The CARL project : a further step towards the determination of

microphysical cloud characterics from active remote sensing.
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To validate and to improve cloud parameterizations in general circulation models, a
detailed information about the cloud characteristics must be available on large scales. Crucial
cloud characteristics is the particle size distribution (liquid or ice), and crystal shape which
are known to have a strong influence on the radiative property of clouds. Remote sensing
measurements are potential candidates to this respect as proposed in the frame of the Earth
Radiation Mission by the European Space Agency. An important step towards remote
sensing of particle size distributions is proposed in the CARL project by the combination of
a cloud radar, backscattering lidars and radiometers on the ground and on an aircraft platform.
The main goals of CARL are low level warm clouds and high level cold clouds.

This "multi-wavelength” measurements in optically thick clouds, the "dual beam
technique” considered for the radar (successfully used in ASTRAIA, a dual beam airvorne
weather radar), aims going far beyond the description of cloud layering obtained from a single
beam radar, by measuring the radar reflectivity and the specific attenuation, from which it is
possible to derive the water content W and the equivalent radius r, of droplets.

Mapping W and r, within liquid water clouds suffices to fully characterize the radiative
property of the cloud. As shown from previous backscatter lidar measurements performed
during EUCREX, the extinction at cloud edge can be derived even in dense clouds. In warm
clouds both visible and infrared lidar measurements can be used to derive W and re as shown
from ground-based observations. Such informations can be used as an input to radar
inversion. For mixed phase clouds additional information is obtained from polarized lidar
signal. In the same spirit, in optically thin clouds will lead to informations about size
distributions and shape along vertical profile, helping to understand the cloud microphysics
and its link to larger-scale cloud properties (in particular with respect to radiative budget)
and tropospheric dynamics. It is proposed in the frame of CARL to test these methodologies
both from the ground and from an aircraft to allow cloud sampling on larger horizontal scales.
Also, using the Doppler capability of the radar, the dual beam technique will allow to better
describe the cloud dynamics by measuring two independent components of the air velocity.
Combined analysis of the data of all the instruments with respect to above mentioned
parameters will be conducted during CARL using a three-dimensional atmospheric model able
to represent cloud processes to quantify the impact of measurements on radiation budget.

During the workshop an introduction to CARL will be given. A particular focus will be
put on both stratocumulus cloud and thin cirrus cloud analysis by the authors contributing to
the CARL project.
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Lidars :

LEANDRE-1/ARAT
/Mystere 20

LEANDRE-2/ARAT

WIND/Falcon

Radars :
ELDORA/ASTRAIA

Airborne Active Remote Sensors

since PYREX, 1990 Backscatter/clouds/aerosols (0.53 pm /1.06 pm/A)
INDOEX, March 1999

ACE-2,1997 DIAL/Water vapor (0.73 pm)

MAP, Sept.-Nov. 1999 Doppler/wind (10.6 pm)

TOGA-COARE, FASTEX in 1996, MAP in 1999

RALI : Radar/Lidar onboard the ARAT

TRAC; 1998 + CLARE 94 GHz-radar of Wyoming Univ./LEANDRE-2
1999 94 GH-radar dual beam (CETP)[LEANDRE-2
2000-2001 94 GHz-radar (CETP)/ 0.53 ym and 10 ym lidar

THE RALI EXPERIMENT
(airborne RAdar and Lldar)

oo Instruments :

dual beam 95 GHz radar
backscattering lidar

Aircraft trajectory x
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Bowndary conditions

(attenuation negligible)

o Scientific goal :

Documentation of microphysical and

dynamical characteristics of non
precipitating clouds



STEREORADAR ALGORITHM
Kabéche and Testud, 1995
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Stereoradar equation :

Minimization of a functional &2 Z

dZ
2 estimates of K : Kle dz _ Coof anl dZ _dZ,,
2 dI’l dI‘l 2 dI‘2 dr2

Minimization of a functional &2 K

| NO HYPOTHESIS ON THE K-Z RELATIONSHIP
BOUNDARY CONDITIONS Z=Zaf or Z=Zan AT THE CLOUD EDGE

DUAL BEAM ALGORITHM
Testud and Oury, 1997
Assumption of a power low relationship: K=aZ-b

Za
(1-0.21n10.5Kdr)"”

Hitschfeld and Bordan solution (1954): Z =

2 measured apparent reflectivities <2 2 estimates of Z
&2 We impose Zf=Zn
&2 Determination of Z, K and a

HYPOTHESIS ON THE b COEFFICIENT OF THE K-Z RELATIONSHIP
CONSTRAINT PIAf-PIAR FOR THE STABILITY OF THE ALGORITHM
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Small Cumulus Microphysics Study

Florida, summer 1995

95 GHz cloud radar: airborne on the University of Wyoming King Air
side looking antenna

Selection of flight patterns providing at least two viewing angles of the same
cloud in order to apply our algorithms |

Two flights selected:

4 August 10 August



CNRS/ CNES

LEANDRE It

ARAT
‘Fokker27.-'IGN - CNES -, CNRS - Météo France

‘Fendtres de visée vers
‘10 haut et vers lo bas

Mesures radladtives vers le

haut et vers le bas .

_v«_wu:oawﬁu visibles ot IR "7
Photomatres UV

Perche instrumentée (5m)
Pressions statique et dilférentielle
Vitesse de lair u,v.w B
Accélérations x,y,z
Températures (haute et basse -
fréquence Intra-nuageuse) - Lo
Humidité (haute et basse fréquence,
eau liquide nuageuse)

Couronne de fixation mw
Prise d'air pour physicochimle
Humidité lempérature -~~~
Granulomatres optoélectronique:
précipitations et.aérosols (ASAS

’ Points de fixation sous chaque aite
Granulométres optoélectroniques pour
parlicules nuageuses et précipitantes
Granulométres optoélectroniques imageurs
pour particules de glace
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Flight of Oct. 5 1995
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LEANDRE 1 flight 13 09/06/92 leg DA 08:56 to 09:05
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ELAC flight 3 leg 2 13:44:00 November 15 1990
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