<= UCSanDiego %

SCRIPPS INSTITUTION OF
OCEANOGRAPHY uc San biego

s

Precipitation Growth in Western
Atlantic Cumulus Clouds ;%5

&3

SN 0=



Outline %

O Introduction

O Cumulus and Cumulonimbus Clouds ®
O Model Description and General Assumptions z%\oﬁ\
N\

O Liquid Droplets & "

O Ice Spheres

O Aggregate Snow M-
O Study Conclusion Y




Introduction o

Evaporation

> b \ :
Precipitationy | &
) .b b
' » apotranspiratic
LAY
Snowmelt 4
and Runoff . K £):
pa . _ =M

-

The Hydrologic Cycle
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Introduction %

O Droplet Growth Processes
O Diffusion

Diffusion of Water Yapor
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Introduction

O Droplet Growth Processes
O Aggregation:

Pictures from http://www.shodor.org/os411/courses/411c/module07/unitO3/droplet.html




Cumulus Clouds %

O Typical Altitude: 1-3 km
O Composition: Liquid Water Ay




Cumulonimbus Clouds %

O Typical Altitude: 1-13 km

O Composition
O Liquid Water throughout the cloud

O ice crystal at the top




Model Description and General % %
Assumptions

O Growth rate model

O Assumption: Constant Property Cloud
O Constant Temperature

O Constant Supersaturation



Liguid Droplets X

O Sources of data (Common Cumulus Clouds):

O Supersaturation: 0.5 to 2%

O Temperature: 2°C to -7°C

Equation: Curry and Webster 1999 *



Ice Spheres x

O Sources of data (Cumulus-Type Clouds):
O Supersaturation: 0.5 to 2%
O Temperature: 0°C to -14°C

dm 4w C(5; — 1)
dt ( 12
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Equation: Curry and Webster 1999 *
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Aggregate Snow x

O Data:
O Mixing Ratio: 0.046 — 0.092
O Snowflake Density: 95 — 105 kg/m”™3
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Aggregate Snow

O Distribution Function
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O Schemenauer et al. 1980

O Fletcher 1962
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MNormalized Particle Distribution
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Liquid Droplets - diffusion %

o
o

Diffusional growth of liquid droplets is fastest at 0°C
Faster at 2°C than at -7°C

Sensitivity of Liguid Droplets (Time vs. Radius)
Temperature Vanation [Supersaturation 0.5%]
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Liquid Droplets - diffusion %

ke

O Higher levels of supersaturaton yielded faster growth
rates

Sensitivity of Liguid Droplets {Time vs. Radius)
Supersatuation Variation [Temperature -7 C]
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Liquid Droplets - diffusion %

O Growth of liquid droplets in cumulus type clouds is more
sensitive to supersaturation than to temperature

ke

Sensitiity of Liguid Droplets (Time vs. Radius)
Temperature Variation [Supersaturation 0.5%]
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Sensitivity of Liquid Droplets (Time vs. Radius)
Supersatuation Variation [Temperature -7 C]
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Ice Spheres - diffusion

O Lower temperatures yielded faster growth rates

Sensitivity of lce Spheres (Time vs. Radius)
Temperature Variation [Supersaturation 0.5%]
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Ice Spheres - diffusion %
*

O Higher levels of supersaturaton yielded faster growth
rates

Sensitivity of lce Spheres {Time vs. Radius)
Supersatuation Vanation
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Ice Spheres - diffusion %

O Unlike liquid water droplets, growth of ice spheres is %
more sensitive to temperature than supersaturation

Sensitivity of lce Spheres (Time vs. Radius)
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Sensitivity of lce Spheres (Time vs. Radius)
Supersatuation Variation
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Snowflakes - aggregation

O Greater snowflake density -=> slower growth rate (in
terms of radius)

Sensitivity of Snow Aggregate (Time vs. Radius)
Snowflake Density Variation [Mixing Ratio 0.046]
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Snowflakes - aggregation

O Larger mixing ratio -> faster growth rate

Sensitivity of Snow Aggregate (Time vs. Radius)
Mixing Ratio Variation [lce Density 95k:gn’n13]
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Snowflakes - aggregation

O Snowflake growth by aggregation is more sensitive to
mixing ratio than to snowflake density

Sensitity of Snow Aggregate (Time vs. Radius)
Snowflake Density Variation [Mixing Ratio 0.046]
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Sensitivity of Snow Aggregate (Time vs. Radius)
Mixing Ratio Variation [lce Density 95l=:g.-fn13]
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Physical Insight
and Application

Wrong seeds? How?

O Too large of seeds will quickly §&»
fall out of the sky, bringing | CI;L?‘EESEg{ASSO'II\'AO
minimal water with them BE USING THE
O Too small of seeds won’t WRONG KIND

\ OF SEEDS

result in rain where you want
It

O Want nucleation-to-
precipitation time <30 min

CA seeding rain in...AZ?21?1
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