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Abstract This study conducted a statistical analysis of turbulence events using in-situ eddy
dissipation rate (EDR) observation data collected above 20,000 feet over the Korean Peninsula
from 2019 to 2023. Additionally, the performances of two operational turbulence prediction
models from the Korea Aviation Meteorological Office, which are the Korean Aviation Turbu-
lence Guidance (KTG) and Global KTG (GKTG) systems, were evaluated against the same in-
situ EDR observations. The verification process employed the probability of detection (POD)
method, allowing for an objective assessment of prediction accuracy. The statistical analysis
results of in-situ EDR data revealed that data was primarily collected along flight routes, with
observations increasing over time. The moderate-or-greater (MOG) turbulence was observed
frequently during the daytime, and was most prevalent in spring. The comparison of the charac-
teristics of PIREP and in-situ EDR observations showed similar seasonal trends. The evaluation
results compared with these EDR data showed both KTG and GKTG demonstrated perfor-
mance levels applicable for aviation industry professionals (0.809 and 0.805 respectively).
Accuracy at the MOG threshold was evaluated by analyzing the correlation between the area
under the curve (AUC) and true skill statistic (TSS) values. The KTG model showed relatively
higher accuracy. Based on these results, model improvements were implemented, enhancing the
TSS of GKTG by 0.22 through threshold adjustment. Considering that models currently used by
the Korea Aviation Meteorological Office mainly focus on predicting clear air turbulence and
mountain wave turbulence, future research should aim to improve prediction capabilities for
convectively-induced and near-cloud turbulence.
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F 3 (Aviation Turbulence)= 54 mollA =3 m
TEE dAste] 23k $1 g3l AHA
< 7AE U] & STLEoE HolHH, 4
71A] FsHAl At AR 299s A4S B B
Z3AIA R Fal|7F oF71E 4= ATH(Lester, 1994; Sharman
et al, 2012; Sharman and Lane, 2016; Sharman and
Pearson, 2017). o213t g dF7F TS & U=
EAQ 8o 2= AEY|RF, 4Ed, Aot o
FA]2H So] 9lth(Lane et al., 2012; Sharman and
Lane, 2016). o]¢} 22 &3 &7 24 29052 7
HHoz 283 F YA HFHoR 2G5l
GHFE A 497 B

OFEe] &3 WH #E ARLE 10,000 ft 2 o
3] Al 7oA saske Far1olA Wl Ay s
3 ¥&) 7} B35 TH(Sharman et al., 2006; Kim and
Chun, 2011; Lee and Chun, 2015). A-fth7]elA A
AEe dF ER T 7Eel AU T3 gk

S0 EAske B shsolAl F2AHA HAEke
S = vld 7)o gAlE Holg® ARET gl
3755 HHGF(Clear-Air Turbulence; CAT)2}3L 3
TH(Chambers, 1955; Lester, 1994; Sharman et al.,
2006; Kim et al., 2011). 53], 733+ 71=9] CATS %
oA =R o detA] Rk AFALE o]ojA] 2 HElE
Pg 7Fsdol At wEbA] g Aol BAARI &
gS el e TFIEAA S ZEe g3 R 9

Fe A2 R 72 AEATE
FRG SR A AF 2
ofHh. wetA] Ao 29

o =2 gttR dRAURA 7 gF7)e o
F& 3 e AR YR A= T
(cascade down)3tth= 7HES 7HA L, ARG A
o9d F e dF A #AH E 429 e
Aste AFES &8 I3 JdF od= 29
W g o RO e F-8o] o]FoR L g TH(Dutton
and Panofsky, 1970; Cho and Lindborg, 2001; Tung
and Orlando, 2003; Sharman et al., 2006). 7} &% oj
Fio] gy G dEEYES CAT JGAFET
S 3-8-3le] THEo] % 1} (Sharman et al., 2006; Kim
and Chun, 2011; Lee and Chun, 2018), ZZol<= T
£ F9¥ Y9FNear Cloud Turbulence; NCT) 2 4k}t
3} %F(Mountain Wave Turbulence; MWT)ell th3k
A 9 o5 Egst UF o2 o] o]
Fojx| 2 ItH(Sharman and Pearson, 2017; Kim et
al., 2021).
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EE 20] 5974(2019~2023) 3 3R AEALE B4 2 o 2R (KTGSF GKTG) 435 37t

