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Abstract

Various seeding materials for cloud seeding are being used, and sodium chloride powder is one of them, which is
commonly used. This study analyzed the experimental results of multi-aircraft cloud seeding in connection with
Republic of Korea Air Force (CN235) and KMA/NIMS(Korea Meteorological Administration/National Institute of
Meteorological Sciences) Atmospheric Research Aircraft. Powdered sodium chloride was used in CN235 for the first
time in South Korea. The analysis of the cloud particle size distributions and radar reflectivity before and after cloud
seeding showed that the growth efficiency of powdery seeding material in the cloud is slightly higher than that of
hygroscopic flare composition in the distribution of number concentrations by cloud aerosol particle diameter (10 ~
1000 (m). Considering the radar reflectivity, precipitation, and numerical model simulation, the enhanced
precipitation due to cloud seeding was calculated to be a maximum of 3.7 m for 6 hours. The simulated seeding effect
area was about 3,695 ki, which corresponds to 13,634,550 tons of water. In the precipitation component analysis, as a
direct verification method, the ion equivalent concentrations (Na*, ClI', Ca?") of the seeding material at the
Bukgangneung site were found to be about 1000 times higher than those of other non-affected areas between about 1
and 2 hours after seeding. This study suggests the possibility of continuous multi-aircraft cloud seeding experiments
to accumulate and increase the amount of precipitation enhancement.

Key words: Cloud seeding, Numerical model, Radar reflectivity, Ion equivalent concentration, Sodium chloride
powder, Seeding flare
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Table 1. Comparison of characteristics of NARA and CN235 aircraft

Contents

NARA CN235

Aircraft type

Engine

Height/Length/Width

Maximum take off weight 7,484 kg
Cruising speed 580 km/h

Range 3,343 km

Beechcraft King Air 350 HW CN235

PT6A-60A, P&W
Turboprop (1,050 hp) x 2

437m/14.22m/17.65m

GE CT7-9C3
Turboprop (1,750 hp) x 2

82m/21.4m/258m
15,000 kg
450 km/h
2,870 km
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Fig. 1. Synoptic weather map (a), GK2A RGB day+night satellite image (b), UM LDAPS 700 hPa P-velocity (c) and 850 hPa
stream line (d) (October 4, 2022).
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Fig. 2. Seeding lines (S1, S2) and observation routes (a, b) of air force aircraft (CN235) and KMA aircraft

(NARA) on the case day of October 4, 2022.
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Fig. 3. Time series of AIMMS observations mounted on a KMA aircraft (NARA) (after seeding of CN235 (sky), seeding

(purple), and after seeding of NARA (blue)).
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Table 2. AIMMS (Aircraft-Integrated Meteorological Measurement System) measurement data installed on NARA

Components After CN235 (a) Seeding (S2) After NARA (b)
Height (m) 2,103 (£3) 1,542 (£2) 2,102 (+4)
Air temperature (C) 6.86 (£0.3) 2.83 (+£0.2) 5.85(+0.2)
Wind speed (ms-1) 12.29 (£1.6) 1.96 (£1.0) 12.45 (£1.2)
Vertical wind speed (ms-1) 0.44 (+£0.37) 0.68 (£0.57) 0.53 (+0.36)
Liquid water contents (gm-3) 0.19 (£0.10) 0.36 (£0.15) 0.12 (£0.10)
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Fig. 4. Log-normal number concentration according to Normalized drop size distribution with aerosol
particle diameter.
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From 14:00 to 20:00 on Oct. 4. 2022
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Fig. 5. Horizontal distribution of accumulated AWS precipitation (circle) and simulated rain enhencement (Shaded red)
from 14:00 to 20:00 (purple line is Ghours (13-20 KST) averaged seeding material number concentration(#m™),
O1: Gangneung, O2: Gangneungseongsan, O3: Daegwallyeong observation sites).

