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ABSTRACT

Aviation turbulence is one of the significant meteorological phenomena threatening aviation
safety, causing sudden and severe disturbances to aircraft during flight. Recently, the Korea
Meteorological Administration (KMA) has developed the Korean Integrated Model (KIM), a
numerical weather prediction model specifically tailored for the Korean Peninsula and East
Asia, aiming to replace the existing Unified Model (UM)-based forecast system. In this study, we
newly established the KIM-based Korean Aviation Turbulence Guidance (KIM-KTG) system by
transitioning from the currently operational UM-based KTG system. Verification of the
predictive performance of the developed KIM-KTG system confirmed that its accuracy is
sufficient for practical use in aviation operations. The results of this study are expected to
contribute to improving the accuracy of aviation weather forecasts within Korea's Flight
Information Region (FIR) in the future.
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3t of|=o| WAoot Sharman et al., 2006; Kim
and Chun, 2011). oo 2 IFAEE FHe=R
PTG AdS5A A540= o]FofR|1l 3lon
(Sharman et al., 2006; Kim and Chun, 2011,
2012; Lee and Chun, 2018; Lee et al., 2022), 7|
AL 20139RE = T IR dsEd
(Korean aviation Turbulence Guidance, KTG)9]
A 2FZ Al&sto] 5 dRoll tigh 39 o2 ¢
BT 71 AEE Adsta

KTG= BoHAol 499 CAT &S Bx¥oz 7
S JtHKim and Chun, 2011, 2012). ©o] RE
FA T A7 2RE CAT T I dF A
FEZ ARSI, ol As € 7S FAlste] XE
45 ApE =& 2407 A E(Sharman et
al.,, 2006; Kim and Chun, 2011; Lee and Chun,
2018). @A 7VIHECIA P FU  AlAEHR
UM-GDAPS(Unified Model-Global Data Assim-
ilation and Prediction System) (UM N1280 L70)
o] 7|9kt KTG(elsF UM-KTG)Z, AUC(Area Under
Curve) 0.8 o9 dl&. HErE Holn g3 4o
Agxozg 2857 tiKang et al.,, 2025).

SHH, 71582 o 717 286 B 71E Y
B d(Unified Model, UM)o] 7kl 24 3HAIQL
7 259 §A% $740] oy, x| B2
7148439] Adet Ado] Aoz d 52
SHtHHong et al., 2018). °1& SEo7] )| g=r
q SRR A Korea Institute of Atm-
ospheric Prediction Systems, KIAPS} UM= Hf
g =g FAqREED(Korean Integrated Mo-
del, KIM)& 7H&¥cHHong et al.,, 2018). KIM<
o] Ay ¢ 7 B4 AUsH wrgske A
A AR BEd2 ) 20208 4495E dGo] =UE
AHKwon, 2023). E3| AT v|HGsH AA <t
He AFE FF5 128 B9 JE g IA
FAAFH T Hong et al., 2018; Kwon, 2023).

A 7V BE FACE 9 38 2o dis|
KIM 7|5kog9] H%hs HA o= sl Qlrt. o]2fgh &
S0l v} T I 2] 4 KTG GA] oY +
AErd  AgE  7|E€  UM-GDAPSIA  KIM-
GDAPSE #1743 " a/do] A7|=|Qit. olof & Ao
A= KIM-GDAPSE 98] FAloHud Age AREst
+ KTG(elst KIM-KTGE 75319t Hobrt, 2023

i

~

1

d

Ol

d ez e ASold BEd wRkErIY
EDR(Eddy Dissipation Rate) AEZ ©0]8351
KIM-KTGY] 5= g8 s AFslal, UM-KTGLH
v 242 B @9 &8 7S B7kelaAt gt

ojzfgh, KIM 7|5t 3R d&5=d 152 A
S AEFeH, o= KIM A=EE 283t 374
=g ALY A WA Azl HolA F83F 9
ulE 7HIch

Il. KIM-KTG & A #Z 4H

2.1 3= &3 HF HESZHKTG)

