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Abstract Convectively Induced Turbulence (CIT) near deep convection often causes in-flight
injuries and fatalities for cruising aircraft. To avoid CIT events, we developed and tested the
radar-based CIT detection algorithm using the Spectral Width (SW) information in Korea. For
providing an objective intensity of CIT, we converted the radar SW data to an Eddy Dissipation
Rate (SW-EDR) using the lognormal mapping technique. When compared with in situ EDR
measurements observed from the Aircraft Meteorological Data Relay (AMDAR) data, SW-EDR
showed a good agreement in identifying locations and intensities of CIT. To further analyze the
characteristics of the CIT, two different types of convective systems are selected: a cloud cluster
(CC) case on May 30, 2021 and an isolated thunderstorm (IS) case on July 15, 2021. In these
cases, intensities and frequencies in CIT are examined separately by lifecycles: initial, mature,
and dissipating stages. As a result, each case shows different trends and peak times of the CIT
intensity. In CC case, light and moderate intensity of CIT are prevalent in initial stage, while
severe intensity is dominant in mature one. In IS case, the light, moderate, and severe intensities
of CIT are frequent not only in initial stage but also in dissipating one. This study suggests that
the SW-EDR is more useful for detecting objective intensity and location of CIT than sorely
using radar reflectivity. In general, it shows a higher risk of strong CIT in upper part of convec-
tive systems, which helps providing a better guidance for avoiding CIT.
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N% 428 4 JQHKim and Chun, 2011b; Kim
., 2018). X9l gt FJFAIAL F FReF &
9lt A}J_A Hl &2 65%0l @atar, vid Tk D‘Eﬁ
olike] 7AAQ <=4lo] W& ThSharman et al,
2006). 53] soprlop P R A WiE B 7
T7F F7kshe FAlclBR At gEix slupet

71 Ao =2 o JEti(Lee et al., 2023).

<& T A7l TS Fe= dRe A AE
717 24 HAFF(clear Air turbulence; CAT), 4ol
olgt Akets} kﬂr%(mountain wave turbulence; MWT)
)3 gl 2]k YR (convectively induced turbulence,
CINHZ +E% 4 StK(Sharman et al., 2006, 2012;
Kim and Chun, 2010, 2011b; Sharman and Lane,
2016). 53] CIT= Wdsdles UF$ UFelr A2
To] & ¥st2 WAsE St -5 4t HlRA B
2 gi7leA tiFE 74 71§ HE 2 dieel &
Tshe 589 sEake ofs) WAE7| = Fhoh(Lane
et al.,, 2003; Kim and Chun, 2012a; Kim et al., 2014;
Kim et al., 2021, 2023; Yang et al., 2024).

CATS} MWTE §93F 4= 9l 2918 z sy
A3 oy FRGREY 79k HA o] dRIGA|FE
o] Atz =3 FFdF o FA =4 (Korea
Turbulence Guidance; KTG), Graphical Turbulence
Guidance (GTG) & d¢ ASA|2"HEL dHATEA
F2 7|Hte g CATS MWT o&S F8sta gt}
(Sharman et al., 2006; Kim et al., 2011; Kim and
Chun, 2011a, 2012b; Pearson and Sharman, 2017
Kim et al., 2018; Lee and Chun, 2018). 3HA5F THA]
el 548 wasty AEE 7 e HF] A
< dY FARLE a7 offdrh Ad 20244 5
A, AN YHER A G} AR R
CITE 2330 571 & 19o] APgale Aol &
Aslel A Az R B “&4‘:% QEQF O 1 (Gisinger
et al., 2024), 7153 =2 <l CAT, MWT gt o}
Uzl CIT ¥ e 2D HIe: 718 Ao g o
HokKim et al., 2023). A&7
e ZhE el #E:
290 WAl @ ulek mholo)
ol #=A5E 4T A
A= B 27] @A 7hsAdo] EokA AL, o] st
e AF7] 2 ERS F T IS AR 7]
o El T},

A7A 717 doldE &gdte] e

=2

v veEdEe] #EA
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golsitt. 5, 71 @
CITY 7_11_4}4 o] 7}=
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22F8(eddy dissipation rate; EDR)S 3}
Eis 0421 A-E0] o]FoJFth. Cohn (1995)
FAEE 2HE JES g oE)
2L &$% AHE E3] EDRE AEdE
HEZ Z(spectrum width, SW)S E3| EDR
= WHE ACHsIA . Williams et al. (2006)
ot & E?SH AZE = SRR, AHEE, SW
%3] EDRE &8s ¢a2]5(NCAR Turbulence
Detection Algorlthm, NTDA)S 7fetstar, HAAj7ke g2
CITS w28 AEE ot + e AAE A+
&S A&J03tAth Sharman and Pearson (2017)
GTGell NTDA, ZFA}F 7173 3 (pilot reports; PIREPs),
oA #ASS FHF AR T2 T3 CIT A
Felu AAE AFeATh Kim et al. (2021b)= =
2747+ 7]< (lognormal mapping technique; LMT)
53l Ax= SWE EDRZE W3sly #3154
&3 CIT dB7bsAol ths A5k vb Sloh
M= LMTE &3 SWZFE EDR&
B3 tzoA vIHe] BAEE diF
hFA19 CIT Z= 2 4 EAL
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2.1 7|Ao| &EXIE