7FeF 1T &2 e0lal F5HE7 9F 0.1 ms.‘1 e Pkl FrS7] BASH AT Aol 221
S Holal glet. v o] ARl dFIWC) 2] - & SHYrEA)E 3 Aotk A= FF Aol
T5E7] BEEANA 0.19 gm™, 7143 %71—‘5 0.12 A& 07 o] £ 2| AL YE ARl I FUF T &
gm 2 Ueht By A9Ede A 32557 skt flots ZHstel 229 Aldedd 22
oA w2k Bt Aaere] AU A EES S| E Y. Fig. 4]

Fig. 4°1 CCP%t PIP HHIE ol 54H 75 UEhd JAH78E s 271914 10 ~ 1000 m ¥
P2 271 = E HEdld. st 7 9] FE7lol oot 2 AldeEe e A
S=EE At ] 2ol 13 32571 AlY Y T EE0 71T EEW daT Ko T2 e
Tt ERE & 227 AP ETE A 1dE717H ] & ol wreF £ 7] Aol LR A goA
A JEFR AR S FE7] adSe A% BZo] o] Fof Hrhd Hef Az el 240] 7Fed A
TSRS st T ol§ 22 AP AR5 & olut, 71 FE 719 LYAIZHE 4417 HI) A Fl



008 AL AL w§E - PHB - YD - T - PUF -

)
offt
to
o
Mo
Y
A
Oﬂ
:I:“
r_u
u

A ol

ot

e - _ — —
_ From 14:00 to 20:00 on Oct. 4. 2022 Igo'o

80.0
70.0
60.0
50.0
40.0
30.0
25.0
20.0
15.0
10.0
9.0
- 8.0
7.0
~ 6.0
5.0
4.0
3.0
2.0
1.0

= ===~ Area of cloud seeding effect

Effect of seeding p 0.1
Non-effect 0.0

Fig. 6. Horizontal distribution of accumulated radar reflectivity from 14:00 to 20:00
(O1: Gangneung, O2: Gangneungseongsan, O3: Daegwallyeong observation sites).

WE BAVE L, FF ol YIS BER AT A AT SAR] oI 4 FEFE A
F AR BN oleiT BARE HASI Ho} A Aelch. Heb ehag AREAS] 455 10007)
49 A9 w2 Bas YeALE BeEd oA UhELHE 1S Lk olek AL 7 bl
G A% oF 1.5 km TEOI 4T o] 1] o}

42, 9359 42|22 #e 25FoR YUl YB Yyos A

- o] ¥ kU M-Z Highe Wi e

ekt $AZORI 98 e 3ol o) B0 700k el 42 BN
ARG Ao Y Azt e FE e O e M SR AGEEe] T 555 oY s

)

L o 23 5 gl o] 57] uje Fig. 591 Uit
Zo] 2 mdlo] uteistelnt, TRAs|ot F|AkE

J10] o] mE B £ 144] BH 204 744 gy A TEA FERS] PSP AU WS S ¢
oo G2 b A7EoR AAstel T AZFESE Aws T/ A SlEAE



S| o] Aol 2w Q39 g3t F2 Y
ot AEA S FiohA BoA] Yehtal glom 3],
57335(01), A584H02), HEB(03) Lol zHzt
2.7, 4.4, 0.9 mZ A= onff AWS 2|7
2 7.4, 13.0, 3.0 m= YT 9] qlojA
Zgkel vlal] mgho] oF 3u Ik A P7} == ko]
QAT MY B B ¥]E-2 TSI FAH U
BT Q1S & &= Qlth B A L] A e Ay}
of| A ANFZ-F A7t A7t Ho] e A2 BE
Y AAE(FE (1 m)yS AHES 157 Y fF=
s o] HEEI7|o, EHE AlYEdT} T A
- AN(A7 ) 10 m)o] £ 0= w2 A ¥h-g-h= i}
o] Ao A dstA HrdER] reAo=z et

e}

=

[e]
o
47

4.3. 30| BHALE

T35 G5 g gojy (R g S8t
25171 Y514 Ro et al.(2020)0] AAIRE FHo
18 FFF Gt HIAF FH-E Al tHFig. 6).
2| o] gt A (A AEEA)S XA Q]

