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A depolarization Lidar has been installed at the antarctic
French base of Dumont d'Urville (66° 40'S 140° 1'E).

Since January 8% routine cloud measurements are performed in
order to collect a set of statistical data.

Two ECLIPS campaigns have been carried out.

Continuous IR downward radiance measurements are performed
by a wide field of view standard radiometer, while a T.V. camera
and a time lapse video recorder are used in order to monitor
cloud cover and to estimate cloud veleocity vector.

wround level and radiosnndes data of mefeprological parnﬂﬂ‘
ters, AVHRR and TOVS satellites data are available.

visible optical properties of clouds have been obtained from
Lidar profiles.

Approximate values of cloud IR emissivity have been computed
using lidar, radiometric and radiosondes data.

INTRODUCTION

nThe Antarctic reqion has s high negative radiation budget and so
acts as one of the Earthts frefrigerators'. Any changes in the
budget will have glocbal conseguences on atmospheric and oceanic
circulation.” (from "The role of Antarctica in Global Change -
Seientific Priorities for the International Geosphere - Blosphere
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Program (IGFB)" - SCAR)

The studies of the effects of aerosols and clouds on radja-
tive budget and on climate are still an unsolved proklem.

Aercsol buildup and cloudiness changes, both in cover and in
microphysics structure, c¢an modify both the albedo and the infra-
red optical properties of the atmosphere, then their effects
should be considered as a global feedback mechanism. {1-10)

Cloud optical properties are function of several parameterc,
like:

- phase (ice/water)
- cloud water path
-~ drops size distribution

~ ¢loud height. Rﬁ_l9¥+VMJMH-PQJﬂxquYJZS
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The effects of the increase of "greenhouse" gases are well
known in climatic models, but those of aerosols and clouds are
still largely unknown:

Pollution can provide additional cloud condensation nuclei
(CCN} .

In remote regions the dominant socurce of CCN is the
dimethylsulphide released inte the atmosphere by marine
phytoplankton. Thus, due to increase of CO,, growth of plankton
population and subsequent increase of CCN can be expected [10].

Model calculations and satellite observations indicate that
low stratus clouds would be significantly changed by a possible
increase of the number of CCN [7]. Moreover increasing tempera-
ture, due to the major loading of COZ can induce modification in
the clouds phy51cal phase with an increase of the water phase
versus the ice phase. The precipitation rate of ice clouds is
about an order of magnitude greater than that of water clouds.
The final effect would be again an increase in cloud cover [5].

CCN buildup induce nucleation in more, but smaller, drops
for a given cloud water path. In this way the cloud optical depth
increases [8,9,10]. Thus modifications in both "solar" optical
properties and IR radiative characteristics may be expected, due
to changes in cloud microphysics; variations in precipitation
process and in their global distribution may be expected too,
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Aercsols effects on radiation budget must be considered for
the cloudfree parts of the atmosphere [6].

Little is known on the role of Ice Nuclei and on their
possible biologic origin [6].

Several parameter involved in these studies are only roughly
known, so at present only gualitative forecasts are possible.

Recently J.F.B. Mitchell et al. [5], studied cloud feedback
on greenhouse effect. Two different cloud medels are considered:
a first model based on relative humidity [11], a second one on
cloud water content. Starting from a doubled CO, atmospheric
content, but neglecting changes in amount of CCN, cloud feedback
effects were evaluated averaging over five years after reaching
equilibrium. The results show rather different quantitative
effectz for the two different models.

Improvement of Knowledge can be obtained only by systematic
experimental studies.

Satellite observation have given an important contribution

in this kxind of research, but still a lot of qguestions have no
answer.

ECLIPB
Under the auspices of the W.M.0. (World Meteorological
Organization) the Experimental Cloud LIDAR Pilot Study has been
promoted. [12)
The cbjectives of ECLIPS are:

~ To demonstrate the feasibility of obtaining a long term clima-
tology of cloud base height, and cloud optical properties, with
groundbased Lidar and to formulate a plan of measurement.

