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Japanese Cloud Seeding Experiment
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Goal: Evaluatlon of Cloud Seeding Effects on Water Resources
Management and Drought Mitigation

‘ Objectives of JCSEPA

 Investigate the causes of drought at different areas in Japan by
analyzing past meteorological and hydrological data

» Sophisticate WM technology for orographic snow clouds

— Monitoring technique for quantitative evaluation of seedable
clouds

(synergy technique to estimate microphysical
structures of clouds)

— Physical & statistical evaluation techniques of seeding
effects

— Evaluating the possibility of ground-based seeding
* |nvestigate the possibility of rain enhancement in warm season
— Clarification of giant CCN activation processes
— Monitoring technique of clouds with high seedability
— Appearance frequency of clouds with high seedability
~ — Possibility of glaciogenic seedlng

- Possibility of hifg‘rospgp;c,;seeding:
el il B AL B -




@&  Objectives of JCSEPA (cont.)

» Evaluate the effects of cloud seeding on drought mitigation and
water resource management by using a combination of NHM
and hydrological model.

— Sophisticated 2-moment bulk microphysics parameterization
scheme with seeding materials as prognostic variables

A/C seeding (solid CO2), Ground-based seeding
(liquid CO2, Agl)
— New bin microphysics scheme with aerosol (CCN) as
prognostic variable for hygroscopic seeding experiments
= -_AIJC seeding ( hygroscopic flare, salt micro-powder)

Obs. Network 2006~

& X-band radar E Wind Profiler
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g Weather Station .
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REMOTE SENSING MEASUREMENTS

For cloud MRR K—band Radar) Microwave Radiometer W-band Doppler Radar
monitoring

FMCW Ka-band
Doppler Radar

X-band Doppler Dual Wavelength Lidar
Radar (EL 90deg) (Summertime only)

YAGISAWA -
DAM SITE

NARAMATA
DAM SITE
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Guidance for field experiment and trial predictions of
seedability and evaluation of seeding effect with 1km-NHM

Time schedule
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Guidance for field experiment

Forecast of seedable clouds, twice a day
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Prediction of cloud water distribution

o Surface precipitation, LWP,IWP, mixing ratio and number concentration of
~ liquid and solid hydrometeors, and wind field are also available.

‘ Guidance for A/C seeding experiments

Trial of seedability prediction, twice a day

GUIDANCE FOR SEEDING EXPERIMENT 20071214

Optimal se?ding positiqu

20071214 AM  morning
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‘ Dry Ice Pellet Seeding in NHM

Neci 10+6/m**3 (2= 2.20km) heLEImIR
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Trial prediction of
seeding effects,
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Seeding rate : 3 kg/min

Seeding position : determined from
meteorological parameters
predicted in control run

Seeding material : dry ice pellet

Flight speed : 100 m/s

Flight level : 2600 m

Differences in accumulated surface precipitation (mm) ( seeding run
minus control run). Red and blue indicate the increase and decrease
due to cloud seeding, respectively.
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Quantitative evaluation of seedable clouds

Ttop: —5~—25°C; Cloud amount > 9/10
1hr ave. LWP > 0.2mm; Htop > 2.5km

Microwave radiometer, Satellite IR data,
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Agrological data, AMeDAS
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Physical Evaluation Techniques of

Seeding Effects (A/C In-situ Measurements)
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‘ Physical Evaluation Techniques of
Seeding Effects (cont.)
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Seeding Effects on Seasonal Precip.(163 cases)

(NHM simulation: Under winter monsoon conditions: Dec. 2006-Mar. 2007)
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Seeding Effect on Dam Water Storage

(Numerical simulation with a combination of NHM and land surface model)
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c Hygroscopic seeding experiment

Improvement of
Box-type cloud model

Growth of cloud droplets
In an adiabatically expanding air
: ~7]