A HER= 713N Y =+ T S-
olF¥a}t 71 eIt (elst 71 elt)e AR =
G VeIt g A B 100 (8F, 24, wop
B e TE, AR wEe AN o4 7
2yt Qo sE FHSE FA| ] 97H°] PPI (plan
posmon 1ndlcat0r) #H=S AASTHFig. 1). 20214 7]
& v A5ukt} wzbo] oF —0.2°FE 157hA] uiy
m W) sEzbuit shElgs) @ el Adt B
F2 oF 240 kmo|W £8l52 250 molth. #5¥
Zk5 Ul H]71% o= clutter elimination algorithm
for non-precipitation echo of radar data (CLEANER)
71Me 7% AADTHON et al., 2020). FZS S5
dolA &= HEE SW, WRIE, FSHRbE 2 s
&=, A3k, Hlx}vf*‘x} ol ok swe A=
Byjoa AAEE Bxo] B4 A=2 Yehfs W
gro]7] wiizol vigh Alejut dRe] AwE et
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Fig. 1. S-band weather radar network of Korea Meteorological

Administration (KMA). White shading represents the
observation areas and cross marks indicate the radar sites.

T = &3 A8 IFH(column-
maximum; CMAX) W% A8 5& AFs ok
2 Aol CMAX WHALE, BRALE ) SW AR §)
F2 g3t} o] CMAX BRAlEE 3o = 2
2 AgolH, HIAlE, SW AEE (F, 3o 3

A4l 2ol t.

=M =!
FETH

flo

w40 gol4e slal 7 sgaleleln #Ea
PPI RS shtel 339l FAZEAICE A AR

93t7] 918l Py-ART sH71AE &831t}. Py-
ARTE v|3F= o X5 (United States Department
of Energy) 2tal 713elA 713dold &5 4 &
g8 Y3 M3t 971xo]H(Helmus and Collis,
2016), tFst A oA -85 th(Hitchcock et
al., 2021; Feng et al., 2022; Brown et al.,, 2023;
Park and Kim, 2023). ¢ @7|AE &3] 1) $4l°]
59 36°, 574 127.5%)aL %, A4 242
1 km, 100 m¢] 334 7F=2H Ao HXEA T4 2=

o] - olqt¢d 67
ob 2) Aol B9 38°, T4 126%]3L 9, A3

A&7t ZH2F 500 m, 250 m$l 33X+ FFEE|AIQH F
A 34 AFE AR A5 ) FF Y
o LMT &4 223 swW A85 3 u AL
St AR 2)= diFA G B 54 240
283kt

7133 A FE= CMAX HRALE AFE=
38°, 7 126°2 FA2 = 500 me] FHANE
= 22 FIE2EHAIRE FHEA A AFelH Wb
o Z(echo)2] UIFIAF T4FT Fioll L=
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Aircraft Meteorological Data Relay (AMDAR)= 7
A& FqF7lel 714 #HSFHE FAste] 9], Az
S 2%, vig, EDR 5 713 EE ST
(WMO, 2003). EDR 7o) A#AARl e AE=
FgHr), TANIY T TN FTUF F=g
EDRZ ¥7]3l= A& AL3Z JtHWMO, 2012).
B Aol Wi A 9% 9 AR goba]
el 9=, 4=, 3%, EDR AEE &85t} EDR
o] el g ZA= HFE= FIlight, LGT), $3
(moderate; MOD), Z3H(severe; SEV)S.E UE & )
T}(Sharman and Pearson, 2017; Kim et al., 2021b). ¥
ATl e AT EF Aol &Hete HEF 2o
LGT =Rt} oFst NIL A= MFE F718te]
@A) A HEE BRIt e S A
T ¥Hsl] FHE o] (moderate or greater; MOG)
HFE A3 TH(Table 1).

tlo o

2.3 M2 X2

European Centre for Medium-range Weather Forecast
(ECMWEF) Re-Analysis version 5 (ERA5)= ECMWF
of SAIh AEA AFelH, FHNTEE 02512 1
A7F 7vA 0 2 AlF-"th(Hersbach et al., 2020). 1%
O3 1 hPattEl 1,000 hPa7kA] & 377l o2 +
o] stk & AFelM e 712, v, &), A
F ANALE T8 Bl & 24 3 dFA
TEE dotar] fs EEsisi.

2

Table 1. Category of turbulence intensity according to eddy dissipation rate values adapted from Sharman and Pearson (2017).

Maximum value of EDR Intensity
0.05m** s <EDR < 0.15 m** 5™ NIL
0.15m** s <EDR <022 m* s Light (LGT)

0.22m?* s <EDR < 0.34 m** 57!

Moderate (MOD) Moderate or

0.34m** s”' < EDR

Severe (SEV) greater (MOG)
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31 BEOEHEAIIE

GRAGHFEZ Y GFo AEE Fetstr] flalA
+ EDR 7tEE ®igtE]ojof gt} o5 9J5 & A
oM 224713 7)< (lognormal mapping technique,
LMT)E 58l HghS AAEIAT LMTE HRxlehd
T ol sEE ouite FS de /e, F
2 SRR EE dRAGAFE EDR FEE
Hasy] 8] &89 o] 7He 7] tE &
A el E9E A Ui EDR +EE W
& 4 = o] 3tk(Sharman and Pearson, 2017).

A7 FE719F AdellA] #ZEE EDR(£7°)] EE
7t REOPFEEE HEE 548 o83 49| 2
HAS(D) 7] E¥r) 2R EE ga2d o
I} 7ro] ®#3}E 4 i (Sharman et al., 2014; Kim
et al.,, 2021a).