AlAINA 7 Z3eE AEZ1R7E Yehves A9e
&4 ok (Koch et al., 2006; Jaeger and Sprenger,
2007; Lee et al, 2023). 8|3, =S Aoz
AepR| o] Wol Aketumbrt WAsH] e 21S 7t
A3 9 thKim and Chun, 2011). 22|22, sHlE o]
Aol g O Vs wlg- =k o, 71
% (Korea Meteorological Administration; KMA)o A=
u] =t = 7]/4< -4~ (National Center for Atmospheric
Research; NCAR)®| &3 W7 o|& 2492l Graphical
Turbulence Guidance (GTG) A]Z=#l(Sharman et al.,
2006; Sharman and Pearson, 2017)2 7]¥to. 2 3}
N soprlol Goo st s=3 g i S
9 (Korean aviation Turbulence Guidance, KTG)3}
AT GGl gt =3 FF IF d5EE (Global-
Korean aviation Turbulence Guidance; GKTG)S €Y
o2 295t gy dHE A 43](0000, 0600, 1200,
1800 UTC) | ®3}aL Ut

St AdZollA] BAShE URE o & o3|
Z317] fElx = it S dRe
A4 9 & 2dof gigt HFE F
L3ty ey, dA geks |
Eddy Dissipation Rate (EDR) #Z9]|
o] BZ3atH, 714 dY el
W& o 22 Y(KTG GKTG)o| thak A3 o3
2l AF 3 9 shAdo] Aot

mEhA, B AFdAe WA FAGFTEEEI
(International Air Transport Association; IATA) 43
¥ in-situ EDR #ZA8E ARE-3H] 2019978 2023
W7EA] S 235(20,000 ft o))l A S &
el gigk AA 717 A=, A, €, A7 2 A%

NS Xyst 22 in-situ EDR &

A5 9 G JE=AF(KTG GKTG)E H|wsle] &
Wi dE5Ede] 45g Hrketla A i
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21 #EXE

EDR< inertial subrange WlollA 4] &zl 23]
4R oUA7t 9 WaEE S52 s of
| 22899 1345 YeRlH, W7] 3R A=
£ F%= 783 H=E A AJrHComman et
al., 1995; Sharman et al., 2014). B=gt, A V17}+aF
7]+ -(International Civil Aviation Organization; ICAQO)
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Fig. 1. Horizontal distribution of IATA flight data at all altitudes accumulated within a 1° x 1° horizontal grid box for 5 years

(2019~2023).

Table 1. The four cases of Receiver Operating Characteristic (ROC).

Event Observed

2 x 2 contingency table

MOG NIL

MOG

True Positive (TP)

False Positive (FP)

Event forecast
NIL

False Negative (FN)

True Negative (TN)

2E 20239 12€ 31971K9] & 59 7]

B FA G T EH I (ATA) R E U7 g
7104 #=3} in-situ EDR AFFS A3 thFig. 1).
AR A8 = AZAETE 1402154857901,
20199 20239714 A UR 742 22,737,22070,
21,221,60170, 27,067,45771, 30,906,6727}, 38,282,535
NE Az ASAE57 S7Fke AP8E Btk

B Ao E e 99 (27.5~44°N, 119~135°E)
of el HSS FYsINeH, A== CAT/} =
e e 1Eel A i A 2de 9
7] {8l 2= 20,000 ft o]ge] BFEAFEE A5}
Atk

#FEAF FF GF A= AL APAT
(Sharman et al., 2014; Sharman and Pearson, 2017,
Lee and Chun, 2018; Lee et al., 2022)5 #3181 null
(NIL), light (LGT), moderate (MOD), severe (SEV)Z
Z}7F EDR < 0.15 m*® s7', 0.15 m*® s < EDR <
022 m*® s, 022 m*® s! < EDR < 034 m*® s,
0.34 m* s < EDRZ EF3}3t}
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Folro} oJol|A] FZ=% ZFA} B (Pllot REPorts;
PIREPs) W7 A8 % 7143 dd FA7I3RIDS
AREEke] 1] GTG2 (GTG version 2) 2deo] Hf
HEZ(Sharman et al, 2006y 7|tz 7jdts Slck
(Kim and Chun, 2011). ZpAIgE g oS24 <]
Am& Kim and Chun (2011, 2012)o14 Sk &t} 7+
A AistH, A MAR 714H Y FRIVER
dojlA AEEE 4F B AFEE7IME 2002
HASAEE vlaLste] zhzbe] Aol el 7+ 3R
e heEE dARE 2 F 34 A o)
g+ Look-up tableS RHETE TR O = Table 12 ¥HE
7ZF N G ARAFEY] QARES 4 EF A=
78 129l mapping §Hroll A-&-38te] 0F-H 1AL
o] FoZ MEAFES Mt tpfeh e d W
AE 7HE NEER AFHES EFSE v
9O 2 mapping® 7NEAFEC el 7HEAIE A
&3 F, sftE At #HF KTG i AT s
2HESH o7)A, KTGY 4 RAE AAZS &7t
$13L LGT, MOD, SEV7} 717} 0.3, 0.475, 0.752 A
AlEATE KTGE Fobrlol FolA s 43](0000,
0600, 1200, 1800 UTC) 30A17F <llZ AIZH7kA] 3A|17E
HHo B o Z3sla 9o, IEE XA ~40,000 fiol
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el 1,000 ft 7PHC 2 12 km 538 = &
bHF dESAFEE AEst dth

