
Cloud Cover

o Ovp. over Rome (until 15 June 2025): 79
o Rainy overpasses: 4 (L2 CPR-CLD available only 
for 1 case)
o CPR data are extracted from the 8th bin above the 

surface to avoid ground clutter contamination.

Introduction
The ENEA Climate Observatory at Lampedusa island (35.52° N, 12.6° E, www.lampedusa.enea.it) and the CNR Institute of 
Atmospheric Sciences and Climate Rome Atmospheric Supersite, CIRAS (41.50° N, 12.39° E, www.isac.cnr.it/en/infrastructures/ciras) 
participate in the validation activities of the EarthCARE (EC) mission Commissioning phase in the framework of the EC-ValMed.it 
project, funded by the Italian Space Agency (ASI).

Lampedusa and Rome-Tor Vergata sites (Figure 1) differ in latitude, geographic features, atmospheric processes, quantity and types 
of aerosols, and can therefore offer data of interest for the validation of EC products. The observatories are equipped with 
instruments for the measurements of aerosol, cloud and precipitation (Table 1), mostly running continuously.

The development of algorithms for the validation of L2 EC products is one of the project’s aims.
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Rome

Micro Rain Radar

Disdrometer

Wind lidar

SKYNET photometer

AERONET photometer

All sky camera

Raman-Mie-Rayleigh Lidar

C-band Doppler weather radar

CHM15k ceilometer

Lampedusa

MWR HATPRO RPG

Disdrometer

AERONET photometer

All sky camera

Raman-Mie-Rayleigh Lidar

Cloud Doppler Radar 35 GHz

CHM15k ceilometer

Table 1. Instruments deployed at the two observatories 
for the EC validation
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Methods
Both ALTID and CPR rarely observe the same portion of the atmosphere as that observed by the instruments installed at the ground-based sites, thus it is important to identify the most suitable and 
closest points along the track where the satellite and ground-based data can be meaningfully compared. In the following the comparison between spatial averages of ATLID/CPR data and temporal 
averages of ground-based measurements around the location/time of the minimum satellite-site distance are presented, as well as spatial averages of the MSI around the area surrounding the 
ground site. In addition, a novel methodology to select homogeneous atmospheric regions observed by EC instruments thanks to the wide MSI swath is presented.

Methodology for the identification of homogeneous EC data for comparison 
with ground-based data at Lampedusa
The algorithm uses MSI products to help select meaningful comparisons of satellite and ground-
based observations, considering both the homogeneity of the atmospheric parameter along the 
ATLID/CPR track and around the ground-based site, in this case the ENEA Lampedusa observatory. 
The block diagram in Figure 2 summarizes the steps of the algorithm.

Cloud Top Height

Figure 1. Location of Rome-
Tor Vergata and Lampedusa 
observatories.

Results: comparison of EarthCARE products with ground-based
instruments in Rome

The methodology assigns 
objective scores based on the 
comparison of the MSI 
product (i.e., aerosol optical 
depth, cloud top height, liquid 
water path, cloud optical 
thickness), that has been 
found to be homogeneous 
along the ATLID/CPR track, 
and on a 3x3 or 5x5 pixel area 
around the ground-based site.

Figure 2. Block diagram of the MSI data
selection, analysis and comparison. The
tables with the scores are also shown.

The application of the methodology to the 16 January 2025 
overpass is presented in Figure 3, showing the maps of cloud 
top height (CTH) and optical thickness (COT) and the 
respective homogeneous pixels along the CPR track. 
The algorithm correctly captures the intervals where the 
parameters are homogeneous, which is larger for the CTH 
and smaller for the COT, since it shows remarkable variations 
along the track. Good agreement in CTH is found between 
the CPR retrieval and the ACTRIS measurements at 
Lampedusa observatory (see Table 2).
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Results: comparison of EarthCARE AOD products with ground-based instruments in Lampedusa and Rome

Figure 3. Maps of the MSI CTH (upper plot) and COT (lower plot). 
The upper plot shows the longitudinal evolution of the cloud top and 
bottom form CPR and the CTH at Lampedusa from ACTRIS.

Data are provided even 
for quality status=3 
(warning: the A-TC 
product indicates a 
cloud in the profile), 
see Figure 5. 
The comparison with 
data from Rome is 
shown in Figure 6.

Figure 5. (left) AOD355, errAOD355, and quality status along the 
4786D frame on 1 April 2025, and (right) scatterplot of AOD355 
values versus the quality status.

Averaged around the 
time of the ATLID 
minimum distance are 
computed (Figure 7). 
Only few days have AOD 
retrieval flagged as 
successfully converged, 
i.e., with quality status 0 
and 1.

Figure 7. From left to right: scatterplot of AERONET and MSI AOD at 670 nm and 875 nm 
for Lampedusa and of Skynet/AERONET and MSI AOD at 670 nm for Rome.

The EC AOD at 355 nm (AOD355) and its error (errAOD355) from A-ALD product can reach 
unreasonably large values with quality status=0 (data are of good quality).

The AOD at 670 nm and at 875 nm (over the ocean) from M-AOT product have been 
compared with AERONET (Lampedusa) and AERONET+Skynet (Rome)  measurements.

Comparison of ATL-CTH with relevant CTH (cloud top height 
in m) obtained from ceilometer data over the Rome-Tor 
Vergata site. Ceilometer CTH is obtained as the sum of the 
cloud base height (CBH),  and the cloud depth (CDP), i.e. 
CTH = CBH+CDP. Cases where low clouds completely 
extinguished the laser beam were not considered.

Figure 6. Skynet/AERONET and
ATLID AOD355 comparison at Rome.

Comparison of cloud 
cover form MSI-CM) with 
measurements from the 
All Sky camera. A 12 × 12 
km area matching the 
camera’s field of view is 
sampled. In non-
overlapping cases, three 
12 × 12 km areas along 
the satellite track are 
selected, with Area 1 
being the closest to the 
ground station.
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LMP

Case study of 8 April 2025

EC MSI-CM.
Not cloud 
(class 0): 46% 
Cloud (classes 
1,2,3):  54%.

Cloud cover 
Skycamera (12km).
Not cloud: 47%; 
Cloud: 53%.
Image during
overpass (13:36 UTC)

Reflectivity Factor and Hydrometer Classification

Case study of 5 May 2025
Upper panel shows 
hydrometeor classification from 
CPR-TC, bottom panel shows 
the time series of disdrometer 
rainfall rate. CPR L1b Radar Reflectivity 

Factor (attenuated) product vs 
the disdrometer reflectivity at 
94 GHz.

CPR L1b vs CPR-FMR L2a

Comparison between spatial averages of satellite observation and temporal averages of 
ground-based measurements centered around the overpasses time. ATLID and CPR data are 
averaged over 4, 10, and 20 seconds. Ground-based data are averaged over  15, 30, 60 and 
120 minutes. The plots shown correspond to the best-perform spatio-temporal 
combinations among all tested configurations.

Parameter Along track 
avg.

Lampedusa 
avg.

CTH (m) 7981 7338

COT 3.8 5.9

Figure 4. Time evolution of the radar reflectivity factor 
measured from the MIRA 35C instrument at Lampedusa. 
Note the clouds in the green oval reported also in the MSI 
map of Figure 3, with mis-estimation of CTH.

Table 2. MSI CTH and COT along the selected pixels 
and from ACTRIS retrieval at Lampedusa
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