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Abstract Research papers published in the Korean Meteorological Society (KMS) journals by
the members of KMS since the establishment of KMS in 1963 in the field of atmospheric phys-
ics are summarized. A significant number of research papers published in other international
journals are also cited in this paper to highlight the achievement of the KMS members in inter-
national academic community. The aim is to illustrate the historical development of research
activities of the KMS members in the field of atmospheric physics, and indeed it is found that
the KMS members have made enormous progress in research publications quantitatively and
qualitatively in the field of atmospheric physics. In detail, however, observational studies of
aerosol physical properties and cloud and precipitation physics were very active, and studies on
cloud physics parameterization for cloud modeling were highly recognized in the world, but
observational and theoretical studies of atmospheric radiation were relatively lacking and solicit
more contribution from the KMS members.
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71 EAE A7) SollM dd 9
oNUA] #3S o|FI U 7|FHs B4 F
Q47 ARt glom BALg AEe AFHAY <l
A8 AEAE F BARY AR goE FAEL 9
o} 53] 292 A8 MAZAMIE (WRC, World
Radiation Center)o|A1+= 19881 102 M AISAAZ
(BSRN, Baseline Surface Radiation Network)S A%
slo] A FAMRSAEE AL A olE
AxE #ASAEE FEUEE vEste] vls3 19
o AT HASAE B o]BARI HAlrdY At
oF A3 Hla BAEI Ak vt AS 71
ol 19699 A AF vl AF2olA HxE H
AFLES 3% ol % dAlE 4099719 BFAZE &
oWtal 20108 F-E= AAA =S92t #40]
oste] BEAF 2AE7F AAHEGL Jlom o] ARE 7]
33 F7P e lHAlE & 5 7E7 149 AlE o 27
sto] WS = Sk o5 A xR TS ETH
ke BAlRS 2lg5e ol& 2fEo] 71471F
Uk ohugl TheFgl okellA] F-EEAL 9lom o]
it o] A7 AAES vhE o] At
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2.1 SAMEE

EARRZ9 4] A= A gL A (pyrheliometer),
AHA LA (pyranometer), AL EAL7](UV-meter) 5©]
3 o]E Al #SH-2 WRCSF BSRNoIA 443
Al AL ATk S EARES ARl Alxe FH
el v Hgste] FgsiA SA e Aol A
%71 "ol EAMAS] 71E w2 WRCOA sdwjct
A AA ZsolM AZE 58 1759 AhEAM
(Absolute Cavity Radiometer) Ho %02 A4}

FoMrlold M= Yol 28 AEEH HAH £

2 egstn glovt
R Qe Agolth. 2 Seueke 7143 el 400
V20E TP

H o

e} #2204 AAEE BAE Aase] A
AL B S glo] o ARE ol §F AT
ATw BA oS Wolth, IgolE Breln 23T
B ThRe) BARE #d =RES Fjee) w
Esfe] o] Fof wlo] FAzto] w3 Itk(Cho, 1968;
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Fig. 1. Annual Variation of Total Ozone in the Stratosphere.
From Cho et al. (1989).

Oh and Cho, 1975; Cho et al., 1989; Cho et al., 1998;
Cho et al., 2001).

Sgurete] A 714 (1948~1981: ST,
1981~1990: F¢71°dth)e] AALAL #5 A8 (T,
F, 4, HFE)E ol&ste =9 EAEES A
Hek =F(Cho, 1968)°] EAIAS AA =] Hz9
w=wolg & ¢ At SEveE EARRS fof A7
7} ALvE 3l 948 FAl Oh and Cho (1975)7F
B4 =7 7](Sun photometer) ¥ A7 E ©]-8-3}]
e AGe 7] EgEE B3 =72 AR S
3, o)F ti7] £k A Jjgo| 37148 A9
W34 A #HcH(Yoo and Cho, 1979; Lee and Cho,
1980; Cho, 1981). Cho et al. (1989)2 EAl#Z=9] &
fHokel & £ e FEEFF A (Dobson Ozone
Spectrometer) HEALEE #A3t] 5 L& AH
W3S sl o H (Fig. 1), W et B3 AE71x ¢
Zp9)A BEAE B4 AFE Cho et al. (1998)7F Cho
et al. (2001)°] <]3fed AlZE AT

20001 o]% AT BEARSG AT
AR A BN ES BSRN FEFoZ FX4
SHAA BEARES HEA el 71938t of
o], Zo et al. (2016a)S HHEAIA S o]&3}o]
AHE FAA LR fAlshs WHES 4
Zo et al. (20172 Fig. 20 YERH ufe} 72o] vt
T+ T2 (NASA, National Aeronautics and Space
Administration)®} WA 2 EFAXE XS A
YAAIE o] 8ot AHALAH ASAES] 2= BAY
S B3l on Jee et al. (2019)> BSRN 5
o] At AHIAMA HlwaAS HS H sttt

U A7 o3 BARAS B4 =0 EA
Choi et al. (2006)2 F= AlF7|A]9] BAIAS 25
£ 243} 3L Hong and Choi (2006)= 714439 3
Hk 2pe)A #Z=AE, Kim and Choi (2017)E AF=
ARG o] 249 BALASALE, Lee et al. (2018)
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Fig. 2. Solar irradiance before (red) and after (blue) correction
of Eppley Pyranometer. From Zo et al. (2017).
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Fig. 3. Heat budget of the Korean Peninsula (number in
parentheses is the global average). From Cho (1975).