BOoMol Y92 ARt AEZ|HIT AU A¥ew
Aol 5 IR A 7hsAdo] M =2 e
2 IHAUAHKoch et al, 2006; Jaeger and
Sprenger, 2007; Lee et al., 2023). |23t I8 7]
Aol ana o g T35 sl sotor 714 §4o]
Htge 45 3R 9 2dl KTGE /Hdsigict
(Kim and Chun, 2011, 2012). AAIgt KTGY] &1
#1522 Kim & Chun(2011, 2012)°f Al&=loH,
2 =2olXe 1EetA AgsHleh

WA, 7133 S A EELA AEEE= dR
o AeEF FoMo FHolA BEH ZFTAELL
(Pllot REPorts, PIREPs) W5 A2S v|wslo] Zkzt
9 AEo dotd 4 FE F=lnull(NID),
light(LGT), moderate(MOD), severe(SEV), extr-
eme(EXD0] H&== dARE 2 &F 548 B
o i3t look-up table& WETE Th3O0F TableZ
U= i G IDASEY] AR 2 A9 o
7 Aro) disEe AR Ao, 7t dR A
T3 12 mapping &<l 21-85to] 0FH 1409
Fow MEASES Hglslo] ot &9 2 #E
7= NE R APRegE 2SR vERe
& mapping® 7WEA5e] tisiA 75A1E A5},
sptz Agote] HE KTG ERAIFHE AEsit)
KTGY W& A% AR @97t gle™ LGT=
0.3, MOD== 0.475, SEV+= 0.75°]H.

KTGE 201394E ddos gstr] Aldteiale
o, dA UM-GDAPSE 7§tz A&E=y Qi
UM-KTGY] S8z 12 kmolw, I A~
40,000 ftof] TialAl 1,000 ft 7HHo2 =7t AJAke
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F=E FAEEAKIM) 719 =Y

FF 3R dS2d(KTG) += ¢ 33 95

t}. E3h sk 43)(0000, 0600, 1200, 1800 UTC), 3
ARE AL 2 +30413E AISARIIA] A=zt AlSE

2.2 =Y #X|0EZH(KIM)

KIMZ KIAPSOIA AT 57] 713 EE F20
2 e S S3EQ0 71 SR ERdel
(Hong et al., 2018). 7]&9] ARSI = UME of
Aok, 7} 71l E AARIS] 71eA AT 9
9 o A FEL ZxE A LEJCHKMA KIAPS,
2020; KMA NMC, 2024).

KIMZ =3 B0l ZAIE siatt ASHAT A%}
AAE 7ML Jlom, 3] AKXl Ferel ¥E |
&2 e 284y 7I5ke] v s}t 310|(Choi
and Hong, 2016)2} s = AAlmolo] A3tst &
gagogz FAHUHHong et al, 2018 KMA
NMC, 2024). 9j¢t 22 AAZ ti719] 913 6=
gEsHA Hosto] toket R 7] @S Ert
ggfe] AT £ AA =HYoH, A AFE hFoR
Stk oEolA FHIEA H §lo] MYHolx FLhgh
Alsto] ZhsaiFet. et 1EEo] 2718 A5
ot = HAAT(Kang et al., 2018) © Flo|HI=
4AY FE HE A2 5SHHybrid 4 Dimen-
sional Ensemble Variational, Hybrid4DEnVar) A
A7} 2852014 QltHong et al., 2018). 202049 49
HE KIM version 3.5(KIM v3.5) @Y 2%93517] A
Zetgon, 4290 Jagel= d /fAS B3 A5
o] FA=a YrHKwon, 2023).