_In@) = (")

7z 1

"D (") M
_ In(D) — (In(D))

) In(D) 2)

A7\A (Y E HiE, She EFHARIH D'E DI
-$-== EDR gtelt}. 3F3ld 7,3 Z= 7Zong

In(D") - (In(£">)) _ In(D) = (In(D))

SD 1n(£1/3) SD ln(D) (3)

SD In(£")

D ey D) - (@)} (@)

In(D") = (In(&

KWK PPl

(a) 2021-05-30 17:45 KST etevation angle - 0.0° (b) 2021-05-30 17:45 KST

1/3

ok

714 (In(£"*)) FF SD In(?) & F717re] &
7] HEABZRE Pojzl FolBR 247 (),
Asta AelshH v 2 t(Sharman and P
2017).

earson,

In(D") = a + bIn(D) )

a=(In(£")) - b(In(D)) = C, - b(In(D)) (6)
_SD (g7 _ G

b=p In(D) SD In(D) )

B AFoAE= SW 7|4k EDR (SW-EDR) #H& At
Z3517] 98l AHEE SWE(Kim et al., 2021b), C,
C,E 77t 2572, 050672 AAFE v 7o
(Sharman and Pearson, 2017).

In(SW') = a + bIn(SW) ®)

a={n(e") = bn(SW)) = - 2.572 — b{In(SW)) (9)
~SD ("% 0.5067

b=3p In(SW) SD In(SW) (10)

w2bA 59 SD In(SW)t a®l (In(SW)) & T-5t4
W32 o] AAHL) o] 5 93] SW zt5e] FEUL
g2 A, o] FEUEIFe} HaAlg2ezt
o] o] 71 22 ZOAHFEETAE HAFPITE
&3 o] FAle] mFEHAe) HFS AAshA
ast b A& & Utk

2 AFgE 20219 14 & & 7)oy #=
28 F 302 7449 SW AE(FE 1km, 94 250 m
TS Zhe 3AH ZFEHARE 34 3 AR)
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Fig. 2. Confidence value (shading), boundary of 15 dBZ reflectivity (red solid line), location of weather radar (blue cross sign)
and radius from the weather radar every 50 km (gray solid line). (a), (b) and (c) show the results of using spectrum width data
from 0°, 0.3° and 0.8° elevation angle plan position indicator (PPI), respectively. The time of all figures is at 1745 KST on 30

May 2021.
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Aok 39 Swel A =g Hrtstr] 9
, {\JE o] 4] (signal to noise, SNR)2] Confidence
value (CV)E AH&3} th(Williams et al., 2006). CV
= SNR #ell w2} 0~1 Abelo] ks ZHA =, r&
gloltl Z2E A (km)e}t 3taL, Reflectivity () A
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Fig. 3. The probability density function (PDF) (circle) and best-fit curve (solid line) of collected spectrum width (SW) data
from where reflectivity exceeded a (a) 0 dBZ, (b) 15 dBZ, (c) 30 dBZ. The vertical orange, red, and black solid lines represent
the thresholds of the spectrum width for the light, moderate, and severe turbulence, respectively. (d) The relationship between
the SW and SW based eddy dissipation rate for the derived formula from results of (a) (red solid line), (b) (orange solid line),
and (c) (green solid line). The blue solid line in (d) is result of Kim et al. (2021b). The PDFs were calculated from every 30

minutes SW data in 2021.
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< AthkFig. 3d). 0~15 dBZ %ol #old ozZE A
63011:' A Ee ofgt el oJsl YEhg = Je
o, 7o) AAES 15 dBZE AAste FUe] A
03_?—3— Frarate] & AolA= 15 dBZ o) Gl
&ohs SWE =59 ArE 96kl o™ (Zhang et
al., 2006; Sohn et al., 2013), = ¥$k2].& t}g-3} 7},

SW — e—3A637917+1A660072 In(SW) (11)

32 thRAlSl LhFRD B4

321 EAS AFIGS 29999 7

B APNE ARAY Wike A4=E SNoE
BRAe) RIS F3G e TR T
Ao 249el WA AALS B8 WA Aol
F718 W] Agolr

Steiner et al. (1995)= 3% 3 km2] constant altitude
PPI (CAPPI) A= #AEE &85t Axpde] A}
=7} 40 dBZ ©)’gol Ak (Intensity Z=71), AR 2] wt

(a) 2021-05-30 17:00 KST

283 el o g
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W e g Sl i A

APESE T e WALES] xpol7t QUAIRL o] dolH
(Peakness %71) HIFQPIoR FEsh= drHFS
kst o, kst daldTolA g GudES
olgslel tlRg e TRE HAE s v ol
(Yuter and Houze, 1997; Feng et al., 2018; Hitchcock
et al.,, 2021; Brown et al., 2023).

