Atmosphere. Korean Meteorological Society
Vol. 28, No. 2 (2018) pp. 223-232
https://doi.org/10.14191/Atmos.2018.28.2.223
PISSN 1598-3560 eISSN 2288-3266

- E

P ——

I 7 &
(Technical Note)

7|4 MR X022 S o|28 MX|F
SIHF OSAIAH(G-KTG) 7
Ofch| - M3 Y*
AT & o 7] =8t
(A9 : 201843 49 23, =4 2018 59 18U, Al Y 2018 59 23Y)

09t

o

=1

Development of the Global-Korean Aviation Turbulence Guidance

(Global-KTG) System Using the Global Data Assimilation and Prediction

System (GDAPS) of the Korea Meteorological Administration (KMA)

Dan-Bi Lee and Hye-Yeong Chun*

Department of Atmospheric Sciences, Yonsei University, Seoul, Korea

(Manuscript received 23 April 2018; revised 18 May 2018; accepted 23 May 2018)

Abstract The Global-Korean aviation Turbulence Guidance (G-KTG) system is developed
using the operational Global Data Assimilation and Prediction System of Korea Meteorological
Administration with 17-km horizontal grid spacing. The G-KTG system provides an integrated
solution of various clear-air turbulence (CAT) diagnostics and mountain-wave induced turbu-
lence (MWT) diagnostics for low [below 10 kft (3.05 km)], middle [10 kft (3.05 km) - 20 kft
(6.10 km)], and upper [20 kft (6.10 km) - 50 kft (15.24 km)] levels. Individual CAT and MWT
diagnostics in the G-KTG are converted to a 1/3 power of energy dissipation rate (EDR). 12-h
forecast of the G-KTG is evaluated using 6-month period (2016.06~2016.11) of in-situ EDR
observation data. The forecast skill is calculated by area under curve (AUC) where the curve is
drawn by pairs of probabilities of detection of “yes” for moderate-or-greater-level turbulence
events and “no” for null-level turbulence events. The AUCs of G-KTG for the upper, middle,
and lower levels are 0.79, 0.69, and 0.63, respectively. Comparison of the upper-level G-KTG
with the regional-KTG in East Asia reveals that the forecast skill of the G-KTG (AUC =0.77) is
similar to that of the regional-KTG (AUC = 0.79) using the Regional Data Assimilation and Pre-
diction System with 12-km horizontal grid spacing.