ro

Mo

o
2

S

%9 AW} Fe ekt G2 4e Aol
FEFG (ALY A 2] T v ¢
9 o517} 2 thaked 79 A ofo2 st
GG e AP GG G m FEAAY

k%

o
e
o,
%
b ol
o Ju
AN
& J
o,
-
O
g
[e)
flo
g

o\
w o
)
L
in

g o

e o by

%
P ooy TH

oft
o
4 o o

3. 1o
971 Ars10] 31z A A5
oz 93E 9% 34

= Ao tiet 74

lo

2

1o

<

4

ax

oN

Ho

oft

o

(@)

> o mju
N > 1o
oft _>,”T ol
ro, o
ST
—_ ool
E _ld of
o H X
o 1
L2
Ry el

3 SxH A o] oF 3 695 ko] 1L, 7H4=2] WEE(1,000
kg-m?) TP HATLFS oF 13,634,550
2 AREE

\\ 17:00 Oct. 4. 2022 ® NE
” -l NW
: | e 1 sw

.| m SE

Fig. 7. WISSDOM wind direction image and wind vector by altitude at points (A, B, C) at 17:00 LST on October 4, 2022.



910

et 375

(

a)

11 1SOREE R NN G0 B A BRGS0
NEQ ONARGONADRDONATDCONERNOMSACS

o0

éokm
Seeding line

Sk

4k

Slam

Zkm

1l

Ok

03

S-Ok.m
Seeding line

(b)

Fig. 8. Radar reflectivity according to the horizontal (a) and vertical cross section (b)
(O1: Gangneung, 02: Gangneungseongsan, O3: Daegwallyeong observation sites).

30 . _ . 3
__________ iSeeding 2. o HSR -
Seeding Effect Mixed -1 Z= 59| A
| N R S B nEEs i) - sz=tgRel B
3 i i v
320_ : | : - : -2 3
1 18 &p? 1 Q,
3‘ 1 1 1 1 -
N - : : : -3
3 |- o i : : =
@ S RS e Ap s )
104 N AT e i -13
& SOV IR S A VR WA W LV AR
el ! AR VooV A S S b Y o %6

T : "\ a B ! =l * ¥ .]:‘A £ E IY"\ . AA ! A\" a4 ‘x’ * ."’. i i
i i i 1 1 s b =

1 1 1 1 ¥

0 — 1 , —L , A ; L , , | . 0
13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00
Time (LST)

Fig. 9. Time series of radar reflectivity and precipitation at Gangneungseongsan region (black dotted arrow: increasing trend
of reflectivity).



v

FREE719 74T TG AT ATFS ANLE 24 911

Fig. 72 HIAF G992 AA5H7] 915 102 44 174
71787 FHHEEAIAH L] WISSDOM (Wind Synthesis
System using DOppler Measurements) HF(Il:e
1.4 km)2 AH8-5F3TE WISSDOM= #lolH 718t el
FH S Slol BEs 716ke] asi e 3akd 9 A
Fo|tKLiou et al., 2012). HIA QGRS FTH F x]H 2]

4

= B E Uehd Zlold AP gEI AR
&0 AR vIA P FG(B)2 TAlE 5T er T
FA AR e As & & AL, FE HAE YY)
o] FMFLE FARY TUEA Aqde & 3ol 2
AR 2] BIAFAIH(O) L= A =131t

Fig. 82 505719 71435719 A9+ ol
WAL A& Aol o2 AJgAH e B A HollA &
5% i gde R 15491 194] AAHHES Hehd

Aolth, 37757 AF(13:48 ~ 15:20)9] dFo=
1541 735734H02), B75(01) FHollA] StAtze] A
4 71 (5 ~ 10 dBZ)7} Yehta 71g3d-s7] Ald
(16:29 ~ 17:26)9] FFLZ 19A] BF5(01) 8 A
Ao A HRARE O] AT F717} et