£ dFoH= KIM v3.8(KIM NE360 NP3)& At
83190tk KIM v3.89] $8si=s 12km, ARt

= 4% 0.01hPa7HA] Tdoh= 42 slo|He|=F
< 2= 91502 AEEo] S35 H7] +2E H4

sl mojet 4 Sl

2.3 KIM-KTG &5 4

E A4 KIM-KTGY] %2 7|& UM-KTG9]
AddE F25 IR |AHEA, 98 $A]dER
4 22Z UM-GDAPSOIA KIM-GDAPSZ thA|H=
HAos AP olofl KIM-KTG 5 A
KIM-GDAPS7} KTGell 2§ 7Fs3HA] €15t

WA, KIM-GDAPS7} KTG 290 Hagt Al-53t
e 8 AL SEH=A] Badsloltth KTG 29 ¢

Al FBHYE 12 km, ARSI 1,000 f(ZVd~
40,000 ft), 12]a1 3AZF ZHE 02 Fof +30A17He] 9
SAE7F 8. 24 A3}, KIM-GDAPSE= KTGE]
oj2fet Al-FZt e 2UE BT TESISIt

tog, KTG AlAH YdEEs S 84ss
gRRlIstgitt. Table 10 ¥¥ A& 84F FA|dHE
a2 | wsto] Yepyct vln A3 KTG Zdo] ¥
83 9450] KIM-GDAPSO= 2% &A1}, ot
ol 1% ZE7F 9% (geopotential height)
2 AZEo], olE 7|5t 1%k (geometric height)
& H¥sk= HAY o] 1= R

9 £4g E3lo] KIM-GDAPS7F KTG] 948 4
AdEnd Age hA|7FsthE elstgint. olof o
g KIM-GDAPSE g FAdHEE= Sk

Table 1. Comparison of input components for
KTG between UM-GDAPS and KIM-
GDAPS
oA UM-GDAPS KIM-GDAPS
TGdH: U

g120_v070_erea_unis_|KIM_g120_ne36_unis_

h[HHHL.[YYYYMMDD | h[HHHI.[YYYYMMDD

fri ]| HH].gbh2 HHI.gb2

kK kit ki

g120_v070_erea_pres_|KIM_g120_ne36_pres_

h[HHHL.[YYYYMMDD | h[HHHI.[YYYYMMDD
HH].gb2 HH].gb2

g
Geometric height (m) cloly Zord

T, o
A Zor: Geopotential height

Geopotential height (gpm)
(gpm)

o2 AH: Pressure reduced to MSL (Pa)
b SYH: Isobaric surface (Pa)
2r Temperature (K)
A
ig Relative humidity (%)
=]
&4 U-component of wind (m s
Ll
Ié-“%‘ V- f . d( 71)
Bje component of wind (m s
a7 Vertical velocity (geometric) (m s™)
Ll
= Latitude (Lambert conformal)
Ax Longitude (Lambert conformal)
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KIM-KTGE % 753t9ict

24 43 4E R K=

AS5L HAYATE #slol(e.g. Sharman et al.,
2006; Kim et al, 2011; Lee et al., 2022),
POD(Probability Of Detection) B414 A% WS
ArgstRltt. B4 ARGl disted 4= ol
(Moderate-Or-Greater, MOG)9] 4571 =4 %
HollA 7Hg 77k AR 9l KTG dEAtart dRe
&% &E& PODY(Probability Of Detection of
“Yes")(Table 2, Eq. 1), 957t TEEHA &2(null,
NIL) A&oA 7FF 77k AAE9] KTG &A=
A FRE AdSsHH g2 FES PODN(Pro-
bability Of Detection of “No”)Z YWERHTHTable
2, Eq. 2) (Kim and Chun, 2012; Lee and Chun,
2018).

o714 dARS WHAIAZ POD AxbE 3T
3%, PODY-PODN 9] Fglo] @ojA|n o5 x-y
T ZAJSt] HES mEt I8 ROC(Receiver
Operating Characteristic) #E7} TFE0]XcFaw-
cett, 2006). ©o] ZAl°] ofzf WA(Area Under
Curve, AUC)o| 29| 545 Yetll= gtol =L
0.5914 1Ate]9] #+& 7FIcHFielding and Bell,
1997). 19 7Ph&5s 2l &7 450l £2 A&
olmufste, 0.500 7Ph&s 72 ST 59 A
E46E A= AL YvldtKTebaldi et al., 2002
Lee et al., 2022; Kang et al., 2025).