Hygroscopic seeding experiment

z

MRI CLOUD SIMULATION
CHAMBER

Sample analysis using
Electron microscope

Background CCN

D

cloud seeding
mateials

Micro-Powder

Development of
numerical seeding model

physics +

~ Bin-type cloud Ia \"\| z‘

- Seeding processes .. spricies

Water-dromet

T T =
Quantification _of i 5. Tasse
the hygroscopic o [pariles
seeding effects +

Identification of physico-chemical properties of optimal seeding material
Evaluation of hygroscopic seeding effect
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‘Chamber Experiment on Hygroscopic Seeding

Salt Micro-Powder Seeding

Initial Size Distribution of CCN
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Chamber Experiment on Hygroscopic Seeding

Flare Test System Hygroscopic Flare Seeding

Aerosol Buffer Tank or

- - Aerosol Dilutor Dynamic Cloud Chamber
| Particle Removal Filter ‘ 3.4m/s /-:I:H:H__ﬂb-yAerosol measurements

T
sampling nozzle

~13m/s f

Aerosol Dilutor
$500mm Duct

~Test Flares

( m Fan | Particle Removal Filter |

Flare | RSN ; o '
~50m/s High Speed Wind Tunnel Dilutor Duct
kL Flare (CaCl2, ICE)
: High Power Fan
(Outdoor Air)
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‘Chamber Experiment on Hygroscopic Seeding
Hygroscopic Flare Seeding
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‘ A/C Measurement of Seeding Particles
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‘ A/C Seeding Experiments Flare Seeding
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Regarding hygroscoplc seeding in real clouds, what we can do at present is to detect a
broadening of cloud droplet size distribution toward larger sizes, sometimes but not
every time.

Only from aircraft seeding experiments, it is rather difficult to trace a chain reaction of
microphysical processes, leading to an additional raindrop formation,

Numerical Experiment on Hygroscopic Seeding
Hybrid Cloud-Microphysics Model ((Kuba and Murakami 2010, ACP)

Parcel model (Particle method) Grid model (Bin method)

/
L/ con

> Cloud Droplets
Spect_rum N / Spectrum
Constituent < Number

Smax

A 4

\ Updraft

This model can simulate the activation
process of CCN, including giant CCN

~ precisely although dynamic frame of cloud
model is prescrlbed / ’

Precipitation

2013/10/4
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ged over the Domain (mm)

Accumulated Surface Rainfall Avera

Numerical Experiment on Hygroscopic Seeding
(Hybrid Cloud-Microphysics Model;
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Japanese Cloud Seeding Experiment for Precipitation Augmentation (JCSEPA)

Seeding Effects on Seasonal Precip.
(93 6-hr MP seeding experiments)

Simplified seeding method: May 2008-Aug. 2008)
DSMQT (z*= 20m)
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‘Seeding Effect on Dam Water Storage

(Numerical simulation with a combination of NHM and land surface model)
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‘Appearance Frequency of Seedable Clouds

Cloud type 1: Ttop <-25C Cloud type 3:15C > Ttop >-5C

unsuitable for cloud seeding suitable for hygroscopic seeding

Cloud type 2:-5 C > Ttop >-25C Cloud type 4:Others

suitable for glaciogenic seeding unsuitable for cloud seeding?

Seedable clouds in 2010=25.2%

2010 14.68 5348

Seedable clouds in 2009=18.7%

2009 752 || 4 69.13

Seedable cloud in 2008 =26.8%

2008 1425 3.96 58.77
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
BCloudlayer I BCloud layer T OCloud layer I OCloudlayer W ONo cloud

Ttop<-25°C -25°CETtop<-5C  -5°C=Ttop<15°C  15°C=Ttop

100%

CONCLUDING REMARKS

» Glaciogenic seeding of mixed-phased orographic
clouds is effective

» Hygroscopic seeding of warm clouds may be
effective under limited conditions

» Hygroscopic seeding of cold, convective clouds is
reported to be effective. But many argument about
the effectiveness
— Need more intensive study

» Weather modification study is indispensable for the
understanding of aerosol indirect effect
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