Feng et al. (2022)= Steiner et al. (1995) £
(18t 71E FaElH)s vReR M2 digEs
Rk 71E ¢S Ao)]HOEE 1) 2 km
FH3| 4] CAPPI WAL= X}L 4l 500 m 33
el CMAX HHALE #AFE &8, 2) Intensity =7
°] HEALE AAIZHS 40 dBZOIA 60 dBZZE 343 A

, 3) Peakness 2712 dAIZ TS AT Xd 5
o] Itk 2 A3 AFe] ol A9 ekl i U
Al B2 A&E B8R 88 27, AuHos 7wst
taALt TYE ) e Rl B B8 27 2o
Bt S AFETh

B Aol e 71H A AlFshe CMAX WA
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Fig. 4. (a-b) Column-maximum reflectivity and (c-d) examples of areas identified as convective area (red), stratiform area
(green), and weak echo (< 15 dBZ; yellow) by the separation algorithm. The (a) and (c¢) show cloud cluster (CC) case at 1700
KST on 30 May 2021 and the (d) and (e) show isolated thunderstorm (ISs) case at 1500 KST on 15 July 2021.
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‘:7} 500 mE FLT Ho] MR daEF 7—‘1%01
& Hgsitt Jske] Feng et al. (2022) &2
=5 ol &3t dFAS WRIAH TS S
Tﬁﬂ 3HATh. CMAX WHAME7E 15 dBZ PRI ol &
oF3l of| F(weak echo)@ WE FEEATE 3o A}
&3 AEe 7oA AFshe CMAX WRALE 2
Zolm 102 7H402 AFEAlAT) Figure 4= A|2&
drES Bl AFAE AR, 3499, o+
ANFZZ FEgE Ajo|tt.

23499 942 B8F 4457 e
AIIAE AL S99l @A) AL

3.2
%
ggsl thRAe] AojFrle & A dAEHe &
A WAl 2 GANE FESAT WA gRA

fﬁ%m

:;

HAEE 7R Y] F4P9 0 BAHAs ﬁ]Lf{
5 3499 WHe] BAHAET A2 7|k 2

A, HaEdgeog & 77k As 9|, As ‘%7“
T HAAEY 2 7|7k A BAR st
S H(Coniglio et al., 2010; Feng et al., 2018). o]uj,
B 433k Z”oﬂ"ﬂ AE ALLS 918 H3E dFA
o] e x| dFs Histele AHAE =HRlE
102 Ao A2 dAst] 5% tFAE AU
A5 tH(Fig. 5). Figure 5(a-c)2] 735, 4] e

2 shs tFA 2] gE A7

_tJ_,

7Vl A A &

oo diFA A =uRlel 23tEE S WA
at7] 93l m=w|Qlo] olFdhe A 1T 4 Ut
9 Fig. 5(d-Hi= o2 tiFA1e] d3Fe] A7 wlE
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Fig. 5. Target domain (black square) during lifespan of each of cases. The shading represents the convective area (red),
stratiform area (green), and weak echo (yellow). The gray shading represents the out of radar observation range. The (a-c) and
(d-f) show the results of cloud cluster and isolated thunderstorm cases, respectively.
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Fig. 6. Column-maximum reflectivity (shading) during lifespan (from 1500 KST on 30 May 2021 to 0200 KST on 31 May
2021) of cloud cluster case.
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Fig. 8. Column-maximum reflectivity (shading) during lifespan (from 1100 KST on 15 July 2021 to 2300 KST on 15 July
2021) of isolated thunderstorm.
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and dissipating stage), respectively. The (a) and (b) show the
results of cloud cluster and isolated thunderstorm cases,
respectively.

>
fr
)
o
\_o

712d#ole 7t &
oA Rl
, FF7lel WA s = 7
MOG 7}%(SW-EDR > 0.22 m*? ‘1) o]
W-EDR ## MOG Z&E GH7} Bxsts 1
MESEATHFIg. 13). oWl 3.2.2 ©elolA A
118 =Hl W SW-EDR AE9HS 283514
Xi CC A& MOG 7= 379 3 SW-EDR
025 m*? s‘“f’Ei e A 5

wow, As aA o o 031 m?? 579 A
®ol 9, 29 BAZ 7PAA oF 023 m?? 57}
Aadte FAE BATHFig. 13a). IS A2 A$
CC At @2 4L &4 w MOG 4% F72 3
 SW-EDR®] ¢F 037 m*® s7'¢] Hujzke Bl H,
oF 0.26 m”? ‘177};4 TG 2 o)F A& A
%OJ ok 0.3 m*? s F7ete FAIE Holn, &
9 Al AE B+ SW-EDRo| H|w 7 §AHE =
AE gelgd 4 oiFig. 13b). A F AlE] 353

}

N

ot
S

N

T o
o F
oz

J

o
Hir

rlo

)

N =Y
> W

o B o

}

s7kk= 5

N Jw )

i&iﬁ_ol_,_,

o] Ty

-l 79

gl

07 MOG Z% 4E7F E¥ss 17 A%
ol Hdi(CC AHEl: 2F 8,000 km?®, IS AH]: oF 50,000
km’y7t YeEhe AS gl 5= g &, F A
BT A B o MOG Ui 990] 7P wAl &
FEE AL ould