KTG= 71’43 @9 5329 (Unified Model; UM)<]
Ao o B g (Regional Data Assimilation and Prediction
System; RDAPS)S 7|Wke g 7ike| e}, spA|RE, 2019
9 445H RDAPS 2%°| TEEWA, 10 km +%
AEEE 7= UM HAF o HEd(Global Data
Assimilation Prediction System, GDAPSAIE-S 12 km
T3 Y= AEZ Wkele] KTGE 93t St
wEba, B Ao E 20199 1€95EH 3¥71A] 9
KTG ¢l& A== A5olA Al2stal GDAPS 714
KTG 15 A5E A5 ARt

o

ol

23 X7 3=8 &3 UR dE28(GKTG)

GKTG 292 A4 23] F43g F7te] up&
AA 20 g FiF o1 HaAdd oste], AR
T 99 3 =2 93] GTG3 (GTG version3) &
dlo] W E(Sharman and Pearson, 2017)2 7|HFS.E
st 7133 A APPSR wEo] s E it
(Lee and Chun, 2018). 223 KTGO|A= CAT A5
o] THEY S, GKTGE MWTE 37 3] =0
g FR7E dSE oK

T4 42 W-ELS Lee and Chun (2018)°] A< o]
Rnem, of7|dM e 7HeFEA AWt |9A, 717
A A FAVPIERLGA AHEE HFES 083t
theFgk CAT 2 MWT #Hd JdX 552 ALkt
KTGe A, ¢4 AdFdxol ALtd AR FES
0014 1Ake]¢] From ®F3Iste] sz Agshe
oz AXNET 3, GKTGY 2%, AAtd 2
DR FEY] e 3o He 2 dYES AT
EDR #32]& o]&3lo] EDR FRE E53} 3 §F,
A%l shte] SFURF «dEA 49U GKTG 3w
A S CAT ¥ MWT Ztzbol| tial] 2t&ste). &=
g 7} AAPE A CAT-GKTGSF MWT-GKTG & H
 dF @S vkt 4HES MAX (maximum
GKTORAE L 7 AH&Ht) o714, EDRZ A&
= GKTG & Axre dF Aol dA7S LGT,
MOD, SEV7} 2t} 0.15, 0.22, 0.34 m*® s'& A =
At} GKTG= KTGSF 5934 UM GDAPSOlA At
ZH 7IdHTES o &3IA Y, UM GDAPSS| 3
SF=(10 km) U Z2 AL S 43](0000, 0600,
1200, 1800 UTC) 36A17+ oS AZ74A] 3417+ 7+4
S F AMET, AFOZEE 41,000 74 1,000 ft
A0 IE " FqF IF d2AFE &Sty
GKTGE 37FA19] W7 (CAT, MWT, MAX)S AAka}
A9k, HEE Ag5oA dFe FHE FES] 2T
Fglomg A= AdE RE A9E IS MAX
ASE o83t HEe M

A7) 483 o7 A1359 1% (2025)

HHE AF20] 513 7H2019~2023) B Wi B2

WH (Mason, 1982)s AHE-&te] AS3HiTh
POD WS 53] T8l PODY (Probability Of
Detection of “Yes”)= 374% ©]’d(Moderate-Or-Greater,
MOG)9] ¢77F A58 ARolA GFRASAHRT}
FE 423 52, PODN (Probability Of Detection
of “No”) NILo] 3% X HA dFoSA R o
A RS 534 e 3B LEhIth(Sharman
et al., 2006; Kim et al., 2011).

