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ACRONYMS AND ABBREVIATIONS

ATBD  Algorithm Theoretical Basis Document

AMI Advanced Meteorological Imager
AHI Advanced Himawari Imager
CAT Clear Air Turbulence

CIT Convective Induced Turbulence

GK—2A Geostationary Korea Multipurpose Satellite (GeoKOMPSAT) —2A
L1B Level 1b

LASH Layer Average Specific Humidity

POD Probability Of Detection

POFD Probability Of False Detection

PVvU Potential Vorticity Unit

TFTD  Tropopause Folding Turbulence Detection

UM United Model
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Figure 1 Cross—section of a tropopaus
e folding illustration
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Table 1 Product requirements

Geographic Coverage Full Disk

Horizontal Resolution 0.1° x0.1°

Binary yes or no detection above 18000ft for

Measurement Range
Moderate or Greater (MOG) Turbulence

Probability of Detection(POD) : above 50%

Measurement Accuracy . .
Probability of False Detection (POFD) : below 50%

Processing Time 180 sec

2.2. 18 F 5 FE

TFTDY 4% A& ol E55 (09 202 &9ld 4 Qt}h 344 7Hto R ArEE = A
Z=5% 2, TFTDx o AT w Aikd 71t 9 (edge) & A (object) =
A el gholl frelsfoiof st

A AFE SR ER 0.1% AR QA% oY A5 E Wdkste= 1, LASHE AAxlbst
v B4, oA EAE FHsk= HA

y H = pul
2 sganh AAg A e s te g 54 9] 7&ei
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Figure 2 The TFTD Flowchart illustrating the main
processes.
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TFTDe AF&=+= AMI AlA 9] Ad AR&E ofefl 1 29 A dugs F5ol 53
1 Y AnzA, A4 GRS 4R ARE dYVEn TFTD duede & * 4
527F EHHA &S Al AEHA gom T 9] At FkE ded A A4S Uil
A S ARZ o] g3 AnFHOR ANET
Table 2 AMI channel specification
Center .
Spectral range FOV Used in
Channel wavelength
(¢m) (km) AMI TETD
(¢m)
0.43 - 0.479 0.47 1
visible 0.50 - 0.52 0.511 0.5
0.625 - 0.66 0.640 1
near—inf 0.85 - 0.87 0.856 2
1.37 - 1.38 1.38 2
rared 1.60 - 1.62 1.610 2
3.74 - 3.96 3.830 2
6.06 - 6.425 6.241 2 O
6.89 - 7.01 6.952 2
7.258 - 7.43 7.344 2
frared 8.44 - 8.76 8.592 2
9.543 - 9.72 9.625 2
10.25 - 10.61 10.403 2
11.08 - 11.32 11.212 2
12.15 - 12.45 12.364 2
13.21 - 13.39 13.31 2
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2 dagFe A dA dAE AT d5dY ¥5%, LASHE AbEsks dAlolth LASH
+ Wimmers and Moody (2001)°] 914 HAz3 5718 &% dFS wiAs 449 <+
ZoAdo] ngel 2ol Ao wlelgths Aol FEakel Gakglth. LASH 49 584
¢l %EE— ofgfel #t}h WA 4 12 Soden and Bretherton(1996)°] AA3t =57] Ad
A= n(7,,)7F 4 dFd s g ddds vehith
RH
Log( ) = log(RH) —log(cost) =a—1b « T,
cost
eq. 1

0  satellite zenithangle

a,b constants
e} e AAE o] €3] Wimmers and Moody (2003) & Clausius—Clapeyron AA=
ol gatel AR MG AF ORY LEgo UM 4 AL olgad e P
o elgh

1og(RH) = 1og(CI) + Cl? +Co
eq. 2
T weightedaverageo f upper —tropospheric temperature

2F, A 19 25 ARete] ofdlel 2 dnbshd LASH H& #fESAY. 7v A
FH =S 7IE 71l A8l 7RIS 7t Batsto] ARESTE # dag]FelAE Y
T 719 (400hPa) & 7IFo®2 BFE AAE 120 7FeAIRE AES Aldbete] 25 ZE 5o
A AR URD Srde S 94 Baad

LASH = cqlog(q) tep =T, — T — colog(cosh) +c eq. 3

3 dugE N dA = COMS UTH(Upper Tropospheric Humidity) CMDPS =
CoA AFEE = € Al bE o] &3le] ofdel F& LASH AR S ARE-3FSIT

LASH= T,, — T —b « log(cosf) + 240 K eq. 4
LASH ¥3t4<Ql 4wl (gradient) & Al4bet7] dell, 1rskAwr A= F5& A A
fst 9 AAZS A L5y
LASH(LASH < Threshold) = Threshold eq. 5

Axtdl LASH 97 34l iz 7hg 2 d92 AHSFE wld/ovA =244



(Computer Vision/Image Processing) #oFollA AFgEH= oA HE: <daglF (Edge
Detection Algorithm) S ARE-3it) B dyg]Zed AFEH oA AZ=7]= Canny A A
Z=7](Canny Edge Detection) ©|t}.