532 QEA9 1xd wE 3§
wpRjEto 2 gjFAle] x| wmE

4y 54
i A 54
A7) 98l 7F AEEE B9 SW-EDRE]
s W AkEe HY AsE &St 9F
A EAS AT A7l 722 CC AbEle
1700~1730 KSTZ A4 QAR Hol=x Al7|9eH,
IS A& 1500~1530 KSTE Al4 ©@HA] A7)t
Figure 143} Fig. 15 712} CC At} IS AR €]
308 B A= DH(a, ¢, o) 308 W Ho A8
o] (b, d, NS YERNE 2@olth WA CC Ak
o] 7% WRALEZF 30 dBZ o9l U2 FE A%
7 km, 10 km o]&te]l #X3}= WHA(Figs. l4c, do
x=30 — 70 km 9%}), MOG %= 01”«1 SW-EDR->
= 9F 12 km ©)F ¥ Exd= AL 5‘016‘ T
B3] 2% 9F 15 km F2o)ME 034 m?? s
$5 R FE7F YERETh g v A g
APt ¥ (< 20 dBZ) EF¢ FX(Fig. 14f2] x =
130 km, z = 6 — 12 km)lA %= MOG Z= LJTJ}
LX) vERdTh IS ARG 73 CC AlEIS] Aok
F3&HA, HHAEE7E 30 dBZ ©14Ql 99 FE Ik
12 km oJs}el] FE3H= ¥HH(Figs. 15¢, d9] x = 80 —
155 km 9%), MOG 7}=2] SW- EDR«] EYXE %
9 km O3B thF9] AH7HA WAl dERsT o]
2 g 7~Urb L= 03_?9} Rk, H”ﬁ‘é%é &3 EDRS
e ATk ofue}, SWE o] &3}
5 tE HJ%';%% %3 A=3 EDRE #2413 A3
Aot dXse Ao]th(Williams et al., 2006;
Krozel et al., 2015; Kim et al., 2021b). WekA tF
Aoz mlg]u HEALE BT} EH oA CIT ¥4
+ SW-EDRS #&ah= Zlo] a3#o|n, SW-EDR
£ 283 g& s g7 L3 =] 2

o2 g€

S e

o

930 K
ox I}
N

AFAME SWE o] FHs} 7] geol] A5
%}%om BRI WY dRe Aeae
sfesta W 54 2459

_Q

gHeld BEoERE A% & Ye AHUEY
Fe AERIN QA9 AUSE Bao) 22 4
S8 ekl WFol7] B ug Aojut R
AEE el 5 UAT HRe ARA dEE &

Atmosphere-Korea, Vol. 35, No. 1. (2025)



80 717 dlele & 283 iRl 93

. 05-30 17:00~
Mean field 05-3017:30 ksT

38°N

36°N

34°N

w
w
reflectivity [dBZ]

32°N B ‘., -10
Ay & -32
126°E 129°

123°E

05-30 17:00~
Mean reflectivity ([dBZ)

05-30 17:30 KST

R A S e

(b)

40°N

38°N

36°N

34°N

v .

32°N . ., -10

Ry & -32
126°E 129°€

123°E

05-30 17:00~

Max reflectivity [dBZ] 05-30 17:30 KST

(d)

Altitude [km)

15

-
~

Altitude [km)
o ©

A Boornstd) 0

(L)
| —
@

=

(]

o

3

m
o
x
3
3
@
w
L
83
88
o
5
2
°I
g

8 ¢
°

05-30 17:00~

Max EDR [m?3 1) 05-30 17:30 KST

-
w

-
~

Altitude [km])

1137.000, 124, l:g 60 .
) S Distance [km]

e
-
[

Fig. 14. (Left panels) Time averaged values and (right panels) maximum values for the time period of at 1700~1730 KST on
May 30 2021. (a)-(b) Column maximum reflectivity (shading) and vertical cross section line (dashed line). (c)-(d) Vertical cross
sections of reflectivity (shading). (e)-(f) Vertical cross sections of spectrum width derived eddy dissipation rate (shading).

st 2o 9arlee T 43H
EDRZ W3 5= & dAAe] 455 :
2] EDRE ol wel NIL, oFgh, 57 A &
¥ 7] A= R EFsh

AMDAR-EDRe®] 7|28 Al 5 SW-EDR¥} H|W
7} 7Fsd thF AHIE AR S A AT AA
gt 71l weEh e e AHE HSE §3

S=1712d8kE gl 7] AI35E 15 (2025)

EFe9Th geow AHEY ZoghRy #7
S 714 o]z SW-EDRo] A 5= dEA] &l
7] $18 FF7lA #ZE AMDAR-EDR} Hlw
S AAISY. 2 A3 7 AtElelA SW-EDRO]
AMDAR-EDR®] 7459} X2 v|wz & Zsie
Ao R IRIFHIITE o] FA A BAETE F2 Fo
7 SW-EDRo| =4 Yehts godo] Aolgt o=
Uelgsd ol AgAT Aol fARSH, A

[t ol > o



AFA - ARE - oleh] -

(a) S

Mean field o7 15 15:30 kST

40°N

38°N

36°N

34°N

32°N

123°E

126°E 129°E

e 07-15 15:00~
Mean reflectivity [dBZ)

07-15 15:30 KST

o) 81

(b) 07-15 15:00~

Max field 07-1515:30 kST

40°N

38°N

36°N

34°N

32°N

123°E 126°E 129°E

07-15 15:00~

Max reflectivity [(dBZ] 07-15 15:30 KST

(d)

Altitude [km)

25 50 75 100 125 150 175 200
A 136.100,127.300) B (37700,

Distance (km]
o NN W WA Ao ow» ~
s 8 g © W o »w & »w o »w o v 8 & 3
4 © © ©o © © © ©o © © © © o ©

—
(L)
S

07-15 15:00~
Mean EDR [m?? s71)

07-15 15:30 KST

Altitude [km)

A 2(Smwo 1??)00: s 100 ot ¢
) Distance (km] ) )

07-15 15:00~
07-15 15:30 KST

(f) Max EDR [m?? s-1]
18

Altitude (km)

25 50 75 100 125 150 175,
A T036.100.127.300) " B (37700,
Distance [km]

e
-

Fig. 15. Same as Fig. 14, but time period is at 1500~1530 KST on July 15 2021.