Fig. 9% 4244t 219 9] #o|eutatze} o]
3 AAEES YRl Foltt Tuadr2 Al
Seeding 17719] WEALE Z7F17F (14:30 ~ 15:30)<]
YA 7F 13.80 ~ 23.78 dBZE YERE, o]mj o]
9 2432 0.32 ~ 1.35mhr™? ot} 7145712 2
2k AYF RIS S7HH19:00~19:25)2] o]t
HIALEE 14.77 ~ 21.85 dBZo]2 ol #lo|d 4
2 0.37~1.02 mhr? olth. &, 5444H02) A9
o] o|HRIAE L Q135S AHo R T 2l e F
7Yl E3], Bus5719 B A Y2 ] H97t
AdiHoz I avpwEA el S 2o

Aot BS AHAA AGEAL] o
(Na', CI', Ca*")7} b2 AA-(EF, tie, n]A=)
of vlg|| o} EF 0 2 FIlste] Yepa Q23S & 5
Atk E3], 174 ZFAa ATl A Nat, el $7t

o
O&

:
}_r]

Zo] 7bg 2 LRt 2108 Hot B457]00A] &
EG 2y Gt go] Bl GEe F9o

o 12 G237 A GF oF 1~2A17F Afolof A 2] LrebLt
T J2S AR Fig. 112 A9E49] 9 o]
FFs=(Nat, ClI, Ca™)2] A7 WsE vepd A
oltt. Na*¢} I 5&o] AlAE ¥sh= 344719
NPT R =Y 1 Frrt B A4 A
3 T 1~2A7F Ato] 7H 3A] vrepdal ) 6AI7}
A FE7F o2 AR - H]5]] 23S BolE £ o]
otk Ca? B Na'et Cl =0 vls] 1/10 52
2 I ¥sF AR T2 2| w5 B35 A
Hol| oH3] oF 2~4H] £ HES HoFT Q1 &
3], 71427 A9 3 1~2A417F 52l 18~204] Atole]l
A AHHo R Boghe BHoFETle] EAoltt

=

52 B

2 dFE= U Hx2 ST 71V TIE
QAR Edg7] JAEFF AFdAAE B4 Ao
2 o33 22 A9E Atk

oojZ2Z YAAZAE(10 ~ 1000 m) F-5 & 2L
A BTY AGEALY] LU AT agol dae H
ohuhe o= vehgtt, 181 AF5¢ S-S
et x| o) Ho|ERiALE, 4t B B 5
of Q1-85-¢ EE ottt 59, 6AIZT ¥4 3.7
m 155 JIS oo theh WA oF
13,634,550E0 2 Ar&x| et

ojetgo] traaE7] ALY gt TS5 &
B 2 HH P o AE-HALS Bl I5F
S SHE 9 A4 FTUEoR A8H ATETS
F A0 Pede AR, By APEAY dst
HEF 234=9] -84 tsliAe & 4= it oA
o Bkl A4 A B o] et GvpA 2jo] 5 Hat
Bl 5 IEEHAEAY, A ¢ o=
Hro} JeF4Ql B4 BAo] 7Med Ao 2 woidrt

LA 2

B Are 37 g9 A4S F3UEE 54 ol
2ol on] 0|5 gla] @zl F41 T Aulalz}
FLES A, SRR GRS, 37 A
AFE BT AEAE R, Bt Al 15ES Y g Y
F413] o) A= UL, o] 7= 7|4 =



012 &7t AT - L8F - AR - A - T - AUF - WEL - A - ol - AN - A5 - 0]83)
8000 8000
- e T
—~ B nss-CT . L[]
136000 [ e 7 6000 =
E = e
= e sz
g B nss-S0,° I\I\u!\u
= 4000 | - N F
Z2000 | 2000 -
_l_l_l_ﬁ_-_-____ . A o N
1314 1415 15-16 16-17 17-18 18-19 1920 20-21 21.22 13-14 14-15 15-16 16-17 17-18 18-19 1920 20-21
Time (LST) Time (LST)
(a) (b)
8000 3000
e
| 2, 6000
3
2
7
£
L S 4000
B £
E
E
32000 | 2000
z g
3 &}
ol e e o ocmm e . e | R e— -
13-14 1415 15-16 16-17 17-18 18-19 19-20 2021 21-22 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

Fig. 10. Ion equivalent concentrations by ion component according to precipitation collection points (a: WonJoo, b:

Time (LST)

(©)

Bukgangneung, c: Daegwallyeong, d: Misilyeong).