PODYE= 2(HoZ A4tEth 7|4 TP (True
Positive)= 24| MOG FF7F 23 AbdS mdo]
A83] =3k 40|, FN (False Negative)= 24|
MOG Fi77F B P ot mdo] o F8px] 23k o]
t}. PODN2 2](2)2.2 ALHETE TN (True Negative)
= AA NIL AHdE mdo] AJgs] o F3k o],
FP (False Positive)y= 44| NIL AFAS =do] Z3%
o] =3t 4=o|t}(Sharman and Pearson, 2017; Kim et al.,
2018).

olg gt AFXES A=E37] 918, MOG (NIL)7}
Z¥ A9 7P 2 AR AA G dlS3ke]
Folxl el AARS HE(EA %v) F5E
2FHKKim and Chun, 2012; Lee and Chun, 2018).
o] FHE o2l ARkl wisf wHEste] pODYSt
PODN #HES ¥oH, o]& EF3] ROC (Receiver
Operating Characteristic) 2] Z#A|3 341 o}z
W&l AUC (Area Under the Curve)E ARF 4 <)
TH(Sharman et al., 2006; Gill and Buchanan, 2014;
Storer et al., 2019). ©] AUC7} R4l¢] A5E Ued
U(Fielding and Bell, 1997).

ROC 43 AUCE °lFl &7 Ede] 458 ¥

3] B &S vlolEAll

MNe gHoz nd JFe Hrte 5= A th(Tebaldi
et al., 2002; Kim et al., 2021).
_ TP
PODY = 757w M
_ 1IN
PODY = NP 2

i

TSS (True Skill Statisticy= ©]% oZ2] A3
7k & U2 F03 AH2 A7l e g3y
< Wrtshe ol Bel AREEo]Skth(Allouche et al.,
2006). TSSE= PODY$} PODNS ARg-3te] AAbww
o3t o] Aejdh:

TSS = PODY + PODN - 1 3)

>

AUCE 0.5914 1AFole] M 91E, TSS= —191A41 +1
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Atole] ®9)o] #g M F gk BF 19 kR
= dF Aol 58S ofv)gitt vEAE, AUCE 0.5,
TSS= 0 ol3t= WS ZFE dSA5o] vig- Ha F
29 53 9 d58%E e AR AT
4 ATHGill and Buchanan, 2014; Kim et al., 2018).
AUCE c&REde] Al #7 58S Hrlehe
W TSSE B4 Azl tEk d&258Ss A%t
3lt}(Allouche et al., 2006; Belo, 2015). ] A TSS
o} 7 ROC A 2 AUCE FA)d gt zH,
ndo] d& A5S g Basy grid 5 9l
TH(Allouche et al., 2006; Sharman et al., 2006; Kim
et al., 2021).

2 AT = 20199 FE 2023E7HA 9] & 5idzE
220,000 ft o] FWE FG(27.544N,
119~135°E)dll tl3l] gadF d&Fnd 73S 133}
Atk 53], MOG el tigh dZo] & o]Fojzl+=
2 AHr7] 98 MOG i #=AE(0.22 m* s
< EDR)9} NIL & #3AZ(EDR < 0.01 m™ s™)
S ARl ASEnh 71€ NIL A=e] die
EDR < 0.15 m*® s'o]x] g}, WhEzo] NIL &7 Ale
Z Z0]7] 98 o @2 EDR 9A%kel EDR < 0.01
m?? s7'S AR89 tHe.g. Kim et al, 2018; Lee et
al., 2022). d|Z2AEE= 0000 UTCell A4ks]E= KTGS
GKTG A8E AFE-3I 2™, o= A|7H(Forecast Time)
HZ HSS A3 Th =, 0000 UTCol A4tsE+=
3X17F 748 ¢] 0000~+2100 UTC &8 S AL&-ale]

CREECRE LSRR AL ERREE R 89

Zt A& A7t AES 19 sdt

AT dF A2 HE 207 Y] FSAEE
AHE-3F tHe.g. Kim et al., 2011). T3 g A7 2
A Holl 58 #A5AE7T U= 45, 59 A
5 % 7 & EDR #S ARgo=N F5E 28
E AAg 5 Aol A&