ESE TSS(True Skill Statistic) HHE ©o]-83}o]
MOD A4S Fee HE= skt (Allo-

¢)

Table 2. The four cases of receiver operating
characteristic (ROC)

Event observed
2x2 contingency table

MOG NIL

True False
Event MOG positive (TP) | positive (FP)
forecast NIL False True negative

negative (FN) (TN)
PODY = TP/(TP+EN) (1
PODN = TN/(TN+FP) 2

TSS = PODY + PODN -1 3

uche et al., 2006). TSSE PODY$} PODN< AR
sto] ARIEH(Eqg. 3), -1914 14F0]9] 3 7HKIt 1
o 7dSE I dARIAY Y=t =2 A
oJuletH, 0 olstE WE7Hd dl&dse] A fle=
OJu|gltt.

AT 202349 19 197E 12€ 319714, gt
T G9Y(27.5~44°N, 119~135 °E)°|| thsto] <=3fs}
At ASol AR IEAEs FATTSEE
(International Air Transport Association, IATA)
oA WHE72RE £39 EDR A=E Z-E51%
t}. EDR2 SAU}Z7]-HInternational Civil
Aviation Organization, ICAO)°IA A5+ & 3
T UF AEE, 5 I A=E 95k /8%t A
ToltHCornman et al., 1995. Sharman et al,
2014). A3l AMgsts #SAE o UF A 9A
2 APAF(Lee et al., 2022, Kang et al., 2025)
£ Fasle] NILE 0.01 m*?s™ w]gk, MOGE 0.22
m?3s! olifog Besiirt

dEAt=2= 0000 UTCOll A4tEl= KTG =S At
gatom, oEAltforecast time)EE HES
Pt ASAES} BSARS] vl ASFAIES
EHE £1AZF o[l 7FE 23 ARHOIA T
EDR A=9} H|wsttHe.g. Lee et al., 2022).
F 5 AR 9 AIZE 9] ol of=] BEgko] EA
4%, 7P 2 EDR g diE= AR8sto] 21w
FEZ Al

)

o

1o Lo
_l

N

l. KIM-KTG % &}

p e

oA KIM-KTG = 72 9 A& dAE
dsty, AS Adel] st Zl&stlth. Ed
M-KTG®} KIM-KTG®| s AA717HE, 1=,
IdE=E v BAS 3% W8S ZasIrh

[y
oH.
[e)

D

3.1 KIM-KTG Atz #Z= % 0flA|

KIM-KTGx 98 A2 2dS KIM-GDAPSZ
AT KTGE, UM-KTGE] 37t 9 AZHAdEet &
dstA A=t AEA F5E KIM-KTGE] Ak&0]
2 A=A ZRlsh] sl AA| AIREP(ALr REPort)
o MOG Z%= 77t B1H AH|9] A&At=0] ts)
A Moz vlw BA5I9c Fig. 12 20234 3¢¥
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299 0000 UTCell Al=-7AE] F2ofl A MOD Bt
dR7F B39 A9 KIM-KTG 9% Zatold, vl
£ 981 5L A1) UM-KTG 9% 23 Fig. 201
A el F HEo] oS AIE HuHE
e 5l FopAlor FAolA R wAYe] ARkl
B3t REIL U AR e Bl S8, AA
dF7E HaE AR sl & md m
MOG =l sigsts dis HEHoR =319
o}, o]Ad KIM-KTG7} 7I& UM-KTGSF RARE 5
TR UF I 73 RS nofske A& E9,
Hdo] & TS SAT 5 A ot 2
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Fig. 1. KTG turbulence index for KIM-KTG of
(a) Korean peninsula and (b) East Asia. The
case is March 29 00UTC, 2023
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Fig. 2. Same as Fig. 1, but for UM-KTG

AFolA KIM-KTG7} UM-KTGo] H|8f Askdo=z
4H A=E g o moshe AgS ERIE &
A=), ol B AlEyt ofyzt thE AlEoM =
YT AFS Bk