Key words: Global-korean aviation turbulence guidance system, global data assimilation and
prediction system, in-situ flight Eddy Dissipation Rate (EDR) data
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H|IZ 4 50] BAEIHS oA dFE T
Z1tH(Knox, 1997; Kim and Chun, 2010; Min et al.,
2011). AA, 35 AERF TR A+ 28 34 5
of FEIE W, AIXAN FH FHES HE Al
7IAY =83 AAE Tl GF DS oAzt
(Knox, 1997; Sharman et al., 2012). YlA|, 3}&5 Hl
o] A E TIEAE W WA g Aoty A7 A
gste] gFolA AAEA GFRE T THKim
and Chun, 2010; Sharman et al., 2012; Strauss et al.,
2015). T, A& thFel FHoly A& tRot %
=9 g9 A7 o8 w2 S slg
(Kim and Chun, 2012a; Lane et al., 2012; Trier et al.,
2012; Sharman and Trier, 2018). &x7]°] €©A¥
ol & gA7t 7Fsdk AeiFeol e IFEFRE
ALjg Y] A 712 AST72 AREA 7}
E7153 HHdF(clear-air turbulence: CAT)9} #
H adEoy, o 71x Xgh gl 292 g
=0]7] fsiME oldg FHGFE ARl
< Ao wlg- T8t
B EY S| S Y ETF FES] e &
Total, FAGERYZRE 7] R
Je AHHom mofsts AL oA B
P Aot} sHA R T RO 7] 5] 7}
NUA7E R FRE A2AC|E the Hrke o
F ©]&(Dutton and Panofsky, 1970; Tung and Olando,
2003; Sharman et al., 2006)S <A Z ShopH, S F
wol ] £F2 & AEshe FAIRELS o)
stel W Al 9L AZshe 2] F5F Aol
(Sharman et al., 2006; Kim et al., 2011; Sharman and
Pearson, 2017). o2&t 7P8S <AZ, FAdEEY
S olgale] UFAZA LS Agstat she oho
g A5l =] k. Sharman et al. (2006)
Hegom W Aodolqe] Rl Zmdel Graphic
Turbulence Guidance (GTG) A]l=¥]S 7§ atal9i o).
GTG AN &' FRd BRI AN U 7173 BTES
ol&ate] XF7HA] o AFES T3l AAE F
AR R ARAFES AR H, 4R 35 A
gole] HlwE T3 AsE 2 AFE 54 H=el
et AZAEE 7P & oSt AR 9~1070
£ St @Y dRASAFE G oA
AME S dRASATE N RIS 2R
£ dSshs AET o5 Aol mrhe Flo]
Ze AFES 58] E8E vl Ak(Sharman et al.,
2006; Kim and Chun, 2011, 2012b).
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and prediction system: RDAPS) 1'd At5.9} F-dst
21e) i BE ARE o], GTG Al=Hel
MES JNEo sk Eolrlo} ool FHaslel
=3 &3 U7 o|&A]2H (Korean aviation turbulence
guidance; KTGYS 7125193 07 (0] 8} A& KTG A2
©)), Lee and Chun (2014)2 Adrlt} o2 F8 U&7
WA wAUSS Lk, AlE" e A FES A
A= g A8A7 7R ek A shvE it
3= AE-KTG A12=8S 7ldstsict. 229l Lee and
Chun (2015)2 71”4 LDAPS (local data assimilation
and prediction system) ©]-8-3}] dt=t9] 7|4 9AC
2 Q& s W d Sl HAstE A d=e]
T KTG A2"HE AL, df #5 A5E
olgdl AFAHE ASSIATE Y IR dFE
g3l AY-KTGE 2012978 A dBE A Algk
o, 2477 BE W 3A7F Ao ' AlFskal Q)
o} A3 A2 Lee and Chun (2015)2 %317
upgth, A -KTG b= -KTGE 717343 A9-KTG
o] REAZEN ARl AFHL vk

HZ A el FAsH Sl wet, A
T2 3t dE deAo] thFHA Utk & o
TFAME 17km FHIN =] 71743 A AR
R 2dl(global data assimilation and prediction system:
GDAPS) ol §3te] AT 433 FFHF al2A
ZHl(©]st G-KTG A=gh)s /st & 7ex
EdAE G-KTG] W& 9 &f A4S AAE
Aol

2 =R vt o] e 28elME G-KTG
Alzsee] Wy el disl AW Ao, 3ol
AT Gl B8 G/ IR B3 AR
olg3to] GKTG A2 U o34 75 A%E
223k, FolAlol el M9 A%KTGSE GKTG
o] dFA vl HFe AL Aotk vHHeR 4

©
AoHe A2 @ QoS AT Aot}

o o N,

3

2. G-KTG A28 &%

G-KTG A%l w5 =7 7]/d<d 4 (National
Center for Atmospheric Research: NCAR)o|A] 7123t
GTG3 Al2=¥¢] #PHE(Sharman and Pearson, 2017)
< 7Nk E A glen, o]of upEl "o 8 F
2 AY-KTG Al&gla o & A7 54< 7
ATk AA, F3(10,000~25,000 ft)7 A+3(25,000~
48,000 ft) 7 A% Pojow FRE GFE o=
A KTGS €8], G-KTGE 3R E - 10,000 ft),
Z%(10,000~20,000 ft), 3%(20,000~50,000 ft) Al =
Fol tisfiA i dF FEE A A4, A
HKTGS| A%, HAGRE Lo A FE(©]
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Table 1. CAT diagnostics used in the G-KTG system in the
upper, middle, and low levels, and the coefficients a and b
used for normalizing CAT diagnostics into EDR [Egs. (2)-
(4)]. Ri* is the maximum value between Richardson number
(Ri) and 107°. Explanations of CAT diagnostics can be found
from Kim and Chun (2011), Sharman et al., 2006, and
Sharman and Pearson (2017).

