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ABSTRACT

In this paper, we present the new research infrastructure of the
ERATOSTHENES CoE for aerosol and cloud remote sens-
ing observations and its capabilities to participate in cal/val
activities. The research facility is installed less than 2 km
from the coastline of Limassol, Cyprus. The multiplatform
for atmospheric research consists of a multiwavelength lidar,
35 GHz cloud radar, a microwave radiometer, and ancillary
instruments to become a fully ACTRIS cloud and aerosol re-
mote sensing station. Measurements performed at Limassol’s
station were already utilized for the validation of the aerosol
products of Sentinel 5P and AEOLUS and will be used for the
validation of the EarthCARE mission.

Index Terms— EMMENA, atmosphere, cal/val, cam-
paigns, spaceborne.

1. INTRODUCTION

In the past decades, the number of facilities for clouds and
aerosol observations using remote sensing increased consid-
erably, which led to the establishment of dedicated networks,
e.g. ARM in northern America [1], and ACTRIS in Europe
[2]. However, these networks are not distributed uniformly
across the globe, and some regions consist of more dense
network stations, while others are not covered by similar re-
search infrastructure. To improve the coverage, dedicated
campaigns were organized in remote locations where mobile
stations were deployed [3], even to remote locations [4] and
[5].

Apart from ground-based instrumentation, during these
campaigns, research aircrafts can be deployed [6], to increase
the spatial representativeness of the observations. Airborne
measurements can cover up to hundreds of kilometers, and
can also present in situ sampling, for a more detailed charac-
terization of the atmospheric components.

A further step towards increasing the spatial coverage is
represented by the spaceborne measurements, which can of-
fer even global scale observations in a time frame of several
days. However, the precision of the spaceborne measure-
ments is limited, and periodic validation of the measurements
is a mandatory activity. These activities ensure that the accu-
racy of the final products is met and that the observations are
reliable enough to be further used by the scientific commu-
nity.

Validation of spaceborne products requires high-quality
long-term ground-based measurements. These ground-based
measurements can result from fixed stations observation [7],
or from dedicated campaigns [8]. Locations of such cam-
paigns are chosen based on limited observations of the region
[9], their remoteness, or where local or regional sources have
the strongest impact [10].

One of the regions where permanent observation is miss-
ing is the eastern part of the Mediterranean basin and the
Middle East [11]. Short-term (e.g., PRE-TECT campaign,
or Absorbing aerosol layers in a changing climate: aging,
lifetime and dynamics A-LIFE) or long-term (e.g., Cyprus
Clouds Aerosol and Rain Experiment CyCARE or BAC-
CHUS Cyprus Campaign) campaigns were organized in this
region. The observations collected during these intense ob-
servation periods provided valuable information about the
properties of clouds formed in the presence of dust [12], the
impact of dust outbreak on clouds [13], or the ice particle
concentration in different cloud types embedded in Saharan
dust [14].

The efforts to have a permanent measurement station in
this region for aerosol and cloud remote sensing observation
will be materialized during the H2020 EXCELSIOR project.
The purpose of this paper is to present the newly built site in
Limassol, Cyprus, and the preparation for the cal/val activi-
ties, including for the future ESA/JAXA joint mission Earth-
CARE.
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2. CYPRUS ATMOSPHERIC REMOTE SENSING
OBSERVATORY

Within the EXCELSIOR project, was established the Eratos-
thenes Centre of Excellence (CoE). The Centre operates three
departments: Environment and Climate, Resilient Society,
and Big Earth Data Analytics. Each Department is structured
of additional research areas or clusters. For example, the
Environment and Climate Department is divided into four
research clusters: Atmosphere, Agriculture, Water, and Land
[15].

The Atmosphere Department of the Eratosthenes CoE co-
ordinates the Cyprus Atmospheric Remote Sensing Observa-
tory (CARO). CARO is a National Facility of the Republic
of Cyprus and will become an ACTRIS-ERIC Aerosol and
Cloud remote sensing observational platform. CARO obser-
vations focus on the study of aerosol, clouds, atmospheric dy-
namic and interaction, and their effect and impact on solar
radiation.

