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Abstract. At CNR-IMAA, an aerosol lidar system has oper- CALIPSO data, probably due to the difference in the aerosol
ated since May 2000 in the framework of EARLINET (Eu- content at the location of PEARL and CALIPSO ground-
ropean Aerosol Research Lidar Network), the first lidar net-track location. Finally, the mean differences are on average
work for tropospheric aerosol study on a continental scalelower at all altitude ranges for the closest overpasses (at about
High quality multi-wavelength measurements make this sys-40 km) respect to the 80-km overpasses.

tem a reference point for the validation of data products
provided by CALIPSO (Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observations), the first satellite-borne li- .
dar specifically designed for aerosol and cloud study. Sincel Introduction
14 June 2006, dedicated measurements have been perform

. L . (];_90 ospheric aerosols, and in particular anthropogenic
at CNR-IMAA in coincidence with CALIPSO overpasses. Posp partl POg
: . : aerosols, are one of the most uncertain elements in the es-
For the first time, results on 1-year comparisons betweer{. . o S
. . imation of radiation budget. In fact, the uncertainties in
ground-based multi-wavelength Raman lidar measurements

and corresponding CALIPSO lidar Level 1 profiles are pre- aerosol dlregt and indirect anthropogenic forcing are of the
) . ame magnitude of the effects themselves (Forster et al.,
sented. A methodology for the comparison is presented an

discussed in detail. Night-time cases are considered to take007).' The main cause .Of uncertamt)_/ IS th‘? large tropo-
i .. Spheric aerosol variability in space and time. Itis well known
advantage from Raman capability of the ground based lidar

Cases with the detection of cirrus clouds in CALIPSO datathat a coordinated approach of local, regional, and global ob-

L ) servations, and physical, chemical, radiation, and dynamics
are separately analysed for taking into account multiple scat- o . ) .
: ) -~ modelling is needed for dramatically improving our under-
tering effects. For cirrus cloud cases, few cases are available , : : : :
) " Standing of aerosol climate impacts and environmental inter-

to draw any conclusions. For clear sky conditions, the com-

parison shows good performances of the CALIPSO on-boaréﬂ.CtlonS (Diner et al,, 2004). In addition, it has to be con-

S . ) idered that in the past, the variability of the horizontal and
lidar: the mean relative difference between the ground-base@em oral distribution of aerosols and of their optical proper-
and CALIPSO Level 1 measurements is always within its P P brop

standard deviation at all altitudes, with a mean difference intles has been investigated mainly by means of passive remote

! : sensing instruments on board of satellites or ground based
the 3-8 km altitude range of-2+12)%. At altitude ranges ;
corresponding to the typical PBL height observed at CNR_sun photometers networks like AERONET (Kaufmann et al.,

IMAA. a mean difference of £24+20)% is observed in 2000; Anderson et aI.., 2003; Omar et al., 2005; Kahn et al.,
2007). In these studies based on columnar measurements,

there is no information about the vertical distribution of the
aerosols that is a crucial point for the aerosol-clouds interac-

