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1. Introduction

- History of Weather Modification

— Comparison of Technological Level among
Nations

- Structure of Weather Modification Research

- Experimental Region
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1946: First airborne cloud seeding experiments(USA GE Co,, Vincent Schaefer)
1950: Establishment of USA Weather Modification Association (WMA)
1958: CMA artificial rainfall enhancement(Jilin, China)

1961: Establishment of commercial company (United States WMI Co.)
1963: KMA Artificial airborne rainfall enhancement (KMA)

1995~98: KMA ground-based cloud seeding experiment (Inje, 10 times)
2001~02: KMA artificial airborne snowfall enhancement (Airforce plane, 3 imes)
2006: Establishment of Cloud Physics Observation system (CPOS) in Daegwallyeong
2008: Verification of artificial snowfall enhancement effects by Airbore-Radar
2008~2016: Airbome dloud seeding experiments (Yongpyeong etc., 32 times)

2017 : Introduction of first aircraft for atmospheric research and weather modification
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The KMA first artificial Ground-based Agl Aircraft for Atmospheric
: _ _ Research and weather
rainfall enhancement exp.(1963) seeding exp.(Inje, 1995) modification (2017. 11)
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dIOpg Medorns
section RussialCA0) | ChinalCAMS) | Japan(MRI) | IsraellNWC) | KorealNIMS)
(2015) (2013) (2015) (2016) (2017)
__Operation | ol O G e o | Case study
Hail Suppression / . . ) )
2o Dl ereor Practical use | Practical use Basic Research
_____ Budget/year | - | 8OMUSD | 6MUSD | 2MUSD | 1MUSD
Human Resources - 37,000 50 30 10
Rese?yrggr;e”“ 60 60 30 60 10
Aircraft 13 | Aircraft 46 Aircraft 1 Aircraft 3 Aircraft 1
, ) Rocket 5,223 i Ground-based | Ground-based
Equipment Artillery 7,016 generator 10 | generator 1
Cloud Cloud Cloud ) i
chamber chamber chamber

* National Technology Level Evaluation: 73.4% compared to advanced country(KISTEP, 2016)



@ Predpitation enhancement < Airbome Exp. >

(annually Dec.~Jun.)

- Airborne/Groungd-ba
- Verificatig

@ Cloud Physics Qbservatory
- Aerosol, Cloud, Precipitation \ technologyd

- Microphysical measurement - Numerical verificati

- Simulation before
seeding
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Experimental Regior
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o < Reason for selecting this region)
« 1) Many orographic cloud cases
(~140 foggy days/yr)

45N

42N

37°30'N

_"=.2) Upstream of the Han-River
= 600

36N .
! 400

36°30'N

BN

118E 124E 130E S T R ¥ R ;
o o 4 N " dd 2
0 500 1000 1500 2000 2500 ® b LY Y v AN 3
DR ofiler s A . > ¥’ - Ad L $ §’ izﬁ;

/ Gangneung -
/‘{ - S
s ‘ Sljf; ¥ s
. o= 1o Airborne.°
.~ Observation..

Eohealry

Gangwon province

» Gangneung: Initial obs. point
= CPOS: main seeding place

* YP: main target

= DMS: verification point




2. Method and Previous EXP.

- Improvement of Experimental Method
- Previous Exp. of Snow Enhancement
- Experimental Optimum Condition



Improvement of Experimenial Meihog

Contents Before (~2014) After (2015~])
.. . . Based on model
rbome | Dcoision Of seeding path| - Based on observation | prediction
experiment ‘ , OPC
Airborne instrument (Optical Particle Counter)
Seeding , : N
grond- | Amount/Time | Notfixed | Optimum(38gh™)
exporment | Targetarea | Seeding place only | Diffusion places(2 points)
Burning method Manual Automatic
Criteria Airborne experiment Ground-based Groundbased exp.