3.2 KIM-KTG Z#& Zut

9A A XS B9 KIM-KTG7F & 7559
< golsigdrh & FojA: KIM-KTG7} 35714
o 9 T & B APt fosHA 28 5
M 2 ABAR] AF S AFUeA Brtet
7] 91sh, BA 719e] g HEE sk
717 2 9492 20239 1€ 1958 129 31
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o 5o ST odolol ol SysteTh T, oS4
{%(0000 UTCHE +2100 UTC7H] 3AIzE 7H)E
d3e Alon Rz IzoR 12 7}
pZe

= Z¥7 Hatsto] EA51e]
?::4% 7174l gt KIM-KTGS} UM-KTGE] o
v w3t A7Table 3 ¥ Fig. 3), F & &

- AUC 0.7 o9 58 A5 5= Holrh A%
Zog AUC, PODN, TSS %2 KIM-KTG7} Z2Z
0.05 o =3t} 3 PODY 32 0.01 #Aol2 & &
d7tof| Zpol7t A9l gtk ol A= F EE B
T MOG YRE d5ske B8 fARRE
KIM-KTG7} NIL AHIE ¢ 52 38 7R &
95ty L YRt &, UM-KTGZ} NIL Aol
A G AeE i © kA Roske Al Y=
2o wtEr]

o A 24 Hofl, 1= 9 AdEE A5

At WA, 1EHE A E AWHET IE= A
PAJLE Z1sto](e.g. Lee et al., 2022), 20,000 ft
OJARS A&(upper-leve) 22, 10,000 ft ~ 20,000
ftZ ZZ(middle-level) 2, 10,000 ft ©]5l= 3}=
(low-level) 2.2 F-E3}9ct.

1ed A= Ayl dAuidor HE  J1TojA
KIM-KTGY AJs°] UM-KTGEY £9toH, 1
ZEAS o, 35 £9= =4 YEltHTable 4).
ZA|e] AR, AEoA= KIM- KTG2F UM-KTG
9] AUCZ}F Z+ZF 0.835, 0.827°]1%0H, TSS= 0.442
SUsILE olEEt At F Y BF AFE =2
LS 7R £FAUC=0.8) ool Halsich
(Fahey, 1993; Sharman et al., 2006; Kim et al.,
2009). g5l vl F-otEelxY] A== AUC ¥
TSS7F Z¥2F eF 0.75, 9F 0.32 o[st= thad WoJrt. o]

Table 3. Comparison of verification results be-
tween KIM-KTG and UM-KTG during

2023
KIM-KTG UM-KTG
AUC 0.777 0.727
PODY 0.42 0.41
PODN 0.92 0.87
TSS 0.33 0.28

(@

0.9
0.8
0.7 4
0.6 1
0.5 5
0.4 A
0.3 A
0.2 4
0.1 4

0 T T T T T T T T T T
0 010203040506070809 1

1-PODN
()

PODY

0.9 4
0.8 4
0.7 4
0.6 4
0.5 4
0.4 4
0.3 4

PODY

0.1 +

0 L] L T L] 1 T L] L) L)
0 0102030405060.708059 1

1-PODN

Fig. 3. ROC curves of (a) KIM-KTG and (b)
UM-KTG during 2023. Gray solid lines indicate
ROC curves for each lead time, and black solid
lines represent the mean ROC curve across all

lead times

359 CAT 950l 2Askd KTGY £/ Heo
FETHKim and Chun, 2011, 2012).

a8a EAFor F nd R F3Fo| 550 H
sto] Aot 2A UERt A5l skl Hl st

%Zo0] KIM-KTG ¥ UM-KTGS AUCZt Z+zh
0.081, 0.025, TSSE 72+ 0.17, 0.19 © W9ith of

b ol

|

27 20| Ui dE AL} HUQd o8 31
I 359 W WA Aolo] AR tk2A vebg] o
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Table 4. Altitudinal verification results for KIM-
KTG and UM-KTG

KIM-KTG UM-KTG
Low-level (~ 10,000 ft)
AUC 0.759 0.684
PODY 0.41 0.42
PODN 0.92 0.84
TSS 0.32 0.26
Middle-level (10,000 ft ~ 20,000 ft)
AUC 0.708 0.659
PODY 0.25 0.19
PODN 0.90 0.88
TSS 0.15 0.07
Upper-level (20,000 ft ~)
AUC 0.835 0.827
PODY 0.53 0.58
PODN 0.91 0.86
TSS 0.44 0.44