Correqundence td-. Mona tion study. Moreover, since vertical concentration gradients
BY (mona@imaa.cnr.it) can lead also to significant horizontal inhomogeneities, the
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lack of information about the vertical mixing can be a large ranges because of low SNR and to the calibration procedure.
source of variability typically neglected in the models. Only after a check of the unprocessed CALIPSO data, the
Aerosol profiling with high resolution both in time and comparison in terms of Level 2 products will allow one to
space provided by lidar techniques is an indispensable tool teheck and improve CALIPSO retrieval algorithms and as-
study the vertical structure of aerosol field and its temporalsumptions. By, first of all, comparing our ground-based mea-
and spatial evolution. Moreover, lidar techniques can pen-surements with the CALIPSO Level 1 data products, we can
etrate optically thin clouds allowing, therefore, the aerosol-distinguish any potential problems and biases already con-
clouds interactions and aerosol indirect effects on the radiatained in the calibrated CALIPSO lidar signals from any er-
tion budget to be investigated. rors and uncertainties that might result from any invalid as-
Since mid June 2006, CALIPSO (Cloud-Aerosol Lidar sumptions or approximations used in the optical properties
and Infrared Pathfinder Satellite Observations), the firstretrieval algorithms. As shown in the present work, a com-
satellite-borne lidar specifically designed for aerosol andparison in terms of CALIPSO Level 1 data from ground-
cloud study, has provided high vertical resolution profiling based measurements is possible without assumptions only if
of aerosol and clouds on global scales (Winker et al., 2007)independent extinction and backscatter profiles are available,
Flying in the A-train constellation, CALIPSO offers, for the as is possible with the elastic/Raman technique.
first time, the possibility for developing an integrated strategy  In this paper, the methodology for addressing this kind of
between lidar and passive remote sensing techniques thank®mparison is presented and discussed in detail, and, for the
to the synergies among different A-train sensors for studyindfirst time, a 1-year comparison between ground-based multi-
both aerosols and clouds (Stephens et al., 2002; Anderson @tavelength Raman lidar measurements and corresponding
al., 2005; Hu et al., 2007; Lamquin et al., 2008; Sassen et al.CALIPSO lidar profiles is presented. After a brief descrip-
2008). tion of the CNR-IMAA multi-wavelength lidar system op-
CALIOP (Cloud-Aerosol Lidar with Orthogonal Polariza- erational within EARLINET (B)senberg et al., 2000), the
tion), the lidar on board CALIPSO, is an elastic backscat-methodology for the comparison in terms of CALIPSO Level
ter lidar that provides vertical profiles of aerosol and cloud 1 data is presented. In particular, the status of the correla-
backscatter coefficients at 532nm and 1064 nm and depotive measurements acquired at CNR-IMAA since June 2006
larization ratio profiles at 532 nm. Since the equation for afollowing the EARLINET devoted strategy for CALIPSO
lidar in the elastic configuration has two unknowns, the ex-measurements (Mattis et al., 2007) is presented. Then the
tinction and backscatter coefficients, an assumption on theiprocedure for the calculation of profiles to be compared
ratio, i.e. the lidar ratio, is needed for retrieving profiles to CALIPSO Level 1 profiles from aerosol extinction and
of extinction and backscatter coefficients from the CALIOP backscatter profiles measured by means of the CNR-IMAA
measurements. A first guess of the lidar ratio is selected irlidar is presented and discussed. In the third section a com-
the CALIPSO retrieval algorithms according to the type andparison for a strong Saharan dust event is reported as example
subtype of the layer being analysed and mainly on the basef the applied methodology. Then results on 1-year of night-
of AERONET climatological studies and model calculations time measurements are reported for cirrus cloud cases and
(Cattrall et al., 2005; Liu et al., 2005; Young et al., 2008). clear sky conditions. Finally, conclusions and perspectives
However, it has been observed that even for the same kind ddire given.
aerosol, the lidar ratio can vary widely because of the natural
variability of each aerosol species and of the aerosol modifi-
cation/transportation processes (Mona et al., 2006jl&d 2 Elastic/Raman aerosol lidar system
et al.,, 2007, 2009; Papayannis et al., 2008). In order to
increase and validate the accuracy of aerosol optical propAtthe CNR-IMAA, located in Tito Scalo, Potenza (8% N,
erties retrieved from the CALIPSO pure backscatter lidar,15°44 E, 760 m above sea level), a Raman lidar system
comparisons with ground-based elastic/Raman lidar and/ofor tropospheric aerosol study has been operational since
High Spectral Resolution Lidar (HSRL) measurements arethe beginning of EARLINET in May 2000. The Potenza
strongly necessary, since these techniques allow the chara&ARLINET lidar (PEARL) is based on a Nd:YAG laser
terization of atmospheric aerosols in terms of vertical pro-equipped with second and third harmonics generators and
files of extinction and backscatter coefficients without any as-on a Cassegrain reflecting telescope with a primary mirror
sumptions on the aerosol type and composition (Ansmann evf 500 mm diameter and combined focal length of 5m. The
al., 1990, 1992; Hair et al., 2008). However, before proceedthree laser beams at 1064, 532 and 355 nm are simultane-
ing with the comparison of final CALIPSO products (namely ously and coaxially transmitted into atmosphere after they
the Level 2 products), it is important to study and assess thare separately expanded. The receiving system has 3 chan-
accuracy of CALIPSO raw signals (Level 1 data). This is nels for the detection of the radiation elastically backscat-
essential to identify, if it is the case, the contribution of spec-tered from the atmosphere at the 3 laser wavelengths and two
ular reflection and multiple scattering effects, and possiblechannels for the detection of the Raman radiation backscat-
biases due, for example, to low accuracy at some altitudeered from the atmospheric N2 molecules at 607 and 386 nm.
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An additional Raman channel at 407 nm collects radiationextinction at 532 nm higher than about 0.03%m Both the
backscattered from the water vapor molecules present in theystem and the algorithms used have been quality checked
atmosphere. Finally a cubic polarizing beam splitter allowsand are the object of continuous checks within the EAR-
the detection of components of backscattered light polarized INET Quality Assurance program (Matthias et al., 2004;
perpendicular and parallel to the direction of the linearly po- Bockmann et al., 2004; Pappalardo et al., 2004; Amodeo et
larized transmitted laser beam. The backscattered radiatioal., 2007).
collected by the telescope is spectrally selected by means of
dichroic mirrors and interference filters with a bandwidth of
0.5nm. After spectral selection, the signal at each wave-3 PEARL vs. CALIPSO comparison methodology
length is furthermore split in two signals of different intensity
by means of a beam splitter. This allows a lidar signal extend-3.1 Measurements strategy
ing from low altitude to the free troposphere to be obtained
with a good signal counting statistics while not exceeding theBecause of its Raman multi-wavelength capability, PEARL
limits of the counting scale. is a high-quality reference point for CALIPSO measurements
PEARL allows independent measurements of the aerosopf the aerosol backscatter coefficient at 532 and 1064 nm.
extinction and backscatter coefficients, and therefore of thdn particular, the PEARL simultaneous measurements of
lidar ratio at 532 nm and 355 nm, thanks to the combinedaerosol extinction and backscatter profiles at 532 nm allow
elastic/Raman approach (Ansmann et al., 1990; Ferrare dhe estimation of the errors on the CALIPSO backscatter pro-
al., 1998). An iterative approach (Di Girolamo et al., 1999) files due to lidar ratio assumptions and therefore to improve
is used for retrieving the aerosol backscatter coefficient athe algorithms for these retrievals. Furthermore, PEARL
1064 nm from the elastically backscattered lidar signal at thisaerosol extinction and backscatter measurements at 355 nm,
wavelength and assuming a lidar ratio profile at 1064 nm,and water vapor mixing ratio profiles, add useful information
on the basis of literature values and simultaneous lidar raticdbout microphysical aerosol properties that can be used to
measurements at 532 and 355 nm. improve the retrieval of aerosol backscatter coefficient from
With this lidar system, it is possible to measure vertical pure backscatter lidar.
profiles of aerosol optical properties from the low tropo- Since 14 June 2006, devoted measurements have been
sphere to the upper troposphere. The full overlap betweemperformed at CNR-IMAA in coincidence with CALIPSO
the transmitted laser beam and the telescope field of view fopverpasses according to the CALIPSO Science Team re-
this system is reached at about 0.8 km above the lidar statiorquests for the validation purposes. Measurements are per-
However, the elastic/Raman method for the determination oformed each time that CALIPSO overpasses PEARL's lo-
the aerosol backscatter coefficient profile at 355 and 532 nneation within a maximum distance of 100 km and 2 hours.
involves the ratio of two lidar signals, therefore the overlap Additional measurements are performed in agreement with
effect is partially corrected and these profiles typically start EARLINET specific strategy designed for the CALIPSO
from 400 m above the ground. For the other products, a cormeasurements (Mattis et al., 2007). The network measure-
rection for the incomplete overlap (Wandinger and Ansmann,ments plan is distributed to all stations once per week;, includ-
2002) is applied and this allows the determination of profilesing, for each station, measurements with CALIPSO overpass
of the aerosol extinction coefficient at 532 nm and 355 nmwithin 100 km (Casel) and additional measurements when
and of the aerosol backscatter coefficient at 1064 nm that typthe EARLINET closest station and the multi-wavelength
ically start from 500 m above the lidar station. EARLINET closest station perform measurements in coinci-
Aerosol optical properties vertical profiles are typically dence with CALIPSO (respectively Case2 and Case3). This
obtained by 30 min of temporal integration of the signals, andkind of measurement was suggested for exploiting the EAR-
with an effective vertical resolution of 60 m for the aerosol LINET network’s capability to investigate the modification
backscatter coefficient and ranging between 60 and 240 nof aerosol properties over the European continent and for
for the aerosol extinction coefficient and lidar ratio. In casescombining all these information with CALIPSO profiles. In
of high temporal variability shown by the PEARL acquired the following, only Case 1 measurements will be considered
range corrected signal, a shorter temporal window for opticalbecause these measurements allow the point-to-point com-
properties retrieval allows the reduction of systematic errorsparison between ground-based and satellite-borne lidar mea-
due to variability in aerosol and cloud fields (Ansmann et al.,surements, that is the aim of the current paper.
1992). With these resolutions, in night time conditions, typ- Following this strategy of measurements, 68 measure-
ical statistical errors due to the signals detection in the PBLments were performed at CNR-IMAA as Casel in the
are below 5% for the aerosol backscatter coefficients at 359une 2006—June 2007 period, covering 77% of the Case 1
and 532nm, and below 10% for the extinction coefficientsmeasurements scheduled for our station. For these mea-
at 355nm and 532 nm. In the free troposphere, typical stasurements the average minimum distance between PEARL
tistical errors are below 30% for aerosol backscatter at 355nd CALIPSO is 66.5km, reaching an absolute minimum
and 532 nm and aerosol extinction, for values of the aerosotlistance of 40.3km. Figure 1 reports two examples of
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60°N The attenuated backscatter profiles provided by CALIPSO
are not directly comparable to PEARL profiles, so a proce-
dure has to be followed in order to compare PEARL and
CALIPSO independent measurements. In retrieving attenu-
ated backscatter profiles from PEARL data, it has to be taken
into account that PEARL and CALIPSO transmittance terms
are different, because the first lidar is an upward looking lidar
and CALIPSO is a downward looking lidar. The molecular
terms in (), both backscatter coefficient and transmittance,
can be obtained by a collocated radiosounding if available
or can be well approximated using a modelled atmosphere.
The ozone terms can be estimated from ozone profiles avail-
able directly as meteorological data embedded in CALIPSO
Level 1 products and taking into account the ozone absorp-
_ _ tion at 532 nm in the Chappuis band (Brasseur and Solomon,
9w 0° 3 18°E 27°E 198 5) .
The particulate backscatter coefficient ) (s measured