18
15 4
T12
g
2
25 50 75 100 125
SRLO0 A224008 Distance [km]
° °
a &
AE HtE SW-EDRAEE &3te 2o dfig
AR TRl O WR 24 2 4w sete] o

% 8% A A,

WA ARF7l) W BRe B 542
$Aal7] Slal RAE Sa9e WA AAGe
FAstel Al WAE S, A%, 48 BAR Wl
e U gEl AYA Fa4e Sls) S
SR WS RE Q] A%y Sl e
59 U A48 £ A0 uE B Fe
sl O Ale) AN E A1

51

l

3 57 AHE
ol vlEo] =4, %
&ol =7 Yebst
B AEE o, 1, A" A
65}01 ST}, W TR W% AE A% 9 o o
o, 4, % % 7“:«] W o] =7 YE, &
w‘ Al Y= HlEo] A B Flske B ol
A=, ol & WAl AT T vlEe] Fitst
= TE7E AtEgks dihEe ddeln vhx|re

= AR BEA0R, WETL B G ERA)

2o A o ok, F

<4 oA W) =
e A dAlelA
AR

Atmosphere-Korea, Vol. 35, No. 1. (2025)



779} dX|et= Aol DljrTjJr’*ﬂ EH%X—?— 85
= ¥RAl=HYE SW-EDRo] )& -&oj|A dAst= CIT
Aol B8 &3Ao|tt.
9 ARES T FqFF71 23 Al FoFord
&S o3 ol Albstaal g
1. diFol 9% dF EXde 2HEY £
gaitg A58 &8
2. A S AR ol ) F, 4F 34
d= A& A= dF 2§ ‘:HH] %.9.

7]t 9

3. A B3Ok T A4, FATE I3 23
4. ¥ 23 YRALETL W2 REY 2k 4R F9
ge
i 7] g iR 90l Sete At wel
A kel whet, 7k 1 WPE} W A=l wet 2 5
dol Zpol7t e Alem detEnt. olH e A=
2 FHAN F22gA B st= A3 CITE =

7] @A 3t ﬂ«q et B2 =S E T Us A
o= 7|9, % JUgts 3] #5AE ¢ 3
7] A4 AR 5 v 3] ASAE 76 b
g 2 dR7 A8 8 A G oeget AlEelx ] ol
3, o7, o st oAe] dFel 9
3} ‘/HET A EAS #E s AeE 7dE
THKim and Kim, 2022; Kim et al., 2024).

7I-A|. I

o] A= 7174H T2 dFuE Ad FF71
717 H(NARAE-Weather) ; (KM12022-00310)2] A€
o2 FYPHJFUTH & =5 B A= 2S5
FA Mg etal A7 A WE waed ZJ
A AFEEAE AR B85S =gy

REFERENCES

Baek, S.-H., J.-H. Kim, S.-H. Kim, Y. Lee, Y.-J. Noh, and
S.-M. Lee, 2024: Characteristics of convectively
induced turbulence in East Asia using geostationary
Korea Multi-Purpose Satellite-2A (GK-2A) and in
situ aircraft data. J Geophys. Res. Atmos., 129,
€2024JD041671, doi:10.1029/2024JD041671.

Brown, A., A. Dowdy, T. P. Lane, and S. Hitchcock, 2023:
Types of severe convective wind events in Eastern
Australia. Mon. Wea. Rev., 151, 419-448, doi:10.1175/
MWR-D-22-0096.1.

Cohn, S. A., 1995: Radar measurements of turbulent eddy
dissipation rate in the troposphere: A comparison of

7188 7] A35A 15 (2025)

techniques. J. Atmos. Oceanic Technol., 12, 85-95,
doi:10.1175/1520-0426(1995)012<0085:RMOTED>
2.0.COs2.

Coniglio, M. C., J. Y. Hwang, and D. J. Stensrud, 2010:
Environmental factors in the upscale growth and lon-
gevity of MCSs derived from rapid update cycle anal-
yses. Mon. Wea. Rev., 138, 3514-3539, doi:10.1175/
2010MWR3233.1.

Feng, Z., L. R. Leung, R. A. Houze, Jr.,, S. Hagos, J. Har-
din, Q. Yang, B. Han, and J. Fan, 2018: Structure and
evolution of mesoscale convective systems: Sensitiv-
ity to cloud microphysics in convection-permitting
simulations over the United States. J. Adv. Model. Earth
Syst., 10, 1470-1494, doi:10.1029/2018MS001305.

, A. Varble, J. Hardin, J. Marquis, A. Hunzinger, Z.
Zhang, and M. Thieman, 2022: Deep convection ini-
tiation, growth, and environments in the complex ter-
rain of central argentina during CACTI. Mon. Wea.
Rev, 150, 1135-1155, doi:10.1175/MWR-D-21-0237.1.

Gisinger, S., M. Bramberger, A. Dornbrack, and P. Bech-
told, 2024: Severe convectively induced turbulence
hitting a passenger aircraft and its forecast by the
ECMWEF IFS model. Geophys. Res. Lett, 51,
€2024GL113037, doi:10.1029/2024GL113037.

Helmus, J. J., and S. M. Collis, 2016: The Python ARM
Radar Toolkit (Py-ART), a library for working with
weather radar data in the Python programming lan-
guage. J. Open Res. Sofiw., 4, €25, doi:10.5334/jors.119.

Hersbach, H., and Coauthors, 2020: The ERAS5 global
reanalysis. Quart. J. Roy. Meteor. Soc., 146, 1999-
2049, doi:10.1002/qj.3803.