TO8 HAth &, 5130 Hlste] F50l4 G
H<lo] CATZ} ofd HiF % APz QI Hi7 59
o2 ]lo] B3t or o w2 JFFE FUZ 7
o] Q& Aoz HokHr}

Tha2 AAEE AmESIT AES 395 59
E{(March-April-May, MAM), 6¥+5 8E7HAE o
E(June-July-August, JJA), 99FH 11€97H+= 7}
2{(September-October-November, SON), 12¢¥
2 1~298 A&(December-January-February,
DJPE &5t

HA, KIM-KTGS] A&E 3523 Table 5), AUC
= 80.821), A=(0.814), 7+(0.776), °1E0.762)
407 =911 TSSE AE(0.43), £(0.42), 712{(0.29),
oJE(0.24) <°=F =9t} PODN2 AAH o= 0.09
o] MEAS 7FA RIS o, PODY+= 0.289] ¥
oflx] WEsto] AMERE Xo|7F A Yehith ApAlsH
Ae &, ALl PODY7} 0.5 ooz di& Aeert
=%om, 7k ET offolle FYLrt Wkt &9, o
Fol= PODY7F 0.3& |4 53 ol AEE 3
= CAT &g B2o= fhEoldl Ui J&ud
o] ofFo] F=2 Yeht= tif 719 d=7E & dISsHA

o

Table 5. Seasonal verification result for KIM-KTG

MAM JJA SON DJF
AUC 0.821 0.762 0.776 0.814

PODY| 0.52 0.29 0.37 0.57
PODN| 0.89 0.95 0.93 0.86
TSS 0.42 0.24 0.29 0.43

Table 6. Same as Table 5, but for UM-KTG

MAM JJA SON DJF
AUC 0.797 0.747 0.729 0.710

PODY| 0.60 0.29 0.38 0.50
PODN| 0.84 0.95 0.88 0.79
TSS 0.43 0.24 0.27 0.29

ol A9t AX|SHHKim and Chun, 2011;
Lee and Chun, 2015; Kang et al., 2025).

o Yolrt, UM-KTGE] AEE 5 ZA=el vlwst
AUcHTable 6). HE AZolA KIM-KTGS] AUCTt
UM-KTG®] st E3kom, TSSE AL&L ALstar
5 Hdo] fARIIT). AAle] AEH, KIM-KTGSt
UM-KTG &5 &9 22k TSS7F 0.42, 0.43°02 =2
Aees Holom, 7kE 9 oAFoll= TSS7F 0.3 9
A Zof thh W2 FEEE YeRth THE, A&9] o
He== KIM-KTGZF AUC 2 TSS7F 2+ 0.104,
14 o =90t} ol A Aol 4 KIM-KTGE] 43
o] § 9o, E3] KIM-KTG7| 3Hl=o] AL &

o Z Higsie] AL Isle CATE
UM-KTGEC & 2 2oFd Ao okt
=24 A% A3t KIM-KTG= UM-KTGHET ¢
s 7Hlom, 56 B AL 181 A4S
oflA g7t =0kt ol2fdt IS Bl KIM-KTG
7b dE &8 9 g5 I SARPE |96 &8
o = AEEN AR 7hsoithe 2 ERIskeith