by upward-looking PEARL system. The particulate trans-
mittance term can be calculated from PEARL measurements
using the independent measurements of particulate extinc-

night-time CALIPSO overpasses over Potenza exampleéion profiles. In fact, the particulate transmittance term for
representative of the 2 typical overpasses with a minimum@ downward-looking lidar can be written as function of the

55°N

50N

40N

35°N

Fig. 1. PEARL location (blue dot) and typical CALIPSO night-time
orbits overpassing Potenza (red lines).

distance of about 40 and 80 km. particulate extinction:
s
3.2 Attenuated backscatter comparison
P ) = o0 | -2 [ apadc)dc ©)
Ground-based lidars at 3+2 wavelengths are an optimal tool z

for validation of CALIPSO products, because they provide,nere. indicates the satellite-borne lidar altitude (Hostetler
independent measurements of the particulate backscatter a al., 2006).

extinction at 532 nm and backscatter at 1064 nm profiles that Therefore, from simultaneous and independent measure-

can be directly compared to analogous quantities deriveqnens of aerosol backscatter and extinction profiles mea-
from CALIPSO. However, before these comparisons can bg,aq by PEARL, it is possible to calculate the CALIPSO-

made, itis necessary to assess the quality of CALIPSO Levefy o attenuated backscatter (CLAB) profile at 532 nm without
1 data in order to distinguish problems and possible blaseany significant assumptions.

contained in the acquired lidar signal from uncertainties and

errors related to the Level 2 retrieval algorithms. dar signals, the multiple scattering effects should be taken
The main product contained in the CALIPSO Level 1 data g account. For cirrus clouds cases, a cirrus-clearing pro-

is the attenuated backscatter profile, i.e. its range—correctegedure described in Sect. 5.1, allows us to remove multiple
lidar signal expect for a calibration constant (Hostetler et a"'scattering effects and therefore a quantitative comparison be-

2006). . _ tween satellite and ground-based signals is possible. In ab-
The attenuated backscatter coefficigfit provided by  gonce of cirrus clouds, the multiple scattering contribution

CALIPSO is defined at each altitudeas (Hostetler et al., ;e ground-based lidar signals is negligible (Ansmann et

2006): al., 1992b). For CALIPSO data, multiple scattering effects

B(z) = ﬁtot(Z)Tzar(Z)T20|(Z)T33(Z) 1) can be non-negli_gible, especially in case of large quantities
of aerosol lofted in the atmosphere. In these cases, the com-

wherepiot is the backscatter coefficient resulting from parti- parison with the CALIPSO-like attenuated backscatter calcu-

cles, molecular and ozone contributions: lated by independent ground-based measurements can allow
the evaluation of the multiple scattering effect.

In the comparison between satellite and ground-based li-

Prot(z) = Bpar(z) + Bmol(2) + Bo,(2) (2)
3.2.1 The molecular profile
and72,(z), T,2,(z) and T§3(z) are the transmittance terms
present in the elastic lidar equation due respectively to theAs reported above, PEARL measurements allow the calcula-
particles, molecules and ozone contained in the atmospheréon of the CALIPSO-like attenuated backscatter if the ozone
layer extending between the lidar and the altitade and molecular terms in the Eql)(are calculated from ra-
diosoundings or models. In this paragraph we deal explicitly

Atmos. Chem. Phys., 9, 7213228 2009 www.atmos-chem-phys.net/9/7213/2009/



L. Mona et al.: CNR-IMAA measurements in coincidence with CALIPSO overpasses 7217

20 October 2005 - 1800 UT 12
30
——NOAA
—— Sondes 10 4
254 Standard
84
20+
= £
£ X
- 6
~ (]
15+
: $
2 £
= <
< 4]
10
24
5
0 T T T T T T T
0 T T T T -10 -5 0 5 10
200 2020 260 28030 (CLAB,, -CLAB,_)/CLAB, ,, @ 532nm [%]

NOAA NOAA

Temperature (K)

) ) Fig. 3. Difference in CALIPSO-like attenuated backscatter (CLAB)
Fig. 2. Temperature profile measured by balloon-borne ra- oqing from the use of NOAA model profile instead of using US
diosounding system launched at CNR-IMAA on 20 October 2005, 51mosphere standard profile. The thick line reports the mean profile
18:00UTC (red line). The corresponding US standard atmospherg g jated over all the selected cases for CALIPSO — PEARL com-
profile and the NOAA model profiles are reported as black and blueparison, the thin lines report the minimum and maximum observed

lines, respectively. differences in CLAB profiles.

with the calculation of these molecular terms and their influ- retrieval from lidar measurements (see for example Ansmann
ences on the retrieved CLAB uncertainties. etal., 1990, 1992).

The ozone term contribution on the CLAB calculation is ~ Significant differences can be observed, especially in the
less than 0.5% below 10 km and within 3% above. Considertemperature, between the true atmospheric profile and the
ing that the changes in the tropospheric ozone will not affectcorresponding standard atmosphere one. This is evident
significantly the CLAB calculation and that the stratosphericin Fig. 2, where temperature profile as measured with a
ozone is not highly variable, differences due to the ozone profadiosonde launched at CNR-IMAA on 20 October 2005,
file used for the CLAB calculation can be considered negli- 18:00 UTC and the corresponding standard atmosphere pro-
gible. In the following, for each attenuated backscatter pro-file are reported. In the troposphere differences up to 3—-4K
file comparison, the corresponding ozone profile available di-2re observed and a difference of about 10K is observed in
rectly as meteorological data embedded in CALIPSO Levelthe 15-20 km altitude range.