- To improve methods of retrieval of cloud data from satellites
by comparison of satellite and lidar data.

- To improve the prediction of the surface energy balance from
satellite data.

- To obtain a data set of clogd optical properties which would be
complementary to the ISCCP =~ data set

* (International Satellite Cloud Climatology Project)



and the requirements are the determination of:

- Cloud types and amount

- Cloud base height with an accuracy of at least # 50 m

- Cloud depth or "apparent" depth (for dense cloud in which there
ig not full lidar pepetration) .
Clowh extinction cDEfFJcIant-p0©F¢{;

= Depolarization ratio

~ Downward infrared longwave flux

- Downward shortwave flux

- Cloud emissivity

- Cloud velocity vector

~ Local meteorological measurements and radiosonde data are also
reguested

Since 1989 coordinated experimental campaigns have been
performed.

I.R.0.E. contribution to the BECLIPS program

1989 campaign descriptien

A depolarization Lidar {13)], operating at 532 nm, was
installed at the French base of Dumont d'Urville, as part of the
ECLIPS network of ground based station, and it is the only lidar

station inveolved in ECLIPS ¢perating in a pelar region.

Since January 8% routine Lidar measurements of tropospheric
clouds and IR radiometric measurements are carried out.

Downward radiance is continually measured by a standard
broadband (5-30um) wide field of view (170°) radiometer (EPPLEY ~
Mod. PIR)

TV images are acquired by a wide angle camera and a time
lapse video recorder.

Radiosounding are daily performed by the Meteorological
Service of the base, thus temperature, humidity, pressure and
wind profile are available, ground level meteorological parameter
are available tco.

For routine measurements a ten shots averaged profile is
acquired every ten minutes (laser repetition rate 1 shot/minute).

Two ECLIPS campaign were performed in 1989 from 1st to 30th
April, and from September 15th to October 3lst.
ECLIPS measurements were carried out starting one hour



before the overpass time of NOAA 10 or NOAA 11 satellites, twenty
minutes during the overpass and one hour after. During this time
a six shots averaged profile was acquired every minute. (Laser
repetition rate 1 shot/10 second). Overpasses were chosen for
low "gcan-angle"., Two sets of these measurements were daily
performed during 1989 ECLIPS campaigns.

Cloud parameter to be evaluated

Cloud geometric and visible parameters are computed from
lidar signatures. Directly from the lidar profiles one obtains
cloud base and for optically thin clouds, thickness and top.
Using either a Klett standard inversion method [14-17] or a step
by step numerical procedure , the optical depth, and the profiles
of both extinction and backscattering coefficients may be comput-
ed in the case of homogeneous clouds {assuming constant the
backscattering to extinction ratio) [18). For very dense clouds
only an apparent optical depth can be given, i.e. if there is
full lidar pulses extinction in the cloud, true cloud optical
depth may be evaluated to be larger than the maximum detectable
one.

perpenaicuiar pclarization couponents. THuS information abbut the
phase of cloud water may be obtained. Furthermore, depclarization
and backscattering measurements permit the evaluation of
sedimentation processes. From the apparent sedimentation rate a
estimation of ice particle size is possible [19]. We recall that
measurements are carried ocut on the vertical of a fixed point and
the observation in time of a layer at always lower altitude can
be interpreted as a sedimentation process. Alsoc transport effects
could in certain cases give rajise to the same results. If
sedimentation rate and ice particle sizes evaluated from such
terminal velocities are consistent we may reasonably be in the
presence of sedimentation process.

From TV images amount and type of clouds can be estimated.
Moreover, cloud velocity vector can be obtained using both lidar
and TV data: cloud height is computed from lidar profile, then
speed and direction are obtained correlating successive TV
images.

The cloud cover obtained by ground based vertically pointing
instrumentation may be compared with visible and IR AVHRR images;
it's evident that a ground based system is particularly sensitive
to cloud base structure, while satellite borne system tc cloud
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top. By means of inversion algorithms cloud top height and conse-
quently cloud velocity vector are computed. The presence of
subvisible clouds and aerosols might cause large errors in these
evaluations. When the lidar pulses penetrate through the clougd
it's possikle te validate both cloud top height and velocity
obtained by cloud tracking from satellite images.

