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Contents of “Frontier of Weather Modification Research”

Part |: Review
1. Status of weather modification research before starting JCSEPA project
Part 11: Results of JCSEPA project
2. Implementation system of JCSEPA
. Climatology of droughts in Japan
. Feasibility study of cloud seeding using operationally available data
. Occurrence frequency of seedable clouds using ground-based remote sensing data
. Laboratory and numerical studies on hygroscopic seeding
. Physical evaluation of seeding effects
. Effectiveness evaluation of glaciogenic seeding to secure water resources
. Effectiveness evaluation of hygroscopic seeding to secure water resources
10. Statistical evaluation of seeding effect using physical predictor
11. Environmental effect of glaciogenic and hygroscopic seeding
12. Cost/Benefit ratio of dry-ice pellet seeding to secure water resources for Tokyo
Part I11: Basic studies supporting weather modification research
13. Development of ground-based remote sensing technologies
14. Studies on aerosols acting as CCN and IN
15. Validation of numerical models used for weather modification research




NECESSITY OF WEATHER MODIFICATION

(Mitigation of Severe Weather)




NECESSITY OF WEATHER MODIFICATION
(Securing of Water Resource )

Withdrawal to Availability Ratio
Alpha=1.0

Water supply and demand balance as of 1995
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Two-thirds of the world's
population will face water
shortages by 2025

World Water Forum (2003)

(Oki et al., 2003)




HISTORY OF WEATHER MODIEICATION

eStrong wish to rainmaking

l

eNoOnN-scientific methods

—Praying for rain (ancient times )
—Cannon & Firework (early modern age )

eScientific methods

—Introduction of artificially-generated ice crystals
(late 1940s)




The First, Scientific Wea. Mod. Experiment
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in Wilmington, Ohio, that showed seeding to be relatively ineffecti
(leff), Stratus clouds seeded with dry ice in anather experiment displayd

C eristi etrack patbern (right).
SNOWSTORM IN A BOX: General Electric scientists [rving Lang- 8 characteristic racetrack p rightl

muir (left) and Bernard Vonnegut look an while Vincent ). Schaefar
performs a snowmaking experiment. All three scientists were in-
volved in developing the field of weather modification.




Weather Modification Projects in US

.,.'

- Precipitation Enhancement Programs
- Precipitation and Hail Suppression Programs

(Bruintjes, 2003)



Private Wea. Mod. Company (US)

WEATHER MODIFICATION, INC.

WMI Weather Modification Projects

Alberta Hail Suppression Project

Argentina Hail Suppression Project

Greek Hail Suppression Program

United Arab Emirates Program

North Dakota Cloud Modification Program

West Central Texas Rainfall Enhancement Program
Oklahoma Weather Modification Program




sketch Map of Weather Modification Operations in China in 2002
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Wea. Mod. Projects in the World

 Most of projects are operational
without sufficient development of optimum
seeding techniques nor evaluation of
seeding effect

|
= WMO recommends to undertake scientific
& comprehensive researches on weather
modification and to transfer new technologies
\ to operational projects

Bl Precipitation Enhancement Programs B d:jl
B Hail Suppression Programs
B Precipitation and Hail Suppression Programs (Bruintjes, 2003)



IMPORTANCE OF CLOUD &
PRECIPITATION PROCESSES

Small Scale Large Scale
Microphysics: Water/Energy redistribution due

Microphysical structure to cloud /precip. processes
Radiative effect of cloud particles

Precip. initiation & efficiency

Water/Energy Cycle

Timing, location & intensity
Dynamics
Latent heat and loading Projection of Climate Change

Vertical acceleration of air

Dynamical structure

Development/ Maintenance

Forecast of Meso-scale Precip.




CLOUD & PRECIPITATION PROCESSES
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SIZE vs. NUMBER CONC.
HYDROMETEORS

? Cloud droplet
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SIZE vs. FALL VELOCITY of
HYDROMETEORS.
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CLASSIFICATION OF CLOUD
MICROPHYSICS PROCESSES

Nucleation: Condensation-*

Deposition=Freezing

Vapor —Water, Vapor —ce, Water —ce

Diffusion Growth: Water drop- Icle

Kinetic effect (sma
Ventilation effect

Interaction: Water Wa

Others: Melting=Freezing
Breakup+ Sheddi

Phase changes of water species like these are basic to
cloud microphysics. But the changes from left to right
correspond to increasing molecular order and these
transitions do not occur at thermodynamic equilibrium,
but in the presence of a free energy barrier.