ZIA B ek AF7F s AL e A
Aot $-2uEte] 4 Cho (1975)7F 71 WA &
AREE B ool 2AE ouA] A A AnE
WS THFig. 3). B3k Cho et al. (1988)= %W
oMol AgdatdF FHS 93 o] &3 mdlol #

ATLE 2WE L, Cho et al. (1998) 7HA| A=}
Ao ol A &9 =S 7Pgske

Mie 2hetel] whg gl Abehedu o} vt 3 3

b) Longwave
(Cooling rates by all gases)
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Fig. 4. Heating rates (a) and cooling rates (b) using parameterization model by new k-distribution method (dotted line, KD) and
line-by-line model (solid line, LBL). From Chou et al. (2020, 2021).
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Ealo] 2o thEk A2 Jee et al. 2011) AR
9 (line-by-line model)S ©]-&ate] BlFHAL RS W
Aol= WHS =3FH 3L Zo et al. (2014) 2 Zo et al.
(2016b)y> &35 BIFEAL 2d-g sfdela ol AR
W EALAE 2k 5o} vl A4S =g ARSI
A H o2 E v NASASH U A7AE9] 354
TE v’ S 2 Chou et al. (1996), Chou et al. (1998)
2 Chou et al. (2002)°] BlFEA} 43} =88 o
FE3 L, Chou et al. (1999)°] &9 EA}l w4315 vt
¥k vwE HZdE Ut FHTIU A5
A3 A ATAS] FF ATEA] Chou et al.
(20207 Chou et al. (2021)°] 2 &]E AL} BjFEA}
253 7S AR EY = (Fig 4), o= A S
7F w2 G3st 8712 WHogA 7|E] ki
3 (k-distribution) ¥'HS AFAl HAE AlA FHZ9
AT Aol

Bapo| 2o #AEE v ] A7 =EER
ylo] HAF #d Ayatse] AMgste 2d A3
=12 Yoo et al. (2007)3% Yoo et al. (2008)°]
2 ol9]e] Hu] AFAEe] Y ShEA|o] Wit
Abol& =2 BA &tk BAE 25 9 A%
2 t}E Nam et al. (2002)7} 224 (UV-B) EA}L)
A 4L 43038 Kwak and Kim (2011), 28] 7]
Agtzol ot Uil YW TE Lee et al
(2017) Axolt}, Exrlol&2 ATE faiMe 4584
A} A 2]e] FHbe] @3E7] wiZo] =] AT A
F50] BA] ek Flo] Aot oA AFE uhel
7ol 717371% o5 9 B4 Fa3k H4lo)7] wE
of BALAS Foke} mprAR S AAES] &
o] ST
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3. CH7| oflo|=2 &

199013 IPCC 12} BIA 7} E7HE o] % ofg] A}
9] IPCC RIAME F3l, A7Hesel o3t dojzE
37 ®sle} oo wWE FEuAED S} TEO HAL
2 234 e] Wsle] tigt ols| o] FZo] 7| T3] oS
B350 7P 3A 71 9le] SR A EH
ATHIPCC, 2021). ool we} o] Ao gk A7}
AAAZR oz wjg ghas] Fa= L ok 1914 9
o2Fo] AFAoRZ AFEAGFA ] JFE vR=
Ae dAAZE AHaAT st AHE ]2
TEYA Aol FoJste] FFH R FE] B
ddo) IS A= AL odolzE e g
t}. o]} ho] 7] T3l QxtZA 9] ooj2Eo] T
o] FZEHA A AAFHCR #E5S B3 dd=
< EAo Uig oJalE EolEe o] o|FoA|aL

Sh=t7)1248ks oy 7] #3349 23 (2023)
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YA= W0 e olol2E YAl 5
o] §4ste] A EHER, o]d TS &
&l (cloud condensation nuclei, CCN) 4~&
S8/dol F7tE A

St M= Ak 2009 A7 SHbE v o) 7] A
A& FAHSE S A A7 ofet 71

FH/IABSARIWE, I2HE BES 2E =
7b 7130l Ay AFASL0NA ddloj2E 54
ek #52 s ek 2011d00= o] A7
U AFHEC] 2 EH 5 TofollA ofd g
=3 255 sg=A foste Bt @k bt
ATHYum et al., 2011). & =M E thr1&E 9 &
oA odojmEe] FehE, B4 54 54
CON A7 Aeisislet. 71583 AA2AE o]
E2E AEFERUE TEE7F 837 "Wid TF
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3.1 0lo|2E 22|H, &y 54

ool2E #ZFe] FTeACl FZEWA 20019
ACE-Asia (Aerosol Characterization Experiment-Asia)
the A @5 AuRle] ARPHIJL AFE 2tk
A BZ2(supersite)7} AXF o] FFHQ doj2E
EA tigk #5o] FYEJ oY ofgAE S A
TFRlo] FEAO R AFE FYS AAE e
EAo) BHE AL gle Aoz ALgHT 200539
T3 =A A= AABC-EAREX (Atmospheric
Brown Cloud-East Asia Regional Experiment)ol]lA]%=
Tbe] ARBSL T shglow, of w wma F
W A7Rls] AFAel ol FrAdl A7 Avhe
HEEATE Yum et al. (2007)2 Zakoll e #=3 of
7] A B2E FEE 2 VNEE 5 AHE Bis)
R FevEdM s 7Pt AT di71ESs 2
U= XORE FEE AFEoA 22 AA &
73 th7] al g Aol Hls) 10 o] E2 2=
FEE(>5000 cm”)E HolT S-S FelEgint v
S3F A7le] R E A7 1A RS A00A S
oJRZE FEEE o|HTE 2 8000 cmITH Yum
et al., 2005). ©] T A3} FF=al AdellAe] A
BHZ(Kim et al, 2009), MHE, A 93, 9%
T RSN #S5T RS e AR
A37F BRI ERQ O H(Kim et al., 2011; Kim et al.,
2012), FF71E o]&3t shbwel 31 nich 9] oo
2E A5 AH45 BIHJT(Kim et al., 2014). 2015
ol A d7AtEe] 2o AR o2& 3=
743 Q1 (MAPS-Seoul; Megacity Air Pollution Studies-
Seoul)S 3L, 2016 B 717kl & ghv] T
714 #= A0 KORUS-AQ (Korea-United States
Air Quality) & F3stHA, A JH=S EE 337
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2 o]g3)] AT dojrE F=o] FYHYTt (scattering coefficient) 542 H 73t dHA