Index Units a b
Upper level (20,000~50,000 ft)
Ellrod3 s2 6.2132 0.53760
Fih/Ri* m?s? 0.65940 022127
DEFSQ s 57554  0.40141
iawind ms™ -3.3344 0.63660
UBF/Ri* s? —0.80335  0.38419
PVGRAD PVU km™' 0.61206  0.58286
EDRLL m*? 52 1.1648 0.75097
TEMPG/Ri* Km™ 3.3749 0.38078
NCSU2/Ri* s3 5.5547 0.25468
EDRLUN m? s 1.4565 0.70548
wsq/Ri* m’ s~ 020735  0.26326
Middle level (10,000~20,000 ft)
NGMI ms? 2.0058 0.60126
EDR m*? s 1.7331 0.95061
I/RITW - ~1.5438 0.33699
iawind/Ri* ms> -1.7974 0.37634
F3D/Ri* Kms™ 53018 030212
Low level (surface ~10,000 ft)
NGMI ms™ 1.8245 0.52295
I/Ri, - -1.8530 0.29375
LHFK/Ri* m 2.1992 0.29194
wsq m* s —-0.0414 027299

SIGWAVG/Ri* m?s? 032077 023160

3} CAT A)RF Z# 3t 2, G-KTGE 735, ket
3} WF(mountain wave turbulence: MWT) X <E(©]
st MWT Al)s F7H 082 sttt A, 3ol
He 2 D97 MZ O NE dRIGAFES &
T3} o= ol 2T A9 KTG 44, Wi 7
TEo Wgk dARES AA 0, 025, 05, 0.75, 1=
-&A1Z1 F, 2 Abelato] gkl Wl g = Al
AHE A eSS APRFE FE 0~ Akl FE
2 %53} AFHL2 W (Kim and Chun, 2011; Lee and
Chun, 2014, 2015), G-KTGS] 7%, 718 FHFAEA
FES YA &4FE(energy dissipation rate; )] 1/
A 2 JUERl= o] &4HS(Eddy Dissipation
Rate: EDR) #ho2 3#Z3}el9th. EDR2 Al =14
W7Vl (International Civil Aviation Organization:
ICAO)lAY X3 ¥F FFA Ho|T}

G-KTG A" WHES IA Al DAZ 7o

Table 2. The same as in Table 1, except for MWT diagnostics.
d, represents the near-surface diagnostic [Eq. (1)]. Explanations
of MWT diagnostics can be found from Kim and Chun
(2011), Sharman et al., 2006, and Sharman and Pearson
(2017).

Index Units a b
Upper level (20,000~50,000 ft)
d|TEMPG| Ks™ -12213  0.40382
dxCTSQ K*m'" s 19327 025473
Middle level (10,000~20,000 ft)
dxCTSO K*m!®s? 22596 024770
dxSIGWAVG m’ s~ 26195  0.21086
d,DIV]| m s~ -1.6071  0.36232
Low level (surface ~10,000 ft)
dJDIV| ms™ -1.5400  0.39327
dxSIGWAVG m’ s~ —2.5158  0.22230

< Ak M dRIIARFES ALteit &5
FZ, ASEE AFRE CAT GRAGAFEL Table
191, MWT GFAFES Table 20 e} glom,
AgEo] Yep= 9v]= Sharman and Pearson (2017)
S #3}e] Table 39 #7]33t}. Table 13} Table
22 HW, CAT A4E Fth/Ri*, DEFSQ, Ellrod3 %
AAGFE op7lshe 714 8749 A% AGAFE
2 4= Jdom, MWT A= o8 CAT A5l
5 w3 FEHEA FAEE Utk A71A, de ot
o 2 (HES F3 Altdr.
d, =0, if #<200m, grad(h) <5 mkm™'

d, = Vi(max in lowest 1500 m) @)
x min(h, 2750 m), otherwise

2 (DelA e ARG, joIA el ARILEE,
< AS AhgEEs vt

A DA AL el W 3 et
W GRAFAFES sluz B3] sl

DA 271302 ARt o= wigkE EDR
(D7) kel Zrekd gisgals o8-8kl CAT A5
MWT AFE¢] 7S EDRE ®&3lslgion, 3
A2 ol gk 2t