Before

After

CaCl, (automatic)




Previous EXE

1 Airborne seeding ) Ground-based seeding
- Ave. snowfall enhancement: 0.7cm (250km?) - Ave. snowfall enhancement: 0.6am
- VaI[dation rate:43% - Validation rate : 30%
- Period/No.:2008-2015/23 times -Period/Number: 2006~2015/126 imes

<Agl seeing> < CI seedln >

Validation method: When the precipitation enhancement appears in the target region during
15min. - 3 hrs after the seeding without incoming nature precipitation



® Optimum seeding criteria

Criteria Airborne experiment Ground-based experiment
Synoptic condition Northern High, Southern Low
Temperature < -50C
Wind speed <15 m s’ (for safe) ‘ < 5ms?
Wind direction Easterly wind(45~135°), maximum seeding height : =1400 m
LWP in cloud >0.1 mm
Cloud-type Stratocumulus or Stratus Winter orographic cloud
Restrictions Heavy-snowfall warning for target region
Seeding rate ~40 g min™' ~37 g hr!
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J. Main resuits

- Validation of Cloud Seeding by Airborne Radar
= Airborne Cloud Seeding in 2016

- Validation using Numerical Model

- Microphysical Validation of
Ground-based Seeding
- Exp. for 2018 Winter Olympics
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< Ka-band airborne radar )

C Airborne reflectivity before and after seedign in 4 Mar. 2008 )
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Airborne Gloud Seeding. in_201Ff

1 Overview
No. Date and time Target Seeding altitude/amounts pictures
1 125)15?)~113220 Gangneung 2.2km/Agl 1.35kg
2016. 1. 29. Pyeongchang
2 19:50~20-40 ( Not clear) 2.0km/Agl 1.5kg
Mt. Odae
2016.2.6 '
3 A A (1.8 cm 1) 1.8~2.5km/Agl 1.2kg
15:20 ~ 15555 | Apout 250km?2 =
4 | s | Muode | 2.5~2.9km/Agl1.2kg |
Mt. Odae
2016.3.9 :
5 A A (0.3~0.4 cm 1) | 1.7~2.1km/Agl 1.5kg
13:16~14:00 | Apout 250km?2
6 1280; 16 - 13 9907 Yongpyong 1.7km/Agl 1.5kg
7 | 200021 | Yonopyong | 1.8~1.9km/Cacl, 4kg
8 | 2% | Yonapyong 1.8-1.9km/CaCl, Skg




Alrborne Cloud Seeding in 2016

® Snow particles increase in target region by seeding

= Airborne cloud seeding experiment at 6 Feb. 2016 = Vertical reflectivity after seeding
3000 20160206_MRR_OD
OD: Upwind region (1000 m, AGL) / ——— No seed
Agl seeding OD_PARSIVEL_20160206 (D) . Seed
10.0E ¢ K——————1 — . - T MAX
N U : .Sqedl.rlg.‘effect’ period 4 B—-— . 2000
’g Y A el 1400 2 1500 1
5 1.0 oo E Flight height
° 600
§ 200 500 |
100 N
0.1 l‘ MIN 0 T T T T T T T
15 6 17 18 -20 -15 -10 -5 0 5 10 15 20
Time (LST) Reflectivity, dBZ
CPOS: Downwind region(843m, AGL)
3000 20160206_MRR_CPOS
‘o0 RSIVEL_20160206 n(o) " ——— No seed
1800 25001 ,\v = Seed
? 1400 2000 4 \'
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£ 1.0 600 £, 1500 1 Y, ) .
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a 1000 4 <
0.1 100 . 4 dB enhancement
. MIN 500 A S
15 )
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<> Seeding effect period: estimated by the diffusion model Reflectivity, d5Z
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3.0

Height (k)

Ground-based cloud seeding- 2014.01.04 event
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Height (km)

40 sQ
Distance (am)

(violet: deposition, green: contact, violet: condensation)

® MMS(Modified Morrison Scheme including Deposition, Contact and Condensation Freezing):