(e.g., Kim et al.,, 2017, 2018; Park et al., 2020; Park 9] o] 194.1 + 1442 Mm™'ol] o]EH T}, Kim et al.
et al, 2021). Park et al. (2021)2 &% ASAEER (2014a)> L4H0] ooj=E AMAlR Hatgre] 19

E 1km °]3te] th713AIZl 27 3~10 nm ARo]9] A 4 oo2E3 Aol JFo] vig FEol 7t
o2& %57 ¢ 7600 cm™o]H, 3] FH & =g ou, E4Alg(absorption coefficient)= 3}
71741 5~69el= 71 AAZS A AFdl 7 (free A5 HEFe] SUete AL =4 YErds W
atmosphere)l| 4 ©]2F8F8H(S0,) 0 B HEH ik o] A At 3], ALH IFE 049 Al 7)7kelE A
AEe Aol EshA dojds wWile ook A9F(240 Mm ™9} EFAF(I8Mm™) 25 AL 9
2 AFFQl ojEFE FELE BX FXE= Kimet al. ol vla) F s 7hEF 8-S A=) dojEE
(20140 = F=H T} 20143 HE & ZH 7|33} AP ETAS + AR ARG v E &
do] FHste wjd Aol doj2E AuaEs  dse gdike dvss £ MRS BT F
S35kl L (Park et al., 2016), 2018FHEl= BT} A 716 T FET ddoEE vt FUske 29

AX S22 YES-AQ (YEllow Sea Air-Quality) Z=1S 7|7k thd WA #AZHATH(SF 0.85~0.95; Kim,
FYPshEA AuAES Ba) At olo]2= B¥ 2014a). Cho et al. (2019)2 A|F= ZAA ALZH
2 =33 9on, A= ARyt o] He =Ro7 99 Al 7|7ke] B 7R3 BEle spRo] B54
B 75 tHe.g., Lim et al, 2019; Park et al., 2021). TP 565 nm)yS 27t 6.4+ 1.5m” g '} 0.62+0.06
Scanning Mobility Particle Sizer (SMPS)2ZH= of|o] m’ ¢'2 HEdion, B JlEa Hele JHEe)
22 A/|RE AZIV)EREH de A5 A7E BFF 7RS4 84.9+£2.8%S) 15.1 £2.8%F F
Hels Bt A A 2 A (new particle A3t} Park et al. (2010)2 & cloj2E9 &

formation and growth, NPF) #4S F4H& 4 o 2 FHE¥EGE oy} Bk FHEe] BAF 371 U]
Yum et al. (2007)& ABC-EAREX 7]7F &<t 314k Feke] dej2E BAPFAIE ] oF 15% o g2 o
A #23 NPF @4+ ®.37519157, Song et al. (2010) 718tk RY BOE Bl FHToZHN 7| TRY
o] olo] Wit 4F #A& Al=skTh Kim et al oA Hep ke 33 a3E v 8Tt s
(2013)2 712421 ASAAE vRo=, R4 S =3 4, Bae et al. (2019)2 0.1~1.8 um

= AL, XM= FHol NPF7L 7 RIviet 47 7kelA] FAE oloj2Eo] oF 49%E, 7] &
A A B uEIITh Ak A BEE NPF A4 A9 94 AU 242 13.5%9F 0.4% A FHS B
o] ok 13%= 5] A8 e A (2% 0/10) 399.2™, Lim et al. (2014, 2018)S #7184 dloj&

AlA, 67%= T&°] 7 7] 2A(%: 1/10~8/10)°1 £9 TE7F =& ul AL G FEFFI
A, 23 oF 20%= FEo] SAEt] Aol = 7VetaL, ko] we ZAME B FHE FH o

o]& gl ASEHUSH(Kim et al., 2014b), NPF  °J3f 7 FAellA F571 Flo] F7Hehs Wil
MHE s k= 94 2 oF 7% SigET, o

Z 13L& 224 27197} 599 Al AthKim et 3.2 Ofloj2E E&5Ma LESZE(CCN)
al,, 2021). Kim et al. 2014y A A1 A73/3F & oo} ZE F54 (hygroscopicity)> oI ZE AA[7}
& TPHoE RBAste] As|delx] NPF @7dol 7] 9 $5718 wWolEole AES ulsinz,
dojube F7HA FE7F 4 100 km x 450 kmol] ©] dojREe] FESAYORE 8T F Ue TS
2 F &S 43, Kim et al. 2019)% H]S: e = AAE & & Utk t7] d2Ee &5
St ZH 9IS NPF 24 oo tist #= A%E X A2 Humidified Tandem Differential Mobility Analyzer
FEEE BolsAlE St HAEde g W (HTDMA)E ©]&3l doj2F dxte] F& A4E&
HroA wl$- HIHIFHS A4 F 422%) NPF & S A3} o]E <= (hygroscopicity parameter: k)
gol AFEAE, ol e T2 29 37 f 0 E FAste] yEhd £ Atk Lee et al. (2007)=

#H  HIDMAE °|&& 7] doz22 554 34 7Fs

Joll m& Aoz FAHHAK(Park et al., 2021). g
Park et al. 2015)2 A& Z4l0M & #AFY & F AL HAFAL, Kim et al. 2011y 2y} Hx
°F 12.5% ¥ o NPF @AS #=slon, NPF & wAkg W e 7] ooj2&e] 552 =43}
Aol AR FEwol oF 32% 71H%He F Aot Kim et al. 2017y A&olA A7 30~150 nm
Atk dAFe] kE 0.17~0272 AHF3IR oM, )= Aerosol
AARE 338t EA gt IdS= &ilts| o]Fof Mass Spectrometer (AMS) #EA 52 HE 443
(e}

N

F

oy
07d 295 200843 2 0.32~0.34H.T} ST} A& oo2Ee] A7 &
S 2= =

Zt}h. Shim et al. (2008)2 2
A7HA 13HE7 ASS M-S ddo]RES Al FHEE AolE #ASSIAL olF Rl wE o]
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Anmyeon (2004.5)

- Yeongjongdo (2007.8)

Kim et al. (2012)