InD; = a + bInD, @)

v‘E__:
°]
Sharman and Pearson (2017)°1A41 A9kt 7 W73
7k
BA
al
=
3

a=1ng" - binD, 3)
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Table 3. Descriptions of individual diagnostics in the G-KTG system.

Diagnostic Description Reference

Ellrod3 The vertical shear-deformation index with divergence tendency Ellrod and Knox (2010)

Fth Normalized 2-dimensional frontogenesis function computed on isentropic ~ Sharman et al. (2006)
surfaces

DEFSQ |Total deformation|*

iawind Inertial advective wind McCann (2001)

UBF Unbalanced flow McCann (2001)

PVGRAD  Horizontal potential vorticity gradient

EDRLL &7 calculated from second-order longitudinal structure function Frehlich and Sharman (2004a)

TEMPG Horizontal temperature gradient Sharman et al. (2006)

NCSU2 The North Carolina State University 2 index; Kaplan et al. (2006)

|Gradient of Montgomery streamfunction x vorticity gradient| computed on
isentropic surfaces

EDRLUN  &" from simplified D(Richardson number)/Dt Gill and Buchanan (2014)

wsq |Vertical velocity|”

NGM1I |Deformation|xwind speed Reap (1996)

EDR &" calculated from average of longitudinal and transverse second-order Frehlich and Sharman (2004a)
structure functions

1/RiTW Inverse Richardson number with vertical wind shear from thermal wind Sharman et al. (2006)
relation

F3D 3-dimensional frontogenesis function on constant z surfaces

1/Rig Inverse moist Richardson number Sharman et al. (2006)

LHFK Lighthilll-Ford spontaneous imbalance Knox et al. (2008)

SIGWAVG  Variance of vertical velocity calculated from average of longitudinal and Frehlich and Sharman (2004b)
transverse second-order structure functions

CTSQ Temperature structure constant calculated from average of longitudinal and  Frehlich et al. (2010)
transverse second-order structure functions of temperature

DIV Horizontal divergence

_ SD[Ing"”’] y  AEh GKTG AJ28le] Abgs)E 2 X523 EDR 1)
SD[InD}] @ gae Hew DEAF o b G Table 15} Table 2
o] UreRyiT).

1A SD= FETA sation), ()= W2
j] 14 SDE EEAK(standard deviation), (O B 60 T mos paaw e ueaw

FE APletel, &8 B5E EDR G& ST @ op e Agisiel shtel £ URAEATY GKTG

© ST, A ATER g nzan wde) 4 ARl ok 4 (592 °)
gEA 2AEe wolth A )t A@el E°17F= gsle] EDR R Z2skE fE GRATR S 7t
Bk (Ine?) 2 BE2BAZE (SD[ne e A7z D=0 A AFSvin 9@l H8HE S AW)E
of T insitu = EDRY 2R BEEZHE —E—J T RS HHdtozH, st B3 Ui
dojx| &= oz, B AFox= Sharman and Pearson ;]_ 2857
017)°1M & k& ARSIt InD; B SD[InD;]2 gz ®A|8HTh.
717 FAGERE R AR P GRS
e BEEE MY F UiEse ROAGREIER
B el it A GRS ALt ALE-H
Aol mmdel utebr 7k AFEe] ghel We) 2
=rb g, 2 AdME Y 130159 10 4 (5)04 Ae" 7 A5,
4~2015'd 129)9] GDAPS £474& ol&sted A A FAHE 18%ES #8A%=ul(Sharman and
3 N GEAGAFEY] BEaYFERIENE F8F Pearson, 2017), ©l& 1-2d B9k GFASARE o]