3.4 3

3.1 In-situ EDR #&Xl2 SHEN

201993 E] 2023 d7FA IATAIA =8 3F 20,000 ft
oldoll ] #=4 in-situ EDRS] $HEEEE Fig. 2a
o Yyepisies, MOG Wi #= Wi =
£ Fig. 2bell YeERHSITE 1714, Fig. 2be 02%
¥ oz tiated MOG 3 #35 4 WEssS
ER AT

EDRS H & 3F 2= ot A=HUTh
HEZAFETE 418,099, ZF ZF=E 2= NIL 398,287
7, LGT 15,3067}, MOD 4,0397], SEV 467/} & 1}
Bt = 33 18]S NIL 95.26%, LGT 3.66%,
MOD 0.97%, SEV 0.11%% Z=7} Hold4-=E 3=
24557 gds] adte Ae ERISHATE Figure
22 AHRHE, MOG ZE 4iE AEZ-AFE AL
= 2N F2 #ASo] Hoh g, 9% 35~40°N
APl A = MOG =] G B3] A5 o] Foixl
2o Z Holth

(b) -

20.0

17.5

15.0

0.0

Fig. 2. (a) Distribution of in-situ EDR observations for the entire period (gray) and distribution of observations at or above
MOG (red), (b) frequency distribution of in-situ EDR observations at or above MOG based on a 0.2-degree horizontal grid.
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Fig. 3. Annual number of observations by intensity and
percentage of MOG observations (bar graph and line graph,
respectively).

o2 Axd, A, AZHE a8 axd
Z EDR #ZAR 5 74]5”‘4 < X33

20199 5E 2023@7HA] Axd #ASAFEE= AU
2 37,1287N, 58,64971, 77,01170, 72,0707}, 173,2417}
2, 202280 oF7F ASAARE AnbH o g AEA
827} F7lsle FAIE 23T} ©]= Miyamoto et al.
(2023) A2}t AFIReH, 252 7] &
T 7P BSAETE] TR 78S BAE

=

73=¥ EDR #Z5A89] FAHE {fAFS 73%% H
Aom, E4F 0= 202330 NIL WF #5855}

FAsH 7l th(Fig. 3). MOG W& #3 X}E
e Wl F7tste A4S Bl AR MOG @
F #ZF vE2 20199 2F 1.7%1A4 20231 1% W
‘ﬂgf—_ A& o Ak W7l & R 2
7t AgAFN = B0 (Storer et al.,
2017; Williams, 2017; Lee et al., 2019; Tenenbaum et
al., 2022), MOG &7 &3 H]&o] ZA3de A2 A
Zho] Aol uwhef th‘&@‘ﬂ dF 3 FUt mE
MOG o gk oS 3 39 FHo| L QL
S5 AAFE 4= 2dth(Sharman et al., 2006; Kim et al.,
2009, Sharman and Pearson, 2017; Lee et al., 2022).

Figure 4& 5d7ke] 9¥ NIL, LGT, MOG &7 &
SA 859 MOG I35 H|&S HoFETh WA, AE
HE AR, & #SAE5TE 7H(September-
October-November, SON)°Il 116,593/ 2 7174 ©3ko
o MU 2 o F(June-July-August; JJA)O 114,240
M, E(March-April-May; MAM)°l 96,5807, 7%
(December-January-February; DIF)ell 90,6777/ 2 ®o]

o

&

=

A7) 483 o7 A1359 1% (2025)

884 9 &2 d(KTGS GKTG) A5 B 7t
60000 2.00%
- 1.80%
50000 b 1.60%
40000 [ 140% o
- b1 20%
= m
3 30000 - 1.00% oa:-;
o L 0.80% ©
Q
20000 F 0.60% &
10000 r 0.40%
- 0.20%
ol-M M o l I I | I | 0.00%
12 3 5 7 8 9 10 11 12
Month
—MOG*10 LGT10 NIL —=MOG %

Fig. 4. Monthly number of observations by intensity and
percentage of MOG observations (bar graph and line graph,
respectively).

Uebstth LGT 2 MOG W47 #&A55E 434
o] fFARleH AE, &, 7H, AS £o= HWiTh
MOG @7 #Z v &2 2(4.01%), 9I5(3.89%), 7}
S(2.42%), 71E&(236%) =22 =th 0|73 MOG
Wi B3 vge Ay dgAret fAHA e
% THLee and Chun, 2015).