1 products is used. A better estimation of the temperature profile is provided

More relevant is the contribution of the molecular terms in by NOAA model profiles available at www.arl.noaa.gov,
(1) that can be exactly calculated if vertical temperature andvhere meteorological products for any location in the world
pressure are known, using Bucholtz’'s approach (Bucholtzare provided through the GDAS (Global Data Assimilation
1995). This method requires as input the vertical profiles ofSystem) operational system run by NCEP (NOAA National
pressure and temperature. For our purposes, simultaneosenters for Environmental Prediction). Figure 2 shows a
and lidar collocated measurements of these quantities, fovery good agreement between NOAA modelled radiosound-
example with radiosoundings, would be obviously the besting temperature profile and the true state of the atmosphere
solution. However, this is not always possible, also becauséneasured by CNR-IMAA radiosounding. The vertical reso-
of the expensive cost of radiosondes launch and of the spardgtion of this modeled radiosounding is obviously higher and
temporal sampling of these measurements. Therefore, altefemperature gradients like that observed on 20 October 2005
native solutions have to be explored. The most common wayt about 11.5km a.s.l. cannot be caught by NOAA model.
to proceed is to use US standard atmosphere profiles (US A systematic comparison between radiosondes and NOAA
Standard Atmosphere, 1976). These profiles are typicallymodelled temperature vertical profiles has been carried out
used in a satisfactory way also for the calculation of the den-using all available CNR-IMAA radiosounding profiles for
sity profiles needed for the aerosol backscatter and extinctiol2005 (68 cases). The mean difference is very close to zero
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13 August 2006, 00:55 - 01:25 UTC
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Fig. 4. Vertical profiles of backscatter and extinction as measured by PEARL on 13 August 2006, 00:55-01:25.US€attered points
report the mean values of lidar ratio and Angstrom exponent measured in the free troposphere aerosol layer (2.4-4.3km). One standarc
deviation is reported for these mean values as error bar. NOAA Hysplit back-trajectory analysis for 13 August 2006, 0110 UTC

(0.03+0.07 K) and lower than 0.2K in the 0-10 km altitude terms prevail. However, the difference in CLAB due to the
range. In addition, the profile-to-profile difference never ex- modelled atmosphere is lower than 2.5% on average also at
ceeds 2.5K in the 0—10 km range. On the basis of this analyaltitude of about 12 km staying however below the statisti-
sis, we can affirm that if radiosounding data are not availablecal error, typically of about 20%, of PEARL ground-based
NOAA modelled profiles are preferred to the simple standardCLAB profiles at this altitude. The minimum and maximum
atmosphere profiles. At this point, it is interesting to quan-observed differences in CLAB profiles are reported as thin
tify how large is the influence of this choice on the attenuatedlines in Fig. 3, together with mean difference profile. Evenin
backscatter as retrieved from a ground-based lidar. the worst cases the influence of modelled atmospheric tem-

For the period June 2006—June 2007, no CNR-IMAA ra- perature and_ pressure profile choice is well below 5% up to
diosounding profiles are available, therefore we limit the 10KM. reaching the highest values of 10% only at 11-12km.
comparison to the NOAA modelled radiosounding and the Our analysis allows us to affirm that, if radiosonde pro-
US standard atmosphere model. For all considered casefles are not available, the NOAA modelled profiles have to
the CALIPSO-like attenuated backscatter at 532 nm is calbe preferred to the standard atmosphere profiles, but that for
culated from the aerosol extinction and backscatter profile statistical analysis in terms of attenuated backscatter com-
measured by PEARL using the NOAA modelled temperatureparison with CALIPSO data the influence of the chosen at-
and pressure profiles and the US standard atmosphere prgosphere description is negligible (typically below 1%). In
files for the calculation of the molecular terms i).(Then, ~ cases of single profile comparison instead, the differences
for each case, the difference between the CLAB prof”es ob<Lan be Iarger especially above 10km a.s.l., therefore for this
tained with the two different modelled atmosphere profiles iskind of investigation the assumption about atmospheric den-
calculated. The mean CLAB difference profile, in percent- Sity profile is more critical for the calculation of the molec-
age, is reported in Fig. 3 as thick line. On the whole profile, ular terms in {). In the following, NOAA modelled ra-
the mean difference is on average of abe®, with lowest ~ diosounding data are used, because of their better perfor-
values below 4 km a.s.l. (lower than 0.5% in absolute value)mMances with respect to the standard atmospheric profiles.
and however lower tha#1% up to 11 km a.s.l.. Larger val- Retrieved CLAB profiles are affected by both statistical
ues are observed for higher altitudes where the aerosol corand systematic errors, resulting from backscatter and ex-
tribution is typically negligible and therefore the molecular tinction error propagation and from the use of ozone profile
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available in CALIPSO Level 1 products and of NOAA mod- 10
elled radiosounding data. Errors resulting from extinction
coefficient error, both statistical and systematic, are negli-
gible, because extinction is involved in the CLAB calcula-
tion through the transmittance term. Systematic errors on
aerosol backscatter with elastic Raman techniques are al-
most negligible, and moreover, less than 1% (Ansmann et al.,
1992; Ferrare et al., 1998; Mona et al. 2006). As reported
above, the systematic errors on trasmittance due to molecu-
lar and ozone terms are on average less than1% and 0.5%,
respectively. In synthesis, the statistical error on the CLAB
is driven by the backscatter coefficient statistical error and
therefore is less than 10%, and the systematic error less than
3%.

-———— Calipso532
Pearl532

Altitude a.s.l. (km)

4 An example of comparison

In order to show the capability of PEARL for CALIPSO val- %,ooo'o.o'm'0.602'0A0T03'0A504'0.605'0.(;06'0.607'&008

idation purposes and the comparison methodology, one ex- Attenuated Backscatter
ample of comparison is presented in the following. A ma- @3532nm (@.u.)
lo.r case of Saharan dust mtrus,lon.over Europe is COIqsld(:"req:ig. 5. CALIPSO attenuated backscatter profile at 532nm
Figure 4a reports the vertical profiles of backscatter and ex-

LI ) measured at 01:11UTC on 13 August 2006 and corresponding
tinction measured by PEARL on 13 August 2006, 00'E’S_CALIPSO-Iike profile calculated from PEARL profiles measured