of ©

ox.
o

lo oﬁz

i

r

v.Z# 2

) IRAHE SHeR W S8 B
KIM $4020] A2 #45kn k. oleja 58
of Bio], 2 ATOME YT UF o A2 9
49l KTG 29l thef g2 SX|omgde UMOIA
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KIMO 2 ¥Hslo] 5ok AL HE 0= siqlth
KIM-KTGS] 7% 7]&0] UM-GDAPSZ %=
I %= UM-KTGE Aghd& 25 IdE {48}
U, 98 $AdErES KIM-GDAPSZE tiAsh= 1t
Alog Sstqirt. olo KTGO| Ag+zo] KIM-
GDAPS7} 33 73] Al-a7heiidest ga=s
v BASIG). Bl EA% A S3hett X
g 9lskAnk it KIM-GDAPSS] @ 1%
Am7F A9 1EE AFET] gEel, ol 7ot
V=R Bigkele AAE] S F7lete] KIM-KTG
£ TS5
7= ¥ KIM-KTG7} AF&o] & =R &Rl
{lsted, UM-KTGSF B4 02 vl B4t 2
A Ay}, AAHOZ dlE 49 E FwTt fARH &
9= gRIsHom, olE Bl Ak&o] & o]Fof
A Aoz wWAsAct. dhH, KIM-KTGZF 7]&9]
UM-KTGET} tha oFehA| Hoj=li= Aol Uit
o Yoprl, 755 KIM-KTGS] H3F4 A5 5ot
of AR 52 W7kt 20234 1Y 19%
12€ 319714] 3hite o] tisial UM-KTGSF 37
AA7|1ZE 1=, AGEE vla 2498 S5
A, AA7) digk 2S5 A3 F R BE
AUC7E 0.7 olde2 &2 A5 Eon, KIM-
KTG(AUC=0.777)7F UM-KTG(AUC=0.727)°l H]3}
of ¢ Aol £t $HH, PODY+ Ao W
PODN2 KTG7} o =34t ©ol= KIM-KTG7}F NIL
Aol A UM-KTGEH H =2 Hges 7S 9
u|5le, UM-KTG7} NIL 4= RS tha o]
Skl QS vEhdth oo g, ued AHE A=
Hubdoz A FoA UM-KTGO Bvlste] KIM-
KTGQ] /H‘_—_o] 1:—] P_clu:] Ao}z-. 6]__ 27- /\
4wt w0kt FHEE FYLT} Adolstds
), ol AAFTER IR I WAUSZC dEA Y
g Ao wd E} npReto 2 AEE A4S 2
ol &, AL =Tt 11, 1 hgoE T
I oFo] 7P 2 FEeE Holth 7R ool
Aot 2Ford A2 APAToAE dgo] =AUt
(Kim and Chun, 2011, 2012; Kang et al., 2025).
9 AHES 53, KTGY 8 SFAdHzdS
KIM-GDAPSZ thA|3t KIM-KTG F-&0] 7F53131.0
H, 758 KIM-KTGE 95 ¥ FF3ZARF 7-9lot
Al ARSE 5 Qe mEEH ARGSE 5 9132 ERlsH

Ak ol2gt UMollAl KIMO 29 QJE $AJojHrd
W8S Hdo] dvg SE gl ARkl 5 o= Al

=4 Fdel 7IHEnt.

B I3 KIM-KTGZ} 71& UM
AIE 4= e AR w2 PR O ZdUS o
Sl 1ol= sk, 4 oAM= oiE s
o] AP WM & Aol oldt dAES &
Astglon, F g A4S 3t RS AXekch

£ AFolA Rl FH SHAHS ot Aok A
WAz, F-515 IEolA2 W2 9% Aol o
/U-Z_Q,] CAT oﬂ_é.oﬂ g]x{ﬁ}ﬂ KTG OP_T_!_E'J—EO] 1:H
Solut Bt A1Y a5 Fokee] tE
& 38| ZofshA] Kal] EHE—FL' B
ot tgo® Add 35 2%, 95 9 7k
Ql S 2d ooty ol sy AZI7F HiFE
0] @EA= Al7lel7] wizell KTG7F avpa o
2 dIEoH] EY AoR wekEch

w=hA, KTGO 915 S 5571 Hsii=
TF AolM AP 23 9 diFz s TS &

22 d&sle mg9] sfdto] Wasith Eat A4AQ0
HA5Z &30 7ol olFolHor & FlolH.

., 7I3CIA= 8km SEIHIER  FAE
KIM v4.0(KIM NE576 NP3)& 20259 59+ &
A S AIFSIGI. oo, % s 27 4™
FAAEEE A7 E 8T KTG AIAHS] 753t o

of 3t HF 4 iAol BoT Aog HAl:
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