Time (LST)

(d)

3000 300 o —
St ¢52 —— W 51 52 51 82
H e BG P ®
—~ 2500 i 250
T, -4~ DG " _ ?
z —= MS T i
£ 2000 L] 3 200 F
Y = 2 q
s g §
T 1500 3 2 150 ¢ o F 20 ] k
5 ; E . F
H : i ] ‘9 5 : L
3 i Y e H ; 3
5 1000 H '.. g 100 3 g H
+u H . + ® o 100 : ..
o i o : 3
2 . . @ LS : .
500 é “u 0 50 N é "
¥
i o] ; o—-—ﬂ:-ﬂ-‘/\i_—l
0 e ¢ e v 0 ) : 0 = - T

Fig. 11. Time series of major ion equivalent concentrations (a: Na*, b: CI", ¢: Ca®') of seeding materials(WJ: WonJoo, BG:

13-14 14-15 15-18 16-17 17-18 18-19 18-20 20-21 21-22
Time (LST)

(a)

13-14 14-15 15-16 16-17 17-18 18-19 18-20 20-21 21-22
Time (LST)

(b)

Bukgangneung, DG: Daegwallyeong, MS: Misilyeong).

1314 1415 15-16 1617 1718 1819 1920 2021 21-22
Time (LST)

()




S

REFERENCES

Bruintjes, R. T., Vidal, S., Trudji, S., Peter, B., Daniel, B.,
Jim, G., 2012, Evaluation of hygroscopic cloud
seeding flares, J. Weather Modif, 44(1), 69-94.

Cha, J. W., Jung, W. S., Chae, S. H., Ko, A. R., Ro, Y. H.,
Chang, K. H., Seo, S. S., Ha, J. C., Park, D. H,,
Hwang, H. J., Kim, M. H., Kim, K. E., Ku, J. M., 2019,
Analysis of results and technics about precipitation
enhancement by aircraft seeding in Korea,
Atmosphere, Korea, 29, 481-499.

Cha, J. W., Koo, H. J., Kim, B. Y., Belorid, M., Hwang, H.
J., Kim, M. H., Chang, K. H., Lee, Y. H., 2023,
Analysis of rain drop size distribution to elucidate the
precipitation process using a cloud microphysics
conceptual model and inSitu measurement, Asia-
Pacific Journal of Atmospheric Sciences, 59, 257-
269.

Chae, S. H,, Chang, K. H,, Seo, S. K., Jeong, J. Y., Kim, B.
J., Kim, C. K., Yum, S. S., Kim, J. W., 2018,
Numerical simulations of airborne glaciogenic cloud
seeding using the WRF model with the modified
morrison scheme over the Pyeongchang region in the
winter of 2016, Adv. Meteorol., 2018, 1-15.

Delene, D., Grainger, C., Kucera, P., Langerud, D.,
Ham, M., Mitchell, R., Kruse, C., 2011, The second
polarimetric cloud analysis and seeding test, J.
Weather Modif. 43(1), 14-28.

DeMott, P. J., Super, A. B., Langer, G., Rogers, D. C,
McPartland, J. T., 1995, Comparative characterizations
of the ice nucleus ability of Agl aerosols by three
methods, J. Weather Modif, 27, 1-16.

French, J. R., Friedrich, K., Tessendorf, S. A., Rauber, R.
M., Geerts, B., Rasmussen, R. M., Xue, L., Kunkel,
M. L., Blestrud, D. R., 2017, Precipitation formation
from orographic cloud seeding, PNAS, 115(6),
1168-1173.

