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TOPICS IN CLOUD PHYSICS
RELEVANT TO RADAR METEOROLOGY

F, Prodi
FISBAT, Notional Research Council - Bologna

Introduction

The rador has been used in meteorology when cloud physics wos still in its
infoncy ond its moin ochievemants were still to coma; &0 it is hord to establish
which one of the two research fields, clovd physics ond rodor meteorology, took
more benefit from the other. All along the last 30 yeors it is quite easy to find
exomples of beneficial intercctions, Cloud physics wos helping rador meteorology
enlightning the properties and behaviour of cloud porticle populations, the
processes, ond time sequence, of precipitation formation, the hydrodynamic
behaviour of hydrometeors, heving in turn from the radar, to mention o remarkoble
exomple, the observotion of the bright band in stratiform clouds, which not only
confirmed the Bergeron-findeisen process but indicated feotures of cggregation
ond melting of snowflakes. Rador meteorology could olso gein unexpected insights
into such an arcane topic as storm dynomic showing new rodar features as the echo
free vault, the woll and so on which stimuloted new ideas in storm dynamics.

Now more than ever, though the cosmunitios of cloud physicists ond rader
neteorologists opercie olmost completely (ond 1 would say, unfortunately) seporcted,
oreas of positive interoction ore expanding. The development of new concepts in
rodars (multiple wavelengths, Deppler, polorization diversity) or the new wovelengths
explored (notobly by the millimetric rodors) ere posing mony interesting questions,
os well os stimulus, to the cloud physics community. The evolution of cloud physics
itself from microphysics oriented to dynomic or mesoscole oriented hos certainly
to do with the stimuli impressed by radar meteorology.

The purpose of this lecture is to survey the oreos of imteroction betwaen the
two fields, mostly in the direction cloud physics (c.p.) to rodar meteorology (r.m.).
From whot we hove mentioned before the reverse title (topice in r,m. relevant to
cloud physics) would hava been equolly possible, but {t is obvious that we must
circumscribe our subject, We must foretell also that for the different topics, we
will not investigote the full opplicability in radar meteorology, but we will simply
indicote which bronch of it is likely to be more cffected. Moreover, and quite
obviously, this survey does not pretend to be oxhoustive or even to touch the most
importont topics.
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The generol problem in rodor meteorclogy is to have the bockscottered signal
produce the lorgest informotion on the properties of the torget (mostly ygro—
meteors) in tha bockscottering volume. Since this is of the order of 1¢7m,
even ot the short ranges, a great voriety of situations {in terms of type of
hydrometeors, their concentration and size distributions, surface charocteristics,
etc.) is possible in it, producing o given signol, Any knowledge we can obtain,
feom the intrinsic development of cloud physics, on the bohavieur of the hydro-
meteor populutions representing the (fluctusting) radar target is vseful for the
interpretotion of the bockscattered signel.

We will investigote some of the mechonisms of hydrometeor growth uad inter
action relevent to this interpretotion, They con be clossified eccording to the
main processes involved into:

- worm rain mechanisms: collisien, coclescence and breck-up

- cold roin mechanisms: droplet cccretion on ice crystols, growth, melting ond
shedding of groupels ond heilstones, hellstone charocteristics.

The affects of electric fields in modifying drop shopew will glso be investigated.

Finolly, © remorkeble ond recent example of baneficiol interaction between
cloud physics ond rodor metesrology will be shown,

The importance of the mentioned mechanisms is different depsnding on dealing
with radar signals neor to the ground or eloft. Rador reflectivity near the ground
has beer related to precipitotion intensity in innumerable studiea, ond is the
subject of most lectures in this seminor. A number of relotions betwsen the
roinfoll rate R at the ground and rador reflectivity foctor 7 hove been derived,
using either meosurements of rainfoll with rainguages ond observed volues of 7, or
mecsurements of tho size distributions of the drops ond computed voluss of Z.