Since 2020, a permanent pollyNET [16] station started
its operation in Limassol. PollyXT lidar [17] is a multi-
wavelength lidar for the 24/7 monitoring of the atmospheric
state. The system enables the determination of the particle
backscatter coefficient at 355, 532, and 1064 nm and of the
extinction coefficient at 355 and 532 nm, allowing aerosol
classification and microphysical characterization. In addi-
tion, the system operates two polarization-sensitive channels
at 355 and 532 nm, to determine the aerosol particle shape
from the (particle) linear depolarization ratio, to separate dust
and non-dust particles in mixed aerosol layers, and to inves-
tigate mixed-phase clouds. Based on the lidar observations,
a study published in 2023, presents how wildfire smoke can
trigger cirrus formation [18]. Furthermore, lidar measure-
ments were used for the validation of the aerosol layer height
product of the Sentinel-5P [19].

From the beginning of 2023, a Doppler wind lidar is in op-
eration, and in the first quarter of 2024, the site will be fully
operational to become an ACTRIS Cloud remote sensing sta-
tion [20].

The station follows the design of the LACROS facility
[21]. It is designed to operate as a mobile unit and consists
of a multiwavelength polarization/Raman lidar (EARLINET
lidar), a ceilometer, a wind Doppler lidar, a cloud radar, a mi-
crowave radiometer, a disdrometer, and an AERONET pho-
tometer.

Thus, CARO acts as a backbone of the Eratosthenes CoE
Atmosphere Department, providing observational data to the
other Departments of the CoE. For example, it can provide
information about precipitation, information much needed for
studies in agriculture, water resources, or landslides. Further-
more, cloud and aerosol observation can be used by the En-
ergy sector of the Resilient Society Department to perform
radiation studies.

This example demonstrates the holistic approach of the

Center in terms of Earth Observation using interdisciplinary
research areas, combining ground-based with space-born ob-
servation, to produce new services and for the Center to be-
come a reference hub in the Eastern Mediterranean basin.

3. CAL/VAL ACTIVITIES FOR SPACEBORNE
SENSORS

The Eastern Mediterranean Basin is a region of interest in
terms of aerosol and cloud observations, hence the number of
past campaigns executed in this region with this purpose. The
increasing number of wildfires occurring in this region, from
South of Turkey or Greek islands, the strong dust intrusions
from North of Africa or the Middle East, and the possibility
of being associated with cyclons, are just several examples of
the potential of location for the cal/val of aerosol and clouds
observation.

Currently, CARO is focusing on the cal/val activities for
the future ESA/JAXA EarthCARE mission, a mission de-
signed to improve the understanding of the Earth’s climate
system.

More specifically, the CARO Team coordinates the
project Cyprus Observations for EarthCARE validation
(CORAL), activities and consortium consisting by ERATOS-
THENES CoE and the Cyprus Institute. The proposal allows
for the minimization of the gaps of the EarthCARE validation
program, and among the CORAL activities can be listed the
continuous monitoring of the atmosphere’s vertical structure
in Limassol using CARO instrumentation, collaborating with
similar activities in Europe in the framework of EarthCARE
cal/val activities. CARO is already involved in several pilot
studies organized at the European level, pilot studies with the
aim to prepare the stations for the validation of EarthCARE.

The schedule of the CORAL follows the different phases
of the EarthCARE mission. The first stage of the proposed
validation activities will take place in the first 6 months and
will match the Preliminary Validation Results Review phase
of EarthCARE. This first stage includes the setup of the in-
strumentations and the first intercomparison results. Once
this stage is completed, the second phase of the project will
start and will continue until the end of the proposal. The
Long-term Validation Phase includes the following stages on
an annual basis: Validation of ATLID, CPR, MSI and BBR
retrievals/observations acquired from EarthCARE, and will
continue with Radiative closure assessment, and validation of
the EarthCARE products.

4. CONCLUSIONS

The East Mediterranean Basin is a region strongly affected by
dust intrusion, with origins from the African or Middle East
deserts. To understand better the atmospheric processes and
the relationships between clouds, aerosol, and their impact on
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climate change it is essential to have infrastructure that can
monitor these processes.

A possibility to study these aerosol-clouds interaction is
to use satellite data. However, products derived from space
observations, need periodic calibration and validation, a pro-
cess that requires high-quality ground-based observations.

The newly built observatory using remote sensing instru-
mentations from Limassol, Cyprus already provides high-
quality aerosol observation, and from 2024 will also provide
cloud observation. These observations will be used for the
validation of the EarthCARE mission but also will be used for
a better understanding of the aerosol, and cloud proprieties,
and their dynamics and interaction.
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