01:25UTC. In these profiles, an aerosol layer extending beyt 00:55-01:25 UTC on 13 August 2006. The reported CALIPSO
tween 2.5 and S5km is observed. Lidar ratio and Angstromatienuated backscatter has an horizontal resolution of 5km, i.e. it

exponent mean values calculated in this layer are reported ifs obtained as the average of 15 single shot attenuated backscatter
the same plot as scattered points, and one standard deviatigmofiles.
is reported for each one of these mean values as error bars.
The observed values are in agreement with those typically
observed at CNR-IMAA in occurrences of Saharan dust in-ter at 532 nm, from 3+2 PEARL profiles measured on 13
trusions. In particular, values of 4B sr and 6&11sr are  August 2006, 00:55-01:25UTC (Fig. 5). It is evident that
observed for lidar ratios at 355 nm and 532 nm, respectivelythe CALIPSO vertical profile is highly noisy when compared
A mean value of 1.20.6 is obtained for the Angstrom ex- with the PEARL one. In fact in the CALIPSO algorithms an
ponent at 532/355nm. The observed values of lidar ratioadditional averaging is necessary for the identification of ver-
at 355nm and 532 nm are in perfect agreement with the 3tical layers reaching also a maximum horizontal averaging of
year study on Saharan dust intrusions over Potenza (Mona &0 km (Vaughan et al., 2005). However, the main layering
al., 2006) and with values of 55-60 sr at 532 nm observed atharacteristics are evident also in the 5-km horizontal resolu-
CNR-IMAA during a long-range dust transport eventi(ivr tion CALIPSO profile reported in Fig. 5 and these are similar
et al., 2009). Moreover, during the same long-range dusto what observed by the ground-based lidar.
transport event, 532/355nm Angstrom exponent values of Starting from the ground, one can note a sharp spike in the
0.5-0.8 have been observed at CNR-IMAA{iér et al.,  CALIPSO profile that is due to the ground return. There is
2009). This is in good agreement with the hypothesis thata sharp decrease around 1.5km a.s.l. in the CALIPSO pro-
the layer observed on 13 August 2006 is related to dust infile, a clear signature of the PBL top, with a residual layer
trusion: the 2 observed values are in agreement within thextending up to about 2.5km, as shown by the almost ver-
errors and moreover on 13 August 2006 the Angstrom expotically homogeneous layer observed by the 2 systems. In
nentincreases with the altitudes with a value in the middle ofthe free troposphere a wide layer extends between 2.5 and
the layer of about 0.9. 5km a.s.l.. Nevertheless, there are differences in the ver-
NOAA Hysplit back-trajectory analysis (Fig. 4b) shows tical distribution of the aerosol in the Saharan dust layer.
air masses reaching CNR-IMAA around 3—-4 km a.s.l. com-These differences in the free troposphere are to be mainly
ing from Southern Spain where on the previous day satelliteascribed to the atmospheric variability that cannot be ne-
images show a large amount of dust, supporting the hypothglected as demonstrated by the temporal and spatial varia-
esis about the dust nature of the observed layer. tions shown in the CALIPSO and PEARL quick-looks re-
The procedure reported in the previous section has beeported in Fig. 6a and 6b, respectively, and to the minimum
applied to retrieve the CALIPSO-like attenuated backscat-distance of 44.16 km between CALIPSO ground-track and
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Fig. 6. (a)Temporal evolution of attenuated backscatter vertical profiles measured by CALIPSO at 532 nm on 13 Augub) Jedgporal

evolution of aerosol backscatter coefficient vertical profiles measured at 1064 nm on 13 August 2006 by PEARL at CNR-IMAA. The vertical
and temporal resolution are respectively 7.5 m and 30 s. The purple box indicates the location in space (a) and time (b) of CALIPSO overpass
CNR-IMAA.

CNR-IMAA and the difference in time resolution of the two files of backscatter and extinction coefficients at 532 nm and
measurements for the reported case. At this point, it is intertherefore a CALIPSO-like attenuated backscatter profile at
esting to note that the layer observed by CALIPSO has beethe same wavelength using the method reported in Sect. 3.2.
identified as a dust layer by the CALIPSO feature classifica- CALIPSO Level 1 data of Version V2.01 are used. Atten-
tion algorithm. Finally, a cirrus cloud around 9km a.s.l. is yated backscatter profiles are provided in Level 1 data with
evident in PEARL data but it is not observed in CALIPSO the original horizontal resolution of 1/3km. In order to re-
measurements. Looking at Figure 6b, it is clear that on thisjyce the noise in the CALIPSO signal, profiles are averaged
day there was a broken cirrus cloud situation, and CALIPSOgn an horizontal scale of 5 km, corresponding to the horizon-
did not see cirrus clouds, that were not below CALIPSO orbittg| resolution of CALIPSO Level 2 Layer Aerosol products

because of horizontal distance between the two sensors. (Vaughan et al., 2005). The typical horizontal distance be-
tween PEARL and CALIPSO ground-tracks is about 60 km
with a minimum distance of 40.3km. Profiles are almost
5 Results coincident in time, because PEARL temporal integration
window (typically 30 min) is centred around the CALIPSO
For a quantitative comparison between ground-based andverpass of Potenza. Following the procedure reported in
CALIPSO lidar data in terms of attenuated backscatter,Sect. 3.2, CLAB is calculated from backscatter and extinc-
we selected, among all measurements performed at CNRton profiles and using ozone profiles embedded in meteo-
IMAA in correspondence of CALIPSO overpasses, night- rological CALIPSO Level 1 and the molecular profiles cal-
time cases, because, in absence of the solar background, it tzilated from the NOAA modelled radiosounding data. Af-
possible to obtain independent measurements of vertical prater CLAB calculation, PEARL vertical profiles are reported
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12— CALIPSO horizontal resolution of 5 km. In this context, it is
£ — PEARL also to be considered that the Potenza lidar station is located

CALIPSO at 760 m a.s.l. with a complex topography of the surrounding
area that makes very difficult the comparison in the PBL with
satellite data acquired with imperfect spatial coincidence.

The difference between satellite and ground-based obser-
vations reaches also 100% between 8 and 11 km a.s.l. in the
cirrus region, which is not unexpected given the spatial and
temporal variability of cirrus and the relatively low number
of cases (11) for comparison. A better agreement is achieved
in the altitude range between 3 and 8 km, where however
it seems that CALIPSO data are higher than ground-based
CLAB measurements. These could be an effect of the pres-
ence of cirrus cases, with different geometrical and optical
properties in the PEARL and CALIPSO observations. There-
fore cirrus and no cirrus cases are analysed separately in the
following.