N *
GKTG(i, j, k) = %21 W,D.(i, J, k)

n=1,2,3,.. N (%)

[ Ve A

g

sh=t7)248ks o) 7] A128¢ 235 (2018)
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7t A5 5 E 7INe R o
AARE Ao|th B Aol /M3 G-KTG A] 28
CAT #d AGAFE3 MWT #H&H AGX|FES +
£3ato] 2] 5l AR, HFHoRE F FHA
0l CAT-GKTGS} MWT-GKTGE At&3l== 313t}
FrHE o7, 7t AR ALkE CAT-GKTGS} MWT-
GKTG FoA AU 32 RE3= maximum-GKTG
AA] A 2" 9] HF AFEEol

3. GKTG &3
ol o= Wk FFT|2RE AFE A+
ool gt in-situ EDR &= A5 5 o839 G-KTG
A" o] 12A]7F o 1AL o 5A3S HF kLAt gt
= AFelr AR EDR 7] #SAR= v

NCARZY-H 33 A8 & Alguioton, g5 7] 2
2245Y 2= (ul: NIL 2 F7% o] (moderate-
or-greater: MOG)®] FFE AHat7] 93 df A=
H EDRO| A% Sharman et al. (2014)9} Sharman
and Pearson (2017)2 #3238} light (LGT), moderate
(MOD), severe (SEV)ell &l ZHz} 0.15, 0.22, 0.34=%
473ttt

Figure 1< 20163 6€¥ 13Y 0600 UTCOl 83
G-KTG Al=HlellA] HE AEE Al 7HA 12417F <
¥ (CAT-GKTG, MWT-GKTG, maximum-GKTG)3} 3l
T AIE FAOE £ INZE ool TR EE #
2% EDR9| $1XZ 36,000 ft %= JJol| thaf Bl
gt A3 velhd Aolth. CAT-GKTGERE <1¥
4F AYe 4 Zee uE v gled, 5
3] AERS A, 2718 FEC] A vehve= &
99 2 YEe] 55 EAEHEY X9l MOG
Aol sgehe 7 W Aol el Th(Fig. la).
MWT-GKTG= =2 ket Ao g oA bt x]<o]
el 9on, £3) dolvg]zle] ¢tk s) Z
o] |k, YA o] MOG o] 7E
F Aol BRI Ith(Fig. 1b). BAll SoFrlof
JgoH AAE MOG Z=e dF7F s A
ol 4= e, 2 X Yo] CAT-GKTGOA] < BE
74t G A9 & dAshe A E F Ao (Fig
la), ol w2} 7z} ARF oA CATGKTGQ} MWT-
GKTG & HAZE Wi maximum-GKTGS] ‘d7
Az #l i B A Ho] & AX|ETHFig. 1c).

B Ao GKTG Al a4 A3l 5
AA %S WHQA probability of detection (POD)
W (Mason, 1982)S AFE3}ith POD WHHS A7
7Hs3t ﬁ‘l‘l’oﬂ 2do] AAZ MOG d&F7} #=3F
A dRE A5 &S Y= PODYS} wF
= NIL t‘rvﬂ #=4 Xlxd(’ﬂ*i HE AF3A

] - 3] 227

(a) 12 h forecast of CAT G/(TG

z = 36,000 ft

60°N
30°N

0°
30°S A

60°S =

135°W  90°W  45°W 0° 45°E  90°E 135°E
(b) 12 h forecast of MWT GI(TG z = 36,000 ft

60°N
30°N

00
30°S

60°S

135°W 90°W 45°W  0° 45°E  90°E 135°E

(¢) 12-h forecast of maximum-GKTG z = 36,000 ft

60°N

30°N

0°

30°S o

60°S

135°W 90°W 45°W  0°  45°E  90°E 135°E
NIL 6t | MOD SEV

0.15 0.2 0.24 0.28 0.32 0.36

Fig. 1. Locations of in-situ flight EDR data over global
region observed within + 1 h centered at 0600 UTC 13 June
2016 at 36,000 ft superimposed on the 12-h forecasts of (a)
CAT- and (b) MWT- and (c) maximum-GKTG. Blue asterisk
and red caret represent NIL- and MOG-level turbulence
observed from the in-situ flight EDR data, respectively.