Instecd, roder reflectivity oloft is much more difficult to interprete due to
the complex pheivienslegy. Pracipitotion porticles in strong updrafts ore lifted
high into the rone of supercooling during the eorly stages of thel: yaouth, and
becoms ot least portiolly frozer or develop into hoil. A considerable fraction
of the clovd weter occreted by small hoilstones is likely to remain unfrozen in
wet or spongy heilstone {obrics, or ore shed as drops of liguid woter in the wake.
Moreover, hoilstone surfoces are expected to hove dry surfaces only obove the top
of the zone of supercooling ond to be wet elsewhere, In addition, though locally
the precipitation particles con be uniform in size, they ore genaxolly present
in wide ronges of sizes, have generclly aspherical shopes and during fall have a
variety of orientotions. Ice crystols in turn con capture supercooled droplets
or aggregots to form snowflokes,

The scottering of centimetric wovelength rodiation by the hydrometeors cloft
is strongly dependent upon their size, shape, orisntation ond composition, and
quite often only genaral interferences about the identity and concentrotion of
procipitation con be mode from mecsurements of vador reflectivity by conventional

rodars.
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1. WARM RAIN

Collision-conlescence

We look ot the collission-coalescence process which is still unknown, except
for:

o - the collision efficiency is not 1;
b - calescence moy result from one out of 4-8 even 10 collisions.

Insteod, cloud models in general ossume that droplets in ihe wwept ovt volume of @
lorger one will collide and consoquently coolesce.

fn o recent paper (Low ond List, 1982) an attempt is mode to fit the experi-
mental doto on coolescence. When conlescence GECUTS thers i3 0 net loss of
surface orea, becovse the newly-formed drop has a smaller surfoce in the sphericel
approximation, thon the total surfoce ared of the originel colliding drops. This
decrease can be exprassed os:

DSy = S5 - 5S¢
where the total surfoce energy of the incident drops is:
5+« wo [ BLe03)
is the surface tension of water (7.28 10'2 N m" at 20°C) and:
S - we (D2-0l)7s
5c iz the surfoce snergy of the sphericel eguivalent of the united drop mass.
A 54 bocomes increasingly important as the colliding drops becoms smaller.

For coolescence to occur, both collision kinetic energy (CKE) and &S, must bo

odequately dissipoted by the coalesced drop, This is occomplished by the oscillo-
tions and deformations of the liquid drop. The deformed drop posses the energy off
to the oir by way of drag and dissipotes it internally through the viscous action
of the water itself. However, ony model of the collision process bosed on the
oscillation of the spheroidal drop would be quite complex, os the fundemental modes
of oscillation prove {nodequate and higher order oscillations must be ineluded.

In Fig. } (Low ond List 1982) the valves of the coolescence sfficiency are
given, calculated for roindrop poirs with diometexs D ond D‘; ne coclescencs occurs
in tha hotched arec.

As Tur tho brenk-up, sxperimentally meosured spectra are oveilable. Fig. 2
gives frogment distributions for 4 mm diometer drops wolliding with 0.5 mm to
3,5 mm small drops. The curves os the sizes of the small droplets chonge, represent
a 30 syurfoce.

The results were used by Gillespie and List (1979) in modelling o steody stote
infinitely wide rainshaft where the raindrop source at the 2 km level produced
particles with @ Marshell palmer distribution. ,
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Air is a third body in the collision breck-up ond has an nﬁfact-on the
{ragment distributien.

The story of collision is further complicoted by olectrical effects. Since
collision coolascence Is porticulorly slow, in o cloud where only small droplets
ore found with respective collision efficlency much smaller thon 1, electricel
effects enhance greatly collision probability ond the cloud avolution is cccelerated.
Freire and List (1979) carried ovt collision efficiencies colculations for
specific configureotions, with collision efficlencies orders of mognitude larger
than the pure viscous flow ones (Fig. 3),

2. COLD RAIN

The roin in middle latitudes originotes in cloud regions with temperatures
belew froezing from ice particles which freeze at the expense of the surrounding
supexcooled droplets. Ice crystals grow from nuclei first by woter vopour
diffusion, then by occretion of cloevd droplet ond by aggregation of other ice
crystols, The crystols accreting droplets or o large frozen drepleat con become on
enbryo of groupsl, smell heil ond hoilstencs, The procecs of melting of these
hydrometeors ond shedding or melting of hoilstones themselves lead to the production
of large droplets, Practicolly oll these processss have relevance to radar
meteorology,

We will consider in some deteil the growth of crystals by inertio capture of
droplets, the melting of hailstones ond groupels, and the deformation of the drop
shape of increasing size and due to externol electric flelds.