1) A priori simulation 3 hrs before cloud seeding experiment
2) Validation for snow enhancement experiments

Alrborne cIoud seedlng 2016.01.29 event
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number concentration, ITI3

number concentration, m°

® The microphysical effects are well shown in seeding and target regions

= Size distribution of PARSIVEL disdrometer
s 20100_21_2 ______ Agl seeding .
(a) C S mean diameter .
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EXp. for 2018 Winte

] Development of cloud seeding technique using new atmospheric aircraft

J Improvement of the verification of cloud seeding experiments

- =

Semi-operational exps. for snow enhancement in the Pyeongchang region
- Rental aircraft 2 Atmospheric research aircraft - Easterly ~ Northerly © Random direction

- =

® Support of 2018 Pyeongchang Winter Olympics
® Alternative tool for supporting the water resources




Results of Aircraft Obs. In 2018

Drop size distribution of cloud and rain ( Jan. 30 2018)
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4. Major Scientific Achievement
and International Cooperation



Major Scientific Achie

) Technique transfer
KMA operation Paper Patent Book .

to industry
2 2

3 65 26

el
Domestic: 35 '

Y= U2 2} UIE ED
ehoL THEE AMCH

l"r IJI II AR D ¥4 EEW
HAUE Ut oA 12‘-“11
Ry, SHETEUE,

72 22 )

RS HH N3 SR | AO-11-01 131553 | @RI W

%
e
£ 9 3 Wi
b %
! 10-0890710 & :: '“ﬁf’

AR 20715 ORNERE OIWRE FIASR YUEE A8

/ e 2 E *Reference Corr. Coeff. (RZ)
- \@){éﬁkx = Eye obs. All day/night
Beehet T HODIFIC e |

ACOS(V3.0)  0.91/0.90

Ceilometer 0.58/0.65
<{Papers and patents) <Book> <Automatic cloud observation system)

@



2003, Seoul

® Invited Seminar

2015, Gangneung
~Dr. Bagrat Danelyan

CAQO, Russia
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2010, Daegu
Prof. Musakami Masataka

CAMS, China

NU, Japan Hebrew Uni., Israel



" Thank you for your
attention!!! ]

E-mail : jwcha@korea.kr




Aircraft (2017. 11~

< Atmospheric research aircraft >
- Model: King Air 350HW (Beechcraft, U. S. A)

- Capacity/instruments: 13 Persons / 26 kinds of 14 species
- Flight height/time: Max. 10km / 7 hr

- Application: 1) Monitoring of high impact weather
2) Monitoering of climate change and air guality.

3) Study oni cloud 'physicsiand Wweathemmodificatio




Equipment of Aircraft for Cloud and Rain

Principles

DMT, CCN-200 (.C|OUd Condensation Air Sampling Condensation Nuclei 0.75~10 um
Nuclei Counter)

. . 3~50 um
CDP (CFI)cr)(L)JSe)Droplet FoSr\CA;;celriLr:ght Cloud DroSpI:tct(rZSrr:]centratlon (30 channels; Liquid Water
9 P Content Derived)
DMT,
CCP (Cloud . .
Combination CIP (Cloud Imaging Shadowing of Diodes Cloud Droplet Concentration 7.5 '930 um
Probe) Spectrum (resolution, 15 um)
Probe)
. 5 . .
LWC(Liquid Water Hot Wire Sensor Liquid Water Content el g (resc;lutlon, ]
Content Sensor) g/m?)
DMT, PIP (Precipitation Imaging Probe) Shadowing of Diodes Cloud DroSpIet etaeiELo 100~6,200 tm (resolution,
pectrum 10 um)
Liquid Water Content, Total N 3
SEA WCAl\jléasﬁee(r\:\]/:;%r Content Hot Wire Sensor Ice Water Content OO~ 1%9//?13(hvgfg)
(Ice Water Content Derived) 9
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