 44 gew ¥ 7%
2ol Ao,

® 7. Himawari—8 AHI & Z+ A1¥ 8 39} band correction coefficients

Wavenumber Band correction coefficients

AHI band v (cm-1) bl b2 b3

Band8 (6.2 um) 1609.241 -1.662616 1.003694 -1.732716e-07
Band10 (7.3 um) 1361.387 -0.06306013 1.000195 -1.069833e-07
Bandll (8.6 pm) 1164.443 -0.1605105 1.000589 -4.019762e-07
Bandl14 (11.2 pm) 890.741 -0.2530423 1.001233 -1.153788e-06
Band15 (12.4 ym) 809.242 -0.3766459 1.002025 -2.096994e-06
Band16 (13.3 pm) 753.369 -0.09773197 1.000564 -6.266746e-07

kel kA FEo] Sl AHES AASY] s 149 AL Ade 8wt
28815 K Rt} =& 259 J9& AAS 5 ol&st)

O

AEek dAdd Hes 9l AdS ofgd AAe vuw Ads ol&F A=
TAEAUT G AES o] &F A= 4 6/ Ao B REE TR0l e Ads
AARE g HEg ghe Adtsddnh. 9o A7le] A HE A VIEom 4040
A wiflolnt. R AR diFE oyl s 1°x1° o d9elA HSkgs sk
°]F YE$(moving window) HJ%JOE At 7 22 s WaeE R o
AEE o] &3 Ax WEFEs AR tE F ALY Aol gE 99 HdTd HE ol &tk
HEAQ tF A9S o] &g F4 22 Olander and Veldon (2009)¢] 29 Adz 4357]
Aol Zol(IR-WV) gta oldste] HZe] dred F4F A+7F Atk L3 Lee et al
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(2017)9l 4] convective initiation ELXWV] Al te A AolE o] &S] UlFe

260

270

260

250

240

230

el

210

120% 122°E 124°E 126°E 128°E

=
5

ol

2 22. Himawari—8 AHI IR 14¥ zjdolu]x] oA, Zrel Addd W32 H
102 HE 4° xX4° AAEGE H$ (interesting area) oA A= E ST

Bgol wAsts #AAPoM FEY HEV] dHe AFoE by Ad HEoR
a7, AR AE YA #AE=E FE29 FEES A Zser] 9§ Pineros et al
(201Dl Al /i DAV 71ES o] &3tk DAV 7| AAAE 94804 AEd 759
L5 o]&dte TAHCRFYH W3l Aw ds At FEe WAERES

o 2 AFdAE 10M 571 A 140 A9 AEY e o] &35k
DAV At& 38 W53 s9u. DAV Azl 3AgolA mejdze] Heo Ad

d ko] QA&
S0l AA AAE FANAME AAEE 10 km E 9EFE H 2% H~ ZE(ow pass

il
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filten® A &3tart. 24 agcrig ofF UES WHOE DAVE AN wEoldl
AZE DAV AmAA 74 we ghe /e 98 Ui FAoR Hgste] Mew

o] -39

Cloud masking Applying Low Pass Filter

HIMWARES AHI Cloud Mags HIWARIS AHI Low Pass. Fior

G wrt g . e are et T Wi

L L] T

Calculate BT gradient Calculate gradient variance map

HIMWARE A Brightness Tm‘plmu'n Gradient

~ETE _ -

HIMWARIE AHI map Devaton Angle Varlance

—- i
| e
B

% 23. Himawari—8 AHI IR 1491 A QoA DAV 7]& A& OM 1z Ao
AAS 28ola, S FH o7 10 km ANER 93 F 29 A S Fige]
o (LEFH o). DAV AAE 98 2 azl= HE ¥k 71&7]E Asda (8
2z 3ieh), 7187) 7o Ay S st DAVE AAsE wo] 9 22 slutko] veh gt

FAF AAE o188 Aolvks HYS Ftol RO LI WEE AWSHATh R RES
Aol A 1M "9 LS olgstel FHORNE 440 AAAY W i
2718 A b EAE itk 240 K Bk A g 2 AGS 0§ 9 iR 99,
240 K o4 265 K vIwel A9 F9 el 99, 265 K o4 20 K Vvl 492
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M
=]
1%
&
ot

