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ABSTRACT

The long term analysis of 15 years of lidar data
derived from a Raman lidar at Thessaloniki is
presented here. All measurements have been
processed with the latest version 4 of the EAR-
LINET Single Calculus Chain algorithm and
are compared with the results from the current
operational retrieval algorithm. In this paper we
investigate the consistency between the EAR-
LINET database and SCC for the case of Thes-
saloniki and we identify the issues to be consid-
ered when switching from current operations to
SCC.

1 INTRODUCTION

Thessaloniki lidar system (THELISYS), is op-
erational for the detection of aerosol particles
since 2000 in the framework of the European
Aerosol Network EARLINET [1]. The primary
setup of the lidar system included two elastic
backscatter channels at 355nm and 532nm and
a nitrogen Raman channel at 387nm. A second
Raman channel at 607nm was added in 2008.
In 2011, two channels for the measurement of
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the cross and parallel polarized signal at 532nm
were added. Finally, a third elastic backscat-
ter channel at 1064nm was added in 2012. All
the measurements processed within the study
period 2001-2015 have been uploaded in the
EARLINET database (https://data.earlinet.org).
The total number of uploaded files for the
whole period is 1831. A number of 527 files
correspond to the elastic backscatter profiles at
355nm, 723 files to the elastic backscatter pro-
files at 532nm, 182 files to the elastic backscat-
ter profiles at 1064nm, 290 files to Raman ex-
tinction and backscatter profiles at 355nm and
109 files to Raman extinction and backscatter
profiles at 532nm. All the raw data have been
converted to the network’s standard format in
order to be reprocessed with the SCC v4.0 al-
gorithm. The SCC structure is briefly described
in section 2.

2 The Single Calculus Chain

An automated tool for the processing of lidar
data from raw signals up to the final products
was developed within EARLINET. The SCC
algorithm [2] provides high quality standard-
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ized aerosol optical products in near real time
along within the entire EARLINET network
(Pappalardo et al. 2014 [1]). Briefly, the SCC
consists of different modules and uses raw lidar
data as input in a standard format (NetCDF).
The raw lidar signals are initially processed by
the Preprocessor module (ELPP: EARLINET
Lidar PreProcessor). After the applied system-
dependent corrections to the raw signals, the
aerosol backscatter and extinction coefficient
profiles are derived by the optical processing
module (ELDA: EARLINET Lidar Data Anal-
ysis). Also, with the latest version of SCC
the calculation of the particle linear depolariza-
tion ratio is possible, by the new module EL-
DEC (EARLINET Lidar Depolarization ratio).
All these processes are monitored by the SCC
daemon which runs continuously in the back-
ground. The software is installed on a central-
ized server and a web interface is available giv-
ing the possibility of uploading the data and
selecting and modifying any of the input SCC
parameters. The output data are also in the
NetCDF format accepted by the EARLINET
database.

3 METHODOLOGY

In the first part of the study, the SCCv.4 Ra-
man extinction product at 355nm is evaluated
for Thessaloniki. The evaluation procedure is
based on a comparison of the aerosol optical
depth (AOD) values derived by the SCCv.4
and the operational algorithm. AOD data from
the Aerosol Robotic Network (AERONET) for
Thessaloniki are also compared against the
AQOD of the two algorithms. The two lidar
datasets include data from the period 2001-
2015, processed by both the operational algo-
rithm and the SCC. A common overlap correc-
tion was applied for the SCC Raman analysis.
In the archived data Raman inversion, however,
the applied overlap function is derived individ-
ually for each measurement [3]. Since the two