(a) GOES-R TFTP (b} Suggested TFTD
< LOG Method = < Canny Method >
Cloud-Cleared Cloud-Cleared
LASH LASH
Gaussian Smoothing Gaussian Smoothing
Gradient Calculation Gradient Calculation

L o

Edge Direction )
Calculation and
\___ Classification )

e it o e i D Ll e s
1

Edge _ MNonmaximum
Localizatio Suppression
v v
Laplacian Zero- Hysteresis
crossing Thresholding

Figure 3 Flowchart of the Edge
Detection Process for (a) Wimmers
and Feltz(2010) method for GOES—-R
TFTP and (b) Canny edge detection

within a main processing.

a9 32 2 dugFelA AFEE Canny oA AEe dugls sE5EC 7]Eo AAH
GOES—R TFTPY A #H&E dudF 550t AYE +59] H oluR| oA F

4%
FRow Ansndss 9

e 7ErE ArEet] flste] 0=030% Sk 7hA
ot A% (Gaussian Smoothing) S St} o] w] AEH = YA of gt g4 we v
7 gov [& 259 @ LASH olvxolH, (¢,0)E BES} A%, (60, FI=HE I
Aol Awet 9% Frolth
LASH(smoothed) = G * ](¢0,00)
0+N  JO+M eq. 6

=2 X w(i b 9100) + 1(,0))

i=i0—Nj=j0—N



where

= d0) (0, —0,)
w00(¢i0’9j07¢i;0j,0):c . exp{— (¢ Pio B o }

2(osec9j)2 207
and
0+N  jo+ M -1
c= ( w(¢i0’9j07¢i79j’0))
i=1i0— Nj=j0— N
ANE 3 1A vl &AM (Sobel) AARAHIH 4R FAY AAEE AAbsith O

Canny °A HE71= AXNE A%, A% W3 BAL(G, Gy = ol&ste] A9
AL 3 (2] 7), o1 47FA] WEgo g Haldto] 15E 47049 o)X W] thalA

(E o ok

Figure 4 Sobel operator 3X3 mask for (a)
x—direction(Gx) and (b) y—direction(Gy).

= arctan (——) eq. 7
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Figure 5 The partition of gradient
orientation for possible edges.

Arbelel e 849 3x3 F 3ha GolelA ol A AxE o X wake £ sha
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) ) ) el
i+1 i i=1
j—1 j—1 -1

Figure 6 Pixel locations for Non—maximum Suppression according to the gradient
orientation partition of (a) 1, (b) 2, (c) 3, (d) 4.
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Figure 7 Flowchart of the edge expansion and quality
control processes within a main processing.



o weko g 2° (oF 222km) EHEH UFAAW wpgE
AANA ] d9S gFdaAd 73 dgoz Aot st J92 Wimmers and
Moody (2010) |4 & #= HolHE ol &sto] AHACZ A AT
kA ol FEAE JPo] Bk FE A =

Eqi— X]jl ;'_‘! [e] o 1 A QA
F7h 2AE A1, W 2AEA 2 9ele 08 vehin

Table 3 Tropopause Folding Turbulence mask index

Turbulent Area Non—turbulent Area
1 0

w3k TETDO Hrt}) thekslt &8-S ¢sto], TFTD A& A oA &§ 7153k =7t
AEES 2ol AFdt. TFTDY 22 i+ LASH(TFTD_LASH), LASHS]
3 ) =Z7]E AR TFTD_MAG, mlAeto s Z4 318 Flags: 2 &3t}

(TFTD_DQF).