F ddom e 4 QA
So] qlol= o] & golth

1230

1220

1210

120% 122°E 124°E 126°E 128%E

33 24, Himawari—8 AHI IR 14¥ Ajd 9] 87| 2% Fto] g &7 o|vx]. dgh
A ododo g Aelog 265 K oA 280 Ko|3te] €% HYE g oo 7}
3 Ol Adom 240 K o4 265 K wlgke] 2% WS wzial ojolo mo 7
R A9 e® 240 K vnke] 2= WHE YERIY

Al e w3 FE2E AlAe7] 98l Shannon’s Diversity  Index(SHDI),

Simpson’s Diversity Index(SIDI), Simpson Index(SIMI) # ¥ £7 WHEE o] &3¢t A&

obelsh gt}

m

SHDI==Y(p:InP,)

i=1
SIDI=1— Epz
i=1

1

d.P;

i=1

SIMI=
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i= ®F3G=1, 2, 3), P, = W9 Stoll i7k A 8k= HlES YERIY SHDIS ¥ 9= 05F-F

T 4
ot
)
Ll
N

N,
u)
wn
s
=
1
=
oy
b
M
kel
Ll
ol

S

JVAFE grho]l Za 3 e v go] ESFE
o kS JMxE AIS ®melth SIDIE 004 1 Abole] e 7txlth SIMIE 19 A]
Abolo]  zk&  zre=th(m=3). SIDI$} SIMI®] o] AZASFE Aol molxal,  Fhol

Aol A 5% @ FRel W&ol B AL om g

e 74 2 54 T syl o WE(diurnal variation)< ElE @HdS ©X =)
ZEE dSeA dEFs Rt 4 WEe JFE =ol7l A 24A3F o]s Wi

= o= =
(running average)S A4t BE Wgo] ALt 2 AFA AdE 94 Ak}
ket A S ol Fol Askdd. olF
2 Y3ttt Himawari-8/AHIE o] &3 WA §Hx] dag]H-2 334 doA =osich

® 8. Himawari—8 AHI A& 914 x4 gl~E 9 4

No. | $78 1At | ¥4 A
#1 MO8 Intensity Upper-level water vapor
#2 M10 Intensity Lower-level water vapor
#3 M11 Intensity Cloud phase
#4 M14 Intensity Cloud height
#5 M15 Intensity Cloud height
#6 M16 Intensity Cloud height and amount
#7 D(08-14) Intensity WV-IR
#8 D(08-16) Intensity WV-IR
#9 D(10-14) Intensity WV-IR
#10 | D(10-16) Intensity Cloud top height
#11 | D(16-14) Intensity Cloud top glaciation
#12 | D(15-14) Intensity Cloud top glaciation
#13 | D(11-14) Intensity Ice cloud detection
#14 | D(08-10) Intensity Water vapor difference between top and bottom
#15 | Min08 Intensity Upper-level water vapor in strong convective region
#16 | Min10 Intensity Lower-level water vapor in strong convective region
#17 | Min14 Intensity Cloud height in strong convective region
#18 | Minl6 Intensity Cloud height in strong convective region
#19 | DAV10 Symmetry | Degree of symmetry of water vapor cluster
#20 | DAV14 Symmetry | Degree of symmetry of cloud cluster

) ) Proportional abundance of each patch type multiplied by
#21 | SHDI14 Diversity

that proportion

#22 | SIDI14 Diversity Measure of diversity for patch type
#23 | SIMI14 Diversity Dominance of patch
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Input predictor: x

[Xll][xlz][xf][xf]

* Lookup table
(EEET|E)

+ 3[HZE (ADT)

- AEE

O 32, 94 AR U FARY AelM FE
BE A EY, s BN
AAA L, ol FH4 BAHA Jgelt 717
o] o] gtk

Jo N, ot

Olﬂ :L

Ao &8 VAETE 7IHe 27U (decision trees), random forest(RF), support

vector machines, <1527 % (artificial neural networks) SoJth(1¥ 33). ARYFE=

Aoz shte AE IFL AR oAl e #AT F IFoR i
4 )

7)
AAS A3l d=4 Information

)
&
=)
)
=
j=)
=
&
o)
Q
B
N
o
ol
kv
oZ
rot
)
uj
Lo
N
¥
il
>
oo
rot
k)

r°*'
U)
&
o
iR
o
i
_l

b

it

i

iie]
+
T_“
by

B Ao A= RuleQuest Research, Inc.ol 4]
sttt RF= 9 €851 v 24Uy g F/<
Trees(CART)E  7I¥te®  stal glow AAYFe wxo=m d#d s
59 (overfitting), TH AR et =2 WA EE S3tA7]17] A&l F 7HA 729 719
R

