Learjet Operational Summary

>The Learjet flew a total of 12 ICE-T
Missions.

»Learjet Penetrated 137 Cumulus Cloud
Turrets with Temperatures between

+22 C and -24 C.

» The Principal Role of the Learjet was to
Penetrate New, Growing Turrets in the
Region of -5 to -10°C to Search for
Ice Initiation and then Climb with the
Developing Turret.



An Exarmple of 2D-S Images in
(Mixecd-phase?) Cloud
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cxample of First Ice Observed at -8 °C in the Middle of
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Updraft with Supe r’coond/ i2ter Drops
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3V-CPI (CPI Portion) Images are used in
Conjunction with 2D-S Image Data fo
Provide Quantitative Water Drop and Ice
Particle Size Distributions

and Derived Quantities
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CPT Images of "First Lce” from 12 Penetrations
I
T

=T Turrets.
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Whnere does r'x' First Ice” come
from in The strong new updrafis?

» Ice Nuclei estimates in ICE-T atT >-12 ° C are
Poorly Characterized

» If small ice crystals from outside the updrafts
were entrained they would grow to larger sizes
than observed

» Biological aerosols are active at T< -5 °C but
were not measured in ICE-T

» Artifacts?



Zorolev et al. (2004)

Observed from Laboratory
Experiments that Freezing
Drops >100 um Producec
Profrusions and
Spicules
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E,urx nles of Frozen (and
iol zezing) Drops

n the Rapid Transition
f ICE-T Clouds
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7. Croix/6Guly Coast Comparison of Cloud Basz DSD
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Continzntal/Maritime Comparison of Drop Sizz Distribution

SEAC*RS Huntsville -6° C
SEAC*RS Jackson -7°C
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Variation in Cloud Micropnysics with Latitude:
Cloud Base Temperature and Drop Spectra have a Significant Impact
on the Development of Drop Size Distribution and Ice Formation

Great Plains

Gulf Coast (NHRE/CCOPE)

St. Croix (SEAC'RS)

(ICE-T)




Simplitied Morrison-Grabowski CRIW
Currently:

»1-D model with constant updraft
> Bigg ice parameterization.
»No entrainment, Breakup, Secondary Drop Activation

Eventually:
» Input ice and drop size distributions from obs.
» Add entrainment and secondary drop activation
» Tune model to agree with obs.

> Determine if Coalescence/Sedimentation explains
rapid glaciation between -8 °C and -12 °C



Preliminary Model-Observations Comparison
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surmrmary

> Millimeter drops form in strong (~10 m s-!) updrafts
by the +5 °C level.

»Virtually no ice observed in fresh turrets with
strong updrafts at T > -8°C.

> Low concentrations of small ice particles observed at
-8 to -12 °C in strong updrafts in conjunction with
millimeter drops. Biologic Nuclei?

»Rapid glaciation of cloud in the -12 to -15 °C
region.

» Morrison-Grabowski cloud resolving model is being
used to determine if differential fall velocities
between small ice and large drops can account for
rapid glaciation, or if some secondary ice production
process (e.g. splintering) is needed.



