Cloud structure influence on
ice formation

looking deep into clouds with an
airborne radar
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University of Wyoming King Air with the Wyoming Cloud Radar
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3 : 2 vertical straich
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ground visible even though radar
shows relatively strong echoes

just about at the leading
edge of the cloud field
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feb 02 - isolated
mountain cloud

photo-B. Geerts

6 km tops at start of flight,
5 km 2 hours later.

~|2-16 m s”! winds

250-280 cm™3 drop conc.

photo B. Geerts




VIS image at 20:15 with flight track 20:08 - 20:16




photo B. Geerts
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Profiles of the average reflectivity and vertical velocity in boxes of
600 m depth and 750 m length at the indicated positions.
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blowing snow
echo aloft

Summary of locations and
temperatures of earliest
echo detected in the
lowest cloud layer or near
the surface.
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FiG. 11. A summmary of ice crystal concentration measurements in Elk Mountain
cap clouds. Each aircraft data point represents the geometric mean concentration and
arithmetic mean temperature for one cloud pass (open circle) upwind or (closed circle)
downwind of the mountain summit. Cloud passes were about 60 s in duration. Typical

variabilities for these points are a factor of 2.0 in concentration (geometric standard |

deviation of the 1 s 2D-C probe counts during the pass) and +£0.5°C in temperature
(standard deviation of | s values). Each EMO data point (E) is a separate measurement,

taken coincidently with the aircraft observations. The data are from 30 mﬂ'tn:nt cloud -

cases on 26 days over the penied 1975 to 1979.
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Rogers and Vali, 1975

(J. Clim. Appl. Meteor. 26, 1152 -
1168).

Conditions:

» cloud and rime
-5° to -25°C
» diffusional growth
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Evidence is strong that ice crystals are lofted from, or
near, the mountain surface into the cloud. This leads
to glaciation of the cloud and a reduction of seeding
potential.

Possible mechanisms are:
e snow from the surface
e some process involving riming on trees.

Will not be easy to quantify and to delimit
necessary conditions.

Implications for cloud seeding of orographic clouds.
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Damiani, Vali and Haimov,

2006
(J. Atmos. Sci. 63, 1432 - 1450)

Damiani and Vali, 2007
(J. Atmos. Sci. 64, 2045-2060)
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The toroidal circulation in growing cumulus leads to
counter-rotating vortices with horizontal and vertical
components.

This circulation results in the injection of ice particles
brought down from cloud top into the updraft. It can
also lead to major intrusions of dry air into the
updraft.

9th WxMod Conf. - Antalya, October 2007 Gabor Vali

27



Detailed studies of cloud structures led
to the identification of processes that
account for some of the large
discrepancies reported between ice
particle concentrations and ice nucleus
measurements.

1. Under what conditions is the "surface
effect” active ?

2. Does recirculation of ice from cloud
top outweigh ice initiation (natural or
seeded) in the updraft?
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