Towrliv gapture of droplets by iece erystels

The quantitctive treatment of the stage of growth of ice crystols is limited
by the incomplets knowledge of the collection efficiencies of the different
erystal shapas for the various sizes of water droplets,

The cut-off diemeter of droplets occreted on reol columnor and dendritic
crystals (ONO, 1969) end plate-like and dendritic (Herimaye, 1975) hove been
observed to be between 10 and 20 um. For porticles of this size the only
important capture process is the inertiocl or oerodynamic copture, as phoretic
forces ore not effective ond electrostatic effects are considered to be negligible.
In the conditions in which the cerodynamic copture is effectiva the chorccteristics
of the fluid motion have o wide ronge of variability due to the different flow
velocities (in this cose the terminal velocities of droplets and crystals), The
flow characteristics ore determined by o set of numbers which indicate the zelotive
importonce of the acting forces: the Reynolds number, the Stokes number, and the
Froude number. The Reynolds number describes the balonce between inertiol and
viscous forces of the flujd near the obstocle, At low NRo the viscous effect is

dominont and the flow is described by the Navier Stokes equotion in which the
viscous dissipation terms ore mointained. In the ronge 100-3000 the fluid motion
is still lominar but the viscous terms con be neglected, ond the fluid is well
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described by the Euler equation: as the velocity field is expressed in tesms of o
gradient of ¢ scelor funcijon the corresponding flow regime is named potentiol flow,
The range 1 £ NRe ¢ 100 defines o region of transition from the viscous flow to

potential flow and is typically the ronge of the inerticl copture of droplets by ice
crystols in clouds. In this trensition region the solutions for viscous flow or
potantiol flow are derived as approximotion of the gctval flow, The main problem in
this region is to determine the fluid-obstocle interaction, through the drog
coefficient C, which is not given by the theory. Similarity experiments allow the
drog coefficent to be determined os o function NRe' However in complex systems such

os the porticle-obstocle interaction, similarity conditions cennot be sotisfied
simultaneously for oll the numbers charocterizing the fluid motion ond the
porticle-obstocle intercction. This is the reason for simulotion experiments to
be performed, in which the copture process is reproduced in the laborotory for
porticles ond obstocles of vorious shapes to derive experimentol collection
efficisncies, to be compared with the values given by potential or viscovs flow
theories,

We hove performed such experiments (Prodi et ol,, 1981) in « wide range of
Stokes numbers with plonar ond stellor models os obstacles in the intermedicte
ronge of flow, taking odvantage clso of the recent improvements in the generation
of monodisperse spherical particles.,

The experiments hove been performed in @ downward continuous verticel flow
with the obstocle fixed in the rear, on the tip of @ long vertical needle along
the oxis of the cylindrical pipe. In Fig. # the plonar shopas tented in the
experiments are shown ond detoils with the coptured particles, The charocteristics
of the particles vsed in the test oxe given in the toble, The results of the
collection efficiency of disks versus Stokes numbers are given in the Fig. 5,
Other experimental results ond theoreticol curves from potenticl ond viscous flow
ore olso drawn for comparison. The rosults show that the dota are much better
fitted, in the 0.7 to 4 NSt numbers by the viacous flow curves ond support the

volidity of the approach used in the Pitter ond Pruppocher model.

At NSt ¢ 0,7 the theereticol curves show a cutoff, while our experimental
results present low non cwso collision afficiancian down to NSL‘uround 0,2, 1In
the runge NSt » 4 our experimental conditions depurt from those described by the

theoreticol curves of Pitter ond Pruppocher model, which refer to velocities of
droplets relative to the falling oblate spheroid. While the Stokes number
occounts for the relative velocity the Reynolds number is bosed on the fall.
velocity of the ebstacle, So curves for different Reynolds numbers deport, when
drown os o function of the Stokes number ond the comparison of our experimentol
data with the theoreticol curves is no longsr possible.
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INERTIAL CAPTURE OF CLOUD PARTICLES

1

F|gurq4 () Differern planar shapes teyted in the experitments. From tight to Jefu: disk, steitar, ordmnary
dendritic and stetlar with plates af ends.
{b) Detail of the disk shaped obstacle (1200 um size] with caplured Lycopodium spores.
tc) Detail of o tip of the steltar shaped obstacle witn capiured cif droplels.
(6} Detnit of the ordinary dendritic shaped obsiacle, with captured Lycopadium tpares.
tc} Detail of the planar shuped obstacle with nexagons o1 ends with captured Hicery Pecan
polwns.
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3,  GROWTH AND MELTING OF GROUPELS AND HAILSTONES