Jung, W. S., Chang, K. H., Cha, J. W., Ku, J. M,, Lee, C. K.,
2022, Estimation of available days for a cloud seeding
experiment in Korea. J. Environ. Sci. Int., 31(2),
117-129.

Kang, C. Y., Song, S. K., Moon, S. M., Lim, Y. K., Chang,
K. H., Chae, S. H., 2023, Effect of cloud seeding
using hygroscopic aerosol particles on artificial
rainfall enhancement and its sensitivity analysis in
spring 2021, J. Korean Soc. Atmos. Environ., 39(3),
335-350.

Kim, B. Y., Cha, J. W., Jung, W. S, Ko, A. R., 2020a,
Precipitation enhancement experiments in catchment
areas of dams: Evaluation of water resource
augmentation and economic benefits, Remote. Sens.,

&
Of

1o
N
oX
ool
o
N
(]
e
o,

Q1S ALY 2A 913

12, 3730.

Kim, B. Y., Cha, J. W., Ko, A. R., Jung, W. S, Ha, J. C.,
2020b, Analysis of the occurrence frequency of
seedable clouds on the Korean peninsula for
precipitation enhancement experiments, Remote.
Sens., 12, 1487.

Kim, B. Y., Lim, Y. K., Cha, J. W., 2022, Short-term
prediction of particulate matter (PM;o and PMys) in
Seoul, South Korea using tree-based machine
learning algorithms, Atmospheric Pollution Research,
13(10), 101547.

Korneev, V. P., Potapov, E. 1., and Shchukin, G. G.,
2017, Environmental aspects of cloud seeding.
Russian Meteorology and Hydrology, 42(7), 477~
483.

Ku, J. M., Chang, K. H., Chae, S. H., Ko, A.R., Ro, Y. H.,
Jung, W. S, Lee, C. K., 2023, Preliminary results of ¢
loud seeding experiments for air pollution reduction i
n 2020. Asia-Pacific Journal Atmospheric Sciences,
59, 347-358.

Lim, Y. K., Kim, B. Y., Chang, K. H., Cha, J. W., Lee, Y. H.,
2022, Analysis of PMjo reduction effects with
artificial rain enhancement using numerical models.
Atmosphere Korean Meteorological Society, 32(4),
341-351.

Liou, Y. C., Chang, S. F., Sun, J., 2012, An Application of
the immersed boundary method for recovering the
three-dimensional wind fields over complex terrain
using multiple-Doppler radar data, Mon. Wea. Rev.,
140, 1603-1619.

Mohler, O., Stetzer, O., Schaefers, S., Linke, C., Schnaiter,
M., Tiede, R., Saathoff, H., Kridmer, M., Mangold, A.,
Budz, P., Zink, P., Schreiner, J., Mauersberger, K.,
Haag, W., Kircher, B., Schurath, U., 2003,
Experimental investigation of homogeneous freezing of
sulphuric acid particles in the aerosol chamber AIDA,
Atmos. Chem. Phys., 3, 211-223.

Morrison, H., Curry, J. A., Khvorostyanov, V. 1., 2005, A
New double-moment microphysics parameterization
for application in cloud and climate models. Part I:
Description, J. Atmos. Sci., 62, 1665-1677.

NIMS, 2019, KMA/NIMS Atmospheric Research Aircraft
(NARA) cloud physics observation and weather
modification meteorological observation equipment
user manual; No. 11-1360620-000149-01; National
Institute of Meteorological Sciences: Seogwipo,
Korea, 2019, 1-131.

NIMS, 2022, Research on weather modification and
cloud physics. No. 11-1360620-000322-10; National
Institute of Meteorological Sciences: Seogwipo,
Korea, 2022, 1-87.



014 AT AL wgE - THB - A - 27 -

NIMS, 2023, Operational performance report of
KMA/NIMS Atmospheric Research Aircraft (NARA)
in 2022; No. 11-1360620-000148-10; National
Institute of Meteorological Sciences: Seogwipo,
Korea, 2023, 1-49.

Ro, Y. H., Cha, J. W., Chae, S. H., 2020, Verification of
precipitation enhancement by weather modification
experiments using radar data. J. Korea Water Resour.
Assoc., 53(11), 999-1013.

