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ABSTRACT
The purpose of this research is to investigate the
ability of GOME-2 instrument on board on the
MetOpA and MetOpB platforms, to deliver
accurate geometrical features of lofted aerosol
layers over the area of Thessaloniki. For this
purpose, we use ground-based lidar data from the
Thessaloniki lidar station that belongs to
EARLINET network. Results of the validation
between absorbing aerosol height (ΑΑΗ) fromΑΑΗ) from) from
GOME-2 sensor and THELISYS lidar dataset
products will be presented.
1. INTRODUCTION
Aerosols affect the Earth‘s radiation budget
directly by interacting with solar and terrestrial
radiation and indirectly by affecting cloud
processes, having a large impact on air quality.
Such effects depend on the optical properties of
the aerosols and their vertical distribution in the
atmosphere. Knowledge of the aerosol layer
height, ALH, is essential for understanding the
impact of aerosols on the climate system. Groundbased observations are important to verify the
accuracy and validity of satellite observations and
model-based results. The purpose of validation is
to detect biases in the comparison of space-borne
absorbing aerosol height, AAH, products with
independent ground based observations and
establish the accuracy levels of such. Lidar
instruments can provide aerosol profile
information such as the backscatter and extinction
coefficients at different wavelengths which are
representative of the aerosol load, with a vertical
resolution of a few meters. In this study we use
data from satellite GOME-2 instrument and
ground based lidar system located in Thessaloniki,
Greece.

2. DATA AND METHODOLOGY
2.1 THELISYS LIDAR
Thessaloniki lidar system (ΑΑΗ) fromTHELISYS) is located
at the Laboratory of Atmospheric Physics (ΑΑΗ) fromLAP)
(ΑΑΗ) from40.5oN, 22.9oE, 50 m above sea level) in Aristotle
University of Thessaloniki (ΑΑΗ) fromAUTH). THELISYS
has been in operation since 2000 and is part of the
European Aerosol Lidar Network (ΑΑΗ) fromEARLINET).
The European Aerosol Research Lidar Network
has coordinated ground-based lidar activities on
the European continent, and it holds a
comprehensive database of European lidar data
sets giving information on the horizontal, vertical
and temporal distribution of aerosols on a
continental scale [1]. The THELISYS lidar dataset
used in our study includes vertical profiles of the
aerosol extinction coefficient at 355nm and
532nm, and the aerosol backscatter coefficient at
355nm, 532nm, and 1064nm. Measurements are
typically performed every Monday and Thursday
according to the EARLINET schedule of data
acquisition. All lidar profiles are publicly
available on the EARLINET database [2]
(ΑΑΗ) fromwww.earlinet.org). The time period between 2007
and 2018 is selected, so as to perform this
validation study.
2.2 GOME-2 /METOP
In this study we use data from GOME-2 on board
the MetOp-A and MetOp-B satellite platforms [3].
The GOME-2 instrument is a nadir looking and
scanning UV-VIS spectrometer on board the
METOP-A and METOP-B satellite platforms
since 2006 and 2012 respectively that measures
backscattered solar light. GOME-2 is comprised
of four main optical channels of 1024 pixels
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giving in total 4096 spectral channels for a range
of 240–790 nm and a spectral resolution of 0.26–
0.51 nm, with a ground pixel size 80x40km, a
total of 24 pixels in the forward scan, on a
1920km of swath width. MetOp satellites are
flying in sunsynchronous orbits with an
approximate equator crossing time, around
09:30LT (ΑΑΗ) fromdescending node) and repeat cycle of 29
days. Data from GOME-2 (ΑΑΗ) fromMetOpA and
MetOpB) have been processed by the Royal
Netherlands Meteorological Institute (ΑΑΗ) fromKNMI) as
part of the EUMETSAT Satellite Application
Facility on Atmopsheric Composition Monitoring
(ΑΑΗ) fromhttps://acsaf.org/)

geometrical characteristics like PBL and cloud
boundaries. We used this method in the case of
lofted layers and we have chosen to identify the
three major lofted layers with the largest
contribution to the vertical profile. The GOME2
AAH product is provided directly by KNMI.
The collocation of AAH satellite product have
been restricted to an area of 300km radius around
Thessaloniki EARLINET station. The closest
measurement in time has been selected for each
overpass observation, within the limits set by the
spatial collocation criteria. Since the satellite can
detect only the top of the upper layer, the
maximum value of the lidar features is selected
per measurement for the comparison. In Figure 1,
we present the spatial coverage for ΑΑH
collocated satellite product as derived from the
comparison
with
ground
based
lidar
measurements, at 6h temporal interval. The
concentric red circles denote regions of 100, 200,
300km from the location of THELISYS lidar
system.