_‘|2_
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3.1.1. L1B
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2015 79l %éoﬂ S0zt 429 Himawari—8¢l EAl¥ AHI= <# 9 Ad 9
GK—-2A AMIS} % S, e AHI IR AYe 2744 A% 4km, A+
(Full Disk) 7]& %—i— AT 10207 AMISH Zth webs TFTD WS 98k A3
Al 3 Y AEEA AHIY =257 AMIC] 29 A5 & AREESoH, TFTDE 1

F Y 8w 537 ALY AE LR A,

_I_4
>

4,
L

3.1.2. Xz A8

B AuRe 54 98 A8EA UM ABGS ARESth ol TFTDY 949 Awsel 2
ow, /T 279l ERA-Interim A4 A=7F AREFE o, dAAEE flsto] 713
A AXEE UM ngs AA7to 7 AL 2 g a7t 44 =k AFed UM
& N768 WA} N1280 Moz £ 4= ztzt oF 17 kmet 10kmo]™, 947 =
= 'Y 80 km7HA] 7070 S Ed Wow Aol St &% 4% 00, 06, 12, 18UTC
of AAtE, dstE A8 AFEHE Aunes 143 149 dS5Foly tg 7 FAow
A &¥ ek ph006(04 ~ 08 UTC oZ74), ph012(10 ~ 12 UTC <53, Ate 5%
o] HAL 98kl +06 UTC o] &S AMgarglon, 71¢ 7h7ke & Azt 144
o] AFHS AE AREElYh ol 57 Ado] THARA SFO0R FHo|RR AnF
Atol o] ko ® Igh o A9 eEAE Eol7] flgelth

IN

%% B3 A5 (PIREPs) S A}
E AAALS SACR VEHE B
7&
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Table 4 The turbulence intensities reported in the Pilots Report.

LA ok A% T BE AR
null (NTL) light (LGT) moderate (MOD) severe (SEV)
(@) AlLcase  (b) caTcAasE  (©) NIL CASE
o 122 124 126 128 130 132 o 122 124 126 128 130 132 o 122 124 126 128 130 132
| .,_& S ‘:t‘_(:" .,_& R 1 = | A
i : J/ ‘_j . -_ : i
N S ' '
@ L .»{W_ﬁﬁ._..é_.\\ e -
-~ L e
w| i Pl ' o |w [%]
Q- . ;‘ LI - b=
%/ “;‘-f‘“ r—//""r,o
c‘gg _:_.,_o,'!:_, ;""*""J\d'-/“'ll- Eg
: '-' : : ..’?( :
: I_. : : v :
o feee ' - g o ;
c: Poe |w c:
Sl g gl
_ : _ _ _ _ : . Numb=70 _ : _ Numb = 1077
152 124 126 128 130 132 152 124 126 128 130 132 152 124 126 128 130 132

Figure 8 The spatial distribution of the Pilot Reports (PIREPs) from 2014 to 2015.

PIREPs KHa1sh 2gAEeL 379 5, A7)0 wepx] A o] & Axolw, ¢l
25 AldolA AHg-¥ PIREPs &37]7d3 oA Al gukgko D% Shite 9, 53] 28
Wyl 9o 77 o] Juri(aY 8). PIREPsS R1ud 1% W JgAE FT5&E X
FatEE digdo] EAlEtH T e F7148Q At #F Azl vlste] FAdo] EFHH
22 Agert v AN A4 ST ¢ e 7L AsolRE 4 RdS o] &
FoAS AAEY A5 22 A8 AFddA A5 E4 &85 9l AR

3.2.

=
A%

W
PIREPs< &3 7|oA %2 HiEHE= AzolmzgE EAN A% @ 2F(systematic error) 7}
=3 A AR AFEE AR HAE AFEE Score TestE AAsle] X sHE
(POD)E T2 Mgttt €48 g+ A5 ATE T2 AHE¥+= FAR(False
Alarm Ratio), CSI(Critical Success Index)+ PIREPE ©o| &3t AFo+= A5 3

Mol wel A4 gho] HE = gdormZ AREE A 4=t (Brown and Young, 2000). T
T EXE gRlsy] fste] #5 HA 42 Gl At i "SR EA & 5 9l

T

.

2285 (POFD) & AFE3ta#} it
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Table 5 2X2 Contingency Table for the score test

Observation

) Yes No Total
Detection
Yes a (Hit) b(False Alarm) a+tb
) d(Corrective
No c (Miss) . c+d
Negative)
Total atc b+d a+b+c+d=n

2 dugFe Hixe 4% o] (Moderate or Greater; MOG) & @&7F @A 714
o] A= W& A Aotk olF HFsH7] flste] PIREP| T4 % o] (MOG) Al
7F Ru¥l 3% #5(Observation)©] YES, 2SR ¢k9kS 49 NO, 18|21 TFTD Ak
= A7 19 A% 94 (Detection) 7} Yes, 04 A% No = sfo 3% 59 o] =g}

=

9 PIREPe| Rid WF #A52 9 - A% #Axe] B3-S mestaa B Al F oA
50km ool ©A& A A st A (Hit) 0= a3l

Azl AFES HAS A9+ Probability Of Detection(POD), Probability Of False
Detection (POFD) o], o}egfje} Zo] veld o= Uth(2 8). POD+= W7t @59 At &
of §A7F 4¥d g5 (dF7F s W dEUE des §AE g8 E 7Y 179 @ F
oA 1o 7SS dugFe JEErt w5+ WEkdoh POFDy 94R7F #5554
o AbEl SOl §AI7F duetA &E = W dRE AT g5)olH 0

C—] o

a(Hit) b(False Alarm)

a(Hit)+c(Miss)’ POFD= b(False Alarm) +d(Correct —ative) eq. 8

POD=

ke

s == POD 50%(0.5)°]%, POFD 50%(0.5) ©]3&}o]t}.