{a) Growth of hoilstones ond hoilstone characterisiics

Woter molecules dipoles con be linod up by oloctric fields, leading to ¢
polerizetion of the drop or of the liquid loyer os o whole., Instecd woter
molecules in the crystol lattice occupy almost fixed positions in ¢ way to
induce © lower refroctive index with respect to woter, So, as it is well known,
the rodar bockscettering cross section is different in the two coses,

The treatment of rador bockscotter by spherical ond non spherlcol hallstones,
dry or covered by o liquid loyer, oll solid or grown spongy, s ¢ classicel topic
in rodor meteorology ond con be found in textbooks os the Botton book, besides
being the subject of ¢ specific seminor in this school. Summorizing the results,
the rodor reflectivity factor Ze associoted with solid sphericol hoilstones in o

moss concantration of 1 g.m—a depends upon thelr size ond the rodor wavelength in
the monner shown in Flg. 6, Theoraticol calculations indicote thot if the spharas
hove @ sufficiently thick outer coat of liquid, they cen behove os liquid spheres
of the same size and con be soid to be eloctromogneticelly wet with reder

reflectivity foctors also shown in the figure., The thickness of the coust during

melting of an ice sphere is of the order of 10'2cm, and the effect of o film of
such thickness on the backscattering cross section of o hallstone depends broedly
on its size ond the wavelength,

Also, the presence of internol liquid, ocquired during growth in the wet
regime, may substontially affect the beckscotter from hollstones; such effects
have been investigated in the loborotory. It was found that the rodur cross section
was olmost unaffected by the composition of o core of diometer up to holf the totol
diometer {and contoining onle cne-eighth of the totol mass). Since the sequance
of the layers 1s likely not affecting the backscottering cross section, the vaolue
of the spongyness rotic {liquid woter to totol mass rotion) appeors to be the most
important property of the hailstone,

Therefore, to determine by hoilstone analysis, the hallstone conditions during
growth in the cloud (at the moment of rador observation) is of great importance
also for interpreting the backscaottered signel,

This knowledge §in interpretuotion of the interncl feotures of hoilstones is
ropidly prograssing (olso through o series of investigotions in our laborotory,
Levi ond Prodi, 1978, Prodi ond Levi, 1980) in o woy thot the growth conditions
oloft con be assessed for eoch loyer with on error of less than 39%C for the oir
ond deposit temperctures (Fig., 7).

We do not enter deeply now into this interesting field of hollstonas
interpretotion which alse promises to be of help to radar metecrologists, but
rother we focus on new results obtaoined by Prof. Pruppacher and hils co=workers on
the observotion of the process of melting of ice hydrometeors, mostly grovpels.
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(v) Melting of groupels ond smull hoj]

A recent study (R05musseh, Levizzoni and Pruppacher, 1982) hos shown the
modes of o lorge ice sphere simuloting the melting modes of notural hailstones,
Wind tunnel oxporiments have shown that the melting process devalops through the
same steps, in the different experiments, from the initiel to the final situation,
A sphere 20 mm in dicmeter hos been Initially token, suspendsd in the oirflow by o
threod. When it staris melting, ¢ lorus of liguid water forms ot the equator of
the ice porticle end smoll woter droplets are continvously ahed, As the melting
pProgragsses the torug incredses and shodding becomes intermittent (Fig, 8), This
Process contlnues ynijl the meliwater forma o siable (hugu) reindrop shope around
the ice core: €1 this stage {ihe diemeter of the ice core is between 5 and 9 am and
no shedding occurs, When tho diometer is batwean 1 ond 5 mny the system is something
similer te a reindrop on a conjeol core,

An aven more interesting result, frem the tunnel oxperiments, ie that the ice
coze is remarkebly eccentrie with respect 1o the wxternal melt sphere. As shown
in fig, 9 for an jce sphere ot the last stoge of melting (diometer of ebout 5 mp
to a few hyndreg microns) the jce core is very close to the top of the water drop,
und Lhix Pokilion |y muionluined ypgjl Lhe mel Ling 1w vunpleled, This feotuie [y
expected to have contaquences on ths radgr backgcattared signal for the recsons
we heve mentioned before,

The melting process wu hove descr{bed tokos g defined period of time to be
comploted bacouse of the finite rate of heot tronsfer 4o the melting ice tory,
for the computation it iy congiderad o sphericol jce perticle of Telotively large
redivs g, folling ot temmingl velocity in eir of constent humidity ond constans
temperature Te > To = 273,15¢C, Since Te > To the ice particle melts ond, cesuming

