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AND TECHNOLOGY), T. OHATA,
AND D. YaNG. “Catch Charac-
teristics of Precipitation Gauges
in High-Latitude Regions with
High Winds,” in a forthcoming
issue of the Journal of Hydro-
meteorology.

OBSERVATIONS OF SIZE AND
FALL SpeeD IN COEXISTING
RAIN AND SNow

An accurate description of the
physical characteristics of coexist-
ing rain and snow near the freez-
ing level is important for cloud
and regional forecast models and
for the accurate retrieval of pre-
cipitation from satellite microwave
measurements. Melting aggre-
gates of snow crystals have been
investigated in the laboratory, but
examination of naturally occur-
ring populations has been lacking
because of the practical difficul-
ties of distinguishing between the
coexisting particle distributions
of rain and snow. Snow particles
with diameters greater than 4 mm
are also difficult to observe with
aircraft probes because they often
break up in probe-associated tur-
bulence. We used a ground-based
optical sensor to highlight in a new
way the unique characteristics of
wet snow.

The sensor, a Parsivel dis-
drometer, simultaneously mea-
sures the size and fall speed of
each particle, making it possible
to distinguish among liquid,
frozen, and partially melted
precipitation. We compared Par-
sivel disdrometer measurements
obtained in mixed precipitation
(rain and wet snow) and rain in
the Oregon Cascades and in dry
snow in the Colorado Rockies,
and classified the coexisting
rain and snow particles based
on their size and fall-speed
properties.
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In contrast to dry
snow and rain, wet
snow has a much weak-
er correlation between 3
size and fall speed.
Wet snow exhibits a
variation of fall speed
120%-230% larger than
dry snow for a given
particle size. The large
variability is likely re-
lated to the coexistence
of particles of similar
physical size with dif-
ferent percentages of 1
melting. Our results
suggest that different
particle sizes are not re-
quired for aggregation
since wet snow par- |
ticles of the same size 4
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can have different fall
speeds. This makes the
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collision efficiency for
wet snow likely larger
than that of dry snow.
As air temperatures
rose above 0.5°C, the
volume fraction of snow
between 1 and 10 mm

Mean and standard deviation of particle fall
speed as a function of particle diameter (D) for
wet snow at McKenzie Bridge, Oregon (circles
and light blue shading), and dry snow at Snow
Peak, Colorado (x’s and dark blue shading).
Overlaid line is Locatelli and Hobb’s fall-speed
relation for aggregrates of unrimed dendrites.
Fall speeds are adjusted to air density at 0°C

in diameter dropped and 1000 hPa. (YUTER ET AL.)

dramatically and rain-

drops became domi-

nant. The value of 0.5°C for the
sharp transition from snow to
rain is slightly lower than the
1.1° to 1.7°C range often used in
hydrological models.

The bimodal distribution of
the particles’ joint fall-speed-size
characteristics at air temperatures
from 0.5° to 0°C suggests that wet
snow particles transition quickly
to rain once melting has pro-
gressed sufficiently. As air tem-
peratures increase to 1.5°C, the
reduction in the number of very
large aggregates with diameters
greater than 10 mm coincides with
the appearance of rain particles
larger than 6 mm. In this setting,

very large raindrops appear to be
the result of aggregrates melting
with minimal breakup rather than
formation by coalescence.
Future measurements are
needed to extend the in situ data-
set, particularly for large particles
within mixed precipitation and
under a wider range of conditions.
In addition, our future deploy-
ments of the Parsivel disdrometer
will ideally include instrumenta-
tion to distinguish among particle
types less than 1 mm in diameter
and to measure the equivalent
liquid water content of falling
snow.—SANDRA E. YUTER, D. E.
KinGgsmiILL, L. B. NANCE, AND
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M. LOFFLER-MANG. “Observa-
tions of Precipitation Size and
Fall Speed Characteristics within
Coexisting Rain and Wet Snow,”
in a forthcoming issue of the Jour-
nal of Applied Meteorology and
Climatology.

ENHANCED LAKE-EFFECT
SNows FRoM NATURAL
CLouD SEEDING

Many of the atmospheric factors fa-
voring the development of intense
lake-effect snowstorms over the
Great Lakes are well-known (such
as cold air temperatures, warm
lake-surface temperatures, limited
low-level stability, etc.). Occasion-
ally, however, lake-effect processes
and large-scale cyclones team up
to produce particularly intense
snowfalls in conditions thought to
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Near-vertical cross-section of radar reflectivity observed by the NCAR
Electra Doppler radar (ELDORA) on 5 December 1997, 1713 UTC. Range
rings (light-blue thin lines) are at 5-km intervals. (ScCHROEDER, KRIsTOVICH,

AND HJELMFELT)

be less favorable. A lack of detailed
observations of such “lake-en-
hanced” snowstorms has limited
our ability to fully understand the
processes involved. A fortuitous
placement of special observational
facilities during the Lake-Induced
Convection Ex-
periment (Lake-
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ICE), along
with conven-
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lowed for an
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ELDORA air-
borne radar
and in situ
observations
indicated that
snow from a
high-level cloud
deck associated
with a depart-
ing cyclone was
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ing lake-effect

snowstorm over Lake Michigan.
Where the University of Wyoming
King Air research plane took mea-
surements in the storm that day,
the Green Bay, Wisconsin, WSR-
88D radar was only able to detect
snow from the higher-level clouds.
Combining these observations al-
lowed us to separate the flight legs
of the King Air into seeded and
non-seeded portions. Comparing
the observations in seeded and
non-seeded portions made it pos-
sible to quantify the effects of the
seeding process on the lake-effect
boundary layer and snowfall.

We found that the presence
of the nearby cyclone altered
the lake-effect snowstorm in
several ways. When the lake-ef-
fect boundary layer penetrated
an elevated layer of decreased
atmospheric stability associ-
ated with the cyclone, lake-effect
cloudiness deepened rapidly over
midlake regions. Over western
portions of the lake, average
water-equivalent precipitation
rates, estimated from aircraft
particle observations, were more
than an order of magnitude
greater in seeded regions than in
nonseeded regions. In addition,
the lake-effect clouds were also
observed to be locally deeper in
regions of seeding.