Lidar measurements can provide infeormation in multi layer
cloud cover that cannot be discriminated from satellite data.

TOVS data, giving temperature and hunidity profile, may be
compared both with radiosondes data and with the vertical cloud
layers obtained by lidar profiles and with the cloud physica?
phase deduced by depclarization measurements.

New inversion procedures [20] will be tested in order to
evaluate if it's possible to obtain, from Lidar data, informatior
about size and distribution of either water drops or ice
crystals, at least in homogeneous clouds.

An approximate value of cloud emissivity is computed using
together Lidar, radiometer and radiosondes data.

Since next year improvements of our system will be done: a
gstandard Pyranometer (EPPLEY PSP) and a narrow band (8 - 14 pum}
narrow field of view ( 2° ) PRT=-5 radicmeter will be used. The
former for downward shortwave solar and sky radiance measurements
(since 1990), the latter in order to obtain more precise c¢loud
emissivity evaluation (since 1991).

Using together ground based measurements (Lidar, TV images,
Radiometer and Meteorological data), radiosoundes profiles and
satellite data a study of the local radiative budget and a char-
acterization of the radiative properties of tropospheric clouds
should be possible.

Theory

All aspect of the inversion of lidar data for the
calculation of geometric and visible optical parameter have been
explained at the 1st Workshop on the Antarctic Atmosphere [18}.
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technical of radiometric measurement (wide F.0.V. - broad band).



The radiometric data give the total value of downward radi-
ance including sky radiance and the part by ground radiance
reflected from clouds.

Lpor = 7 (Lg + Le) * Is (1)

where, L., Lg are respectively the cloud and sky radiances, 71 is
the atmospheric transmittance and L4 is given by

Lg=Lg 7 RIRr (2)

where L is the ground radiance Rpp the cloud IR reflectivity

Cloud emissivity is defined as:

€ = Lc/Lt (3)

where L¢ is the blackbody radiance for the cloud's temperature T
and L. as the cloud radiance. For a given wavelength, L is
given by the Plank law

L(>) = C'/[>=> exp (C"/XT) - 1] (4)
with C'= 3.74 10”16 w m? and c"= 1.44 1072 m ©K

Integrating Eq. 3 between > ; and > , one obtains the value
of blackbody radiance in the request spectral range. > , and >
are respectively the lower and upper limit of the radiomete%
bandwidth

!
Lg = L(X ) dx (5)

..|>\2

LOWTRAN 6 computer code, is used in order to compute both
theoretical downward sky radiance, and the 1 atmospheric trans-
mittance. Radiosondes data of temperature, pressure and humidity
are input data.

Considering the cloud as an isotropic source, and in the
case of homogeneous cover of whole sky, a theoretical value L, of
the total radiance for unit of solid angle is obtained fo? a
given ¢ . A cloud model may be considered and cloud IR

reflectivity may be evaluated using a Montecarlo method. In our



preliminary results the ground contribution was neglected.
The total downward radiance is obtained integrating the
theoretical value L, over the field of view of our radiometer:

*

L° = 2% [ Ly, sin & cos 6 d © (6)

J

varying the emissivity in our cloud model up to obtain an agree-
ment between L~ and Lggp (computed and measured values of total
downward radiance) a value € for the cloud emissivity is ob-
tained,

2 second approach, suggested by Platt [21], can be followed.
In the visible regicn the following eguation holds, relating the
backscattering coefficient f.(m,z) to the extinction coefficient

0c(2)
Bo{m,2z) = K o (2) (7)
and the optical thickness is defined as
2T
§o(h) = o (2) dz (8)
l 2o

where h = zp - 257 2, and zgq are respectively the cloud base and
top height.