4390 / 6960 cm™3
Yum et al. (2005)

Kim et al. (2011)
Baengnyeongdo (2009.8) >
4360 / 5117 cm™ "

7 757,~ -~

Yellow Sea (Air, 2009, 2011)
3795/ 9766 cm™3

Y Seoul (2004-2010)

West coast(Air, 2009, 2011)
3630/ 9324 cm™

NA/ 5972 cm
“Kim etcal. @ogta)‘

East China Sea (Ship, 2005.9) %
NA / 4335 cm™
Kim et al. (29(?9)

Yellow Sea (Ship, 2005.3) / 1

2791 / 3011 cm?3

7

5323 /17811 cm?3

Daegwallyeong (2007. 8)
1401 / 5069 cm™3
Kim et al. (2012)

Y o

East Sea (Air, 2009, 2011)
1825 / 2552 cm-3

South Sea of K.P. (Ship, 2005.3)
NA / 5511 cm3
Kim et al. (2009)

o Gosan (various campaigns)
2717 / 4600 cm-3

Yum et al. (2007); Kim et al. (2011)

Fig. 5. Composite map of the average Ny v, (before the slash) and Ny (after the slash) measured on the ground (flag), over the
sea (ship) surface or below 1100 m altitude (airplane) in and around the Korean Peninsula. From J. Kim et al. (2014).

2F FFA9 Aele} A Ao sk ARk 2
aiD}(Klm et al, 2018, 2020). E55% =71 WE #
2kt Z7H(Lee et al, 2012), th7] FollA 9] =3l
of mE &FA Y 7hE YA SEE S o
of mE FFT % AR a3 FUME BAE vk 9l
tH(Cho et al., 2021).
-2t ah«l CCN #Z2 AL A7)zt
A BZ40l 4] o] FoI A THYum et al., 2005). 2Lt
oMe WA 7|Z = FAES] CON T35k
7} 4000~8000 cm™o]] o|2HEH)|, ol 7|33 &%
7] #ASHke] S~1080l Dt Aot o] Fox
AFZ(Yum et al., 2007; Kim et al., 2011; Kim et
al., 2017, 2018, 2020), A¥raS(Park et al, 2016,
2021), FFFZ(Kim et al., 2014; Park et al., 2020)
< F8l =Sl 2 FWe] CON X0 gk A+
7} o]Fo| Kl Figure 55 o8 #= 7= A=

PoR ghibish 2 o] CONFI RS FEi
TEZE Yehl F= A=tk A A2l CON #

U

He dlwsie AT sl A A
2o B B AR} FRelel =
g tEske o= ANHAE, CON 55

7} 74] & A9 A= Hlwste] 3~108] =
Sh=t7)1248ks oy 7] #3349 23 (2023)

AL 574 A5 (02%)014 2] A dAIA Al 7
Z 545 B t(Schmale et al., 2018).

X

?55%7]”3@11 §°ﬂ élﬂ FR17] wrALe
of #% 7124 =AY
o] % thH(Yang, 1965). L o]z}zig Jslsi=
TS AMHMin, 1966), Bl =7
218 (Joung, 1966), *¥-d3(ice nuclei, IN) &
(Kim, 1966) 5 wl-¢- <& +5E2] A+
Y 237100 o]Fojxrt
#Ze] T80l 4L FEYAE H5T
T AT 7171¢] o] E2AHO R o] Fo|x]7] Azt
1970 & o] F m=rg T@ LR FF7NE o8
g e #5 AERIE B B FErAEY #5
A5 7F AAE AT Kim (1991)2 $2juaolA] A&
o= oy FFASAARINAN ASF FERAMEE
A8E AT =S wEsT fEve Ak
1 g)F e sz 20009 ZRHEE 9717438t

& TR AFF(A) 2P S Pk FH st

o o i oX
1o Hu 4o k1 U
—lm’ OE F}O So
,Ei
E
Mo
o
fo
>
o
=2
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G5 - olitel - WF -

T el 2 =] 3oz gFH FEEYA
ZAEE 5392 (Chang et al., 2007), Forward
Scattering Spectrometer Probe (FSSP)Zh= +&UAF 4]
H(in-situ) 54 A¥E E=Yste] A= bt R
A FEEPDHUYAE #=3THYum et al., 2004). ©]
ATe ATHeRE 75 3 52 WiIE g
2 AFs ks A o, sEvet Hxo
ErAIER] A #ASolgke A o)F FEHAET
A #A5E 91T 7] =l 24 o] HAv= A
oAl & omE ZH=th Kim et al. (2005)= W=
oM ALH AFA AFT(H) 2P ¥ 7t
/0 "k A7E AL, Lee et al. (2011)

ATFH(H) 48 59, A8H P =, B3 7}
S e eHEE A, oA 2 A 7 944
WAL Bulse) A A9 /3R] =99 e
A1
[e)

AE B2t A4 78 S FosEA 284
2 A4 #32 54T = A FU Cha ot al

2008 HE AFS(A)

=

I AS3sHAaL, 2018
A= A
=5 adE Akst
AT} Kim et al. (2018)2 ArlEE FHglE He &
AR Abdle] 398 B u 7hd 5 ek
& THIAALH, Um (20200 Ak #43 7)
71& o83 4
E A2 F393819 3 U et al. 2021)S H78 W
o) DA} By wiate g 337 FEUA
29 Hg B3 AR B8 PE AN FFS A
Aletatt.

