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Vertical motions in winter storms are important to T [k 1
ice growth via vapor deposition and riming as well as Pewm, | ‘
the transport of particles. As parcels are lifted, their
temperature decreases and relative humidity
increases. If RH... > 100% deposition occurs and if
RH 100% g . Anal f at 0.1 m s’!, the threshold
! water > V70 CO';‘ ensat'g” OCCUrs. ';‘a ys€s O | ] for updraft envelopes.
aircraft in situ vertical velocity observations, ™ - o - - - o0 e pt I - o - - - i Time is converted to

including upd raft Stl‘ength, bl’eadth, and StI’UCtUI‘e, in Horizontal distance (km) Horizontal distance (km) Horizontal distance (km) c.l'istance traveled by the
winter storm environments are lacking. We define updraft envelopes to be the periods of time in which vertical velocity (measured by the P-3 TAMMS) exceeded 0.1 m s°'. We airplane on the ordinate

analyzed in situ data from flight missions during IMPACTS in 2020 and 2022 and during the Profiling of Winter Storms (PLOWS) field
project in 2009-10. Points where the 2D-S and CDP total number concentration were less than 103 cm-! were excluded from the analysis.

S;ﬂ
3
/

Vertical velocity (orange)
and 2D-S total number
concentration (blue) for

example level flight legs
during IMPACTS flights.
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Thought experiment: how does

measured updraft length Updraft envelope statistics Key findings

compare to the real updraft IMPACTS: 2520 envelopes PLOWS: 2325 envelopes * The distributions of updraft size and strength are similar

diameter? IMP(\CTS envelepe mean vertical veloeity againstlenvelope length PL1OWS envelope mean vertical veIocIty against envelope length between |MPACTS and PLOWS MOSt Updrafts are tOO Weak
) (< 0.5 m s to loft precipitation-size particles. Using 0.1 m s
as the updraft threshold:

* 66% of updrafts were shorter than 1 km
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Suppose the “real” region with vertical velocity w
exceeding some threshold wy,,.....s 1S spherical with
diameter D. If the airplane misses the center of the
sphere by some distance h, then the measured

updraft length is: Lyygrare = VD? — 4h2.

Assuming that h is : . : . * 63% of updrafts had an envelope-integrated mass flux
area-uniform (l.e., Envelope length (km) Envelope length (km) below 150 kg m-] 5'1
oo h? is uniformly IMPACTS envelope upward mass flux against mean 2D-S concentration PLOWS envelope upward mass flux against mean 2D-S concentration
oo £ distributed), then 0
o7 & the resultlng CDF
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04D 2 P(Lupdraft < A) —
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Number of envelopes

* 59% of updrafts had mean vertical velocity below 0.2 m s
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« 85% of updrafts had peak vertical velocity below 0.5 m s

Number of envelopes
Envelope mean vertical velocity (m 3'1)

Envelope mean vertical velocity (m 8'1)
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Randomly distributed airplane passes through sphere
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* Mean total number concentrations measured by the 2D-S or
2D-C were below 102 cm= for most updrafts sampled by
IMPACTS and PLOWS, though some higher concentrations
were measured during IMPACTS

-
o)
)
o
-
o)
o
o

W
(&)

w
o

—_
o
o
o
-
=
o
o

N DN
o O

» Of the time spent in cloud during level flight legs, 26% was
Lo D2 spent in updraft envelopes for IMPACTS, compared to 17%

oo value in (0, D). The o for PLOWS
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- X i 2A Envelope mean 2D-S total number concentration (cm'3) Envelope mean 2D-C total number concentration (cm'3)
g lvVen by ﬁ AISIPACTS envelope mean temperature against max vertical velocity 4BLOWS envelope mean temperature against max vertical velocity
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Envelope upward mass flux (kg m”’ 3'1)

Envelope upward mass flux (kg m”’ 3'1)
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IMPACTS
PLOWS

Above: Randomly distributed
airplane passes through a

spherical updraft such that they Below: CDF for randomly
are area-uniform in the cross- sampled measured updraft
section. Airplane is traveling in lengths relative to the real

+y direction (into the page). diameter of spherical updrafts.
CDF of L, odraft

Half of measured lengths
are < 71% of real diameter
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PDFs of envelope mean vertical velocity
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Envelope max vertical velocity (m s™) Envelope max vertical velocity (m s™) | i —" = T | | |
Joint distribution plots of updraft envelope properties for (left) NASA IMPACTS Jan-Feb 2020 and Jan-Feb 2022 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
and (right) NSF PLOWS Nov 2009-Mar 2010. Since aircraft sampling by temperature varied between the two Envelope mean vertical velocity (ms™)
0.25D 0.5D 0.75D projects, values in bottom row of plots are normalized by number in each 5°C temperature bin. Probability density function of (top) updraft envelope length and
A relative to "real” updraft diameter (km) (bottom) envelope mean vertical velocity for IMPACTS and PLOWS.
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