The extinction coefficient in the visible region and the IR
extinction coefficient may be related

a= (og + op)yrs/(9s * OplIR (9)

and neglecting the scattering (og) and the absorption (o,) re-
spectively in the IR and visible regions one obtains

oc(z) = a op(2) (10)
2T Zr
§a(h)= op(2z) dz = a o-(z) dz (11)

J zo J 2o

o
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The emissivity ¢ can be also defined as

€ =1-exp [ = §p(R)] (12)

Calling |'(7) the integrated lidar backscattering we can write

ZT Z
Jrim) = Bo (m,z) exp [ -2| o5 (2') d2'] dz (13)
J zo ' J ZO

Using together the eqguations 7, 8, 10 and 11 Eqg.13
becomes:

J'(r) = K/2 [ 1L -exp ( -2a 1ln 1/1-€}) (14)

J'(x) may be obtained integrating the lidar data; for a first
step ¢ was assumed to be equal the computed value €7, while the K
constant may be computed by inverting lidar signatures [18].

Thus in the case of a fairly homogeneous cloud cover a reasonable
value of the constant a may be obtained from Eq. 14, solved for
a, using a set of lidar data.

The 2z,, 2Zp, and the visible optical depth é.(h) are
computed from ligar data, then 6p(h) may be obtained by Eg. 1l1.
Then a more precise value of ¢ 1s obtained by the eguation 12
[21].

Bxperimental Results

The lidar data of the 1987-88 antarctic campaign at Terra
Nova Bay have been processed in order to obtain a statistical
data set. The time series of this first campaign was limited, so
this statistic is not significant, but permits to test both the
measurement method and the inversion procedure

Fig. 1 and Fig. 2 show the temporal evolution respectively
of February 2nd and February 3th 1988 at Terra Nova Bay. In the
case of Fig. 1 a phenomenon of sedimentation is evident.

Fig. 3 shows a one hour temporal evolution of both
backscattering (Fig. 4a) and depolarization (Fig. 4b) ratios.
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At present only a few lidar data of the 1985 campaign are
available, while AVHRR and TOVS satellite data are no yet avail-
able.

Lidar and radiometric data of January and February 89 have
been used to test the above method for the evaluation of cloud
emissivity

Fig. 5 shows an example of these results for measurements
performed on February 8th 1989. buring the measurements time
interval the cloud cover was fairly homogeneous, but same
snowstorm occurred. )'(m) is plotted as a function of €
(continucus line), for the computed value of a, experimental data
are plotted too. In order to understand their quiet large
dispersion is useful to look also at the depolarization ratio of
each profile.

Fig. 6 shows the temporal evolution of the depolarization
ratio; its strong variability should indicate a phase change in
the clouds, occurring during the warmest hours of the day.

The data indicated in Fig. 5 with a dot are referred to a
snowfall phenomena that took place during these measurements,
Moreover, due probable to "anomalous" backscattering, unusual
values of K were found for the two higher data.

Fig.7 shows an other example of comparison between theoreti-
cal and measured cloud emissivity. These measurements have been
performed on February 2nd 89. In this case, due to a more quite
wgather, a good agreement was found between the two emissivitieg
¢ and €. Only tLwo experimental data are significantly lower
than the ones of ¢ .

For the first low value of € (at about 3 pm), for which a
normal vajue of K was found. This might be due to a short time,
but strong, variation in the cloud optical depth above the
measurement point; such an event influences lidar measurements
but not radiometric data, because of the wide field of view. The
value of §. changes from .35 (right before and after this
measurement; to .13 for this lidar signature. The second low
experimental value (at about 5 pm) might be explained again by
manomalous" backscattering phenomenon, in fact for this lidar
profile the value of K increases quickly from about .1 to .3 then
decrease again.

At present, due to the wide field of view of the radiometer,
this method can be only used for homogeneous cloud cover and
gives only indicative results.

When a narrow band - narrow field of view radiometer (PRT-5)
will be available (1991) lidar and radiometric measurements will
be referred to the same cloud volune, this way more accurate
emissivity measurements will be possible [21,22].
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