aHy FErAEY AH 3S Ak
-2 AR 5 A5 A
A=E] ARE $Ashks AEE ©
T2 YA A 2 2olA FETA
=8 AAE 7] dREAE # ,
3719 FdF £l ofH WA oR Yo,
YA Aol AA9A YIS FEA fFF He d
7-(Yum, 2004; Wang et al., 2009; Yum et al., 2015;
Yeom et al., 2017, 2019, 2021; La et al., 2022)%1t}.
3t oflo]2E TP EHE FASe =Y dstow
37|12 #Z3 CCN X9} FENAED CAE
7kl AAAGe AT EE AdTE O FAEATHYum
and Hudson, 2002; Hudson and Yum, 2002; Yum and
Hudson, 2004; Song and Yum, 2004; Liu et al.,

o
-
~ o

A= 111
2008). $ted&-2] Agoll= 42 {3 A5 Aol

A AL 5A YA (frozen droplet aggregates)2] BAHE
22 545 A8k A77F € v At Um et

5 TERY

om

ATE BE A7
o] wale] Be 71998 sgich S

e

E—
Ol HA 2L W HX e BAALEe dAEy
& B8, 2 oFEE 12k FREFES &
gk A7 o EEEATH(Lee and Lee, 1986; Yum
and Lee, 1988; Kim et al., 1990; Kim and Lee, 1991;
Lee, 1992). Figure 6= Lee and Lee (1986)7} 732 &
48 o] gste] Al AT 9 FEY
A g A BFx AZHESE RoET HFEH Al
AeE WA HEe] MEE FERE CSU-RAMS
model 22FY version)e] =YEHAL, o]E o] &3}
Lee et al. (2000) A3 thiFolX L9247t =
ol vX= E35 A7, Lee et al. (2001)
2 &R Yskgo] FEH A W nAE 9
&S A4FsITE Yang and Yum (2004)= Takahashi
model2] 239 versions ©]g-35te] AFFF FXA
S 5N 2™, Lee and Yum (2012)2 o] &g
Ae] d&YUA FETE AL NS A S
At} Takahashi modelg ©]-8-3F 77} A TheA] o

-
=]

- analytic solution N

= this study s ‘

o
©

===== Kovetz-Olund (60)

(=
o

=:=.=.= Kovetz-Olund (30),.':.

drop number density (# m3)

04 [
0.2 |
0.0 NN
4 6 10 15 25 40
radius (um)

Fig. 6. Distributions of drop number density at t=600s
calculated using a box model that includes condensation and
evaporation processes. The initial drop size distribution is also
drawn, and the values in parentheses are the bin numbers.
The improved scheme (this study) is compared with the
Kovetz-Olund scheme and analytic solution. From Lee and
Lee (1986).
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112 71&Ee] ok A= 3 |

IR E7| = 3192 (Yang and Yum, 2007; Lee et al.,
2014), 7L o|F2& YEIA] ekon, Zdo= o
o] AFAE Fefste] RS B Jud FER
g9l WRF (Weather Research and Forecasing)-LES
(Large Eddy Simulation) model2 ©]-&3}e] CCN &
Fol Aoty xlol wWe Y FA e 5 A
AE 2po]E A5k (Song and Yum, 2012), A
Y (regenerated) CCNo] 3|<F F2]- W nX& 4
S AFE71= A THChoi et al, 2020). WRF
model®l cloud seeding =538} A& 4H9lstdd, 95
AdeM o] AHE 3AE FALYE A7 e T+
A THKim et al., 2016; Chae et al., 2018). 34, 91
AT HZT AbAEY U CRe] ofHES
szl oldl o] FHAl S-S EAskaL
(Kim and Yum, 2010), WRF $3#283} 13- 457
2392l PAFOG (PArameterized FOG)E ZAE3 Al
Hom Sl FRIRe] g S A/ HAUF
e B4 A8, olS Fell Asidt Asld
QF ] A wiAY N thEt olsi=e] FFH(Kim
and Yum, 2012a, 2012b, 2013)2 &2 /) ojx
gro] FAE olF F UATHKim and Yum, 2015;
Kim et al., 2020a, 2020b).

TA RYEE Sl 5 Ee mAEY 3 o
T T 3 1] s AES 2] o] ¢
M EeF 7o Aud 5 B8t o] F
Etk Zasirh 2000 thel] ol22iA = 33 39
9 75 AR g 253 A77E Es] o] Fo
A7) AFsATE 2 BN FES HAIHoR
Fdstke WHelE Rlbin) FEPAED 2sh WY
I A bulk) FEVIA=E 2Est el vk W
WHo| A= 2+ 4] (hydrometeor) S 7| EZ U7
7t AL FERE AVER oot
oA e A0 27 225 AR, 7}
Aol EHE AdsiA(EYd ZHE W)
o] Eu|¢} FEE REE dusithelE
). B S ol 8she A RES AR
AlZko]l Q@ FEER opF A BAHomg A
i M3 e A RPERE ofE |y
| ol B E de] A= 9l Lim (2019)
M3 e sdset S dat 18
Y BopolA =LA FHF HEo| FEUAEY
3} Tjdolth. 7ML o] HES FHHOT 4
HH 32} s}

Hong and Lim (2006)2 5719 oAl 7kx] 4
AGFE =, UE, 75 95, =, A4S E3dste
4 BERE H3 FEuMED] WH(WRF Single-
Moment 6-class microphysics scheme: WDM6)2- 7l'&
B3, THFEONN SR ERT RS Aol

[o

oL v\"\l
T

(

i 2 E ) o U

REERS
0 Floﬂg:_ﬂrflm >

K
4

>

Sh=t7)1248ks oy 7] #3349 23 (2023)

%713 B9t} Lim and Hong (2010)2 WSM6 1
FS st FEUASL HIE ] FEEE odst
= olF ERIE "3 LErAMED WK WRF Double-
Moment 6-class microphysics scheme: WDMG6)2- 7l
Pz, oz H§ HJE FIA WDM6 Heho]
WSM6 wetel] viaf oFgt & A7 57 A
=9] ArE 7RIS B Song and Sohn (2018)
< OE ¥a FErAED B ks v
< @ WDM6 Weto] &yt f-3<] gt v AF
ZE A4 FZo 7Y 2HsHA EeFs B