Classification and Regression

rr

o
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Featura(f) Feature(f)

) . % 1// - Ny = ™= Y ~
¢ oy ¢ ; -
& P * d P A e} 5 ,.'D \ j & \ s}
.1 \ \
o S S BT - B & o b a o
@ @ ) o fi A ¥ A A
& % (i; (.") @ r.‘: & b
@ . ° Pitelf) Palelf)
- =
s s
& ® — ==
\_{;),,.
} Plelf) = el
7
a. Decision trees b. Random forest
Input Hidden Cutput

Separation may be easier in higher dimensions

N ®
- ®
= @ .\\’
feature P LA L
B
mag e o
e/
\ieparatmg
hyperplane
complex in low dimensions simple in higher dimensions
Information )
c. Support vector machines d. Artificial neural networks

% 33, & Aol ARgE 47HA TIAIgE BA R

7F. S A% Windsat 343 A5 7|8k S TAEA] 22 s

O Decision tree 7]¥F WindSat Bl ZF 2% 1d

327 Aol A%E WindSat 7% BEFLATA QA4ES ol 4stel, AU /UL
g% HFLAYA =S Awstach ALE 84 Windsat 94 AA4E JHARE

C5.0& o] g3te], 7|Ag5el EW(Training)¥ 7 % (Validation) 2 *—47\13}
87 A F 2124l wind_ave, wind_cv_fix, wind_pladj %+ 2 A
o] &3, WindSat 2 ## JAAES o] &3] &= F3H ol 75_235] Atk WindSat 7]4t
ARUYE 2doA dEuse] %7 % 99 AYEAnh o] A= vl T v AYS

243 =4 wind_ave®t wind_ave fix7} 74 $23 98 A= dA3ic)

C50% ZAURE EFaA Ade FASL AW, AFUTe FRSE odd
FH50] AwAoln A sfHo] golaiti= Aotk AwE mAdAE 679
FA50] A4HAAT

F 10014 AAH= = boll olekd, AlAE o] whgo] F&3] sttt (wind_ave >
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1639 kts), ©l= ALe HAge Symmetryt WEHIHE HFoE WAL 5 Ues
Yetdith o] A oK1 =k 73 %

bl o Al A 7ISHd 8ko]l A ZA ] EAd e FAAA Y A g oyt
of ATollA AAEt= AL HF DA BAEAAN VeSS AAZH= Aotk tF 40
s, mlgol At et(wind_ave >1639 kts) AZIGA £ AAo] =X
9} (wind cv_fix < 0289) EjZE oz WAz oF=vl EE dA/MmMEA guk A

= 5
AAE gde F7+ Are nlgd Jroltl o] AL:

r o
0,
i
M

i
2
1o

2,

X,
X
‘O,
o
%
=
ol
2
o
Lo

o

B 9. AAYT ndd o AAE WindSat g8 W4 2% (Park et al. 2016)

Order Predictor Attribute usage
1 wind_ave 90%
2 wind _cv_fix 89%
3 wind_pladj 64%

® 10. WindSat 7|®F S AEA] AU ol o3t 125 (Park et al. 2016)

Rule _Descriptions C-’lassiﬁcation Accuracies

1 If wind pladi < 65.7895, then a disturbance will notNon-dev 0.952
develop.

2 If wind ave< 11.49, then a disturbance will not develop. Non-dev 0.950.

3 If wind _ave< 16.39 and wind cv_fix< 0.352, a disturbanceNon-dev 0.905
will not develop.

4 If wind cv_fix< 0.289, then a disturbance will not develop. Non-dev 0.864
If wind ave >16.39 and wind cv fix >0.289, then aDev 0.933
disturbance will develop into a TC.

6 If wind ave >11.49 and wind cv_fix >0.352 and wind pladjDev 0.734

>65.7895, then a disturbance will develop into a TC.
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(a) Rule 1
(Non-dev)
0.952
Scattered Aggregated
Wind organization (wind_pladj)
A
(f) Rule 6
g (if wind_pladj >
g < 65.7895) (e) Rule 5
£ T — (Dev)
2]
L ’
5§ _ 0352 — 0.933
S él £ (b) Rule 2
c 3 5 (Non-dev)
2z B
£z = 0.950 (c) Rule 3
% 0.289 — (Non-dev)
° d) Rule 4
g 2 R EN)on-dev)
b 3
o
0.864
Weak 1149 Moderate 16.39 Strong

System wind intensity (wind_ave)