For new phase of water species to form from existing
phase of pure water species, a strong energy barrier
must be overcome. These processes are called
homogeneous nucleation.

The processes by which a new phase of water species
form on nuclei from existing phase of water species is

called heterogeneous nucleation.




CRITICAL SUPERSATURATION
FOR DROP AND ICE NUCLEATION
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(Pruppacher & Klett, 1997)




Kohler Curve

Equilibrium saturation ratio over the surface of solution droplets
as a function of droplet diameter

. K-Kohler theory
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Supersaturation Spectra of CCN

Shikoku District, summer of 2008
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Condensation Growth
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Collision-Coalescence Growth
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DEVELOPMENT OF DROPLET SPECTRUM
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BREAKUP MODES & PROBABILITY
OF DROP
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Traction of clouds containing ice
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ICE NUCLEATION MECHANISMS

homogeneous
freezing of

g-\C

loud droplets

- geneous/ immersion
_ . freezing .
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Ilce Crystal Conc. vs. Cloud top Temp.

(Midwest of US)
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ICE CRYSTAL (BERGERON) PROCESS
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GROWTH RATE OF HYDROMETEORS
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CONCEPT OF WEATHER MODIFICATION

Basic Concept of Weather Modification
To bring out of natural cloud

Methods

r

N

Heating
Mixing with dry air | Fog dispersal
Down drought

J

Cloud Seeding

To introduce artificially-generated cloud droplets or
ice crystals into clouds and alter its microphysical structure

Glaciogenic vs Hygroscopic; Static vs Dynamic




GLACIOGENIC SEEDING (ICE CRYSTAL)
(Mixed-phase Cloud)

ODryice/Lig. CO, cools the air temp.

Dryice pellet
_7° ®
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ice crystals (Artificial IN method)
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Large droplet collects smaller  Grow into
droplets while falling down raindrop
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HYGROSCOPIC SEEDING (Large droplet)
(Warm cloud)

micron Sizes ac

Hygroscopic particles with
large droplets

Hygroscp



LACIOGENI EEDIN
(Coolant Method)

Dryice, Lig. CO,, Liq. Propane
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GLACIOGENIC SEEDING
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Agl Generators

Acetone generator ;
Agl-AgCl-NaCl-acetone solution PYyrotechnic

Agl burn-in-place flare




Agl Generators

Portable Ground-based Generator
Agl-AgCIl-NaCl-acetone solution




Agl Gen
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Hygroscopic seeding

>¢Small'salt particles-produced from burning pyrotechnic flares are
seeded in updraft region at cloud base and introduced into the clouds with

help of updraft.

Elemental composition of the South African Flare

background
Aerosol

dN/dlogD [em™)

* ICETO %
1 | =—Lognormal fit to
i ICE 70%
2 + =——Lognormal fit for
Copper et al (1997)
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Number size distributions of flare particles

0.2
i

TEM image of particles of CacCl,
70% flare
( Ice Crystal Engineering Inc.)

Bruintjes et al. (2006)




Hygroscopic Seeding

>XHygroscopic salt powder milled to the optimal size (a few microns in
diameter ) are seeded in updraft region at cloud base and introduced into

_the clouds with help of updraft
P Different types of salt particles tested
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APPLICATION OF WEATHER

MODIFICATION TECHNOLOGY

PRECIPITATION ENHANCEMENT

HAIL SUPPRESSION
FOG DISPERSAL
MITIGATION OF HEAVY
HURRICANE MODIFICAT

PRECIPITATION
TON

LIGHTNING SUPPRESS

OTHERS
— CIRRUS MODIFICATION
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PROBLEMS OE
WEATHER MODIFICATION

e Statistical Evaluation of Seeding Effects
e Ecological Consideration

e Sociological Consideration




EVALUATION OF SEEDING EFFECTS

Before seeding

After seeding

LET IT RAIN: Unseeded clouds (fop) have less mojsture con
than the same bank of clouds after seeding (bottom). The seed

clouds managed to produce rain showers.




EVALUATION OF SEEDING EFFECTS

Latilude South

pri itation
o MGrophysics
e

-
o Biue Roc % Reservoir

Longitude East

Number of Experimental Units and Seasons Required to Detect a 40% Rainfall
Increase under a Randomized Single-Area Design®

No. of units
Experiment No. of units per season Seasons

SCUD (Eastern U.S.) 178 19 9
Grossversuch IIIA (Swiss hail experiment) 390 15 26
Arizona I ' 460 22 21

East central Illinois (summer showers) 770 38 20

¢ Based on data from Neyman and Scott (1967a).




Thank you for your attention