WRF E3o] Z2g WSM6 <tz WDM6 <k
TE4 A Aol 2] AFEEHAL Stk Bae et al.
(2019)= WSM6E ggste] Suks 33 od =
HE H3 FEuHEE] WHWRF Single-Moment 7-
class microphysics scheme: WSM7)2 7l9tstaL, 4=}
A 22T 2ol E FallA] WSMT ko] WSM6
Qoll wlsl okgt s oAlstar g g ks
e BT 714 89 EFEQl KIM (Korean
Integrated Model)2] F+Er|H & Weke 5 &, H
&, 78 9o v AHske Y EHE UK (WRF
Single-Moment 5-class microphysics scheme: WSMY)
o]tH(Hong et al., 2018). €A 12kme] % HF=5
Zh= KIMO| 3 i =7F 2718k A4 dE s
FE f8 Aehee] EPler dAY @ o4 T
Aol e dee] B B FgAe] F
T s Fa AL 2] BE BeE Y A

st Aol HE A
BAoltt. #8 £H PHNo) TFH TF B8 3
£ 583 WY 889 Fo= EAEL. 3E 88

D
HYE o] gste o] s A7 o]F Tl &
g 23 e AHE fAsEA At 284S
Eole ol RHYE ¥Ha FEvAMEY EF3tE
T Atk

Lee and Baik (2017) 9#F #4 2¥S ©
T = 8% &5 23 WS ARk T
A7 M2 FE-HEete] SR sk Aed
3 Aol ek mEstE pEda, W vy Aol
Hw3ho 24 o] Byt thE AbE
S HATh Jin et al. (2019)%
2020y 27k Aehiee] FEAARE 23 ste] s
= Az Bass) wo] FEUAE EAste] st
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Ahmed et al. (2020)2
35 35 DY B4 o ol bt
W SUTE FAEY 2 o 3
§ % /1we) BEEL A% £F slwe] wash
dle @Y #1 9H . ®
AN He A3t e
& A7 2 9 94 2
B ol 55 48 HoAE weldls o4
o AW w5 9 A% wasl Aol e
T8 sl T B3aye] AT 1
[e2]
3]

EE
OE
O
0,
mlo
:\.‘:
i) Oi'
;Oztt
_E

% 3P A JARe] FedelgEolth. 4
YA 2 Bgo] ggalA FHdEEEE A Y
®33l7] oJEY. Lee and Baik (20

2] Fgo] 2 olxd
Rojof A= Mehs s
AR, AEhee] FRdelEEy
‘T'Er/i‘ qu Xi_u« 7]' ]:oi 91
Kim et al. (2020)2 Xt} &4zl
&£ TP o]83] oA o] 7,;}’“ 299
&S ZARIE, WSMS et WSM6 HJOF
o] A} 7L WO 2 UERX ]‘_L;_
A EE Bestel WiAlE oheket 2
AeME AEHA ol&, B 2 43
3t} gEo] FErAEY Es)
2 3}2}o]E (parameter)e] FHA3S = A
ojof sttt ®Hl wiA|EE] WS e T

A &5 3 HgAT 24 1;; Zul 74
E o 78S FX| = QA FA %]Z
©19]3 broadening A %= Hi —7—E 2o o4
F-Eolt}(Lee et al., 2019).

FZALt TE B2 A O]Zi"’] A4E ot
GrrEA A YA A Ad S geldt
T = U‘dﬂOlD} Noh et al. (2018)—— =)o 7
& 232 LES (Large-Eddy Simulation) =&l %

o)
rlo
g
=)

ulm

fa =

o

_0|L
flo tlo 4
o PN it o

ol
i
Fi;i 1o dfo
il
L o
DLox 9

‘L(‘)‘ —ln —_
=
pcs
o2 &2
=2 o o
of\ te
(T
138
oy &

p

52
5
e
-

O.
X‘L‘
>

J
l
2 ox
Ulm 41 R o

=
ri i o

OE
o]
0,
ro 1o o & o @2 ko N il O of

s
o2

H1 ok

- Ou:
ofN Mz o o
ko Hd > oftt (XN,

i

S Qo] Fe M wolstu, 1 mel A
olg3to] ke Mol B AEUB w439} an

wrsE AUgn BagA T8 =
el MiAYSS olslsked wig Hdd mFoloh.
°| RRE o) ;LEO‘xV} old z7loA ol¥

colatel - A - AE 113
% A7 FEEEY ZokE A A Ao
2 Rt

2 2 B Fa 4=
o] & Tl sk ‘ii%olr/‘r. T2 BFA
HAL 7 TEET ZH olFHA}
TR 5 EShE 2 E?ﬂ)ﬂ Z a3}t UNICON
(unified convection scheme; Park, 2014)2 éliﬂ%
TR 553 o|Zlo] ofAR #E dFd PR=
TS WAIFOR RO & A AAE E <t Ei
A& 2esl F oshvelt) ole F3HY 7MYl oE
SHA] gfom d#AEI FE WHoE FAY Ze
FZ 253}3Ht}. Shin and Park (2020)2 UNICON
< FAste] &2 diFol gk & 3F(stochastic)
UNICONS- 73]tk UNICON2 A F7k4] Al 2b=] )
d A Bt 5 7 st e dRE £
g &5 2] UNICON®| 7jdto] o]Fo|AH 7] 1 3}
A AT GH o 2d JeS MAE o=z 7y
#t}. Han et al. (2016)3} Kwon and Hong (2017)
77y df SAESY AT A8E 78 4R U4
a3 IHE F3) Simplified Arakawa-Schubert (SAS)
2.9~ ®3ke.g., Han and Pan, 2011)Z 7RA 38t}
o] oo AL ryste] tiF WA =27, F718, o
F T4, UF 5% 7% T MMHe=E KM F
7] 53] dd 2o g T 43S Aol
FAE= Aol ElE At Han et al., 2020).