algorithms don’t always produce profiles with
the same height range we use only the com-
mon part of the two profiles for the AOD in-
tegration. The values in the first point of the
common height range are assumed to be con-
stant down to the ground. The sunphotometer
dataset includes the level 1.5 AOD at 340nm
for Thessaloniki. This product is available for
most of the period 2005-2015. Since the ra-
man AOD is a nighttime product while the sun-
photometer AOD is a day time product we use
the closest sunphotometer measurement. In the
second step, we examine the ability of the SCC
algorithm to reproduce a seasonal climatology
similar to the ones generated by the operational
algorithm and the sunphotometer retrievals for
the AOD at 355nm. Since a longer common pe-
riod of measurements is important for a clima-
tologic study, instead of using the sunphotome-
ter AOD at 340nm, that is directly comparable
with the lidar AOD at 355nm, we prefer to con-
vert the sunphotometer’s 440nm AOD using the
angstrom 440-675nm that are available for the
whole period 2003-2015. For the climatolog-
ical comparison we preferred to use the daily
mean AOD from the sunphotometer. We cal-
culate and compare the seasonal averages, the
annual cycle and the AOD trends for the three
datasets.

4 RESULTS

The evaluation of the SCCv.4 Raman AOD at
355nm against the operational algorithm is pre-
sented in figure 1. A high correlation of 0.89 is
derived with a least square fit slope at 0.78. The
AOD seems to be underestimated by the SCC
algorithm for the majority of the data points.
In figure 2 and 3 the SCC AOD and the op-
erational algorithm AOD are compared with
the sunphotometer AOD. The results are sim-
ilar for both lidar datasets. The correlation is
close to 0.6 and the least square fit slope is the
same for both comparisons. We have to men-
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tion here that figure 1 is not directly compara-
ble with figures 2 and 3 since the sunphotome-
ter data weren’t available in the period 2001-
2005. The annual cycle of the period is pre-
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Figure 1: Comparison of the SCC v.4 AOD at
355nm with the operational algorithm AOD at
355nm.
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Figure 2: Comparison of the SCC v.4 AOD at
355nm with the sunphotometer AOD at 340nm.

sented in figure 4. The maximum values ap-
pear in summer and the minimum ones in win-
ter in all datasets. The lidar AODs are usu-
ally underestimated compared to the sunpho-
tometer AOD with the exception of the sum-
mer AOD of the operational algorithm. There
is also an offset between the two lidar products
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Figure 3: Comparison of the operational algorithm
AOD at 355nm with the sunphotometer AOD at
340nm.

for all the seasons. Figure 5 contains the com-
parison of the AOD seasonal averages between
the sunphotometer, the SCCv.4 and the opera-
tional algorithm datasets for the period 2003-
2015. The least square fit line has been calcu-
lated for each timeseries. The sunphotometer
values are considered as reference data. Both
the operational algorithm and the SCCv.4 sea-
sonal trends are similar to the sunphotometer
one. There is a negative offset for both lidar

Annual Cycle of the Extinction Aerosol Optical Depth
at 355nm over Thessaloniki
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Figure 4: Comparison of the annual cycle
calculated with the three datasets.

products which is larger for the SCC. Overall
the SCC lidar AODs tend to be underestimated
compared to the sunphotometer and the opera-
tional algorithm. This is compatible with figure
1 where the SCC AOD seems underestimated
for most data points. It is important to mention
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Figure 5: Comparison of the seasonal averages
calculated with the three datasets.

though that the AOD is calculated in different
ways between figures 1,2,3 and figure 4,5 (see
section 3). This behavior could be attributed to
the fact that each algorithm applies the overlap
function in a different way and this affects the
AQD calculation [4] (section 3).

5 CONCLUSIONS

The SCCv.4 algorithm has been evaluated for
the AOD at 355nm for Thessaloniki. The
agreement with the standard algorithm seems
promising with a correlation of 0.89. The com-
parison with the sunphotometer gives similar
results for the two algorithms. In both cases the
correlation is close to 0.6 and the least square fit
slopes are the same. The seasonal variability of
the AOD at 355nm in the period 2003 to 2015
is reproduced adequately by the lidar products
despite the fact that the data availability for the
lidar is quite lower than the sunphotometer. The
trends are similar and the minimum and max-
imum values in the annual cycle occur in the
same seasons. The overall underestimation of
the SCCv.4 results is mostly connected to dif-
ferences in the overlap function that is applied
in each algorithm. In the future additional opti-
mizations in the SCC products, such as the ad-
dition of radiosonde data for each measurement
are going to be implemented and the effect of
the overlap function in the climatological re-
sults will be further examined.
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