ke 35S UERE PODNS A& o ZH o =4
< AF3T AF 717k = oY 717h2016d 69~

2016 119)01H, AFo] AMEE Gf #=2A3E
GDAPS AAFAI7ZF1 0000, 0600, 1200, 1800 UTCS
SAOE £ 1A]7F o|ujol] BIg)7] xFoA 7]5E NIL
2 MOG Zxe dHFEWS XM¥sle] A&l
PODN (PODY)= NIL (MOG)7} #Z2¥ x|z} 7H4
S AR oM o dRSEUARE F FolX
ol AAS YAR=EE) 42 Agtozn 7
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(a) In-situ flight EDR data (upper level)

135°W  90°W 45°W  0°
(b) In-situ flight EDR data (middle level)

o S e

45°E  90°E 135°E

60°N 75 RN L LT L
30°N 35— TR o R -
0° :
30°s

60°S

135°W 90°W 45°W  0° 45°E  90°E 135°E

(c) In-situ flight EDR data (low level)

60°N

30°N

0°

30°S

60°S

T T T f T f T
135°W 90°W 45°W  0° 45°E  90°E 135°E

Fig. 2. Horizontal distribution of MOG- and NIL-levels of
turbulence over global region in the (a) upper (20,000~
50,000 ft), (b) middle (10,000~20,000 ft), and (c) low
(surface ~10,000 ft) levels observed from in-situ flight EDR
data from June 2016 to November 2016. The MOG- and
NIL-level turbulence are depicted as orange and green dots,
respectively. Black box in (a) represents East Asia region
which coincides with domain of regional-KTG (R-KTG)
system.

st o] w AARE HS7IERt AddE GRS
RAPES eEAeoR YT F HagholA i

) o7 WA AT ZAA g
AAZRe] ANaREE 8l PODY-PODNA-S x-y=H
o #AI8HH A= wet shte] F4E a8 3
om, g 341 o} ] WA (area under curve: AUC)
o] AIAF e ¢ Z4S yYElle gho] "vh 9 F
7HEQl BAA E5 WHOZ true skill statistic (TSS)

sh=t7)248ks o) 7] A128¢ 235 (2018)

=Y FIdF AFSA LR (G-KTG) HE

2 3¥3l5on, TSS=PODY +PODN -1 2]o =2
7Tt AUCE 0.5~19] #ke] WS, TSS= 1A
+1 Atele] kel WL 7, F 3t B 190 7t
ETE dFAo] T AL origt. Hgr|=H
B #=9+ NIL AHEE MOG W7 449+ g4
o - HIEHA B25]7] wioll, PODNS A2k of
2o A BAIZE Uol] T3 AxpHoA] TEOZ A
o)X 7ol 8 NIL Alzloll disiAwt A3l A}
L3l E M

Figure 2= GDAPS-17km 7]t G-KTG A]Z=#] <]
&4 HAS5S Fst £7E o€ 717H20169 6€9
~20161 11€)2] ¥&d7] &= A5HE 42 NIL ¥
MOG el tig Al 1= gl 73 Bx=E
ERdT), vl= RIZE V|2 RE 71EE 2Ak5o|7] o
2o SERIE ~10,000 f)ollA #ZE NILZ MOG
7F EE vl HEE o, v= 1z g
719 8 SIEAIEC] Ae AFE, Frl 2 Fot
Ao} AR X FEo| M= PRIt FZ=HATHFig. 2c).
g7l LFI=E7F JA gt wE 5
(10,000~20,000 fr)ol A& 8l=dl] Hla) FHZFow Y
A dR7F BEEH oy, sERuUE MOG 3
o] Aol AA Yehte ZoE SRIETHFig. 2b).
4%(20,000~50,000 f1)2] -5, &7 8 3 3
Lo AEEERE M 22 NILZ MOG Y&/7F 5
8 FEE wt FxEHo] 9o, 535 MOG Wi
= "=, SO, i) 5F Ft golA =
AZEAKFig. 2a). FP] F AGE Astae
Tt A= #5 A57F A9 glon, gk fafjo}
& 2 ofxgl7} U & UlFiE AJoM = 7 A&
7t AFER G AL T, T A5 AHFHA
SHARS ¢ F ATk