10+

Altitude a.s.l. (km)

0 - - - - - -
0,000 0,601 0,602 0,(;03 0,604 0,605 0,006
Attenuated Backscatter

@ 532nm Among the 14 selected cases, cirrus are observed by PEARL

and/or CALIPSO in 5 coincident measurements. However,
Flg 7. Mean profiles of attenuated backscatter at 532 nm as meacirrus are not a|WayS detected by both lidars because of the
sured by CALIPSO and PEARL for all night-time cases, with n0 pign variability typical of cirrus clouds and of the distance
low clouds observed by the CNR-IMAA lidar. between the air volumes sampled. In particular, cirrus are
detected only by PEARL in 2 cases, in just 1 case CALIPSO
observes a cirrus cloud not detected by PEARL and finally in
2 cases cirrus clouds are detected by both the ground-based

5.1 Cirrus clouds cases

at the same altitudes of CALIPSO vertical profiles through
linear interpolation, for allowing a quantitative comparison ;.4 satellite-borne lidars.
between the CALIPSO and PEARL datasets. In presence of cirrus clouds, multiple scattering is typ-
Low-cloud cases have been identified in PEARL measureically not negligible, in particular for space-borne lidars
ments and removed for the comparison reported in this work(\inker, 2003). The main effect of multiple scattering is an
because the high variability of low clouds fields and the typ- gpparent extinction and optical depth lower than the real one,
ical horizontal distance between the 2 sampled air volumesyith an almost unchanged backscatter. For CALIPSO data,
would bias the study. the influence of multiple scattering on Level 1 data has been
In this way among the 31 nights when PEARL performed observed through the comparison with collocated AIRS data
measurements in coincidence with CALIPSO overpasses, W@l amquin et al., 2008) and a multiple scattering correction
selected 22 cases in absence of low clouds. In 3 casesn Level 2 data is applied for cirrus cloud cases (Liu et al.,
CALIPSO data are not available and in 3 cases PEARL verti-2005).
cal prOfileS of partiCUlate extinction are not available. Flna”y In addition, it is well known that Space_borne lidar mea-
16 cases are available for the comparison. surements of ice clouds are typically affected by specular
Figure 7 reports the mean, over the 16 cases, vertical proreflection, when observed by lidar pointed near the nadir
files of attenuated backscatter as measured by CALIPSO angroung and Vaughan, 2009). Specular reflection causes
obtained by PEARL data. There is a good agreement beanomalously high backscatter, not accompanied by any in-
tween the two observations, even if there are some differcrease in the extinction (Hogan and lllingworth, 2003). Re-
ences especially in the PBL and at high altitudes where siggarding CALIPSO, at the beginning it was nominally pointed
natures of cirrus clouds are evident. There is a strong peakn a “near nadir” direction{0.3 off nadir), while after 28
in CALIPSO data around 2.5 km a.s.l., signature of very low November 2007, it was pointed 8ff nadir in order to avoid
cloud. The corresponding 2 cases are removed in the analysipecular reflection effects. Therefore for the time period con-
reported in the following. sidered in this study, specular reflection effects cannot be ne-
Large differences observed in the PBL region, typically glected a priori.
below 2.5 a.s.l. at our station (Pandolfi et al., 2004; Mona Considering these well-known effects for space-borne li-
et al., 2006), and at low altitudes are probably due to thedar, here we focus only on cases with cirrus clouds detected
distance between the location of PEARL and the CALIPSOby CALIPSO. On the other hand, the 2 cirrus cases observed
ground-track that is always larger than 40km and to theonly by PEARL have been included in the statistics presented
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in the next section after a cirrus cloud removing procedure -
that rescales the calculated attenuated backscatter taking int
account the transmittance terms in the cirrus. For the sake of -
completeness, here we mention that the results presented i | “&:
the next section do not change significantly if these 2 cases
are not included in the statistics. E

Before comparing the CALIPSO and PEARL attenuated 3 .
backscatter profiles for the 3 CALIPSO observed cirrus E
cases, these profiles have to be rescaled in order to take intig
account the difference in transmittance terms due to the pres: , |
ence of cirrus clouds with different geometrical and optical
properties in the PEARL and CALIPSO observations.

For ground-based measurements, the cirrus contribution tc

—— PEARL B SR
----- CALIPSO . LI

Altitude a.=l. [km)

a
L
-

T T T T T o T T T T T T T
the transmittance term iB)is calculated from the extinction o A O e B e e e
profile. A rescaled attenuated backscatter is obtained divid- ® ®5;m ®)

ing the old one for evaluated? term. ) ]
For CALIPSO data, cirrus attenuation correction is more 79+ 8- Comparison between attenuated backscatter at 532nm as
measured by CALIPSO and PEARL for all night-time cas@s (

ff?:]g)l(lt(i:r?(t:(taigr?iﬁgzlse 2 Laer:/c?lfirdfg\i/gla;/eprr‘g dlgz?énéztt'grnmaigg_ultn which CALIPSO detected cirrus cloud(a) mean attenuated
. . ! .~ backscatter profiles an@h) mean percentage difference as a func-
tion some assumptions are needed. Since we are here intefz, of the altitude.
ested in a direct comparison with Level 1 data avoiding re-
trieval assumptions, a method to correct for the cirrus atten-
uation Level 1 data using only Level 1 products is needed.related to a single case in which aerosol content is highly
Following Lamquin et al. (2008), the optical depth and the variable and CALIPSO detected aerosol up to 5km, while
transmittance term due to the presence of the cirrus are esve observed a Saharan dust layer up to about 3 km, produc-
timated comparing the actual attenuated backscatter profiling the observed large difference. Discarding this case, as
with Level 1 clear sky profiles acquired close in time and mean in the 3-6 km altitude range, a residual difference of
space to the analysed profile. In particular, the closest 50-knf144-34)% is obtained, comparable with what obtained in the
clear sky scene within 1000 km horizontal distance is choser6—8 km range. This could be ascribed to the combination of
as the molecular reference. For the cases under investigahe aerosol variability at these altitudes and a residual con-
tion, the minimum identified cirrus base height is at abouttribution of possible multiple scattering effect that leads to
8km a.s.l. At this altitude the aerosol content, and there-an apparent lower extinction and therefore higher transmit-
fore the variations with the distance between the 2 sensorgance for the same backscatter, i.e. an apparently increased
observations, can be considered negligible. The ratio beattenuated backscatter, below the cirrus clouds. On the other
tween the actual attenuated backscatter below the cloud anlgand, specular reflection has to be discarded as the cause of
the molecular reference provides transmittance term of thehe observed large difference at low altitude, because this ef-
cirrus and therefore the optical depth of the cirrus (Lamquinfect would lead to an increase of the attenuated backscatter
et al., 2008). Also for the space-borne lidar, the rescaled atat the altitude where the cirrus cloud is located, but it would
tenuated backscatter is obtained dividing the old one by thenot influence the lower portion of the profile.
evaluatedr'? term. Due to the low number of cirrus cases comparisons, it is
After correcting both PEARL and CALIPSO observa- not possible at the moment to draw any conclusions about
tions for cirrus attenuation, we can finally compare the newthe presence of multiple scattering effect on CALIPSO sig-
rescaled attenuated backscatter profiles. The mean of attennals, but it has to be kept in mind the possibility of non-
ated backscatter profiles at 532 nm as observed by CALIPSQegligible effects on the attenuated backscatter in presence
and PEARL in these 3 cirrus clouds cases are reported inf cirrus clouds.
Fig. 8a. Profiles are reported only for altitude ranges below
the minimum identified cirrus base height. 5.2 Non-cirrus cloud cases
An almost satisfactory agreement between the 2 profiles
is observed in the 6-8km a.s.l. altitude range, where a dif-After removing cirrus cloud cases, a total number of 11
ference of about (1:831) % is observed, and in this case, night-time coincident measurements is available for compar-
as in the previous comparison, below 2.5km a.s.l. there igson between CALIPSO and PEARL observations. Figure 9
a large difference of about-23+14)%. Larger differences reports, for each case, the CALIPSO attenuated backscatter
up to 80% (see Fig. 8) are observed instead in cirrus cases at 532 nm (black lines) as reported in Level 1 V2.01 prod-
3-6km a.s.l., with a higher attenuated backscatter observedcts and averaged on 5km as horizontal resolution, and the
by CALIPSO. The main cause of the observed difference isalmost simultaneous PEARL CLAB profiles obtained with
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Fig. 9. CALIPSO attenuated backscatter at 532 nm (black lines) for all night-time cases of CALIPSO-PEARL correlative measurements
in which no cirrus clouds are detected by CALIPSO. The corresponding PEARL CLAB at 532 nm are reported as red lines. CALIPSO

