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Abstract

The verification of the cloud seeding effect is a popular research topic worldwide. To directly observe changes in seeded
clouds, an airborne cloud-observation radar was installed on a weather aircraft. This study analyzed the observational
characteristics of airborne cloud radar based on cloud seeding experiments conducted in South Korea. Two cloud observation
methods were considered: the conventional single-direction observation and a multi-directional approach that considers for
wind direction change during the experiment. To compare the observation performance of the airborne radar, ground-based
weather radar data before and after the experiments and changes in the radar cloud characteristics during the numerical
simulation were analyzed. The radar reflectivity increased by approximately 10 dBZ in the seeded clouds compared with their
state before the experiment. This is a meaningful finding, as it is consistent with similar studies abroad, where seeded clouds
intensified into a typical plume shape, as confirmed by the airborne radar. The multi-directional cloud observation method,
which considers wind variations, was effective in tracking seeded clouds and observing their characteristic changes. These
findings help verify the effects of cloud seeding in numerical simulations and demonstrate the excellent observation
performance of airborne radar for optimal experimental design and analysis, particularly under complex topographical
conditions such as those found in South Korea.
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Fig. 1. Photographs of the Ka-band precipitation radar (KPR): (a) outer structure, (b) internal electronic components, and
(c) KPR mounted on the aircraft.

Table 1. KPR specifications

Contents

Scale

Frequency
Detection range
Range resolution 30, 60, 75 m
Detection speed
Antenna gain 32.5 dBi
Antenna beam width ~4.5 deg

Transmit pattern

35.61~35.70 GHz

15 km above and below aircraft km

+21 m/s @ 100 us

Up only, Down only, Interleaved up/down
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Fig. 2. Schematic of the single-direction KPR observation method, in which the aircraft observes the target cloud along a

single straight path perpendicular to the seeding line.
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Fig. 3. Schematic of the new KPR observation method, which consists of two to three observation paths designed to
account for wind-direction changes during cloud seeding experiments. The orange lines (2, ©) indicate one-way
observation paths, the red lines (3, @, ®, @, ®, ®) indicate two- to three-way observation paths, and the black

line (®) indicates the seeding line.
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Fig. 4. Weather charts (top panels) and updraft fields (bottom panels) at the 700 hPa pressure level from Korean local
prediction system (KLPS) in Korean integragted model (KIM) for the three events. The red and blue boxes indicate
the areas of the cloud seeding experiments. Panels (a), (b), and (c) correspond to Events 1, 2, and 3, respectively.

Fig. 39 5 BHL Fig, 29
27 P, 78
A 7ol BEeiele 7k Aol
TEoR AT H(Fig. 3-0),

[

I
o
1)

Al Ao Bele BT PEs moL

B3 9]9} o5 Fape] niet £A] A

Ay 2
ARkl whet AEE). oleidt B
T g w2 Wlal 9] 99 A7e] Hae 2

A, ofe) el GBS BET i AL 4
@ Azl At B9 49 3 FA Astelehe
55 758 FAs0 B 4 gtk FHol gk
3 AT olsh 2 T A B PS A g
V3 AP A Agstel, 4F AF YT 1F
U= dolti2 P2E 78 54 WskE 245}y, ¢
BUSE AT 4 4ok GE dole] ARE Fol
AZps

 ATAAE olg} e T Y B P HE
& ABRS ARAAE Aol AY AE I 7
S82 dojelel vehd TB54 WeHE B,
QP AR AT P47 @S Aol Az
£ olgstel AFotugt gt otz BEH 1F
o A A Ggol WGH 2S TR <)



(@)
g
oo
o
o
N,
fol
517
Ho
El]

AY F SA BN B F984

ll‘

e

TollA

'E_ L =
AILE Fastit A RE2 A 157
ats BA4517] Y3l WRF (Weather Research &

Forecasting) 7|9t 2 7irE 29(Kim et al., 2015;
Chae et al., 2018) ©]83F%t}. ©]=Morrison
ol qlE2l9<H(Morrison et al., 2005)°14 AlH&4
o] =214 540 Aot 43U PR AAEEE
= A9 mdojt,

3. A2

=2 o - =X OO0 L/
oro] = 7hx] ¥= WS A-gste] 2 gte A
S S35 AHE 3712 AAskeh 20239 59 49

(Event 1), 92 13¥(Event 2)7 20249¥ 34¥ 12¢
(Event 3) AtEloltt. Event 12 ZujoflA] KPRO] =
H 2719 IEEHAE AHRIE S Alsh I A9
A AeA AR HAe 75 HEE v T BHo=
F=E A Event 25 AEAY, Event 32 Z¥:
219 9] Q1375 /?-_1%].3_ AT 5402 A=H QU
Zy At 714 AR Fig. 49 21, A3 A9
o digt 714 28 A2 5HH Table 29} Zrt,