The absorbing aerosol index (ΑΑΗ) fromAAI) derived from
UV reflectances derived from the 340/380nm
wavelength pair, is an operational product of the
GOME-2 instrument [6]. The AAI product
indicates the presence of elevated absorbing
aerosols in the Earth’s atmosphere. Aerosol types
that are mostly encountered in this region are
desert dust and aerosols from biomass burning
and volcanic eruption events. A positive value for
the AAI can only be explained by the presence of
absorbing aerosols. Whenever the AAI is greater
or equal than 2, the amount of observing aerosol is
considered sufficient to result in a reliable
retrieval of the AAH from satellite data [7].
Furthermore, AAI is sensitive to clouds therefore
it is derived for both cloud free and cloudy scenes
[8]. Factors such as sunglint, solar eclipses,
surface height, and scattering geometry have to be
taken into account as they can lead to abnormal
AAI and AAH values [5].

Figure 1: The concentric red circles denote regions of 100, 200,
300km from the location of THELISYS lidar system (ΑΑΗ) fromred asterisk).

2.3 METHODOLOGY
The time period from January 2007 to August
2018 is selected for the comparison between
satellite (ΑΑΗ) fromGOME-2) and ground-based Absorbing
Aerosol Height (ΑΑΗ) fromAAH). Aerosol geometrical
properties carry information about the structure of
lidar profiles such as PBL height and lofted
aerosol layers, including vertical profiles of the
aerosol extinction coefficient at 355nm, and the
aerosol backscatter coefficient at 355nm, 532nm
and 1064nm. The THELISYS data analysis, for
lidar dataset, is based on the methodology of [4]
that applies the wavelet covariance transform
(ΑΑΗ) fromWCT) to the raw lidar data in order to extract

3. RESULTS
In Figure 2, we show the AAH timeseries from
the GOME-2 satellite measurements in blue and
THELISYS observations in orange. In our data
analysis we set as spatial criterion for coincidence
over Thessaloniki, the value of 300km. We notice
that there are more satellite measurements than
the ground lidar. This difference is due to the fact
that satellite sampling is daily, while lidar
measurements usually occur two days a week for
a short time period. Gaps occurring in the time
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series in terms of lidar measurements are due to
cases where lidar was unable to measure because
of presence of clouds. Especially, during the
winter months it seems there is a limitation of
lidar measurements. Apart from cloudy
conditions, due to hardware limitations it is not
possible for the lidar to operate during days with
strong winds. There are quite large values for the
height products. For satellite observations the
maximum values reach 15 km. This product is
being retrieved can never be larger than 15 km. A
value of 15km indicates that the real aerosol layer
is at 15km or higher.

Figure 4. The correlation coefficient for the
collocated values is 0.197. We notice that for
values up to 3km there is good agreement between
the two datasets, while for measurements larger
than 3km the dispersion increases. Cases that
exhibit large absolute and relative biases will
be studied separately in order to identify the
source of the discrepancies.

Figure 4: Scatterplot of the Lidar (ΑΑΗ) fromTHELISYS) AAH against the
satellite AAH.

4. CONCLUSIONS
The time period from January 2007 to August
2018 is selected for the comparison between
GOME-2 MetOpA and MetOpB and groundbased Lidar Absorbing Aerosol Height (ΑΑΗ) fromAAH).
Overall, the agreement between the lidar and
satellite AAH product is quite promising, with a
mean bias of 0.28±2.8km. In the future, the
sensitivity of the bias to the spatial search radius,
product quality flag are going to be examined.
Also, studies that focus on the climatological
circulation patterns will reveal information on the
seasonal variations of the geometrical and optical
properties that are observed. Study of cloud
effects on the comparison of the two products will
give answers about uncertainties that result in the
calculation of the products. Furthermore, other
lidar stations that are part of the EARLINET
network will be included in the comparison for
further validation.

Figure 2: Timeseries of the GOME2 (ΑΑΗ) fromblue) on MetOpA and
MetOpB and the lidar (ΑΑΗ) fromorange) dataset.

In Figure 3, a histogram depicting the absolute
bias between of two AAH products is presented.
67 common cases for the period 2007 to 2018
were identified, with a mean bias value 0.28km,
standard deviation of 2.8km and a rather
symmetric distribution function.
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