Hitchcock, S. M., T. P. Lane, R. A. Warren, and J. S.
Soderholm, 2021: Linear rainfall features and their
association with rainfall extremes near Melbourne,
Australia. Mon. Wea. Rev., 149, 3401-3417, doi:
10.1175/MWR-D-21-0007.1.

Helmus, J. J., and S. M. Collis, 2016: The Python ARM
Radar Toolkit (Py-ART), a library for working with
weather radar data in the Python programming lan-
guage. J. Open Res. Sofiw., 4, €25, doi:10.5334/jors.119.

Kim, E.-T., J.-H. Kim, S.-H. Kim, and C. Morcrette, 2024:
Operational aviation icing forecast algorithm for the
Korea Meteorological Administration. Wea. Forecast-
ing, 39, 501-521, doi:10.1175/WAF-D-23-0160.1.

Kim, J., and J.-H. Kim, 2022: Retrieval and quality assess-
ment of atmospheric winds from the aircraft-based
observation near Incheon International Airport, Korea.
Atmosphere, 32, 323-340, doi:10.14191/ATMOS.
2022.32.4.323.



HESRRE:

o

Kim, J., J.-H. Kim, and R. D. Sharman, 2021a: Characteris-
tics of energy dissipation rate observed from the high-
frequency sonic anemometer at Boseong, South Korea.
Atmosphere, 12, 837, doi:10.3390/atmos12070837.

Kim, J.-H., and H.-Y. Chun, 2010: A numerical study of
clear-air turbulence (CAT) encounters over South
Korea on 2 April 2007. J. Appl. Meteor. Climatol.,
49, 2381-2403, doi:10.1175/2010JAMC2449.1.

, and , 2011a: Development of the Korean
Mid- and Upper-Level Aviation Turbulence Guid-
ance (KTG) system using the regional unified model.
Atmosphere, 21, 497-506, doi:10.14191/ATMOS.2011.
21.4.497.

, and , 2011b: Statistics and possible sources of
aviation turbulence over South Korea. J Appl. Meteor:
Climatol., 50, 311-324, doi:10.1175/2010JAMC2492.1.

R R. D. Sharman, and T. L. Keller, 2011:
Evaluations of upper-level turbulence diagnostics per-
formance using the Graphical Turbulence Guidance
(GTG) system and pilot reports (PIREPs) over East
Asia. J. Appl. Meteor. Climatol., 50, 1936-1951, doi:
10.1175/JAMC-D-10-05017.1.

, and
convectively induced turbulence above deep convec-
tion. J. Appl. Meteor. Climatol., 51, 1180-1200, doi:
10.1175/JAMC-D-11-0140.1.

, and , 2012b: Development of the Korean
Aviation Turbulence Guidance (KTG) system using
the Operational Unified Model (UM) of the Korea
Meteorological Administration (KMA) and pilot
reports (PIREPs). J. Korean Soc. Aviat. Aeronaut., 20,
76-83, doi:10.12985/ksaa.2012.20.4.076.

s , R. D. Sharman, and S. B. Trier, 2014:

The role of vertical shear on aviation turbulence

, 2012a: A numerical simulation of

within cirrus bands of a simulated Western Pacific
cyclone. Mon. Wea. Rev, 142, 2794-2813, doi:
10.1175/MWR-D-14-00008.1.

, R. Sharman, M. Strahan, J. W. Scheck, C. Bar-
tholomew, J. C. H. Cheung, P. Buchanan, and N.
Gait, 2018: Improvements in nonconvective aviation
turbulence prediction for the World Area Forecast
System. Bull. Amer. Meteor. Soc., 99, 2295-2311,
doi:10.1175/BAMS-D-17-0117.1.

, J.-R. Park, S.-H. Kim, J. Kim, E. Lee, S. Baek,
and G Lee, 2021b: A detection of convectively
induced turbulence using in situ aircraft and radar
spectral width data. Remote Sens., 13, 726, doi:
10.3390/rs13040726.

Kim, S.-H., H.-Y. Chun, D.-B. Lee, J.-H. Kim, and R. D.

-olet]

o

-l 83

Sharman, 2021: Improving numerical weather predic-
tion-based near-cloud aviation turbulence forecasts by
diagnosing convective gravity wave breaking. Wea.
Forecasting, 36, 1735-1757, doi:10.1175/WAF-D-20-
0213.1.

, J.-H. Kim, H.-Y. Chun, and R. D. Sharman, 2023:
Global response of upper-level aviation turbulence
from various sources to climate change. npj Clim.
Atmos. Sci., 6,92, doi:10.1038/s41612-023-00421-3.

Krozel, J. A., W. Deierling, R. Sharman, and J. K. Wil-
liams, 2015: Detecting convective induced turbu-
lence via total lightning sensing. AIAA 2015-1548.
AIAA Guidance, Navigation, and Control Confer-
ence, doi:10.2514/6.2015-1548.

Lane, T. P., R. D. Sharman, T. L. Clark, and H.-M. Hsu,

2003: An investigation of turbulence generation

mechanisms above deep convection. J. Afmos. Sci.,

60, 1297-1321, doi:10.1175/1520-0469(2003)60<1297>

2.0.CO;2.

D.-B., and H.-Y. Chun, 2018: Development of the

Global-Korean Aviation Turbulence Guidance (Global-

KTG) system using the Global Data Assimilation and

Prediction System (GDAPS) of the Korea Meteoro-

logical Administration (KMA). Atmosphere, 28, 223-

232, doi:10.14191/ATM0S.2018.28.2.223.

