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lNp TncnNorocv) ,  T.  Ouere,
AND D. YeNc.  "Catch Charac-
teristics of Precipitation Gauges
in High-Lat i tude Regions wi th
High Winds,"  in  a for thcoming
issue of  the Journal  of  Hydro-
meteorology.

OsseRvRrroNS oF SrzE AND
Fnu Spero rN CoEXrsrNG
RRIN RNo SNow
An accurate descr ipt ion of  the
physical characteristics of coexist-
ing rain and snow near the freez-
ing level  is  important  for  c loud
and regional forecast models and
for the accurate retrieval of pre-
cipitation from satell i te microwave
measurements.  Mel t ing aggre-
gates of snow crystals have been
investigated in the laboratory, but
examinat ion of  natura l ly  occur-
ring populations has been lacking
because of the practical dilf icul-
t ies of distinguishing between the
coexist ing par t ic le  d is t r ibut ions
of rain and snow. Snow particles
with diameters greater than 4 mm
are also diff icult 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  senso r ,  a  Pa rs i ve l  d i s -
drometer ,  s imul taneously mea-
sures the s ize and fa l l  speed of
each par t ic le ,  making i t  possib le
t o  d i s t i n g u i s h  a m o n g  l i q u i d ,
f r o z e n ,  a n d  p a r t i a l l y  m e l t e d
precipitation. We compared Par-
sivel disdrometer measurements
obta ined in mixed precip i ta t ion
(ra in and wet  snow) and ra in in
the Oregon Cascades and in dry
snow in the Colorado Rockies,
a n d  c l a s s i f i e d  t h e  c o e x i s t i n g
ra in  and  snow pa r t i c l es  based
o n  t h e i r  s i z e  a n d  f a l l - s p e e d
propert ies.
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I n  c o n t r a s t  t o  d r y
s n o w  a n d  r a i n ,  w e t
snow has a much weak-
er  corre lat ion between
s i z e  a n d  f a l l  s p e e d .
W e t  s n o w  e x h i b i t s  a
var iat ion of  fa l l  speed
120 o/o -23 0 o/o la rge r t ha n
d ry  snow fo r  a  g i ven
part ic le  s ize.  The large
var iabi l i ty  is  l ike ly  re-
la ted to the coexistence
o f  pa r t i c l es  o f  s im i l a r
physical  s ize wi th d i f -
f e ren t  pe rcen tages  o f
m e l t i n g .  O u r  r e s u l t s
sugges t  t ha t  d i f f e ren t
par t ic le  s izes are not  re-
quired for aggregation
s l n c e  w e t  s n o w  p a r -
t i c l es  o f  t he  same s i ze
can have d i f ferent  fa l l
speeds.  This makes the
coll ision efficiency for
wet  snow l ike ly  larger
than that  ofdry snow.

As a i r  temperatures
rose  above  0 .5 "C ,  t he
volume fraction of snow
be tween  I  and  l 0  mm
i n  d i a m e t e r  d r o p p e d
dramat ica l ly  and ra in-
d r o p s  b e c a m e  d o m i -
nant .  The value of  0.5"C for  the
sharp t ransi t ion f rom snow to
ra in  i s  s l i gh t l y  l ower  t han  the
l .1o to l .7oC range of ten used in
hydrological models.

The b imodal  d is t r ibut ion 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  ra in  once  me l t i ng  has  p ro -
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,
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Mean and standard deviat ion of part icle fal l
speed as a function of part icle diameter (D) for
wet snow at McKenzie Bridge, Oregon (circles
and l ight blue shading), and dry snow at Snow
Peak, Colorado (x's and dark blue shading).
Overlaid l ine is Locatel l i  and Hobb's fal l-speed
relation for aggregrates of unrimed dendrites.
Fal l  speeds are adjusted to air density at 0"C
and 1000 hPa. (Yuren er ar-.)

very large raindrops appear to be
the result of aggregrates melting
with minimal breakup rather than
formation by coalescence.