@ spherical Symmetry, ot the time ¢ is svrrounded by o uniform water layer of
thickness (a-r), whers r - r(t); neglecting the shedding of woter droplats and the
evdporetion, which meons g = tonst, ond aesuming g steody state, the rote of
release of lotent heot of melting must be belenced by the rote of heot trongfer
through the woter loyer, so thot equation may be written:

AT L, r :__: L LndE K, LtTu-FE(t)J

ice density (e-2)
melting latent heot

thermay conductivaity of water

temperature at the surfece of the liquid layar
temperature at the icewater interface

radivs of woter

radive of jce

where: ¢
Lm

«!p.f];-lgﬂ

n

Integroting we con colculate the melting time  ¢m

&
. _L.":..f;_] o),

o o 'TG "Ti(!)
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SCHEMATIC OF MELTING MODES
OF A LARGE ICE SPHERE
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For steady stote ths rate of heqt transfer through the water layer is bulanced by
the rate of heot dissipation by forced convection and svaporation ot the surfoce
of the ice porticle. So To(r) is derived by .
L7 K u b \‘,‘1‘;_.5’.(!;] - - - ? —
o = - 4T G [ To-Tacey] Py - dmal, Ov(fo- £..) £
where Ko is the thermo) conductivity of eir, fh ond fv ore ventilation coefficients
for the thermal ond diffusional terms respectively,

As shown in Fig. 8 and 7, espacially at the flngl stoges of melting, convection
is present ingide the water loyer oround the melting ice. When the diameter is
below 5 mm the velocity of the fluid is very high ond this clearly offects the
melting behaviour of the iee porticles. This kind of fast motion moy olse affect
the bockscattered signal; it seems that this effect has not been considersd yet,

In summory, o better knowledge of the process of malting is needed in order to
correctly interprete the roder return, '

4,  SHAPES OF UNCHARGED RAINDROPS IN EXTERNAL ELECTRIC FIELD

The shape of cloud particles appecrs to be an important parameter, os non-
sphesicity induces asymmetries in the bockscottered radlation fleld, This offcot
- enables vs to discriminate between hail and rain, to determine reindrop size
distributions and reinfell rates from rodor observations. An experimentol study
of the deformotions of the unchorged raindrops in on external slectric field hos
been corried out recently using a cloud tunnel (Pruppacher et ol,, 1981) and the
results appeor of great intarest. To simulote tha situation of o verticol electric
field, the droplets are freely suspended {n-the wind tunnel betwoon the two plotes
of o condenser. The condenser wos formed by two net scieens ond thelr distonce
was varjoblo @s their potential, In this woy a vaoriety of different coges wasg
examined, varying the eloctric field cnd -ths drop aize.

The results show that while the hydrodynamic forces tend to deform the drops
into an oblate spheroid, slectrical forces tend to impose o mors spherical shaps,
The effects of the electric forces incredse with increasing drop size so that the
hydrodynomically caused deformation is counterocted with increasing efficiency,
Therefore, for lorge drops the shapes con becows sphoricol or even prolate
sphercidal from the oblate spheroidel of on external field,

The break up behaviour con also be affected by the presencs of aon externol
electric field, 1In foct the breok up of a large drop in the absence of an slectric
field is coused by the hydrodynamic forces acting on the lower gide of the drop,
1.e. upstream. Drop break up in the presence of on electric field proceads vig
instobilities on the upper side, i,e. downstream, The outhors suggest thot for
low axtsrnal fields the hydrodynemic forces domincte and the electric forces hove
a smoll effect downstreom on the drops where the flowfield ls weak, At increasing
electric fields the drop deforms ropidly; aventually, neor the breckdown valuss
the hydrodynamic forces lose their effect, in the diop's downstream side,
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The steody stote assumption hos beon made through this werk; in rwolity, the
drops strongly oscillate due to turbulence and other effects. Therefore, the some
authors ore performing measurements of oscillotion frequenciss end amplitudes,

o
v

5, EFFECTS OF HYDROMETEOR SHAPES ON' POLARIZATION DIVERSITY RADARS

The effects of such a phenomenology urQ guite evidﬁﬁt in polorizetion
diversity rodors, which are able to detwct non spharicaol particles.