profiles are obtained with 5km as horizontal resolution. PEARL profiles are averaged over 30 min centered on the CALIPSO overpass of
CNR-IMAA.

30 min as temporal averaging (red lines). These cases range A very good agreement between CALIPSO and PEARL
between occurrences of high aerosol load in the free tropoattenuated backscatter profiles is achieved if only these 11
sphere related to Saharan dust intrusions (e.g. 26 June armhses are considered. Compared with Fig. 7, the agree-
13 August 2006) to very clear conditions (29 January 2007),ment, for these non-cirrus cases, between the CALIPSO
with a good balance between warm and cold seasons casesand PEARL attenuated backscatter mean profiles (Fig. 10a)
is improved at all altitude ranges apart from the very low
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Fig. 11. Mean percentage difference between CALIPSO and
Fig. 10. Comparison between attenuated backscatter at 532 nnPEARL attenuated backscatter at 532 calculated for the PBL region
as measured by CALIPSO and PEARL for all night-time cases inand for the 1km-depth altitude layers extending between 3-8 km
which no cirrus clouds are detected by CALIPS@) mean atten-  for all non-cirrus night-time cases. The standard deviations around
uated backscatter profiles afs) mean percentage difference as a these mean values are reported as error bars.
function of the altitude.

region. For these reasons, in the following we limit the com-

atmosphere below 2.5km a.s.l., identified as the typicalparison to the altitude range below 8 km.
boundary layer top at CNR-IMAA (Pandolfi et al., 2004; | ooking at Fig. 11, it is clear that the negative difference
Mona et al., 2006). In particular, differences are strongly obtained on the whole profile is mainly due to the PBL re-
reduced not only in the altitude range occupied by the cirrusgion, typically below 2.5km a.s.l., where a relative differ-
cloud (8—12 km a.S.'.), but also in the middle range down toence of €24j:20)% is observed. As reported above, the
2.5kma.s.l.. The observed difference in attenuated backscatomparison at PBL altitudes is not appropriate due to the dis-
ter reported in Flg 7 at the middle altitude range is Slgnlfl- tance, a|Ways |arger than 40 km, between CALIPSO ground_
cantly reduced when cirrus cloud cases are removed from thgacks and the CNR-IMAA. Because of the distance and be-
statistical analysis. cause of the local aerosol content at this altitude range, one

Figure 10b reports the relative difference of mean could expect an imperfect agreement between the two obser-
CALIPSO attenuated backscatter profiles at 532 nm with re-vations for case-by-case comparison. However, if there are
spect to the corresponding quantity measured by PEARLno systematic differences between the scenario observed by
Above the lowest 2.5km a.s.l., differences are typically PEARL and CALIPSO, one could expect that a large num-
within 20%, which is the expected error of Level 2 CALIPSO ber of observations would result in a mean difference in the
vertical profiles (Winker et al., 2004). PBL close to zero, and because of the large variability at

The mean difference of the whole mean profile is aroundthese altitudes, in a large standard deviation around this mean
—12% with a standard deviation of about 28%. Even if this value. This is not the case: CALIPSO sees a smaller aerosol
value is in agreement with zero within the error, it is largely content in this low altitude region. This could be linked to
shifted toward negative values. In order to better investi-the difference between the location of PEARL and the ex-
gate the reason of this negative difference, the CALIPSO vsct location of the CALIPSO ground-track. For the typi-
PEARL difference in the attenuated backscatter is investi-cal CALIPSO ground-tracks in the Potenza surroundings for
gated as a function of the altitude range (Fig. 11) and of thenight-time overpasses (see Fig. 1), the closest point to CNR-
CALIPSO-PEARL horizontal distance (Fig. 12). IMAA is located closer than Potenza to the sea and at a lower

Figure 11 reports the mean relative difference betweeraltitude. Taking into account that Potenza is not an uncon-
CALIPSO and PEARL observations for different atmo- taminated mountain site, but a city with an industrial area
spheric layers calculated as average on the 11 considereglirrounded by rural areas located at 760 m a.s.l., this could
cases. The related standard deviations are reported as err@ad to a PBL top height higher over Potenza rather than over
bars. The analysis is reported up to 8 km, where the PEARLCALIPSO ground-track closest points, and as a consequence,
statistical error is lower than 10%. At higher altitudes, it hasto a higher aerosol load (both extinction and backscatter, i.e.
to be considered that besides the large ground-based meattenuated backscatter) in the altitude range corresponding to
surements statistical errors, the molecular terms of Eqg. (1PBL for a mountain site rather than for other locations.
strongly influence the CLAB calculation in this free aerosol

Atmos. Chem. Phys., 9, 7213228 2009 www.atmos-chem-phys.net/9/7213/2009/



L. Mona et al.: CNR-IMAA measurements in coincidence with CALIPSO overpasses 7225

for the different atmospheric layers. Also in these cases the

" S 80km standard deviation of the observed values is reported as error

. . | - bars. Although in agreement with the standard deviation,
the mean differences are lower when the closest overpasses