F u t u r e  m e a s u r e m e n t s  a r e
needed to extend the in situ data-
set, particularly for large particles
wi th in mixed precip i ta t ion and
under a wider range of conditions.
In addi t ion,  our  future deploy-
ments of the Parsivel disdrometer
wil l ideally include instrumenta-
tion to distinguish among particle
types less than I mm in diameter
and to measure the equivalent
l iqu id water  content  of  fa l l ing
snow.-SeNoRA E. YurER, D. E.
K rNcsn r r r ,  L .  B .  NeNcp ,  eNp
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M.  Lo r r r rn -Meuc .  "Obse rva -

t ions of  Precip i ta t ion Size and
Fall Speed Characteristics within
Coexisting Rain and Wet Snow,"
in a forthcoming issue of the lour-
nal  of  Appl ied Meteorology and
Climatology.

ENHRNcEo Lnrr-Errecr
SNows FRoM NATURAL
Cr-ouo SerorNc
Many of the atmospheric factors fa-
voring the development of intense
lake-effect snowstorms over the
Great Lakes are well-known (such

as cold a i r  temperatures,  warm
lake-surface temperatures, l imited
low-level stabil ity, etc.). Occasion-
ally, however, lake-effect processes
and large-scale cyclones team up
to produce par t icu lar ly  in tense
snowfalls in conditions thought to

Near-vert ical cross-section of radar ref lect ivi ty observed by the NCAR
Electra Doppler radar (ELDORA) on 5 December 1997, l7l3 UTC. Range
rings ( l ight-blue thin l ines) are at 5-km intervals. (Scunoeoen, Knrsrovrcn,
exo Hlelrrelr)

be less favorable. A lack ofdetailed
obse rva t i ons  o f  such  " l ake -en -

hanced" snowstorms has l imited
our abil ity to fully understand the
processes involved. A fortuitous
placement of special observational
facil i t ies durine the Lake-lnduced

Convection Ex-
periment (Lake-

I C E ) ,  a l o n g
w i t h  c o n v e n -
t i o n a l  N O A A
f a c i l i t i e s ,  a l -
l owed  fo r  an
unprecedented
a n d  d e t a i l e d
examination of
t h e  i n f l u e n c e
of a cyclone on
lake-effect con-
vection.

O n  5  D e -
c e m b e r  1 9 9 7 ,
t h e  N C A R
E L D O R A  a i r -
b o r n e  r a d a r
a n d  i n  s i t u
o b s e r v a t i o n s
ind i ca ted  tha t
s n o w  f r o m  a
high-level cloud
deck associated
wi th a depart -
ing cyclone was
seeding a grow-
ing lake-ef fect

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 Ai r  in to seeded and
non-seeded por t ions.  Compar ing
the observat ions in  seeded and
non-seeded portions made it pos-
sible to quantify the effects ofthe
seeding process on the lake-effect
boundary layer and snowfali.

We found that  the presence
o f  t he  nea rby  cyc lone  a l t e red
the  Iake -e f f ec t  snows to rm in
several  ways.  When the lake-ef-
fect  boundary iayer  penetrated
an e levated layer  of  decreased
a t m o s p h e r i c  s t a b i l i t y  a s s o c i -
ated with the cyclone, lake-effect
cloudiness deepened rapidly over
midlake regions.  Over western
po r t i ons  o f  t he  l ake ,  ave rage
wa te r -equ i va len t  p rec ip i t a t i on
ra tes ,  es t ima ted  f ron l  a i r c ra f t
particle observations, were more
t h a n  a n  o r d e r  o f  m a g n i t u d e
greater in seeded regions than in
nonseeded regions. In addition,
the lake-effect clouds were also
observed to be local ly  deeper in
regions of seeding.
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NATIONAL RESEARCH COUNCIL
OF IHF NAIONAL ACADEMIES

Research Associateship Program
Postdoctoral Besearch Awards

Senior Research Awards
Summer Faculty Fellowships
Davies Teaching Fellowships

offered far research at
US qovernment laboratories

dnd atfiliated centers
Opportunities for postdoctoral and senior research

in all areas of science and engineering
. Awards for independent research at over 1 20

participating laboratory locations
. 12-month awards renewable for up to 3 years
. Annual stipend $38,000 to $65,000 - higherfor senior

researcners
. Relocation, professional travel, health insurance
. Annual application deadlines Feb. 1, May 1, Aug. 1, Nov. 1

Detailed orooram information. includino instructions on
how to apily, is available on the NRe Web site at :
www. n ati o n a l-a c a d e m i es. o rg / ra p
0uestions should be directed tothe :

National Besearch Council
TEL: (202) 3U-2760
E-MAIL: rap@nas.edu

Qualilied applicants will be reviewed without regard to race,
religion. mlor. age. sex or national origin.
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