& 34. Decision Tree(ZAuUH) WS o]&3th
WindSat A5 7]45F glF ¢ e 29 9% (Park et

al. 2016)
11 A% F8e F7H8 &5 &
Reference
Develop Non—develop
Model Develop Hit (H) False (F)
classified Non—develop Miss (M) Correct negative (N)

A SRy 94 vlee AT 7IASss Trainingel ARSE A 22 2008-2009

JTWC Best track 482 ol&dle] s, A2e 98 W7t Afze w@x
obus emA g% mestelol @l ®ALEPOD)SH @ EALPOFD)IS o
gela.
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POD (probability of detection) = H/(H+M) X100%)
POFD (probability of false detection) = F/(N+F) X100%)
OA (overall accuracy) = N+H)/(N+F+M+H) x100%

¥ 1194 Yyeld+= AA"E H M, F. N2 Z+ZF Hit, Miss, False. Correct NegativeZE

GEth §4E(POD)E AAl B BE F mdoa HF A4S mes AN golth
A& WAL 0-1000%, ol ¥S5E HFNY 453 Pt mdolth oHAEL
HEo wasd 2t 9 4% % AUH JANE Bl HFSR 3 W&
AT olth ewA&e WUE 01000, ol HeHE du HES ¥ 2
Fe mdelm, 1009 H&5% lFo] obd HESL BEoR IRH BAE s

o,

N

-

4l
i
ol
it

ko
e
-

B 12. 2008—2009 7HA=717F %219 Hindcast validation®] 23+ Contingency Table (Park
et al. 2016)

Observed
Validation Sum of classification
DEV non-DEV
DEV 41 72 113
Classification

non-DEV 2 181 183
Sum of observation 43 253 296

Overall Accuracy 75.00%

Hit Rate 95.35%

False Alarm Rate 28.46%

2008-2009d #A A HF A VASSES o8& HEF HITAYA e A

95.35%, L®A & 2846%° M= EHATHE 12). HF 71 &< WindSat 9140 #5%

T AW, of 43708 HF IE Ala"l T ANE AEeA HE TAew dA sl
Wood et al.(2015)] °l&td AA A= A4S ©]&3 DAV el 3¢
A

Qe &) 256%%Th
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oulelth. 1% 34 WindSatlHd #EF R WA w3 Az H2EIRS JTWC
B A7) m e G Aol whek tehigleh FAE A R WA w5l
F7 ol% @ v wuel os) HEow wAHE AFL Do B ATolA

Zoz wAsl7] ¢k 15 h o]do=w AArE )

O AZ&E8EF 7IA8+%OT, RF, SVM)zt vla AF AT

 AFoA = FU3 WindSat G AAE o] &3t & SAATHIA 7IAStE YRS
o]-g3te] EIFEATA dF RS MLstAnt S Al 7FA 71AIEE W<l Decision
Tree, Random Forecast, Suppoer Vector Machine 7)< ¥ A& EE 9 (Linear Discriminant

Analysis, LDA)S 483 47FA dag]Fo Ase HugdSs A8t

H 7IAESE 7w Rd ey LDA 7|4 2dyte] e HuE S
dl o] Hit rate®] 94-96 %=, LDA =9 Hit rate?l 63% Xt} A
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WS A -3 o =39ttt False Alarm Rate® A $E 003602 w$ e &
AARE A aEe 2709 A 5 HEoR e e oFyn
Alarm Rates Rolil Qlou; AA stz e du HeS HIo=z daddivta d
Aol e Merk va ornz dA &84 ol disk iy rF H Qs Aol

H 14. A72x 24 7]89F RF 23} 2z} Qx5 g3 $e %

Mean Decrease

Index Accuracy Mean Decrease Gini

Julian day 63.3 262.6
""""""""" Latitude | 763 2832
"""""""" Longitude | 783 3006
 Relative vorticity | 972 154
© Moisture divergence | 299 1700

Trend of moisiure 60.8 255
"""""""" Divergence | 211 1472
""" Trend of divergence | 687 3035
""""" Relative humidity | 490 2141
© Wind speed | 313 1501
"""" Vertical wind shear | 463 2181