2
I
oX,
slf

m

6. 22|
B ANE 9 OE 33712 olgsl 78 &
< BN 24D TEYAS UF T3
FESe], F8t e old delE olgste] Aol
N B8 AR B4% B Ra
sl

6.1 ZUX F7|IRE HF

AR 7R EE vorz—i?:ﬂ(disdrometer)i #H=3)
A} QAR BEARE ol fele] 24T & Uk
Syl A= 90dd] FHEELE POSS (Precipitation
Occurrence Sensor System, Sheppard, 1990; Lee and
Zawadzki, 2005)2 F-Akol] Ax|ste] 7FeAR}p 27| E
25 #5skithJang et al, 2004; You et al, 2004;
You et al., 2005). POSS+= Oizi‘ﬂﬁkoi =F Ei 14
sHERS BEET YA % FREE W
4, MRS 52 olgel YA AREE T
o)z =¥ 7]/},P44-§1,-° F%E=Z MRR (Micro rain radar)
2 Parsivel (Particle size and velocity; Loffler-Mang and
Joss, 2000)°] 3, thad Foll AX=o] U=t
715 AN&Ho2 #AZ3tT Uth(Cha et al, 2007;
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kit
e

of

t

o)
o

I, 2021).

Cha et al., 2010; Moon et al., 2013; Kim
Z =23}

Parsivel #|o]# [o] A|7ke] wE 7F
o PA=A718} HekE s A=k A <]
dgto g FFA ol AA o] A g we AR}
A7RE B4 B4 €853 th(Cha et al, 2010;
Kim et al., 2021). 2t]¢] A w3k= A3 CCD (Charged
Coupled Device) 7| 2HE o] &3t 7 YA =
A sl= 2DVD (two Dimensional Video Disdrometer:
Kruger and Krajewski, 2002) 3-8 20101 d0)] ool
A AFHE ol BA, dia, A, A T oSS
A& o] Foiz] 1083 ool Au7F G5
o, F=poll A WA st Aol tigk olslE 4
3 F83 57 &85 vkBang et al, 2020).

VHF (Very High Frequency) +3&5% 7= 30
71 B 7Rt ofgk Ak AS s FAle #Este]
AHT7EEE AESL o8 o83l =& v
Z2AEHS £ F AR EEE FAL F A
THKim et al, 2000). W2} MRRI}E= @] A7
NN&EER FAste YA A71REe] BSEAES

2)
|

38k 4= At} Kim et al (2000y> VHF 2 &%7
=

1
It

N o
[ex

=
=
}\E]
o~

oY
gt

i

ol WHE UEERAVINEE Jkd] mE JAf A7
TES EES] Be A7 Jkd wE

A-sl=d F-831 T Kim et al (2011, 2013y
UHF 4=3]=3%7]9] SAM (Sans Air Motion, Williams,
2002) 5 Agsted At A7IRES =3
ol# gt =& AYIHAEH S o] &3 YA} AV|EE
FAAAME JAA7 9 HetEe AAL ] HEwTt
F4 9A AR xe] BgxE ZAARs HEg=rt
2 JAATIeF FkEE BAIAS ARE-stefof Sttt
(Heo and Kim, 2001). Y18 o]FH g} o|rox 5
gk AP WALE, HIZFE 93 52 dlolE] WAL= S}
S Hat YA 2 e 59 FRE AT
a8 B 2 olFHI ot ARE o] &ste] 3akd ¥
A AR JdAA7I(D.) B B FEl
ARNYE F4E 4 Ark(Oue et al., 2011; Wang et
al, 2021). w2hA] olFAHIHolHE °] &3 YA =
71X F8L JhpAe A AaEE gl o)
gk olal & 7hsebA gt SRAIRE o8] ofst A4
T 71| (Drizzle)ol| A oI} M| B3 23
S7F2 Q1S A ANRE FH A EAlsH o]
& o7 9% g A7yl st

?_

w2 ouk &8

R = =]

¢

F7EE Askete] R-Z BAX(Z=415R"NS &=
3lal(Jang et al, 2004; You et al., 2004), ©] A4
< ol&3t golo Ay 8 BIEE st
(Jang et al, 2004). You et al. (2005)< 2%3(2001,
2002\) &t FAkelA #AET YA AV EEE o &
ste] A R-Z IAA S AHEs oy, I dAA
2 A9 A5 Foledl AZE EASTH(Lee
and Zawadzki, 2005). ®=3F You et al. (2005)= Tokay
and Short (1996)8] N, =4 x 10°R™*%} A =17R" &
A, 283 BT AR 5.5mm h'E 7|EL
2 329 Ay kR FEsta e sk R-Z
HAXN(Z = AR)S EZ3I9e, 228 e 4%
A=7891, b=1.5~1.7, T8 7Fre= A=386~48l,
b=1.52 HEAS B2h 20003 @ 2DVD7T =
JEol wet Boy Hgek FeYA ArREr 5
Hom ol o] &3t o|FHIAST g FH2 e
Zgo] 7 HMTHKim et al, 2014; Kwon et al.,
2015a, b; Kim et al., 2016; Bang et al., 2020).
SbEoA] #ASer BIE A7l 54 48
$3ted Marshall and Palmer (1948)2] A|E<>(M-P
LEyet vwskAY AnpgeR xdstazt ekt
(Jang et al, 2004; You et al, 2004). Jang et al
(2004) FAbol| Al #Sg BI-E 7|7 M-P &
2o ¥ S o, D<2mmelA FE=7F #aL, D
>2 mmolld 57 =28 BT You et al. (2004)
2 g BES BNE AV|EEE AFEFE
E3EUS W, Ny=701~8044 m~ mm™', A=1.9-2.7
mm”, ZPFEERE BHEEAS A4S Ny(EH) =59~
54 % 10* m>mm™™*, A(71€71)=0.01~22mm™", p(=
&) =-3.9~04YS HA}E HAdoA MRRA Parsivel
2 #E3 AR AVREZE AES e AL
T} HFdA Aol vlEska, p, A, Ny #kell ¥k
39 tH(Moon et al., 2013). 3+ -7 =7F S8
of wat P YA7I7F FTFskEA PR A7EE
o] 71717} SsiAl YERs
YA A71EE g A5 F FA2 HZo|
F5] 28 =32 T} Cho et al. (2000) L& AL
2 A<t oA #ES FEAUA 278X B4
Fatod, YA 27 SAE 2 WEAA
BE A 5 AEr|EY 43716l o =24 JE
], W= 27171 vissst A dAL, SR
o= Aed FEY W 2 AR FEY A (aggregate)
T AEhe(graupel)e] FE UERFSS Btk Cha
and Yum (2021)2 th#HFAFof|A & —5~0°C H <]
oAM= 1 mm o|3te] 2h2 YA Wol EAlst=
W —15~—10°COlM & 2mm Bt & PR FE=
7} F7¥ehe B wEgk g3 A HolA] FAEA YA}
= W (plate)} 71573 (column)2] EF o] 71 Wl