Lee, J. H,, J.-H. Kim, R. D. Sharman, J. Kim, and S.-W.
Son, 2023: Climatology of clear-air turbulence in the
upper troposphere and lower stratosphere in the
Northern Hemisphere using ERAS reanalysis data. J.
Geophys. Res. Atmos., 128, €2022JD037679, doi:
10.1029/2022JD037679.

Lee, T.-Y., and Y.-H. Kim, 2007: Heavy precipitation sys-
tems over the Korean Peninsula and their classifica-
tion. Asia-Pac. J. Atmos. Sci., 43, 367-396.

Oh, Y.-A., H.-L. Kim, and M.-K. Suk, 2020: Clutter elimi-
nation algorithm for non-precipitation echo of radar
data considering meteorological and observational
properties in polarimetric measurements. Remote
Sens., 12, 3790, doi:10.3390/rs12223790.

Park, Y.-J., and J.-H. Kim, 2023: Aviation convective index
for deep convective area using the Global Unified
Model of the Korean Meteorological Administration,
Korea: Part 1. Development and statistical evalua-
tion. Atmosphere, 33, 519-530, doi:10.14191/ATMOS.
2023.33.5.519.

Pearson, J. M., and R. D. Sharman, 2017: Prediction of
energy dissipation rates for aviation turbulence. Part
II: Nowecasting convective and nonconvective turbu-
lence. J. Appl. Meteor. Climatol., 56, 339-351, doi:

Lee,

Atmosphere-Korea, Vol. 35, No. 1. (2025)



)

84 7174 Flely & 283 gl F/oll < st

10.1175/JAMC-D-16-0312.1.

Sharman, R. D., C. Tebaldi, G. Wiener, and J. Wolff, 2006:
An integrated approach to mid- and upper-level tur-
bulence forecasting. Wea. Forecasting, 21, 268-287,
doi:10.1175/WAF924.1.

, S. B. Trier, T. P. Lane, and J. D. Doyle, 2012:
Sources and dynamics of turbulence in the upper tro-
posphere and lower stratosphere: A review. Geophys.
Res. Lett., 39, 1.12803, doi:10.1029/2012GL051996.

, L. B. Cornman, G. Meymaris, J. Pearson, and T.
Farrar, 2014: Description and derived climatologies
of automated in situ eddy-dissipation-rate reports of
atmospheric turbulence. J. Appl. Meteor. Climatol.,
53, 1416-1432, doi:10.1175/JAMC-D-13-0329.1.

, and T. Lane, 2016: Aviation Turbulence: Pro-
cesses, Detection, Prediction. Springer, 523 pp.

, and J. M. Pearson, 2017: Prediction of energy dis-
sipation rates for aviation turbulence. Part I: Forecasting
nonconvective turbulence. J. Appl. Meteor. Climatol.,
56, 317-337, doi:10.1175/JAMC-D-16-0205.1.

Sohn, B. J., G-H. Ryu, H.-J. Song, and M.-L. Ou, 2013:
Characteristic features of warm-type rain producing
heavy rainfall over the Korean Peninsula inferred
from TRMM measurements. Mon. Wea. Rev., 141,
3873-3888, doi:10.1175/MWR-D-13-00075.1.

Steiner, M., R. A. Houze, and S. E. Yuter, 1995: Climato-
logical characterization of three-dimensional storm
structure from operational radar and rain gauge data.

7188 7] A35A 15 (2025)

W e g Sl i A

J. Appl. Meteor. Climatol., 34, 1978-2007, doi:10.1175/
1520-0450(1995)034<1978>2.0.CO;2.

Williams, J., L. Cornman, J. Yee, S. Carson, G. Blackburn,
and J. Craig, 2006: NEXRAD detection of hazardous
turbulence. AIAA 2006-76. 44th AIAA Aerospace
Sciences Meeting and Exhibit, doi:10.2514/6.2006-
76.

WMO, 2003: Aircraft Meteorological Data Relay
(AMDAR) reference manual. World Meteorological
Organization, WMO-No. 958, 80 pp.

, 2012: Final report of the Fifth WMO Workshop
on the Impact of Various Observing Systems on
Numerical Weather Prediction. World Meteorologi-
cal Organization, WMO Tech. Rep. 2012-1, 25 pp.

Yang, S.-1., J. H. Lee, and J.-H. Kim, 2024: A case study
on near-cloud turbulence around the mesoscale con-
vective system in the Korean Peninsula. Atmosphere,
34, 153-176, doi:10.14191/ATM0S.2024.34.2.153.

Yuter, S. E., and R. A. Houze, 1997: Measurements of rain-
drop size distributions over the Pacific warm pool
and implications for Z-R relations. J. Appl. Meteor.
Climatol., 36, 847-867, doi:10.1175/1520-0450(1997)
036<0847>2.0.CO;2.

Zhang, C.-Z., H. Uyeda, H. Yamada, B. Geng, and Y. Ni,
2006: Characteristics of mesoscale convective sys-
tems over the East part of continental China during
the Meiyu from 2001 to 2003. J. Meteor. Soc. Japan,
84, 763-782, doi:10.2151/jms;j.84.763.



	기상 레이더를 활용한 대류에 의한 난류 강도 및 발생 특성에 대한 연구
	Abstract
	1. 서론
	2. 연구 자료
	3. 연구 방법
	4. 연구 사례
	5. 연구 결과
	6. 요약 및 결론
	REFERENCES