Table 4= Fig. 2041 H<l NILZ MOG 7 7
2 AE 2, EEE H Ao HLel Fola
o} A|dof|A 2] G-KTG AZol AH-| 152 45 7
Zt e Zlolth, AFAHo g B sl JooMe
% 150428702, ©] = NILo| 14749471, MOG7}
293470 AFE o, F Mol tisiA ZHzt 98.0%
9} 2.0%E A A TN = F 192,438709]
228 = NIL°] 191,69470(99.6%), MOG7} 7447}
(0.4%) F=HAQS, AZoME= 2 2,506,270 =
2218 F NILo| 2,504,3057H(99.9%), MOG7} 1,966
M(0.1%) AZ=HA A5 FGA #SAE7T 7
Bo, MOG tre sk5olM 7Hd wel A55
Atk FolAlo} FAoqAM = 15 FolA F 6,05270
o] EDRo| IZE 92, o] F NIL®] 5,95371(98.4%),
MOG7} 9971 (1.6%) HZ= AT FFAX= F 5,927
7N NILe] 5,90070(99.5%), MOG7} 2771(0.5%) 2
2T AT, FFAME F 96,68171 F NILO| 96,469
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Table 4. Numbers corresponding to null (NIL), moderate (MOD), and severe (SEV) levels of turbulence observed from in-situ
flight EDR data over global and East Asia regions in the upper (20,000~50,000 ft), middle (10,000~20,000 ft), and low (surface
~10,000 ft) levels from June 2016 to November 2016, which is used for the validation of G-KTG system. EDR thresholds for
turbulence intensity are based on values of Sharman and Pearson (2017).

2016.06~2016.11

Turbulence intensity Upper Level Middle Level Low Level
Globe (East Asia) Globe (East Asia) Globe (East Asia)
Null (NIL) 2,504,305 (96,469) 191,694 (5,900) 147,494 (5,953)
Moderate (MOD) 1,773 (183) 655 (24) 2,766 (89)
Severe (SEV) 193 (29) 89 (3) 168 (10)
Total 2,506,271 (96,681) 192,438 (5,927) 150,428 (6,052)
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Fig. 3. PODY and PODN performance statistics of 12-h forecasts of maximum-GKTG in the (a) upper (20,000~50,000 ft), (b)
middle (10,000~20,000 ft), and (c) low (surface ~10,000 ft) levels against in-situ flight EDR data observed over global region
for 6 months (2016.06~2016.11).

70(99.8%), MOGZ} 21270(02%)=, Al A% Fo F 9 717ke] &) #= Gl Nt maximum-GKTG
o|4 NILZ MOG W&F 2% 7P o] #=5 Q) 12N 7F dj B o 2Ae yeHE Hol Aot Al

2 dFddMe A3 dR7F MWTIA, oful Ik G F AF dHdA AUCTE 0.79, TSS7F 0.37
CATA] 28 F & F7HQd A7 g7 e = 7P 2 A5Ae Hilor, 85 9994 AuC
o, POD W& &g )54 A5 CAT, MWT & 7} 063, TSS7F 0.1622 7Hg 22 o54S B

5 2 YR maximum-GKTGY| WsliA = 4% 998 A b2 F 1= JHdr= AUC
83}t Figure 3S Fig. 29} Table 4014 RSl 67} ol 0750} Akt ol HE5717ke] oE A=
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Fig. 4. PODY and PODN performance statistics of 12-h forecasts of (a) RK7TG and (b) maximum-GKTG in the upper level
against in-situ flight EDR data observed over East Asia region for 6 months (2016.06~2016.11).
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