< o FAHCR AvEY, F ASAETE 12¢
o] 54482712 71 B%eom c}£gi 59(4198370)
2+ 11941769700l 2okt 283 2¥0) 15907712
7 He %éz}s%#g At LGT ¥ MOG ¢&
ASAETE 5493 690 7W =S HEE BT
AL FH oz Wokth MOG dH 43 H&
2 0.61~1.79% LA ¥Estdon, 6ol Hi
109l HA= 71%§EE}.

Qoh e dFe Ad 2 9 S5Ao] Yehe
O]-fZ, Lee and Chun (2015)2} Kim and Chun (2011)
< ke gl Folrjo} X B3 Agddle At
AE7FZE 23 0:17“ Ij]-%“]¢'1(Vertical Wind Shear;

VWS)2] Z717} &g i 2o 2 Aol i,
g Am }XM AJ3tel HE & Z%PL o5

A ERE Qg A3 tFAILH ] T R T
o = 717 Aem EA53 EP

H yolrp A7l mE AR
5), & #ZAFSE 0000 UTC—rEi xh? =
7}o}t}7} 0500 UTCell #31(32,75471)ll =23k
2} Z20]159] 1800 UTCOl ##(7,57670)0] =gt
T S7tete A3 B G F deEE A
A LGT 3 MOG Wty #FARTE F2 vl =7
et & #SAETe AR A3 Bl
MOG LPTr J«LZ H&2 A HE #Eo] Sldle
U, 3AE gt F2 gl EFFH o2 1300 UTC
o 1.50%= 7F¢ ==, AAs] AuEy F2 A
FrET o g AdA Aurte Fa710lA
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Fig. 5. Hourly number of observations by intensity and percentage of MOG observations (bar graph and line graph,

respectively).
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Fig. 6. Number of observations by intensity and percentage
of MOG observations for altitudes from 20,000 ft to 40,000
ft (bar graph and line graph, respectively).

A& ¥E&S Fig. 69 YERAT. A== 5,000 ft
99z BAS ATt =, 20,000~25,000 fi,
25,000~30,000 ft, 30,000~35,000 ft, 35,000~40,000 ft,
40,000 ft oIFoE o] £4E sttt T &
2 E5E 30,000~35,000 fil A 7PE BEAESF)
ok © 1(140,23271), 35,000~40,000 ft (131,36370),
25,000~30,000 ft (70,8897), 20,000~25,000 ft (62,092
70), 40,000 ft ©]7(19,26570) <A1 = BT LGTH
MOG ¢ #SAETE FAME AFdo= Yebs
om, B3] 3% 30,000~35,000 fiol4] LGT W&/ &
Z21547F o8 IEE) Hske] oF 2uf o)A} Ho]
HA=EAe} o] IwolM LGT i &= H]&-2 7.83%
2 02 I1E3.07~3.96%) B3] LGT 4/E 2%
7FeAdel Atk MOG 3 &3 H&-2 20,000~35,000
fiell Al 1.14~1.15%°1eH, T2 A=A+ 0.98~
1.02%Z Jiidoz ok wodrt. sHAw ¥Msdo]
A ol A Ao MOG HRE 9T 7154
o] H]=g Ao g AlRHET a3y A= HESFE B
oS W], IIE 30,000~35,000 fiol| A Zo] B=H GO
n=2 sd A=A S T w gy IR disl
Ho} o © Fo7F Qs

R eto 2 Mg AFo) = PIREPs AEE F2
AFE-sle] BEajo] wo]th(Kim and Chun, 2011; Lee
and Chun, 2015). w&hr] #5 wlo] e 4F 5
A zZpel7F A=A AEBET] $18] PIREPs AFE.¢} in-
situ EDR A& 7Fe] EAJS 8] w3l3ith. PIREPs A8
= H& Foll 2FAE 293 7RI E 1]
7] A7)eF ZFAL o EH ] UF = Ao
Aoz o]FojZltt ¥HH  in-situ EDR &&= H]&) 7]
Z1Aell 7171 F&ste] vlgs 574313 EDR R
2 sl akEHug i g SHo] @F o
2 o]FojR} B AFoA = Lee and Chun (2015)
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o] Al AxE &8st PIREPs AE¢} in-situ
EDR 759 sHt= g9 g3 &F 5A4E v}
St} Lee and Chun (2015)= PIREPs At&2E ©]-&3}
o 2002.12~2012.11(1063)¢] #&7|7F ke Az o] 3
bF EAS T AAF R A=AFS
PIREPs X}Loﬂ H]3t In-situ EDR A&7} °F 33
vl o @3tth AdE MOG = B]&-2 in-situ EDR
At&9} PIREPs At& & T} B9 =347 4.01%,
4.99%), 2.2 5o =2zt 3 89%, 4.60%)
Abg AR S B oldgr A= o ke
o) 7} UYL < 9 our Hukz © 2 PIREPs AE.9} in-
situ EDR X}J&l EAo] fAksltE AL oJu st