Ro, Y. H., Chang, K. H., Chae, S., Lim, Y. K., Ku, J. M.,
Jung, W. S., 2023, Estimation of the total amount of
enhanced rainfall for a cloud seeding experiment: case
studies of preventing forest fire drought, and dust,
Advances in Meteorology, 2023, Article ID 5478666,
18.

Tajiri T., Yamashita, K., Murakami, M., Saito, A,
Kusunnoki, K., Orikasa, N., Lilie, L., 2013, A Novel
Adiabatic-expansion-Type Cloud Simulation
Chamber, J. of Meteo. Soci. of Japan, 91(5), 687-704.

CHFEQ - AOM . oA - ZA

il pil}

ol

LA ol

ot

Tessendorf, S. A., French, J. R., Friedrich, K., Geerts, B.,
Rauber, R. M., Rasmussen, R. M., Xue, L., Ikeda, K.,
Blestrud, D. R., Kunkel, M. L., Parkinson, S., Snider, J.
R., Aikins, J., Faber, S., Majewski, A., Grasmick, C.,
Bergmaier, P. T., Janiszeski, A., Springer, A., Weeks,
C., Serke, D. ], Bruinties, R., 2019, A
Transformational approach to winter orographic
weather modification research: The SNOWIE Project,
Bulletin of the American Meteorological Society,
100(1), 71-92.

Tuftedal, M. E., Delene, D. J., Detwiler, A., 2022,
Precipitation evaluation of the North Dakota Cloud
Modification Project (NDCMP) using rain gauge
observations, Atmospheric Research, 269, 105996.

Zipori, A., Rosenfeld, D., Shpund, J., Steinberg, D., Erel,
Y., 2012, Targeting and impacts of Agl cloud
seeding based on rain chemical composition and
cloud top phase characterization, Atmospheric Res.
114, 119-130.

* Researcher. Yun-Kyu Lim

Research Applications Department, National Institute
of Meteorological Sciences, KMA

imyunkyu@korea.kr

Researcher. Ki-Ho Chang

Research Applications Department, National Institute of
Meteorological Sciences, KMA

khchang@korea.kr

Researcher. Yong-Hun Ro

Research Applications Department, National Institute of
Meteorological Sciences, KMA

royh1@korea.kr

Researcher. Jung-Mo Ku

Research Applications Department, National Institute of
Meteorological Sciences, KMA

imku1868@korea.kr

Researcher. Sang-Hee Chae

Research Applications Department, National Institute of
Meteorological Sciences, KMA

youto0901@korea.kr

Researcher. Hae-Jung Koo

Research Applications Department, National Institute of
Meteorological Sciences, KMA

kjkoo78@korea.kr

Researcher. Min-Hoo Kim

Research Applications Department, National Institute of
Meteorological Sciences, KMA

pipielf@korea.kr

* Researcher. Dong-Oh Park

Research Applications Department, National Institute
of Meteorological Sciences, KMA

pdo3738@korea.kr

Researcher. Woon-Seon Jung

Research Applications Department, National Institute
of Meteorological Sciences, KMA

wsjung01@korea.kr

Researcher. Kwang-Jae Lee

Observation Research Department, National Institute
of Meteorological Sciences, KMA

igleam08@korea.kr

Researcher. Sun-Hee Kim

Observation Research Department, National Institute
of Meteorological Sciences, KMA

sunny24@korea.kr

Researcher. Joo-Wan Cha

Research Applications Department, National Institute
of Meteorological Sciences, KMA

jwcha@korea.kr

Researcher. Yong-Hee Lee

Research Applications Department, National Institute
of Meteorological Sciences, KMA
gonos2004@korea.kr



	공군수송기와 기상항공기를 연계한 인공강우 사례실험 분석
	Abstract
	1. 서론
	2. 인공강우 항공실험 방법
	3. 인공강우 효과 검증방법
	4. 분석 결과
	5. 결론
	REFERENCES


