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Part 1V, Microphysics of desp convective clouds.
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IV. NICROPNYSICS OF DEEP CONVECTIVE CLOUDS

a. FLORIDA ‘
Masoacals convergence over the peninsula - convergence lines
DaAC coasts Iv/1-3
Desp convection and heavy precipitation associated with
corvergencs
Repested panetrations betwsen -5 and =9°C levels V/4-5
1. Mev tovers have no ice (<0.1/1it)
2. Vithin 5 minuces >10/1it graupsl
present; not corrslated with
[y C-bh, updraft or with LiC
3. Cloud droplets >25 um dia presant
Rain drops >0.5 mm present
+35°C Lo, &. Vapor-grown crystals obssrvad at
e Lo e o tines
Exscess; Iv/6-8

Prato-ice rimes with cloud droplets -> splinters (H-M)
produced -> splinters collscted by supsrcooled raindrops; fresze ->
graupsl grows by further riming -> mare splinters produced, providing

poaitive feadback
Graupel falls out and melts at lower levals
Origin of proto-ice unknown

Multiplication by 100 possibla in 5 sioutes

Radar acho gtudies: v/8

Individual cells tracked by objective routine
Corvelations bstween echo haight and other parametars



Mumaricsl models:

3D model with paramsterized aicrophysics

Ssading sxperiments

Florida Area Cumulug Experiment (FACK) I and II
Hypothesis - dynamic seeding effect

Physical svidancs - srowth observed, modeled
- more ice obssrved
* propagation of sffsct from bouyancy
aloft to increased wmolsture flux
at base not sxplained

Iv/10

v/11

/2

~ secondary ice production competss with

sesding

Statistical evidence - positive, but not statistically
significant

4

b, HIGH PLAINS

Horth-central U.8.; Zast of Rocky Mountains

Susnertise rainfall ig low, from convective clouds; hailatorms frequent

Cocl dry air at surface - high cloud bases, +5 to 0°C
Continental airmssses - narrov cloud droplet spectra

Evidence for precipition development via graupsl growth:

* First echoes at ~ -12°C
* No Supsrcoolad drops >100 4m cbserved

* Precipitqation-aized (>500 pm} particlas are rimed crystals

* Nonfrind cryatals form at T < -15°C i concentratfons
of > per liter, often Teaching >100 per liter

* Time of echo formation coincidas with in-sticu observation of

small graupel

dnflov and updraft structury

High Ol air from near surface (usually SE)

/13

W/

Updrafta of moderats magnitude, negative bouyancy at
cloud base and slightly above 1
Not much increass with altidude; values to 20 m &

Hicrophysics

Liquid water contents ususlly less than 1 T Y
Much balow sdisbatic values

3

Droplst concentrations 600-1000 c-',

Ice particle concentrations
Example of graupel developuent

HIPLEX seeding sxperimsng

Small Cu con (tops -12 to =13°C) seeded at ~ -10°C IV/2}
8seding effect cbssrved, as hypothesized until ~ 8 win,

Decay of liquid water eontent is faster than needed for
graupel growth and precipitation davelopmant

/14
/15

1v/16
Iv/17-19

/20

/21
1v/22

Iv/24-25

IV/26
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that for removal of the splinters by supercooled drops.

graupel is thus seen to approach a constant value in each case, depending upon the

spective time constants. Particularly noteworthy is that multiplication factors of (10
isc in times Jess than five minutes in case 1, the case with the higher splinter production
te. Although the basic trends shown in Fig. 7 are intuitively reasonable, it is well
cognized that the assumptions, primarily of constant 5, and S, impose limitations
tich prohibit direct application of this simple conceptual model to the real atmosphere,
tvertheless, the concept of ‘in situ’ multiplication based on the scavenging of secondary
linters by large supercooled drops is seen to be potentially powerful and could well be
¢ basis for the actual multiplication of graupel in Florida cumuli. This further implies
3L the evolution of the ice phase in such clouds jn general depends intimately upon the

ior and independent evolution of the liquid phase,
It should be noted that weak to moderate updraught speeds (up to several metres
¢ rarnnd) are faunurnd for the ontimum conversion of liquid water drops to pew graupe]
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Faore 709 As in Fyg. 722, for dommdvafl regions.
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Ngwre 9, -0 isuges repressntarive of the

The later stages of the same storm discussed
1 suction 3 previde ahother exaspie of a seavers
Storm. By this time, Kall wes prusent in the
Storm and wes falling from the bass. Uy did
0t panstrate the region of high reflectivity,
which resched 50 dliz ot this tles, but rather
skirted the side of this rogion. Tha radar

LY
- e —

CONCENTRATION {cedurii')
e

11. 8D lmsges from the faflpu region
+he atowm of » July Lerr. U
Structure of the storm st this time, which was
about 30 win after the firse ocho, Is shown In
Flg. 12. The stromgest Jnflow to the storm wes
on the south side, and mew turret dovelopmant
was of the southwest corner of the storm. Fig.
12 shoars two alrcraft Passes through this stors,
and Flg. 13 shois some axamples of the 2-0 Imeges
from tha edges of the pracipltation core. One
of these lmages is & 7 wn hailstons, sad severst
othars are In sxcess of & sm dipmatar, Again,
#o imsgas conslstent with rala Insges ware found,
and the shaps of the clowd droplet spectrum re~
Selnad slallar to that showm in Fig. &,

Al the observed preclpitation In all
of thess studles, wat graupel, the pracipitation
fachanisn cannol be inferred with as much con=
fldence In these severs storm. A large portien
of the stores sxtended to eltitudes wall above
the flight leval, snd much of the pracipitstion
formed st thase high levals. Furtharmore, It
was cosmon to flnd the strongest Inflow reglons
devald of any pracipitstion embryos, selthar Ice
or water. If a coalescence process oparates I
these storms, the rain must be soon converted
to greupel becswse no rain drops ware observed.
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Fig. 4.15; Cuulative distributions for the HIPLEX-]1 response
T =1  variahle
o . telpnmtl.rq the aircratt-estimated rainfall from eacl of the
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Fig. 4.16: The maximm l-ia average liquid water content encountered on
each pass through HIPLEX-1 clouds, as a function of time after
treataent. Points from the same cloud are connected, by solid lines for
unesaded clouds,
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Fig. 3.171  Graupel particle diameter as a function of time for the
various indicated temperatures. All calcinatim were for a pressute of
sgomnb. & liquid water content of 1 g/w°, and a cloud droplet diameter
[~) e !