S, 9 HuPS vl MOG 3R #35 HE
o] in-situ EDR Z}&7} 69°] 714 =937, PIREPs A}
~499 718 =94t € MOG ¢ & H]
9] Aol7t el & olfr= A% A5 A8 7+
o] gYo] dEb yEht Ao E Hlth PIREPs A
E+ ¢ FIR (Flight Information Region) 9% &
A1 O]- 701} in-situ EDR AFEE 90| ¢ gL skt
T 9 vkl o] wx gYo] EFtEo] Ut
Lee and Chun (2015)2 W& XSG H} 3t 004
CIT7} ] o] #=4 7FsAo] =2 2oz 43
‘2}1:}. e, B A A}ﬁﬂ in-situ EDR XA}

2% PIREPs At50) B35t CIT #=3} 7+ B FA
”—*‘Oﬂ o5 {7 o Bol ifﬂﬂ R 7HsAel =
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o] mEh FnkA o g CIT 24 Al717b 1:1 okt
A7 MOG CIT 2ol HlHsH S 7Fedol A A
OS2 odHc) AR, B AT A= in-situ EDR =z}
oA WRe] 9HE Esle B3R sken,
Agt d77t S8 ASdde dF717F Fa7b] o
ol #=9] Aol EAlgtE 1HEE, o]F T
2 gE A7} o] Foj Ao & Ao|t},

3.2 EAN AHZ B4

ASL A& AHER Feiglon, d5F Ak
0000 UTCH-E] +2100 UTC7}A] 3417+ 7+4 OE o] &
AR S AIZF 7IEo R 247 ASAEE ©]

&3t 7 7 AR A 9 dl &3kt lLo}‘ﬁ
E}(eg Kim et al., 2011) A AA 717F, A=, A
Al 2 9 AUCE AHES2ZH KTG ¥ GKTG
m*bl FFHARL o5 A Eé kst 1 %, AUC
9} TSSZF AHEA S T3l MOG dHiel tish =4
Az M2 AE=E Hrksth

5d 717F B9 ¢l& A|7PE AUCE KTGS GKTG
B oF 0.78 o] o] H(Fig. 8), & AlIZF Hit
AUCE 72} 0.8099}F 0.805°]1 A tHFig. 7). o= A
Aol FABIAL e AFAEC] B AFEE
T GRE AT e dEEd ¥ £
o Fgtsl= o|& AFolth(Fahey, 1993; Sharman et
al., 2006; Kim et al., 2009).

& A7 mdlEo] AUC 232 = 1 AA3)
2 B9 (Fig. 8), KTG AUCE 0000 UTCl 0.7862
2 7P Sk 41500 UTCo) 0.844% 71¢ =)t
GKTG AUCE +0600 UTC®l 0.786°.% 7}4 woro
o, +1500 UTCl| 0.8472 7F¢ =J4th(Fig. 8). 3HA|

| (b)
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Fig. 7. ROC curves for (a) KTG and (b) GKTG. Gray lines represent individual years, black line represents the average across

all years.

A7) 483 o7 A1359 1% (2025)



e e N ES

1.000

0.900 -

0.800 4 bc”/\\

0.700 -

AUC

0.600 -

0.500

FOO FO3 FO6 FO9 F12 F15 F18 F21
Forecast Time

——KTG =—e=GKTG

Fig. 8. The AUC value by forecast time.