g ol - mEz

R, Be) RAYATL e 2

3] oA %
S EAEE nah

s
bl

6.3 &2 St d=°|2d ol

S B5Ee el @ A PP RE
A olt, Kim (1991)2 th7] Z7do] thE A oA
7y gl JrEo] A= A A9 WIke) x)
27 ez due & gon), eus wde
=2 71A-IM 0°C A=TA] FESE] T, A7
7, S B4 540 o
T3 Ao He we §9% 2= 9o} o) »
5ol /\1 71—’\017\]_7]- Hl—/ng-al— 2=
SRR tiek 2rF o A
& AL olsiats] 93 3‘&6% 71481 H(Kim
et al., 1995)

@

A
Ay vk **/XM 7o A (Cha et al., 2010;
Jwa et al., 20212 FESI YA A7 EEE ZALS)
03\‘:} A&l A ParsivelZ2 T3 YR} F7|HEELof A,
A A W YARS) 3 71871, 0
2 W QA9 S 1918 7
e MY & s 7Y i =
= Ao 28 Bege Hgel o
WAsl7] Wz, AZ|gRT & Ak
1x}ﬂ7], =2 ue g gel 71879 ¢
XE HtHJwa et al, 2021).
Aotz Baxd Aol A4Px
AED) HEE sl ol% Aol
2 A7) 39k A8zt ek th(Lee et al,
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r& HE
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rd
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2007). “ardisiel F-2ro] FAlo| YERSS W F2
Sle A7) E7 #ASEM RRAEES] 17}011 b2t
CQ;(]._‘ 7Lg,\_o]_ = 1;]_‘_: 2_7}61—0 1:]. ]
szt S71stel wel A 2703E iﬂ s o]
AHA FEE B3 F718IATE 3 Lee et al. (2007)
< A 272 XJ%—% olgste] 54 FEk,
Ny, 54 9A=371, D, & At ALY YA 2
71 E-E(Lee et al., 2004)—3— skt Ao stet F
;d-o] E}\]oﬂ __]Hﬂ o—r, Nog]. D, o] U‘: x_}*r )\1-
S71F7F ZBIAEA Ny7F 543 $18e B
H 2AAYE YA 27127 SRS #RlTh Kim
et al. (2011)2 oFgl wrouw(eket A5r1H) 71t B
ore et FE-WHl 93ty D, F7ks8laL, 7
genjrt 2 Aol e S7IFIE EA
shH aFEoll 4] Blake-o] 707 (breakup) Zel] ]3]
N7t 37l Wk 29k D, ol aghe Holth ¥
27t AR GedEr1F EA) 3% RD, A
loll= el AAZE EAFS EATh BF T2 A
o g BA AR /2% ﬂ*ﬂﬂcoﬂﬁ% 52
spgo] gkste Do) 7 A AZEHA BF
wolME AE71F(~1m sl 93l *@*Plﬂ Izt
FAo o wdAre] Aagisy o vAlEEE
EAEHKim et al., 2013).
oI oHE o] &g YAt A7)E

Ff'

o

o

3 FAHo] 7}

SHAHEA 73 Ao W s A o] 7t
gl El?iB}(Oue et al, 2011; Wang et al., 2022).
2 73957 Aol FE AT Ui A FolA,
e W dF AL Dol A2 NF 3A yeptth
ol TEUANAM FHe BiRe] g wet v
AY=7F 2718 JeRdt vhd 7Y giE A A
< 99 W tF AL D,°l =3 N7t 2 Uebst

[SCHEMATIC CONVECTIVE CELLS WITH DSD CHARACTERISTICS IN VERTICALRA. |

LH . CONVECTIVE CELL
CHT_IN'STRATIFORM RAIN ZONE

CONVECTIVE CELL
IN CONVECTIVE RAIN ZONE

ISOLATED
CONVECTIVE CELL

(dB2)
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Nw=10-10° mm'm?

5 1-0C- - o
RAINDROPS}
3-- /
* T : 1|} : |
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Fig. 7. Schematic diagram of rain drop properties of each of convection cells: convective cell in stratiform rain zone (left),
convective cell in convective rain zone (center), and isolated convective cell (right) formed by warm rain process. From Oue et

al. 2011).
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HFig. 7). ol& QL9 SE WAL w2 1=

A AR =S YERA E‘r(Oue et al, 2011). T3
73k 59 A Aol A l o)gk FEPA] 3
o] ZFgt 7 fel T8 YUAULS HATH(Wang
et al., 2022).

A A Araedgel Wig d7e FE UdE
9 A4S AY9E FAHLE o]FoiHTh(Seo et al., 2015;
Kim et al, 2021a, b). 2017~2018¢] FAHYA 3
% ALYY FIATEUS ARS o143 B4
o) FpE@AAIIE, A7), FIHA )l
wpg} kel ok o (&3 -t B -2l At

A Tt el Ag el Fsig 2ol7k S5k
(Kim et al., 2021), £3] ZA5oNME 70% & 2H

o] FE7HA 4 (dendrite)e] ™ ol T4 wet
gt ARk S,

7.2 %

B BE QR mrdAE gr)gd Bopg ey
t71 541, Ti7] oﬂoﬁz 289 BE 2 49, 7
welg, J5Eee bl 7 FolelA] 1963
R R K ]
ol & S&He) WHE o] Lol EAE ARAAT.
718} golle Fu BARE3} BAjol & AT
of FEH WAL o|Folgor} Ao 313 3
Q59 B0 AxATT & F Atk 7] oo
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