Thi”depolari:ntlbn rutio‘monsuted is the rotio-of the power in the cross
polorized plane P lu that in the porollcl polarized plans Pp' which is expressed

in decibels as ' follows: P
Dp(ds) = aolog =<
2r

Woter droplets with oxisl rotiocs close to 0.1 leod to depolarizotion ratios of
10 teo 308 for oblate ond prolote spheroids rospectively. For ice particles the
volve 1s obout 3% ot axis rotio 0,1 due to the iow dislectric constent of ice,
With randomly oriented spheroids the depolarizotion is less than 1 ond D_ i
negative, ronging from about =10 to =25 dB, P

A different method of studying the shcpe of precipitation particles is that
vsing circular polerization. When cirevlarly polarized waves are scattered by
spherical particles the backsgattered signel is also circularly polarized, but
at an opposite direction of rototion with respect to the incident signal, Howevsr,
on ontennc tronsmitting circulorly polarized waves with one direction of rototion
only accepts waves with the some direction of rotution. Therefors, a circulorly
polarized rador beom would not detect o shower of perfectly spherical particles,

A wystem moking vse of circularly polorized waves for the study of porticla shopes
uses & single antenna which alternctely radiates plans polarized waves ond cireuler-
ly polarized woves. The rotio of backscottered powers P, /P tane 3% the concel=
lotion ratio and can bs expressed in decibels o8 - . eirc plone

/P

- )

cancellotion (db) = 10 log P,

plone
for randomly oriented scotterers the cancellation ratio is less thon unity and
depolarixotion is 3 db greater than the cancellation. '

Finelly, the CDR radars or Circulor Depolorization rodars tronwmit leftuhonded
circular polorized radiction (LHC) and recelive both right-honded (RHC7, referred to
as the moin channel, ond left-honded, the cross channel. These radars can produce
perticle vertical motion, CDR and the height ond ospect of CDR, (Kropfli et ol.,
Posqualucel eta.).
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CDR is defined oa:

: CDR - 10 log PL/PR .

PL‘= puwes socelved in the'lﬁft hand chnanal:
. / .

- Pp = power received in the right hand channel

- - If the scatterers ore perfect spheres the "dapolorizotion® is theoretically .zero
‘and no power is recelved. - o . - - S ,

Results by Pasqualucci etc. indicate that in mature and precipitotion clouds
the power received in the,“cross polarized” or left haond channel is-10 to 20 dB -
below the received powar in the moin chonnel, i.e. «20 & COR £ <10. Increasing

.. CDR for o given particle refractive index is assocloted with increasing particle

deformity.

We look now ot typical results obtuined by Kropfil et al. With o series of
high elevation scans through o moderate squall line they obtained profiles of
verticol motion of the particlss ond COR, Changes in COR and the aspect

_dependency of CDR appeared to -be asyocicted with changes Ln the position in the

fall speed diogrom, confirming thot CDR i{s responding to changes in particle type,
and that perhups Lhe combinetion of fall speed and CDR dote ¢on provide more
information about particle type than either can seporetely. .

A more complex onolysis of CDR dota has heen suggested by Moninger ot ol,, 1982,
during CCOPE observations using the scattering matrix. In Fig, 10 cross -

. correlation dote for v .lightly precipitating strotiform cloud is given, Four
. regions are evidenced: sub-cloud, bright bend, mid-cloud ond cloud. top. There is

evidence of oriented Rayleigh scatterers in the sub-cloud ond mid-cloud reglons,
In the bright baond ond cloud to regions oriented non=Royleigh scatterers
dominate the phose of the returned signal., This evidence of orientotion in the
bright bond wos a surprise, becouss the low values of ¢ hod suggested thot
tumbling genercted by melting could domincte the return signol, However, 1f we
remind ourselves of the work of Rosmussen et al, presented in this lecturs showing
that melting is stabilizing the hydrometeor, the orientetion in the bright bond
can be reosonobly explained,

This lost example we have shown is @ remorkable and very rncent one of
positive interaction between cloud physics ond rador meteorology. -CDR radar has
shown capabilitioc in distinguishing large, nonespherical, non-Rayleigh
scatterers, ond small Royleigh scatterers, be they of woter or ice, but more
loboratory or theoreticol cloud physits investigations ore sssential in fully
exploiting the microphysical informotion provided by the COR rodarx.
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F;gure 10 - Mognitude (o) and phase (b) of the cross correlotion
betwean main and cross polarization chonnels for
15 June 1981, 1331: 04-1332:35 LT. - .
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