1.000
0.950 A
0.900 A
0.850
0.800 A
0.750 A
0.700 A
0.650 A
0.600 A
0.550 A
0.500

i

AUC

2019 2020 2021 2022 2023
Year

=—=KTG =e=GKTG

Fig. 9. The AUC value by year. The central dot represents
the mean AUC value for each forecast time, while the error
bars indicate the standard deviation.
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(0.769), 2022%3(0.773) 2.2 AUC7} ZAth o= A
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e AdE A s 248 YAt
(Fig. 10). AAER o5 A7 W+ AUCE KTGY]
A4 1E(0.838), A2(0.834), 712(0.817), H(0.809)
02 GKTGE AE(0.854), 712-(0.838), ©1E2(0.832),
E(0.785) £o.2 =9th KTGE AdEE & Rol=
AL, GKTGE 734 HlwA] AFERE 459 A
o]7} Zth. d|& A|7hE AUCE &, AL, 718 WS
o] 7k Zltk. Y (+0000~+0600 UTC)Z HH+1200~
+1800 UTC)9] H AUCES AHumd, vrt} vhe)
AUC7} 0.012~0.0305HF =3It} ol &, AL, 7FH
off W} o] mE Wi A dle] MEAe] i
2 o7 dgdn, F 1Y 2% B & moE &
sIEd), B9l KTGE CATZ, GKTGE CATSF MWT
ok opug} theksk @olo® 91k gy Wi Ao
B2 o]FofA I Y= AoE AlsHY ¢ A
AlsHAl A7) Qs 48 £4S Jy3h
Figure 11°] €8 43 4745 YeEPHATE KTG
o] d& A7+ HF AUCE 8¥°l 0.8462.% 714 =
tom, 5o 078022 71F Wth GKTGE 119
o 0.8712 7P =9kow, 299 0.7572 7 Sk
o} Aukd o 2 KTGY AUCTE B Egkon, 7-89S
71802 GKTGZ} KTGET T &HolA]= AL 9l
A €9 AUCY] HEA2 KTGEY GKTG7F H
Atk A= AP AUCE F 24 25 299 ¥F
HAF7} 0.114~0.1152 ¥WE4do] 78 ZAth. ¢k, KTG
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Fig. 11. The AUC value by month. The central dot represents
the mean AUC value for each forecast time, while the error
bars indicate the standard deviation.

= 10~11€0] 7P Wsdo] 23432(0.033), GKTG=
WHEAgo] 2F94thH0.027). KTGE CAT3
ddE Agx|eERte] yEHglon, AT 9o o

o1

F d5e FHOE JhEE GKTGe] vwlste] §opA]
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(

g 24 2 o =rd(KTG GKTG) A5 H7F

o Zale=d 27 o AFd so=
Chun, 2012; Lee and Chun, 2018).
= A& 34 = EDRE HIsleE A4S
ARHEA BEgo] A 7Hsde] Uth(Sharman et
al.,, 2006; Lee and Chun, 2018). o]ol 7 &-E(1~6%)
o] KTGS] AUC7 B &34 olf= & AEZF
5o] o] H= CAT 2Ao] &3l o Z o=
o] FJW ZRozw dFATETh A, 7H(9~12¥€)
GKTGS]l AUC7 B =A Yehd R o] Al7]e] H]
A MWTS o] o] &P ZoF o d=m
°]5 GKTG7} Z d&3d Aoz dden, 424
O KTG® GKTGOIA AHg-gt A FEx 4=
Fgo] th27] wjdl AF Ao zpo]7} tha el
W Aoz HItk(Fig. 12).

ST, = Y % o Eof 53] 5~69l thAH]
o2 AUCZE 9A Yehst. olejst A3= CAT ¢
FATES o83 KTGY MWT GFAIFETIA E
T GKTGoA =R &3t oA 2
F71 A ZAeE9d Ao g AR = 5699
CIT ¥ NCT®} 22 tifArl&del 718t 377t
BaHgom Alsle] T Ry BE WGF o o] 7
o]Foix]|z] FEIP Zo7 KT
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Fig. 12. Example of upper-level (a) KTG and (b) GKTG at z = 33,000 ft valid at 0600 UTC 11 Dec 2023 on the Korean
peninsula. MOG intensity turbulence in-situ EDRs observed within +2 hrs of 0600 UTC 11 Dec 2023 and £500 ft of 33,000 ft
are depicted as blue dots.
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Zrdo] Aukdel e ko, A Azl
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At A& Fig. 149 e & 2 25 A
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2 ¥|n3 Yty ofFol= AUCYE 083822 =S
o1} TSS7F 0.392 YJth GKTGE TSS7F Eol 0.25
2, 0222 Yehd &3 7129 vls] =932 AUC
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Fig. 14. Scatter plot of AUC versus TSS by season. Each
color represents a season: green for spring, red for summer,
yellow for autumn, and blue for winter.
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Fig. 15. TSS values for KTG and GKTG at various
thresholds. The dashed line indicates the existing threshold,
while the solid line represents the improved threshold.
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Fig. 16. As in Fig. 12, but with an improved GKTG where
the moderate intensity threshold is 0.17.
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