Convergence 18.4 144.6
"""""""""" Omega | 267 1571
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E 15. Random forest(RF) A¥E o] &3 A4S o|F J& 5. NTD/TD+= A Ao A
Zo] M= A v]E, TD(OBS) ¢ DB(OBS)+= AAl HlFoz watst Ao A5 7|
T 2dEs Ao A5 i<, 283 HIT(RF) = RF Edo] HEFo = wdste HES 9
53k 34, False Alarm(RF) & HIF o2 wdsx] 42 dd AH5S HIoZ sty
x5 A
False
TD HIT DB . False Alarm
NTD/TD Alarm Hit Rate
(OBS) (RF) (OBS) (RF) Rate
1 33 33 254 31 1.0 0.318
2 33 32 254 63 0.969 0.248
3 33 32 254 44 0.969 0.173
4 33 31 254 29 0.939 0.114
No limit 33 29 254 22 0.878 0.086
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System wind intensity (wind_ave)
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jdy Julian Day DB Day
lat Latitude DB Center
lon Longitude DB Center
vor5 850-hPa Vorticity 5 degree from DB Center
vor5_tr 850-hPa Vorticity Trend 5 degree from DB Center,
— (Max.) 48 hour Radial
div5 200-hPa Divergence 5 degree from DB Center  average of
div5_tr 200-hPa Divergence Trend 5 deg(;j:xf.;og rl?oBuSenter, azin::tehally
vws3_8 Vertical Wind Shear 3-8 degree from DB center  averaged
rh5 Relative Humidity 5 degree from DB Center values
rh5_tr Relative Humidity Trend > degree from DB Center,

(Max.) 48 hour

5

A ATFARD BFDPAR JY W PAE

HeZSekE

Index DBAE DBEENFX] DBEE  MeanDecreaseAccuracy MeanDecreaseGini

jdy 56.2 70.8 424 85.8 417.6
lat 55.4 70.0 472 87.7 365.9
lon 50.0 737 428 84.8 380.5

l vor5 87.2 623 1153 1113 626.1 |
vor5_tr 62.3 59.8 520 854 508.0
divs 354 420 416 60.3 367.1
div5_tr 320 48.2 18.5 59.6 344.8
I vws3_8 454 674 296 80.9 4049
rh5 35.2 533 235 60.0 389.5
rh5_tr 39.9 498 277 615 366.6
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— B FEA 48417 ol d 3 AuidEs A 48A1%F o= wdy 4~E
AEO] zjo]7p Wwlalx] okriar %L*SPO% Medium®. & #F3ato] 2ag
A/ S Match—up A2 & 4

Medium -48 hour High

Medium -48 hour
ﬂ 42
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jdy SHDI_s4  wind_ave
lat sw_min wind_cv_fix
lon wv_min  wind_cv_mv
vorS Irl_min wind_ci

vor5_tr sw_std wind_pladj
divs sw_mean rain_ave

div5_tr shei_s5 rain_ci

vws3_8 Ir2_min rain_pladj
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\ rh5_tr wv_mean /

48A|ZH O|Lf EH SN 7Hsd
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a9 G 9H-AT FARY AR ST
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Wl mEo] ojgh 48h o[ EjF o2 WA SHE
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et A| A H] 7 0 1
e A|AH 7 0 24
a9 1L A -FARE 3 gI3HAEA/AFA~He  Contingency
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- 25 YA Bd QxE JEAEE 3 ddd dugEs 19 44
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A4 719D, g Ar W =AM (FAAE 7IHh) 5 vkttt SHs 2y
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mvot M 119.2832
mvws M 106.1533
jul_day 103.8612
lat 91.80863
lon 83.98509
mdvt M 79.11046
mrht M 73.19908
local_time 59.31836
Sw_mean S 56.7057
DAV S 55.58434
SHDI_wv S 44.41981
SHDI_IR1 S 39.37296
irl_mean S 38.96147
wv_mean S 35.97598
¥ B g% ek 1ol wep B fA A RIS YHARR o
£33t st mdR e Wg Fo%

11. "5 F717}
Jegdow

[e:

o]

i)

A

rlr

A9

Dev Cont Non-—dev
Dev 7 0 0
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Non—dev 6 0 24
% C A -ARd &3 24 AS A% (POD = 100 %, FAR
20%)
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E16. §F W 1) mek BE JAAG FARDAGE YRR o] F3ko] shpe)

mvot M 119.2832
mvws M 106.1533
jul_day 103.8612

lat 91.80863
lon 83.98509
mdvt M 79.11046
mrht M 73.19908
local_time 59.31836
sw_mean S 56.7057
DAV S 55.58434
SHDI_wv S 44.41981
SHDI_IR1 S 39.37296
irl_mean S 38.96147
wv_mean S 35.97598
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vws3_8  IrZ2_min rain_pladj
rh5 Irl_mean
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