HF dagse =

Table 6 The goal accuracy of TETD

Probability Of Probability Of False
Detection (POD) Detection (POFD)
50% ©l]%% 50% o]s}
duelE AF= 98l AHEE= PIREPsS] AHEH Y-S a3 22 Ayer Addd
4 Bi¥E PIREPs® 1%7F 15,000 ft o4l 45 47 w72 7133 943 As5E
o] &% tiF AlA"el 2% W7 (CIT) AA WHle AREH. W77t Bi¥ PIREPs 91~

_‘|5_



meta] A o1 25 E olgste] dlRdAYM 1EE AAbsta, AAWE 1% 24 1,000
m o|ellA Bi¥ PIREPsWHE AHES & QUEF AAHE %5 o] g3t A% o] F7}
E ARGEY dFEAYE 1xE oF ZHHE ol &sh st Ao, A S=E o] gdt
oq8ka A9, 1% ES o] &5t 47 Ho & el Yol g AiE o, 2 &
185 A5 WMOoA AAet A4 ol F3d A (Thermal tropopause) Y& AFE3sk
Ak 7]%4}%01 2 C/km Bt} 22 yEeA = 2 km oJUelA 2 CT/kme 2% #HE
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2
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dugZF AEE 20163 20173 7)zbel disle] 3 %¥ PIREPsC 2 435 it}

(a) (b) (©)
201604080000UTC TFTD STEP 1 - LASH 201604080000UTC TFTD STEP 2 - CC 232K 201604080000UTC TFTD STEP 3 - CANNY
110 120 130 140 150 160 170 7 110120130 wo 150 160 170
S SN -
RN ! \& -
~ ‘l. < 5
Gl e di i i \“x::*_s
Bl gt
= o s
i /r (\“/ N T i
& ¥, ey
S .
"k 2 % i
i S : o A
e :5—-'3 STz R etk
AA[ ] T3 140 150 160 170 110 120 130 140 150 160 170

[ TS s B |
179 194 208 223 238 255 232 236 240 245 249 253
(d) (e)
201604080000UTC TFTD STEP 4 - Expansion and QC 201604080000UTC TFTD Final Result
110120 130 140 150 160 170 110120 130 1401 160170

10 :53' T35 140 150 160 170

Figure 9 Step—by—step result of the tropopause folding turbulence detection from
Himawari—8 AHI data; (a) LASH calculation, (b) cloud—clearing using 232K
threshold(Kim and Kim, 2017), (c) Canny edge detection, (d) edge expansion and
quality control, and (e) the final result on 0000UTC 8% April, 2016.

_16_



24 20169 E<F FE JFoA F£H-E PIREPs =ol4 £ 1672 MOG(EZ% o)A 9
4687129 Null(dH wZAY) Al Eo] ARRHEAH. £ 72 HF d3=2A POD = 0.59
POFD = 0.49% ®HYS g 4 Qo o] Ay Hx g%l POD 0.5 o4
POFD 0.5 olstell 3t Avolvt, ¥ Atele] ofo] w9 Hom= FAACR {23t
AnE AeME o B2 A527F 3 ofof st

Table 7 2X2 Contingency Table for the score test of 2016

Observ
Yes No Total
Detect
Yes 8 231 239
No 8 237 245
Total 16 468 484

Table 8 The validation result of TFTD in 2016

Probability Of False
Detection (POFD)

50.00% 49.00%

Probability Of Detection (POD)
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Figure 10 Step—by—step result of the tropopause folding turbulence
detection from Himawari—8 AHI data; (a) LASH -calculation, (b)
cloud—clearing, (c) Gradient Magnitude, (d) LASH and final reuslt
of TETD on 0130UTC 1% January, 2017.
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Table 9 2X2 Contingency Table for the score test of 2017

Observ
Yes No Total
Detect
Yes 2 159 161
No 2 234 236
Total 4 393 397

Table 10 The validation result of TFTD in 2017

Probability Of False
Detection (POFD)

50.00% 40.46%

Probability Of Detection (POD)
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