Fig. 404 Hgtef] 223t 7|U4AIE HA A 74
At 25 A719e] FFE TS of AFAS
Aol 385 AS & 4 2t} Event 19 A% 5=

oA "= A7 Y FFOR L= A& &

A-dsel gz o s Bagh ) ke w
ot ARAe dmom 74 A4 eptwa 7

i A2 5eE5L Skt Event 2014 &
B Mo FE57E Sefoz TEtt 471949
o3RS dro} gzt o2 Bxst 4ty Sustg o
B, AT AY AT Fooie A FEOR o)F
%J 202 Uehyth. Event 3°IME RtEE &}

Zo ﬂﬂo} 11710*-4 R ok% ol Az ol 7=

tru
9,
off

[e]
& Zig o5 ‘E]- Table 2— KM EBvent 1, 2+ o
54 E4(CaCly, NaCDS Arge A
, Bvent 32 A7k 8ol #HAs =4
(AgDE 283 Adolqlrt. X3t Event 1, 2+ &
T ALY AadH A3 AFES & AHEIGY,

2 a2

Event 32 -—"j; Z Ad= L}E}‘*\:} olmTFO AT
A& AXE3SE 7%= Event 29 AEAFGANA 2.4 km

2 7P % L}E}»ﬁ WE Aol ol A 2
km W12 ek}, olet 22 Al A @ Atelel of
@ 5710] A 2ot BEAE 9 ARl

0.
ot 0

>

e}
o

rr o
)
i o
=

5 A

2 5§52 9 rlo
;L o rr ol
>
)
il

les]
<
(@]
=}
—t
—
]
i
rlo oo
(]
ofd
N
)

et B
7.‘2 drzgog AHdor oFstHA o)
o|F JJFZE}O]J/} TA A AES

F S BESHIEE §HA, Bvent
"}Oﬂ/‘i ‘6}5 H

(98
e
O\

(

T‘E ruZl
s~ oo

)
rr

> ool

)

_\;

Hl_4

rOl‘

o
=~
Do ofN

o o ool
\O
w

I

mZQ O
Lo
Qi‘
_le

3
odl,
ol
_,é
_v;
)~

o
o~
ok flo
oL oy
& Ay e
o ® =
I _|I)]|
I S ol
pc
=
>
e
[o
oy
Il
o
i
>,
offt

(BRD) 45&77}119} Asl FrolA 17
P AF= AL, Event 3= AE=H] FE%5l 9
At S JAHGNS)T AFF(SDR) w5L 1
oM 53¢ A Byt o= *a"*% A

7} W Bvent 20AE FF(YJU)SE H(AND)=
Zgtste] Adeele] 5& 7\10101]/\1 AFF¢ &t
oAl/F =] At

3.2. 80| 2= ZH3t

A7 Al 78 A3 Aol sl 357 #E3k
o] & EA4Z vluwstyint. oy #5 AXE vl
5t7] glel SHE Z1deEleld =g A A5,
AR AT TSI A 9] WRALE W3S A5
WA T HFoznt &S PN Bvent 13 3
o] WhAt: W3S Ueh W Fig. 63 Ztt.



FT FEES F8E

T AFRS APEIY 24 7

Table 2. Weather conditions and basic information for the three experimental cases

Event Date Target area Cloud type  Seeding material Seeding height (km)  Wind speed (m/s) / Direction ~ Temp. (C)
1 20230504  Chungnam Sc CaCl, 1.95 10.9/S 14.7
2 20230913  Kyungbuk S NaCl 2.40 105/, SW 8.7
3 20240312  Gangwon Sc Agl 1.92 4.0/NE -8.4

(Sc: strati-cumulus, S: stratus)
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Fig. 5. Aircraft observation paths (top panels) and numerical simulations showing the cloud-seeding effects (bottom
panels) for the three events. Panels (a), (b), and (c) correspond to Events 1, 2, and 3, respectively.
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Fig. 6. Comparison of radar spatial distributions (left panels) and KPR reflectivity (right panels) for Events 1 and 3. The
red boxes indicate clouds affected by mixed seeding effects. Panels (a) and (b) show radar observations before
and after seeding for Event 1, while panels (c) and (d) present the same for Event 3.
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Fig. 7. Same as Fig. 6, but for Event 2. Panels (a) and (b) show radar observations before and after seeding along the
01-04 path, while panels (c) and (d) present the same along the O1-02 path.
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