°1 e 1 . are considered, with an increment of the differences at all

altitude ranges when the 80 km overpasses are considered.
For both 40 and 80 km distances, larger standard deviations
4 i 1 ——— are observed typically in the lower atmospheric altitude
layers because of the large variability of the aerosol field
at these altitudes. For both classes the mean difference

Altitude a.s.l. [km]

N { observed in the PBL (namely below 2.5 km a.s.I., the typical
T o T 5 & PBL height as measured at CNR-IMAA) is significantly
(Calipso-PEARL)/PEARL @ 532nm [%] negative, with lowest values observed for the 80 km over-

passes. This furthermore supports our hypothesis that
Fig. 12. Mean percentage difference between CALIPSO andthe negative differences observed in the PBL are strongly
PEARL attenuated backscatter at 532 for non-cirrus night-timeaffected by the differences between a mountain but polluted
cases divided into two classes: overpasses at about 40km (le§jte |ike Potenza, and the Potenza closest ground-track point
panel) and at about 80 km (right panel). The standard dev'at'on%bserved by CALIPSO. In fact, the mean differences in the
around these mean values are reported as error bars. PBL are larger, in absolute values, when overpasses much
closer to the sea are considered.

At higher altitudes, CALIPSO vs PEARL differences are
typically slightly negative although the two independent ob- g ~onclusions and perspectives
servations are always in agreement within their standard de-

viations. Since June 2006, devoted measurements are performed

Between 3 and 8 km, the 1-km mean differences are veryat CNR-IMAA EARLINET station in coincidence with
close to zero and range betweei.5 and 3.6% with atypical CALIPSO overpasses. The 3+2 capability of PEARL
standard deviation of 18%. At these altitudes, the mean peraerosol lidar makes this ground-based station a reference
centage difference between the ground-based and CALIPS@oint for the assessment of uncertainty of CALIPSO products
measured attenuated backscatter (Fig. 10b)-8412)%.  as well as for the improvement of CALIPSO retrieval algo-
This very small residual difference, in agreement with zero,rithm. In this paper, first results on one year of night-time
could be due to the CALIPSO calibration procedure, how-coincident measurements are reported. In particular, com-
ever, because of the large standard deviation, no conclusionsarison between the satellite-borne and ground-based lidar
can be drawn about this point. The observed large standargheasurements is carried out in terms of Level 1 data for the
deviations can be ascribed to the horizontal distance betweepune 2006—June 2007 period. Only after a detailed check of
the volumes sampled by the 2 lidars in conjunction with the _evel 1 data (which are, except for a constant, unprocessed
variability of the aerosol field at these altitudes where thEdata), the comparison in terms of CALIPSO Level 2 data
wind is responsible of fast changes both in time and spacei.e. backscatter profiles) will allow us to check and improve
(see for example Fig. 6a and b). CALIPSO retrieval algorithms and assumptions.

In order to further investigate the relationship between A methodology for comparing ground-based Raman mea-
the observed differences and the spatial variability in thesurements and CALIPSO Level 1 data is described in detail.
aerosol field, the difference between CALIPSO and PEARLIn particular, assumptions regarding the molecular profile
attenuated backscatter at 532 nm is studied as a function afnd the related uncertainty are discussed and quantified. For
the horizontal distance between the two sensors. There are statistical analysis, cirrus cloud cases and clear sky cases
two groups of overpasses, one with closest distance arounbave been analysed separately.
43km (5 cases) and a more-distant overpass around 83km Cases with cirrus clouds are identified and treated prop-
(6 cases), corresponding to the 2 typical ground-tracks reerly: cases of cirrus observed only by ground-based lidar are
ported in Fig. 1. The closest overpass is located at Northrescaled with the measured cirrus transmittance and included
West of Potenza, between the Appennines and the Salernig non-cirrus cases statistics, cases with cirrus detected by
Gulf, while the overpass at about 80 km from Potenza issatellite-borne lidar are rescaled and compared to the cor-
much closer to the sea, pretty close to a coastal and flat reresponding ground-based lidar data. For these cases, a sat-
gion, the lonian Sea region. isfactory agreement is obtained, with a mean difference of

The mean percentage relative difference between14+34)% inthe middle altitude range (3 — 6 km), larger dif-
CALIPSO and PEARL attenuated backscatter at 532 nm iderences are obtained in the rest of the profile. However, be-
reported in Fig. 12 for each one of these 2 overpasses classeause of the very low number of cirrus cloud cas®sif is

www.atmos-chem-phys.net/9/7213/2009/ Atmos. Chem. Phys., 9, 7228-2009



7226 L. Mona et al.: CNR-IMAA measurements in coincidence with CALIPSO overpasses

not possible to draw at the moment any conclusions about th&®eferences
reason of the observed differences.

For the clear sky cases, a good agreement is obtaine§modeo, A., Mattis, I, Bckmann, C., et al.. A European re-
on average at all investigated altitudes (PBL up to 12km search infrastructure for the aeros_ol study on a continental scale:
a.s.l.). Apart from the PBL region, the mean difference be- EAhRLIN)ET-A(?O\E,beargote’SegsmF?_ of é:IcF){ust aggfthe Iﬁtmo-
tween the ground-based and CALIPSO measured attenuated Z?usesr:r, 3 F‘i.,lt:nd Xﬁwogzrenoe,nA'., Proc. SPIE Vol 674§,r 67450V,
backscaFter is always_ within one standard deV|e_1t|on at all alti- 0277-786X/07/18,doi10.1117/12.738401, 2007.
tudes, with a mean difference in the 3-8 km altitude range ofanderson, T. L., Masonis, S. J., Covert, D. S., Ahlquist, N. C.,
(—2+12)%. Widely scattered values in the observed differ-  Howell, S. G., Clarke, A. D., and McNaughton, C. S.: Vari-
ences and the resulting large standard deviation of the mean ability of aerosol optical properties derived from in situ aircraft
difference values are the results of the atmospheric variabil- measurements during ACE-Asia, J. Geophys. Res., 108, 8647,
ity at the investigated altitudes. In the PBL region, attenuated doi:10.1029/2002JD003247, 2003.
backscatter measured by CALIPSO is typically smaller thanAnsmann, A., Riebesell, M., and Weitkamp, C.: Measurement of
the corresponding one obtained by PEARL profiles, because atmospheric aerosol extinction profiles with a Raman lidar, Opt.
the 2 sampled volumes are more distant than 40 km and very Lett, 15, 746-748, 1990. _ _
different in nature: mountain region with industrial and ru- nsmann, A., Riebesell, M., Wandinger, U., Weitkamp, C., Voss,

ral area for PEARL and low altitude and coastal region for E., Lahmann, W., and Michaelis, W.: Combined Raman elastic-
CALIPSO 9 backscatter lidar for vertical profiling of moisture, aerosol ex-

. . tinction, backscatter and lidar ratio, Appl. Phys. B., 55, 18-28,
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